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Editor's Note

Dear Reader,

The German Medical Journal
can now look back on 10 years
of history. 10 years which have
flown by and in which we
continuously kept learning. And
we are also a bit proud of the
development of this “German
Medical Journal” project over
these years.

From the very first issue,
outstanding authors, pre-
dominantly physicians and
specialists from German
university hospitals, have pub-
lished highly interesting and
excellent specialist articles. By
now, every German university
hospital has probably been
represented in the German
Medical Journal. The list of
specialist articles and authors
in the German Medical Journal
is quite respectable. At this
point, we would like to seize
the opportunity to express our
sincere thanks to our authors.
They have made every issue
of the German Medical Journal
unigue in its own way.

The German Medical Journal
quickly became known around
the world for its premium
quality. It has readers on all
continents — by now in 108
countries. The Russian-English
edition is steadily catching

up. In 2015, 265,000 readers
downloaded the GMJ Russ/
Engl, among them 53% from
Russian-speaking countries.
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Boasting a total of 336,000
readers, the Arabic-English
journal has an even higher
language-specific readership
of 66% in Arabic-speaking
countries.

At the beginning, we would
not have expected such a huge
coverage even in our wild-

est dreams, but we quickly
anticipated that the conversion
to an online journal and the use
of the Internet, as an ultrafast
and effective channel of com-
munication, would be the right
way to go for our professional
publication. It has enabled the
German Medical Journal to
become one of the first digital
professional journals of its kind.

What's next? Our next project
will be the visual modernisation
of the German Medical Journal
website. In terms of contents,
it still works perfectly, always
meeting the highest require-
ments. After all, it was state-of-
the-art when it was launched.
After 10 years of tireless work,
however, it's time for a visual
facelift. Wait and see for your-
self!

Enjoy your

German Medical Journal

Nadine Baume
Managing Director
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Introduction

Primary or metastatic malig-
nant tumors of bone and soft

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

Indications

In the past, megaendopros-
theses have mainly been
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tumor entity, grading and stage
of disease. While tumor resec-
tions are the main domain in
low-grade tumors, high-grade
sarcomas often require combi-
nation regimens of chemother-
apy, local tumor resection and
possibly additional radiation
therapy.

Tumor resections are per-
formed as wide resections
according to the Enneking
classification [1] and aim at
limb salvage whenever onco-
logically feasible. Nowadays,
megaendoprostheses are the
most common and accepted
reconstruction technigue ap-
plied in osteoarticular defects.
Alternatives, such as biologi-
cal reconstructions or ablative
procedures are reserved for
special indications.

Key words:

Limb salvage, megaendopros-
theses, oncological orthope-
dics, sarcoma

improving treatment regimens
and survival periods of patients
suffering from metastatic
disease, megaendoprosthetic
reconstructions have become
a viable option in these collec-
tives whenever patients might
outlive composite osteosyn-
thetic reconstructions.

In our patient collective, we
were able to show in a retro-
spective analysis of 80 patients
treated for bony metastasis in
long bones of the upper and
lower extremity by receiving a
modular tumor endoprosthesis
that the mean patient survival
was 2.9 years. Overall survival
was 70% at one and 20% at
five years. Implant survival was
83% after one and 74% after
five years. The overall rate of
operative revisions was 18%.
A low rate of complications and
rapid functional improvement
after operation suggest that us-
age of megaendoprostheses in
appropriately selected patients

is feasible [2].
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Fig. 1: Proximal femur replacement with an ice-cone-shaped pelvic cup
(Lumic®) after pelvic resection including an extraarticular proximal femur

resection

When bones or joints are sur-
rounded or infiltrated by soft
tissue sarcomas and wide
tumor resection leads to loss
of the adjacent bone or joint,
megaendoprostheses also
come into focus as a means of
reconstruction in these cases.
Benign, borderline or low-grade
malignant lesions sometimes
also lead to the implantation of

megaendoprostheses in large
tumors or in case of local recur-
rences when wide resections
need to be performed.

With increasing numbers of
joint replacement operations in
degenerative disease, compli-
cations in these patients may
also lead to the use of meg-
aendoprostheses in revision
arthroplasty.
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Megaendoprosthetic
Properties

Modern megaendoprostheses
have a modular design. At our
department, the “Modular Uni-
versal Tumor and Revision Sys-
tem” (MUTARS®, implantcast,
Buxtehude) is used, which
allows the reconstruction of
bone defects of varying lengths
in 1 cm intervals. Rotation can
be set in 5° intervals [3].

In the upper extremity proxi-
mal, diaphyseal, distal and total
replacements of the humerus
and the proximal ulna are pos-
sible. In the lower extremity,
proximal (Figure 1), diaphyseal,
distal and total femur and proxi-
mal (Figure 2), diaphyseal and
distal tibia replacements can
be performed. Also, stump-
lengthening procedures after
hip disarticulations can be per-
formed using a proximal femur
megaprosthesis to improve the
patients’ functional outcome
with an exoprosthesis [4].
Prosthesis stems have a hex-
agonal shape leading to excel-
lent primary rotation stability.
They can be implanted cement-
ed or cementless. Cemented
implantations need to be
considered in elderly patients,
osteoporosis, immobilization,
following radiation therapy or in
metadiaphyseal regions when
a press-fit fixation cannot be
obtained. Cementless stems
have a hydroxyl-apatite coating

to facilitate bone ingrowth.
Rotating-hinge and metal-on
metal joint linkage mechanisms
are available.

Articulating prosthesis com-
ponents consist of a cobalt-
chrome-molybdenum alloy

and have a titanium-nitride or
titanium-niobium-nitride coating
to prevent allergic reaction.
Non-articulating components
are equipped with a silver
coating to prevent infection

of the implant in situ when
confronted with small quanti-
ties of bacteria. In our collec-
tive, 51 patients with sarcoma
(proximal femur n=22, proximal
tibia n=29) were compared
with 74 patients who had an
uncoated titanium megapros-
thesis (proximal femur n=33,
proximal tibia n=41) regarding
infection rate over a 5-year
period. We found that the
infection rate was substantially
reduced from 17.6% in the
titanium to 5.9% in the silver
group. While 38.5% of patients
in the titanium group ultimately
had to undergo amputation for
periprosthetic infection, none
were performed in the silver
group [5].

Polyethylene terephthalate
attachment tubes are used

to reattach adjacent muscles
and tendons to the megaen-
doprostheses to prevent joint
dislocation in the hip joint and
after proximal humerus resec-
tion. The reattachment of the
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extensor tendon to the tube in

proximal tibia replacements im-
proves the functional outcome

significantly [6].

Surgical Technique

Since local tumor control can
be influenced substantially by
the extent of tumor resection
performed, a wide resec-

tion according to Enneking

is essential in the therapy of
malignant bone and soft tissue
tumors [1]. Resection margins
cannot generally be defined in
centimeters but rely greatly on
the experience of the surgeon.
In our department, we plan
resections with a three-cen-
timeter margin of healthy bone
as measured in the initial MRI.
The soft tissue margin can-
not be measured likewise as
tissue barriers such as fascia,
perineurium or adventitia —
when left on the tumor - are
only millimeters thick but can
be enough to warrant a wide
tumor resection.

The choice of the procedure
to be performed depends on
tumor size, site, grading and
stage of disease. Therefore,
preoperative imaging needs to
be completed before and after
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Fig. 2a-c: Proximal tibia replacement
following an intraarticular resection
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neoadjuvant chemotherapy
including plain radiographs,
MRI imaging of the affected
bone with adjacent joints with
contrast agent to exclude the
presence of skip metastases
and imaging of the entire body
(depending on the underlying
disease) to search for distant
metastases. Further more,
other factors such as patient
age, extent of existing soft
tissue after tumor resection,
functional demands and patient
compliance have to be consid-
ered. Megaendoprostheses are
most commonly used in the
reconstruction of large osteo-
articular defects in adolescents
and adults. A modular pros-
thesis design allows variable
reconstruction lengths and
patients have good primary
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Fig. 3a, b: Proximal humerus replacement using an inverse proximal humerus megaendoprosthesis
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in their functionality during
elongation periods. Other
causes for revision operations
are material wear and bacterial
infection. Also, soft tissue cov-
erage of the prosthesis must
be sufficient for such a proce-
dure to be performed. Muscle
flaps such as a gastrocnemius
or biceps femoris flap can im-

favorable in the upper extrem-
ity for biomechanical reasons.
When growth plates can be
salvaged in diaphyseal defects
leg length discrepancies can be
prevented. Therefore, cosmetic
results are also very satisfac-
tory. Donor site morbidity (such
as peroneal palsy), difficulties
with the anastomosis (throm-
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Alternatives to
Megaendoprosthetic
Reconstructions

Osteoarticular or intercalary
allografts are an alternate
option in reconstructing large
bone defects. They have good
primary stability but often lead
to problems such as bacterial
infection or fractures as the
bone is not vital and no bony
remodeling takes place.

downside is impaired ingrowth
observed when chemotherapy
is administered leading to
prolonged periods of partial to
no weight bearing. Possible
additional radiation therapy is a
relative contraindication for this
procedure.

In pediatric patients who are
< b years of age at the time of
operation, rotation plasty and
< 3 years of age amputation
need to be considered among
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in all areas depending on local
regulations regarding organ do-
nations and further processing.

Autologous biological recon-

structions - such as a vascular-
ized fibula — are vital and show
high regeneration and remode-
ling potential. They are feasible
options in reconstructing inter-
calary defects and especially

underwent reconstruction with
megaendoprostheses and in-

sufficient soft tissue coverage
or multiple revision operations.

Phantom pain, neuroma,
cosmetic limitations, limited ac-
ceptance among patients, psy-
chological problems and loss of
bodily integrity are among the
deficits of these techniques.
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Fig. 4a, b: Distal femur replacement
using a MUTARS® BioXpand distal
femur growing megaendoprosthesis
a. during lengthening procedure

b. after consolidation

Postoperative Management

Due to the large prosthetic
surfaces patients receive pro-
phylactic intravenous antibiotic
treatment for three to five days
depending on soft tissue cover-
age, followed by an oral regi-
men until wound healing. Also,
patients are recommended to
undergo prophylactic antibiotic
treatment when bacteremia

is to be expected (i.e. dental
procedures).

After cementless implanta-
tion of a megaendoprosthesis
no to partial weight bearing is
recommended for a period of
six weeks. Afterwards, weight
bearing is gradually increased
in increments of 10kg per
week. After cemented implan-
tation full weight bearing is
possible.

After proximal femur replace-
ment, patients are recom-
mended to avoid flexion of
>60°, forced rotation and
adduction for six weeks after
operation to prevent a disloca-
tion of the hip joint.
Reconstructions around the
knee using a gastrocnemius
flap have to keep their joint in
a neutral position for 4 weeks
before gradually increasing
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flexion to ensure ingrowth of
muscles and especially the
patella tendon into the attach-
ment tube. Otherwise, pa-
tients can practice an increas-
ing flexion beginning five days
after operation.

After proximal humerus
replacement, the arm is im-
mobilized in a sling for four to
six weeks. The elbow joint and
hand can be used freely. When
the axillary nerve is intact and
an inverse shoulder meg-
aendoprosthesis was used,
passive swinging exercises in
the shoulder joint are practiced
two weeks after operation,
followed by passive movement
four and active movement six
weeks after operation. After
conventional proximal hu-
merus replacement, mobility is
severely restricted, therefore
stability is more important than
flexibility and active and pas-
sive motion are practiced more
cautiously.

Functional Outcome

The MSTS score is often used
in orthopedic oncology to as-
sess the functional outcome
and patient satisfaction after
operation. The best results are

observed after proximal tibia
reconstructions (83%), fol-
lowed by distal femur recon-
structions (80%). Flexion of the
knee joint is often possible up
to 90° and full extension can
be free or slightly impaired,
depending on how much
quadriceps muscle remains.
Proximal femur replacements
lead to a persistent limping gait
because the gluteal muscle is
insufficient after resection from
the great trochanter and rein-
sertion to the attachment tube
(70%). Reliance on walking
aids to cover longer distances
might be necessary in elderly
patients [7].

Functional aptitude of proxi-
mal shoulder replacement

is observed to be poorest
among reconstructions. How-
ever, patients with an inverse
meganedoprosthetic shoulder
replacement (Figure 3) show

a significant improvement of
active shoulder function com-
pared to anatomically shaped
implants. The patients present-
ed a medium MSTS score of
24.6/30. The mean active arm
abduction in the shoulder joint
was 78 and 88° active arm el-
evation for patients with intact
axillary nerve function [8].
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Growing Prostheses and
Custom-made
Reconstructions

Growing megaendoprostheses
are limited to special indica-
tions in children undergoing
tumor resections at approxi-
mately five to six years or older
at the time of operation and
when a leg length discrepancy
of >5cm is to be expected.
There are currently two types
of growing prostheses avail-
able: One is equipped with

an electric motor and leads to
elongation of the prosthetic
component, the other works
using callotasis of the remain-
ing bone after osteotomy using
an intramedullary, extendable
nail and therefore generating
new bone (Figure 4).

Both techniques are controlled
externally and have subcutane-
ous receivers, which forward
the signals to the prosthetic
motors. During elongation of
the nail no weight bearing is
possible. Additional operations
are necessary in both cases.
In patients < 3 years, when
parents refuse ablative pro-
cedures, experimental recon-
structions using custom-made
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megaendoprosthetic recon-
structions exist. However, no
long-term follow-up exists and
patients have to undergo multi-
ple operations.

Complications

The most severe complication
possible is local recurrence,
accompanied by a very poor
prognosis. Literature reports
recurrence rates ranging from
1-9% [9].

Megaendoprosthetic 5- to
10-year survival is located
between 69 and 90% [9]. The
most common complications
leading to operative revisions
are aseptic loosening, bacte-
rial infection and periprosthetic
fracture.

Minor operations have to

be performed for wear of
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prosthetic materials, such as
polyethylene bushings or im-
plant failure (i.e. stem fracture
or fracture of metal-on-metal
mechanism).
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Combined
Laparoscopic-
Endoscopic
Colorectal
Resections

Background

Flexible endoscopy of the co-
lon was first described in 1968
[1]. While classical transab-
dominal surgery is performed
open since many decades, the
first laparoscopically-assisted

colectomy was reported

by Jacobs et al in 1991 [2].
Meanwhile, large randomized
controlled studies have
repeatedly proven that lapa-
roscopic colorectal resections
are oncological at least equal
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Colorectal Surgery

and functional even superior to
open surgery [3-b]. However,
small and early lesions are dif-
ficult to locate during laparo-
scopic colon resection and thus
require unnecessary extended
surgery. This limitation can

be overcome by combined
laparoscopic-endoscopic resec-
tions. Standing in between the
transabdominal (laparoscopic
or open) and the transanal (en-
doscopic) approach, combined
resections integrate benefits of
both methods, while warrant-
ing high safety, with the lowest
possible trauma to the patient.

Keywords: colorectal, resec-
tion, laparoscopy, endoscopy,
combination, single incision,
robotic, NOTES

Indications

For some colorectal lesions,
classical endoscopic removal
is estimated unsafe or not
possible due to location, size,
complexity of the lesion, risk
of full-thickness cautery with
late perforation, uncontrol-
lable bleeding, or inadequate
margins [6]. In these cases,
surgical removal has been ad-
vocated for many years. Today,
laparoscopic resections of such
lesions are standard proce-
dures. However, laparoscopic
surgery alone does not allow
the surgeon to palpate and
thus exactly localize the lesion
[6]. Therefore, the endoscopic
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application of metal clips or
injection of dye into the wall
of the colon prior to surgery
can been used for labeling of
a lesion [6]. However again,
still intraoperative uncertain-
ties remain by the chrono-
logic separation of the two
procedures, endoscopy and
laparoscopy. This problem has
been overcome by combined
laparoscopic-endoscopic resec-
tions, as continuous intra- and
extraluminal observation during
resection and reconstruction
provides a maximum of safety
[6]. Intraoperative endoscopy
can further help during surgi-
cal resection to choose the
best laparoscopic technique,
while simultaneously verify-
ing a complete excision of

e.g. a polyp, and confirming

a leak-proof suture line [6].
The tip of the scope may be
used for improved exposure
of a polyp for resection, and
the endoscopic view offers

an additional angle of vision,
which might be helpful dur-
ing excision or placement of a
linear-stapling device [6]. Com-
bined laparoscopic-endoscopic
resections are no routinely
established procedure, thus no
clear guidelines exist on when
it should be applied [7]. While
combined interventions are
dispensable in advanced ma-
lignant tumors, they represent
an ideal modality in the surgical
treatment of benign and early
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Fig. 1: Schematic depiction of
laparoscopically assisted endoscopic
resection (upper panel), endoscopy-
assisted wedge resection (middle

panel), and endoscopy-assisted trans-

luminal resection (lower panel).

(low-risk) malignancies of the
colon. If histological examina-
tion reveals T1 cancer, the
further management depends
on specific histological aspects.
Completely (RO) resected pT1
“low grade"” cancers of the
colorectum (defined as G1-2,
LO) do not require any further
oncological resection, as the
risk of local recurrence or me-
tastasis is only 0-5% [7].

Here, endoscopic controls after
6 and 24 months are estimated
to warrant sufficient local
control [7]. In the case of in-
complete endoscopic removal
of pT1 colorectal cancers, a
further resection is indicated.
This can be performed either
endoscopically, by combination
of laparoscopic and endoscopic
resection, or oncological radi-
cally (open or laparoscopically)
if the exact extension of the
tumor cannot be estimated in
advance. In the case that the
accessibility is limited, e.g.

due to the location close to

the ileocecal valve, combined
laparoscopic-endoscopic resec-
tions may spare the patient
overtreatment by oncological
resection. Finally, albeit not
reliable, putative lymph node
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Colorectal Surgery

metastases or peritoneal seed
can be assessed macroscopi-
cally.

Lesions that cannot be re-
moved by simple endoscopic
forceps or loop may be acces-
sible to endoscopic mucosal
resection (EMR), or endoscopic
submucosal dissection (ESD).
For rectal lesions, transanal en-
doscopic microsurgery (TEM)
offers direct instrumental
access for manipulation in the
very distal part of the colorec-
tum. Typical polyps and adeno-
mas can usually be removed by
forceps or electric snare upon
classical endoscopy.

However, if the accessibility is
hindered or complete resection
appears difficult by endoscopy
alone, combined laparoscopic-
endoscopic resections should
be considered.

Classification of Combined
Laparoscopic-Endoscopic
Resections [8]

Different methods of combined
laparoscopic-endoscopic resec-
tions exist. The leading role
during the intervention can be
executed by both, the ab-
dominal surgeon (laparoscopic,
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endoscopic assisted) as well as
the endoscopist (endoscopic,
laparoscopic assisted).

During all times of the pro-
cedure however, situation
dependent adaption according
to in situ findings is possible. A
recently proposed and gener-
ally accepted classification
system by the authors is listed
below [6, 8].

Laparoscopically Assisted
Endoscopic Resection
Pedunculated polyps in loca-
tions difficult to reach endo-
scopically can be exposed
intraluminal and thus made ac-
cessible for endoscopic snare
resection by impressing the
corresponding part of the colon
with laparoscopic instruments
(Figure 1, upper panel). Even in
purely endoscopic resections,
laparoscopy can help to rule
out a putative perforation or
violation of the serosa, which
could result in secondary perfo-
ration. Further, to sew over the
resection site in risky situations
is easily accomplished.

Endoscopy-Assisted Wedge
Resection [6]

Here, after exact endoscopic
localization of the lesion, it
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Colorectal Surgery

is excised tangentially with a
linear stapling device (Figure

1, middle panel). Advancing
the endoscope beyond the
affected segment protects the
respective lumen during resec-
tion. For procedures affecting
the cecal region, the colono-
scope can be passed into the
terminal ileum.

Endoscopy-Assisted
Transluminal Resection [6]
For lesions located near the
mesentery, a small colostomy
is performed after precise
localization of the lesion during
colonoscopy. The lesion is el-
evated and resected by applica-
tion of a linear-stapling device
(Figure 1, lower panel). Closure
of the colostomy is achieved by
utilizing laparoscopic sutures or
a linear stapling device.

Endoscopy-Assisted
Segment Resection [6]

For lesions inaccessible to the
above mentioned procedures,
laparoscopic segmental colon
resection under endoscopic
guidance can be performed. By
precise endoscopic localization
of the lesion, wide surgical mo-
bilization of the colon usually
can be avoided.
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Advantages of Combined
Laparoscopic-Endoscopic
Resections

Post polypectomy perforation
of the colon secondary to ei-
ther manipulation or cautery oc-
curs in 0.1% to 3% after clas-
sical endoscopic polypectomy
[9], with rising rates for difficult
polypectomies. By combined
laparoscopic-endoscopic resec-
tions, the suture can be judged
directly during and after per-
forming the anastomosis with
regards to bleeding, leakage, or
technical defects. As com-
bined laparoscopic-endoscopic
resections are usually used for
intraluminal detectable lesions,
the simultaneous endoscopy
warrants an exact identifica-
tion of the location within the
colorectum, so that even if
segmental resection becomes
necessary, the lowest possible
loss of healthy colon is ensured
(Figure 2). The extent of resec-
tion including safety margins
can clearly be identified. By
the intraoperative assessment
from intraluminal and extra-
luminal, the specific resec-

tion procedure as mentioned
above can be chosen instantly
without any doubt. In the case
of wedge resection, splinting
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Fig. 2: Endoscopic view during ap-

proach (upper panel) and preparation

(middle panel) of laparoscopically
assisted endoscopic resection of

polypoid lesions, with the light of the
laparoscope shining through from ex-
traluminal. Laparoscopic view during

preparation of endoscopy-assisted
wedge resection, with the light of

the endoscope shining through from
intraluminal (lower panel; light of the

laparoscope has been turned off for
better preventability).

the colon with the endoscope
protects the respective lumen
during tangential stapling [6],
thus preventing postoperative
stenosis of the resection bear-
ing segment.

Disadvantages of Combined
Laparoscopic-Endoscopic
Resections

If performed by a trained team
consisting of a laparoscopic
surgeon and an endoscopist
in specialized facilities, no
relevant disadvantages result
of combined laparoscopic-
endoscopic resections when
compared to laparoscopy
alone. The risk of endoscopic

bowel perforation is reduced to

a minimum by intraabdominal
surveillance.

Difficult sections like an
elongated sigmoid can even
be passed endoscopically
with laparoscopic help. Opera-
tion times are not elongated
relevantly [6], however, larger
requirements are made to the
physicians’ skills and to the
local and instrumental facili-
ties. In a series of the authors’
institution, the intraoperative
complication rate after com-
bined resections for colorectal
polyps was 1% [6].
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Colorectal Surgery

However, combined laparo-
scopic-endoscopic resections
are not suitable for resection

of advanced malignant tumors
because radical lymph node
dissection is not part of the
technique [6]. If invasive cancer
has been proven beforehand or
the intraoperative appearance
of the lesion is suspicious for
malignant disease, laparoscop-
ic or open oncologic resection
should be performed [6], with
only a few exceptions as men-
tioned above. If pathological
examination of the resection
specimen reveals high grade
invasive cancer, reoperation
with oncological resection is
necessary as well [6].

Outlook: Future
Developments in
Colorectal Resection

Single Incision Laparoscopic
Surgery

In single incision laparoscopic
surgery (single port technique),
only one port is introduced into
the abdomen, usually in the
umbilicus or at a site where a
stoma is planned, in order to
reduce trocar related complica-
tions, inflammatory response,
and to improve cosmetic
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results, albeit it causes higher
costs [10]. In 1992, the first
report of appendectomy by
single incision laparoscopy was
published [11], followed by
transumbilical cholecystectomy
[12] and colonic resections
[13]. Current data including
systematic reviews and meta-
analysis conclude that single
incision laparoscopic surgery is
a feasible and safe procedure
for selected patients (low BMI,
preferably location in the right
hemicolon) if applied by trained
physicians, however, not su-
perior to conventional laparos-
copy regarding postoperative
pain, adhesions, and complica-
tions [10, 14, 15].

As all other procedures, single
incision laparoscopic surgery
can be performed together
with combined laparoscopic-
endoscopic resections as well;
however, the experience in this
topic is very limited so that no
clear conclusions can be drawn
today. Due to inherent obsta-
cles and a significant reduction
of the degrees of freedom the
current impact and estimated
future relevance of single inci-
sion laparoscopic surgery is
low.

e

el wass oKay ¥ L6 el o
G VL] 28y Ty olelaall
PST ot ol jal 3lasl a3
o sl 35l Jan Jal o
33yally Jlatin ¥l pus e Jal
Bilre (o dliabis 35 & Dl
slaclaadl e¥ass waly e bl
JUaiin ¥ aas Llaall (L1
aaiiaally ¢ 553l al, Y onall
R PAR RN

VS plus Tl (L6 el o

bl jUsis Jlatil (e

ol Bis alall Jlatin i g
Lipall al )Y Jlatiny Ulis
el 3 el (5305 Aaaiall

L glaaslll suiall ey o
gl oda (e leda Guad 553l
ol 9330l e 13) Lol [1]
s ¥ ol Lolaall o LT 5 G
o) Ls Ll 5 30
SUaie shhal (Say Ols cna
aosll £ s3aall Jlatin¥ of ool
LS a1 ol Lifit) g g & ‘['\]
el Ganall (a3l el <3
oo dlle dayu JlaiinV ol
ks Bl 5L sl
Jlaiiul g Lalaall ¢lyal Sulel

| RYIEIN PO

asiiwally o sloill dalya

£ LT agaill UMa (pad el
Gl daalll ey Jalal Lulasll
Jlatiul ehhal aluainl (Ko
099 (re LLDSJ LS Buna
Jlatin¥ Ula a6 dli Sol
OS5l saaad B Fabu Yl

oo Aalall Usiall alasiuly
Llee i iy eatll Llaa el
i Lo ] i sall sl
Jeoliall Jaall p Undl 3ypuall
Aalyadl Lulaadl ang

JS aluadiuly Jlaiiu¥l (galua
LIl jUsIallg Glasll jUsLa (e
O 05Se e 3as8 a5 1)
Uil la g ladl HUsie 1
Laaaiall 3slall 3 sl
WJlatiw¥l dlac elyaly

Lalais JSUs Ll Juan3 o6

e JS e sataall Jlasin YU
o lalall jUsially olaydl Usis
alaaiil e Sl e 53 L 13
Jal85 a1y a5 eyl Usie
alaatuls slae ¥l QLEDI jlaa

O OSas dua u_ul S oUaall
OSany Ol Jals L8l Gy 5k
Lneall doliall o wpanll 5 3
SUaiall alaaiuly o gasall SawllS
Ol HUsis Saeluay alall



Colorectal Surgery

Robotic Laparoscopic
Surgery

In 2002, the first two cases
of robotic colectomies were
published [16]. Although ex-
pensive and time consuming,
by three-dimensional imaging,
automated reduction of the
surgeon’s tremor and a wide
range of motion, more ad-
vanced laparoscopic interven-
tions are possible by robotic
surgery (e.g. da Vinci robotic
surgical system, Intuitive Surgi-
cal, Inc, Sunnyvale, CA) [10].

Further, lymphadenectomy
and intracorporal anastomosis
are easier to conduct by this
system [10]. Today, robotic
colorectal surgery is estimated
safe and feasible, with com-
parable short-term outcomes
compared to conventional
laparoscopic surgery [10].

Especially in rectal diseases,
the access to the narrow pelvic
cavity can be even better than
in conventional open proce-
dures, and the excellent view
supposedly provides large
numbers of harvested lymph
nodes, greater distances of the
resection margin, and nerve
sparing operations [10].
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Natural Orifice Transluminal
Endoscopic Surgery (NOTES)
In “Natural orifice translumi-
nal endoscopic surgery”, the
abdominal cavity is reached
by natural openings like the
mouth (transgastric), the
urethra (transvesical), the
vagina (transvaginal), or the
anus (transcolonic) [10]. The
first pure transanal endorectal
pull through sigmoidectomy
was published in 2009 [17],
although newer approaches
usually include laparoscopic
trocars, but excise the speci-
men transvaginal or transanal
[10].

As a recent modification of
TEM (transanal endoscopic
microsurgery), TAMIS (transa-
nal minimally invasive surgery)
is characterized by a single port
laparoscopic device introduced
transanally to excise rectal
tumors, instead of the rigid and
longer rectoscope of the TEM
[10, 18]. This transanal “natural
orifice transluminal endoscopic
surgery” for rectal cancer of-
fers the possibility to avoid an
extra viscerotomy, compared to
other natural orifice approaches
[10]. Further, the distal edge

of a tumor and its association
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Colorectal Surgery

to the sphincter can be better
visualized than in a classical
transabdominal approach [10].

Conclusion

Endoscopic removal is the
treatment of choice for colo-
rectal polyps. The majority of
colonic polyps found at endos-
copy are suitable for diathermy
share excision via the colono-
scope, but large, sessile, or
awkwardly located polyps hold
the risk of colonic perforation,
bleeding, or inadequate exci-
sion [9]. Because of location or
size, some lesions are deemed
unsafe for classical endoscopic
resection and therefore have
been assigned to extended
surgical resection previously.
Minimally invasive techniques
are still underused today [10],
but combined laparoscopic-
endoscopic resection is a

safe and efficient therapeutic
approach for selected patients
with large polyps or those

that are difficult to access

by conventional snare pol-
ypectomy [6]. Intraoperative
endoscopy provides additional
safety for the laparoscopic
surgeon by precise localization
of the lesion and endoluminal
observation of resection and
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reconstruction [6]. Whenever
needed, the completion of
treatment by means of lapa-
roscopic colonic resection is
possible without problems in
the same procedure [9].
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Elbow Arthroplasty

Introduction

Total elbow arthroplasty (TEA)
is indicated for advanced
degenerative joint conditions
(i.e. rheumatoid arthritis), post-
traumatic sequelae and primary
fracture treatment [1, 2].

Distal humeral fractures cur-
rently represent only 2% of

all elbow fractures, and 5% of
fractures in individuals older
than 60 years [3, 4].
Consequently orthopaedic sur-
geons in training will encounter
relatively few of those during
their training years and even
when working as a consult-

ant in a specialist upper limb
department it is unlikely to be
called up on to treat these chal-
lenging fractures on a regular
basis [3]. Due to demographic
changes an increasing number
of humeral fractures in the
elderly can be assumed [5].
Hence, the most appropriate
treatment will become the
focus.

For old patients with comor-
bidities and decreased bone
quality who suffered a severe
intraarticular comminuted
fracture of the distal humerus,
primary TEA enables an im-
mediately stable joint situation,
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Total Elbow
Arthroplasty -
Indication and
Therapeutic
Approach

followed by early functional
treatment and rehabilitation
with good to excellent clinical
results [6, 7].

If surgery is contraindicated in
the fracture situation (i.e. due
to severe cardiopulmonary
diseases) the elbow joint can
also be immobilised with a cast
(6 to 12 weeks).

However, the risk for persistent
pain and functional limita-
tions is markedly increased

by conservative treatment.
Nevertheless, secondary TEA
is still possible [8]. Prasad and
Dent [9] observed no signifi-
cant differences concerning
the functional outcome after
secondary TEA.

The patients included in their
study underwent secondary
total elbow replacement at a
mean of 56 weeks following
trauma.

Compared to total knee and
hip arthroplasty the overall

risk for complications is higher
after TEA (24.3% + 5.8%)
[10]. There is an increased risk
for aseptic loosening of TEA
in the post-traumatic seque-
lae (10.2%) — which includes
ankyloses, instability, severe
posttraumatic arthrosis — com-
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Elbow Arthroplasty

Fig. 1: (a) Radiographs of an 83
year-old, female patient with

an intraarticular fracture of the
distal humerus (AO type C1/
Dubberley IA) with concomitant
degenerative changes.

(b) Cemented and semi-con-
strained TEA with a custom-
made nickel-free Coonrad-
Morrey (Fa. Zimmer) prosthe-
sis. Drill holes for transosse-
ous triceps refixation in the
proximal ulna are still visible on
the lateral view.

©Department of Trauma and
Orthopaedic Surgery, University
of Cologne, Germany

pared to patients with rheuma-
toid arthritis (5.3%) or those
with an acute distal humeral
fracture (3.7%). The survival
rate of TEA in patients with
rheumatoid arthritis ata 10 to
15 year follow-up is — on aver-
age —92.4% [11].

However, after secondary TEA
in post-traumatic sequelae the
survival rate at 10 to 15 year
follow-up decreases to a mean
of 65% [12]. Younger pa-
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tients (< 65 years) with higher
daily loads have a three-fold
increased risk for “mechanical
complications” such as stem
fractures or polyethylene wear
[12]. Therefore, TEA — especial-
ly in younger patients — should
be carefully considered. For
distal humeral fractures open
reduction and internal fixation
(ORIF) remains the gold stand-
ard — aiming for a reliable and
anatomical joint reconstruc-
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Elbow Arthroplasty

Fig. 2: (a) ORIF failure
with secondary fragment
dislocation and post-
traumatic degenerative
changes in a 69 year old
female who had suffered
a severe comminuted
distal humeral fracture.
(b) At two year follow

up after secondary TEA
with a cemented, semi-
constrained Latitude™
(Fa. Tornier) prosthesis
the patient is pain-free
and has a good function
(E/F 0°-0°-115°, P/S 90°-
0°-90°). ®Department of
Trauma and Orthopaedic
Surgery, University of
Cologne, Germany
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Elbow Arthroplasty

tion, which allows for an early
functional treatment. Although
ORIF is generally the treatment
of choice, complex fracture
patterns of the distal humerus
(AO Type B3 and C3) and/or

a comminuted dorsal fracture
zone (Dubberley Classification
Type B [13]) may make it im-
possible to address the fracture
sufficiently by osteosynthesis.
Therefore, patients with a
severely comminuted fracture
of the distal humerus who are
older than 75 years should be
considered for primary TEA.

However, the decision must be
taken individually. Hence, the
option for TEA should be avail-
able at the time of surgery for
all distal humeral fractures in
this patient population [3].

In low-demand patients or in
patients with reduced func-
tional expectations, TEA can
be performed in patients with
even less than 75 years of age.
An advantage of primary TEA in
old patients with severely com-
minuted fractures is the poten-
tially shorter time of surgery

— compared to ORIF — with a
good functional outcome in

the short-term [14, 15]. If the
elbow joint is already altered
preoperatively by degenerative
changes or rheumatoid arthri-
tis, primary TEA is an option
for simpler fracture patterns as
well [14].
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Diagnostic and Therapeutic
Approach

A detailed patient history
should be recorded preop-
eratively. A thorough physical
examination including skin and
joint status of the injured elbow
and the neurovascular condi-
tions should be performed as
well. The course of the ulnar
nerve (previous operations?)
and a possible tendency to
dislocate from the cubital
tunnel are of particular inter-
est. Furthermore the condition
of triceps and biceps muscle
should be analysed.

A radiological examination

of the total upper extremity

in two standardised views is
necessary. In fracture cases
we recommend an additional
computertomography (CT) of
the elbow with a coronal and
a sagittal 3D-reconstruction

to facilitate the understand-
ing of the fracture pattern. In
complex comminuted distal hu-
meral fractures the decision for
ORIF or primary TEA is often
made intraoperatively. Primary
TEA may be a good alternative
therapeutic approach if the
joint cannot be sufficiently ad-
dressed by an osteosynthesis
or if the patient is older than 75
years [Figure 1 a/b].
Non-union, secondary fracture
dislocations or advanced post-
traumatic osteoarthritis are
possible complications after
ORIF of comminuted fractures
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Elbow Arthroplasty

Table 1: Indications for TEA and
Hemiarthroplasty in distal humeral
fractures

of the distal humerus. In young
and functionally demanding
patients the attempt to save
the joint is recommended [12]
through the use of different
techniques such as Re-ORIF or
interposition arthroplasty as a
salvage procedure [16]. How-
ever, if severe posttraumatic
bony changes are obvious and/
or a chronic posttraumatic
joint instability is detectable, a
secondary TEA (cemented and
semi-constrained) is an option
to reduce pain and improve
function [Figure 2 a/b]. Pogli-
acomi et al [17] recommend
TEA for non-unions of the distal
humerus as an alternative for
ORIF. The satisfactory results
in their study lead the authors
to consider TEA, preferably
with linked implants, indicated
in selected patients older than
70 years and low functional-
demand.

Regarding postoperative treat-
ment after TEA compliance is
crucial. Weight lifting over 5 kg
or repetitive movements, with
weights of more than 1 kg,
should be avoided. Patients’
compliance is mandatory for
the success of TEA.
Indications and contraindica-
tions for TEA are summarized
in tables 1 and 2.

Prosthetic Designs

Elbow arthroplasties have
undergone a considerable
evolution in the last decades
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Indications for TEA and Hemiarthroplasty in Distal Humeral Fractures

Indication for TEA

» Osteosynthesis not possible (severe comminuted intraarticular
fracture; AO type C3/ Dubberley B)

* Old patients (>75 years) — individual decision (low-demand,

comorbidities etc.)

* Patients with a reduced life expectancy

* Pre-existing degenerative changes

 Complications after ORIF (i.e. post-traumatic arthrosis; non-union;
secondary fracture dislocation)

Possible Indications for Hemiarthroplasty

* Integrity of proximal ulna and radius

* Stable joint conditions

e Complex fractures of the distal humerus (AQ Typ B3/ Dubberley 2B

with intact humeral condyles)

because of better anatomical
and biomechanical knowledge,
continued development of
biomaterials, improvement

of operative techniques and
better definition of the surgical
indications [18]. Total elbow
designs include “constrained/
linked” and “unconstrained/
unlinked” implants. A fully
"“constrained” prosthesis is no
longer commercially produced.
To reduce shear forces and
stresses on the implant-bone-
cement interface modern
implants have a “sloppy-hinge”
mechanism which enables

on average 7° valgus-varus
movements. This modification
decreased the rate of aseptic
loosening and periprosthetic
fractures occurring with the
fixed-hinged implants [19].
Introduction of the anterior hu-
meral flange — which increases
rotatory stability and decreases
posteriorly-directed stresses —
contributes to the increase in
the survival of implants as well
[20]. Consequently, modern

oyl @3l 130 el ey

any dasl gy Sula Lualaall

aae oo Azl a3 ol [y LLaYl
axy Jeadall (ol )80
Juato 2y 985 Lilae Gl Lo Y
i) 53U IS i ¢ o<
el 5ha suay (aals 4l
Cpeanilly AT LSS ol oy

¥ o sl ] s o

o sShle gy pml a3y [/
Jenbo 0533 Lbans [V V] o g0al;
it sl alaad IS iy ¢ o<
o220l alae Ge JousS Saaiall
aiy  Aalall eyl ¢ puaall
Lo yall 038 glaill ady

a8 dalac laiel I Gaia L
saall pe MUK 6 S Jinde
i LaS el g salls g g0l
29SS (a0 e B,EAI )
seosally Lole Vo aalaci
b gl Gkl aaas

any ganal £ Ml Blagy Lay Lol
IS ¢ oS Jenio 0y 585 Lalac
L el slasll JUTaYI o) (IS

gl deno 0y 85 ol yluse 1N Jgaall
o oot Joniall Jatialy I iy
Baaadl wasll | gus

aladll Jal (o dale 5,505 dllia
slall Chall jelaz ¥l Ganilly
Oan go GBS ga g Jlaa
o Lol asll o Ya Jas
ALY (CT) abial sl
presill By ALY § <)
La o aall sl S
L agd Lady elldy aagually
aaall S Ul 26 5l
LIle ols a1aall Suaall Sukaall
a8 Lalae 51,5 3lasl oty L

3l gl IS Sy g oS Jms
cnndiilly 7 s38all assasll dylac
Laalyall Lulaadt L3l Lol
Yz Js ¥ ,Lall 05 of oS
OIS Al 13 s Liadle
LS Uiy Jemdall Eallas
JPEBVCIUL RS FRURPNNEN. P
ST sl sae IS 13 5 alaal
V mdsill ] Lole VO (e
[</i

axy dlaiaall s licLaall e
cndiilly 7 s38all ansasll dylac
Sl aaall Lae gt ta ol
PRI L0 u_";\slaa." Suge puc il
ol Jeadin 553U Huy LLa Yy
Toaiis allie Lalig, LLoYI
Laally i LS Lo Yl sy
Sball sl sie Jatdl Jle
ag VY] Gy cpallatally
Jie Saarie o laB alaaiuly
Csikall (aaal Llae Sulel
Jeo Ll 3585 51 alall el
[V galas] shalS dalandl



Elbow Arthroplasty

“constrained” implants are
more appropriately rather
termed “semiconstrained”.

In younger patients with good
bone quality, stable ligaments
and a preserved radial column
(native radial head or radial
head replacement) an uncon-
strained, cemented TEA can
be used. The implantation of
an unconstrained prosthesis

is generally more sophisti-
cated. Joint stability has to

be checked carefully during
surgery. If the joint is not
stable, the implants must be
converted to a constrained
prosthesis. Plaschke et al. [21]
found in their retrospective
analysis of 167 procedures

no clinically significant differ-
ences after linked or unlinked
TEAs. The authors concluded
that their results could be due
to the implant selected, the
level of elbow destruction or
the indication for surgery. Axial
forces — applied on the hand

in extension — are transferred
with up to 60% at the radial
column [22]. Preservation of ra-
dial head or radial head replace-
ment should be contemplated
to maintain a physiological load
distribution and joint stability.
After radial head replacement a
sufficient humeral and ulnar ar-
ticulation over the entire range
of motion has to be verified
intraoperatively. Otherwise a
radial head replacement is not
recommended.
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If the radial head is not re-
placed/ preserved or the
capsule-ligamentous structures
are not stable or severe bony
lesions are obvious a cement-
ed and “semiconstrained”
prosthesis is the treatment of
choice. Hemiarthroplasty of the
elbow is also an option to treat
severely comminuted fractures
of the distal humerus. An ideal
indication for a hemiarthroplas-
ty is an AO type B3/ Dubberley
2B fracture with preserved con-
dyles. Stable joint conditions
and integrity of the proximal
ulna and radial head must be
checked previously. Although
reliable medium-term results
with functional outcome and
complication rates comparable
with ORIF and TEA are re-
ported for hemiarthroplasty in
comminuted intraarticular distal
humeral fractures [23], long-
term success of hemiarthro-
plasty cannot be foreseen at
the present time. A progress of
degenerative changes — espe-
cially of the proximal ulna — and
protrusions can be observed
due to altered joint kinemat-
ics [24-27]. In our therapeutic
approach hemiarthroplasty is
therefore hardly used.

Surgical Approach

We recommend general
anaesthesia combined with a
regional anaesthetic procedure
(i.e. interscalene catheter) with
the patient in supine position
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Elbow Arthroplasty

and a mobile covered arm.
Single shot antibiosis is also
recommended [28].

A dorsal approach which ena-
bles a tension free exposure

to the elbow joint without an
increased risk for iatrogenic
injuries should be used. A
surgical approach other than
olecranon osteotomy, which
would preclude TEA is required
[3]. In our clinic we use the “tri-
ceps split” of Gschwend [29]
in old patients and the “triceps
reflecting” approach of Bryan
Morrey in younger patients. In
fracture cases with “loss” of
the distal humerus the “triceps
on" approach is used. “Full
thickness subcutaneous flaps”
should be dissected to avoid
wound healing problems. The
ulnar nerve must be released
proximally from the arcade

of Struthers and distally from
the arcade of Osborne — ap-
proximately 8 cm in relation to
the medial epicondyle, respec-
tively. The ulnar nerve needs
to be protected in any case
during surgery. We advocate a
routine tension free subcutane-
ous transposition of the nerve
at the end of surgery. The risk
for an iatrogenic nerve injury
and impairment of blood supply
must be taken into account
[10].

The bony cut and the prepara-
tion of the distal humerus and
the ulna depend on the used
implants. Two established
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systems, which are commonly
used in our clinic, are the
Coonrad-Morrey (Nexel™, Zim-
mer® Company, Warsaw, IN,
USA) and the convertible Lati-
tude™ (Fa. Tornier, Saint-Ismier,
France) prosthesis. Detailed
descriptions of implantation
technique for both systems
have already been published by
Miiller et al. [15] and Burkhart
et al. [30].

If osteosynthesis is necessary
due to an additional supracon-
dylar fracture, we would rec-
ommend inserting a trial stem
to preserve a pathway for the
original implant. The humeral
and ulnar bone for both compo-
nents will be prepared by use
of a high speed bone milling
machine, flexible intramedul-
lary drills and implant specific
instruments. This procedure
must be performed carefully to
avoid intraoperative complica-
tions such as bone perfora-
tion. For an optimal retrograde
intramedullary bone cement
application — after thorough
bone cleaning by pulsatile jet-
lavage — we recommend using
a thin nozzle on the cement
injection gun (Cement Nozzle
Small Diameter, Biomet Ger-
many GmbH, Berlin, Germany).
Absorbable intramedullary ce-
ment stoppers are obligatory.
The humeral and ulnar compo-
nent should be implanted suc-
cessively. Finally, component
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Elbow Arthroplasty

Table 2: Contraindications for TEA e
Contraindications for TEA

articulation and stability must
be examined over the entire
range of motion at the end of
surgery.

A thorough reconstruction of
the extensor mechanism is
mandatory (i.e. transosseous
triceps refixation). Furthermore,
a careful wound closure with
sufficient soft tissue coverage
of the prosthesis is essential to
reduce the risk for postopera-
tive complications.

Complications

Insufficiency or dehiscence of
the triceps muscle is one of
the most frequent complica-
tions following TEA. A thor-
ough refixation of the exten-
sor mechanism at the end of
surgery is therefore mandatory.
Due to a relatively thin soft
tissue envelope the elbow is
at increased risk for infection
after TEA which highlights

the importance of a secure
wound closure. Furthermore,
obesity and associated medical
comorbidities place patients at
increased risk for complications
after TEA [31]. Those patients
should be appropriately coun-
selled preoperatively about
their increased risk for compli-
cations [31].

Dissection and protection of
the ulnar nerve is important to
avoid an iatrogenic injury. We
advocate an anterior subcuta-
neous transposition of the ul-
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Absolute
Open fractures

Infection

Dysfunction of triceps and biceps muscle

Severe functional impairment of the hand

Tendency to keloid formation (CAVE: soft tissue coverage of implants)

Heavy physical work (CAVE: load limit after TEA)

Relative
Neuropathic arthropathies
Poor patient compliance

Neuropsychiatric disorders

nar nerve at the end of surgery
to guarantee its tension free
course.

Good stability of the capsule-
ligamentous structures is
essential for both “uncon-
strained” and “semicon-
strained” implants. A signifi-
cant joint instability increases
the risk for implant dislocation
in “unconstrained” TEA. A
significant instability also
increases the risk of aseptic
loosening in “constrained” TEA
due to higher stresses on the
implant-bone-cement interface.
Despite of the “sloppy-hinge”
mechanism higher loads lead
to more polyethylene wear
debris, which increases the risk
for aseptic loosening respec-
tively. The weight limit of 5 kg
after TEA is mandatory for the
survival of the implants. Most
frequent long-term complica-
tions are implant failures like
stem fractures or dislocation of
constrained implants.
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Elbow Arthroplasty

Conclusion

Osteosynthesis remains the
gold standard for fractures of
the distal humerus. In severely
comminuted intraarticular distal
humeral fractures — especially
in patients older than 75 years
—a primary TEA enables a sta-
ble joint reconstruction which
reduces pain and increases
function. If a distal humeral
fracture cannot be treated by
reliable ORIF the treatment of
choice should be a cemented
and “semiconstrained” TEA.
Postoperative complications
can be reduced by careful in-
dication and thorough surgery.
A good patient compliance is
crucial after TEA. Limitation of
weight-bearing (< 5kg) is man-
datory and can reduce the risk
for “mechanical” complications
and early aseptic loosening.
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Spectrum of Practical
Application of Indocya-
nine Green Fluorescence
Angiography in General
and Thoracic Surgery

Keywords: ICG (indocyanine
green), perfusion, LFA (laser
fluorescence angiography), NIR
(near infrared) imaging, fluores-
cence imaging, angiography,
colorectal surgery, mesente-
rial ischaemia, transplantation,
parathyroidectomy, metasta-
sectomy, sentinel lymph node,
esophageal resection

Introduction

Indocyanine green (ICG)
evolved during World War Il as
a dye for photography and was
first introduced in medicine

at the Mayo clinic in 1957 [1].
Two years later ICG gained
FDA approval and was initially
applied as a diagnostic modal-
ity in liver function tests and
later in cardiology. During the
last years, a major progress
has been made in the field of
artificial imaging to support the
ICG use in surgery. This techni-
cal support has opened new
horizons for fluoroscopy and
has regenerated the interest of
surgeons in the application of
ICG [2-4].

ICG is an amphiphilic, water
soluble fluorophore with an
excellent tissue penetration
and a high binding affinity to
plasma proteins, globulins and

albumin [2, 3]. ICG is adminis-
tered intravenously in a dosage
of 0.1-0.5 mg/kg, has a half-
time of 150-180 seconds and
is metabolized by the liver [4].
The use of ICG for diagnostic
applications is clinically safe

as anaphylactic reactions only
occur in very rare cases.

After intravenous adminis-
tration, ICG binds rapidly to
plasma proteins. The spectral
absorption of ICG in blood is at
about 780 nm and emission at
about 830 nm [2]. The images
can be obtained using a charge
coupled device near-infrared
video camera.

Several imaging systems are
commercially available for
fluorescence angiography,

for example, the SPY Elite
(Novadaq) for open surgery,
the PINPOINT (Novadagq) for
laparoscopic and thoracoscopic
surgery, the NIR/ICG system
(Karl Storz-Endoskope), the
built-in Firefly system (DaVinci)
for robotic surgery and the IC-
VIEW system (Pulsion). These
fluorescence angiography/
videography systems are also
referred to as “laser fluores-
cence (LFA) angiography” or
“near infrared (NIR) imaging”
in the literature.
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Fig. 1: Parathyroid gland after resection using fluorescence

angiography.

ICG tissue angiography can
offer a real-time assessment
of the tissue blood perfusion,
thus providing the surgeon
with helpful information when
critical decisions concerning
the adequacy of the blood per-
fusion have to be made. Here
we report some of the most
prevalent fields of interest con-
cerning the use of ICG tissue
angiography in surgery.

Fluorescence-guided
Parathyreoidectomy
Intraoperative identification of
the pathological parathyroid
glands is often challenging as
they are difficult to detect by
palpation and strongly vary in
size and consistency. Further-
more, the operation must often
be performed in an area, which
has already been operated on
previously, which makes the
intraoperative localization of
the glands extremely difficult.
Concerning the high rates of
hypoparathyoidism after a
thyreoidectomy, the identifica-
tion of the parathyroid glands

is of major significance during
the thyreoidectomy in order to
conserve at minimum one vital
parathyroid gland.

Our group has evaluated the
use of ICG fluorescence angi-
ography for the detection of
parathyroid glands in 5 con-
secutive patients undergoing
parathyreoidectomy (unpub-
lished data). In all 5 cases we
could detect the pathological
parathyroid gland (Fig. 1).

Two studies have evaluated the
use of intraoperative fluores-
cence for the detection of
pathological parathyroid glands.
The first one was performed by
Prosst et al in our department
between 2004 and 2007 [5]. 25
patients suffering from primary
and secondary hyperparathy-
roidism were photosensitized
orally with aminolevulinic acid.
In 92% of the cases, blue

light illumination successfully
supported the intraoperative
localization of the pathological
glands and therefore facilitated
the minimal invasive resection.
In a recently published case
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report, Chakedis et al. success-
fully used ICG angiography for
the intraoperative detection of
parathyroid glands during redo-
parathyreoidectomy [6].

A recently published project
evaluated the impact of intrao-
preative fluoroscopic imaging
of the parathyroid glands with
ICG in the scenario of postop-
erative hypocalcaemia. In 30
out of 36 patients who under-
went thyroid surgery at least
one parathyroid gland could be
detected by ICG angiography.
All patients had normal calcium
levels on the first postoperative
day and none had to be treated
for hypoparathyroidism [7].

Fluorescence-guided
Esophageal Resection
Anastomotic leakage after
esophagectomy with gastric
pull-up is a severe complica-
tion which is associated with
high morbidity and mortality.
Compromised perfusion of the
anastomotic region has been
defined as one of the main
reasons leading to anastomotic
leakage. Various methods

have been evaluated for the
assessment of the perfusion
of the gastric conduit including
intraoperative angiography and
duplex sonography. However,
none of those techniques have
been established in clinical
practice and surgical experi-
ence remained as the only tool
of assessmentpractically avail-
able. Zehetner et al. used the
SPY imaging system for the in-
traoperative assessment of the
perfusion of the gastric conduit
in 144 consecutive patients
undergoing esophagectomy
[8]. In this trial, the authors
observed that in case the
anastomosis was performed

in an area of good perfusion

as defined by the SPY system,
the anastomotic leakage rate
was significant lower (2% leak-
age rate) compared to cases

in which the anastomosis was
constructed in an area of less
robust perfusion (45% leakage
rate).

The viability of the tip of the
gastric conduit is often difficult
to evaluate macroscopically but
represents the most important
part for the anastomotic heal-
ing, particularly if the gastric
conduit has to be mobilized
further. ICG angiography can
provide important additional
information concerning blood
perfusion.

Our group used ICG angiogra-
phy for the assessment of the
perfusion of the gastric conduit
in 20 patients with esophageal
cancer undergoing esophagec-
tomy (Fig. 2). The results were
compared with 56 patients
from our esophageal database.
One case of anastomotic
leakage was found in the ICG
group compared with 10 cases
who were operated without
using ICG [9].

Fluorescence-guided Liver/
Lung Metastasectomy

The resection of colorectal
metastasis in curative intention
has been associated with a
significant improvement in the
5-year survival rate [10]. How-
ever, the sensitivity of CT and
MRI significantly decreases

for lesions smaller than 5mm,
partially explaining the high
recurrence rates of hepatic
metastatic spread [11, 12]. ICG
angiography has been recently
introduced for the intraopera-
tive detection of colorectal liver
metastases. Van der Vorst et al.
used the Mini-FLARE imaging
system with ICG angiography
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Fig. 2: Evaluation of the perfusion of the gastric conduit using SPY (Novadaq).

for the detection of colorectal
liver metastases during hepatic
metastasectomy in curative
intention. ICG angiography
could identify further subcen-
timeter lesions which were not
identified during the intraopera-
tive ultrasound or preoperative
computed tomography [12].
The detection and thoracoscop-
ic resection of small intrapul-
monary nodules is another
challenging issue in the field

of surgical oncology. Larger
lesions can often be identi-
fied through thoracoscopic
palpation but lesions which

are located deep in the lung
parenchyma are often very
difficult to be localized. Several
techniques for the detection of
small intrapulmonary nodules
have been evaluated, such as
CT-guided placement of hook-
wires or microcoils, CT-guided
localization using radiolabelled
technetium, methylene blue
staining or ultrasound [13].

Lately, ICG angiography has
been introduced in experimen-
tal trials for the intraoperative
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detection of intrapulmonary
nodules. Anayama et al. per-
formed an experimental trial
during which an artificial lesion
was created using ICG and
implanted in a resected porcine
lung. ICG angiography using an
near-infrared thoracoscope suc-
cessfully detected the artificial
nodule [14]. Okusanya et al.
administered 5 mg/kg ICG, 24
hours prior to thoracotomy to
18 patients. Intraoperative ICG
fluorescence angiography suc-
cessfully detected 16 out of 18
intrapulmonary lesions [15].

Fluorescence during
Mesenteric Ischemia

Acute mesenteric ischemia is a
life threatening clinical situa-
tion. Many patients are admin-
istered with advanced bowel
necrosis but the surgeon is of-
ten facing the critical problem
of the potential viability of the
damaged bowel segment in
order to determine the resec-
tion margins. Diana et al. suc-
cessfully defined the boundary
between ischemic and well
perfused bowel by the use of
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Fig. 3: Evaluation of the perfusion of the ischemic small bowel using PinPoint

(Novadaq).

ICG angiography in an experi-
mental porcine model [16].
Our group used ICG angiogra-
phy in 3 cases of acute mesen-
teric ischemia and one case of
ischemia of the distal stomach
due to accidental ligation of the
left gastric artery to evaluate
the resection margins [17]. In
all 3 cases ICG angiography
offered significant information
without which we may have
had to commit a surgical mis-
evaluation leading to relevant
complications for the patient
and his quality of life. Ishizuka
et al. used ICG fluorescence
angiography to define the
bowel resection margins in
patients with non occlusive
mesenteric ischemia. The au-
thors observed that the length
of the bowel which had to be
resected differed significantly
from the macroscopic estima-
tion [18].

In 15 surgical cases of mesen-
teric ischemia, the bowel malp-
erfusion was retrospectively
evaluated by our group using
the Pinpoint system. In 7 out

of 15 cases, the ICG perfusion
assessment influenced the
surgical decision for or against
a resection/second look opera-
tion (unpublished data).

Fluorescence-guided Sentinel
Lymphnode Detection
Oncologic surgery in case of
urological and gynecological
malignancies requires lymph
node dissections (LND). Radi-
cal LNDs are accompanied by
a high morbidity and have
therefore been replaced by the
concept of sentinel lymph node
(SLN) biopsy. These proce-
dures are highly standardized
and involve the administration
of radioactive tracers like tech-
netium (99mTc) or blue dye.
The application of radioactive
tracers is logistically complex,
involves toxic ionizing radiation
and requires the involvement
of a nuclear physician. The
methylene blue dye method

is expensive and can cause
skin necrosis. Severe allergic
reactions to isosulfan blue dye
occur frequently. The demand
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of an alternative method has
been addressed in current
publications. Samorani et al.
published a prospective cohort
trial enrolling 301 patients
examining the feasibility of ICG
guided SLN biopsy in node-
negative in breast cancer [19].
The authors stated that the ICG
method is not inferior to 99mTc
(98% identification rate of
SLN). Ballardini et al. came to
the same conclusion [20]. A re-
cent study published by Pitsinis
et al. showed detection rates
of 100% for the ICG approach
enrolling a series of 50 patients
[21]. Benson questioned the
need of radioisotopes as co-
tracers in SNL biopsy for breast
cancer in an editorial published
in annals of surgical oncology
considering the good results
for ICG alone [33].

In the field of urology, the

ICG method has successfully
been applied for SNL biopsy in
bladder cancer [22]. A deposit
of a 0.5 ml solution consisting
of albumin and 500 uM ICG
was injected cystoscopically
into the bladder wall for the
intraoperative detection of the
lymphatic drainage pattern

of the bladder. Manny et al.
performed a similar study ap-
plying T mg ICG into each lobe
of the prostate percutaneously
for Da Vinci radical robotic
prostatectomy in 50 patients
by use of the Firefly technology
(Novadaq) [23].

In a further trial, 135 patients
undergoing thoracotomy for
early stage non squamous

cell lung carcinoma under-
went an ICG staining the area
around the tumor in order to
detect lymphatic invasion. ICG
fluorescence angiography was
successful in identifying the
sentinel nodes in 113 patients

during the segmentectomy
[24].

Fluorescence-guided Kidney
Transplantation

In kidney transplantation graft
function mainly depends on the
quality of organ perfusion [25].
In quite a few cases hypop-
erfused kidney regions fail

to reveal to “surgeon’s eye”
intraoperatively but become
apparent postoperatively in
routinely performed duplex
sonography. Besides visually
evaluating the organ surface
some other tools exist to as-
sess the quality of anastomo-
ses and graft perfusion ob-
jectively during the operation,
namely angiography, duplex
sonography and measurement
of renal tissue oxygenation.
However, these techniques are
either time consuming, require
a relevant examiner’s experi-
ence or employ nephrotoxic
contrast media and radiation as
in the case of angiography. As
an alternative ICG fluorescence
videography showed to be a
safe and feasible technique

to assess macro- and micro-
vascular perfusion of the graft
intraoperatively [26-27].
Hoffmann et al. employed ICG
fluorescence videography in

a series of 10 cases of renal
transplantations applying
0.3mg ICG/kg bodyweight [27].
The authors could even detect
small perfusion deficits which
remained undetectable to the
surgeon. The results of this
assessment allow repositioning
of the transplanted organ or
surgical revision of the anas-
tomoses in order to improve
blood supply and serve as a
helpful resource of intraop-
erative quality control. In our

center, ICG fluorescence vid-
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Fig. 4: Intraoperative ICG fluorescence videography using Spy (Novadaq) in kidney

transplantation. The image shows restricted perfusion in the lower pole of the kidney

transplant after separate anastomosis of a lower pole artery.
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eography is routinely employed
in kidney transplantation. Fig-
ure 4 shows an example of a
living kidney donation, in which
a lower pole artery had to be
inserted separately into the
anastomosis. ICG fluorescence
videography after reperfusion
of the organ administrating 5
mg ICG systemically showed

a restricted perfusion of the
lower kidney pole, which could
not be detected visually.
Intraoperative ICG fluores-
cence imaging with SPY Elite
(Novadaq) enables quantitative
measurement of microvascular
perfusion after reperfusion of
the kidney. Figure 5 shows a
homogenously perfused kidney
graft with two minor hypop-
erfused areas. ICG in- and
evasion can be displayed in the
form of a curve.

Fluorescence-guided
Colorectal Surgery

Adequate healing of the bowel
anastomoses in colorectal sur-
gery is an essential condition
limiting perioperative morbidity.
In particular, coloanal anasto-

moses after low anterior resec-
tions for distal rectal cancer are
considered having a high risk
for anastomotic leakage up to
40%. Sufficient blood supply is
an important factor determin-
ing anastomotic healing. The
surgeon’s clinical judgement
on the perfusion of the anas-
tomosis is usually based on
visual (colour) or tactile (pulses)
impression and has been
proven to have a low predictive
value for anastomotic leakage
in a prospective trial [28]. The
risk of anastomotic leakage is
commonly underestimated by
the surgeon. ICG fluorescence
imaging might be a helpful tool
for the intraoperative real-time
determination of tissue perfu-
sion.

Jafari et al. were able to show
a reduction of the anastomotic
leak rate to 1.4% for left-sided
and anterior resections in an
open prospective multicenter
study enrolling 139 patients
(PILLAR 1) by using ICG
angiography [29]. The Pinpoint
system (Novadaq) was applied
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Fig. 5: Microvascular perfusion of the kidney transplant surface following
reperfusion of the organ after systemic application of ICG and detection with
Spy (Novadaq). The arrows in the left image indicate minor areas of hypoper-
fusion. Quantitative assessment is shown in the right image.

for the intraoperative evalua-
tion of colon perfusion at the
planned resection margins
before and after creation of
the anastomosis using 7.5mg
ICG intravenously. The location
of the resection margin was
changed and the anastomosis
was redone according to perfu-
sion assessment. In this trial
ICG fluorescence angiography
changed surgical plans in 8%
of cases. In all these cases
there were no anastomotic
leakages. Grone et al. per-
formed 18 laparoscopic ante-
rior and lower anterior colorec-
tal resections in a prospective
case series [30]. Perfusion of
the planned transection line
of the descending colon was
evaluated with the Pinpoint
System (Novadaq) after liga-
tion of the inferior mesenteric
artery and systemic adminis-
tration of 16mg ICG. Surgical
decision making regarding the
line of transection was influ-
enced in 18% of the cases. In
these cases, no leakage was
detected in the postoperative
course. The overall leakage

rate could be reduced to 6%
employing this method. The
maximum added time for this
diagnostic procedure was only
6 minutes [30].

Further Applications of ICG
Fluorescence Angiography
ICG fluorescence angiography
has been additionally applied in
several other fields of oncolog-
ic and non- oncologic surgery.
Kalibori et al performed a
randomized clinical trial using
ICG fluorescence to detect bile
leakage after hepatic resection
[31]. ICG fluorescence cholan-
giography successfully de-
tected insufficiently closed bile
ducts which were not detected
by common bile leakage tests.
Kimmig could successfully
visualize the precise lymphatic
networks in patients with
uterine cancer using ICG angi-
ography during robotic assisted
surgery [32].

Conclusions

ICG fluorescence angiography
is an emerging imaging modal-
ity in surgery. We presented
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multiple possible applica-
tions of ICG fluorescence
angiography as an alternative
tool of intraoperative quality
control potentially influencing
the surgeon'’s decisions. This
method has been proven to be
safe, feasible, time-efficient
and easy to learn in several
case series and prospective
trials. We demonstrated that
it is worthwhile considering
the enrolment of ICG fluores-
cence videography for difficult
decisions or even as a routine
procedure.

Further studies are warranted
to establish feasible ICG dose
schemes and standard operat-
ing procedures. Prospective
randomized trials should follow
confirming the superiority of
the application of ICG angiogra-
phy over alternative methods in
short and long term follow-up.
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Anterior Cruciate bL Il Jasas sulel

Ligament

Reconstruction and
Cartilage Damage -
Current Therapy

Concepts

Anatomical Overview

The Anterior cruciate ligament
(ACL) originates from ante-
rior and medial aspect of the
Tibial plateau and runs poste-
riorly and superiorly towards
its insertion in the medial side
of the lateral femoral condyle.
The ACL has two bundles
anteromedial and posterolat-
eral, these 2 bundles provides
approximately 85% of restrain-
ing force of anterior translation
of the knee, also it prevents
the medial and lateral rotation
of the tibia as well as varus and
valgus stresses. To a little ex-
tent ACL checks the extension
and hyperextension, together
with the posterior cruciate liga-
ment (PCL) they control joint
kinematics through guiding the
instantaneous center of rota-
tion of the Knee (1).

The Knee joint surface is cov-
ered by a special type of carti-
lage called the Hyaline cartilage
that provides a low-friction
gliding surface is known to be
wear-resistant under normal
circumstances. It is avascular

and alymphatic structure. The
cartilage cells (Chondrocytes)
compose only 5% of the hya-
line cartilage structure and they
receive their nutrition by diffu-
sion and they are responsible
for synthesizing and maintain
the structure (2).

The Knee joint is reported to
be the most injured joint during
sports injuries (Majewski et
al.), documented approximately
40% of the sports-related
injuries to be at the knee joint.
Injury to the Knee joint pose

a serious obstacle to one's
daily activity, as the knee is

10 times more at risk during
sports injury than normal life
activities specially the ACL
and cartilage, the rupture of
the anterior cruciate ligament
is one of the most frequently
occurring ligament injuries in
the human body. The ratio of
injuries of the anterior cruci-
ate ligament to the posterior
cruciate ligament is about 10:1
(Strobel et al. 2001). These
damages will increase the risk
of joint degeneration and the

risk of Osteoarthritis (OA) due
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Fig. 1: Hamstrings
tendon Harvesting
(Surgical atlas of Sports
orthopedics and sports
traumatology Imhoff
et.al 2015)

to shifting of the normal weight
bearing areas and this can in-
duce cartilage deformation and
damage (3).

The risk factors for ACL and
cartilage injuries include dis-
similarities in Knee geometry,
sex, size of ACL, limb align-
ment and type of Sports (4, 5).
Females who participate in
cutting sports are shown to be
at more risk factors for cutting
native ACL (5).

The ACL deficient Knee has
high risk of instability, future
cartilage injuries and menis-
cal tears (b). Several studies
reported the high proportion
of lateral Knee compartment
cartilage lesions as well lateral
meniscus lesions with the ACL
lesions, this is due to the fact
that the contact in the lateral
compartment is higher after
ACL injuries (6).

Mechanism of ACL Injury

A basic distinction should be
done to address whether the
injury is isolated or combined
with other structures injuries,

partial or complete ACL tear as
well as if it's acute or chronic
Knee instability as these are
critical factors in determining
the best treatment method.

Diagnosis of ACL Injuries

A- History taking

Usually the injury if acute is
combination between flexion,
valgus and external rotation
(Football, Basketball) under
weight bearing. In case of
chronic ACL insufficiency the
Patient usually don’t remember
the incident and the knee car-
tilage and meniscal condition
are in a worse condition due to
degenerative changes to the
menisci and overlying Knee
cartilage.

By inspecting the Knee in case
of acute injury, the Knee is usu-
ally markedly swollen shortly
after the injury incident with
limitation of movements and
pain; special Knee tests are
done to clinically diagnose the
ACL rupture as Lachman's test
in 300 flexion, anterior drawer
test and Pivot shift phenom-
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Fig. 2: Graft preparation (Surgical atlas of Sports orthopedics and sports

traumatology Imhoff et.al 2015)

enon (the latter isn't easily
performed in acute injuries due
to pain and reflex quadriceps
muscular spasm).

In case of chronic injuries

the patient often complain of
instability when walking on
uneven ground and experience
giving-way phenomenon, the
most important test to diag-
nose chronic injuries is the
Pivot shift phenomenon which
reveals the dysfunction of the
rolling and sliding movement of
the knee joint.

B- Radiological Imaging

a. Knee X-ray (AP, Lat., Axial,
Long leg axis): are done to ex-
clude fractures, bony ligamen-
tous avulsions, as well as long
leg axis X-ray if Knee deformi-
ties are inspected or Corrective
osteotomies are planned as a
part of treatment plan.

b. CT: in case of complex
fractures, bony avulsions and
in case of revision of ACL re-
construction (to determine the
drilling canal width if refilling
with bone graft is planned).

c. MRI: Method of choice, it
gives excellent idea about liga-
mentous, meniscal, cartilage
and bony injuries.

Methods of ACL treatment:
The goal of performing an ACL
reconstruction operation is
restoring the Knee instability to
decrease subsequent injuries
to the Knee.

A lot of progress was done in
the last years to improve the
isometric and anatomical place-
ment of the graft, to find the
optimal method for ACL fixa-
tion and to use the best graft
for replacement.

C- Methods of Treatment

I- ACL

a. Conservative Treatment
Indications: Minor mental and
physical trauma elderly inactive
patient

1- Lack of compliance.

2- Low risk pivoting sports, e.g.
Swimming.

3- Advanced arthritis and El-
derly inactive patient with low
demand.

Immediate treatment: Cooling,
leg elevation, NSAID.

Further treatment: Knee Brace
with joint adjustment in Flex-
ion/Extension (F/E): 90°-0°-0°
in the first six weeks then

free ROM. Concentric Muscu-
lar Strengthening exercises.
Functional exercises, cycling
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Fig. 3: Tightrope system (company Arthrex)

a-The blue passing suture are used to pull the Tightrope system,

b-after flipping the button and being completely seated on the cortex,

c- the graft pulled into the femoral socket by simultaneous pulling the two
white threads (Surgical atlas of Sports orthopedics and sports traumatology

Imhoff et.al 2015)

and swimming are allowed in
cases of full mobility with no
effusion, contact sports are
avoided in the first six months,
regular follow up is recom-
mended.

b. Operative Treatment
Timing

Time after the injury consists of
two phases: The acute phase,
which extends up to 3 days
after the injury, the Knee is
protected in a Brace in F/E 90-
0-0° unless it's associated with
MCL (medial collateral ligament
injury) it's locked in 60-0-0°.
The sub acute phase extend af-
ter the third day till 3-4 weeks
after the initial injury, during
this period the surgical inter-
vention preferred to be avoided

to decrease the risk of postop-
erative stiffness (this waiting

time can be reduced if there is
associated injuries in the knee
as complex ligamentous tear).

Technique

In the last few decades many
technigues had evolved to treat
the ACL injuries which includes
the extra articular stabilization,
refixation of bony avulsed liga-
ment, also different ligaments
supplement had been tried to
replace the torn ligament from
synthetic materials, to cadav-
eric or autologous ligament
(quadriceps, patellar, iliotibial
tract strip, Plantaris tendon and
Hamstring tendons either from
same or contralateral side).
The autologous Hamstrings
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Table 1: Imhoff classification

ligaments are more frequently
used due to fewer complica-
tions and less morbidities.
Skin incision 3 cm is done
horizontally on the level of the
Tibial tuberosity (2 cm medial
and inferior), sharp splitting of
the Sartorius fascia, dividing of
adhesions. Harvesting of the
Hamstring tendon (Semitendi-
nosis/ Gracilis or both) with a
blunt tendon stripper. During
this procedure the tendon
should always be kept under
tension and secured with an
additional clamp. The required
tendon is harvested and pre-
pared by the assistant on the
side table and folded into 3, 4
or 5 folds (Fig 1).

Graft preparation: The tendons
are cleared from muscle fiber
tissue. Tendon ends are armed
with baseball stitch sutures
(about 20 mm from each end).
Simultaneously a diagnostic
arthroscopy is carried out to
address concomitant lesions
as well as preparation of ACL
insertion points.

Drilling of the femoral and
Tibial tunnels are carried under
arthroscopic view and accord-
ing to the thickness of the
harvested tendon (Fig 2).

Many techniques had been
implemented regarding drilling
the tibial and femoral canals;
either double bundle (where 2
canals are drilled to fix 2 AM

Possible
thinning
of the bone

Irrelevant

Thinning of
the bone

Thinning of
the bone
(demarcation
by sclerosis)

Partial lose
Fragment

Partial lose
Fragment,
sclerosis
zone

Complete lose
fragment with
or without
dislocation

Complete lose
fragment with
or without
dislocation

Cystic bony
changes,
no sclerosis

Cystic bony
changes,
with sclerosis

Bone bruise,
limited change

in signal intensity
inT1, Edema in T2

Thickening of the
cartilage

Low signal intensity
T1/T2, after i.v.
Contrast increase
T1 signal intensity,
cartilage changes

Same as lIA, but
no change in signal
intensity after i.v.
contrast material
injection

Low signal intensity
T1/T2, after i.v.
Contrast increase
T2 signal intensity,
cartilage defects

Same as IIIA but
with no increase in
signal intensity

High subchondral
signal intensity,
cartilage lesions,
increase signal
intensity after i.v.
contrast material
injection

Same as VA but no
increase signal
intensity after i.v.
contrast material
injection

Intact
cartilage

Soft/ un even
cartilage

Cartilage is
demarcated
but intact

Same as IIA

Partial lose
Fragment,
cartilage is
intact

Partial lose
Fragment,
cartilage
isn'tintact

High signal intensity| Cartilage in-

Low signal intensity

tact or chon-
dromalacia

Same as VA
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Bone
contusion

Cartilage
softening

Demarcation
without
sclerosis,
intact
cartilage

Demarcation
with
sclerosis,

intact cartilage

Partial lose,
vital fragment,

cartilage intact,

no sclerosis

Partial lose,
non vital
fragment,
cartilage isn't
intact, marked
sclerosis

Vital fragment,
no sclerosis

Non vital
fragment,
marked

sclerosis

Cyst without
sclerosis

Cyst with
sclerosis

Lol L pladiall allisdl Qb

Bggas] Caua o\ Jgaall

i Jafuyy ¢ polo¥) oaaleall
a3 Bale] «gaolall el
Aliay g syiall galandl byl

A Ly, Y o apandl Layl
O #lge (3aall LI Jas Jasd
o sl esiall o sl acliun ulga
Liely,ll Aaall ¢ye) il (g 54l
LU o el ol asall

Laall 5l ¢ silall 25 ,al

oaslall Uay i ol LpmasV
Leall 5l Lo ¥l dga (o ol g

(aLaa
Aall (5 o ¥ ks B Jac aly

Laa stue e Jaal J<a,

5 o(Jaaly Loy s Y) G ilall
bl ilant Blall ola Juad
Jsaall a3y a3 LAY Juady
Leaall) Gaslall Liae Uayyf e
Aa L Laadl gl ccaenill 3,30
Sl asme alunialy « (LeadS
a3 dalaadl sia Ha g Gl

i Ula gl e oLayY)
aad iy L] elyiuay alaia

aeluall 3usb e s puialy 3l
S 6 Y aaly Al s e
(V e sl ) wolad 0

Sll Caalais a1, Kad,ll juias
Al Lol LY e
dblaa 3550 Sl obile Lleay
o ple Yo Jlga) Buclall 5,5

aia eelld g Balyally (Ll S
Gnal paadls 45, )W Jac
aatlly daaladl o LlaYl



Sports Orthopaedics

German
Medical
Journal

3Ll

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

Fig. 4: Microfracture of the medial femoral condyle:

a) debridement of defect area, b) opening of the subchon-
dral bone, ¢) completed microfracture, d) outflow of the

blood from the opened bone marrow space after stop-
ping the inflow of arthroscopic fluids. (Surgical atlas of
Sports orthopedics and sports traumatology Imhoff et.al

2015)

and PL bundles) or single bun-
dle guided by arthroscope and
drilling wires.

Many implants had been
evolved to fix the re-implanted
ligament, recently used either
Bio absorbable screws or Tight-
rope system or combination
between them (Fig 3).

The postoperative recovery for
ACL Surgery:

Full range of motion and load-
ing of the joint immediately
after the surgery should be
avoided, during the first 2
weeks the patient can only
load partially (20 kg) and after
that the load bearing can be
increased at a rate of 20 kg

per week till full loading (the
patient should take anticoagu-
lants until full weight bearing).
From the 8th week postop-
eratively the patient can start
swimming (crawl), cycling.
From the 3rd Month postop-
eratively the patient can start
running.

From 9th to 12th Month post-
operatively the patient can start
the contact sports.

During the first six months the
patient should wear a protec-
tive knee brace with no limita-
tion of movement.

The postoperative recovery for
ACL Surgery with lat. meniscus
repair:

Lol L ladiall allisdl Qb

Labatal il =1 e ol 3281 3081 3u3ull K ¢ JSE

Ul S5l gl (3305 B g any alial

3503 =& (JalSI Huull — o b g paiill il aliall id —0 oo sl

g sl Zalise (o pull

Lalyys Lalll e a3l allaall Lalyal alall GulbY)
(Yevo gaals Gspal gl

L slonall el alaasnly
allas o (o luato I 2L, 31
1) Laa IS i ca guatuall Joall
(Y saaall

bl bl dlas o sl
LY

Jemiall Lol IS 5all Ciad Ciny
Toloall aay W5 Juadall Jyaady
negrel Jol UV 35800

sle aaing o g el gl
(paS Y1) Foa IS Juaiall
Jazay 5ol 138 8l ol a3 (e
gkt i srdl (B @S Y
o) JolS Uiy aule JLaia !
pall slagas 3ol g ,all e

e el il Jlaal el
conlll el 35360 olles
Iolaiel HUaiall ciad 3aally
pall) 3palall 3l e e
AAGPENER

laiall Gkl (o ayaall 14835 o3
aaally osulall b ol luall jany
Eaa) Glieda alustly Lol dlliy
poadl il (ol j3a a3y
—Lalally a l—aas LYl

Loja aloatuly ol (Leslall
plaainly Lggaa o3 als Sualy
ook a3 8 ,50all LY sl
Gl ol g il e aganll

el g Liyaa ae ) olaall LU




THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY Ml—..‘,)—“—‘ d—'-*—‘-‘d‘ ?Uﬁ-*—" U-b

Sports Orthopaedics

e
s
. \ .: 2‘.-*

! - ¥ Ly

3 ‘n’ ) g : Y .

I e, . | - 1‘ ]

| E . =
ed ove e ) age leslio '- A .0 : i 5 L A

By

-
-, = i e
e |

S
L
y
i"
E
£

[
A%
v
b

- - L - .
T < ] -
g. 6: a) large Osteochondral defect o b go e defe a - A -
ellous bone from ip era C ompleted cancellous bone gra A
and impa g, d al re afte A e que ed eo - -
bchond one deep affectio gical atlas of Spo orthoped and A > = &
PO a atolog off et.al 20 0 = N

58

(-



Sports Orthopaedics

German
Medical
Journal

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

Lol L ladiall allisdl Qb

1st 6 weeks ROM F/E 60-0-0°
without loading

7th week 20 kg/ week no load-
ing in more than 90° flexion
12th week postoperatively the
patient can start swimming
(crawl), cycling.

From the 4th Month postop-
eratively the patient can start
running.

From 9th to 12th Months post-
operatively the patient can start
contact sports.

The postoperative recovery

for ACL Surgery with medial
meniscus repair:

First 2 weeks the patient can
only load partially (20 kg) active
F/E 90-0-0°

No loading is allowed in flexion
3-6th Weeks postoperative:
Full loading is started but only
in extension, ROM F/E 90-0-0°
No loading is allowed in flexion
7th week Free ROM

8th week postoperatively the
patient can start swimming
(crawl), cycling.

From the 3rd Month postop-
eratively the patient can start
running.

From 9th to 12th Month post-
operatively the patient can start
the contact sports.

Cartilage Injuries

The cartilage injuries can result
from high loading, repetitive
shearing or torsional injuries
that may affect the superficial
cartilage layer. Arthroscopic

visualization suggested that in
about 5% of the knees which
undergone arthroscopy proce-
dures there are isolated focal
cartilage lesions. (7,8).

While there are many tech-
niques for the treatment of
cartilage injuries, not enough
is known about which lesion
needs treatment or about the
proper treatment modality for
each particular lesion.

Diagnosis of Cartilage
Lesions

A-History taking:

Accurate history taking is
crucial to determine the type
of injury, usually the patients
with cartilage lesions complain
of recurrent swelling, locking
or catching as well as painful
movements or painful weight
bearing. In case of acute focal
cartilage lesion, the patient al-
ways report a strong loading in-
jury followed by Knee effusion,
in Chronic cartilage lesion the
complain is usually recurrent
intermittent Knee effusion and
dull aching pain during walking,
ascending or descending the
stairs. By clinical examination
there is always tenderness on
the injured spot, if the lesion

is retropatellar Zohlen sign

is positive as well as Patellar
facet pain.

B-Imaging

a. X-rays AP and lat., Tunnel
views: useful only in detecting
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Fig. 7: a) OATS system (Osteochon-
dral Autograft Transfer System)

b) OATS MFC

¢) harvesting post femoral condyle
for Mega OATS

d) Press fit mega OATS after inser-
tion (Braun, Imhoff Arthritis and
research therapy 2008)

severe cartilage lesion and has
limited rule in diagnosing early
or focal cartilage lesions.

b. CT arthrography and 3D CT:
to detect any bony involvement
and the development of bony
cysts.

c. MRI: is best done with 3.
Tesla (high magnetic field
strength), Delayed gadolinium-
enhanced MRI (dGEMRI) for
evaluation of glycosamino-
glycan content, (T2 mapping)
which detects early signs

of structural changes of the
extracellular matrix and moni-
tors these changes over time.
Collagen information
Magnetization transfer (MT) to
get quantitative and qualitative
information on the collagen
status of the damaged carti-
lage and the technigue may be
applied for the routine monitor-
ing of normal and abnormal
articular cartilage.

d. Technetium scintigraphy and
SPECT:
Scintigraphy examination could

be used when patients after
trauma do not show any sig-
nificant injury on normal MRI
while they are still in consider-
able pain.

Single photon emission com-
puted tomography (SPECT)
could be used to assess the
physiology and homeostasis of
subchondral bone adjacent to
untreated and treated articular
cartilage defects.

C- Arthroscopy

Remains the gold standard for
evaluation of the cartilage le-
sions and associated lesions.
Descriptive evaluation of the
lesion is done by arthroscopy
(size, site, shape, depth, grade,
single or multiple).

ICRS (International cartilage re-

search society): cartilage clas-

sification system, it consists of

5 grades

G 0 Normal

G | la where cartilage has an
intact surface but fibrilla-
tion and/or slight soften-
ing is present.

Ib superficial lacerations
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Fig. 8a: second generation inlay trochlear design (Hemicap Wave, Arthrosur-
face) (Knee Surg Sports Traumatol Arthrosc. Aug. 2015 Imhoff et.al)
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and fissures are found
G Il Lesions that extend
deeper but involve <50%
of the cartilage thickness
G Ill Lesions that extend
through >50% of the carti-
lage thickness, subdivided
into 4 grades
Il a lesion doesn’t reach
deep the calcified layer
Il b lesion reach to the
calcified layer
Il ¢ that extend down
to but not through the
subchondral bone plate
11l d blisters
G IVdefects that extend into
the subchondral bone

Osteochondritis dissecans
(OCD) are excluded from this
grading system and have their
own classification system as
follows

ICRS OCD |

Stable lesions with a continu-
ous but softened area covered
by intact cartilage.
ICRSOCDII

Lesions with partial discontinu-
ity and they are stable when
probed.

ICRS OCD llI

Lesions with complete discon-
tinuity that is not yet dislocated
(“dead in situ”)

ICRS OCD IV

Empty defects as well as
defects with a dislocated
fragment or a loose fragment
within the bed.

Treatment of cartilage defects:
Treatment of the cartilage de-
fects depends on the following
factors

1. Patient’s age and activity
level.

2.The degree of pain and dis-
ability that the patients are
experiencing.

3.Location of cartilage lesion,
size and depth of cartilage
lesions.

4. Co-existing joint pathology
such as meniscus lesions,
ligamentous insufficiency,
bone loss and malalignment.

5. Other concomitant diseases

Other factors should be put in
consideration before treatment
plan implementation, which
includes body weight, or body

Fig. 8b: Onlay trochlear design (Journey PFJ, Smith and Nephew)(Knee Surg
Sports Traumatol Arthrosc. Aug. 2015 Imhoff et.al)
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Fig. 9a: Hemicap Wave, Arthrosurface a) a.p view, b) Lat. View, c) Tangential
view (Surgical atlas of Sports orthopedics and sports traumatology Imhoff
et.al 2015)
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Fig. 9b: (Journey PFJ, Smith and Nephew) a) a.p view, b) Lat. View, c) Tan-
gential view (Surgical atlas of Sports orthopedics and sports traumatology

Imhoff et.al 2015)

mass index (BMI), an increased

BMI (greater than 30) may have

an adverse effect on some

cartilage repair procedures,

Smoking, ability to comply with

rehabilitation (9).

Choices of cartilage lesions

treatment (10):

1. If the defect size is less than
2 cm? with well-shouldered,
protected edges:
Debridement or shaving +
any of simple Bone Marrow
Stimulation techniques, Mi-
cro-fracture technique (Fig.4)
or Refixation of cartilage by
Chondral Dart.

2. If defect size is 2-4 cm? con-
sider Mosaicplasty or MACT
(Matrix associated chondro-
cyte transplantation) with or
without Spongioplasty
(Fig. b, 6).

3. If defect size is >4 cm?
consider Osteochondral al-
lografts/MACT.

4. If medium size bony defect
consider bone grafts, Mega-
Oats (Fig. 7).

Patellofemoral Arthroplasty
(PFA)

Indication

Isolated patellofemoral arthri-
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anatomic factors predicting risk of
anterior cruciate ligament injury for
males and females. Am J Sports
Med. 2015;43(4):839-47.

tis, it's not used if the medial
and lateral compartments are
simultaneously affected.
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for the treatment of articular cartilage
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creation of a bone bed within
the native trochlea, the Onlay 7.
design are trochlear compo-
nents that completely replace
the anterior compartment by 8.
using the same anterior cut as
known from total knee arthro-
plasty.
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design. However, progression 11,
of tibiofemoral OA was signifi-
cantly less common in patients
with an inlay trochlear compo-
nent (11).
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A matched-pair comparison of inlay
and onlay trochlear designs for patel-
lofemoral arthroplasty: no differ-
ences in clinical outcome but less
progression of osteoarthritis with inlay
designs. Matthias J. Feucht Matthias
Cotic, Knut Beitzel - Julia F. Baldini,
Gebhart Meidinger, Philip B. Schéttle,
Andreas B. Imhoff
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Important Note:

Figures 1 to 6 and 9: All images from
Surgical atlas of Sports orthopedics and
sports traumatology Imhoff et.al 2015, are
owned by Springer publishing company,
Fig. 7 source: The 5.5-year results of
Mega OATS - autologous transfer of the
posterior femoral condyle: a case-series
study Braun, Imhoff Arthritis and research
therapy 2008, Fig. 8 source: Prospective
evaluation of anatomic patellofemoral
inlay resurfacing: clinical, radiographic, and
sports-related results after 24 months,
Cotic, Imhoff, Knee Surg Sports Traumatol
Arthrosc (2015).
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Cervical Cancer
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Abstract

Objective

Being the second most
common cancer of women,
carcinoma of the uterine cervix
is a major cause of death in
women. Even patients with
early stage cervical cancer
have a significant risk of
mortality which ranges among
15% after 5 years. In order to
identify high risk patients de-
spite early stage disease, LVSI
(lymphovascular space involve-
ment) has been proposed as
additional prognostic factor.

Methods

A systematic review of the
available literature concerning
LVSI and cervical cancer was
performed.

Results and Conclusion
Based on the published data,
using LVSI as sole indication for
adjuvant therapy seems ques-
tionable. However, it should be
considered as additional item in
cases with an indistinct indica-
tion for an adjuvant treatment.
In pathological reports, we
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Quantification of the
Prognostic Impact of
Lymphovascular Space
Involvement (LVSI) in Early
Stage Cervical Cancer:

a Review of Literature

strongly suggest to report on
the exact localisation of LVSI or
the presence of satellite-LVSI,
respectively.

Introduction

Worldwide, carcinoma of the
uterine cervix is the second
most common cancer of
women. Although decreased
incidence of advanced cervical
cancer due to early diagno-

sis by the use of PAP-smear
screening (Gustafsson et al.,
1997) and improved thera-
pies in case of locoregionally
advanced disease by radia-
tion or chemoradiation (Green
et al., 2001), cervical cancer
remains a major cause of
death in women. Patients with
early stage disease, even if
the majority of them are cured
with radical surgery or primary
chemoradiation, still have a
significant risk of mortality
which ranges among 15%
after b years (Landoni et al.,
1997). In addition it has to be
pronounced that combined use
of radical surgery and adjuvant
treatment is associated with
an increase of morbidity for
the patients. Therefore, exact
identification of those patients
who really need an adjuvant
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treatment after surgery is
urgently needed. Ultimately, it
is not a very well known field
which individual patients with
a definitely combination of risk
factos benefit from adjuvant
treatment modalities.
Therefore, efforts have been
undertaken in order to identify
high-risk patients who could
profit by those therapies.
Several prognostic factors for
identification of those patients
have been described, includ-
ing tumor stage, lymph node
metastasis, histological sub-
type (adenocarcinoma versus
squamous cell carcinoma), and
LVSI. However, in the existing
literature, there is controversial

stage cervical cancer which
has been found using the
search criteria “early- cervical-
cancer-LVSI-prognostic-factor”
in a pubmed-based retrieval.
The exclusively retrospective
reviewed literature has been
published from 1985 to 2008
and most patients were stage
IB. LVSI was evaluated using
uni-and multivariate analysis.

Pathological Definition and
Localisation of LVSI
Currently, no generally accept-
ed standards for determination
of LVSI have been described
and its prognostic value may
be hampered by a high degree
of intra- and interobserver
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dresses the available literature
on the prognostic role of LVSI
in early stage cervical cancer.
There is no doubt, that some
of the known risk factors are
interrelated. Many studies
describe a strong association
of LVSI and positive nodal sta-
tus, which is a major problem
concerning investigation of
LVSI as independent prognostic
factor. In 12 of 36 studies, LVSI
has been described to be of
prognostic value. However, the
problem with discussing the
results of these studies is, that
there are considerable varia-
tions of study design, definition
and localisation of LVSI, and
statistical analysis. In addition,
prognostic factors have to be
evaluated in context to the
performed surgical procedures
which differ considerably.

Methods

We reviewed the available
literaure investigating LVSI
as prognostic factor for early

Usually, LVSI is detected using
hematoxylin and eosin staining,
since immunohistochemically
diagnosed LVSI is a common
event and seems to be of no
clinical value (Lim et al., 2008).
Only one study differentiated
between LVSI in proximity

to the tumor-invasion front
(conjoined-LVSI) and tumor
distant LVSI (satellite-LVSI)
(Herr et al., 2009). The authors
of this study considered the
localisation of LVSI and defined
satellite-LVSI as LVSI occurring
distant from the main tumor,
in the parametrical tissue or

in pelvic lymph nodes with a
minimum metrical distance of
1 cm (Herr et al., 2009). From
a biological point of view, it
seems reasonable to assume
an association of satellite-LVSI
and a high risk of recurrence
or metastasis. Therefore, it
has been hypothesized that
the prognosis of patients with
satellite-LVSI differs from
patients with conjoined-LVSI
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Cervical Cancer

Table 1: Studies that investigated
LVSI and found no prognostic impact

or from patients without LVSI
(Herr et al., 2009).

Negative Studies for LVSI as
Prognostic Factor

The available literature with
negative results for LVSI as
prognostic factor is registered
in Table 1. The problem with
interpreting this data is, that
all studies are retrospective
analyses of heterogeneous pa-
tient populations with generally
small numbers of LVSI-positive
cases. In addition, most of the
studies with negative results
did not have the power to
detect significant results due
to the high rates of association
with nodal positive status. Fur-
thermore, none of the reports
distinguished between differ-
ent localizations of LVSI.

Positive Studies for LVSI as
Prognostic Factor

The studies reporting positive
results for LVSI as prognostic
factor are shown in Table 2.
Among the studies with stage
[IB cervical cancer with nega-
tive lymph nodes, LVS| was a
significant prognostic factor

in the study of Commerci et

al (Comerci et al., 1998). In
this study, 275 patients were
treated by radical hysterectomy
and pelvic node dissection.
75% of these patients had
histopathologically confirmed
negative pelvic lymph nodes.
After a median follow-up of 55
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Studies that investigated LVSI and found no prognostic impact

Authors

Frigerio (Frigerio et al., 1998)
Yuan (Yuan et al., 1999)

Hopkins (Hopkins and Morley, 1991)

Gentili (Gentili et al., 2000)
Kamura (Kamura et al., 1993)
Aoki (Aoki et al., 2000)

Suprasert (Suprasert et al., 2006)

Marchiolé (Marchiole et al., 2005)
Snijders (Snijders-Keilholz et al., 1999)

Yuan (Yuan et al., 1998)
Samlal (Samlal et al., 1997)
Sartori (Sartori et al., 2007)
Kainz (Kainz et al., 1994)
Gauthier (Gauthier et al., 1985)

Kristensen (Kristensen et al., 1999)

Finan (Finan et al., 1996)

Tsai (Tsai et al., 1999)
Trattner (Trattner et al., 2001)
Kim (Kim et al., 2000)

Hellebrekers (Hellebrekers et al., 1999)

Duk (Duk et al., 1996)

Obermair (Obermair et al., 1998)
Lai (Lai et al., 1999)

Graflund (Graflund et al., 2002)

months, the authors observed
that LVSI is an independent
prognostic factor using uni-
variate as well as multivariate
analysis.

Concerning survival, there are
several studies indicating an
independent prognostic impact
for LVSI by multivariate analy-
sis: Metindir et al. and others
showed significantly decreased
5-year disease free survival
rates in LVSI-positive patients
with stage I-Il disease (Metindir
and Bilir, 2007, Kenter et al.,
1988). In a retrospective study
with 187 patients of Takeda

et al., LVSI was found to be
independently related to poor
survival after a median follow
up of 83 months (Takeda et al.,
2002). For patients who had a
tumor histologically confined

Number LVSlas
of patients prognostic
factor

Year

1998
1999
1991
2000
1993
2000
2006
2005
1999
1998
1997
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1994
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1999
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1996
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1999
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Table 2: Studies that investigated
LVSI and found prognostic impact

to the uterus and had neither
parametrial invasion nor lymph
node metastasis, LVSI was
the most important prognostic
factor.

One of the reasons for the
different results concerning
LVSI in different studies is, that
currently there are no stand-
ards for the exact description
of LVSI. Due to own investiga-
tions, particularly the exact
localization plays a major role.
However, there is only one
study in which this matter was
taken into account (Herr et al.,
2009): in the above mentioned
study of 286 patients with
early stage cervical cancer it
was differentiated between
conjoined-LVSI and satellite-LV-
SI. While no significant effect
of LVSI in general on overall
survival (OAS) or disease free
survival (DFS) was calculated,
the presence of satellite-LVSI
was associated with significant
decreased rates of both, OAS
and DFS. Therefore, satellite-
LVSI was proposed as prospect
factor being possibly helpful in
order to estimate the individual
risk for patients with early-
stage cervical cancer.

Association with Positive
Nodal Status

From a biological point of view,
it seems indeed plausible to
assume positive lymph node
metastasis in patients with
aggressive tumor present-
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Studies that investigated LVSI and found prognostic impact

Authors
of

patients

Takeda (10)
Sakuragi (37) 1999
Comerci (7) 1998
Chittithaworn (38) 2007
Chandacham (11) 2005
Milam (12) 2007
Metindir (8) 2007

2002

Kenter (9)
Burghardt (39)
Atasii (40)

Ho (41)

Herr (6)

1988
1992
2000
2004
2008

ing with LVSI. However, it is
important, that especially for
the nodal-negative tumors ad-
ditional prognostic factors are
desired, since for many authors
the presence of positive lymph
nodes alone is considered as
an effectual indication for an
adjuvant therapy. However,
due to the strong association
of LVSI and a positive nodal
status in the studies with posi-
tive results (Chandacham et
al., 2005, Milam et al., 2007,
Metindir and Bilir, 2007, Herr
et al., 2009), any conclusion
concerning LVSI in nodal-nega-
tive tumors is hardly possible.
Unfortunately, the number

of nodal-negative and LVSI-
positive patients in all studies
was bounded. In their retro-
spective analysis, the above
mentioned authors report of
LVSI as significant prognostic
factor, however due to the
small numbers of patients with
LVSI, the authors are not able
to establish LVSI as significant
independent factor.

Year Stage Number Multivariate LVSl as Associa-

analysis significant tion

prognostic with N+
factor

yes

yes

yes
univariate yes

yes

yes

indepent RF

univariate: yes

yes

yes

yes

yes

yes
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Conclusion

The data for using LVSI as
indication for adjuvant therapy
of the early cervical cancer is
contradictory, which can be
mostly explained by the differ-
ent definitions of LVSI. Neither
the diagnostic procedure of
identifying LVSI nor the exact
localisation (satellite-LVSI vs.
conjoined-LVSI) is standard-
ized. In addition, prospective
studies concerning the value of
LVSI in early cervical cancer are
lacking.

Based on the data of this
review, using LVSI as sole
indication for adjuvant therapy
seems more than question-
able. However, in exceptional
cases, it could be considered
as additional risk factor in
cases where adjuvant treat-
ment is discussed controver-
sial. In pathological reports, we
strongly suggest to report on
the exact localisation of LVSI or
the presence of satellite-LVSI,
respectively.

In terms of clinical decision on
adjuvant therapy, considering
satellite-LVSI as an independ-
ent significant prognostic factor
based on just one study is
questionable. Further data is
needed to confirm this finding.
Therefore, in nodal-negative
patients, the question of a
cut-off for considering adjuvant
therapy remains unanswered.
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A New Device for
Long-Term Recording of
Wheezing and Cough in
Patients with Asthma and
Other Respiratory Diseases

Keywords: asthma, wheezing,
cough, lung sound record-

ing, auscultation, nocturnal
long-term monitoring, respira-
tory diseases, computerized
analysis, LEOSound, symptom
detection

Purpose

A mobile device for automated
long-term lung sound moni-
toring and analysis enables
assessment of wheezing and
cough (8). It is assumed that
asthmatic patients, espe-
cially asthmatic children with
decreased performance and
sleepiness during the day
have sleep disturbances and a
poorer sleep quality because of
increased nocturnal asthmatic
symptoms (1-6, 9,10).

Introduction

Asthma is a complex and
chronic inflammatory disorder
which is associated with re-
versible airway obstruction and
bronchial hyperresponsiveness
(7,15). It is one of the most
prevalent chronic diseases in
children and prevalence further
increases worldwide. The
majority of asthma patients
has mild to moderate asthma,
5 to 10% suffer from severe

asthma. Typical symptoms of
asthma are breathlessness,
cough and wheeze (7). Control
of asthma symptoms and a
good quality of life are the main
goals of therapy. Nocturnal
asthma symptoms must be
interpreted as an uncontrolled
state of asthma, which is asso-
ciated with increased mortality
and decreased quality of life
(1,4,9,10).

Nocturnal Asthma

Nocturnal asthma symptoms
like wheezing and coughing
are a marker of asthma sever-
ity (7,12,15). Wheezing is the
acoustic manifestation of lower
airway obstruction limiting
airflow in a collapsible bronchial
system and is most frequently
diagnosed by auscultation.
Wheezes are continuous
adventitious lung sounds with
a musical quality (12). Their
frequency range extends from
100Hz to 2000Hz. Healthy
children do not wheeze, so
the presence of wheezing
during day or night must be
interpreted as a manifestation
of their disease. The presence
of biphasic in- and expiratory
wheezing corresponds with
more severe bronchoconstric-
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Fig. 1a/b: Child with the LEOSound-system. Three highly sensitive bioacous-
tic sensors are attached to the trachea (blue) and on the back of the patient

(red, yellow).

c: LEOSound is a special developed new respiratory diagnostic system. The
system is able to record and analyze cough, wheezing and other breath and
lung sounds over a long period. The device is battery-operated, small and
compact and allows a comfortable ambulatory or stationary recording for

children and adults.

tion. A non-productive cough,
which worsens at night, is a
typical symptom for asthma.

In children, the information
about wheezing and cough-

ing during the night is often
based on the observation of
the parents. The children aren’t
able to make sufficient reports
about their nocturnal respira-
tory symptoms and the parents
thus often underestimate the
situation. Furthermore, parents
differ in their understanding
and interpretation of wheeze,
and reported wheezing often
cannot be confirmed by auscul-
tation.

Sleep Quality of Patients with
Nocturnal Asthma

Disorders of sleep and daily
performance as an effect of
nocturnal asthma received
comparatively little attention.

However, increased daytime
sleepiness because of noc-
turnal awakenings has been
documented in a few studies
with stable asthmatic adults
and children (5,10,14,17). In
the study by Chugh et al. in 38
out of 40 clinical stable asth-
matic children (95%) nocturnal
symptoms of asthma, sleep
disturbances and poorer sleep
quality were evident (1). Sleep
disturbances were reported

in 60% of the asthmatics and
included daytime sleepiness,
difficulty in maintaining sleep,
early morning awakenings and
struggle against sleep during
daytime.

Meijer et al. reported the pres-
ence of nocturnal symptoms
in almost half of 796, Strunk et
al. in a third of 1041 children
with asthma (10,14). Most
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Fig. 2: User interface of the LEOSound Analyzer Software. The user inter-
face is divided into two major areas, named as Event Screen and Epochal
View. The Event Screen displays the average loudness level (upper line in
Event Screen), the detected coughing events (green, middle line) and the
wheezing rate (red, lower line) of the associated epoch. The Epochal View
displays each microphone channel (trachea, bronchial right, bronchial left) in
a 30-seconds-window. The user can listen to selected epochs for verifying
the computerized analysis and can add own notes and comments, which
will be finally integrated into the automated report.

findings of the studies rely on
self-reporting by the children or
their parents. Nocturnal asthma
symptoms may disrupt the
continuity of sleep by awaken-
ings or arousals and can lead
to daytime sleepiness, general
lack of energy, reduced school
performance and increased
school absences. Evaluating
sleep quality to achieve good
control of asthma is important
since nocturnal symptoms
may disturb sleep. Poor
asthma control may increase
the risk for sleep problems

and a higher rate of exacerba-
tions. Luyster et al. reported
that poorer sleep quality is an
independent predictor of worse
asthma control and quality of

life in non-severe and severe
asthma patients (9).

A study by Desager et al.
described increased daytime
sleepiness and tiredness in
wheezing school-aged chil-
dren (2). Even with an optimal
antiobstructive and anti-
inflammatory therapy, a large
number of patients continued
to experience nocturnal symp-
toms of asthma. Janson et al.
studied the prevalence of sleep
complaints, and sleep distur-
bances in 98 adult asthmatic
patients by means of ques-
tionnaires and sleep diaries
(5). The most common sleep
disorders were early morning
awakening (51%), difficulty in
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maintaining sleep (44 %) and
daytime sleepiness (44%). The
prevalence of sleep distur-
bances in the asthmatic group
was about twice as high than
in the healthy control group.
Sleep quality, daytime activity
and academic performance
improves when children with
nocturnal asthma and disturbed
daytime psychological function
are successfully treated.

Meltzer et al. demonstrated
that out of 298 adolescents
(age 12-17 years; 48% with
asthma) almost 40% of ado-
lescents with severe asthma
reported clinically significant
insomnia (11). Daytime sleepi-
ness was also found to be
greater in adolescents with
severe asthma compared

to patients with mild or no
asthma. Asthma severity and
insomnia severity were predic-
tors for daytime sleepiness.
Sleep fragmentation and poor
sleep quality are likely associ-
ated with asthma control and
quality of life.

Why Do we Need Objective
Long-Term Monitoring of
Asthma Symptoms during
Sleep?

Many patients do not report
nocturnal symptoms to their
doctor or the doctor does not
ask for these symptoms. Lack
of awareness of nocturnal
asthma symptoms can lead to
a worse asthma control and
impaired daytime activity. Up
to now, we cannot be sure
that clinically stable asthmatic
patients during daytime are
also stable during sleep. It is
obvious that asthmatic children
who suffer from tiredness
during daytime have no stable
asthma during sleeping hours.
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Mechanisms of Nocturnal
Asthma and Comorbidities
Asthma is influenced by sleep
and chronobiological rhythms
(15,16). Lung function is usu-
ally highest at 4 pm and lowest
at 4am. In the early morning
hours, asthma symptoms are
more prevalent. A heightened
parasympathetic tone and neu-
rogenic inflammation lead to
bronchoconstriction, vasodilata-
tion and mucus hypersecretion.
The association of asthma with
a variety of comorbidities like
rhinosinusitis, obesity, obstruc-
tive sleep apnea and gas-
trooesophageal reflux disease
(GERD) are under discussion.
Chronic rhinosinusitis and
asthma are chronic inflamma-
tory processes in which airway
epithelium damage plays a key
role. Both can lead to coughing
and wheezing. Daytime and
nocturnal asthma symptoms
improve when sinuses are
cleared. The same is evident
for patients with GERD, in
which the reflux of acid can
trigger vagal receptors in the
lower oesophagus or can lead
to microaspiration. The physi-
ological pathways, which can
explain the association be-
tween asthma and OSA are not
known, epithelium damage by
snoring and OSA could play the
main role. Obstructive sleep
apnea and the intrathoracic
pressure swings may also lead
to gastrooesophageal reflux,
aggravated by supine position
during sleep.

Self and Parental Question-
naires to Assess Nocturnal
Asthma Symptoms are of
Only Small Value

Asthma is diagnosed and
categorized by lung function
testing and symptoms during
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daytime and sleep. However,
data about lung function or
respiratory symptoms during
sleep are missing. Previous
studies evaluated nocturnal
respiratory status by waking up
the patient in order to obtain
data by lung function or peak-
flow. However, interrupt the
patients sleep seems not a rep-
resentative respiratory situation
for this time. Therefore, further
diagnostic tools are necessary
to monitor symptoms during
sleep objectively. Question-
naire-based studies or diary
cards are of only small value,
because parents often differ in
their understanding of wheeze.
Furthermore, the reports of
parents or children do not
reflect the real occurrence of
wheezes and cough episodes
throughout the night. Usually
wheeze episodes are only de-
tected by auscultation with the
stethoscope. If wheezing can
be heard without stethoscope,
it is only a small, noticeable
part of a problem, and does
not necessarily reflect the total
occurrence of wheezing.

Computerized Wheeze and
Cough Monitoring
Computerized cough and
wheeze monitoring is a practi-
cal and non-invasive method
for assessing asthma activity
in children and adults. Comput-
erized lung sound analysis is
expected to be a more objec-
tive, reliable and standardizable
method (8). To date only a few
studies have used computer-
ized methods to detect wheez-
es and/or cough. Lung function
testing during the day repre-
sents quite a short moment of
respiratory function and is not
representative for the 24h time
circle. Children up to the age of
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6 years are not able to perform
a correct lung function test-
ing. Thus nocturnal cough and
wheeze monitoring provides a
simple tool for assessment of
asthma and response to medi-
cal treatment.

Computerized lung sound
monitoring and analysis, es-
pecially detection of wheeze
and cough, have been reported
to be a much more objec-

tive method than diary cards.
Lung sound monitoring can be
performed continuously over

a longer period. The data can
also be stored for later assess-
ment. A trend plot of noctur-
nal cough and wheeze can

be helpful for identifying the
timing and the distribution of
wheeze and cough activity dur-
ing sleep. Lung sound analysis
provides additional information
that can help the doctor moni-
toring children’s asthma and
the response to drug therapy.
Documentation of nocturnal
asthma attacks or symptoms
gives objective information on
the changes in airway obstruc-
tion. Peak flow measurements
during the night are only possi-
ble when the patient is awake.
Furthermore, the accuracy of
peak flow meter usage also
depends on correct technique
and effort.

The LEOSound System
LEOSound is a commercial
available, automated lung
sound monitor, that records
lung sounds continuously by
three small bio-acoustical sen-
sors attached to the trachea
and to the back of the patient
(8) (Figure 1a/1b/1c). Beside
this, an ambient microphone
is integrated. Thus, it is pos-
sible to differentiating lung
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Fig. 3a: Typical example of cough in epochal view. The analyzer-software
marks the detected cough events by green lines.
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Fig. 3b:Characteristic example of non-productive cough in a male infant —
the non-productive series of cough is marked green on the trachea channel.
The coughing event's length is a measure to differentiate between produc-
tive and non-productive coughing. Non-productive coughing events are

shorter than productive events.

sounds from speech, and other
ambient sounds. The validated
system works like a ‘long-
term stethoscope’ and allows
objective 24 hours lung-sound
auscultation at patients home
or at the hospital. The 24 hours
interval is especially useful to
determine the frequency and
diurnal variation of coughs in
patients with asthma or with
persistent cough of unknown
cause. The LEOSound analyzer
software automatically evalu-
ates the data for the presence
of lung sounds like cough and
nocturnal wheezing and stores
the results and the raw data

in a database. The records as
well as the automatic ratings
are shown on a graphic il-

lustrated user interface (Figure
2). Additionally, the user can
listen on all three channels,

for verifying the automated
analysis. LEOSound is so far
the only lung sound monitoring
system, which analyses both,
wheezing, as well as cough
events automatically. The lung
sound monitoring system can
be very beneficial for asth-
matic patients, and has great
potential in both clinical and
research settings. The relation-
ships between chronic cough
and disease entities such as
gastroesophageal reflux dis-
ease (GERD), obstructive sleep
apnea and upper airway cough
syndrome are further uses for
the LEOSound system.

s Jlradl Uk 35083 5 £ pans, Jio wie il yad Jlaald e JUis i0¥ JSEI
o Jlaall s Jsbo (ol 3 LaS 25 5l Baumdll 3LSE e ¢l juis o ghaiy peiiall

qgmg’_'eb’a&.ai ola 3,18
ol wie Jlawdl 3 51399 Sua
o sl 3l e gl el

D5l sl Jlaa 7ol 5 p ol
SULall (<sle g3 ¥ anaanlly
LS 1,0 ol pnls Lnlall

Oroats pody LS (LI asall
& Manuill p sl Lali e
ells NALSYL (Y ansstll
e g Laiw¥l anatiiall (Say
cro elliy (AN ol 33N paan
S Jalaill e 33a3l Jal
g Lo allad 5 w3l sl allas )

Jlall o jaadl zeiiall jue Jlral 1 selay geiiall ué 5 giiall Jlrall s Saaaill Jal

el

siglu gl Sl allas

il &l e siglu gal U a
S3lsie sy ¢ I Ui B0 & pen
Sleadllia Jay (golas ISy
Jeol gie Sty L0 ol gl
a_*ﬁ\,.:.a A:JLA-HM‘ S5 ‘sh;_u.u’“ L\
Ladlly 485,50 3 s Ly gun
g 1) (A) Gaarall yels s 4515l
lia (o3 /0N IV pans sl
Tooe sdsoSee (Jl ALY
O anaill G aall Cpad el oy
oo Loyt g 2SIy L5,01 ol guad
allaill Jany Ungadll o syl
s sl Lelaw o sl
&uwdhilﬂeouﬁd((sﬂl
S ol ey B A g
Telu Y8 5,18 0 cakiual 3



German  al.Jl

Medical =..ll

Journal =i
SIeep MediCine THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY ?‘9'."" ‘t’b
= I

WRE

18 150 (5]

Fig. 4a: Example of Wheezing in the Epochal View. Blue rectangle indicating
three wheezing events in the bronchial (right) channel. The acoustic lead-
ing symptom of airway obstruction in bronchial asthma is high frequency
wheezing. The presence of wheezing in infants is also used as a parameter
to evaluate the predisposition to asthma.
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Spectrum (Hz) -

Fig. 4b: Wheezing - typical picture in the spectrogram. Wheezing show
continuous horizontal lines, representing the time interval of the main
frequency. The presence of other horizontal lines representing the frequency
spectra that compose the wheeze. The analyzer-software marks the de-

tected wheezing events by red lines.

In studies it has been demon-
strated that cough frequency
monitoring is a reliable primary
end-point in clinical trials. For
the first time, there is the op-
portunity, to detect and analyze
cough events over 24 hours
and nocturnal wheezing objec-
tively. As part of a validation
study of LEOSound in children,
we compared software-based
analysis with medical expert’s
assessment. The nocturnal
results show high sensitivity
of 93%, and specificity of 99%
for the detection of cough.
Figure 3a/3b show a typical

cough event in epochal view
(3a) and an enlarged view to
single events (3b), exemplarily
demonstrating the sensitivity
of the algorithms (green lines).
Wheezing can be identified by
its typical frequency band in
the spectrogram, as it is shown
in figure 4a/4b. Sensitivity and
specificity for wheezing detec-
tion is 98% and 96%, respec-
tively (18).

Of further interest, not only in
clinical trails, is the quality of
cough, namely the computer-
ized discrimination between
non-productive and productive
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Woman connecting LEOSound

cough. The software extracts
specific patterns from the
cough sound signals, to distin-
guish cough quality in an auto-
mated manner. The LEOSound
system allows an objective
recording and analyzing of oc-
currence and severity of cough
and wheezing events, thus
provide a promising addition of
the diagnostic repertoire.
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