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Dear readers,

Appropriate management of soft tissue has immense
impact on final functional and aesthetic results. Not only
devastating injury and extensive loss of soft tissue but also
any kind of injury (including operative injury) with pro-
longed healing leads to excessive superficial and deep scaring
and a significant aesthetic and functional deficit.

Over the past years, plastic surgeons developed and intro-
duced many simple and complex reconstructive techniques
to fasten and improve healing processes. Plastic surgery as
a specialty is best equipped and competent to solve complex
soft tissue problems.

EDITORIAL

Acta chir. plast. 2020(3-4):00-00.

Due to the involvement of plastic surgery, many patients
with extensive trauma got the chance to save their extremi-
ties and even life.

Those who suffer from aesthetic and functional limita-
tion receive reconstructions to restore function and improve
outcomes.

Current research in plastic surgery is focussed on the
development of new, more sophisticated techniques involv-
ing tissue engineering methods and tissue regenerative
techniques.

Many originally plastic surgery methods became incor-
porated in the armamentarium of other specialties.

Despite this, we are witnessing many patients who did
notreceive the appropriate care they deserve. Poor treatment
leads to their poor results. They have to undergo secondary
procedures to get some, usually only partial improvements.
What is omitted initially can never be completely restored.
The role of a proper management of soft tissue never can be
overestimated.

The current issue of Acta chirurgiae plasticae is dedicated
to soft tissue management. It should motivate colleagues
to share their experience and increase awareness about
capability with other surgical specialties. The benefit to the
patient is immense.

Bohumil Zalesak, MD, PhD

Head of Department of Plastic Surgery
University Hospital and Palacky University
Olomouc, Czech Republic
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DIFFUSION OF INJECTED
COLLAGENASE CLOSTRIDIUM

HISTOLYTICUM

FOR DUPUYTREN'S DISEASE:
AN IN-VIVO STUDY

Kanatani, T.!, Nagura, 1.2, Harada, Y.', Lucchina, S.3*

'Department of Orthopedics, Kobe Rosai Hospital, Kobe (Japan)

’Department of Orthopaedic Surgery, Ako City Hospital, Ako, Japan

3Locarno Hand Center, Locarno, Switzerland)
“Hand Unit - Locarno’s Regional Hospital, Locarno, Switzerland
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ABSTRACT

Introduction. While injecting Collagenase
Clostridium Histolyticum (CCH) as a non-
-surgical treatment for Dupuytren’s disease
on the palmar side of the hand the reco-
mmended depth of the needle should be
“around 2 to 3 mm in depth”. The diffusion of
CCH inside the soft tissues around the cord
might explain the occurrence of common
adverse events reported in the literature
such as oedema, injection site swelling, blood
blister, skin laceration, and pain in extremity.
We hypothesized that the injected CCH does
not only concentrate inside the cord but also
dissipates both along the cord and into the
adjacent tissues. This study investigated our
hypothesis by visual intraoperative findings
after injecting Povidone iodine into the cord.

Material and methods. Povidone iodine
was injected into the cord on six patients
with Dupuytren’s contracture (DC) before
an open surgical operation (partial fasciec-
tomy). We marked three hypothetical CCH
injection points at 2 mm intervals on the
skin above the cord around the metacar-
po-phalangeal joint and the depth of the
injection (distance from the skin surface to
the middle of the cord) was measured by
ultrasonography. After dispensing 0.25 ml
of Pl into the three points at the measured
depths, we performed careful dissection
and investigated the extent of diffusion of
Povidone iodine visually.

Results. The injection depth averaged 2.6
mm. In all cases, the cord was homogenously
stained about 10 mm along its extent cen-
trally to the injected sites and infiltration

of Povidone iodine into the subcutaneous
structure and fat tissue occurred. Three ca-
ses showed diffusion into the neurovascular
bundles and two cases showed infiltration
underneath the cord structure.
Conclusions. This study simulated the likely
diffusion outcomes of injected CCH around
the cord. This implies that even if CCH is in-
jected into the centre of the cord, CCH does
not concentrate inside the cord only but also
dissipates along the cord and infiltrates into
the adjacent tissues with potential secondary
damages.

KEYWORDS

Collagenase Clostridium Histolyticum;
Dupuytren’s disease; injection; diffusion

INTRODUCTION

Dupuytren s disease is a thickening of the palmar,
digital fascia and adjacent soft tissues mainly affecting the
ring finger and the little finger.!

In 8 to 33% of cases the progressive nature of
Dupuytren s contracture (DC) may form progressive fixed
flexion contracture (FFC), that inhibit normal function of the
hand.?* The mainstay treatment for DC is surgical fasciec-
tomy or fasciotomy.* Collagenase Clostridium Histolyticum
(CCH) was introduced in 2009 as an alternative nonsurgical,
minimally invasive treatment for DC and the efficacy and
safety of CCH has been confirmed in clinical studies subse-
quently. ¢1°It relies on enzymatic cleavage of the pathologic
cords via local injection of collagenase, followed by delayed
manual manipulation." The most common adverse events of
CCH injection are swelling, ecchymosis, blisters, lymphade-
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nopathy, and skin tears that usually resolve without further
surgical therapies,*® on the other hand, severe complication
is tendon rupture requiring technically demanding surgical
procedures. B

The technical instruction leaflet for CCH injection
(Auxilium Pharmaceuticals, Inc., Malvern, PA, USA) rec-
ommends a “2-3mm depth” of injection but gives no
further guidance. ? We hypothesized that the injected
CCH does not only concentrate inside the cord but also
dissipates both along the cord and into the adjacent tis-
sues. Povidone-iodine (PI) is a widely used water-soluble
antiseptic solution consisting of polyvinylpyrrolidone
with water, iodide and 1% available iodine introduced
by Shelanki in 1956.%* It has bactericidal ability against
a large array of pathogens.* This study investigated our
hypothesis by visual intraoperative findings after inject-
ing Povidone iodine (PI) into the cord.



MATERIALS AND METHODS

This study enrolled five male and one female patient
with DC (four little fingers and two ring fingers) with
a mean age of 71 (range; 60-78 years old) on whom we per-
formed partial fasciectomies due to FFC of the metacarpo-
phalangeal (MP) and proximal interphalangeal (PIP) joints
(Table 1). Before the surgical procedure, we marked three
hypothetical collagenase injection points at 2 mm inter-
vals on the skin above the cord around of the MP joint and
measured the distance from the skin surface to the middle
of the cord as hypothetical injection depth by ultrasonog-
raphy (US) with long axis images (SNiBLE; Konica Minolta,
Tokyo, Japan). We then dispensed a total amount of 0.25
ml of PI, which is a commonly used antiseptic solution
used to reduce the risk of surgical site infection before the
skin incision or to irrigate infected tissues 'V (Mylan Inc.,
Tokyo, Japan), into the three points after adjusting the
needle length to the hypothetical injection depth by our
silicone tube method.! The silicone tube method involves
placing a precut, measured and sterilized silicone tube
(Phycon tube SH No. 1, inner diameter-outer diameter;
1.0-2.0mm, Fuji Systems, Tokyo, Japan) prepared for us
by BEAR Medic Corporation’s factory (Ibaraki, Japan) over
the 13 mm non-removable needle of VA syringes (Nipro,
Osaka, Japan) which effectively adjusts the needle length
(Figure 1). The restricted depth provides not only precise
injection into the middle of the cords but also avoids needle
tip migration. Stabilizing the tube with sterilized forceps
while depressing the plunger simplifies the procedure.
Soon after the injection of PI, we performed a careful dis-
section and visually examined the extent of the PI diffusion
checking A) the longitudinal extent in the cord central to
the injected sites and B) the infiltration into the adjacent
tissues located inside the subcutaneous structures i.e. fat
tissue, neurovascular bundles and the space underneath the
cord structure. After completing the partial fasciectomies,
the remaining PI was irrigated with saline thoroughly and
skin was closed.

RESULTS

The hypothetical injection depth averaged 2.6 mm. In
detail it was equivalent to 2.1 mm (Case 1), 3 mm (Case 2),
2.5mm (Case 3), 3mm (Case 4), 2.8 mm (Case5) and 2.1 mm
(Case 6).

Case Age Affected FFC of
finger MP

joint (degree) FFC of PIP

joint (degree)

1 78 little 10 25

2 60 little 15 10

3 76 little 50 85

4 69 ring 0 60

5 65 ring 0 20

6 60 little 50 0

Table 1. Baseline patient characteristics

Figure 1. 0.25 ml of PI
prepared with the syringe.
Note the needle length
adjusted by a silicone tube
sleeve

A) The longitudinal extent in the cord central to the
injected sites

In all cases the cord was homogeneously stained with PI
to the following extents; 10 mm (Case 1), 6 mm (Case 2), 10
mm (Case 3), 8 mm (Case 4), 15 mm (Case 5) and 13 mm (Case
6) with an average of 10 mm.
B) The infiltration into the adjacent tissues

The infiltration of PI into the subcutaneous structure
underneath the injection sites and into the bilateral fat
tissue was seen in all cases (Figure 2a). In addition, Case
1, 3 and 6 showed the infiltration into the neurovascular
bundles (Figure 2b). Furthermore, Case 1 and 6 showed the
infiltration of PI underneath the cord structure (Figure 2c).

DISCUSSION

Although CCH injection treatment is reported to have
a high rate of both clinical success with FFC <5 degree and
patients’ satisfaction, there is a persistent rate of adverse
events, such as oedema, injection site swelling, blood blis-
ter, skin laceration and pain in extremity. ¢ The incidence
of the severe complication of tendon rupture is low 671013
and it is postulated that this should be prevented by avoid-
ing injection too deeply. For this reason, physicians may
be tempted to inject CCH shallowly. We suggest this likely
exacerbates the occurrence of the adverse events. Therefore,
we consider it is important to inject CCH in the centre
of the cord in an effort to minimize those complications
and maximize CCH efficacy. Verheyden also recommended
a direct CCH injection into the centre of the cord by feeling
the firm pressure at plunging of the syringe. However,
swelling (40%) and skin lacerations (35%) were noted which
were comparable to previous reports. ¢ This implies that
even if CCH is injected into the centre of the cord, the liquid
does not only concentrate inside the cord but also dissipates
along the cord and infiltrates into the adjacent tissues. This
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Figure 2a. The infiltrati on of Pl into the subcutaneous structure
underneath the injection sites and into the bilateral fat tissue.
Note the medio-lateral spread of the solution

Figure 2b. The infiltration into the neurovascular bundles (arrow).
Note the relative superficial allocation of the two digital nerves
Figure 2c. The infiltration of Pl underneath the cord structure
(arrow). Note the close position of the cord to the flexor Al
pulley and flexor tendons with bowstringing effect of the two
neurovascular bundles

may explain why CCH injection at the MP joint improved
the FFC of the PIP joints® but with the occurrence of adverse
events. ¢ In fact, as direct visual inspection of injected
CCH is impossible, we designed this study to simulate an
in vivo condition by injecting PI into the cord of the cases

ACTA CHIRURGIAE PLASTICAE 2020, 62, No. 3-4

that were due to have partial fasciotomies. Although CCH
and PI are different agents, they are soluble liquid substrate
mixtures. The diffusion of PI inside and outside of the cord
implies that CCH would behave similarly. Crivello et. al.%
reported the inflammatory changes about the flexor ten-
dons (60%) and around the cord (100%) by slightly increased
signal intensity on the MRI one month after CCH injection.
Those findings were attributed to a reaction to CCH because
there was no sign of inflammation on the MRI taken before
CCH injection. They commented about the importance of
understanding the effect of CCH on the neighbouring soft
tissues, for example, the possible spread of CCH to nearby
flexor tendons and pulleys. Our study confirms their com-
ments showing the infiltration of PI into the subcutaneous
structure underneath the injection sites and the bilateral
fat tissue in all six cases, into the neurovascular bundles in
three cases, and underneath the cord structure in two cases.

The limitations of this study were firstly, Pl and CCH are
different agents and secondly, the case numbers are small.
However, we believe this study demonstrates the likelihood
of CCH dissipation inside the cord and infiltration into the
adjacent tissues.

CONCLUSIONS

This study simulated the likely diffusion outcomes of
injected CCH around the cord.

Even if CCH is injected into the centre of the cord, CCH
may not concentrate inside the cord only but also may dis-
sipate along the cord and infiltrates into the adjacent tissues
with potential secondary damages.
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SUMMARY

Introduction. A non-surgical procedure
for the treatment of Dupuytren’s disease is
a palmar injection of Collagenase Clostridium
Histolyticum to the recommended depth of
“around 2-3 mm”. However, there is little
supporting evidence from the literature to
substantiate this. The aim of this study was
to evaluate the “optimal depth” for injecti-
on of Collagenase Clostridium Histolyticum
by ultrasonography for the treatment of
Dupuytren’s disease.

Material and methods. A total of 43 patients
were enrolled in this study. We marked the

collagenase injection point on the skin above
the cord before injection. We then measured
the distance from the surface of the skin to
the middle of the cord by ultrasonography
long axis imaging and defined this as the
“optimal depth”.

Results. The average depth from the skin
to the centre of the cord was 2.4 mm. The
average distance from the surface of the skin
to the proximal surface of the cord was 1.0
mm and the average thickness of the cord
was 2.7 mm.

Conclusion: By precise measurement of in-
dividual cases utilising ultrasonography we
were able to confirm that the recommen-

dations for injection depth as provided by
the supplier of Collagenase Clostridium
Histolyticum (2-3 mm) were in agreement
with our findings. However no objective guide
was supplied as with regards to interindividual
variability between patients and we suggest
that the use of preliminary ultrasonography
will likely provide improved outcomes.

KEYWORDS
Clostridium Histolyticum Collagenase;

Dupuytren’s contracture; ultrasonography;
injection; interventional ultrasound

INTRODUCTION

Dupuytren’s disease (DD) is a common, benign, fibropro-
liferative disease with thickening of the palmar and digital
fascia and adjacent soft tissues mainly in the ring finger
and the little finger.! Normal palmar fascia affected by DD
transforms into pathologic nodules and cords, which may
form progressive flexion contractures and inhibit normal
function of the hand. The mainstay treatment for DD is
surgical fasciectomy or fasciotomy.?* The surgical treatment
is associated with significant morbidity, with a reported
overall complication rate of 17%, including skin complica-

ACTA CHIRURGIAE PLASTICAE 2020, 62, No. 3-4

tions, hematoma, digital nerve injury, and complex regional
pain syndrome.* Despite resection of the pathological lesion,
subsequent secondary operations are sometimes required
because of recurrence and revision surgery is even more
challenging, with a higher rate of complications.’ Due to
the risks of primary surgery and the challenges of additional
surgery on a previously scarred bed, hand surgeons have long
been searching for nonsurgical treatments for DD.°

An alternative nonsurgical treatment for DD is
Collagenase Clostridium Histolyticum (CCH) injection
(Auxilium Pharmaceuticals, Inc., Malvern, PA, USA), which
was introduced in 2009.7-# It relies on enzymatic cleavage of



Figure 1. Marking points before the injection

the pathologic cords via local injection of collagenase, fol-
lowed by delayed manual manipulation.® The efficacy and
safety of CCH has been confirmed in clinical studies and CCH
subsequently became a therapeutic drug for the minimally
invasive treatment of DD. 7! The most common adverse out-
comes reported for CCH injection are pain with injection and
manipulation, edema, ecchymosis, lymphadenopathy, and
skin tears that are usually resolved without further surgical
therapy.”?However, a serious complication is tendon rup-
ture, requiring technically demanding surgical procedures
to repair.®? It is important to minimise the occurrence of

— el

———Blexor tendon

Figure 2. Long axis image of the US evaluation

(A) Distance between the skin and the cord

(B) Width of the cord

(C) Distance from the skin to the middle of the cord

such complications, therefore injection to the correct depth
by a skilled physician is recommended. In Japan, only hand
surgeons board certified by The Japanese Society for Surgery
of the Hand (JSSH) are allowed to perform CCH injections.®

The technical instruction leaflet for CCH injection rec-
ommends a “2-3 mm depth” of injection,® however, there is
little supporting evidence to rationalise the appropriateness
of this assertion. We hypothesized that the optimal injec-
tion depth is the distance from the surface of the skin to the
middle of the cord because we believe that it would produce
maximum efficacy and minimise side effects. We note that
Leclere et al proposed a US guided injection technique® as
a way to achieve the same result. The aim of this study was
to evaluate the use of US to determine the optimal injection
depth in different patients with different cord thicknesses.

MATERIAL AND METHODS

A total of 43 patients affected by DD with fixed flexion
contracture (FFC) of the metacarpophalangeal (MP) or proxi-
mal interphalangeal (PIP) joint were included in this study.
There were 40 males and 3 females with a mean age of 71.4
years (range 53-87). Treatment was given to only one finger
in each patient. Affected digits were the little (n = 24), the
ring (n = 17) and the middle (n =2) fingers. The mean FFCs
caused by the palpable cords were of 45 degrees at the MP
joint (range 0-80) and 17 degrees at the PIP joint (range 0-65).

We marked three collagenase injection points at 2 mm
intervals on the skin above the cord around the MP joint of
the involved digit before injection. All points were located
not more than 4 mm distal to the palmar crease (Figure 1).
Then pulling each finger under tension, we measured the
hypothesized “optimal depth”, i.e. the distance from the
skin surface to the centre of the cord, by high resolution
ultrasonography with long axis images (SNiBLE; Konica
Minolta, Tokyo, Japan) with
an 18 MHz linear transducer.
The linear transducer was ap-
plied over the cord with care
to prevent compression of
subcutaneous soft tissues.
We also measured the dis-
tance from the skin surface
to the superficial aspect of
the cord, the width of the
cord by long axis imaging
and used this to calculate
the distance from the skin
surface to the centre of the
cord (Fig 2). We analyzed
the correlation between the
FFC of the MP joint and the
width of the cord addition-
ally (Pearson’s correlation
analysis).

RESULTS

All cords showed a mix-
ture of isoechogennic or hy-
poechogennic lesions. The
average distance from the
skin surface to the cord was
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Finger (Number) A (mm) B (mm) C (mm)
Middle (N=2) 0.9+0 31x0.2 2.5£0.1
Ring (N=17) 1x0.4 2.7£0.6 2404
Little (N=24) 11+£0.4 2.70.6 2404
Total (N=43) 1204 2.7£0.6 2.4+04

Table 1. Patient list

1.0 mm (range: 0.4-2.0) and the average width of the cord
was 2.7 mm (range: 1.5-3.8). The average optimal depth, i.e.
distance from the skin to the middle of the cord, was 2.4 mm
(range: 1.5-3.0) (Table 1). Interestingly, 4 cases were less
than the 2 mm minimum recommendation. No correlation
between the FFC of MP joint and the width of the cord was
found (R2 = 0.183) (Table 2).
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potential for spread of the enzyme to nearby flexor tendons
or pulleys.?? We agree with the authors and believe that
injection into the middle of the cord might reduce the rate
of the aforementioned complications.

Meals et al. reported their intraoperative findings un-
derlining that the superficial aspect of the cords is located 2
to 4 mm from the skin surface, and cord thickness is rarely
more than 4 to 5 mm.?In our study,
the average width of the cord was 2.7
mm (range; 1.5-3.8), which was smaller
than their findings. We hypothesize
that candidates for surgery may have
thicker cords affected by more long-
lasting conditions than those selected
for non-surgical therapy or alternatively
that surgical specimens are free from
in-vivo anatomical pressure when mea-
sured.

Our US-findings are comparable to
previous reports®?? but we further in-
vestigated the widths of the cord and
skin thickness in DD patients. We were
able to determine the injection depth by
direct measurement-and demonstrated
that FFC of the MP joint could not be
used to determine the injection depth
asitdid not correlate with the width of

W] 10 () SH] 10 S50 ]

Table 2. Correlation between the FFC of MP joint and the width of the cord

DISCUSSION

CCH injection has been approved as a minimally invasive
non-surgical procedure to treat DD for more than 10 years
in various countries.™ *% Its efficacy and safety have been
reported in clinical settings. 7167 Although the technical
instruction leaflet for CCH injection recommends a “2-3 mm-
in depth injection within 4 mm distal to the palmar digital
crease”, there is still room for error owing to the different
thicknesses and depths of the cords. Furthermore, there is
little guidance with objective evidence in the literature re-
garding the optimal depth for the CCH injection. Physicians
tend to inject CCH shallowly to avoid the serious complica-
tion of flexor tendon ruptures and this might exacerbate the
occurrence of adverse events such as bruising, swelling and
skin laceration. These adverse events are mild or moderate
and resolved without intervention within a median dura-
tion of 10 days. !¢ Patients’ satisfaction is superior to that
of needle fasciotomy" despite this disadvantage. Verheyden
et al. suggested injecting CCH into the centre of the cord in
an effort to maximize CCH efficacy and to avoid the greater
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the cord. However, the skin thickness
may help in predicting the propensity
for skin laceration after manipulation.
Further research is necessary to define
the exact usefulness of US in these
procedures. Uehara et al.* reported US evaluation of the
relationship between the cords and neurovascular bundles,
utilizing a short axial image. We selected a long axial image
because it was easier to detect and measure the anatomical
characteristics of the cords and to elucidate the three injec-
tion points at the 2 mm intervals. Moreover, pragmatically,
it is difficult to hold the probe on the convex surface of the
cord for a short axial image because the contact point is
smaller compared to the long axis image.

The limitations of this study are: (a) the small number
of enrolled patients and (b) the lack of investigation of the
spiral, lateral digital and retrovascular cords in the digital
forms. This study is mainly focused on the palmar forms with
the MP joint main involvement only. The improvement of
FCC as a result of this procedure is to be reported elsewhere
and is not included here.

CONCLUSION

In this study, we confirmed that “2-3mm in depth” for
CCH injection was appropriate, in most circumstances,



however 4 cases (9.3%) presented as less than 2 mm in depth,
which could have resulted in delivery of CCH underneath the
cord. Experienced surgeons know the anatomy of DD and
the nodules but we conclude that measuring the injection
depth by US would be beneficial.

To inject the planned depth, the 1.2 mm bevel at the
needle tip helps estimate the depth of insertion or a silicone
tube interposition to adjust needle length is practical for
precise injection.®
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SUMMARY

Introduction. Free flap reconstructive
surgery of middle size and large oral and
facial defects enables aesthetic and func-
tional rehabilitation. Microvascular flap
reconstructive surgery, with flap survival
success rate more than 90-98%, is a gold
standard in head and neck extensive re-
constructions. Currently, head and ne-
ck reconstructive surgery is focused not
only on defect occlusion and adequate
aesthetical result, but the same emphasize
is aimed at functional result. Functional
result post tongue and lip resection means
defect occlusion with the possibility of mo-
vement restoration. Free gracilis muscle
flap appears to be a choice for functional
tongue and lip reconstruction.

Material and methods. We present 1-year
experience with 5 microvascular flap func-
tional reconstructions of middle size and
large defects of tongue and lip with free
gracilis muscle flap. Four patients post

tongue resection and one post subtotal
lower lip and cheek resection underwent
immediate functional microvascular gra-
cilis muscle flap reconstruction.

Results. All five patients were successfully
reconstructed with functional free gracilis
muscle flap, with no flap loss. We found
gracilis muscle flap harvest is not techni-
cally demanding, provides adequate tissue
volume for middle size orofacial defects
reconstruction, with possibility for skin
island harvest, and simple primary closu-
re of donor site with very low morbidity.
Patients after tongue reconstruction with
free gracilis flap were swallowing spoon fo-
od 1 week post operation. Patient after to-
tal lip resection and immediate reconstruc-
tion with free gracilis flap presented with
oral competence before the discharge. The
functional result in the group of patients
with free gracilis flap reconstruction for
orofacial defect will have to be further
evaluated again after 2 years post opera-
tion considering the ability to swallow and

articulate during the speech for the tongue
reconstructions and the oral competence
and facial mimic for the lip reconstruction.
Conclusion. Microvascular gracilis muscle
flap reconstruction compared to radial
forearm flap reconstruction enables func-
tional reconstruction of soft tissue defect.
Functional reconstruction of soft tissue
defects of tongue or lip with microvascu-
lar gracilis muscle flap appears to have
advantage of adequate volume, very low
donor side morbidity and expectancy of
movement renewal compared to other
microvascular flap reconstructive options
such as anterolateral thigh flap, superficial
circumflex iliac artery perforator flap, late-
ral arm free flap or deep inferior epigastric
perforator free flap.

KEYWORDS
Orofacial defect; gracilis muscle; micro-

vascular free flap; functional reconstruc-
tion

INTRODUCTION

Free flap reconstructive surgery of middle size orofa-
cial defects enables aesthetic and functional rehabilitation
in maxillofacial region. Microvascular flap reconstructive
surgery with flap survival success rate more than 90-98% is
a gold standard in head and neck reconstructions. The role
of the surgeon is not only to close the post-ablative defect,
but also to reestablish the lost function. The gracilis muscle
free flap (Figure 1) provides adequate volume for middle size
oral and facial defects and enables functional rehabilitation.

Reconstructive surgery in general and not only in maxil-
lofacial region has two major rules. The first is to reconstruct
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the lost tissue with most alike type of tissue. The second is
to choose the simplest reconstructive option, which fulfills
the criteria of aesthetic and functional rehabilitation. For
small and some middle size soft tissue orofacial defects local
pedicled flap is the workhorse for adequate reconstruction.
Most of the small and part of middle size orofacial defects
can be adequately reconstructed with one of the following
local pedicled flaps: submental flap, FAMM (facial artery
musclemucosal flap), nasolabial perforator flap, buccal fat
pad, paramedian forehead flap or supraclavicular flap. Distal
pedicled flaps such as pectoralis major flap, deltopectoral
flap or latissimus dorsi flap can provide enough tissue to
close middle size and large soft tissue maxillofacial defects



and usually work very effectively as salvage option in case
of complication or loss of the first choice flap.

For large and middle size soft tissue defects in maxil-
lofacial region is usually one of the following microvas-
cular flaps the reconstructive choice: anterolateral thigh
(ALT) flap, forearm flap, superficial circumflex iliac artery
perforator (SCIP) flap, lateral arm free flap (LAFF) or deep
inferior epigastric perforator (DIEP) free flap. In defined
middle size or large size soft tissue defects of the tongue,
lip or cheek with ambition for functional reconstruction
the gracilis free flap is the flap of choice with adequate soft
tissue type and volume, but also with simple straightfor-
ward harvest and low donor side morbidity. The use of the
gracilis muscle (musculus gracilis) in reconstructive surgery
was first described by Pickrell in 1952 for rectal sphincter
reconstruction.! With skin island was the gracilis pedicled
myocutaneous flap described in 1972 by Orticochea.?It was
one of the first myocutaneous flaps described in humans.
In 1976, Harii published a series of patients reconstructed
with free gracilis flaps for soft tissue cover? and a functional
free gracilis flap for facial reanimation.* Gracilis flap has
become one of the essential tools of the reconstructive sur-
geon, as a functional flap, for soft tissue coverage and for
contour deformities such as in breast reconstruction. For
reconstruction of head and neck defects the free gracilis
muscle flap is not widely used, but has the potential to
provide good results.’ Use of the free gracilis muscle flap has
gained popularity due to its predictable vascular anatomy

Figure 1. Gracilis flap anatomy (author’s photo archive)

and minimal donor-site morbidity.¢ The aim of this paper
is to share our experiences with the gracilis muscle flap in
reconstructions of orofacial defects.

Functional reconstruction of soft tissue defects of the
tongue or lip with microvascular gracilis muscle flap appears
to have advantage of adequate volume, straightforward flap
harvest technique, acceptable pedicle length and satisfactory
vessel diameter with very low donor site morbidity compared
to other microvascular flap reconstructive options such as
radial forearm flap, anterolateral thigh (ALT) flap, superfi-
cial circumflex iliac artery perforator (SCIP) flap, lateral arm
free flap (LAFF) or deep inferior epigastric perforator (DIEP)
free flap or vertical rectus musculocutaneous (VRAM) flap.

Cracilis muscle takes origin from the symphysis pubis
and inserts distally into the medial surface of the proximal
tibia. Gracilis is the most superficial muscle of the adduc-
tors group of the lower limb. The muscle belly length is ap-
proximately 30 cm.” Distal end of the muscle lies between
sartorius anteriorly and semitendinosus muscle posteriorly.
The function of the muscle is to adduct, flex and medially
rotate the hip and to flex the knee. The muscle is most com-
monly raised on the dominant vascular pedicle only, and the
entire muscle may be harvested this way. Dominant pedicle
is a branch of the medial femoral circumflex artery or direct
branch from the deep femoral artery, usually with a caliber
of1to 2.5 mm. In adults, the main vascular supply enters the
gracilis approximately 10 cm inferior to the pubic tubercle.
The course of the pedicle runs deep between adductor magnus

i

-

Figure 2. Free gracilis flap harvest with skin island marked,
vascular pedicle (red arrow) and anterior branch of obturator
nerve -yellow arrow (author“s photo archive)
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and longus with median length of 6 cm (5-7 cm). Usually two
commitant veins are found accompanying the artery. They
drain into the deep femoral vein and may converge to form
a larger common vein (3-4 mm diameter), a short distance
before entering the deep one. There are usually two second-
ary segmental pedicles to the gracilis muscle that can be
found distally to the main one. They are both ligated and
divided when the muscle is harvested. Somatomotoric sup-
ply is provided by the anterior branch of the obturator nerve.
The nerve originates from the lumbar plexus (L2-L4), runs
through the obturator foramen and branches into anterior
and posterior divisions beneath the pectineus muscle. The
anterior division then travels between adductor longus and
brevis (supplying it) before entering the gracilis muscle close
to the location of the dominant pedicle. The nerve has a more
oblique course proximally than the vascular pedicle and runs
2-3 cm cranially to the pedicle.®

Cracilis free flap (Figure 1, 2) is a versatile option for
tongue reconstruction from middle size defects (hemiglos-
sectomy) to total tongue defect after glossectomy. Advanced
tongue cancer normally treated with total glossectomy with
laryngeal preservation (TGLP) has a high risk of severe post-
operative morbidity due to the loss of swallowing and articu-
lation. Innervated functional gracilis musculocutaneous flap
permits an appropriate dynamic reconstruction, and along
with an adequate course of rehabilitation, can provide good
swallowing and articulation outcomes, which permits a sat-
isfactory long-term quality of life.? Gracilis free flap is the
first-line treatment used in facial palsy reanimation, with
numerous advantages including low morbidity, a strong mo-
tor impulse, high reliability, and fast reinnervation. In this
case cross-face facial nerve or ipsilateral masseter nerve are
used for neuroanastomosis and reinnervation with excellent
results.!® Proper neuroanastomosis and flap reinnervation
are crucial to preserve flap volume and to achieve superior
swallowing capacity.®

Reconstruction of the lower and upper lip or both lips
should meet both aesthetic and functional requirements,
which is a major challenge particularly in extensive lip
defects requiring microvascular flap reconstruction. Free
fasciocutaneous flaps such as composite radial forearm flap
or anterolateral thigh flap in conjunction with static tendon
slings provide satisfactory results. However, neurovascular
gracilis muscle transfer in recent years has been introduced
to overcome noncontractile properties of these flaps and to
restore oral competence by muscle contractility.’ The use of
gracilis muscle to reconstruct lower lip defects has gained
popularity since the study conducted by Ninkovic et al. in
2007; the authors used the gracilis flap arranged with the
facial artery musculomucosal flap for the mucosa restoration
and used a skin graft harvested from the scalp for external
skin.? Raising the flap with the overlying skin island al-
lows to avoid morbidity in other donor site, to avoid scar
retraction of the skin graft on the gracilis that could limit
its movement, and to plan aesthetical refinements such as
hair transplantation or tattoo of the beard on the skin." The
innervated gracilis muscle transfer became a basic choice for
functional lip reconstruction.*

MATERIAL AND METHODS

We present recent less than one-year experience with
functional reconstructions of middle size orofacial defects
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(tongue or lip) with free gracilis muscle flap in a group of 5
patients. Four patients with squamous cell carcinoma (SCC)
of tongue and one with SCC of lip and cheek underwent radi-
cal resection with subsequent immediate functional micro-
vascular gracilis muscle flap reconstruction. All five patients
were males, with an average age of 59 years. In the subgroup
of 4 patients post tongue resection 2 underwent pure gracilis
muscle flap reconstruction only, and the other 2 composite
free gracilis flap with skin island reconstruction (myocu-
taneous flap). Gracilis flap with skin island attached was

Figure 3. Case 1 - planned skin incision for mandibular split
approach to glossectomy (author“s photo archive)

Figure 4. Case 1- SCC of tongue T4aN2cMO (author “s photo
archive)



Figure 5. Case 1 - osteotomy for mandibular split approach
(author “s photo archive)

Figure 6. Case 1 - mandibular split approach to glossectomy
(author “s photo archive)

preferred for larger tongue defects glossectomy or extended
hemiglossectomy. The skin island attached to the gracilis
muscle was also used to cover extraoral defect in the single-
stage functional reconstruction of subtotal lower lip and
unilateral cheek defect with free myocutaneous gracilis flap.

All 5 patients had confirmed SCC in diagnostic biopsy,
followed by standard preoperative studies: computed tomog-
raphy (CT) or magnetic resonance imaging (MRI) of the head
and neck, chest X-ray and abdomen ultrasonography (USG)

Figure 7. Case 1 - glossectomy defect (author’s photo archive)

# ﬁ'sﬁn ixland

Figure 8. Case 1 - gracilis myocutaenous flap inserted into
glossectomy defect, skin island marked with an arrow
(author"s photo archive)

or CT. Microvascular flap reconstruction was planned for
all patients with the aim not only for aesthetic, but also for
functional reconstruction, therefore radial forearm flap was
not a choice. In all 5 patients were the expected post-ablative
orofacial defects of middle size, therefore free gracilis muscle
was the flap of choice over ALT flap, which would be the
second choice in our department.

No special preoperative studies were obtained consid-
ering gracilis free flap reconstruction. The donor site was

2020, 62, No. 3-4  ACTA CHIRURGIAE PLASTICAE

71



72

Figure 9. Case 1 - glossectomy defect reconstructed
with myocutaneous gracilis flap on discharge (POD 12);
(author s photo archive)

Figure 10. Case 1 - epithelized myocutaneous gracilis flap 6
months after surgery and 3 months after radiochemotherapy
(author “s photo archive)

shaved and Doppler ultrasonography was used to mark the
femoral artery, and then the branch of the medial femoral cir-
cumflex artery, main gracilis muscle vascular pedicle, which
is located approximately 10 cm below the pubic tubercle. The
obturator nerve is usually located 2 cm (1,5-3cm) above the
vascular pedicle. Position of patient during surgery is supine
with flexed leg (sole at the level of contralateral knee) - well
known as unilateral frog leg position. Contralateral hip is
elevated for better surgical fied exposure. The gracilis muscle
flap was in 2 cases harvested as a pure muscle flap and in 3
cases as myocutaneous flap with skin island and in all 5 cases
as a functional flap with the anterior branch of obturator
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nerve. The vascular pedicle was dissected to its origin from
the medial circumflex femoral vessels or directly to the deep
femoral vessel to gain the maximum length.

CASE REPORT 1

A 51-year-old man referred to our department with 6-week
history of complaints with tongue pain, speech impairment
and dysphagia. On physical examination a tumor of the
right tongue margin was noticed and histologically verified
as SCC; standard preoperative examinations were performed
and tumor was classified as stage T4aN2cMO. The patient was
indicated for primary surgical treatment as follows: trache-
ostomy and bilateral neck dissection regions I-V on the left
side and I-1II on the right side, radical tumor resection was
performed through temporary mandibular split, total glos-
sectomy was performed with tumor-free margin confirmed
intraoperatively. Second team simultaneously harvested the
gracilis flap with 15 cm muscle length and skin island sized
10 x 6 cm and the defect was immediately reconstructed. The
vascular pedicle was anastomosed end-to-end to the recipient
left-sided vessels: lingual artery, facial vein and external jugu-
lar vein for second venous anastomosis. The obturator nerve
was neuroanastomosed to left hypoglossal nerve. During the
reconstruction of the tongue the flap was oriented with long
axis transversally and skin island intraorally. Patient was dis-
charged home on postoperative day (POD) 12 and underwent
adjuvant postoperative radiochemotherapy, due to bilateral
neck nodal involvement. (Figure 3-10.)

CASE REPORT 2

A 64-year-old patient referred with primary advanced SCC
of the right tongue, with chief complaints of pain, dysphagia
and 15 kg weight loss in 7 weeks. Staging CT of the head and
neck showed bilateral tumor of tongue staged T3N2 and fol-
lowing whole body (chest and abdomen) CT confirmed MO.
Primary surgical treatment was indicated as follows: tra-
cheotomy, bilateral neck dissection in regions I-V, extended
hemiglossectomy 1.5 cm into the contralateral left half of
tongue to gain negative resection margins in intraoperative
histopathology. The second team simultaneously harvested
myocutaneous gracilis flap with skin island sized 13 x 6 cm

Figure 11. Case 2 - right-sided tongue SCC T3N2MO
(author "s photo archive)
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Figure 12. Case 2 - extended hemiglossectomy right side
(author "s photo archive)

Figure 13. Case 2 - myocutaneous gracilis flap reconstruction
with isles of venous congestion and positive pin prick test in
medial anterior flap margin (POD 3); (author s photo archive)

Figure 14. Case 2 - tongue at rest; 6 months post operation,
arrow showing myocutaneous gracilis flap (author’s photo
archive)

and muscle length 12 cm. The vascular pedicle was anasto-
mosed end-to-end to recipient right-sided vessels: facial
artery, facial vein and superior thyroid vein for second vein
anastomosis. The obturator nerve was neuroanastomosed to
the right hypoglossal nerve. The gracilis flap was oriented
in antero-posterior direction with long axis of muscle dur-
ing the reconstruction. Partial isles of venous congestion
were observed in the skin island of the gracilis flap during
first week after surgery without any subsequent wound
dehiscence or skin loss. The patient was discharged home
POD 11 on oral feeding and despite extensive tumor resection
was the patient able to speak and was clearly understood.
The patient underwent subsequent adjuvant postoperative
radiochemotherapy. (Figure 11-15.)

CASE REPORT 3

54-year-old male referred to our department with second
cancer in the head and neck region, currently diagnosed SCC

Figure 15. Case 2 - tongue at crawling; 6 months post operation,
arrow showing myocutaneous gracilis flap (author’s photo
archive)

of the left margin of the tongue. The patient was 6 years in
remission for oropharyngeal carcinoma (staged T3N2cMO)
treated with primary radiochemotherapy, total dose (TD)
70Gy with concomitant cisplatin and fluorouracil (5-FU).
Positron emission computed tomography (PET CT) showed
a highly FDG-avid left-sided tumor of the tongue, with no
local enhancement in oropharynx, neither regional neck nor
whole body involvement staged T2NOMO. Salvage surgery
was indicated by a tumor board, consisting of tracheostomy,
unilateral neck dissection, resection of the left half of tongue
(hemiglossectomy) and reconstruction with gracilis flap. The
gracilis free muscle flap was harvested simultaneously with
the ablative surgery, and the defect was reconstructed with
muscle only flap of total length 13cm. The vascular pedicle
was anastomosed end-to-end to recipient left-sided vessels:
facial artery, facial vein and superior thyroid vein; and the
obturator nerve to left hypoglossal nerve. Prolonged neck
lymphorrhea was observed during the hospital stay. The
patient was discharged POD 10, but came with a dehiscence
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Figure 16. Case 3 - left-sided hemiglossectomy (author s photo
archive)

Figure 18. Case 3 - left-sided hemiglossectomy reconstructed
with gracilis free flap, 4 months after surgery with significant
gracilis flap atrophy, but no orocutaneous fistula (author ‘s photo
archive)
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Figure 17. Case 3 -

2020, 62, No. 3-4

left-sided hemiglossectomy reconstructed
with gracilis free flap (author “s photo archive)

of the wound after neck dissection two weeks post-op. The
wound was revised and re-sutured primarily with successful
subsequent healing despite previously irradiated neck. The
patient was not indicated for adjuvant oncologic treatment
and is under meticulous oncologic follow-up with PET/CT
planned 3 months after surgery. (Figure 16-18.)

CASE REPORT 4

65-year-old patient presented to our department with
rapid growing tumor of the right margin of the tongue,
excessive pain, halitosis and impaired swallowing lasting
for more than 4 weeks. Histopathology confirmed SCC, the
patient subsequently underwent CT of the head and neck
and standard preoperative examination and was staged
T3N2MO. Primary surgical treatment was indicated by tu-
mor board as follows: tracheotomy, unilateral right sided
extended cervical dissection regions I-V, tumor resection

Figure 19. Case 4 - gracilis free flap anastomosed to
facial vessels, shortly before relocating flap intraorally for
reconstruction (author “s photo archive)

Figure 20. Case 4 - hemiglossectomy defect reconstructed with
muscle only gracilis flap (author’s photo archive)



Figure 21. Case 4 - hemiglossectomy defect reconstructed with
muscle only gracilis flap 3 months after surgery, the patient
finished adjuvant radiochemotherapy, arrow showing mild gracilis
flap atrophy (author s photo archive)

(extended hemiglossectomy) and immediate reconstruction
with microvascular gracilis flap without skin island. The
vascular pedicle was anastomosed end-to-end to recipient
ipsilateral vessels: lingual artery, facial vein and superior
thyroid vein. The anterior branch of obturator nerve was
neuroanastomosed to the right hypoglossal nerve. Even
though the flap showed good vascular perfusion immediately
after completing microvascular anastomoses and release of
the pedicle, unfortunately soon afterwards the arterial flow
decreased and during 20 minutes total arterial occlusion was
noticed. The arterial anastomosis was revised with no flow
in pedicle artery or in recipient lingual artery. Afterwards
the flap artery was reanastomosed successfully to the facial
artery with normal perfusion to the flap. After less than 24
hours was the patient transferred from intensive care unit
to our ward and subsequent hospital stay was without any
other complications. The patient was discharged POD 9 with-
out nasogastric tube, with acceptable speech articulation.
The patient was scheduled for adjuvant radiochemotherapy.
(Figure 19-21.)

Figure 22. Case 5 - lower lip and left cheek SCC staged T4N2MO
(author “s photo archive)

CASE REPORT 5

The last case report concerns a 63-year-old patient
with newly diagnosed invasive SCC of the lower lip and
left cheek, with clinical staging T4N2 and MO, confirmed
by whole body CT staging scan. Standard preoperative ex-
ams were performed and primary surgical treatment was
indicated. Surgical treatment consisted of tracheostomy,
bilateral neck dissection region I-V, subtotal resection
of lower lip with partial left cheek resection. All intra-
operative frozen sections’ resection margins were clear
and the reconstruction with simultaneously harvested
myocutaneous gracilis flap followed. The gracilis free flap
was harvested with 18cm muscle length and skin island
size of 15 x 8 cm. The whole skin island was used for ex-
traoral defect coverage and intraorally was left uncovered
gracilis muscle for secondary epithelization. No partial
split thickness skin graft was used. The anterior branch
of obturator nerve was anastomosed to marginal branch
of left facial nerve. The vascular pedicle was anastomosed
end-to-end to left sided recipient vessels: facial artery,
facial vein and submental vein for second vein anastomo-
sis. During second postoperative day a partial venostasis
in skin island was observed and hirudotherapy was indi-
cated with a temporary effect. Marginal right sided skin
island necrosis was treated with debridement and pri-
mary resuture under local anesthesia. The patient was
discharged on POD 15 and scheduled for adjuvant radio-
chemotherapy due to advanced cancer stage pT4N2cMO.
(Figure 22-25.)

RESULTS

All five patients with oral or facial defects were suc-
cessfully reconstructed with functional gracilis muscle
flap, with no flap loss. We found free gracilis muscle flap
harvest not to be technically demanding, with the possibil-
ity for skin island harvest if needed, and simple primary
closure of donor site with very low morbidity. Hand held
Doppler USGC was always used preoperatively to mark the
gracilis vascular pedicle position, which corresponded

Figure 23. Case 5 - defect after subtotal lower lip and partial left
cheek resection (author “s photo archive)
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Figure 24. Case 5 - lower lip and cheek defect reconstruction
with free gracilis myocutaneous flap (author’s photo archive)

accurately with the real position during the surgery in
all five cases. The donor site was always closed primarily
with one redon drain and no major donor site morbidity
was observed. In two flaps we observed minor partial skin
island venous congestion and hirudotherapy was used
successfully in one flap. The second skin island needed
surgical debridement with primary re-suture. No wound
dehiscence nor orofacial fistula was observed.

DISCUSSION

Radical surgery should be the primary treatment mo-
dality for most resectable oral cavity cancers and for T4a
laryngeal/hypopharyngeal cancers and preferred modality
of treatment for most early (T1-T2, NO) laryngeal and hypo/
oropharyngeal carcinomas, because this strategy offers an
opportunity to reserve radiotherapy for a potential recur-
rence or second primary tumor." Primary surgical treatment
consists of radical resection and adequate reconstruction,
both equally important. With locally advanced cancer (T3,
T4) reconstruction is the prerequisite for successful radical
resection. Flaps in general, both pedicled and microvascular,
are the gold standard for middle size and large maxillofacial
defects reconstruction, which allows to treat radically even
locally advanced cancer stages considered in the past as
inoperable. In general, successful radical primary surgery
for head and neck cancer provides the patients with higher
5-year survival rates and better quality of life.
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Figure 25. Case 5 - lower lip and cheek defect reconstruction
with free gracilis myocutaneous flap 5 months after surgery
and 3 months after radiochemotherapy with mild flap atrophy
(author"s photo archive)

The potential complications of microvascular flap recon-
struction in general are free flap loss, scar formation in donor
or recipient site, donor site morbidity, sensorial loss. Special
consideration for lip reconstruction include microstomia,
loss of oral competence and loss of gingivobuccal sulcus and
oral mucosa.®

According to literature, overall complication rate for free
gracilis flap may be underreported and be even 9.6% with the
two most commonly occurring complications: postoperative
hematoma (3.6%) and infection (3.5%).%

Ablative orofacial defects incorporating mimic facial
musculature/nerve cause expressive dysfunction and con-
siderable morbidity. The disrupted branches of facial nerve
provided a source for functional free muscle flap reinnerva-
tion. Reconstruction of oncologic defects including expres-
sive facial musculature/nerve with gracilis free function-
ing muscle transfer can restore oral continence and facial
expression primarily.V

Objective assessment of smile outcome after microvas-
cular free gracilis transfer is challenging, and quantification
of smile outcomes in the literature is inconsistent; however
oral commissure excursion and facial symmetry both at rest
and when smiling are evaluated.!® Terzis score for facial
mimic movements” assessment can be used. Standardizing
follow-up schedule, assessing spontaneity in an objective
and reproducible fashion, and use of consistent outcome
measures would allow for future meta-analyses and better
understanding of the options for functional reconstruction.?



Extensive defects of both lower and upper lip and commis-
sure may require reconstruction with a free gracilis muscle
combined with a forearm flap transfer for better functional
result and good oral sphincter function for eating, speaking
and air inspiration.? Prefabricated gracilis flap can be used
for extensive lip and commissure defects. Ueda et al. reported
total lower lip reconstruction in an 18-month-old boy follow-
ing a dog bite. In order to obtain an optimal functional result
and to avoid any additional facial scarring, a prefabricated
gracilis muscle free flap was used in a two-stage procedure.
This allowed both lip occlusion and normal speech develop-
ment to be restored without any impairment of mandibular
growth during a 4-year follow-up.?

Functional reconstruction of soft tissue defects of tongue
or lip with microvascular gracilis muscle flap appears to
have advantage of adequate volume and very low donor site
morbidity compared to other microvascular flap reconstruc-
tive options, such as anterolateral thigh (ALT) flap, super-
ficial circumflex iliac artery perforator (SCIP) flap, lateral
arm free flap (LAFF) or deep inferior epigastric perforator
(DIEP) free flap. Reinervation of microvascular gracilis flap
should restore the movement also in the reconstructed part
of the tongue or lip. In contrast, if the tongue or lip defect
is reconstructed without innervated soft tissue flap with
muscle component (either pedicled or microvacular), the
function will be carried only by surrounding innervated
healthy tissue.

CONCLUSION

Currently, head and neck reconstructive surgery is fo-
cused not only on defect occlusion and adequate aesthetic
result, but the same emphasize is aimed at functional re-
sult. Functional result post tongue and lip resection means
defect occlusion with the possibility of movement restora-
tion. Microvascular gracilis muscle flap reconstruction
compared to radial forearm flap reconstruction enables
functional reconstruction of orofacial soft tissue defect.
In all 5 patients the free gracilis flap healed primarily with
adequate volume of tissue for the defect occlusion. Patients
after tongue reconstruction were swallowing spoon food
and oral competence was present in the patient after total
lip resection before the discharge. Free gracilis muscle
flap appears to be a choice for functional tongue and lip
reconstruction. The functional result for the group of our
patients will be evaluated each 6 months after surgery and
finally evaluated after 2 years post operation considering
the ability to swallow and articulate during the speech for
the tongue reconstruction and the oral competence and
facial mimic movements” assessment (Terzis score) for
the lip reconstruction. Post-operative rating of the gracilis
flap function and the range and rate of atrophy will be the
subject of further scientific evaluation.
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ABSTRACT

Introduction. The quality of resulting scar
tissue plays an important role in patients’
return to normal life and full functioning in
society. The use of artificial skin substitutes
in clinical practice improves functional and
cosmetic outcomes. This is true for any pati-
ent, and not only those suffering from burns.
Material and methods. The collagen elas-
tin dermal substitute Matriderm® allows

for immediate application of a dermal
substitute together with a skin graft. The
authors present a group of 10 patients
representing their first experience in uti-
lizing Matriderm® as a dermal substitute
in the treatment of skin losses due to
various etiologies.

Results. The average healing time in the
group was 19.6 days. Healing took place
without serious infectious complications and
with good functional results.

Conclusion. Matriderm® can be utilized as
an alternative to the most commonly used
dermal substitute so far, Integra®, in the tre-
atment of acute skin loss due to various
etiologies and in reconstructive surgery.

KEYWORDS

Skin substitutes; artificial dermis; split-
-thickness skin graft

INTRODUCTION

In recent decades, we have witnessed declining mor-
tality and morbidity in burn patients!. Already in 2012,
for example, Kraft et al. published a paper on changing
mortality in children treated in burn centers relative to the
extent of total body surface area (TBSA) burned. Whereas
40% TBSA burned was formerly associated with a high
risk of mortality, today that figure is more like 60%2.
Improved survival of burn patients is attributed not only
to the centralization of patients and to the advances in
intensive and pre-hospital care, but also to considerable
developments in surgical therapy. One of the pillars of
modern surgical intervention is the use of artificial skin
grafts that can provide quick compensation for skin defects
and lead to excellent functional and aesthetic character-
istics of the resulting scars. At present, there exists an
extensive selection of products on the market. The most
widely used product in the world is the dermal substitute
Integra®(Integra LifeSciences, Plainsboro, NJ, USA), with
which our unit has the most practical experience?. Since
the year 2003, we have performed a total of 59 applica-
tions utilizing Integra®. The greatest disadvantages of its
use include the maturation time, which is approximately
3-4 weeks, and the necessity for subsequent application
of an ultrathin dermoepidermal skin graft in a second
operation*. The development of new and especially thinner

materials gradually enabled using a prosthesis in a single
operation along with a dermoepidermal graft. The primary
representative of this trend in the development of skin
substitutes is the Matriderm®dermal template (MedSkin
Solutions Dr. Suwelack, Billerbeck, Germany).

The aim of the presented paper is to present the first
experience with the application of Matriderm®at our centre
during the period 2017-2020.

MATERIAL AND METHODS

Patients

At our centre, we used Matriderm® from January 2018
to June 2020 in a total of 10 patients; 90% of whom were
children. The average age in the group of children was
4 years, and 60% of the patients were males, while 40%
were females. One patient was electively operated due
to scar contracture. Seven patients suffered from a ther-
mal injury, one child suffered from a rare congenital
Volkmann s ischemic contracture, and one child sus-
tained a loss of a finger due to an injury of non-burn
etiology. Matriderm®was used in one patient during the
treatment of a skin defect after a meningococcal sepsis.
In nine cases was the material used on the limbs, and in
one patient we used Matriderm*® on the face (see Figure
3). Seven patients were treated at our unit, the child with
a loss of a finger in cooperation with the Departmend
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of Plastic Surgery3 FM CU and UHKV, and two children
(a patient after meningococcal sepsis and a newborn with
congenital skin ischemia) at the Department of Pediatric
Surgery and Traumatology, 3 Medical Faculty, Charles
University and Thomayer Hospital in Prague.

Technique of application

Matriderm® is a dermal prosthesis consisting in a three-
dimensional highly porous matrix composed of collagen
I, III and V (originating from bovine dermis) and elastin
(obtained by hydrolysis from bovine nuchal cartilage).
A dermal matrix with a thickness of 1 mm serves as a scaf-
fold for fibroblast proliferation and rapid angiogenesis.
Elastin promotes rapid capillary growth and formation of
elastic fibers. The highly porous matrix enables diffusion
of nutritional factors and subsequent rapid vasculariza-
tion as a condition for the survival of a thin skin graft
applied to the wound bed at the same time as a dermal
substitute’. By its design, Matriderm® has also a hemostatic
potential. It is always supplied in a sterile form (steriliza-
tion by gamma irradiation). It is easy to handle and does
not require special storage or preparation®. Once removed
from the package, Matriderm"is applied to the wound and
moistened with sterile physiological saline. This changes
the material’s consistency and provides better adherence

to the base of the wound. A thin dermoepidermal graft of
0.15-0.3 mm and harvested with a Zimmer® dermatome
(zimmer Germany, Freiburg, Germany) is immediately
applied to its surface. In order to achieve the best possible
cosmetic result, it is important not to expand the grafts
by meshing. The transplant often needs to be fixed with
sutures at the edge and at the bottom of the wound. Tulle
gras, antiseptic dressing, and other sterile non-adhesive
dressing are applied on the graft to facilitate its efficacy.
The same conditions apply to the successful application of
Matriderm® as in the cases of other skin substitutes or skin
transplants. The wound must be treated after complete exci-
sion and be without infection and hematomas. The greatest
danger is the presence of bacteria that cause hydrolysis of
collagen matrix of the prosthesis, blocking angiogenesis
and preventing its engraftment’. The main indications
are acute skin losses at predilection sites with high risk of
contractures, such as hand dorsum and defects extending
to deep structures®. Matriderm® is advantageously used
in reconstructive surgery to treat scarring contractures®.
It can also be used, however, for skin losses due to other
etiologies, such as chronic wounds or defects after tumor
excision'. The main disadvantages include its high cost
and risk of infectious complications, especially when used
in the acute phase of trauma®. (Figure1.)

Figure 1. Application of Matriderm™ on the wound
a) Black arrow indicates the enclosed Matriderm” before moisturizing.
White arrow points to the base of the wound without applied
substitute. b) Black arrow shows Matriderm” covered with a thin
dermoepidermal graft (mesh 1:1). White arrow points to dermal
substitute adhering to the base after moisturizing but before
application of the graft
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GO Indication Localisation A o Complications
(years) (days post-op)

1 8 F Scar contracture Dorsum of foot + 24 Mechanical defects
) 1 M Skin defect within Cubitus . 5 }

scar
3 24 M Contact burn Dorsum of hand + 20 -
4 8 Electric burn Face, hands * 18 =
5 2,5 M Electric burn Thumb - 18 Local infection
6 15 F Contact burn Dorsum ofhand, | 20 -

fingers

7 2 M Fire burn Hands, forearms + 19 Mechanical defects
8 0 M Congenital ischemic Forearm . 24 .

contracture
9 5 = Mem.ngococcal Achl\les tendon . 2 )

sepsis region
10 2 M Amputation Finger - 16 -

Table 1. Patients treated with dermal substitute Matriderm’, 2018-2020

RESULTS

The average time for complete attachment of the dermoe-
pidermal graft to the skin matrix was 19.6 days in our group.
We defined the time of complete healing as 295% healing of
a skin graft as assessed by a specialist. Perioperative antibiot-
ics were administered in 80% of our patients. Complications
occurred in 3 patients. In 2 cases there was mechanical dam-
age to the artificial prosthesis or transplant, while in 1 case
the area was locally infected (Staphylococcus aureus) without
the need for additional transplantation. (Table 1, Figure 2,
Figure 3.)

DISCUSSION

The treatment of burns is based on a comprehensive
approach, and the goals include not only to avoid mortality
but also to the improvement of long-term quality of life of
burn patients. The quality of scar tissue, in particular, plays
a key role in the return of patients to normal life and full
functioning in society. The introduction of artificial skin
prostheses into clinical practice is improving the functional
and cosmetic outcomes in burn patients®. The most widely
used prosthesis worldwide is the bilaminar dermal substitute
Integra’, which is supplied with a silicone layer (functioning
as a temporary epidermal cover) and its use has saved the
lives of many, especially extensively burned, patients. After
successful vascularization is Integra® providing temporary
fully-sealed occlusion until the size of the harvest area allows
repeated harvest of dermoepidermal grafts so that complete
coverage of all areas was achieved.

Moreover, new materials, such as the single-layer der-
mal substitute Matriderm®, which enables immediate
coverage with a dermoepidermal graft in a single opera-
tion, are gradually being introduced to our clinical prac-
tice. In our opinion, the so-called “one-stage procedure”
has indisputable advantages: it reduces the number of

operations while diminishing the risk of infection, costs
of treatment, and length of hospital stay. A disadvantage
of this strategy is the need for an immediate application
of the graft when we treat a large burn area with a limited
donor site for skin harvest. For burn patients, we prefer
Matriderm® in risk areas of limited extent, the treatment
of which would otherwise be associated with greatest func-
tional and cosmetic consequences. This corresponds to the
operated sites in our patients’ group. We have successfully
applied Matriderm® to areas with exposed deep structures
such as the tendons. The main indication for the use of
Matriderm®, however, is in reconstructive procedures, and
not only in cases of burn trauma'>*. Published studies have
shown mainly high elasticity of the resulting scars after
the use of the dermal substitute Matriderm®”. At present,
there are alternative products available on the market, such
as the Integra Dermal Regeneration Template Single Layer®
(Integra LifeSciences), which consists of 1.3 mm thick porous
collagen and chondroitin-6-sulphate. Experimental work on
an animal model, however, shows comparable biological
properties during graft adhesion between Matriderm® and
the Integra® single layer. Matriderm®, however, has a higher
degree of biodegradability, probably due to its lower density
ata thickness of 1 mm'®. Clinical data comparing long-term
results with different substitutes are not yet available.

The greatest risk of dermal substitutes consists of in-
fectious complications. In clinical practice and when us-
ing Integra®, we often encounter complications in the late
stages of maturation at the edges of the silicone foil. With
Matriderm®, this problem is eliminated by a single applica-
tion. We did not notice any more serious infectious com-
plications in our small patients’ group. Only one patient
developed a local wound infection (S. aureus), which we man-
aged by topical means and without the need for additional
transplantation. Eighty percent of the patients in the cohort
were perioperatively treated with antibiotics according to
the culture from the area. Prophylactic antibiotics admin-
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Figure 2. Application of Matriderm’in critical burn trauma of a child
a) A 13-year-old patient with 80% TBSA involvement with 3rd degree burns, as a result of clothing ignition. b) Despite intensive
rehabilitation, a contracture formed during hospitalization in the area of the left elbow, and this impaired movements. During mobilization
in the operating room, the area in the elbow was reopened. The resulting defect of approximately 9 x 7 cm was treated using Matriderm®
and a skin graft. ¢) 15 days after transplantation; the area is completely healed. d)Condition 3 months after discharge. Since that time, no
contracture has developed in the elbow and the patient is capable of fully extending the elbow joint

istration is generally not recommended in burn patients®.
Indications for systemic antibiotic treatment in our group of
patients were other infectious complications in the context
of their underlying diseases. A widely debated issue relates
to the adhesion of a thin dermoepidermal graft to the neo-
dermis (after application of the dermal matrix). Graft take
depends on the ingrowth of blood vessels from the base and
interposition material (such as dermal matrix) could inter-
fere with vascularization of the graft. The porous structure
and presence of elastin enable rapid vascularization without
affecting the success of the dermoepidermal graft healing.
Published data agree with our interim results?*, whereby
we observed no serious problems with graft vascularization

ACTA CHIRURGIAE PLASTICAE 2020, 62, No. 3-4

to the neodermis. Our earliest experience has shown that
it is necessary to allow longer period for graft healing. The
average time of complete graft healing in our group was 19.6
days, which is longer than reported in the literature®. We
explain the difference by the fact that we used the substitute
for complicated injuries or diseases (e.g., meningococcal
sepsis) in places with limited perfusion, such as a skin
defect based on ischemia in utero. Another problem related
to fragility of the healed area several weeks after complete
healing. This corresponds to prolonged vascularization of the
graft until there is a firm connection between the graft and
the neodermis. In one patient out of 10, we had to supple-
ment a minor part of the graft with a second transplant due to
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Figure 3. Use of Matriderm’in an electric shock injury in an
8-year-old child
a) Full thickness skin loss of the face after electric injury. b)
Wound after excision, 3rd day post trauma. ¢) Temporary
coverage of the defect with a glycerolized allograft. d) After
placement of the allograft (day 19) was Matriderm™ applied
to the defined and well-vital base in a single procedure using
a dermoepidermal graft harvested from the hairy part of the
head. e) The resulting condition one year after the accident

anatomical complexity and the extent of damage. A child with
a history of hyperkinetic disorder (ADHD) mechanically dam-
aged the transplanted area (Figure 4). Therefore, in patients
with low compliance, the indication for the use of dermal
substitute must be considered on a strictly individual basis.

CONCLUSION

Based on our preliminary clinical experience, we are
convinced that the Matriderm® skin substitute represents
an alternative variant to the most frequently used dermal
substitute, Integra®. The possibility for immediately covering
the material with a skin graft is advantageous, as it shortens
the treatment time and eliminates the two-stage operation.
We see the main indication in reconstructive surgery or its
use in acute treatment of thermal trauma in areas at risk of
developing contractures. To assess long-term results, it will
be necessary to increase the number of operated patients and
objectively evaluate the nature of the resulting scar over an
extended period of time.
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Figure 4. Complications of healing - dislocation of the graft

In an 8-year-old child with a history of hyperkinetic disorder was
Matriderm’ substitute used to reconstruct scar contracture of
both legs. After releasing the scar and transfixing the toes with

K wires, Matriderm” and a thin dermoepidermal graft were placed
on the defect. Failure of the child to cooperate was the cause for
partial dislocation of the attached graft 2 days later
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SUMMARY

3D models allowed a huge advance of re-
constructive surgery. A literature review was
performed in order to ascertain the current
applicability of 3D modeling combined with
free flaps, the most commonly used free
flaps, and whether the use of 3D models
alongside prelaminated free flaps has alrea-
dy been described. Also, two patients with
significant facial disfiguration scheduled for
surgeries that included 3D modeling and
prelamination technigues were selected.

3D modeling is mostly used for the correc-
tion of mandibular defects with fibular free
flaps. No literature reports the combined
use of 3D models and prelamination, but
we have demonstrated its applicability:
two costume-made prelaminated free flaps
were obtained and the patients achieved
an important aesthetic and morphological
improvement.

When no local grafts or flaps are available,
and a three-dimensional facial reconstruc-
tion is intended, prelamination is a complex
option to be considered. This complexity can

be reduced by the use of 3D models, being
a personalized flap obtained in a decreased
operating time. Prelamination used along-
side 3D modeling can be a powerful tool in
the correction of complex facial deformities.

KEYWORDS

Facial reconstruction; prelamination; 3D
modeling

INTRODUCTION

The face is one of the most important regions of the hu-
man body, which contains complicated and delicate features
that help to define the person’s identity'. The deformities in
this region can have multiple etiologies: oral cancer, burns,
infections, osteoradionecrosis, vascular lesions, traumatic
injuries and congenital anomalies. There are various meth-
ods of reconstruction and it is important to perform a mor-
phologic and dynamic evaluation of the patients in order to
find the best one?.

Advances in 3D technology have given surgeons the
answers to complex reconstructive surgery questions. With
the introduction of 3D models, it was possible to stop using
two-dimensional images or photos for preoperative plan-
ning and to start using three-dimensional ones, resulting
in a significant decrease of intraoperative time. 3D models
can be virtual or physical: the latter ones usually involve
the conversion of computerized tomography or magnetic
resonance imaging data - 3D printing’® - and can be used in
an intraoperative context being a useful reference, since they
provide not only visual, but also tactile information. On the

other hand, these models have improved the doctor-patient
relationship since they enable better understanding of both
the craniofacial problem and the desired surgical result,
diminishing a lot of anxiety that the patients feel about the
possible outcome. The 3D models not only enable a more ac-
curate surgical planning, but also allow a more customized
and specific reconstruction for each case. Mandible defects
have been successfully fixed with the use of 3D modeling,
being its use described in fracture repair surgeries*® and
aesthetic surgeries regarding mandibular features®.The
processes of orbital reconstruction*'®, ear reconstruction®,
zygomatic bone repair®®?, rhinoplasty?? and nose recon-
struction?® have also achieved successful aesthetic results
due to 3D modeling. To emphasize its wide range of applica-
tions, it can also be used in female feminization surgeries,
where an individual approach is the key?.

The term prelamination means a process in which a 3D
structure - which can be composed of tissues, or tissue engi-
neering products - is engrafted or implanted into a reliable
vascular territory without interfering with its blood supply,
being transferred to the recipient site 2 to 3 weeks later?:%,
This surgical delay is a period of neovascularization and
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Database search in
PubMadibMedne (n=45)
Scopus (n=33)

that can come from the use of these last
two methods together.

EVALUATION OF THE TOPIC

| Artsclas retrieved (n=T8)

Duplicated articles (n=11)

| We conducted a literature review in

L

order to ascertain the current applicabil-
ity of 3D modeling combined with free
flaps in reconstructive surgery.

| Titles/Absiracts reviewed (neET)

Tiles/Absiracls excluded (n=21) |

PubMed and Scopus electronic da-

tabases were searched for articles using
the following query: (“Reconstructive

[ ]

| Full-lest articles reviewed (n=45)

Raviows (n=G)

Full-text articles excludad (n=17 ) due to

Study not available (n=2)

Use of grafts and nol flaps (n=3)
Language issues (n=2)

Mora than 15 years (n=4)

Surgical Procedures” [Mesh] OR
“Surgery, Plastic” [Mesh] OR recon-
structive [Text Word] OR reconstruction
[Text Word]) AND (“Imaging, Three-
Dimensional” [Mesh] OR 3D [Text Word]
OR three-dimensional [Text Word]) AND

Sludies mcludad (n=29)

Figure 1. Flowchart of the literature review

integration, in which there is an increase in blood flow, an
increase in angiogenesis and a reduction of edema so that
when the flap is transferred, it is completely vascularized
and with defined contours.

The purposes of the present study were to investigate
the main applications of 3D modeling used alongside free
flaps in facial reconstruction, which free flaps were the
most commonly used in these cases, to ascertain if the
combined use of 3D models and prelaminated free flaps has
already been described and to emphasize the advantages

(“Models, Anatomic” [Mesh] OR model
[Text Word] OR modeling [Text Word])
AND (“Free Tissue Flaps” [Mesh] OR “free
flaps” [Text Word]).
We identified 45 articles from
PubMed and 33 from Scopus, amounting to a total of 78
articles (Figure 1). After removing duplicates, we scanned
67 titles and abstracts, selecting 46 for full-analysis. After
accessing the full text of the included articles, 17 were ex-
cluded. The reasons for exclusion were: reviews (n=6), study
not available (n=2), use of grafts and not flaps (n=3) and
language issues (n=2). Also, studies with more than 15 years
were excluded considering the great technical advances rec-
ognized in reconstructive surgery (n=4). Finally, 29 articles
were included in the literature review.

Figure 2. A 27-year-old patient with severe sequelae of thermal burns including ectropium, upper and lower lip retraction and partial
nasal loss. Preoperative views: (A) Frontal view. (B and C) Lateral views. Postoperative views: (D) Frontal view with the patient using
a silicone prothesis for the nose. (E and F) Lateral views with the patient using a silicone prothesis for the nose

2020, 62, No. 3-4



Figure 3. (A) 3D latex model. (B) Facial artery and vein identified on the left side of the neck. (C)
Drawn scheme of the prelamination steps

We also selected two patients who were treated at our
institution who represent suitable examples of innova-
tive prelamination techniques that involved 3D modeling
procedures.

CASE1

A 27-year-old patient with severe sequelae of thermal
burns (55 percent total burn surface area), including ec-
tropium, upper and lower lip retraction and partial nasal
loss (Figure 2), was a candidate for facial transplantation,
but as he did not want this procedure, other options were
investigated.

Prelamination was the selected method. The only un-
burned area in the body of the patient was the left side of
the back, where there is a constant pedicle (parascapular
artery and vein). In the first stage, an elective surgery was
performed to identify and tag the recipient vessels on the
neck (Figure 3). The prelamination process was then initi-
ated with a drawing of a facial model on the back of the
patient. This was based on a 3D latex model created at the
Faculty of Arts as a print of the patient’s face (see Figure 3).
At this stage, a partial delay of the flap was performed and
the nose and the lips were drawn and open inside the flap,
with subsequent placement of biomaterials (porous poly-

ethylene implant) and grafts
(Figure 4). After three months
was the flap transferred and
microvascular anastomo-
sis between the subscapular
vessels and the recipient ves-
sels on the neck were created
(see Figure 4). Although the
perioral reconstruction was
achieved successfully, revision
surgeries were needed due to
the different skin texture and
bulk. Reconstruction of the
eyelids and correction of the
ectropium were performed at
the same time through scar
release, skin grafting and
canthopexy. Later on, due to
columellar and alar retraction
resulting from a lack of car-
tilage support and secondary
fibrosis of a rather thick flap,
and in order to improve nasal
shape, a costal cartilage graft
was placed. However, this did
not provide enough support
either and as other local or
distant flap options were not
available, an anaplastologist
fabricated a silicone model for
alar rim and columella support
to avoid airway collapse and
nostril occlusion.

From 2012 (the year of the
incident) to 2020, the patient
has gained better feeding and
mouth opening capacity, more
effective breathing with more
permeable areas and more robust eye protection, which
translated into an extremely important functional gain.
The aesthetic result has also experienced some improvement
(see Figure 2).

CASE 2

A 27-year-old man suffered a motor vehicle accident and
presented an almost complete amputation of the left auricle
and traumatized temporal skin and fascia (Figure 5)°. He was
not a candidate for traditional repair techniques because of
an abrasive injury that reached preauricular and retroau-
ricular skin. A porous polyethylene implant was considered,
however local flap coverage such as temporoparietal fascia
flap was not available due to initial damage to the surround-
ing tissues. Consequently, a prelaminated radial forearm
free flap was selected for reconstruction with prolonged
prelamination time and surgical delay (two months). Firstly,
a3D-printed ear made of silicone was created based on the pa-
tient’s CT-scan of the contralateral ear and used for intraop-
erative molding of the polyethylene implant (Medpor®). The
implant consists of two components - extended ear base and
helical rim - and both were adjusted into a desirable shape,
having the contralateral silicone printed ear as a guide.
A subdermal pocket was then dissected on the anterior aspect
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Figure 4. (A) Porous polyethylene implant for the nose reconstruction. (B and C) Drawing of facial model on the back of the patient. (D)
Opened nose and lips inside the flap, with placement of biomaterials and grafts. (E, F and G) Flap transfer

of the left forearm along the projection of the radial artery
for placement of the porous polyethylene implant that was
subsequently inserted subdermally (Figure 6). After a two-
month period of integration and neovascularization of the
added tissue, the prelaminated flap was transferred (Figure
7). Flap reinnervation was performed by direct coaptation
of the great auricular nerve to the lateral antebrachial cu-
taneous nerve. The flap fully survived and there were no
complications in the early postoperative period. Revision
surgeries were performed. In
three to six months, the patient
returned to normal state in terms
of warmth and cold perception
and recovered the discriminative
facial sensibility. After one year,
the auricular reconstruction was
intact and satisfactory aesthetic
results were achieved. Four years
after the intervention, the patient
already wears short hair and is ex-
tremely satisfied with his new ear
(see Figure 5).

3D MODELING AND
FREE FLAPS

The combination of 3D mod-
eling and free flaps has been de-
scribed in reconstructive surger-
ies, being more commonly used in
maxillary**3® and hemimaxillary
reconstruction®, orbital defects
reconstruction* and mandibu-
lar reconstruction?s:3,40-47,48-56,40-47,
Moreover, reconstructive surgeries

ACTA CHIRURGIAE PLASTICAE 2020, 62, No. 3-4

regarding Parry-Romberg syndrome and Treacher Collins
syndrome have also made use of this combined tool¥-*,
Fibular free flaps were the most commonly used for the cor-
rection of bone defects, but the use of a thoracodorsal scapula
composite free flap*’, vascularized iliac bone combined with
a superficial inferior epigastric artery flap¥, iliac bone free
flap*®, scapular osteocutaneous free flap*, anterolateral
thigh dermal adipofascial flap¥ and temporoparietal galeal
flap® were also described (Table 1).

Figure 5. A 27-year-old patient with a posttraumatic left ear amputation. Preoperative views
(after healing): (A) Lateral view. (B) Oblique view. Postoperative views (result after 4 years):
(C) Lateral view. (D) Obligue view



Author, year
Modest, 2017

Application

Maxillary reconstruction

Type of free flap

Thoracodorsal scapula composite free flap

JHdrzejewski, 2012 Maxillary reconstruction

Fibular free flap

Fu, 2017 Orbitomaxillary reconstruction

Fibular free flap

Zhu, 2020 Orbitomaxillary reconstruction

Fibular free flap

Rohner, 2012 Maxillary reconstruction

Fibular free flap

Modabber, 2012 Maxillary and mandibular reconstruction

Fibular free flap

He, 2009 Maxillary reconstruction Fibular free flap

Hu, 2007 Palatomaxillary reconstruction Vascularized iliac bone combined with a superficial inferior
epigastric artery flap

Kaariainen, 2016 Maxillary and mandibular reconstruction Fibular free flap

Nkenke, 2014 Hemimaxillary reconstruction Fibular free flap

Mazzoni, 2013

Mandibular reconstruction

Fibular free flap and lliac bone free flap

reconstruction

Ciocca, 2012 Mandibular reconstruction Fibular free flap

Katsuragi, 201 Mandibular reconstruction Fibular free flap

Roser, 2010 Mandibular reconstruction Fibular free flap

Cornelius, 2015 Mandibular reconstruction Fibular free flap

Ren, 2018 Mandibular reconstruction Fibular free flap

Nuri, 2019 Mandibular reconstruction Fibular free flap and scapular free flap
Vakharia, 2012 Mandibular reconstruction Fibular free flap

Valentini, 2005 Mandibular reconstruction Fibular free flap

Mottini, 2016 Mandibular reconstruction Fibular free flap

Kadowaki, 2017 Mandibular reconstruction Fibular free flap

Jacek, 2018 Mandibular reconstruction Fibular free flap
Iglesias-Martin, 2018 Mandibular reconstruction Fibular free flap

Arce, 2018 Mandibular reconstruction Fibular free flap

Lee, 2018 Mandibular reconstruction Fibular free flap

Wang, 2013 Mandibular reconstruction Fibular free flap

Weitz, 2018 Mandibular reconstruction Fibular free flap

Chai, 2015 Parry-Romberg syndrome treatment Anterolateral thigh dermal adipofascial flap
Herlin, 2013 Treacher Collins syndrome midface Temporoparietal galeal flap

Table 1. Literature review findings: the applicability of 3D modeling in reconstructive surgeries using free flaps and the type of free flaps

chosen

Although the use of 3D modeling for free flap surgery
in facial reconstruction is common, the use of 3D modeling
to design prelamination for free flaps in facial reconstruc-
tion has never been described, being a novel approach. We
present two prelaminated free flaps obtained with the use
of 3D models: a prelaminated parascapular free flap and
a prelaminated radial forearm free flap. They were used in
reconstructive surgeries related with burn injuries and ear
reconstruction, respectively.

Burn injuries demand challenging 3D reconstructions.
When it comes to reconstructive options that can be per-
formed in patients with severe burns, skin grafts are often
not used because of poor color matching and secondary
contracture and local flaps are rarely obtainable in large

burns®. Therefore, when analyzing reconstructive options
in burn patients, it may be necessary to resort to techniques
that optimize the resources. Facial transplant surgery is an
option to be considered in these cases since it presents better
aesthetic results and is usually a one-time surgery. However,
the need of lifelong immunosuppressive therapy, which can
bring a lot of nefarious complications, such as increased in-
cidence of malignancies, infections and end-organ toxicity®,
made the patient described in case 1 to refuse this method.
Prelamination is one of the most effective mechanisms avail-
able for approximating aesthetic reconstructive outcomes
using autologous tissue®, not requiring immunosuppressive
therapy, and at the end the patient was scheduled for this
technique. When selecting the free-tissue transfer donor
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Figure 6. First surgery: (A) Flap markings. (B) Pocket planning. (C) A “printed” ear made of
silicone based on the patient’s CT-scan of the contralateral ear was used for intraoperative
comparation and molding of the future reconstruction. (D and E) The implant was trimmed to a
desired shape and inserted into the pocket. (F) Immediate aspect after closure and placement

of two suction drains

site, since the two most commonly ones used to replace facial
subunits - the radial forearm and temporoparietal fascia
flaps - were compromised, other sites had to be explored®.
The parascapular tissue on the left dorsal region was intact,
and since the parascapular tissue has a constant pedicle, it
was the area selected for the prelamination. This optimiza-
tion of resources was also possible thanks to the 3D model
that brought advantages at both the pre- and the intraop-
erative level. Effectively, the model assumed an important
role in the calculation of distances to perform anastomoses,
allowing us to obtain tension-free vascular anastomoses.
This was particularly important since the parascapular ped-

icle is relatively short in length.
Moreover, the 3D model enabled
that, by direct comparison, the
design of the lower half of the
face (which included the mouth
and nose) drawn in the parascap-
ular region had the appropriate
proportions and dimensions,
therefore enabled programming
amore efficient and personalized
surgery. Furthermore, in cases
like this, where more than half
of the surface area is burned and
there are few local or distant flaps
available, the 3D model is of great
importance since it allows surgi-
cal planning in order to take the
maximum advantage of the little
tissue available. Nevertheless,
since a rise in facial transplanta-
tion cases mortality had been no-
ticed and some apprehension has
emerged among transplant can-
didates, here we have described
a method that is also safe in the
long-term - in fact, this method
offers several advantages when
compared to facial transplanta-
tion, especially when it comes to
long-term risks for the patient
(Table 2). Despite the number of
revision surgeries required and
the modest aesthetic results be-
cause of a discrepancy of color and
texture between the dorsal and
facial skin, the patient still reported a remarkable func-
tional gain. In fact, the improvements in the capacity of
feeding and opening the mouth were mainly due to the
prelamination technique that was essential in the perioral
rehabilitation.

When it comes to ear reconstruction, creating an ear
shape from the costal cartilage is the gold standard tech-
nique®; however it is quite demanding, it does not have
the same elastic properties as ear cartilage and it results in
donor site morbidity. Therefore, an alloplastic material -
high-density porous polyethylene - which is highly biocom-
patible, stable, durable and easily moldable was selected.

Figure 7. Second surgery: (A) Flap markings. (B and C) Intraoperative images of the flap before and after insertion
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Advantages Limitations

One-stage surgery
Better aesthetic outcomes

Restoration of the appearance
Facial Transplantation

Requires life-long immunosuppression

Increases the incidence of infections (opportunistic
infections), cancer and nephrotoxicity

High incidence of acute rejection

Difficult matching process (tissue antigen, skin color,
texture, age, and gender)

|dentity issues

before its transfer

Reconstruction with
prelaminated free flaps

based on 3D models )
planning

and make prelamination less complex

No long-term morbidity

No need for immunosuppressive therapy

Allows the maturation of the primary flap

Allows en-bloc transfer of 3D composite flaps

3D Modelling allows a more accurate surgical

3D Models decrease the intraoperative time

Sub-optimal aesthetic results
Requires at least two surgeries

Post-transfer scar contracture may require revision
surgeries

Disparity of color and texture between local and donor
sites

Table 2. Advantages and limitations of facial transplantation vs. reconstruction with prelaminated free flaps based on 3D models

Regarding the importance of the 3D model used here, it is
important to note that Medpor® implants used in auricular
reconstruction are often shaped based on a radiographic
film with markings of the contralateral ear®. However, this
method offers only two-dimensional information. The 3D
model makes the molding process easier because it provides
visual and tactile information and the surgeon manages to
make the implant configuration as identical as possible to
that of the mold. In addition, using the 3D silicone model as
ameans of direct comparison in the operating room reduces
the intraoperative time. Effectively, a 3D-printed ear mold
makes the trimming of the implant an easier and more
time-saving procedure, being the final result more similar
and symmetrical to the contralateral ear. Finally, the use of
this model leads to a reduction in costs: a 3D-printed ear of
porous polyethylene may also be ordered from the manufac-
turer, but it is much more expensive than the conventional
universal alloplasts that were used in this case - they are
composed of two pieces and are available in three sizes. In
fact, here we showed that if a silicone 3D model, based on
the contralateral ear, is used as a guide, a more low-cost but
yet effective procedure is reachable - ultimately a person-
alized prelaminated flap was achieved and a symmetrical
aesthetic result was obtained.

Nowadays, reconstructive surgery can make use of the
techniques that allow us to manage complex cases, achieving
very good aesthetic and funcional results. Since the facial
anatomy is crucial for the patient’s identity and 3D modeling
allows an individual approach, it is easy to understand its
extreme importance when it comes to reconstruction of
craniofacial defects. 3D modeling has been used for a more

efficient planning in surgeries using free flaps and is more
often used in mandibular reconstruction with fibular flee
flaps. Although its use in the planning of prelamination
surgeries hasn’t been described in the literature, we have
demonstrated its applicability: the first phase of the prel-
amination technique was simpler, with achievement of
a customized free flap in a significantly decreased intraopera-
tive time, and with both patients, who were complex cases
of different etiologies (burn injuries and trauma), achieving
good aesthetic and morphologic results.

CONCLUSIONS

The craniofacial region is one of the most complex in the
human body and is of great functional and aesthetic impor-
tance, making its reconstruction challenging.

3D models allow to obtain a personalized facial recon-
struction and this custom-made approach is extremely im-
portant for the conservation of the aesthetic appearance
and, consequently, individual well-being. On the other
hand, prelamination is a complex technique used when we
intend to achieve a three-dimensional reconstruction and
there are no local grafts or flaps available. This complexity
can be reduced with the use of 3D models, which play an
important role in the first surgical phase of the technique,
allowing achievement of a customized flap designed in the
most appropriate way.

Therefore, prelamination and 3D models can be used
together as a powerful tool to achieve customized 3D recon-
structions in complex cases where the existing reconstructive
options are limited.
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SUMMARY

Medicinal leeches (Hirudo medicinalis, Hirudo
verbana) have been used in the field of medi-
cine to treat various diseases for thousands
of years. Popularity of their use changed
over time and in Europe, it peaked at the
beginning of the 19th century. In modern
medicine, application of leeches on flaps
with venous congestion was first used and
described by Deganc and Zdravic in 1960. A
certain renaissance of leech use is currently
taking place, especially in the field of recon-
structive surgery. In general, use of leeches

is indicated during critical post-operative
period, in which the microcirculation and
veins are incapable of sufficient drainage of
venous blood, which can lead to stagnation
of circulation in tissues at all levels, clinically
manifested as a change in color and turgor
of the flap. If this venostasis is not recogni-
zed in time and treated adequately, tissue
necrosis can develop. Medicinal leeches can
be used in venous drainage disorders after
a replantation of fingers, auricles, lips and
parts of the nose. In head and neck recon-
structive surgery, there are many studies that
confirm the success rate of hirudotherapy

in hematoma evacuation or in dealing with
complications after scalp replantation and
transfers of free and pedicled flaps. Leech
application therapy can also be indicated as
a part of non-surgical methods that improve
conditions of the venous system.

KEYWORDS
European medicinal leech; hirudotherapy;

venostasis; reconstruction; complication;
flap

INTRODUCTION

Reconstructive surgical procedures are most often in-
dicated in case of injuries resulting in a loss of tissues,
severe burns, radical oncosurgical procedures and in the
prevention of cicatricial contractures after secondary heal-
ing of wounds!. In accordance with classic reconstruc-
tive diagram, the spectrum of reconstructive procedures
includes skin grafts, local tissue transfers, distant flaps
on vascular pedicles or flap surgeries using microsurgical
techniques. Currently, the gold standard in head and neck
reconstruction lies in free microvascular procedures, heal-
ing of which can be complicated by flap ischemia as a result
of impairing the vascular pedicle before performance of a
microanastomosis?.

Restitution of blood supply is the primary requirement
for proper healing of the flap to the surrounding tissues.
Nevertheless, changes in tissue tension, or, on the oth-
er hand, compressions of the pedicle and the subsequent
changes in blood supply can lead to a sluggish perfusion in all
types of flaps. The main complication then lies in the arterial
or venous insufficiency caused by the aforementioned vein
compression or an arterial spasm. Despite the high success
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rate of free flaps - up to 7-10% of cases require a revision
surgery due to endangered tissue viability?.

Timely diagnostics and intervention are the most im-
portant measures in a failing flap, and a surgical revision
should be the method of first choice*. The success rate of the
revision procedure is between 28% and 90% %¢. The success
rate of a salvage surgery is higher in case of a flap failing on
the basis of a venous thrombosis.

While a partial obstruction of the venous component
can be physiologically compensated by an incipient neo-
vascularization within 3-4 days’, total obstruction caused
by a vessel wall collapse or a venous thrombosis lead to a
significant involvement of microcirculation within 3 hours,
and within 8-12 hours usually results in irreversible changes
and in “no-reflow” phenomena in deep tissues, which in
turn leads to a flap necrosis®. Even though a timely surgical
revision is the most frequent solution of the complication,
the physiological circulation is not always restored in all
layers of the damaged tissue. A subcutaneous application
of heparin or an application of a heparin-soaked gauze into
the area of venostasis after a minor incision can represent an
alternative conservative solution®. Hyperbaric oxygenation
therapy (HBOT), which can have an excellent effect not only



in case of venostasis, but also in case of tissue ischemia, can
represent another option. A combination of hirudotherapy
and hyperbaric oxygenation seems to be the ideal solution®.
In accordance with our first experiences, hirudotherapy -a
method using local application of medicinal leeches - can
also be a useful solution of venous insufficiency.

OVERVIEW OF PROBLEMS OF
HIRUDOTHERAPY: HISTORY AND
CURRENT UTILIZATION OPTIONS

European medicinal leech (Hirudo medicinalis) is a repre-
sentative of the phyllum Annelida, endemic in Southeast
Asia and Europe and it is the most commonly used species
in medicine®. Leeches live in clean fresh water and they are
poikilothermic animals, capable of surviving temperatures
from 0-35°C. Their body can be up to 15 cm long and it has
a sucker on each end (Figure 1). The top part of the body is
brownish-green with pronounced red and brown stripes.
The bottom part of the body is light with darker spots. The
body of a European medicinal leech is composed of ap-
proximately 100 outer annuli, covered with a thin cuticle.
This non-cellular protective layer is very flexible and pliable
and it allows the leech to increase its volume several times
after feeding®. Its body muscles allow crossing rather large
distances in water, breathing through body wall and also
an attachment to a host. Leech’s head contains a small
anterior sucker, which surrounds three chitin jaws located
in a Y position, each of which is equipped with 100 tiny

Figure 1. Lateral section of the oral part of a leech: 1. jaw, 2.
velum, 3. radial muscles, 4. pharynx, 5. nervous system, 6.
longitudinal muscles, 7. salivary gland, 8. annular muscles, 9.
lacunas (Barbara Heinzova, watercolor paining, picture printed
with author’s permission, redrawn according to Pfurtscheller)

Figure 2. Oral part of a leech, attached to a glass (photo by Peter
Heinz)

Figure 3. Detail of a leech’s jaw (asterisk), which is equipped
with a number of tiny teeth (the thin arrow). HE staining,
magnification stated on the figure (Department of Clinical and
Molecular Pathology, Faculty of Medicine and Dentistry, Palacky
University Olomouc and University Hospital Olomouc, Tichy T.)

teeth (Figure 2, 3). The jaws can extend and thus penetrate
skin or a mucous membrane. Subsequently, the jaws dilate
rhythmically, thus creating vacuum effect. The body of a
leech can absorb up to a tenfold of its original volume in
single feeding and it can survive up to 2 years without the
need to feed. Salivary glands in the laryngeal area produce
an anticoagulant substance (hirudin). Therefore, a bite of
a leech is accompanied by a prolonged bleeding from the
wound, which can bleed for up to 12 hours®**, The leech uses
highly sensitive receptors located near the upper lip to find
the right spot to attach. If it registers blood, glucose, sweat
or pulsation with tissue temperature between 35-40°C, the
leech will attach®. The rear sucker only serves for stabiliza-
tion of the leech’s position during blood sucking.

On the basis of experiences of large reconstructive cen-
ters (France, Germany, USA) using hirudotherapy7-8, it
is recommended to keep leeches for medicinal purposes
in a sterile glass container with small perforations on the
lid with a sufficient amount of non-saturated mineral or
sterile water with an addition of hirudin salts, diluted in
the concentration of 2g per 4.5 L. This enables to keep up
to 50 leeches in 2.5 L of water at a temperature of 5-8°C for
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Figure 4. Manipulation with a leech (photo by Peter Heinz)

Figure 5. Side view of a leech’s body, actively searching “sucker”
end is raised (photo by Peter Heinz)

several weeks or even months. Replacement of the medium
should be performed every week with minimum exposure
to daylight. Manipulation should be done using wide ana-
tomic forceps. It is recommended to provide patients with
an antibiotic protection against Aeromonas hydrophila,
a symbiotic gram-negative bacteria occurring in leeches’
digestive tract, which is of significant importance for their
growth. However, at the same time, it is a pathogen, which
can cause muscle necrosis or formation of an abscess or
cellulitis with possible development of sepsis. According
to the available literature, the risk of manifestation of this
complication is 7-20%; and that is why it is necessary to
prevent it by administering Ciprofloxacin/Gentamicin for
the period of hirudotherapy, but maximally for 5 days®. The
actual application of a leech is performed with a 5 ml syringe
to the affected location (Figure 4), which is delimited with
a perforated sterile cloth to prevent unwanted migration
of the leech. Its head can be identified by its fast, “search-
ing” movements (Figure 5). If the leech does not attach on
the desired location, the surface of the location can either
be broken with a syringe, or a small incision can be made.
After the leech attaches to a location, and when it is clear
that it is starting to suck blood, the leech does not change
its position any more. After the end of feeding, which usu-
ally takes from 15 to 45 minutes, the leech detaches from
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the tissue and it starts to move using peristaltic move-
ments®. However, if the congestion area does not provide
even minimum amount of blood, the leech can change its
position or even move to a different body part’. Because of
the possibility of its movement, careful monitoring of the
leech’s position is important, especially for example near a
tracheostomy cannula”. Some authors recommend wrapping
the body of the leech with a silk stitch and securing its ends
with a clamp. A response to an adequate hirudotherapy will
manifest itself with a visible improvement of perfusion in
the order of minutes. After use, the leech has to be killed by
an insertion into a 70% ethanl solution for 5 minutes and
subsequently disposed of as a biological waste!¢-18,

One of the first documented records on the use of leeches
in medicine was found in an Ancient Egyptian tomb from
1567-1308 B.C. 2. The first written record of medicinal use
of leeches is attributed to Nicander of Colophon (200-130
B.C.) in his medical poem Alexipharmaca?. Therapeutic use of
leeches was widespread in the Ancient Greece, China, India
and pre-Columbian America. These procedures are very well
documented in works by Pliny the Elder, Gales or Avicenna®.
In the Middle-Ages, leeches were used by barber-surgeons.
Probably the largest use of leeches in Europe occurred during
the Napoleonic wars in France thanks to a military surgeon
Francois-Joseph-Victor Broussais (1772-1832), who is being
referred to as “the bloodiest doctor of all times”, because he
applied hirudotherapy to all patients regardless of their prob-
lems. However, in this period, leeches have also been used
rationally by one of the founders of maxillofacial surgery,
Dieffenbach (1792-1847), in 17 cases of plastic and reconstruc-
tive surgeries of the face?. Year 1884 was a milestone in the
history of hirudotherapy, because Haycraft has proven that
the throat and the mouth of leeches contain a substance with
an anticoagulant effect. This compound was later isolated,
denoted “hirudin” by Jacob and used in a blood transfusion
in 1915 %, Use of leeches in modern reconstructive surgery
is dated back to 1960, when they were used by Slovenian
plastic surgeons Derganc and Zdravic to restore flap micro-
circulation 7, The same success was registered by Henderson
in case of a scalp replantation in 1983 and by Upton after
an avulsion of the auricle in a five-year-old boy in 1985 %,
Since 2004, on the basis of an FDA decision, hirudotherapy
has been recognized as an official treatment of complica-
tions in plastic and reconstructive surgery*. Among others,
hirudotherapy is being used in the treatment of diseases
affecting vessels, such as thromboembolia, limb varices®,
hemorrhoids®, but also arthritis, tendinitis, hypertension
diseases or in evacuation of voluminous soft tissue hemato-
mas. Its role in reconstructive surgery is completely unique
and unsubstitutable, because it can contribute significantly
to saving pedicled or free flaps®3*3*, Despite the benefits of
hirudotherapy, no unambiguous recommended indications
are available regarding its use in replantation of fingers®,
auricles®, lips¥, nose*, penis* or other organs.

The effect of active substances from the salivary glands
of leeches persists for 6-8 hours (Table 1), then the leeches
can be replaced*. Under in vitro conditions, leeches are able
to affect coagulation in up to 100 ml of blood*, but there is
no unified opinion regarding the amount that should be
used in patients with free or pedicled flaps. You have to take
into consideration the composition and volume of tissues,
the condition and characteristics of the recipient location,
degree of congestion and the time from the surgery. Literary



Component name Effect

Hirudin Inhibition of coagulation by binding to thrombin, vasodilatation, analgesic effect

Calin (Saratin)

Inhibition of coagulation using collagen-mediated aggregation of thrombocytes by blocking the
binding site of von Willebrand’s factor on the collagen

Destabilase Thrombolytic effect

Hirustasin
anti-inflammatory effect

Inhibition of kallikrein, trypsin, chymotrypsin, cathepsin G contained in neutrophils - significant

Hyaluronidase

Decreases interstitial viscosity, antibiotic effect

Bdelin Anti-inflammatory effect, inhibition of trypsin, plasmin, acrosin

Factor Xa inhibitor

Inhibition of activity of the factor Xa by creating complexes

elastase and cathepsin G

Eglin Anti-inflammatory effect, inhibition of the activity of alpha-chymotrypsin, chymase, subtilisin,

Complement inhibitors

Can replace naturally occurring complement inhibitors in case of their deficiency

Carboxypeptidase A inhibitors | Increase blood influx at the location of attachment of leech’s jaws

Histamine-like substances

Vasodilatation, they increase blood influx at the location of attachment of leech’s jaws

Acetylcholine Vasodilator

Chloramphenicol Antibiotic effect

Table 1. Composition of the leech saliva

resources contain significant differences in protocols of in-
dividual sites (for similar situations, the available literature
states usage of less than 10 up to 350 leeches per flap.3*%),

In a study performed by Nguyen et al.*, the authors have
described larger usage of leeches in a partially affected flap
than in a completely affected flap. This difference can be
explained with a different degree of venous insufficiency
at the beginning. In cases of a distal insufficiency of the
flap, an application of one to two leeches per every cycle in
dependence on the flap size is generally recommended. If a
severe congestion of the entire flap is present, then one leech
can effectively improve microcirculation approximately in
the area of 10 cm?2 of tissue. Nevertheless, it seems logical
to adjust the number of leeches based on flap thickness.
More specifically, twice the number of leeches per every
additional 2 cm of thickness is rational and supported by
numerous studies® %,

Blood losses in the course of hirudotherapy are constant.
On average, a medicinal leech will actively draw about 2.5
ml of blood in 20-70 minutes. The period of bleeding after
the bite is described to last from 1.5 to 4 hours, up to 90 % of
passive bleeding occurs within 5 hours after detachment of
theleech, when the average blood loss cannot be estimated*.
Patient’s blood count should be known before to the surgery
and monitoring of its possible drop after surgery each 24-48
hours in accordance with the number of leeches used is a
matter of course. A general assumption is that in case of
an application of 11eech every 2 hours, the hemoglobin will
drop by 10 g/Lin 24 h.

Complications of hirudotherapy are rarely mentioned
in the available literature. Whitaker et al.* calculated their
frequency to 21.8%. Half of the complications are attributed
to infection caused by the microbial flora inhabiting the di-
gestive tract of leeches (Aeromonas hydrophila, Aeromonas,
Serrata, Vibrio). The above-mentioned complication is de-
scribed in 14% of cases in the metaanalysis performed by

Whitaker et al.®2. The infection manifested itself as lym-
phangitis, necrotizing fasciitis with formation of abscesses
or even sepsis”. The infection can manifest itself from within
24 hours after leech application up to 4 weeks since treatment
initiation*. Infectious complications significantly decrease
the survival rate of the flap (from 88% to 37%, resp. 30% “).
That is why a prophylactic administration of antibiotics is
recommended by most authors, and it should be terminated
no earlier than 24 hours after completion of hirudotherapy®.
Cephalosporins of 27 and 3™ generation are recommended
most often®,

Venous insufficiency develops most often during the
first several hours after surgery as a continuously worsening
of blood congestion. In flaps with skin islands, accelerated
capillary refill time (less than 2s) is visible and in the follow-
ing couple of hours, dark pink color of the skin transforms
to pinkish-purple color. Very often, small spots (“mottled
skin”) start to appear on tissue surface, and flap margins
will spontaneously start bleeding dark red blood.

In local flaps with random vascularization, distal venous
insufficiency occurs quite often and it is usually very dif-
ficult to resolve with surgical procedures. Before we decide
to apply leeches, we should decrease tension of the flap in
several places by removing stitches, and, after the symptoms
disappear, we should perform a resuture.

In case of pedicled flaps, venous congestion can be pre-
dicted already during the procedure or in a short period of
time after harvesting®®. It appears within several hours after
the surgery as a distally delimited purple area. If you cannot
perform a surgical correction of this condition, you have
to initiate hirudotherapy as soon as possible® (Figure 6).
However, if the congestion affects the entire flap, it is pos-
sible that the pedicle twisted. In such case, revision surgery
is the method of choice. It consists of a decompression of the
pedicle and a fixation of the flap in a different location or
from its reversal into the place of harvest. After 48 hours, the
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Figure 6. A leech on a submental flap, capillary drains introduced
into the surrounding area, 4th day after surgery (photo by Peter
Heinz)

flap can once again be moved into the desired position. This
procedure should always be considered in large or volumi-
nous flaps, in which the benefit of hirudotherapy is limited.

Apart from replantation of fingers or small organs such
as parts of auricles, leeches cannot replace venous micro-
anastomosis®. The use of leeches is more suitable in cases
of repeated failures of the microsurgery for local or general
causes. In free skin flaps or perforator flaps, you can use
leeches in case of a distal perfusion insufficiency, which
develops later than in more voluminous flaps. Hirudotherapy
should be initiated as soon as possible (Figure 7). Leeches
are to be applied on the affected area in higher numbers
than in case of pedicled flaps. Hirudotherapy can be initi-
ated at any time during the period between the discovery of
congestion and the beginning of the surgical procedure. A
prevention of spreading of thrombus is the clear advantage
of this approach.

Contraindications of hirudotherapy include immuno-
suppression, severe arterial insufficiency, hemophilia or
hemocoagulation disorders, sepsis, hepatic insufficiency,
cachexia, religious reasons, or possibly mental disorders®.

CASE REPORTS

In our department, we used hirudotherapy in three
patients in 2019. These were two women (65 and 67 years
old) and a man (41 years old). All patients have undergone
surgery because of an oncological indication, the first case
concerned a pedicled submental flap for a defect replacement
after a resection of a tongue edge, in the second patient, a
free forearm flap was used to reconstruct the inner side of
a cheek. The last case concerned a replacement of a defect

2020, 62, No. 3-4

on the left side after a subtotal maxillectomy with an osteo-
myocutaneous free fibular flap.

Case Report 1

Male, 41years old, minor hepatopathy caused by toxonu-
tritive etiology, otherwise without other monitored internal
disorders. Resection of the right edge and apex of the tongue
was performed because of a moderately differentiated (G 2-3)
squamous cell carcinoma (pT2, pN0, MX) with an elective
neck dissection: IA, IB, IIA, 1IB, III, IV, VA on the right; IB,
IIA on the left. The defect was subsequently reconstructed
with a submental flap on a left-sided pedicle. The patient
only received low-molecular weight heparin 0.4 ml s.c.
within thromboembolic disorder prevention. Within 12
hours after the surgery, venostasis developed centrally and
the flap swelled up. In the course of a wound revision, we
have performed hematoma evacuation, enlargement of
the channel for vascular pedicle and a subsequent applica-
tion of two leeches, which were later applied according to
the patient’s response in the amount of 1-2 every 8 hours.
Over the total period of 4 days, patient’s overall condition
improved gradually, a total of 10 leeches was applied and no
blood transfusion was needed. In this case, the flap healed
fully to the tongue tissue and an adequate function of the
flap was secured.

Case Report 2

Female, 65 years old, non-smoker. Patient’s medical
history includes hypertension, atrial fibrillation and isch-
emic heart disease. The patient has undergone a resection
of the right cheek because of a moderately differentiated
squamous cell carcinoma (G2) and an elective neck surgery
reg. IA, 1B, IIA, III. (pT2, N1, MX). Using the Dieffenbach-
Weber approach, the defect was reconstructed with a free
radial forearm flap. Symptoms of bleeding under the flap
started to manifest after 72 hours in the form of an increased
tension/swelling and a change in color of the flap. The pa-
tient received 5,000 international units (IU) of heparin per

Figure 7. A leech applied to a forearm fasciocutaneous flap, 2nd
day after surgery (photo by Peter Heinz)



day continuously. After a subsequent surgical revision and
hematoma evacuation without the need for an intervention
in the area of microanastomosis, we applied 2 leeches every
8 hours; after 2 days, this frequency was changed to 1leech
every 8 hours because of an improvement in the flap color.
Hirudotherapy was performed for a total of 5 days; a total of
18 leeches were used and two blood transfusions had to be
administered. There were no other subsequent complications
and the flap healed to the base and the surrounding tissue
without any loss.

Case Report 3

Female, 67 years old, non-smoker. The patient is followed
by her general practitioner for hypertension, bronchial
asthma and hepatopathy caused by medication. In 2017, this
patient has undergone a subtotal maxillectomy on the left
side because of a plexiform sarcoma with a block neck dissec-
tionreg. IA, 1B, 1IA, IIB, III. (pT4a, pNO, pMX). Subsequently,
the patient has undergone a dose of radiotherapy of 66 Gy.
Two years later, we performed a reconstructive procedure - a
replacement of the maxilla using 3D planning and an indi-
vidually manufactured splint with an osteomyocutanneous
free fibula flap. The patient was administered heparin in the
amount of 10,000 1U/24 hrs and Fraxiparine 0,3ml s.c. per
12 hours. Mottled skin occurred on the flap 48 hours after
the procedure and venostatic changes appeared on the skin
island of the flap, and that is why we immediately performed
a revision surgery of the microanastomosis and confirmed
an extensive thrombosis of the venous component. Venous
grafts have been harvested and reattached in order to im-
prove venous drainage. As a supportive therapy, we have
subsequently used 2 leeches applied on the center of the skin
island every 6 hours, but despite a 24-hour improvement, the
flap necrotized gradually and it had to be removed on the 3%
day after the revision surgery. A total of 16 leeches and four
blood transfusions have been administered.

All the patients were secured with heparin after the sur-
gery. We kept their hemoglobin level above 90 g/L. Despite
these measures, tissues manifested typical symptoms of
venostasis already several hours to days after the proce-
dure. We have started the initial treatment after surgery by
loosening the stitches around the edges of the flap, by an
evacuation of hematomas and an introduction of capillary
drainage on the base of the post-operative defect. If these
measures failed to improve the perfusion of the tissues,
we proceeded with surgical revision, i.e. loosening of the
entire flap and an examination of the pedicle. In two cases,
the color and texture of the tissues improved. We have
promptly responded to the persisting symptoms of conges-
tion by applying 1-2 leeches every 8 hours for the period of
4-5 days. In the first two cases (forearm and submental
flap), which represented a combination of hirudotherapy
and a surgical treatment, the flaps healed completely to
the surrounding tissues.

In the last case (free fibula flap), surgically satisfactory
result has not been achieved despite more than a 6-hour
long revision surgery of the venous anastomosis. With
regards to the initiation of hirudotherapy, the antibiotic
therapy has always included a combination of broad-spec-
trum penicillins/lincosamides with gentaminicin®. Blood
transfusions were necessary in both patients treated with
free flaps.

DISCUSSION

Therapeutic use of leeches is a method that has been
known since the times of Ancient Egypt®. A certain renais-
sance of this method currently takes place especially in the
field of reconstructive surgery®**. Medicinal leeches can be
used very well to save venostatic tissues after a replantation
of fingers, scalp, auricles, lips and parts of the nose until an-
giogenesis takes place and the conditions of venous drainage
improve!s3$5455 In specialized literature, there are number
of studies confirming the success rate of hirudotherapy in
free and pedicled flaps!®5+55:56.57.58,

The simplest option with a high success rate of diagnostic
recognition of a “failing flap” is a clinical observation of its
color and temperature, capillary refill, turgor, monitoring
of temporal latency of the discharge and blood color after
a puncture with a needle, or monitoring with a Doppler
flowmetry®.

Kubo et al.* evaluated the surgical revision of a flap with
an affected venous component as a first-choice method with
the highest success rate. At the same time, he believes that
non-surgical methods should be used if the revision surgery
cannot be performed or if it fails repeatedly. Vascular en-
dothelial growth factor (VGRF) in combination with blood
drawing using leeches and a hyperbaric oxygenation can
reportedly increase the flap survival chances. Nevertheless,
controlled clinical studies performed on larger sets of pa-
tients are still missing and therefore, standardized indica-
tions of therapy of post-surgery venostasis remain limited.
Apart from the replantation of fingers or small organs such
as parts of auricles, leeches definitely cannot replace venous
microanastomosis®. Foucher at al.®® determined that in
necrotic flaps, the attachment of leeches did not take place
in all cases, which could be a good test to determine tissue
quality. Delayed attachment of a leech to tissue together
with small amount of blood drawn is considered a negative
prognostic factor of flap viability despite its favorable color®.
Several experimental studies have confirmed an improved
perfusion after leech application in comparison to other,
alternative methods?:18,

The number of applied leeches varies significantly from
one per day* up to several in the course of each hour®, which
points out the absence of a therapeutic scheme we could
follow. The replacement interval is not unequivocally recom-
mended as well. A study on brown rats has shown both the
inefficiency of the use of large numbers of leeches and the
lack of a positive effect on flap survival®. It is important to
note that tissues should be carefully clinically examined prior
to the leech application and they should not be used, if they
show signs of a mixed arterial venous disease®.

In hirudotherapy, blood losses cannot be predicted re-
liably. Whitaker et al.* described the need for transfu-
sion in 50% of cases. The more voluminous flap and more
advanced venostasis, the more aggressive hirudotherapy
should be. Because of this, the hemoglobin level may drop
faster, which will in turn worsen the alteration of the af-
fected tissues even more*. Blood loss is the most visible and
also the most important effect of hirudotherapy, but the
effects of the discharge from salivary glands of the leeches
are much more complex; they influence vasodilatation and
they have anesthetic and anti-inflammatory properties®2,

In the available literature, the percentage of inflamma-
tory complications associated with hirudotherapy is between
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4% and 20% 2%, Aeromonas hydrophila was reported to be
the most frequent cause of this complication ¥, it constitutes
9% of all infections. Recent clinical studies confirm a higher
frequency of infectious complications in patients, who were
notadministered the antibiotics prophylactically®. Recently,
evidence of a resistance of the aforementioned pathogen to
first generation cephalosporines, penicilines and tetracy-
cline is being reported. In comparison, fluoroquinolones
seem to be consistently able to deal with the infection®.

CONCLUSION

Hirudotherapy can successfully be used in patients in cases
where venostasis occurs in free or pedicled flaps and a surgical
revision is either impossible or it cannot provide adequate res-
toration of circulation. Despite ambiguous recommendations
in the available literature, it is possible to consider procedures
concerning indications, dosage, application frequency and the
adequate antibiotic treatment. The clinical and the instrumen-
tal monitoring and the related adjustments of leech dosage all
play a fundamental role in the success of hirudotherapy. The
anticoagulant and decongestive effect of this method in treat-
ment of distal perfusion insufficiency in local or pedicled flaps
is very well known, but this article also points out the options
of a successful use of this treatment method in free or pedicled
flaps in the intraoral location as well.
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SUMMARY

The field of tissue engineering applies prin-
ciples of engineering and life sciences for
the development of functional biologic
substitutes. The increasing need of tissue
for challenging reconstructive surgeries
places plastic surgeons’ involvement as
vital in the research and development of
engineered constructs and subsequent use.
This narrative review aims to summarize
tissue engineering principles, to update

on its current uses and breakthroughs,
to approach its current limitations and
possible future directions for this exciting
new field of medicine.

This revision addressed tissue engineering
utilisation in skin lesions, craniocervical de-
fects, musculoskeletal defects, peripheral
nerves lesions, vascular tissue defects and
adipose tissue uses.

Research in tissue engineering is increasing
exponentially, however, and although there
are already several engineered constructs

available, its widespread clinical applica-
tion is still a hope. More long-term studies
that answer outstanding issues are needed
in order for that to become reality.

KEYWORDS
Tissue engineering; bioengineering; plas-

tic surgery; reconstructive surgery; stem
cells; regeneration

INTRODUCTION

Tissue engineering (TE) was firstly defined as “the ap-
plication of the principles and methods of engineering and
the life sciences towards the fundamental understanding of
structure-function relationships in normal and pathologic
mammalian tissues and the development of biologic sub-
stitutes that restore, maintain, or improve tissue function”
12 This relies on interdisciplinary collaboration between cell
biologists, material engineers, biotechnologists, various
medical specialties and industry manufacturers®.

TE and Plastic surgery share the common goal of restor-
ing structure and function®. TE has the potential to reduce
morbidity of the current approaches by eradicating donor site
lesions, reducing hospital stay and the associated risks and
costs®, Classic TE approaches encompass three components for
regeneration: cells to form a matrix, a scaffold for transplanta-
tion and temporary support, and environmental factors>**,

Possible cell sources include embryonic stem cells, adult
stem cells and differentiated cells*>%#°, Embryonic stem
cells are totipotent; however, they are difficult to obtain
and raise ethical objections and concerns of tumorigenic-
ity®. Mesenchymal stem cells (MSC) can be pluripotent or
multipotent, they can be tissue derived, are available in large
quantities and are increasingly recognized as the preferable
cell source*®. Induced pluripotent stem cells discovered by
Takahashi and Yamanaka' made possible the use of somatic
cells in tissue engineering by reversing their differentia-
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tion state into pluripotent cells, but their use is still at its
infancy?*#®°.

Scaffolds are designed to guide and support cells, allowing
a physiologic three-dimensional proliferation and differen-
tiation®”. They can be biological or synthetic, depending on
the fabrication materials. Furthermore, they can be solid,
which requires surgical implantation, or can exhibit gel
form, which -when injected - acquire the appropriated form
of the defect in situ?°.

Environmental factors consist of bioactive molecules (growth
factors and cytokines), oxygen tension and mechanical or
electrical stimulation, that alter cell’s response, improving
wound healing and regeneration?®57.%,

This review will present an overview of published lit-
erature regarding tissue engineering in plastic surgery in
clinical and pre-clinical studies, its current cells’ sources
and applications, its disadvantages and future perspectives.

The aim of this work is to create awareness regarding one
of the medicine’s greatest evolutions and the importance
of implementation into practice of these new methods in
reconstructive and aesthetic plastic surgery.

USES OF TISSUE ENGINEERING IN PLASTIC
AND RECONSTRUCTIVE SURGERY

Tissue engineering is the promising alternative to the
current plastic and reconstructive surgery approaches and
has yielded small successes so far.
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Figure 1. Potential strategies for tissue-specific engineering. (Above) Skin: seeding
of epidermal stem cells and mesenchymal stem cells (MSC) onto epidermal and
dermal scaffolds, respectively, with tissue-inducing factors to fabricate composite
skin grafts for chronic wounds, burn injury, and skin diseases. (Second row)

Fat: aspirated adipose-derived stem cells (ADSC) and fat transfer specimens
incorporated into custom-shaped scaffolds with vascularization factors to
engineer fat grafts for soft-tissue reconstruction. (Third row) Muscle: myoblasts
and endothelial cells seeded onto flexible scaffolds in microelectrical/mechanical
bioreactor systems to generate functionalized muscle grafts for myopathies,
traumatic injury, and post-cancer ablation reconstruction. (Fourth row) Cartilage:
mesenchymal stem cells and perichondrocytes seeded onto hydrogel scaffolds
with chondrogenic factors to fabricate moldable and injectable cartilage for
craniofacial and skeletal reconstruction. (Below) Bone: mesenchymal stem cells/
adipose-derived stem cells seeded onto rigid preformed scaffolds with mineralized
substrates and osteogenic factors to engineer bone grafts for cancer, trauma, and
congenital reconstruction. Image from “Tissue engineering in Plastic Surgery: A

great results, but as a growth factor, its ap-
plication caries risk of malignancy?®.

Adipose tissue is a popular source of stem
cells for wound healing*. The paracrine
effect of adipose-derived stem cells (ADSC)
stimulates the secretion of cytokines with
anti-inflammatory properties and induces
skin neovascularization. Furthermore, they
recruit endogenous stem cells and have se-
cretory effects over dermal fibroblasts and
keratinocytes>, ADSC suspension in sa-
line and platelet rich plasma (PRP) injected
showed to be particularly successful in cases
with small areas of skin necrosis after hyalu-
ronic acid filler injection'®%, In Korea, thisis
widely used over hyaluronidase, and is very
effective in the relief of local ischemia and
painls,zo.

Autologous ADSC administered by re-
peated hypoinvasive computer-assisted in-
jections showed systematic improvement or
remission in all 20 patients treated for chronic
ulcers caused by radiotherapyV.

Immersion of scaffolds in an ADSC cell sus-
pension has been used for the treatment of
recurrent or chronic cutaneous lesions, such
as diabetic or chronic radiation ulcers®. As
an example, Terudermis is used as an artificial
dermis that must be sutured to adjacent skin
as a protective surface. This approach may be
an option for small traumatic defects or skin
cancers to avoid the use of local flaps?.

Cell sheet engineering, is a promising alter-
native that consists in a scaffold-free tissue-
engineered product obtained through the

Review” used with author’s permission®

Below, a brief outline of the various current and potential
therapeutic applications of tissue engineering, the multiple
tissue sources and their uses (Figure 1), are presented.

SKIN DEFECTS

The traditional autologous and allogeneic epidermal
sheets have been proven successful in wound repair.
However, they are limited in treating extensive wounds
and fail to prevent wound contraction®.

There are multiple bioengineered products used in skin
defects (Table 1). These derivatives, besides their indications,
vary in administration, preservation, shelf life (acellular
derivatives have longer shelf life, lasting years) and host
immune response (present with porcine or bovine deriva-
tives)> 1314,

Topical therapies have the ability to promote wound vas-
cularization promotion, reduce wound contraction and
induce keratinization®®. For example, recombinant human
granulocyte/macrophage colony-stimulating factor (GM-CSF)
topically applied had positive effects on venous and diabetic
ulcers of the lower limb*. Also, Regranex, recombinant hu-
man PDCF, decreases wound closure time and increases
complete wound healing®; this topical gel is used on diabetic
neuropathic ulcers and advanced stage pressure ulcers, with

culture of ADSC or human Kkeratinocytes,

dermal fibroblasts and dermal microvascular

endothelial cells on a thermoresponsive sur-
face or a standard cell culture surface®®. Studies conducted
on mice showed a short culture time period, great stabil-
ity, high cell survival, high cell residence time and a stable
neovascularization, which impacts on full-thickness skin
regeneration®,

The use of ADSC combined with Platelet-rich plasma (PRP)
potentiate adipogenesis and graft maintenance, especially in
association with insulin®. PRP is a small volume of plasma
concentrated with autologous human platelets and growth
factors, it is currently used in regenerative medicine due to
its capacity to stimulate tissue regeneration!¢-"-2,

PRP is indicated in a mixture with fat for chronic or
post-traumatic ulcers and loss of substance of the lower
limbs'e2, PRP used independently in a gel form or as an
injection demonstrated great results in chronic/non-healing
cutaneous ulcers, acute limb soft tissue wounds, trauma
wounds and to stop bleeding in surgical flaps!®-*%, Possible
associated risks include recurrence and growth of a pre-
existing tumour®.

As mentioned above, keratinocytes and fibroblasts are
used in several tissue-engineered constructs. These con-
structs have several indications as aforementioned, butitis
stillunclear when they should be indicated over a skin graft®.

Deformities associated with burn injury are frequently
treated by plastic surgery procedures. Their incidence is in-

2020, 62, No. 3-4  ACTA CHIRURGIAE PLASTICAE

103



ACTA CHIRURGIAE PLASTICAE

creasing and they can lead to deadly consequences like burn
shock and sepsis®?*. Currently, burn wounds’ treatment
is based on the removal of devitalized tissue and coverage
with an autologous split-thickness skin graft, but if the
burned surface area is large this technique loses its value?.
Temporary skin substitutes consist of biologically active
patches that provide protection from infection and trauma,
and provide pain control, while re-epithelialization occurs?.
For example, Integra Dermal Regeneration Template is commonly
used as a temporary approach in burn reconstruction, con-
sisting of a layer of collagen and glycosaminoglycan covered
by a semipermeable silicone®. Nowadays, as mentioned,
there are already several bioengineered permanent skin
substitutes in burn healing, including the FDA approved
substitute, for treatment of severely burned patients - Epicel
%1 Apligraf and Dermagraft need to undergo more clinical trials
to evaluate their potential in burn injuries’.

Scarring is incomplete healing that leaves some deforma-
tion and/or defect®®. Scars can affect negatively the appear-
ance, can engender psychological illness, low self-esteem
and isolation. ADSC therapy can be used to modulate scar
formation. These cells injected repeatedly into the scarred
tissue bed cause the scar to become soft, altering its remodel-
ling process, which may avoid secondary surgery®. Although
there is no scientific data published, ADSC-based cell therapy
is used for prevention of scaring in severe facial trauma®.
In clinical settings, if the healing process of an extensive
wound will predictively take more than 2 weeks, skin graft-
ing is advisable to minimize scarring®. There are two skin
substitutes constructs indicated for scar reconstruction:
SureDerm (acellular human cadaveric dermis) and Integra, used
in burn scar contractures and keloid scars reconstructions®.

Researchers believe that, by solving how to rapidly re-
vascularize grafts/substitutes, the acceleration of the wound
healing process will limit scar formation®. The goal for TE is
therefore the generation of prevascularized constructs able to
be transplantable with standard microsurgical anastomotic
techniques. Klar et al. %, for the first time, used adipose tis-
sue’s stromal vascular fraction (SVF) for assembling a capil-

Figure 2. Rete ridges-like structures identified in the
neoepidermis of mice treated with cell sheet engineered
constructs of human adipose stem cells, at day 21, after
immunohistochemical identification of keratin 14 (green). DAPI
(blue) was used as nuclear staining for the immunostaining. 20x
magnification. Image from “Human adipose stem cells cell sheet
constructs impact epidermal morphogenesis in full-thickness
excisional wounds” used with author’s permission'
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lary plexus, for anastomosis with the recipient’s circulation,
and transplanted it onto immune-deficient rats. This was
beneficial in achieving an increased graft dimension and
absence of shrinkage?.

In the lab: At the 3B’s Research Group, alternative meth-
odologies for wound healing are being explored. Innovative
scaffolds such as spongy-like hydrogels were shown to im-
prove healing outcomes in animal?-°, also by promoting
neovascularization. The same was verified using cell sheet
engineering, a scaffold-free strategy that uses sheets of cells,
being a completely biologic approach (Figure 2)2%,

ADIPOSE TISSUE

Adipose derived stem cells have similar differentiation
potential as bone marrow-derived MSC. They are easily har-
vested from lipoaspirates through enzymatic dissociation
(with e.g. collagenase) and isolation from the SVF+7:813.31,
ADSC can then be used as a cell suspension, mixed with
aspirated fat or seeded onto scaffolds®. Minonzio et al.*
demonstrates that these cells can be preserved frozen
without losing their ability to differentiate. This justifies
the existence of a new business of ADSC banking?®.

Fat grafting is a frequent procedure used for soft tissue
filling, but it has the disadvantage of significant absorp-
tion (40% to 80%) of the transplanted fat®3:32, Contour deform-
ities can cause both aesthetic and functional problems?.
Many permanent (e.g. silicone, polymethyl-methacrylate)
and temporary (e.g. HA, collagen) fillers are used, howev-
er, they often have poor results and complications*. ADSC
in combination with fat grafting are indicated for volume
restoration, because of their capacity to increase fat tissue
survival rates, promote higher connective tissue forma-
tion, decrease necrotic tissue and improve patient satisfac-
tion*»*, Bashir et al.?? was the first to report clinically the
use of ex vivo expanded ADSC-enriched fat graft for facial
lipodystrophy*:*:%, This combination use was also reported
in lower limb atrophy from critical limb ischemia®* and
chronic ulcers caused by radiation therapy-.

Fat grafts enriched with ADSC were also used for breast
augmentation, with cosmetic or cancer reconstruction pur-
poses®1317.3638  Their application resulted in breast’s cir-
cumference enlargement, with minimal absorption and
reduced complications*-*°, However, these cells secrete
proangiogenic growth factors, that may result in an in-
creased breast cancer’s metastatic risk¥. ADSC were found
to increase growth of active tumour cells but not resting
tumour cells®, while other study demonstrated that the
risk depended on the delivery methods*. In contrast,
there are also reports of a decrease in tumour growth and
metastasis index¥4,

Inoculation of Crohn’s disease fistulas external openings
with autologous ADSC was successful in 6 of 20 patientsina
pilot study'*. Since then, this technique was used to repair
tracheomediastinal fistulas caused by cancer ablation!¢-:4,

ADSC, due to their immunomodulatory and anti-in-
flammatory effects, were used in other autoimmune dis-
eases such as systemic lupus erythematosus, autoimmune
arthritis, rheumatoid arthritis and acute graft-versus-host
disease'. They also have applications for neural regenera-
tion in Parkinson’s and Alzheimer’s disease'®*?; hepatic
regeneration'®; and mixed with PRP for age-related macular
degeneration and corneal epithelium repair®6.v.19,



CRANIOCERVICAL DEFECTS

Head and neck structures control several senses, vital
functions, the swallowing process, communication, facial
animation and aesthetics®. Craniofacial defects can be
congenital (e.g. cleft lip, calvarial defects or Romberg syn-
drome) or acquired (e.g. trauma or oncological resection)*¥.
The functional, aesthetic and social effects resulting from
these anomalies can severally affect the patient’s quality-
of-life*%,

Soft tissue defects causing facial contour deformities require
soft tissue augmentation therapies that usually consist
of autologous fat grafting®. Case reports and prospective
studies showed that ADSC enriched fat is more beneficial
for facial contour deformities repair, reducing the need to
repeat the grafting**. This combination is indicated for loss
of substance on the face, volume loss in aging, hemifacial
microsomia, scleroderma, Parry-Romberg syndrome and in
facial skin necrosis'®®®, PRP therapies have shown benefits in
deep-plane rhytidectomy (for reducing tissue inflammation,
oedema and ecchymosis)**°, Romberg syndrome and facial
tissue atrophy type 1 and 2 554,

Cranial bone defects are extremely common in children®. In
craniofacial bone’s replacement higher porosity is essential
for vascularization, osteoblast proliferation and migration,
but this leads to lower mechanical properties*. For bone
replacement, it is thought to be essential to incorporate
mineral phases onto the scaffolds for osteoinductivity®e-,
Calvarial defects are usually treated with cranioplasty us-
ing autologous bone grafting, titanium mesh implants
or polymethylmethacrylate®. Several animal and human
studies showed promising results with the use of ADSC in
tissue engineered constructs for these defects® 16745 Case
reports demonstrate new bone formation using ADSC in
combination with an autologous cancellous bone from the
iliac crest and fibrin glue for calvarial traumatic defects,
without using exogenous growth factors”-%, The benefits of
ADSC use were also reported in mandibular, maxilla, frontal
sinus and nasal septum defects*.

Bone marrow-derived MSC were beneficial on the im-
provement of bone defects healing®® and have been used for
a functional neomandible creation®.

There is also a FDA approved product for alveolar ridge
augmentation, including in alveolar clefts, INFUSE bone
graft, that consists of a collagen sponge soaked with recom-
binant human BMP-2%,

Cartilagetissue engineering could provide adequate amounts
of tissue to overcome the cartilage donor site shortage and
morbidity*¥. Nasal lesions often occur after oncologic resec-
tion of skin cancers, this resection is usually very mutilating
requiring multiple local skin flaps¥. Injected gelatinous
chondroid matrix with chondrocytes harvested from the
auricular cartilage, was used for nasal augmentation, with
formation of hard neocartilage and satisfactory long-lasting
effects®. In other human trial, resected alar cartilage was
replaced with a tissue engineered mesh; however, the au-
thors were incapable of proving the cartilaginous and not
scar nature of the neotissue®,

One of the biggest challenges in plastic surgery is auricle
reconstruction, due to acquired or congenital deformities (e.g.
microtia and prominent ears) 4%, The current treatments
for these defects include an auricular shaped autologous rib
cartilage or artificial implants*##.6¢5, One human trial, in-

cluding 4 patients with microtia, showed, with great results,
the possibility of injecting cultured chondrocytes into the
subcutaneous pocket on the fascia of the lower abdomen to
form a neocartilage block that was surgically harvested and
carved into the shape of the auricle and implanted®. TE in
nasal and auricle reconstruction is far advanced in animal
studies, but still lacks human trials; there are high hopes
for cartilage culture methods of chondrocytes or pluripotent
stem cells on 3D scaffolds* #4765,

Tracheal defects can be life-threatening. The current syn-
thetic materials that have been used as tracheal substitutes
present a risk of granulation formation or stenosis, and al-
lografts imply the need for lifelong immunosuppression®.
There are several tissue- engineered substitutes, such as
decellularized tracheal allografts®#-¢.¢8 a rigid prosthetic
tube lined by a free radial forearm flap®®®°, a decellularized
tracheal autograft with bone marrow MSC and bronchial
stem cells®’°, and a tracheal allograft combined with a buccal
mucosal graft®®7, A case report of the use of a decellularized
tracheal autograft repopulated with recipient’s respiratory
epithelium and mesenchymal stromal cells on a 10-year-old
child showed that the graft was completely integrated, but
there was no proof of neocartilage formation and it didn’t
grow like the adjacent native trachea®”.

Thelaryngeal structures require a complex neural control
and integration into reflex movement patterns. Therefore,
tissue engineered laryngeal substitutes are still in a preclini-
cal stage, since vocal fold motion has not yet been achieved®.

MUSCULOSKELETAL TISSUES

The actual gold standards for bone defects are autologous
bone grafting and cadaveric/decellularized bone allografts®°.
These methods are limited by variable graft resorption’”,
risk of graft infection” and the potential of disease trans-
mission®”.

Bone TE has been applied for years, in simpler forms such
as corticotomy for osteoinduction®. Nowadays, the tissue
engineered methods include transplantation of in vitro cul-
tivated cells and guided tissue regeneration with bone mass
or artificial material*. Osteoblasts, MSC, embryonic and
skeletal muscle stem cells, all present osteogenic potential®.
Scaffolds with calcium phosphate, hydroxyapatite, silica and
collagen as the matrix are seen as necessary®.

The first reported tissue engineered bone repair was in
2001. Bone marrow MSC were used in 3 patients to treat
large bone defects, from the tibia, ulna and humerus’. The
INFUSE bone graft, used for alveolar clefts repair, can also
be used for open tibial shaft fractures®. A similar product,
OP-1 Implant, consisting of recombinant human BMP-2
with a bovine collagen carrier, was FDA approved for long
bones non-union refractory lesions®”>, MSC transplantations
improved hematopoietic stem cell engraftment for healing
critical sized bone defects and for children with osteogenesis
imperfecta-¢!,

The current treatments for articular cartilage injury are
essentially for symptoms’ control”®. Bone marrow MSC,
cultured in a collagen gel scaffold, are useful in TE for in-
tervertebral disk replacement, knee joint resurfacing and
digital-joint engineering®*7¢7. These cells were also used
to repair articular defects with intra-articular injections’.
These treatments showed efficiency in reducing pain and
improving walking ability®. Other treatment alternative
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is expanded autologous chondrocytes re-injected into the
defect””. With engineered cartilage, it is difficult to obtain
a secure healing of the cartilage to the underlying bone’ and
there is a danger of dedifferentiation of cells in chondrogenic
grafts into fibroblastoid cells®.

Tendon and muscle repair with tissue engineering tech-
niques is still at a pre-clinical phase, with promising re-
sults in animal trials®**. Bone marrow MSC and ADSC were
described in several studies as useful in increasing tendon
repair and tensile strength’. Recently was identified Growth
Differentiation Factor - 5 as possibly having a significant
role in tenogenic differentiation, but further studies are
needed®.

Engineering of skeletal muscle is challenging due to
its complex microelectrical and mechanical networks®.
Mechanical stimulation, electrical stimulation and vascular-
ization of constructs, with myoblasts or myogenic stem cells
in vitro, showed great potential for future approaches®?®,

PERIPHERAL NERVE DEFECTS

The current replacement options for peripheral nerve
defects include autologous, allogeneic and acellular nerve
grafts, that are limited by neuroma formation, immune
reaction and delayed regeneration, respectively®$, Schwann
cell transplantation showed capacity to enhance peripheral
nerve repair and are considered the most suitable cell type for
neural regeneration. However, there is considerable donor-
site morbidity, these cells have a slow proliferation rate and
cell transplantation alone is limited by suboptimal spatial
arrangement*®®, Bone marrow MSC and ADSC have also
shown success in enhancing neural regeneration by releasing
neurotrophic factors, in vitro and in animal models® 8384,

VASCULAR TISSUES

When vascular grafts are needed in reconstructive sur-
gery, the actual options are autologous vessels, which can
be useless due to a disease, or synthetic grafts, which are
prothrombotic®. The first bioengineered vessel was clini-
cally used in 1999, on a four-year-old girl, to repair a total
occlusion of the right intermediate pulmonary artery®.
The construct was created by seeding cells extracted from
the wall of a peripheral vessel into a biodegradable tube®.
L’Heureux et al.® created a vessel with cultured human vas-
cular smooth muscle cells without any synthetic material.
The vessel displayed similar strength to a human vessel and
demonstrated to be functional in vivo in animal models.
A clinical trial examined the use of these vessel grafts as
arteriovenous shunt in end-stage renal disease patients®.
Expanded findings from this study showed that the major-
ity of the patients enrolled had successful implantations®.

Niklason et al. ® reported a production of arbitrary
lengths of bovine vascular conducts from smooth muscle
and endothelial cells culture under pulsatile stimuli in vitro;
these constructs demonstrated contractile responses includ-
ing responses to pharmacological agents.

Smooth muscle cells (SMC) have limited proliferation
and cultural senescence®. One study attempted to derive
SMC from human hair follicle stem cells culture. These ex-
pressed similar markers to the SMC from human umbilical
artery and also showed contractile function®. This could be
a future reliable source of SMC for blood vessel engineering.
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MSCs were also used in vascularization strategies, show-
ing their potential to differentiate into endothelial cells, to
promote endothelial repair by secretion of paracrine factors
and prevent neointimal formation®.

Clinical testing on human bone marrow MSCs, ADSCs,
fetal stem cells, hematopoietic stem cells and others, showed
their vascularization benefits in myocardial post-ischemic
neovascularization, neovascularization in systemic sclero-
sis, myogenic regeneration and neovascularization in erec-
tile dysfunction, angiogenesis in nonrevascularizable limb
ischemia, wound neovascularization and cerebral injury
revascularization?®.

The cell sheet technique was used as a vascularization
strategy, without the use of extrinsic growth factors, with
capillary-like structures organization when under hypoxic
conditions®.

In the lab: To tackle the current limitations related with the
vascularization of constructs, the 3B’s Research Group proposed
the use of the Stromal Vascular Fraction of Adipose Tissue as a
vascularization tool®. Cell sheets of SVF were shown to restore
blood flux in a hind-limb ischemia mouse model*®®. SVF can
also be used in combination with scaffolds, allowing their pre-
vascularization without the use of growth factors (Figure 3).

CONCLUSION

The potential for tissue engineering is very big, however
there are problems still to solve. There is the challenge of
meeting the scientific needs while creating a durable and
functional tissue and, at the same time, facing the com-
plex regulatory processes until approval for human use’.
Researchers need to better understand the role, interactions
and fate of stem cells. Large constructs will still be limited
by poor blood supply until significantly improved tissue
engineering vascularization strategies arise. And the pos-
sible side effects (including malignancies) of growth factors

vSechny obrazky v tomto

¢lanku jsou velice nekvalitni

Figure 3. CD31 (green) and DAPI (blue) cell staining in a spongy-
like hydrogel seeded with SVF cells. Extensive prevascular
network formation is visible, in the absence of angiogenic growth
factors. 63x magnification. Unpublished results



recurrent use in tissue engineering is still unknown?#%1,
Besides these biological problems, there is an increase in
health care costs, regulatory restrictions and ethical con-
cerns, that contribute to the delay of tissue engineering
widespread application®.

To allow this integration of tissue engineered constructs
into clinical practice, there is the need for a multidisciplinary
team, a clear understanding of manufacturing workflow
and to understand the possibility/need of storage into spe-
cialized banks*#2,

Tissue engineering has the potential to revolutionize
clinical practice as we know it. Small successes so far were
achieved, especially in plastic and reconstructive surgery,
but there is still a great need for further investigations and
clinical trials before this becomes reality.
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SUMMARY

Extramammary vulvar Paget's disease is a
very rare presentation of this disease, with
few symptoms, whose initial complaint is
the appearance of a slow-growing erythe-
matous plaque in the anogenital region
associated with pruritus. The evolution
is chronic and the diagnosis is often late.
Surgical excision is the main treatment
and should be performed with wide mar-
gins, due to the high rate of local recu-

rrence. Reconstruction is often complex,
requiring the use of local or remote flaps.
This manuscript presents the case report
of a 65-year-old female patient, who had
been suffering from pruritus in the vulvar
region for 2 years and had a well-defi-
ned erythematous lesion, which showed
no improvement with topical treatments
and that was diagnosed as Paget's dise-
ase after biopsy. After surgical excision,
reconstruction was performed using bi-
lateral myofasciocutaneous flap of the

gracilis muscle, with excellent aesthetic
and functional results..

KEYWORDS

Extramammary Paget’s disease; surgery;
vulva; vulvectomy; cutaneous adenocar-
cinoma; Paget’s carcinoma

INTRODUCTION

Extramammary Paget’s disease is a rare tumor, often as-
sociated with multiple recurrences after extensive excisions.!
It usually affects elderly patients, developing commonly in
the anogenital region (vulva, penis, scrotum, perineum and
perianal region) and less commonly in the axillary region.!?

Paget’s disease was first described by Sir James Paget in
1874, who described 15 patients with eczematous periareolar
lesions, who later developed breast cancer.? The first descrip-
tion of extramammary Paget’s disease was made by Crocker
in 1889, who identified skin lesions histologically similar
to Paget’s disease, on the skin of the penis and scrotum.*

Vulvar reconstruction in Paget’s disease is usually a
challenge for the plastic surgeon, depending on the size
and stage of the lesion, which can compromise the vulva
both unilaterally and bilaterally, and can also compromise
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the vaginal or anorectal mucosa. Local or regional flaps
are generally used for vulvar reconstruction, ranging from
random to axial, both fasciocutaneous and myocutaneous.®
The ideal flap should (1) bring a good amount of well vas-
cularized tissue with similar thickness to the defect, (2) with
minimal morbidity to the donor areas, (3) without tension
on the edges, (4) that is able to reestablish the functionally,
(5) minimizing damage in gait and in the sitting position,
(6) providing a good aesthetic result, (7) with sensitivity if
possible, and (8) requiring only one surgical time.¢

CASE REPORT

65-year-old female patient, hysterectomized for 38 years,
with a family history of breast cancer and gastric neopla-
sia, complaining of 2-year history of pruritus in the vulvar
region, without improvement with topical treatments,



Figure 1. Preoperative appearance of the lesion

Figure 3. Aspect of the defect after excision and flap marking

Figure 5. Identification of the flap feeding pedicle

presenting to the physical examination with an erythema-
tous macula, slightly scaly, without erosion (Figure 1). After
biopsy at the site, the presence of Paget cells was confirmed.
It was initially treated with topical imiquimod, with a 20%
reduction in the size of the lesion. No radiation therapy was
performed at the site. Subsequently, she underwent total
vulvectomy without lymphadenectomy by the gynecology
team, according to the preoperative marking (Figures 2 and
3). For reconstruction, the fasciocutaneous V-Y flap of the
medial region of the bilateral thigh was chosen, but after
trying to advance the flap towards the defect, it was noted
that it would arrive with difficulty, under tension, and its

Figure 4. Attempt to advance the flap towards the defect

vascularization could be compromised (Figure 4). It was then
decided to reconstruct the defect with a fascio-myocutaneous
flap of the bilateral gracilis muscle, with perfusion being
guaranteed through the branches of the medial circumflex
arteries of the thigh (Figure 5). Then, the branches of the
obturator nerve to the gracilis muscle were separated. At
the end of the procedure, two continuous suction drains
were placed below the flaps, bilaterally exiting through the
inguinal crease. It was recommended, after the surgery, to
use low molecular weight heparin (LMWH) subcutaneously,
40 mg daily for 10 days, in addition to antibiotic prophylaxis
with ciprofloxacin 500 mg twice daily for 7 days. Gait was
restricted for 1 week, but the patient could sit normally.
After 1 week, the drains were removed and the patient was
able to walk a few steps.

The patient returned again to the outpatient clinic, wi-
thin 30 days, walking, without any functional deficit and
a good aesthetic result was achieved, with adequate defect
coverage, as seen both in the immediate postoperative period
and 30 days after the surgery (Figure 6). She continued her
follow-up with the team of gynecologists.

DISCUSSION

The lesions of extramammary Paget’s disease usually
appear as erythema plaques or spots that can later become
erosive and infiltrative.?’ These tumors can present clinically
in two ways, differing in prognosis. A primary form, as in
the presented case, represented by an in situ epithelial car-
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Figure 6. Immediate postoperative and after 30 days.

cinoma, usually originated from the proliferation of cells of
the apocrine glands, such as the cells called Paget cells, and
which has an excellent prognosis after extensive excision.
The secondary form is usually represented by a primary,
invasive cutaneous adenocarcinoma, underlying an injury,
occurring synchronously, leading to a worse prognosis and
having a greater variety of immunological markers.®%° There
is an association with extravulvar adenocarcinoma in 30%
of cases . Cytokeratin 7 (CK7) is a Paget cell marker that
has high sensitivity in detecting extramammary Paget’s
disease.! Other immunohistochemical marker numbers,
such as Her2, p53, Ki-67, cyclin D1, CK20 and p-FAK, are re-
commended for disease detection and differentiation from
primary and secondary forms.”*?* The identification of the
combined expression of high levels of Ki-67 and cyclin D1 is
significantly associated with invasive lesions.” The patient
in question had high levels of CK7 and p53; other markers
were negative. Three biomarkers have been shown to be
promissing, including serum cell-free (cf)DNA and a com-
bination of serum cytokeratin 19 fragment 21-1 (CYFRA) and
serum carcinoembryonic antigen (CEA), because they present
a significant increase in patients with evidence of distant
metastases, suggesting that they are useful as prognostic
markers for therapeutic response.¢V

The most common differential diagnoses of extra-
mammary Paget’s disease include contact eczema, sebor-
rheic dermatitis, psoriasis, ringworm and intertrigo.® It
should also be differentiated from squamous cell carcinoma
in situ, Pagetoid variant, which would be the vulvar equi-
valent of Bowen'’s disease.!®

Surgical excision is the treatment of choice, being ge-
nerally a complex procedure, involving extensive excisions
and requiring major reconstructions. Excision generally
requires safety margins of at least 2 cm", with a recurrence
rate that can vary from 8-50% .%% Other treatments have been
recommended such as radiotherapy, CO2 laser and topical
treatment with 5-fluoracil or imiquimod, however with re-
sults inferior to surgery.®Topical treatment with imiquimod
5% cream monotherapy or combined with 5-fluorouracil, can
be useful for non-invasive extramammary Paget’s disease,
but these chemotherapeutic agents can induce cytological
abnormalities in benign epithelial cells around the lesion
that simulate a recurrent malignancy.
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CONCLUSION

Extramammary Paget’s disease is a disease with a high
rate of recurrence when not resected with wide margins,
which generally leads to great mutilation, making the
reconstruction process difficult. Fortunately, this disease
comprise only 1% of neoplasms of the vulva. Vulvar recons-
truction with a myocutaneous flap of the gracilis muscle is
a safe procedure, and although fasciocutaneous flaps are
preferred in this type of reconstruction because they are
easier, have good versatility and result in less morbidity,
myocutaneous flaps may be necessary in the presence of
major defects or to ensure better vascularization.
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Professor Ladislav Barinka, M D, DSc

(July 1, 1927-July 28, 2020)

Professor Batinka passed away at his home, accompanied
by his wife Jarmila and other family members.

Professor Bafinka graduated from the Medical School of
Masaryk University in Brno in 1955 and started working in
the Plastic Surgery Institute (founded in 1949 in the building
of previously nationalized Navratil GYN Private Sanatorium,
Berkova 34) at the same year. He was board certified from gen-
eral surgery in 1958 and from plastic surgery under professor
Karfik in 1961. Professor Bafinka ‘s research focused on - at that
time - mysterious and difficult diseases like camptodactyly
(PhD thesis in 1966) or treatment of lymphedema (Dr.Sc. in
1979). Later, together with the radiologist Professor Benda, they
founded a Center for surgical treatment of lymphedema. This
included both diagnostic processes and surgical treatment. Still
today, we can meet patients after successful “radical operation”
of low extremity lymphedema performed by professor Bafinka.
The invention of “superdermatoma” allowed harvesting and
processing large split skin grafts used in primary or delayed
reconstructions. In the late 80s, professor Bafinka started his
attempts to treat lymphedema by microsurgical anastomoses
of lymphatic vessels into the veins using end-to-side L-V tech-
nique. This complex treatment of lymphedema was the only
and unique in the whole country.

Prof. Bafinka earned most of his international fame by
his innovative method of ear reconstruction using curved and
sutured frame from costal cartilage. Artistic thinking and ex-
tremely skilled hands (both in speed and elegant movements
to observe) allowed him to achieve better results than his con-
temporaries using older techniques. He operated more than 200
patients with congenital or acquired absence of the ear, unilat-
eral or bilateral. He wrote a book “Rekonstrukce boltce usniho
[Reconstruction of the auricle]” (1987, LF UJEP Brno), admirable
witness even for today’s generation of plastic surgeons who use
modern alloplastic materials. Professor Bafinka s reputation
on ear reconstruction was well recognized in Europe and we,
as young doctors, could benefit from numerous well-known
plastic surgeons, like the members of “Mortier de Club”, Prof.
Mazola from Milan, Prof. Rafael from Grenoble or Prof. Van der
Meulen from Rotterdam visiting and observing Prof. Bafinka
in surgery. Prof. Bafinka “s presentation on this topic during
the Centennial Symposium in Manhattan EET Hospital, New
York, in 1968 was highly appreciated by the audience. Dr. Blair
Rogers, one of the giants in ear reconstruction commented the
presentation by the following words: “Listening and seeing Dr.
Barinka “s results today is like living through a veritable epoch
in the history of advances in ear reconstruction”.

Although this happened back in 1968, the American Society
of Plastic Surgery honored Prof. Bafinka 24 years later by an
invitation to give Honorary Maliniac Lecture during the Annual
Meeting of ASPS in 1992. He became the first plastic surgeon
from former communist countries who was privileged to give
this lecture. Unfortunately, he was not able to travel to that
meeting and invitation was given to Prof. Fara one year later.

Prof. Bafinka significantly contributed to establishing
microsurgery as a new revolutionary technique in reconstruc-
tive procedures. He started enthusiastic attempts to replant
amputated parts and very soon understood that microsurgery
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needs new conditions for surgery and postoperative care. Nearly
semiprivately he and the team of his friends constructed a new
building - replantation and audiovisual centre in 1987. This
centre serves to microsurgery very well until today and was
actually the last new construction in Berkova 34 for the next
34 years till today.

Atage of 65, at time for retirement, Prof. Bafinka started a
private practice in Damascus where he founded a Department
of Plastic Surgery in Teshreen Hospital and later he established
a private clinic K.E.I. in Brno where he was operating till his
age of 85 years.

Thanks to his inventive spirit, everyday hard work, and
enthusiasm for plastic surgery, Prof. Bafinka s life was fruit-
ful in rare extent. His generosity and noble behaviour was
inspiring the students and young doctors for 57 years of his
active practice. His last academic publication was a majestic
800-page book “Plasticka a rekonstruk¢ni chirurgie” (2016)
collecting professor s whole life personal experience in the
field of plastic surgery.

Prof. Bafinka was awarded many times, among the most
important ones were state honours given by the president of
the Czechoslovak Socialist Republic - “Vyznamenani za vyni-
kajici praci” in 1981 and by the president of the Czech Republic
“Medaile za zasluhy” in 2012,

Professor Bafinka by his contribution to medical science has
the right to be called “The Legend of Plastic Surgery”.

Assoc. Prof. Lubos Drazan, MD., PhD,

St. Anne s University Hospital
Brno, Czech Republic
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DIFUZE INJEKTOVANE KOLAGENAZY
CLOSTRIDIUM HISTOLYTICUM
U DUPUYTRENOVY NEMOCI: STUDIE IN VIVO

Kanatani, T., Nagura, 1., Harada, Y., Lucchina, S.

Uvod. Pfi injektovani kolagendzy Clostridium
Histolyticum (CCH) jako nechirurgické 1é¢bé Dupuytrenovy
nemoci v dlani ruky by méla byt doporucena hloubka vpichu
»,2az3mm¢, Diftize CCH uvnitf mékkych tkani kolem pruhu
mize vysvétlit vyskyt béznych nezadoucich aéinkl uvadé-
nych v literatufe, jako jsou otoky, otoky v misté vpichu, kr-
vavy puchyt, ruptury kiiZe a bolest v koncetiné. Pfedpokladali
jsme, Ze injikovand CCH se nejen koncentruje uvnitf pruhu,
ale také rozptyluje jak podél pruhu, tak do sousednich tkani.
Tato studie zkoumala nasi hypotézu vizualnimi intraoperac-
nimi nalezy po injekci jodopovidonu (PI) do pruhu.

Materialy a metody. Jodopovidon (PI) byl injikovan do
pruhu Sesti pacientim s Dupuytrenovou kontrakturou (DC)
pred provedenim oteviené chirurgické techniky (Casteénd
fasciectomie). Vyznacili jsme tfi hypotetické injekce kolage-
nazy Clostridium Histolyticum (CCH) ve 2mm intervalech
na kiizi nad pruhem kolem metakarpofalangeilniho kloubu
(MP) a hloubka injekce (vzdilenost od povrchu kiiZe ke stfe-
du pruhu) byla méfena ultrasonografii (US). Po davkovani
0,25 ml PI do tfi bodd v méfenych hloubkach jsme provedli
peclivou disekci a zkoumali jsme rozsah difiize PI vizudlné.

Vysledek. Primérna hloubka injekce byla 2,6 mm. Ve
vSech piipadech byl pruhu homogenné obarven z injikova-
nych mist asi 10 mm ve svém rozsahu centralné a doslo k in-
filtraci PI do subkutannich struktur a do okolni tukové tkané.
Ve tfech piipadech doslo k diftizi kolem neurovaskuldrnich
svazkil a ve dvou ptipadech k infiltraci struktur pod pruhem.

Zavér. Tato studie simulovala pravdépodobné diftzni
roz§ifeni injektované CCH kolem pruhu. To znameni, Ze
i kdyzZ je CCH vstfikovana do stfedu pruhu, nekoncentruje
se jen uvnitf pruhu, ale také se rozptyluje podél pruhu a in-
filtruje do sousednich tkani s potencidlem sekundarniho
poskozeni.

OPTIMALNI HLOUBKA PRO APLIKOVANI
INJEKCE KOLAGENAZY CLOSTRIDIUM
HISTOLYTICUM URCENA SONOGRAFII PRI
LECBE DUPUYTRENOVY KONTRAKTURY
Nagura 1., Kanatani T., Harada Y., Inui A., Mifune Y., Kuroda R.,
LucchinaS.

Uvod. Pii injekci kolagendzy Clostridium Histolyticum
jako nechirurgické 1é¢bé Dupuytrenovy kontraktury v dlani
je doporucena hloubka vpichu ,2 az 3 mm*. V literatufe je
vSak uvedeno jen malo diikazl podporujicich toto doporu-
Ceni. Cilem této studie bylo vyhodnotit optimalni hloubku
pro injekce kolagenazy Clostridium Histolyticum pro 1é¢bu
Dupuytrenovy kontraktury za pomoci ultrasonografie.

Materidly a metoda. Do studie bylo zafazeno 43 pacien-
tl. Bod vpichu kolagenazy jsme oznacili na kizi nad pruhem
pred aplikaci injekce. Pak jsme zméfili vzdilenost od kize

k prostfedku pruhu jako optimalni hloubku za pomoci ult-
razvukového zobrazeni v podélné ose.

Vysledky. Primérna vzdalenost od kiiZe ke stfedu pruhu
byla 2,4 mm. Dale, primérna vzdalenost od kiize k pruhu
byla 1,0 mm a primeérna §ifka pruhu byla 2,7 mm.

Zavér, Presnym méfenim jednotlivych pfipadd pomoci
ultrasonografie se nam podafilo potvrdit, Ze doporuceni
pro hloubku injekce, které poskytl dodavatel kolagenazy
Clostridium Histolyticum (2-3 mm), jsou v souladu s nasimi
nalezy. Nebyl vSak poskytnut zadny objektivni navod co se
tyCe variability individudlnich pacientdi, a proto navrhu-
jeme k zajisténi lepSich vysledkli pouzivat pfed vykonem
ultrasonografii.

FUNKCNl REKONSTRUKCE
MEKKOTKANOVYCH OROFAClALNlCH
DEFEKTU MIKROVASKULARNIM

LALOKEM MUSCULUS GRACILIS

Stebel A., Hockovd B., Abelovsky J., Storcelovd D., Poruban D.,
Slavik R.

Uvod. Rekonstrukéni mikrovaskuldrni chirurgie s po-
uzitim volnych lalokdl umoziiuje estetickou a funkéni re-
habilitaci stfednich a rozsahlych mékkotkariovych defekti
orofacialni oblasti. Mikrovaskularni lalokova chirurgie s mi-
rou ispésnosti vice nez 90-98 % je zlatym standardem rozsah-
lejSich rekonstrukénich operaci hlavy a krku. Rekonstrukéni
chirurgie je v soucasnosti zaméfena nejen na uzavér defektu
a pfiméfeny esteticky efekt, ale stejny diraz se klade i na
funkéni vysledek. Funkéni rekonstrukce po resekci jazyka ¢i
rtu znamena uzaver defektu s moznosti obnoveni pohybu.
Volny lalok z gracilniho svalu (musculus gracilis) je jedna
z moznosti funk¢ni rekonstrukce jazyka a rti.

Metoda, Price prezentuje ro¢ni zkusenost s péti funkcni-
mi rekonstrukcemi stfednich a velkych defektti jazyka a de-
fektu dolniho rtu pomoci volného laloku musculus gracilis.
Ctyfi pacienti po resekci jazyka a jeden po subtotdlni resekci
dolniho rtu a ¢asti tvate podstoupili okamzitou funkcni re-
konstrukci volnym lalokem musculus gracilis.

VysledKky. U vSech péti pacientti byly opera¢ni ablativni
defekty primarneé rekonstruované pomoci funkéniho laloku
musculus gracilis, bez ztraty laloku. Odbér laloku musculus
gracilis povazujeme za technicky nenaro¢ny, pficemz lalok
poskytuje dostatecny tkanovy objem na uzavér stfednich oro-
facidlnich defektd. Soucasné je mozny odbér laloku s koZnim
ostrovem a naslednym jednoduchym uzavérem odbérového
mista primdrni suturou s nizkou morbiditou.

Pacienti po rekonstrukci jazyka mikrovaskularnim lalo-
kem musculus gracilis byli pfed propusténim domd schopni
polykat kaSovitou stravu. Pacient po totalni resekci dolniho
rtu a rekonstrukci mikrovaskuldrnim lalokem musculus gra-
cilis byl schopen pfed propusténim dom pfijimat potravu
perordlné, ale i zaviit ista. Funkéni vysledek ve skupiné péti
pacientl po rekonstrukci orofacidlniho defektu mikrovas-
kularnim lalokem musculus gracilis bude tfeba zhodnotit
opakované v prubéhu dvou let po operaci, a to vyhodnocenim
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schopnosti polykat a artikulovat po rekonstrukci jazyka
a hodnocenim uzavéru dutiny dstni a mimiky obliceje po
rekonstrukci rtu.

Zavér. Rekonstrukce pomoci volného laloku musculus
gracilis oproti ¢inskému laloku z pfedlokti umozriuje funké¢-
ni rekonstrukci mékkotkanovych defektd. Funkéni rekon-
strukce defektil po resekci jazyka ¢i rtu lalokem musculus
gracilis garantuje dostate¢ny objem tkané, velmi nizkou
morbiditu odbérového mista a moznost obnoveni pohybli-
vosti ve stovnani s pouzitim jinych mikrovaskularnich lalo-
ki1, jako jsou anterolateralni stehenni lalok, perforatorovy
lalok a. circumflexa ilium superficialis, lateralni paznilalok
nebo perforatorovy lalok dolni hluboké epigastrické artérie.

DERMALNI NAHRADA MATRIDERM'
- PRVNI ZKUSENOSTI NA KLINICE
POPALENINOVE MEDICINY 3. LF UK A FNKV

Zajicek R., Suca H., Grossovd 1., Fetissov V., Paftuga I.

Uvod. Vyslednd kvalita jizevnaté tkané hraje daleZitou
roli v ndvratu pacientli do normalniho Zivota a spole¢nosti.
Pouzivani umélych koznich ndhrad v klinické praxi zlepsuje
funkéni i kosmetické vysledky nejen u popalenych pacientd.

Material a metody. Kolagen-elastinova dermalni ndhra-
da Matriderm® umoznuje okamzitou aplikaci spolu s koZnim
Stépem. Autofi prezentuji na souboru 10 pacientli prvni
zkuSenosti s pouzitim dermalni ndhrady Matridem® v 1écbé
koZnich ztrat riizné etiologie.

Vysledky. Primérna doba hojeni v soboru byla 19,6
dne, hojeni probihalo bez zavaznych infekénich komplikaci
s dobrym kosmetickym a funkénim vysledkem.

Zavér, Matriderm® pfedstavuje alternativni variantu
dosud nejcastéji pouzivané dermalni nahrady Integra® v 1é¢-
bé akutnich koZnich ztrat riizné etiologie i v rekonstrukéni
chirurgii.

KQMPLEXNI' REKONSJ’RU'KCE OBI.ICE_JE’NA
ZAKLADE 3D MODE_LU: PRIPADY S UZITIM
PRELAMINACE A PREHLED LITERATURY
Frias F., Horta R.

3D modely umoznily obrovsky pokrok v rekonstrukéni
chirurgii.

Byl proveden priizkum literatury s cilem zjistit soucas-
nou pouzitelnost 3D modelovani kombinovaného s volnymi
laloky, které volné laloky se v téchto pfipadech nejcastéji
pouzivaji a bylo-li jiZ popsano pouziti 3D modelovani u pre-
laminovanych volnych lalokd. Byli také vybrani dva pacienti
s vyraznym defektem obliceje, ktefi podstoupili opera¢ni
vykony zahrnujici 3D modelovani a prelaminaéni techniky.

3D modelovani se nejcastéji pouziva pfi korekci mandibu-
larnich defektd volnymi fibuldrnimi laloky. Zadny literarni
odkaz nevzpomind kombinované pouziti 3D modelovani
a prelaminace, ale zde bylo demonstrovano pouziti téchto
dvou technik spole¢né. Byly ziskany dva custome-made
a trojrozmérné prelaminované volné laloky, diky kterym dva
vybrani pacienti dosdhli vyznamného estetického a morfo-
logického zlepSeni.
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Nejsou-li k dispozici zadné mistni Stépy nebo laloky a je
zamyslena trojrozmérna rekonstrukce obliceje, je tfeba zvazit
vyuziti prelaminacni techniky. SloZitost rekonstrukce mize
byt usnadnéna pouZzitim 3D modelil, které umoznuji ziskat
personalizovany lalok pfi zkraceni opera¢niho ¢asu.

Prelaminace dohromady s 3D modelovanim muiZe byt
vykonnym nastrojem pro korekci slozitych deformit obliceje.

HIRUDOTERAPIE V REKONSTRUKCNI
CHIRURGII: KAZUISTIKY A REVIEW
Heinz P., Tvrdy P., Pink R., Dvofdk Z., Michl P.;

Pijavka 1ékatska (Hirudo medicinalis, Hirudo verbana) se v me-
diciné pouzivana k 1éc¢bé riznych onemocnéni tisice let.
Popularita jejtho pouZiti se ménila v prubéhu déjin a zacat-
kem 19. stoleti v Evropé dosahla vrcholu. V moderni mediciné
vyuzili a popsali aplikaci pijavek poprvé u laloku s venézni
kongesci v roce 1960 Deganc a Zdravic. V soucasnosti, zvlasté
v oblasti rekonstrukéni chirurgie, dochazi k urcité rene-
sanci hirudoterapie. Obecné je indikovano pouziti pijavek
v prubéhu Kkritického poopera¢niho obdobi, kdy dochazi
k ustaleni mikrocirkulace a vény nejsou schopny dostatec-
né odvadét pritok arteridlni krve, coz mliZe vést k stagnaci
obéhu v tkanich na vSech arovnich, klinicky se projevujici
jako zména barvy a turgoru laloku. Neni-li tato komplikace
vCas rozpozndna a adekvatné 1é¢ena, mize dojit k nekréze
tkané. Medicindlni pijavky lze pouzit pfi poruchach venézni
drenaze po replantaci prstii, usnich boltcti, rtu a ¢asti nosu.
V rekonstrukéni chirurgii hlavy a krku existuje fada studii
potvrzujicich Gspésnost hirudoterapie pti evakuaci hemato-
mu nebo feSeni komplikaci po replantaci skalpu a pfenosech
volnych a stopkovanych lalokd. Terapie pfikladanim pijavek
mizZe byt indikovana i jako soucast nechirurgickych metod
zlepSujicich kondici venézniho fecisté.

TKANOVE INZENYRSTVi V PLASTICKE
CHIRURGII - CO SE PODARILO
Ribeiro J., Pirraco R. P., Horta R.

V oblasti tkanového inZenyrstvi se pfi vyvoji funkc-
nich biologickych nahrad uplatiiuji principy inZenyrstvi
a biologickych véd. Rostouci potfeba tkané pro narocné
rekonstrukéni operace zapojuje plastické chirurgy do Zivota
a vyzkumu inZenyrskych konstrukei a do jejich nasledného
pouziti.

Cilem tohoto narativniho pfehledu je shrnout principy
tkanového inzenyrstvi, aktualizovat jeho soucasné pouziti
a jeho priilomy, pochopit sou¢asnd omezeni a mozné budouci
sméry pro tuto vzrusujici oblast 1é¢by.

Tento pfehled se zaméfil na pouziti tkaniového inzenyr-
stvi u koznich 1ézi, kraniocervikalnich defekt{i, muskulos-
keletdlnich defektii, 1ézi perifernich nervii, vaskularnich
tkani a tukové tkané.

Vyzkum v tkaniovém inZenyrstvi véak roste exponencial-
né, a ackoli jiz existuje nékolik vystupl vytvofenych s jeho
pomoci, roz§ifena klinicka aplikace se stdle teprve o¢ekava.
K tomu, aby se to stalo skutecnosti, je zapotiebi dlouhodo-
béjsich studii, které by zodpovédély nevyfeSené problémy.



EXTRAMAMARNj PAGETOVA
CHOROBA: ZPRAVA 9 REKONSTRUKCI
VULVY MYOKUTANNIM LALOKEM M.
GRACILIS PO UPLNE VULVEKTOMII
Simao T. S.

Extramamarni vulvarni Pagetova choroba je velmi vzac-
nou formou tohoto onemocnéni, s nékolika piiznaky, jejichz
pocatecnim projevem je vyskyt pomalu rostouciho erytema-
tézniho plaku v anogenitalni oblasti spojeného s pruritem.
Vyvoj onemocnéni je chronicky a diagnéza je stanovena

Casto pozdé. Chirurgicka excize je hlavni lécebnou metodou
a méla by byt provadéna se §irokym okrajem, vzhledem
k vysoké mife lokdlnich recidiv. Rekonstrukce je ¢asto slozita
a vyzaduje pouZziti mistnich nebo vzdalenych lalokii. Tento
text pfedstavuje piipad 65leté pacientky, kterd po dobu 2 let
trpéla svrbénim v oblasti vulvy, méla jasné ohranicenou ery-
tematézni 1ézi, kterd nevykazovala zadné zlepSeni pfi lokalni
16¢bé a ze které byla po biopsii potvrzena diagnéza Pagetovy
choroby. Po chirurgické excizi byla provedena rekonstruk-
ce pomoci oboustranného myofasciokutanniho laloku m.
gracilis s vynikajicim estetickym a funkénim vysledkem.
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