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PREFACE

Preface

The history of Microsurgery spans across most of the last century, with
vascular end-to-end or end-to-side anastomoses and autogenous vein grafts
introduced by Carrel, Guthrie and Eck between 1800 and 1900. It was the
introduction of the operating microscope that led to the revolution in mi-
crosurgery. Nylen introduced the idea of magnification using a surgical mi-
croscope for fine operative procedures in 1921, which was later adopted by
Jacobson and Suarez in 1960 for microvascular anastomoses of vessels with
a lumen diameter of 1mm. As microsurgical techniques were perfected, a
notable increase in success was seen with replantation surgery, artery and
nerve repairs.

In the 1970s, microsurgical composite tissue transfer became a reality,
with functioning free muscle transfers, vascularized bone grafts, toe-to-hand
transfers, and much more. Because of technological advances, as well as a
better understanding of the micro-anatomy, reconstructive microsurgery
has reached the stage, today, where anastomosis of vessels as small as 0.3mm
is feasible. This type of “Supermicrosurgery” is now applied for perforator
flaps, complex digital replantations, lymphatic anastomosis, etc. Among the
recent milestones in the history of microsurgery has been the advancement
of composite tissue allotransplantation. Today, microsurgical technique has
become an integral part of orthopaedics, hand surgery, plastic surgery, neu-
rosurgery, as well as most primary surgical disciplines.

The concept of skills, competency and expertise is widely embraced, but
poorly defined in surgery. The development of each surgeon’s microsur-
gical skills is an ongoing process of refining surgical technique based on
experience.

This manual is the compilation of experience from a wide number of au-
thors and expert microsurgeons who share technical tips, tricks and pearls of
a full gamut of microsurgical methods. These authors are considered mentors
in the field. The experience from renowned experts was commissioned from
virtually all countries across three continents, and covers a broad scope of
subjects, from basic to complex. The principles of evidence-based medicine
are reflected by the authors in each guide which describes “How to Do It”.
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The Technical Tips & Tricks presented, reflect the need of both young and
experienced surgeons to learn from the pearls of wisdom of experience. The
style of this manual is to provide information on the means of “how to em-
ploy these techniques” in a straightforward manner. The aim is to help sur-
geons handle the numerous hurdles they face during microsurgical practice.
The value of this type of constructive advice and technical tips and tricks is
truly great.

We are pleased to present you a collection of technical experience and
skills from across the European family of Microsurgeons on various evolving
areas in microsurgery. This pioneer effort is intended to be a dynamic effort
and will continue as an online instructional manual. As an online manu-
al, “Technical Tips & Tricks For Microsurgery How I Do It”, has the benefit
of continuous updating of material, addition of adjuvant information, and
much more. This will ensure its use as an expert, but practical guide for both
the novice and experienced microsurgeons.

Vi
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Yelena Akelina, DVM, MS

How | do the interpositional vein
graft using rat femoral vessels

Director, Microsurgery Training and Research Laboratory
Dept. of Orthopedic Surgery, Columbia University, NY, USA

Microsurgery is a very difficult and de-
manding surgical skill that requires a lot of
instruction and practice. There are many in-
structional courses in microsurgery around
the world and many different microsurgery in-
structors who lead these courses. All of them
have their own technical tips and tricks of the
trade that they share with their students to
help them acquire such skills with ease.

I would like to share my technical tips for
the completion of the interpositional vein
graft utilizing the rat femoral artery and two

autologous veins: the femoral and epigastric.

Quite often in clinical practice, especially
in trauma and reconstructive surgery, sur-
geons will be exposed to situations that re-
quire bridging a vascular gap with appropri-
ate grafting, and most of the time they will
use the autologous vein graft for such proce-
dures. Small caliber vein grafts are proven to
have much better patency rates and biocom-
patibility than any synthetic materials.

In this article I will take you step by step of
the exercise we teach how to perform the inter-
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positional vein graft for the femoral artery of
the rat. Although different veins can be used for
this exercise, we will use two autologous veins
from our rat model: the femoral and epigastric.

The femoral vein is slightly larger in di-
ameter than the femoral artery. This has two
implications: first, it is easier to work with
for beginners, and second, it creates a lumen
diameter discrepancy, which is a slight issue
that we teach how to overcome.

We also use the epigastric vein as it is more
similar in diameter to the femoral artery, which
omits the discrepancy issue; however, because
itis smaller than the femoral vein, the students
will need to finesse their skills even further.

We are going to create a defect in the fem-
oral artery and bridge it with the appropri-
ate length vein graft using only two single
clamps and a free flowing graft in the middle.

In real clinical OR situation, when sur-
geons work on larger size vessels and great-
er gaps, they need to have a double clamp
to approximate the artery and vein first on
the proximal anastomosis and then on the
distal.

We consider this to be an excellent techni-
cal exercise that teaches students not only to
perform the grafting procedure, but also to pay
attention to many small details that are essen-
tial for producing a patent graft. It also teaches
students to have a step-by-step surgical plan-
ning to avoid missing an important phases of
the procedure.

IVG using Femoral Vein

Dissection Steps:

1. Have a wide skin exposure and raise the fat
pad more laterally to have a wide-open field.
2. Dissect both the femoral artery and vein, li-
gating and coagulating any small branches

so that you have the greatest length of free
vessel possible to work with.

3. Clamp the artery as proximally and as distal-
ly as possible, making sure that both clamps
are laying down flat.

4. Excise the mid portion of the artery. If the
Murphy’s branch is on your transection line,
cut it out. If the artery retracts less than 5
mm, you can excise 1 mm of tissue from
both sides to create a defect approximately
5-10 mm in length.

5. Immediately after cutting, flush all the blood
out with heparinized saline and trim the ad-
ventitia from the edge to avoid thrombosis
formation. Insert the vasodilator forceps
into the arterial ends and gently separate the
tongs to slightly enlarge the lumen.

6. Using the small ruler, measure the length
of the gap between the edges of the artery
to determine the exact length of the graft
needed to cover that defect.

Preparing the Graft Steps:

When preparing the graft from the femo-
ral vein, there are a few points to remember:
1. The position of the Murphy’s branch

should be in the middle of the graft and

not on the suture line.

2. The distance between the ligatures should
be slightly longer (1-2 mm) than the
length of the graft.

3. Place marking stiches in the vein adven-
titia so that you can align the graft in the
proper orientation of the valves and blood
flow. This means that the graft will need
to be reversed when inserted into the ar-
tery such that the distal end of the vein is
sutured to the proximal end of the artery
(upstream to upstream). Leave one mark-
ing stitch longer to facilitate keeping track
of the proximal end.



. Ligate both ends of the vein, ensuring you

have at least 1 mm more length than the
artery defect on each end.

. Excise the distal end of the vein first, irri-

gate with heparinized saline, and trim the
adventitia before excising the other end,
as it is easier to flush and trim with one
end still attached.

. Excise the proximal end of the vein, and

take care not to lose the now free-floating
graft. It can easily be washed away; there-
fore, you should place it on the background
and keep an eye on it.

Suturing Steps for IVG:

1.

3.

Place the first stay suture at 12 o'clock
through the proximal end of the artery to
the distal end of the vein. With this stitch
in place, it is now easier to trim the adven-
titia from the other end of the vein.

. Then place the second stay suture at the

12 o'clock in the distal end of the artery
to the proximal end of the vein, using the
marking stitches to ensure proper align-
ment with no twisting of the vein.

Any diameter discrepancy can be overcome
by connecting the third and fourth stay
sutures at 6 oclock on both sides. Leave
some length on each stay suture to grasp
for easier manipulation of the vessels.

4. Again, make sure that the marking stitch-

es are aligned to ensure that there is no
twisting of the vein.

. Complete the anterior walls on both anas-

tomoses with 3 middle evenly spaced
stitches

. Finally, flip the clamps to complete the

posterior walls.

.Upon completion of both anastomoses,

examine the suture lines for any gaps and
put any extra sutures as needed.

Figure 1: Interpositional vein graft inside the arterial
defect

Figure 2: Completed interpositional
vein graft
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8. Release the distal clamp first and let the
retrograde flow open the lumen to show
any defects. Then open the proximal
clamp. Apply the fat pad for a few minutes
for hemostasis and check the patency dis-
tally from the distal anastomosis.

.If there is excessive bleeding, apply a cot-
ton-tipped applicator underneath the anas-
tomosis to partially occlude the vessel to
slow down the bleeding and use it as a stage
for repair. This technique only works for
small vessels and small defects. If there are
bigger vessels and greater bleeding you will
need to apply single clamps and heparinize
the graft. The repair has to be completed
quite fast to avoid thrombosis.

IVG using Epigastric Vein

To further develop your skills in grafting,
the same exercise can be performed with the

epigastric vein as a graft instead of the femo-

ral vein.

1

. Gentle dissection of the epigastric vein

from the epigastric artery is required, and
a few small branches may be cauterized
without ligation.

. The same technique of placing marking

stiches are used and the vein is carefully
measured and cut from one side only to ir-
rigate and then cut at the second end.

. The suturing techniques are the same as

those for the femoral vein, and since the di-
ameter of the epigastric vein is very similar
to that of the femoral artery, diameter dis-
crepancy should not play a significant role.

. Gentle handling and using high magnifica-

tion for every step are crucial while work-
ing with the epigastric vein.

We consider the interpositional vein graft
exercise to be an excellent training model for

future development of basic microsurgical

skills for our students.
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Complications after free transplantation

of tissue complexes on microvascular
anastomoses and their prophylaxis

Baytinger V.F, Selianinov K.V.

Scientific Research Institute of Microsurgery, Russian Federation, Tomsk

The complications in the form of ischemic
marginal and (or) total necrosis of a free
flap are violations of its capillary perfusion
against a technically correct or incorrectly
performed microsurgical suture. Violations
of capillary perfusion in free flaps occur in
5-13% of cases (Afridi N., 2000; C.Y. Pang,
P.C. Neligan, 2013), and the frequency of
necrosis of flaps according to publications
2012-2017. in 11.3% (P. Gir, 2012; A. T.
Laungani, 2017).

The causes of capillary hypoperfusion
(against the background of well-founded mi-
crovascular anastomoses) are:

1. Primary ischemia for more than 90 min-
utes, while a flap with a crossed vascular
pedicle is in preparation for inclusion in
the bloodstream;

2. Denervation of the vascular bed of the
transplant up to the arterioles (capillary
perfusion regulator):

» Loss of the main neurogenic component of
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Causes of complications

I
technical

inaccuracies in the
microvascular suture

hemoconcentration ——

o
*.

“~:‘ 5]
R ON

the basal tone of arterioles while maintain-
ing myogenic;

» Violation of the opening of arterioles due to
the lack of a neurogenic component of the
basal tonus in them and a break in the ways
of the cardiac synchronizing reflex;

3. Disturbance of suction function of dener-
vated venules, arteriolo-venular shunting,
interstitial swelling of flap tissues, devel-
opment of secondary ischemia;

4. Absence of lymphatic drainage.

Prevention of complications

1. When preparing the ends of the vessels
to perform the microvascular suture, it is
necessary to shift the periadvential tissue
by no more than 2 mm in the proximal di-
rection in order to minimize disturbances
in the regeneration of the vascular wall in
the anastomosis area.

2. Slow filling with blood of denervated ves-
sels of a free flap (systolic pressure not

I
pathophysiological

ischemia —

reperfusion
injury

more than 100 mm Hg), by including blood
flow not in the main vessels, but in their
branches ("end-to-end"), provided identi-
cal diameters of the cross-linked vessels.

. Normovolemic hemodilution with dextrans

(maintenance of adequate capillary blood
flow) and hydroxyethyl starch 130/0,4
("Volu-ven") (prevention of interstitial ede-
ma of the flap tissue) should be performed
10-15 minutes before the beginning of re-
perfusion of the flap in the recipient zone.

. Prohibition of the use of sympathomi-

metics during surgery for transplanting
loose (denervated) flaps (local infiltra-
tion anesthesia with adrenaline, prepa-
rations for increasing tissue perfusion)
due to increased sensitivity of denervat-
ed structures to adrenaline, norepineph-
rine.

. Prevention of the development of gener-

alized vasospasm by intra- and post-op-
erative warming of the external contour
of the patient to 37.5-38.0 °C (for 3 days)
and adequate analgesia.



Free Vascularized Fibula Graft for

Osteonecrosis of the Femoral Head.

How | Do It?

Alexandros Beris, MD

Professor of Orthopaedics, University of loannina

Ioannis Gkiatas

MD, Resident, Orthopaedic Department, University Hospital of loannina

Ioannis Kostas-Agnantis

MD, Consultant, Orthopaedic Department, University Hospital of loannina

Introduction

Osteonecrosis of the femoral head con-
sists a multifactorial disease. In young pa-
tients and in early stages of the disease, free
vascularized fibular graft is recommended
and might be a salvaging procedure. The pio-
neering work of Urbaniak in osteonecrosis of
the femoral head treated with free vascular-
ized fibular graft and the more than 2000 op-
eration he has performed and reported, have
shown its benefit [1, 2].

The widespread use of hip replacement
with the use of small incisions and very
early rehabilitation protocol have lessen the
need of free vascularized fibula graft for os-
teonecrosis of the hip. The free vascularized
fibular graft has also the disadvantage of
the need of two groups of experienced mi-
crosurgeons in order to be performed. We
still perform this demanding opearation in
young patients with Steinberg II stage of os-
teonecrosis and in combination with valgus
osteotomy as in treating osteonecrosis of
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the femoral head with nonunion of subcapi-
tal fracture of the hip.

Positioning of the Patient

The patient is placed in lateral decubitus po-
sition draping both the hip and the tibia. The
operation is performed by two teams of mi-
crosurgeons working simultaneously. The first
team is harvesting the fibular graft, whereas
the second one prepares the hip area for the
placement of the bone graft.

Fibula Harvesting

The harvesting technique of free vascular-
ized fibula graft was described by Gilbert [3]
and Urbaniak [4]. Through a lateral incision
the middle third of the fibula along with the
nutrient vessels is approached in the internal
between peroneal muscles and gastrocnemius.
These nutrient vessels of the graft are usually
placed 12cm underneath the head of the fibula.
The length of the fibula graft is calculated intra-
operatively. In the proximal part the surgeon
should have a clear view of all the three vascu-
lar pedicles (anterior tibial, posterior tibial and
peroneal), before proceeding to harvesting for
possible anatomic variations. Preparation of
the fibula follows taking care of the peroneal
vessels and the periosteal branches leaving a
short muscle cuff around fibula. The distal cut
should be approximately 10-12cm proximal of
the ankle joint in order to keep the joint stable.

Preparation of the Graft

After the harvesting of the fibula, the
graft needs to be prepared in order to be

placed in the femoral tunnel. The perioste-
um at the end of the fibula to be implanted
is everted (Figure 1), in order for the cam-
bium layer to be presented and as a result to
promote the osteointegration of the graft.
Moreover, the end of the fibular graft that
inserts into the femoral tunnel is roundly
shaped.

Preparation of the hip

Having the patient in the lateral decu-
bitus position, the affected hip is exposed
through a curved anterolateral incision.
An interval is created between tensor fas-
cia lata and gluteus maximus, followed by
dissection between the rectus femoris and
the vastus intermedius. The lateral aspect
of the proximal femur is exposed and the
transverse branch of the lateral circumflex
artery, with its two accompanying veins, is
dissected underneath the fascia of rectus
femoris and prepared for the anastomosis
with the peroneal vessel pedicle of the fibu-
la. A K-wire pin is inserted between the first
and the second third of the lateral cortex of
the proximal femur under fluoroscopic con-
trol and it is used as a guide. After that, a cy-
lindrical tunnel is created using progressive
reaming. The diameter of the reamed tun-
nel is approximately 16-17mm, whereas the
depth of the ream reaches approximately
the 4mm from the articular surface into the
subchondral bone. The necrotic bone is re-
moved with the help of an angled spoon and
cancellous bone is packed into the created
cavity. The femoral canal is transformed
from its first circular shape to a triangular
shape in order to accommodate the triangu-
lar fibular graft without compromising the
peroneal vessels.



Insertion of Fibular Graft-
Anastomosis

The free vascularized fibular graft is in-
serted into the reamed femoral canal under
fluoroscopic guidance. The graft is stabilized
with a titanium K-wire and accurate cutting
of the excess of the fibula is performed. After
that the vessels are prepared for the end-to
end microanastomoses. In some occasions,
both the artery and the vein can be hold with
a single vessel clamp. The microsutures are
placed in the anterior wall of both vessels
and after that, the clamp is reversed in order
to place sutures to the posterior wall of the
vessels.

Optimal graft placement
(The loannina Aiming Device)

The appropriate aiming in order for graft
to be placed in the center of the damage in
the femoral head is of high importance. In
the conventional technique, the insertion of
the graft is achieved under fluoroscopic guid-
ance. Nevertheless, even with the use of c-
arm the guidance of the drill and the graft
insertion can be more accurate. Trying to
achieve better accuracy concerning the fem-
oral tunnel, Beris and Soucacos published
in 2001 their research about the loannina
Aiming Device concerning a patient specific
method, which provides maximum accuracy
in the positioning of the fibular graft aim-
ing straight in the center of the necrotic area
into the femoral head [5].

Preoperatively a CT scan of the proximal
femur is needed starting from the major tro-
chanter to the articular surface of the femo-
ral head. Based on this examination a three-
dimensional model of the proximal femur is

3

created depicting also the necrotic area of
the femoral head. After that, with the help of
the image analysis, and the CAD-CAM tech-
nique the optimal canal is calculated. With
the help of a computer the loannina Aiming
Device is designed based on the lateral sur-
face of the trochanter including a small canal
for the guide wire, which is place according
to the computed tomography. These data can
be printed using a 3 dimensional printer.

Intraoperatively, the loannina Aiming De-
viceis used after the preparation of the recipi-
ent vessels in the hip area. The lateral surface
of the proximal femur is dissected carefully
so that the aiming device can be anchored
adequately. The periosteum is stripped care-
fully. The medial surface of the aiming device
fits exactly to the lateral surface of the proxi-
mal femur. The device is placed and the guid-
ing K-wire is inserted into the femoral head.

In comparison with the fluoroscopic guid-
ance for the femoral tunnel it was found
that the accuracy of the patients who were
operated with the use of the loannina Aim-
ing Device was 85% (Figure 2). On the other
hand, in the patients with fluoroscopic guid-
ance the accuracy was 55%. Additionally, the
operation time was decreased by 17 minutes
and the exposure to radiation was also de-
creased by 70%.

Postoperative care

Non-weight-bearing mobilisation starts
on the second postoperative day and con-
tinues for six weeks and then weight-bear-
ing increases gradually until full weight-
bearing at four to six months. Follow-up
clinical and radiographic examinations are
performed at three and six months, and
yearly thereafter [6].
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Figure 1: Free
vascularized fibular graft
with eversion of the
periosteum and round
shaping of the end

[ 5] laa] el

Figure 2: Free vascularized fibular graft used for osteonecrosis of both femoral heads. A: Preoperative
B: 9 months postoperative; C: 11 years postoperative
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The latest modern technologies and rapid
technical progress can provide successful limb
replacement, along with sensibility and func-
tional capabilities in arm amputees. Robotic
[1-3] and new bionic [4-11] limbs are an im-
portant issue and topic in the scientific and
orthopaedic communities. Modern bionic
prostheses, such as the MIT and John Hopkins
Defense Advanced Research Projects Agency
(DARPA) project, managed to restore near-nat-
ural motor and sensory capabilities to upper-
and lower-extremity amputees [12, 13].

Modern bionic limbs are controlled by
electric signals from the muscle and nerves
above the level of amputation. At present,
the limbs are classified in 3 main groups, ac-
cording to the type of the tissue interfaced:
1. Nerve transferring (targeted muscular reiner-

vation);
2. Direct muscle interfacing; and
3. Direct nerve interfacing.

In our clinical practice, we used the third
type of bionic limbs, with a direct interface
between nerves and electrodes. This paper
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should help you to avoid mistakes during the
implantation procedure and to produce a firm
nerve-electrode interface, stable implant and
good feedback from the patient [14].

The surgical approach for electrode im-
plantation to the targeted upper extremity
nerves is direct. The limb is placed on a table
in abduction and external rotation. Nerves
that are our focus are the median and ulnar
nerves because of their dominance in the
hand sensibility.

Skin incision and preparation between
muscles and other soft tissues must be gen-
tle to prevent unwanted scar formation and
fibrosis. Hemostasis must be meticulous to
diminish possible interference with elec-
tronic signals transport and to preclude pos-
sible edema and infection. Attention should
be paid to nerve preparation especially. It is
crucial to preserve the epineural sheet along
with its gentle vascular structure and to im-
plement a plan for electrode placement. Tar-
geted nerves are usually exposed along their
course for about 6-8 cm.

1. At the beginning, after we approach the
nerve, a subcutaneous tunnel is formed for
cable and connector placement. This is the
first thing we do after we perform nerve
isolation and preparation. If we do it after
electrode placement, there is a possibility
that the previously implanted electrodes
would be ripped from the nerve. The tun-
nel is formed and the cable with connector
is pulled out through a small skin incision,
proximally from the electrode placement,
but accessible for approach for clinical tri-
al purposes. After completing that part of
the procedure, we can proceed to electrode
placement.

2. Electrodes are placed with the help of a
straight needle and small filament (8-0 su-
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ture) (Figure 1). The needle is introduced
perpendicularly into the nerve through as
much fascicules as possible. We have to be
gentle and careful during this process be-
cause we don’t want to detach the needle
from the filament and the electrode.

3. Also during the procedure, due to a dis-
crepancy in size between the needle and
the electrode, it can sometimes be difficult
to pass the electrode through. We have to
move the needle and filament back and
forth a couple of times so the electrode
can safely find its path through the bun-
dles. We must avoid any use of a passer or
dilatators, because they can cause a large-
size hole to be formed, and the placed
electrode will not be in contact with nerve
tissue consequently. The electrode must
be snuggling the nerve, ensuring that the
connections are in contact with the fasci-
cules, so that the impulses could be trans-
ferred.

4. The electrode is secured to the epineural

sheet using a couple of 8-0 nylon sutures;
and needle and filament are removed. To
prevent any breakage, the fragile structure
of electrodes must always be kept in mind
during the implantation process.

5. After the electrodes are placed and fixed
to the nerve they are additionally secured
with sutures at the entrance point (the
place where the electrode enters the nerve-
transversal portion of , at the longitudinal
portion of electrode and at the place where
the longitudinal portion enters the cable.
(Figure 2) After that we slightly tighten
the cable so it does not move much during
muscle flexion in the forearm region and
we secure it with skin sutures in the form
of loop at the cable exit point.

6. Skin is sutured and bandages are applied.
Our experience with electrode placement



showed that the most important thing we
have to take care about is the fragility of elec-
trodes. They can be easily broken and pulled
out from the accompanying needle and fila-

w0
Figure 1: Electrode is introduced perpendicularly into
the nerve through as many fascicules as possible. It is
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ment. Careful manipulation is mandatory
and cable securing at different levels is a cru-
cial factor in the mechanical stability of the
whole system.

Figure 2: Electrode is secured with suture at different
points of the nerve to the epineural sheet.

attached to the straight needle and a suture.
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Introduction

Fingertip injuries are common hand in-
juries, both in children and adults, and may
involve the pulp with or without the distal
phalanx and the nail. The subsequent loss of
sensation after fingertip amputations has
greater consequences in children as the brain
is deprived all the necessary information for
the development of fine pinch activities.

According to Allen’s classification, four
types of amputations exist: at distal pulp (type

I), distal to the distal phalanx (type II), at nail
matrix (type III), and at the base of the distal
phalanx (type IV) (Allen MJ, 1980), [1] (Figure
1A, 2A, 3A). In all cases the coverage of the
fingertip defect with preservation of sensibil-
ity and without digital shortening is the main
goal of every reconstructive procedure.
Among the different types of flaps de-
scribed in the literature for the reconstruction
of amputated fingertips (Shepard et al., 1983;
Foucher et al., 1989; Lanzetta et al., 1995; Vari-
timidis et al., 2005; O’Brien B, 1968; Fitoussi et
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al,, 2004), [2, 3,4, 5, 6, 7] the homodigital neu-
rovascular island flap is adaptable to configura-
tion of defect and provides skin with excellent

perfusion and functional sensibility (Foucher
et al., 1989; Varitimidis et al., 2005) [3, 5].

Surgical technique

An Allen test for patency of the digital ar-
teries must be performed before the initia-
tion of the procedure. Apart from the injuries
to the neurovascular bundle(s), the avulsion
injuries and the severe contamination of the
injured digit are also contraindications for the
procedure.

The procedure is performed with the use of
magnifying loupes, under general anesthesia or
axillary block in case of adolescents. The tour-
niquet is applied to the humerus and is inflated
to 100 mm Hg above the systolic pressure.

The flap is designed just proximally to the
defect (Figure 2B) and extends palmarly to
mid-axis of the digit and dorsally to the nail
ridge, leaving intact the ridge and at least 1
mm of tissue. The dimensions of the flap are
analogous to the size of the defect and the lat-
eral side for the elevation of the flap (radial
or ulnar) is decided based on the shape of the
defect (obliquity) and on the injured digit (the
radial side of the index finger and the ulnar
side of the small finger should be respected
and flaps must be raised from the ulnar side
of the index and the radial side of the small
finger respectively). The size of the flap var-
ies according to the dimensions of the defect
and to the age of the child and ranges from
0.7X0.5 cm to 1.5X1 cm.

It is imperative to include the neurovas-
cular bundle in the flap. The microsurgical
dissection of the flap advances from distal
to proximal, by dissecting the skin, subcuta-
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neous tissue, and neurovascular bundle, en
block, from the underlying bone and tendon
sheath. The most delicate point is at the prox-
imal junction of the flap with the neurovas-
cular pedicle, where the pedicle must not be
cut while the skin and subcutaneous tissue is
elevated free.

The dissection of the neurovascular bun-
dle is then continued proximally through a
Bruner or semi-Bruner that extends to the
proximal phalanx base (Figures 1B, 2C, 3B). A
careful ligation of the small transverse vincu-
lar and articular branches, arising at IP joints
level or just distally, is imperative to prevent
hematoma formation. The pedicle must be
dissected with adequate subcutaneous tissue
(Figures 1B, 2C). This fatty tissue cuff protects
the bundle and includes micro-veins neces-
sary for flap drainage (Eaton RG, 1968) [8].

The island flap is then advanced distally to
the deficit. In case of tension to the neurovas-
cular pedicle, either the dissection of the ped-
icle must be extended proximally or the PIP
and DIP joints must be flexed. The advance-
ment ranges from 7 to 15 mm. The flap is then
sutured with 4/0 absorbable sutures (Figure
1C), while the neurovascular bundle is cov-
ered by the skin flaps of the Bruner incision.

Before suturing the skin flaps, the tour-
niquet must be released and the viability of
the flap must be observed. The duration of
the procedure, until the release of the tour-
niquet ranges from 20 to 40 minutes. In case
of problematic perfusion, tension to the flap
must be alleviated by cutting one or more of
the sutures stabilizing the flap to the defect.
In addition, the neurovascular bundle must
be inspected for potential twisting. Finally,
cautious hemostasis must be performed with
a fine bipolar cautery.

After suturing of the skin flaps with care
for the underlying neurovascular bundle, the



donor site is covered with a skin graft from
the hypothenar eminence or from the ulnar
surface of the wrist. In case of an avulsed nail,
this must be cleaned and re-inserted to the
nail bed and in case the nail is absent a replica
by must be temporarily inserted to protect
the contour of the nail bed.

Finally, paraffin gauzes are inserted be-
tween the two adjacent fingers and on the
donor site of the graft (hypothenar eminence
or ulnar wrist) and a steady bulky dressing
is applied to the hand. In case of very young
children, two layers of stockinette bandage
are applied around the hand and distal fingers
so as to protect the operated digit from chil-
dren’s curiosity. Usually, the young patients
remain hospitalized for 6-8 hours after the
procedure and are released the same day.

The dressing is changed weekly and is re-
moved 15-20 days postoperatively, depend-
ing on the age and co-operation of the young
patient. The child is encouraged to start using
his/her hand actively and to play with toys/
tablets that include the use of the operated
digit. The risk of flexion contracture is mini-
mal in children.

Discussion

In case of complex injuries of the fingers in
children, the choice of the most suitable flap
for the coverage of the growing fingers de-
pends on the size and location of the defect.
Proper treatment of the fingertip injuries is
very important to avoid a painful or dystro-
phic fingertip that will compromise the func-
tion of the whole growing hand. Improper
treatment may lead to fingertip insensitivity
and deformity, including a hook nail (Steven-
son TR, 1992) [9]. In case of fingertip ampu-
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tations in children, the preservation of a func-
tional length of the digit with adequate joint
motion and above all, the functional sensibil-
ity of the fingertip is imperative for the nor-
mal development of fine pinch activities in
children.

Knowledge of the microvascular anato-
my of the growing hand, consideration of
the very small diameter of digital arteries in
children, and familiarity with microsurgical
dissection are necessary for a successful out-
come. The dissection and distal transfer of the
homodigital island flap can be concluded in a
single procedure, however these flaps require
the transfer or sacrifice of one neurovascular
bundle of the donor finger. A meticulous dis-
section of the pedicle with a fatty tissue cuff
protecting the pedicle and providing drainage
is also a key-principle (Eaton RG, 1968) [8].

Among the different methods of treatment
of fingertip injuries, the revision amputation
further shortens the finger, the V-Y advance-
ment flaps (Shepard GH, 1983) [2] are only
indicated for limited defects, and the thenar
flap (Fitoussi et al., 2004) [7] has the draw-
backs of potential stiffness and insensitivity
leading to bypass of the insensitive finger.
The island neurovascular flaps (Foucher et
al., 1989; Varitimidis et al., 2005; Wang et al.,
2011; Feng et al., 2017) [3, 10, 11] can be ap-
plied in amputated fingertips and amputation
stumps and offer a well-padded fingertip (Fig-
ures 1D-E, 3C-D) with functional sensibility,
provided that a careful preoperative planning
and a meticulous microsurgical dissection is
performed. After reconstruction, the func-
tional sensibility and the painless fingertip
not only prevent by-passing of the injured fin-
ger but also provide to the brain all the neces-
sary information for the development of fine
activities of the growing hand.
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Figure 1

A. Allen Il amputation of right index in an 1 1-year old boy B. Ulnar-side homodigital island flap of the right index

C. Coverage of fingertip defect with D. Result 10 months post- E. Result 10 months post-

the homodigital flap operatively depicting the well- operatively depicting the absence
padded fingertip. of hooked nail.

Figure 2

il

A. Allen lll amputation of middle B. The flap is designed just C. The dissection of the neurovascular

finger in an 8-year old boy proximally to the defect bundle of the ulnar side is continued
proximally through a semi-Bruner
incision that extends to the base of the
proximal phalanx. A fatty tissue cuff
protects the bundle and includes the
micro-veins necessary for flap drainage.
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Figure 3

A. Multiple avulsion amputations of distal fingers, B. The middle and ring fingers are reconstructed with

including amputations of the middle and ring fingers at the osteosynthesis of the distal phalanx as a free graft

the DIP joint level, in a 12-month old girl. and the use of homodigital flaps from the radial side of
the fingers

C. Result 2 years post-operatively depicting the D. Result 2 years post-operatively depicting the
coverage of the amputation stumps function of the hand
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Introduction

The combined use of free abdominal and
inguinal lymph node flaps actually consti-
tutes the ideal reconstructive option for si-
multaneous breast and lymphedema recon-
struction [1-4]; however, when abdominal
flaps are not available, other options, i.e. la-
tissimus dorsi-based reconstructive meth-
ods should be considered

The association of the LD flap with au-
tologous lymph node (LN) transfer to treat

mastectomy patients suffering from breast
cancer related lymphedema (BCRL) has al-
ready been reported as a chimeric pedicled
flap [6].

Herein, we describe the technical tips on
using a pedicled extended fat-augmented
latissimus dorsi (FALD) flap associated with
free vascularized groin lymph node transfer
for simultaneous breast and arm lymphede-
ma reconstruction, which is -to our knowl-
edge- the first report of this combined pro-
cedure.
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Surgical Technique

Pre-operative markings include the design
of both the LD myocutaneous flap and the
inguinal lymph node flap. Using the pinch
technique, an oblique skin paddle is drawn
on the back, centered on the middle-lower
bra strap area; subsequently, the lymph node
flap is drawn over the selected groin site
according to the selected lymph node tech-
nique and based on the results of a pre-oper-
ative SPECT-CT investigation [7].

Surgery starts with the lymph node flap
dissection, the patient lying in a supine po-
sition with the lymphedematous upper arm
abducted at right angles to give adequate ax-
illary access. Two to four lymph nodes are in-
cluded in the lymph node flap which is based
on the superficial circumflex iliac or the su-
perficial inferior epigastric vessels. During
the lymph node flap harvesting, a second op-
erative team is preparing the lymph-tissue
flap recipient axillary area, with meticulous
release of axillary contractures and complete
scar excision, and followed by the dissection
of the recipient lateral thoracic vessels. The
LN flap is transplanted in the axillary area;
end-to-end arterial and venous microvascu-
lar anastomoses are performed for the revas-
cularization. Subsequently, the lymph tissue
flap is positioned and sutured to a well vas-
cularized and healthy axillary pocket (Fig-
ure 1), and covered by a thin colored plastic
sheet, its size being slightly larger from the
flap’s size, which is fixed with four sutures
to the surrounding tissues (Figure 2); with
this maneuver, the lymph node flap not only
is protected during the patients’ position
changes, but also its implantation site will be
easily identified during dissection of the LD
flap pedicle towards the axillary area.

Meanwhile and after the execution of the
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micro-anastomoses, fat harvesting is per-

formed, usually from the abdominal and hip

regions, using the tumescent technique
with 3mm cannulas for liposuction.

After having completed the lymph node
flap transfer, the axillary area is loosely
closed, and the patient is changed to a lateral
decubitus position for the LD flap dissection;
the flap is harvested in an extended fashion,
including the sub-fascial fat pads of the back.
Simultaneously, complementary liposuction
may be performed over the homolateral hip
and thigh, if more fat is needed to achieve
larger breast volume.

After having completed the elevation of
the flap, it is passed through a subcutaneous
tunnel to the breast area; the presence of the
plastic blue shows the area of the lymph node
flap insertion; great attention is required to
recognize it and avoid injury to both the flap
and the microvascular anastomoses.

During the closure of the back donor site,
the harvested fat tissue is prepared for injec-
tion using the washing-filtering technique.
Lipofilling is now carried out, injecting the
fat intramuscularly within the latissimus
muscle and subcutaneously within the skin
island of the flap, as well as the recipient tis-
sues, pectoralis major muscle and subcuta-
neous planes of the mastectomy skin flaps.
Before final positioning of the fat-augment-
ed LD flap, the plastic sheet which was used
to cover the lymph node flap is taken away,
suction drains are put in place and wounds
are primarily sutured.

Methods - Results

During the last four years, we performed
this method in seven post-mastectomy
women (mean age 33.1years, BMI 25.3) with



Stage I or II breast cancer related lymphede-
ma; in all cases, free abdominal flaps were
not indicated or not available. All patients
had preoperative upper and lower limb lym-
phoscintigraphy for lymphedema evaluation
and selection of the donor lymph nodes.
Mean operative time was 5.8 hours and
mean injected fat volume/session was 245ml
(range 170-350ml). At 12-month follow-up,
a reduced volume difference between arms
was recorded (average 51.7%). Regarding
lymphedema treatment outcomes, function-
al improvement and symptoms relief was
reported by all patients. Post-operative lym-
phoscintigraphy showed radiotracer uptake
by the transplanted nodes in three out of five
assessed patients.

Discussion

The use of latissimus dorsi-based breast
reconstruction has been reported to improve
upper limb breast cancer-related lymphede-
ma even without being associated to vascu-
larized lymph node transplantation [8, 9].
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However, a combined breast and lymphede-
ma flap reconstruction is well accepted to
provide better results regarding lymphede-
ma cure [10]. Although the use of a pedicled
chimeric LD flap with the lateral thoracic
lymph nodes has also been proposed [6], we
believe that the regional nodes may be seri-
ously affected by the previous traumas, i.e.
surgery or radiotherapy, and therefore, the
benefit of using them to treat ipsilateral
breast cancer-related lymphedema might be
controversial. On the other hand, accord-
ing to the combined technique that we de-
scribed, the free inguinal vascularized lymph
node flap may be safely combined with the
FALD flap and provide favorable results in
both breast and lymphedema reconstruc-
tion; besides, the viability and functional
status of the transplanted nodes have been
shown and well proved by a late postopera-
tive lymphoscintigraphy. In conclusion, this
procedure should be considered as an alter-
native surgical method for simultaneous
breast and lymphedema reconstruction,

especially when abdominal tissue transfer
is not an option.

Figure 1: The lymph node flap after transplantation and revascularization to the lateral thoracic vessels (a); fixation
of the flap to the axillary region with separate absorbable sutures (b).
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Figure 2: Coverage of the
lymph node flap with a blue
plastic sheet
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Introduction

Autologous vascularized lymph node
transfer (LNT) is a relatively new but well
adapted surgical treatment for lymphedema,
providing satisfactory results, especially in
patients with early stage or mild lymphede-
ma [1, 2].

Multiple donor sites have been described
for lymph node harvest; [3, 4, 5] author’s first
choice for upper limb lymphedema remains
the inguinal and for lower limb lymphedema

the lateral thoracic area, followed by the su-
praclavicular, cervical, and omental.

Although numerous studies confirm the
efficacy of LNT in lymphedema treatment,
its application still remains a subject of dis-
cussion due to the unpredictable positive
outcome, and the potential risk of donor
site morbidity, such as iatrogenic donor site
lymphedema. [2, 3, 6, 7] In our published re-
view article in 2017, we estimated a risk of
1.6% donor side lymphedema according to
the updated literature [8].
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In an effort to improve the anatomical
knowledge of the lymph nodal donor areas,
various preoperative examinations have
been described, aiming to choose the most
suitable lymph node flap, and reduce donor
site morbidity [6, 9, 10].

In recent years, a hybrid imaging exami-
nation, named SPECT-CT, was introduced to
offer compound information of lymphoscin-
tigraphy in CT images in a single gantry. This
investigative technique allows imaging amal-
gamation and provides accurate anatomical
and functional information, while scans may
be performed without changing the patient’s
position [11].

Our criteria of choosing the most func-
tional lymph nodes of the inguinal or the
lateral thoracic area to harvest, avoiding at
the same time a damage to the critical lymph
nodes for causing donor side lymphedema,
is based in an original detection method, the
“Selected Lymph Node” (“SeLyN”) technique.

Methodology - Technique

a. Inguinal lymph node flap

The inguinal lymph node flap is mainly
used for upper limb, head and neck or contra-
lateral lower limb lymphedema. In selected
cases, the flap, in a fashion of pedicle lymph
node flap, can provide an excellent solution
in the same groin for ipsilateral lower limb
lymphedema.

The coronal, sagittal and transverse im-
ages of the hybrid SPECT-CT are used to se-
lect the most radioactive groin lymph nodes,
to be included at the lymph-nodal adipose
tissue flap. The lymph node flap must be lo-
cated proximal of the inguinal crease, more
proximal of the sentinel lymph node(s) of
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the limb, at the deep adipose tissue, and at
the side of the best lymphatic circulation.

Thereafter, the distance between the se-
lected lymph nodes and the midline from the
pubic symphysis to the umbilicus represents
the horizontal index (i), and the distance be-
tween the pubic symphysis and the level of
the horizontal index is the vertical index (ii);
the depth is between the skin and the select-
ed lymph nodes (iii) (Figure 1a).

Using the anatomic landmarks of the an-
terior superior iliac spine, the umbilicus and
the pubis tubercle, the measurements are
transferred onto the patient’s abdominal
wall. Next step is the identification of the
femoral artery (FA), the superficial inferior
epigastric artery (SIEA), the superficial cir-
cumflex iliac artery (SCIA) and its perforator
(SCIP), and also the marking of the domi-
nant vascular supply of the flap, using of a
handheld Doppler (Figure 1b).

Intraoperatively, a lazy “S” 4 cm skin inci-
sion is made at the level of the marked “se-
lected lymph nodes”, the lower skin flap is
lifted first, the vascular pedicle of the flap is
identified and a vessel loop is placed around
it. Then the pedicle is traced towards its origin
at the femoral artery and afterwards towards
the “SeLyN” at the deep adipose tissue level;
before entering at the lymph nodes in a dis-
tance of about 2 cm the flap is elevated around
its pedicle (Figure 1c). For better outcome,
we recommend a flap size more than 25cm?2
which includes 3-5 lymph nodes. Smaller flaps
(<25cm?2) can also be effective but not as much
the larger. All flaps are raised sharply with scal-
pel and/or scissors, or in low cautery of bipolar
diathermy, while liga-clips can also applied at
the donor area for hemostasis, in order to re-
duce the risk of seroma or haematoma.

A marking of the healthy/functional lym-
phatics of the arm, is taking place preopera-



tively with the use of NIR fluoroscopy, to
indicate the area whereabouts the flap is tar-
geted to provide the lymphagiogenesis. The
ideal situation would be a lymph node flap
able to bridge the healthy lymphatics of the
arm with the deep lymphatic vessels of the
axilla. New nanofibrillar collagen scaffolding
technology which is under clinical investiga-
tion is aiming to bridge the gap between the
healthy lymphatic vessels of the arm and the
lymph node flap.

At the axillary region a meticulous and
“aggressive” scar tissue (from previous sur-
gery and radiotherapy) removal is performed
to provide a well vascularized bed and restore
the deep lymphatic system of the axilla. A
long pedicle of the branches of thoracodorsal
or posterior circumflex vessels is prepared to
anastomose the transferred lymph node flap
in an end-to-end fashion.

The flap usually contains only adipose tis-
sue and lymph nodes without skin paddle;
after anastomoses, it is placed and secured
with sutures at the area where the lymphatic
vessels of the upper proximal arm were iden-
tified with the NIR fluoroscopy. If ICG is not
detectable at the proximal arm the findings
of the preoperative MRI investigation can
also be used. The increased endogenous ex-
pression and finally secretion of VEGE-C
from the vascularized lymphatic flap, will
attract endothelial cells and a spontaneous
regeneration of functional lymphatic vessels
will occur. These newly formed lymphatics
play the main role to restore the defect be-
tween the distal and proximal damaged lym-
phatic system [3, 12, 13].

The donor and recipient sites are closed
primarily after placing a No 12 suction drain.
Patients are explained and advised to protect
axilla and avoid compression of the pedicle
keeping the arm in 100 abduction for the

first 2 weeks. Individualized manual lym-
phatic drainage through the implanted flap
is strongly recommended to start the second
postoperative day and continue for the first
six months.

b. Lateral thoracic lymph node flap

In the same manner “SeLyN” technique
based on SPECT-CT findings can be used to
identify the most functional (radioactive)
lymph nodes of the lateral thoracic region.
The lateral thoracic lymph node flap (LTLN)
is considered a suitable donor site for lower
limb, head and neck or contralateral upper
limb lymphedema; in very selective cases,
the flap can be used as an ipsilateral pedicled
vascularized lymph node flap.

The coronal, sagittal and transverse im-
ages of the hybrid SPECT-CT are used to se-
lect the most radioactive lower axillary - lat-
eral thoracic lymph nodes. The lymph node
flap must be located proximal of the senti-
nel lymph node(s) of the upper limb, at the
deep adipose tissue level and outside of the
axillary lymph nodes, above the muscle level,
and at the side with the best lymphatic cir-
culation.

Thereafter, using the anatomic landmarks
of the anterior axillary line, the level of the
ribs, and the depth underneath the skin, the
template of the selected lymph nodes are
transferred and marked on the skin. With
the patient lying having the arms extended
above and folded behind the head, which is
the same position as at the SPECT-CT exami-
nation, we identify the long thoracic artery,
and the branches of the serratus anterior
and latissimus dorsi thoracodorsal artery,
using of a handheld Doppler (Figure 2a,b).

Alazy “S” 4 cm skin incision is made par-
allel of the anterior axillary line over the
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selected lymph nodes. The skin flaps are el-
evated at the level of the fascia between the
superficial and deep subcutaneous adipose
tissue, and a pocket about 5X5cm is created
centralized around the selected lymph nodes.
If possible a 5X5 cm lymph nodal adipose flap
is marked, and then the dominant vascular
pedicle is identified centrally of the proximal
edge of the flap, in respond to preoperative
findings of the handheld Doppler and traced
towards its origin. After preparing and secur-
ing a long pedicle, the flap is elevated at the
level of the deep fascia from distal to proxi-
mal (Figure 2¢). A caution should be taken to
avoid damage to long thoracic nerve. When
flap is fully elevated the pedicle is cut at its
longest dimension, and then the free flap is
transferred to the lymphedema area.

Pedicle vascularized
lymph node flap

In selected cases of early stage breast cancer
upper limb lymphedema after sentinel lymph
node or sampling lymph nodes excision, and
radiotherapy out of the axilla, a SPECT-CT
with injections in a crescent fashion around
the axilla can identify the potential presence
of functional LTLNs. If SPECT-CT indicates
that suitable ipsilateral functional lymph
nodes exist, and the NIR fluoroscopy demon-
strates functional lymphatic vessels up to the
proximal arm, then the pedicle vascularized
LTLN flap can be used to reinforce the lym-
phatic circulation of the affected axilla. The
technique is aimed to be reinforced by new
technology nanopatterned collagen scaffolds,
bridging the gap between the flap and the
healthy/functional lymphatics of the arm.

In both cases, the donor and recipient
sites are closed primarily after placing a No
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Figure 1

1a. SPECT-CT identification of the inguinal selected lymph
node

1c. Elevation of the flap according the “SeLyN”
Figure 2

2a. SPECT-CT identification of the selected lymph node at
the lateral thoracic area

2b. Transferred template onto patient’s lateral thoracic
zone



12 suction drain. Patients are explained and
advised to avoid compression over the op-
erated area for the first 2 weeks. Individu-
alized manual lymphatic drainage through
the implanted flap is strongly recommended
to start the second postoperative day and
continue for the first six months.

2c. Elevation of the flap based on the SPECT-CT findings
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Introduction

The dorsal metacarpal artery perforator
flap is a versatile solution for resurfacing
soft-tissue defects of fingers, dorsum of the
hand and web space. The dorsal metacarpal
artery flap is classified as a fascio-cutaneous
flap. The skin of the dorsum of the proxi-
mal phalanx, especially the skin of the in-
dex and middle fingers, has been shown to
receive axial flow from branches of the first

dorsal metacarpal artery (FDMA) and the
second dorsal metacarpal artery (SDMA)
vessels that are present in 90% and 97% of
hands,respectively. Both these vessels arise
from the radial artery or its communica-
tions with the dorsal carpal arch, the poste-
rior interosseous artery (PIA), the deep pal-
mar arch, and the ulnar digital artery of the
thumb. Use of the dorsal arterial network of
the hand to provide skin flaps started with
Kuhn and Holevich (Kuhn, 1961; Holevich,
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1963). Foucher and Braun in 1970 described
the first dorsal metacarpal artery flap also
known as the kite flap because the flap is
raised with the pedicle, which resembles
a kite. [1] The kite flap is a skin island flap
harvested from the dorsal surface of the ad-
jacent index finger. The constant first dor-
sal metacarpal artery nourishes the flap.
The flap may also incorporate a branch of
the superficial radial nerve. This makes the
kite flap a good choice for reconstructing
all dorsal defects of the thumb and can be
used to restore sensibility over thumb pulp
defects in a single staged procedure. The
disadvantages of this flap may include cre-
ating a conspicuous donor-site defect that
is closed with a skin graft. Furthermore,
when reconstructing the pulp of the thumb,
the relatively darker dorsal skin containing
hair follicles may produce a less aesthetically
pleasing result. In 1987, Earley and Milner
first described the proximally based dorsal
metacarpal artery flap based on the first
and second dorsal metacarpal artery. [2] In
1990, Quaba and Davison introduced an-
other subset of flaps called the distally based
dorsal metacarpal artery (DMCA) flap that
is not based on the dorsal metacarpal arter-
ies, but rather on a constant palmar-dorsal
perforator present in the digital web-space.
[3] The DMCA flap became a popular flap
for coverage of dorsal finger defects up to
the level of the PIP joint. Several flap modi-
fications have been devised since based on
the vascular anatomy of the DMCA and the
more distal dorso-palmar digital cutaneous
perforators in order to increase the span of
the flap to reach more distal defects. Primary
defect may be simply the wound created by
trauma or a wound created by excision of a
lesion. However, the skin margins are rarely
perfect in a traumatic injury, and generally

32

the wound margins should be excised back to
healthy skin before flap transfer. Similarly, it
is important to recreate the original defect
in secondary reconstruction, and all scarred
skin should be excised so that the flap will
be sutured to healthy margins. Because they
have qualities identical or similar to the skin
lost, local flaps are the most desirable means
of providing cover for a defect.

Treatment

The DMCA flap is indicated for large dor-
sal finger defects or when a one-stage pro-
cedure is preferred to allow finger mobiliza-
tion. The flap can also be used to reconstruct
volar defects over the proximal, however
this should be discouraged as the transposi-
tion of hairy pigmented skin from the dorsal
surface of the hand is not an ideal match to
the glabrous, lighter-colored skin of the pal-
mar surface of the fingers especially in dark
skinned individuals. The flap is usually cen-
tered on location of the palmar-dorsal perfo-
rator of deep palmar arch.

The boundaries of the flap extends be-
tween the distal edge of the extensor retinac-
ulum proximally and the MCP joint distally
and the outer borders of the adjoining meta-
carpals on either side. The flap is harvested
from proximal to distal, raising the skin flap
above the paratenon of the underlying exten-
sor tendon. The pedicle is traced along the
course of the perforator that usually arises
immediately distal to the juncture tendinum
at the interdigital space. One must not at-
tempt to isolate the perforator as this may
lead to its damage and affect flap viability.
At this point the tourniquet is released to
check flap perfusion. The flap is then rotat-
ed and passed through a subcutaneous tun-



nel to reach the defect. The primary defect
is closed by primary closure and the fingers

and wrist are immobilized in extension. The
DMCA flap may be designed as a curved el-
lipse instead of a straight ellipse. After raising
the flap, straightening the curved skin ellipse
during flap inset offers additional 8-10 mm
length. Another manoeuver involves divid-
ing and ligating the dorsal metacarpal artery
proximal to the perforator. Since a perforator
arising from the deep palmar arch directly
nourishes this flap. Its attachment with dor-
sal metacarpal artery can be carefully divided
to allow a greater advancement of the flap.
The dorsal network communicate with the
superficial arch via constant anastomoses.
These anastomoses form the basis of the re-
verse metacarpal flaps which have further en-
hanced the versatility of this arterial system.
The presence of the dorsal metacarpal artery
is decreasing from the radial to the ulnar as-
pect of the hand. The first and second arter-
ies are anatomically constant, making them
very safe as a source of pedicle flaps. On the
other hand, the third and fourth DMAs are
not constant. The fourth dorsal metacarpal
artery may be missing in 17-30%. Therefore,
Doppler examination prior to flap elevation
is mandatory. The second dorsal metacarpal
artery flap can be raised as a single lobe flap
or can be raised as a bi- lobed flap using the
branching vessels in the web space. The arc of
rotation of all dorsal metacarpal flaps allow
for coverage of proximal defects of adjacent
fingers and of smaller defects of the dorsum

of the hand or the wrist area. The second to
fourth dorsal metacarpal arteries arise from
the dorsal carpal arch. Near their origins they
anastomose with the deep palmar arch by
proximal perforating arteries and, near their
bifurcation, with dorsal perforating branches
from the palmar metacarpal arteries which
pass between the metacarpal necks. They also
anastomose distally at the level of the web
spaces with dorsal perforating branches from
the palmar digital arteries. The third and
fourth dorsal metacarpal arteries are much
smaller than the first and second. Cutaneous
branches from the dorsal metacarpal arteries
supply the dorsal skin as far distally as the
proximal interphalangeal joint. At the level
of the neck of the second, third and fourth
metacarpals, direct cutaneous branch are giv-
en off which passes proximally and supplies
an area of skin between the two adjacent
metacarpals. These anatomical arrangements
permit the surgical elevation of flaps of dor-
sal skin to be based either proximally on the
dorsal metacarpal arteries proper, or distally
on the direct cutaneous branch. The tech-
nique of dissection must take into account
the anatomic variations in order to achieve
maximum reliability. Thus, the skin covering
the dorsal aspect of the MP joint of the index
must be included in the island flap, because
the terminal branching of the dorsal interos-
seous artery occurs at this level. The dorsal
interosseous artery of the 2nd space may be
dominant and terminate in an anastomotic
network or it may terminate near the meta-
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carpophalangeal joint. Repairing the tran-
sected branch of the radial nerve is neces-
sary, but repairing veins is optional since the
deep veins can suffice for venous drainage. At
the web space, the second dorsal metacarpal
artery has a constant anastomosis with the
palmar metacarpal artery, which is doubly
significant in flap design. This communicat-
ing vessel must be divided if a longer arc of
rotation is to be achieved on a proximally
based flap, and it also serves as the axial ves-
sel of reversed dorsal metacarpal flaps. The
venous drainage of these flaps is excellent,
being through either end of the proximal
venous arcade, which is of very large caliber.
First Dorsal Metacarpal Artery flap is gener-
ally designed on the radial side of the distal
portion of the second metacarpal or MP joint
(or both). The course of the vessel should be
run over the first dorsal interosseous muscle
from the radial artery as it courses distal to
the snuffbox. The flap is elevated distally to
proximally. The skin incision is taken to the
level of the fascia, and a wide swath of tissue
is taken along the course of the artery to pre-
vent damage to the draining veins. No effort
is made to isolate the vessels in this flap, or
they may well be damaged. If a sensory flap
is desired, the branch or branches of the su-
perficial radial nerve to this area of skin may
be taken with the pedicle. The fascia is care-
fully lifted off the first dorsal interosseous
muscle to a point near its base to allow rota-
tion of the flap on its pedicle. This flap may
be also raised distally based on the perforator
near the radial base of the second metacar-
pal. The arc of rotation of this flap will allow
coverage of the index finger to a point near
the proximal interphalangeal (PIP) joint. The
donor site may be closed primarily (in smaller
flaps) or with a skin graft. The second Dor-
sal Metacarpal Artery Flap is based on the
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second dorsal metacarpal artery and venous
system in the second interspace. It may be
based proximally for coverage of an adjacent
dorsal finger or based distally. If it is raised
on its proximal pedicle, the rotation point is
based near the base of the second metacar-
pal. The skin on the dorsum of the proximal
phalanx can be raised based on these vessels
and transferred to the dorsum of the index
MP joint for coverage. The dissection pro-
ceeds from distally and laterally. The tissue of
the second intermetacarpal space is carefully
dissected off the interosseous muscle, includ-
ing the fascia. The dissection is continued
proximally, and great care must be taken to
prevent damage to the pedicle. The donor site
can be closed with a full-thickness skin graft.
The second dorsal metacarpal artery flap can
be raised as a single lobe flap or can be raised
as a bi-lobed flap using the branching ves-
sels in the web space. The arc of rotation of
all dorsal metacarpal flaps allows for coverage
of proximal defects of adjacent fingers and of
smaller defects of the dorsum of the hand or
the wrist area.

Conclusion

All flaps survived with good functional
results and acceptable cosmetic appearance.
Donor site of all dorsal metacarpal flaps were
closed directly. Functional and cosmetic re-
sults were acceptable.

All flaps survived and the early post-op-
erative periods were uneventful. No donor
site complication was encountered with a
graft-take of 100%. Donor site morbidity
was minimal with an acceptable scar, and
tendon gliding under the skin graft was suf-
ficient without producing any deficit in the
functions of the index finger. First dorsal



metacarpal artery flap is a good sensate flap

for reconstruction of dorsum of the hand,
1st web space and thumb in one stage op-
eration. Donor site graft is acceptable. Sec-
ond, third and fourth dorsal metacarpal ar-
tery flaps has wide range of resurfacing for
soft- tissue defects of fingers, web spaces,
thumb and distal portion of the dorsum of
the hand technique of harvesting is easy and
donor site is closed directly in most of cases.
Its advantages are simple technique, thin
tissue, minimal donor site morbidity, and a
good appearance without bulk. Flap transfer
to the most distant defects without causing
tension to the pedicle is challenging because
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Introduction

The current management of female to
male gender confirmation surgery is based
on the advances in neophalloplasty, peri-
operative care and the knowledge of the fe-
male genital anatomy, as well as the changes
that occur to this anatomy with preopera-
tive hormonal changes in transgender pop-
ulation. Reconstruction of the neophallus

presents one of the most difficult elements
in surgical treatment of female transsexu-
als.

Metoidioplasty represents a technique
for creating a neophallus from hormonally
hypertrophied clitoris, in female to male
transsexuals. As a one-stage procedure, our
approach includeslengthening and straight-
ening of the clitoris to make a neophallus,
urethral reconstruction to enable voiding
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while standing, and scrotal reconstruction
with insertion of testicular implants.

Phalloplasty is one of the most difficult
surgical procedures in genital reconstructive
surgery and general agreement for the ideal
technique includes: cosmetically acceptable
result for patient and partner, voiding while
standing, penetrative sexual intercourse,
erogenous and tactile sensitivity, and mini-
mal scarring of donor area. Musculocutane-
ous latissimus dorsi (MLD) free flap presents
one of the good options for neophalloplasty
in female to male transsexuals who require
an adult-sized phallus. It enables urethral
reconstruction using various flaps (vaginal,
labial, clitoral flaps) and grafts (buccal mu-
cosa graft) and insertion of either semirigid
or inflatable penile prosthesis.

Description of the procedure

1. Metoidioplasty

Patient is placed in gynecological posi-
tion, prepped and draped in standard sterile
surgical fashion. Foley urinary catheter is in-
troduced and suprapubic tube is placed into
the bladder for urine drainage. Vaginectomy
is done by colpocleisis, and small part of an-
terior wall near urethral meatus is preserved
to be used as a flap for upcoming urethral
reconstruction. Vaginal space is closed by
anterior-to-posterior approximation using
1-vicryl interrupted sutures.

Circular incision is made at the border be-
tween the inner and outer layer of the clitoral
prepuce, and carried out around the urethral
plate and native urethral meatus. Clitoral de-
gloving is performed to expose clitoral body
and dorsal fundiform and suspensory liga-
ments. Clitoral ligaments are completely de-
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attached from the pubic bone to advance and
lengthen the clitoris. Ventrally, the short
urethral plate is dissected from the clitoral
body, including bulbar part around the na-
tive meatus to enable its good mobility for
urethral reconstruction. Since the urethral
plate is short, causing ventral curvature of
the clitoris, it is divided at the level of glanu-
lar corona to achieve complete straightening
and lengthening of the clitoris.
Reconstruction of the urethra starts with
reconstruction of its bulbar part. A well-vas-
cularized periurethral flap is harvested from
the anterior vaginal wall, with the base close
to the urethral meatus, and joined with the
proximal part of the divided urethral plate
with interrupted sutures, forming the bul-
bar part of the neourethra. Further urethral
lengthening is done by combined buccal mu-
cosa graft and vascularized genital flaps (la-
bia minora skin flap or clitoral skin flap).
Buccal mucosa graft is harvested from the
left inner cheek. Ellipse-shaped graft of ap-
propriate size is marked, keeping the margin
away from Stenson’s duct and at least 1 cm
away from the vermillion border. Size of the
graft depends on the distance between the
tip of the glans and native urethral meatus.
Graft is harvested superficially to the buc-
cinator muscle and de-fated with scissors
while it is stretched over the index finger. The
graft is fixed to the ends of divided urethral
plate to cover the gap, and additionally quilt-
ed to the corporeal bodies for better survival
of the graft, with 5-0 monocryl interrupted
sutures. A good vascularized skin flap is
harvested from labia minora. Its dissection
starts from the vaginal vestibulum and goes
upward to the clitoral glans. The lateral mar-
gin of the flap is designed along the border
between the inner and outer labial surface.
Pedicle of the flap is additionally mobilized



and lengthened from the subcutaneous tis-
sue of the labia majora to enable suturing
with buccal mucosa graft without tension.
The margins of labia minora flap are finally
joined to the margins of buccal mucosa graft
by two lateral 5-0 monocryl running sutures.
Neourethra is additionally covered with one
layer of well-vascularized genital tissue pre-
venting superposition of the sutures and fis-
tula formation.

The glans is then opened in the midline and
both glans wings are dissected extensively to
enable glans approximation without tension
and advancement of the neourethra with new
meatus at the tip of the glans. A perforated
14Fr silicone tube is placed into the new ure-
thra to be used for buccal mucosa moisturiz-
ing and to maintain lumen of the neourethra.
Available clitoral and labia minora skin is used
to cover the shaft of the neophallus.

Both labia majora are joined in the mid-
line to create the scrotum. Incision is made
at the top of each labia majora and subcuta-
neous pockets are created for testicular pros-
thesis. Appropriate size silicone testicular
implants are inserted, irrigated with antibi-
otic solution, and the pockets are closed in
two layers, finalizing the scrotoplasty. Self-
adhering wrap is placed around the neophal-
lus, and compressive dressing is applied on
the scrotal and perineal region.

2. Phalloplasty

Patient is placed in gynecological posi-
tion, prepped and draped in standard sterile
surgical fashion. Vaginectomy, as well clito-
ral lengthening and straightening is done at
the same way as in metoidioplasty. Recon-
struction of the urethra is done by using all
vascularized genital hairless tissue: both la-
bia minora, clitoral skin and urethral plate.
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A well-vascularized peri-urethral flap is har-
vested from the anterior vaginal wall, with
the base close to the urethral meatus, and
joined with the proximal part of the urethral
plate with interrupted sutures, forming the
bulbar part of the neourethra. Both labia mi-
nora and available clitoral skin are dissected
with long pedicle and used for further ure-
thral tubularization, creating neourethra ap-
proximately 15 cm long. In this way, new ure-
thral opening is placed as far as possible into
the neophallus. Both labia majora are joined
in the midline to create the one-sac scrotum
and silicone testicular implants are inserted.
Skin incision (“Y” shape) is made at the mid-
line at the mons pubis region for further fix-
ation of the neophallus. Inguinal incision is
made, and the superficial femoral artery, sa-
phenous vein and the ilioinguinal nerve are
identified, dissected and mobilized. Finally,
wide tunnel is created between the incisions
of mons pubis and inguinal region by sharp
and blunt dissection.

The patient is placed in the lateral decu-
bitus position to provide access to thoracic
donor area. Flap design starts with marking
the anterior and superior muscle margin.
The projection of the thoracodorsal artery
is defined and the flap is marked with the
base positioned over its hilum and extend-
ing 5-7.5 cm on either side of the artery. The
flap dimensions are created according to the
adult penile size: 11-13 cm wide and 13-17
cm long. Flap harvesting starts with an inci-
sion of the anterior skin margin down to the
deep fascia, along the plane between latissi-
mus dorsi and serratus anterior muscles, us-
ing sharp and blunt dissection. The flap is di-
vided inferiorly and medially, cauterizing the
large posterior perforators of the intercostals
vessels, and then lifted to expose the neuro-
vascular pedicle (thoracodorsal artery, vein
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and nerve). The pedicle, surrounded by fatty
tissue, is identified and dissected proximally
up to the axillary vessels. The thoracodorsal
nerve is identified and isolated proximally
for 3-4 cm, preserving its vascularization.
The latissimus muscle is fixed to the margins
of the skin at several points with interrupted
absorbable sutures to prevent layer separa-
tion during further dissection. The flap is tu-
bularized creating the neophallus while still
perfusing on its vascular pedicle. The circular
terminal part is rotated back over the distal
body and sutured to create a neoglans.

The constructed neophallus is de-attached
from the axillar region and wound margins of
the donor site are undermined, approximated
and closed directly, using 2-0 vicryl mattress
stitches. If significant tension is present that
may compromise healing of the donor site, a
split thickness skin graft is used for defect cov-
ering. Donor and recipient areas are covered
with sterile dressing in standard fashion, with
compression applied only to the donor site.

The neophallus is transferred to the re-
cipient area and its’ pedicle is transferred
through previously created tunnel to re-
cipient vessels. Microsurgical anastomoses
are created between the thoracodorsal and
femoral artery (latero-terminal), and the
thoracodorsal and saphenous vein (termino-
terminal) using operative loupes, with 7-0
prolene interrupted suture. The epineural
micro-neurorrhaphy is done between the il-
ioinguinal and thoracodorsal nerve. Inguinal
incision is closed with skin stapler device.
The neophallic base is fixed to the skin at
the recipient site, using 3-0 vicryl mattress
stitches. Clitoral glans is fixed under the base
of the neophallus.

Second stage includes insertion of penile
prosthesis and further urethral lengthening.
The infrapubic or/and the penoscrotal ap-
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proaches can be used for penile prosthesis
implantation into the neophallus. In case of
infrapubic approach, a longitudinal or trans-
verse incision is made below the pubis, just
above the base of the neophallus. Otherwise,
a vertical or a transverse incision is made
ventrally at the penoscrotal junction, and
all layers are opened longitudinally allowing
good visualization of all structures, especial-
ly the urethra. Hegar dilators are then used
to create the space for insertion of the semi-
rigid or inflatable prosthesis. After implanta-
tion, the prosthesis is covered with vascular
grafts imitating tunica albuginea to prevent
protrusion through the glans. The prosthesis
is additionally fixed to the periosteum of the
inferior pubic rami. The pump of the inflat-
able prosthesis is inserted into the scrotum
using a small incision above the scrotum. The
incisions are closed with absorbable sutures.

Buccal mucosa graft is used for neophal-
lic urethral reconstruction. It is harvested
from the inner cheek using standardized
procedure. Buccal mucosa grafts are placed
on the ventral side of the neophallus to cre-
ate distal urethral plate, and fixed to the sur-
face with 4-0 vicryl interrupted U-sutures.
Before tubularization, buccal mucosa grafts
are treated with hydratant cream for mois-
turizing and softening. The final stage of ure-
thral reconstruction should be performed
when the formed urethral plate has matured
enough to be supple and more easily mobi-
lized for tubularization. New formed distal
urethral plate is mobilized and tubularized
with absorbable running suture, over the
Foley catheter. Proximally, it is anastomosed
with proximal neourethra with interrupted
stitches, and distally new meatus is formed,
closer to the glans as possible. Surrounding
vascularized tissue is mobilized to cover and
support the neourethra.
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Conclusions ing their needs. Transgender surgeon plays

a very important role in explaining the pros

Finally, metoidioplasty or phalloplasty, and cons of each procedure, considering each
that is the question? The choice lies in sat-  individual as unique case and presenting the
isfying the patient’s desires and understand-  best surgical option.
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Introduction

Vaginal absence has a devastating impact
on a biological woman or male-to-female
transgenders. Thus, in such cases, it is es-
sential to (re)create a normal functioning
neovagina with a satisfactory sexual func-
tion and esthetical appearance. Vaginal
reconstruction is inevitable in the case of
vaginal agenesis, disorders of sexual devel-
opment, transsexualism, defects resulting

from genital cancer surgeries and trauma.
There are many reports on different surgical
procedures, their outcomes following post-
operative complications and anatomical and
functional results. Some popular methods
include split and full-thickness skin grafts,
bladder or buccal mucosa grafts, penile or
penoscrotal skin flaps, local genital flaps,
and intestinal flaps. Skin grafts are used
frequently due to their simplicity and fewer
complications.
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In transsexual patients, with preserved
penis and scrotum, use of penile and pe-
noscrotal skin flaps remains the method of
choice. However, these methods have certain
disadvantages, such as scarring, shrinkage,
insufficient vaginal cavity, intravaginal hair
growth, as well as a need for lubrication dur-
ing intercourse and permanent dilation. The
debate on surgical management of this con-
dition, with the very large number of tech-
niques that have been described continues
and there is still considerable controversy
over the choice of the best technique.

The aesthetic, sensational, and functional
results of vaginoplasty vary greatly. Surgeons
vary considerably in their techniques and
skills, patients' skin varies in elasticity and
healing ability, previous surgery in the area
can impact results, and surgery can be com-
plicated by problems such as infections, blood
loss, or nerve damage. However, in the best
cases, when recovery from surgery is com-
plete, it is often very difficult for anyone, in-
cluding gynecologists, to detect women who
have undergone vaginoplasty. Supporters of
colovaginoplasty argue that this method is
better than use of skin grafts because the co-
lon is already mucosal, whereas skin is not. In
our center for transgender surgery, inverted
penile skin flap technique still remains the
first choice for vaginoplasty in transsexuals.

Description of the procedure

In order to form the new vagina, several
subprocedures have to be performed: or-
chiectomy, removal of corpora cavernosa,
creation of neovaginal cavity, vaginoplasty,
lining of the cavity with urethral orifice and
vaginal introitus, clitoroplasty and labioplas-
ty. After the usual bilateral orchidectomy, the
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penis is dissected into its anatomical compo-
nents, i.e. the corpora cavernosa, the glans
cap with the urethra and the neurovascular
bundle, and the vascularized penile skin.
This principle, so-called the penile disas-
sembly technique, presents the main advan-
tage since it allows the ideal use of all penile
components (except the corpora cavernosa)
in the construction of the new vulva, clito-
ris and vagina. The glans, with neurovascu-
lar bundle dorsally and urethra ventrally, is
lifted from the tips of the corpora cavernosa
together with Buck's fascia, thus completely
preserving these components. As the glans
cap is divided into two, the dorsal part of the
glans is reduced by excising the central ven-
tral tissue, leaving the sides of the glans in-
tact. This part is used to create the neoclito-
ris. The other, ventral half of the glans, which
remains attached to the urethra, is used to
form the neocervix at the base of the new
vagina. The penile disassembly also provides
ideal exposure of the corpora cavernosa for
their removal at the level of attachment to
the pubic rami. Short remnants of the cor-
pora cavernosa (erectile tissue) are also de-
stroyed to prevent any postoperative erec-
tion that could hinder sexual intercourse.
The vascularized urethral flap is essential for
the present vaginoplasty; it is of adequate
length and is therefore never the limiting
factor. The corpus spongiosum of the ure-
thra is completely preserved and ensures an
excellent blood supply. The bulbospongiosus
muscle is removed from the bulbous part
of the urethra; the dissection of the bulbar
urethra must be precise to avoid injury to
the fascial sheath. The urethra is then spat-
ulated, including the bulbar part, and used
to create the mucosal anterior part of the
neovagina. Also, the urethral flap allows for
a wider neovagina, especially the introitus.



Any bleeding in the bulbar urethra is con-
trolled with haemostatic sutures. The exten-
sive use of electrocautery is not recommend-
ed as the urethral flap vascularization could
be compromised. A female type urethra is
then formed and the neoclitoris fixed above
the new urethral meatus. In reconstructing
the new vagina, the skin of the penile body
and prepuce (if present) are fashioned into a
vascularized island tube flap. As it is impor-
tant to obtain a long vascularized pedicle for
the tube, the incision is made at <2 cm above
the base of the mobilized penile skin. Only
here does the existing loose subcutaneous
tissue permit the formation of a long vascu-
larized pedicle. A hole is made at the base of
the pedicle to transpose the urethral flap and
neoclitoris. On the dorsal side of the skin
tube flap only the skin is incised whereas the
vascularized subcutaneous tissue remains
intact. The urethral flap, which is transposed
through the pedicle hole, is embedded into
the skin tube and sutured. The bottom of the
tube is closed with the distal part of the ure-
thra and/or the remaining ventral half of the
glans cap after the de-epithelialization of its
inner side. The tube, consisting of skin and
urethral flap, is inverted, thus forming the
new vagina.

The space for the new vagina is created in
the perineum; two tunnels are made on both
sides on the tendineus center; this and the
recto-urethral muscle are cut, allowing ac-
cess to the deep and wide perineal cavity be-
tween the urethra, bladder and rectum. Par-
ticular care should be taken to avoid injuring
the rectum. Prolapse of the urethral part of
the vagina is completely avoided with vagi-
nal fixation to the sacrospinous ligament,
as is an exaggerated posterior vaginal four-
chette. Engorgement of the bulbar urethra
during sexual arousal is moderate and does
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not present a barrier to intercourse. Con-
trary to transvaginal sacrospinous ligament
fixation for treating vaginal prolapse in true
females, there are significant difficulties in
using this procedure in male transsexuals.
Good exposure and direct visualization of
the sacrospinous ligament is crucial to pre-
vent injury to the rectum, pudendal nerve,
internal pudendal artery and vein; extensive
experience of male pelvic surgery is required.
Transposing the vagina to the fixed side has
no clinical consequences in male transsexu-
als, as the distance between the sacrospinous
ligaments is shorter than in females. Using
the ischial spine as a prominent landmark,
sacrospinous ligament is palpated as it pass-
es from the ischial spine to the lower part of
the sacrum. After exposing the ligament, a
long-handled Deschamps ligature carrier
pre-loaded with 2/0 delayed absorbable su-
ture is used to pierce the ligament medially
to the ischial spine. Care must be taken not
to place the suture close to the ischial spine,
to prevent injury of the pudendal nerve and
internal pudendal vessels. Also, the suture
must not be placed behind the ligament, to
prevent injury to the pudendal artery, as its
course is variable and may be at any distance
from the ischial spine. Both ends of the su-
ture are brought out; one is passed through
the skin part while the other is passed
through the urethral part of the distal third
of the neovagina and the fixation stitches are
tied firmly. The right sacrospinous ligament
was used in all cases; no bilateral fixations
were performed. It is technically easier for a
right-handed surgeon to use the right liga-
ment. Vaginopexy to the sacrospinous liga-
ment is performed and the neovagina placed
deep in the perineal cavity. This provides a
good placement of the neovagina and en-
sures that a prolapse is avoided.
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Vulvoplasty involves the creation of the
labia minora and majora. The remaining part
of the base of the penile skin is used to form
the labia minora, which are sutured to the
de-epithelialized area of the neoclitoris; thus
the neoclitoris is hooded with labia minora.
Excessive scrotal skin is removed and the re-
maining part used to form the labia majora.

A peri-vaginal Jackson-Pratt drain is left
in for 3 days. The neovagina is packed for 7
days and an indwelling Foley catheter is kept
in place for 7-10 days. Antibiotics (cephalo-
sporins, metronidazole) are administered
for the first 5-7 days postoperatively. Vagi-
nal packings (a condom filled with soft ma-
terial, petrolatum gauzes) are placed in the
neovaginal cavity for 48 hours to a week af-
ter surgery and followed by vaginal stenting
at night for 6 weeks. At discharge from hos-
pital, patients are instructed to irrigate the
neovagina once a day for two months and
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to dilate the introitus of the neovagina on a
daily basis with a vaginal dilator set.

Conclusions

Reconstruction of female genitalia in male
transgender patients generally presents a
safe and reasonable choice with acceptable
complications and satisfactory results. Al-
though a consensus on the ideal method of
vaginoplasty may never be reached, efforts
should be made on selecting the optimal
method of long-term follow up for these pa-
tients. Despite the fact that penile skin flap
inversion vaginoplasty is largely standard-
ized as a primary option, new refinements
are needed to satisfy specific patients re-
quests related to the functioning of the neo-
vagina as well as the best possible aesthetic
outcomes.
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Introduction

The most frequent etiology of limbs’ bone
defects is represented by comminuted open
fractures and their complications, i.e. non-
union, osteomyelitis, but also by oncological
resectionsl. One of the possibilities to solve
such cases, especially when associated with
big soft tissue defects, is the vascularised rib
(R) as part of a composite muscle-bone flap
including either the latissimus dorsi (LD), ser-
ratus anterior (SA), or both of them [1-10].

Due to the common blood supply through the
thoracodorsal artery, both the LD and SA can
be included in the flap, what provides a huge
amount of tissue and is very useful for large
and/or deep complex defects [10-12].

Due to its dimensions, the SA-R flap is a
very good option for metacarpal and meta-
tarsal reconstruction9,13. Even if the cross-
sectional area of the rib is not enough for
the reconstruction of big bones, the use of
two ribs segments can solve the problem
[10,11,14].
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Both the LD-rib and SA-rib flap can be trans-
ferred free or pedicled. The pedicled variant can
be successfully used for the reconstruction of
the upper half of the humerus. The free variant
can be used in the reconstruction of bone de-
fects all over the body, but the main indication
remains the metacarpal bone defects.

The main drawbacks by using these flaps
are related to rib curvature and strength, and
to some possible complications, i.e. opening of
the pleural cavity and scapula alata.

Anatomy and surface markings

According with the classification of
Mathes and Nahai [15], this flap is an osteo-
muscular or osteo-musculo-cutaneous flap
of type V - latissimus dorsi, or of type III -
serratus anterior.

The thoracodorsal artery (TDA) (Figure
1) originates from the subscapular artery,
and after a mean distance of about 8.5 cm
(range 6-11.5 cm) enters, together with
the thoracodorsal vein and nerve, into the
deep aspect of the LD muscle. In the great
majority of cases, the artery bifurcates into
the muscle in a medial branch, which runs
parallel to the upper margin of the muscle,
and a lateral branch, which runs parallel to
the lateral margin of the muscle. Both these
branches give within the muscle, in its medi-
al part (at about 8-10 cm from the midline),
smaller branches which realize large caliber
anastomoses with perforators from the lum-
bar and, more important, intercostal arter-
ies (ICA). Before entering the LD muscle, the
TDA gives up to three branches to the SA
muscle, which vascularize mainly its lower
three-four slips. The TDA has a caliber of
2-3mm, and the toracodorsal vein a caliber
up to 3.5mm.
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The ribs are blood supplied both through
the nutrient vessels from the posterior ICA
and the periosteal blood supply coming from
the TDA through the SA muscle.

For both LD-R and SA-R flaps, the first
step is to identify and mark the lateral bor-
der of the LD muscle: for it to become visible,
patient is asked to place the hand on the iliac
crest and push inward toward the midline
(Figure 2); this will be the incision line.

Technique of harvesting

Positioning

The positioning of the patient is in lateral
decubitus, with the arm abducted 90° and
the forearm flexed 90°.

Raising the flap

There are some differences between LD-R
(Figure 3) and SA-R harvesting (Figure 4).

Step 1

A 10-12 cm incision to the LD fascia is
made on the previously marked line, and
the lateral border of the muscle is identified
(Figure 3 a, b).

Step 2

LD - the skin is undermined, and so the
entire superficial aspect of muscle is uncov-
ered.

SA - both the thoracic skin anterior, and
the LD posterior are undermined.

Step 3

LD - the muscle undermining begins in the
middle part of the lateral border, and contin-
ues initially towards caudal and medial. Dur-
ing the dissection attention must be paid to



the identification of the intercostals muscular
perforators which penetrate the LD at about
8-10 cm from the midline. The perforator with
the larger diameter will be chosen as vascular
pedicle of the rib which will be harvested (8th,
9th, or 10th). Now, the distal and medial part
of the muscle are transected, and the dissec-
tion is continued proximally until the identifi-
cation of the TDA and its branches for LD and
SA, the last one being tied off and transected.
The TDA is dissected as long as needed.

SA - the TDA branch for SA is identified
and dissected to the level of the muscle slips
that would be harvested, paying attention
to preserve its motor nerve. These slips
have to be carefully isolated from the sur-
rounding tissues to preserve the musculo-
periostal connections.

Step 4

LD - the rib to be harvested is prepared by
doing an incision 1-2 mm parallel with both its
sides, as long a segment as needed, and a trans-
versal transperiostal incision at both ends of
the segment. The upper and lower borders of
the rib segment are carefully identified in or-
der to preserve the pleura and the perforator
vessel,, and the deep aspect of the rib is under-
mined subperiostally, so to leave the periost in
contact with the parietal pleura. Then the rib is
resected, and its periost is secured with some
stitches to the muscle, to avoid the damage of
the perforator vessel.

SA - the musdle slips and the rib are mea-
sured, prepared and resected following the same
maneuvers as for the LD. It is better to leave in
place the slip/s insertion onto the scapula and a
small part of the muscle (about 3-4 cm).

Step 5

The LD muscle segment or the SA slip/s
to be harvested are prepared, and then re-
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sected with as long a vascular pedicle as
needed.

Step 6

LD - a drainage tube is placed close to the
rib gap and under the skin, and the donor
site is directly sutured.

SA - a drainage tube is placed in the re-
maining space after harvesting the rib seg-
ment, in contact with the parietal pleura,
and, to prevent the winged scapula, the re-
maining posterior portions of the used slips
are sutured to the periosteum of the super-
jacent and subjacent ribs. A second drain-
age tube is placed under the skin, and the
donor site is directly sutured.

Step 7

For LD, the flap is applied to the defect.
First, the rib segment is placed into the bone
defect and the bone fixation is done accord-
ing with the bone and type of defect. Then,
the muscular component is secured to the re-
cipient site with some stitches, and the flap
is revascularized by microsurgical anastomo-
sis. The muscle can be immediately grafted
with intermediate split-skin grafts, but it is
better to delay this procedure for 3-4 days.

For SA, idem as for the LD, but with only
one difference: because the vascular pedicle
of the flap lies on the superficial aspect of the
muscle, this one must be skin grafted imme-
diately.

N.B. - In large defects, because of the
common source of vascularization, it is
possible to use both the LD and SA muscle
flaps including one or more rib segments,
as a composite flap. In these cases the
rib is better to be part of the SA muscu-
lar component. The harvesting of such a
composite flap respects the same steps as
above.
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- Adding a skin component to the flap - Ensure meticulous subperiosteal dissection
should be avoided, especially in the forearm of the deep aspect of the rib. If the pleura

and hand, because of the final bulky appear- isopened, it can be sutured, and a drainage
ance. tube under negative pressure is placed in the
pleural cavity.

Some tips and tricks » Secure the rib to the muscle with some stitch-
es.
» Ensure a good haemostasis to prevent the  «Prevent the winged scapula by suturing the
postoperative haematoma of the donor site. preserved SA muscular stump to the super-
» Well identify and preserve the LD and SA jacent and subjacent ribs.

motor nerves.

Figure 1 Figure 2

-

L
1. Thoracodorsal artery and its branches: LD- 2. Preoperative marking: Identification of the lateral
latissimus dorsi, SA-serratus anterior, TDA- border of LD and marking the line of incision.

thoracodorsal artery, LDbr-TDA’ branch for LD, Mbr-
medial branch of the TDA, Lbr-lateral branch of the
TDA, SAbr-TDA'’ branch for SA

Figure 3
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3. The harvesting of LD-rib flap: A. Skin incision. B. Identification of the lateral border of the muscle and skin
undermining. C. Muscle undermining. D. Identification and isolation of the main musculo-periostal perforators. E.
The rib to be harvested is prepared by doing an incision 1-2 mm parallel with both its sides, as long a segment as
needed, and a transversal transperiostal incision at both ends of the segment. F. Subperiostal undermining of the
deep aspect of the rib. G. Resection of the rib. H. Two harvested rib segments: the musculo-periostal perforators
are shown. I. The rib donor site defect, with the remaining deep periosteum in contact with the parietal pleura. J.
The flap ready for free tissue transfer.
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Figure 4

4. The harvesting of SA-rib flap: A. The LD only is undermined, and the first step is the identification of the TDA
branch for the SA. B. The harvested rib segment is secured with some stitches to the SA, to prevent the damage
of the musculo-periostal connections. C. The flap ready for free tissue transfer.
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Operative technique of the transfer
of the Rhomboid Nerve to the

Suprascapular Nerve

J-N. Goubier*, F. Teboul*

Institute of Peripheral Nerve and Brachial Plexus Surgery, 92 Boulevard de Courcelles,

75017 Paris, France

Technique [1,2]: The patient is posi-
tioned in lateral decubitus. A posterior ap-
proach along the spine of the scapula is per-
formed. The trapezius is detached close to
its scapular insertion in order to access the
supraspinatus fossa. Then, the deep aspect
of the supraspinatus muscle is reclined in
order to access the suprascapular notch. At
this level, the SSN is located, then freed by
sectioning the transverse ligament of scap-
ula, to obtain the maximal length to facili-
tate the subsequent suture.

The levator scapulae muscle is detached
from the medial border of the scapula, and
then retracted to expose the deep aspect of
the dorsal scapular nerve. Once exposed,
the branches to the levator scapulae muscle
and the rhomboid muscle are isolated. Elec-
trical stimulation of the rhomboid nerve,
starting with low intensity (0.02mA) is per-
formed to confirm normal innervation. The
branch for the rhomboid muscle is freed the
furthest possible in the muscle and in the
dorsal scapular nerve in order to obtain the
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maximum length. The branch is then sec-
tioned close to the muscle and is brought
into contact with the SSN (Figure 1). Then,
the rhomboid and SSN are sutured under
microscopy, with 3 separate 11-0 nylon su-
tures supplemented with fibrin glue. The
trapezius muscle is reinserted to the spine

Figure 1

Biceps branch
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of scapula. The skin is closed without a suc-
tion drain. The upper limb is immobilized
in a splint for three weeks. Then, rehabilita-
tion is started with passive motion of the
upper limb. Once the first contractions oc-
curred, electrical stimulation of re-inner-
vated muscles is performed.

1. Goubier JN, Teboul F. Transfer of the rhomboid nerve to the suprascapular nerve: An anatomical feasibility

study. Chir Main. 2015;34:182-5.

2. Goubier JN, Teboul F. Rhomboid nerve transfer to the suprascapular nerve for shoulder reanimation in
brachial plexus palsy: A clinical report. Hand Surg Rehabil. 2016;35:363-6.
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Free fibular flap: how i do it

Andreas GRAVVANIS, MD, PhD, FEBOPRAS

George PAPANIKOLAOU, MD, PhD

General Hospital of Athens "G. Gennimatas"

Introduction

The vascularized free fibular flap (FFF)
was first performed by Taylor (1975) and
then introduced in mandibular reconstruc-
tion by Hidalgo (1989). Nowadays, the free
fibula has become a workhorse in microsur-
gery and is the most commonly used free flap
in head and neck reconstruction for segmen-
tal large bone and soft tissue defects as well
as in both the upper and lower extremities
due to trauma, tumor ablation, and osteo-

radionecrosis. The tubular shape and dense
cortical structure of fibula renders it valuable
for midface/maxillary reconstruction as well
as after extensive oromandibular resections.

Anatomic Considerations

The fibula is a long, compact and tubed
bone. In cross-section the shaft of the fibula
has four surfaces (lateral, medial, posterior,
and a narrow anterior surface), and three
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margins (anterior, posterior, and medial/in-
terosseous margin). The upper part is quad-
rilateral and the lower part triangular in
shape. It gives origin to the muscles of the
lateral, anterior and posterior tibial com-
partments. It contributes to stabilizing the
knee through the fibular head, and of the
ankle with the lateral malleolus.

The vascular supply of fibula is given by
the peroneal artery and its paired venae co-
mitantes. The artery has a large diameter of
1.5mm to 4mm, and the accompanied venae
are usually similar in size to the artery. The
peroneal artery arises from the tibioperoneal
trunk about 5-7cm below the head of the fib-
ula and are in close proximity to the fibula as
it course along the entire length of the bone.
The length of the pedicle is usually short, but
can be increased significantly by subperios-
teal dissection from the proximal fibula. In
its course, the peroneal artery gives off a nu-
trient artery about 12-14cm below the head
of the fibula and as proceeds distally gives
origin to a rich periosteal blood network.
This periosteal blood supply is critical for
the bone viability when the fibula is shaped
by performing the osteotomies. Therefore,
as much periosteum as possible, as well as a
cuff of muscle must be preserved around the
fibula. Several septocutaneous perforators
pass through the posterior crural intermus-
cular septum to supply the lateral skin of the
leg. Moreover, different musculocutaneous
perforators can be identified during the flap
harvesting and they must be kept intact in
case of insufficiency or injury of the septocu-
taneous branches if an ossseocutaneous flap
is planned.

The peroneal osseous flap is insensate,
but several nerves must be preserved during
the raising of the flap. Firstly, the sural nerve
that innervates the lateral leg is vulnerable
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during the elevation of the posterior part of
the skin flap as it course in close proximity to
the lesser saphenous vein. Subsequently, the
superficial peroneal nerve must be kept in-
tact during the elevation of the anterior part
of the skin flap. The common peroneal nerve
winds from posteriorly around the lateral
surface of the neck of the fibula and atten-
tion must be given during the proximal dis-
section of the pedicle at the head of the fib-
ula. Finally, either the deep peroneal nerve
or the tibial nerve are vulnerable during the
dissection of the peroneal vascular pedicle.

Technical Assessment

The FFF has been established as the
method of choice for osseous mandibular
reconstruction and is preferable to non-vas-
cularized bone grafts or pedicled osseocuta-
neous flaps, as it is associated with higher
rates of bone survival and provides well
vascularized tissue, reliable wound heal-
ing, and earlier rehabilitation with reduced
risk of plate exposure. Mandibular defects
larger than 40mm in length are best recon-
structed with vascularized bone graft, and
FFF appears as the gold standard of treat-
ment.

The fibular flap provides an adequate
length of bone (up to 25cm long) and can
be modeled to simultaneously reproduce
the recipient defect, especially for long or
lateral mandibular defects involving the ra-
mus and body. It is a thick bicortical bone,
allowing for secure fixation of osteosynthe-
sis plates, reliable prosthetic rehabilitation,
and osseointegration of dental implants.
This flap has a long vascular pedicle (up to
8cm long) of large caliber that can be made
longer by stripping the periosteum off the



bone in the proximal portion of the fibula.
Moreover, the fibular flap can be harvested
as osseocutaneous flap with one or more
skin paddles (chimeric flap) for mucosal and
skin lining, or as osseomyocutaneous flap
including the flexor hallucis longus, and
a part of the tibial posterior or the soleus
muscle. In addition, it presents a segmental
blood supply and can tolerate osteotomies
as close as 1-cm apart without compromis-
ing flap viability. Furthermore, fibular bone
is less affected by postoperative radiothera-
py due to its strength and thickness.

Nevertheless, the FFF presents some
drawbacks, involving mainly the donor site
morbidity such as delayed wound healing
and skin graft, nerve injury, and ankle in-
stability. Preoperative vascular problems
(peripheral vascular disease, venous insuf-
fiency, congenital absence of lower leg ves-
sels, etc), poor skin quality (obesity, isch-
emia), and previous lower limb trauma can
preclude the use of the fibular flap and com-
plicate the preoperative plan limiting the
reconstructive options. Since the simple
osseous fibular flap lacks of skin paddle it
is impossible to monitor its viability, and
the microsurgeon must be confident either
with the vascular anastomosis or the inset-
ting of the flap to the recipient site.

In some patients, the limited height of
the fibula bone may present a prosthetic
problem, especially in young patients with
ameloblastomas who have undergone par-
tial resection and retain dentition on the
healthy side. In these cases, to reach the
occlusal plane, the flap can be positioned
ideally for prosthetic rehabilitation with its
upper border at the level of the residual al-
veolar crest, but this position has negative
effects on the profile of the lower border.
Thus, the ideal solution is the use of a dou-

ble-barrel flap to increase the height of the
reconstructed mandible.

Preoperative Workout

Normal vascular anatomy and arterial
competence were ensured by preoperative
evaluation of the lower extremities. His-
tory of intermittent claudication, deep vein
thrombosis, and lower limb trauma must
be considered. The anterior and posterior
tibial pulses are palpated in order to ex-
clude the presence of peripheral vascular
disease. In case of no palpable pulses we
perform preoperative Computed Tomogra-
phy Angiography (CTA) or Digital Subtrac-
tion Angiography (DSA), which can give us
information about the vascular anatomy of
the lower leg. Moreover, with the CTA we
can have information about the perfora-
tor’s anatomy and proceed more accurately
to the design of chimeric flaps. The portable
doppler ultrasound will also help us to lo-
cate the septocutaneous perforators.

In case of mandibular reconstruction we
routinely perform preoperative panoramic
radiographs and computed tomography
scanning. Furthermore, in secondary re-
constructions, a 3-dimensional stereolitho-
graphic model with the aid of Computer
Aided Design/Computer Aided Manufac-
turing (CAD/CAM) technology is produced.
The model is used as a guide to precontour
a reconstruction plate that is sterilized and
used intraoperatively to facilitate fibular
flap shaping.

The type (simple or composite) and di-
mensions of the fibular flap are dependent
upon the recipient’s needs. According to my
experience the most frequently used flap is
the osseocutaneous fibular flap followed by
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the osseous fibular flap. Finally, informed
consent must be taken from all the patients.

Intraoperative Details

Flap design

[ usually use the ipsilateral fibula for man-
dible reconstruction with an intraoral defect
and when the vascular anastomosis has to
be performed at the ipsilateral neck vessels.
This is mainly due to the fact that the an-
terolateral surface of the fibula has to be the
anterior surface of the “neomandible” for se-
cure fixation. Moreover, the flexibility of the
septum allows us to use the same donor leg
either when we have to use the contralateral
neck vessels for the vascular anastomosis.

The head of the fibula and lateral malleo-
lus are marked. Then, we palpate and draw
the posterior border of fibula bone that cor-
responds to the posterior intermuscular sep-
tum where the septocutaneous perforators
run through (axis of the flap). The use of
handheld doppler will guide us to locate and
mark the perforators on patient’s skin. The
skin paddle is outlined over the dominant
perforators, usually around the junction of
the middle and distal thirds of the lateral
leg. The skin flap width should be limited
to 4-5cm in case that we plan direct closure
of the donor site. Afterwards, we mark the
distal and proximal osteotomy sites preserv-
ing 5-7cm of the distal fibula and 5cm of the
proximal fibula for ankle and knee stability
respectively.

Patient setup

In case of maxillary and mandibular re-
construction a 2-team approach is used. The
patient is placed in a supine position with
the knee bent and a bump under the ipsi-
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lateral hip to lessen the need for excessive
internal rotation of the lower leg. A tourni-
quet is placed around the thigh and the leg
from the knee down is prepped and draped.
The leg is elevated 600 and exsanguination
is performed. The tourniquet is inflated to at
least 100mmHg above the patient’s systolic
blood pressure and a maximum ischemia
time of 90-120min is respected.

Harvesting of the free fibula flap

If no skin paddle is needed, the incision is
made along the axis of the osseous flap and
the dissection proceeds to fibula as described
below. Otherwise, the harvesting of the flap
begins making an incision along the anterior
margin of the skin flap. The anterior skin
flap is elevated cutting through the investing
deep fascia toward the posterior intermuscu-
lar septum in order to identify the perfora-
tors running through this septum. Attention
must be given to avoid injury of the superfi-
cial peroneal nerve in the lower third of the
leg. If no perforators are visible, muscular
perforator must be preserved and harvested.
The dissection continues from the septum
down to the lateral-posterior border of the
fibula. Afterwards, the posterior margin of
the skin flap is incised taking care to iden-
tify and preserve the sural nerve and lesser
saphenous vein in order to minimize donor
site morbidity. The posterior part of the skin
flap, along with the deep fascia, is elevated
towards the posterior septum down to the
lateral-posterior border of fibula, tracing the
perforators that again come into view. Now
posterior septum with the perforators run-
ning through it are freed and attached to the
bone. Check and mark their position on the
skin and deep fascia with ink. The skin inci-
sion is extended proximally and distally to
expose the entire length of the fibula.



The dissection is then carried on laterally
to detach the peroneus longus and brevis
muscles from the lateral aspect of the fibu-
la. Then, incise the anterior intermuscular
septum and release the extensor digitorum
longus and the deeper extensor hallucis lon-
gus muscles from the anterior surface of the
fibula. In the anterior compartment identify
and preserve the anterior tibial vessels and
the deep peroneal nerve. Posteriorly, the so-
leus muscle is separated from the fibula in
the same way.

At this stage, perform early osteotomies
(proximal and distal) of the fibula. A subperi-
osteal dissection is carried on with delicate
dissector such as a Freer’s elevator and a
right angle retractor is placed to encircle the
bone. Osteotomies are performed using an
oscillating microsaw. The early osteotomies
facilitate the further dissection.

Subsequently, using bone clamps to re-
tract the fibula, the interosseous membrane
is divided sharply and the fibula is fully mo-
bilized antero-laterally. Behind the interos-
seous membrane the peroneal vessels are
identified running posterior to the posterior
border of the fibula bone, in the muscular
sheath of the flexor hallucis longus. Trace
the peroneal vessels from distal to proximal,
ligating and cutting their distal part adja-
cent to the distal osteotomy. Retracting the
bone laterally, proceed from distally to proxi-
mally in order to detach the tibialis posterior
muscle and the flexor hallucis longus muscle
from the posterior surface of the fibula leav-
ing a minimal muscle cuff to the bone. Ligate
all the muscular branches and separate them
from the posterior tibial vessels and tibial
nerve (occasionally they run very close).

Once the flap is completely free, the pero-
neal vascular pedicle is inspected and care-
fully dissected further toward the tibiope-

roneal vascular trunk. Finally the artery is
separated from the accompanying veins. At
this point, the tourniquet is usually deflated
to perform meticulous hemostasis and en-
sure good blood flow to the foot. When the
recipient site is prepared, the vascular ped-
icle is ligated using ligaclips and cut, paying
attention not to injury the posterior tibial
artery and tibial nerve. Finally, the wound
closure is performed and one drain is placed
with its free part distally in order to avoid in-
jury of the ligated vessels proximally.

Shaping of the fibula bone

The vascular pedicle is elongated by sub-
periosteal dissection of the proximal fibula
and using the distal fibula for the reconstruc-
tion.

In immediate reconstructions, the af-
fected mandible is exposed, the osteotomy is
marked out, and a locking screw reconstruc-
tion plate is adapted to the mandible. The
plate is contoured according to the shape of
the resection specimen and is used to model
the fibula flap.

In secondary reconstruction, as previous-
ly mentioned, a 3D stereolithographic model
with the aid of CAD/CAM technology is pro-
duced. The model is used as a guide to pre-
contour a reconstruction plate that is steril-
ized and used intraoperatively to facilitate
flap shaping.

Usually, we draw a V-shaped paper tem-
plate that is transferred to the fibula to plan
the V-shaped osteotomies.

Postoperative Care

All patients are hospitalized in the inten-
sive care unit for 24 hours and then in the
department for about 5 days. During the
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postoperative period, the flap is monitored
with portable color duplex.

The donor site is splinted with the ankle
at 900 and the lower leg should be elevated
during the first week to avoid edema. The pa-
tient is allowed to ambulate at about a week
after surgery.

Conclusion

The free fibula transfer provides satisfac-
tory functional and aesthetic reconstruction
particularly for composite midface and man-
dibular defects. In experienced hands, suc-
cess of transplantation reaches almost that

of 100%.

Figure 1: Condyle-ramus-body segment along
with oral mucosa were resected and subsequently
reconstructed with free osseocutaneous fibula flap.
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Figure 2: Patient’s CT scan 3 years following the
reconstruction: The free fibula flap incorporated fully
and provided a smooth jaw contour.



Use of perforator vessels as recipient

vessels in foot reconstruction

Carmen Higueras

Hospital Universitario Germans Trias i Pujol, Barcelona

Evolution in Microsurgery has played
a crucial role in limb salvage in the last 20
years. The presence of vasculopathies rises
as we go distally towards the foot and recon-
struction options are frequently limited.

Supermicrosurgery overcomes the limits
of conventional microsurgery and leads to
the next step in the evolution of lower ex-
tremity. It is defined by Dr Koshima as mi-
crosurgical anastomosis of vessels of a diam-
eter less tha 0.8mm.

We started using this technique in 2015
for foot reconstruction. The main reasons

were diabetic ulcers but also tumors, trauma
and ischemic reasons.

Surgical Technique

Preoperative angio CT is obtained to
evaluate vascular status and hand Doppler is
used to mark potential recipient perforators
and perforators of the flap.

Two team approach is used, one team be-
gins by elevating the flap and the other team
does the debridement and search for recipi-
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ent vessels. We do the debridement with a
scalpel in order not to damage the nearest
vessels. The searching of the vessels is done
under microscope and the dissection contin-
ues until suitable vessels are found, ideally
pulsatile vessels.

First we check the recipient vessels with
transit-time flow measurement and transect
them and if a good flow is seen, then transect
the pedicle.

SCIP flap is our flap of choice for distal
foot reconstruction. The reasons are minimal
donor site morbidity and that we can achieve
very good contour of the foot. Elevate the
flap with a superficial vein.

It’s important the matching of the recipi-
ent and donor vessel because if we anato-
mose the flap to a main vessel, it can be too
much flow and venous congestion will occur.
We always do 2 veins.

It is important to dilate the vessels and
to minimize manipulation of the vessels to
avoid spasm. We use 10/0 or 11/0.

Althought a good pulse and bleeding are
the signs of a suitable vessel, don’t be afraid
of the low blood flow, when a patient awakes
and the blood tension raises, the flap will
start bleeding.

There is a low capacity of adaptation, play
with postural changes in the postoperative
time.

We irrigate with low weight heparine and
local lidocaine.

We use TTFM to mesure the flow in the
recipient vessel and postmicroanastomosis

Transit-time flow measurement (TTFM)
uses ultrasound technology and is widely
used in cardiac surgery. Some reports indi-
cate the beginning of a new application of
this technology in microsurgery. In cardiac
surgery, values and uses are well established,
but there are no guides available for micro-
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surgery. In addition to TTEM, imaging by
echography of small vessels is available, and
could give more information and guide in
microsurgery.

We are trying to determine whether there
are values of flow and pulsatility index that
could predict some outcomes like anasto-
mosis patency, adequacy of the arterial and
venous outflow, need of secondary vein, etc.
The association of eco imaging provides us
some extra information, it’s also still un-
certain the real value of the data, but we
expect that this new application of technol-
ogy will result in a better understanding and
prediction of microsurgery outcomes. With
this aim we are using MiraQ vascular device
(Medistim ®) with TTFM 1.5mm and 2mm
probes and eco imaging device.

Many measurements are done:

1. Nutrient arteries/veins of the flap in situ.

2. Receptor vessels. TTEM + Echography.

3. Flap perforators.

Once the anastomosis is done

4. Artery pre and post anastomosis.

5. Vein pre and post anastomosis.

6. Echography of the anastomosis.

This could seem like time consuming,
but TTFM takes 7 seconds, and echography
takes no more than 5 minutes once you get
used to it.

Some difficulties are found when the flow
or the vessels are very small, but in these cas-
es, we find very helpful the use of imaging.

Our preliminary results showed that it is
very useful in certain situations:

1. To determine the flow direction in small
receptor arteries. In two lower extremity
reconstruction the expected direction of
the artery flow wasn’t the real direction,
so the application of both TTFM and im-
aging, confirmed the real direction of the



flow before cutting the artery and the ves-
sel trimming and anastomosis was per-
formed in the proper artery end.

. To choose concomitant vein. Many times,
we choose the secondary vein according to
size, using TTFM we make sure it’s the one
with higher outflow.

. To examine recipient vessel. Echography
avoids atherosclerotic and turbulent flow
zones if main vessels are used.

4.To check the anastomosis patency. Tra-

ditional squeezing patency test is useful

for veins, but not for elastic arteries. With

TTEFM we make sure that the blood is going

through the anastomosis, and we are able to

quantify it. We find it very useful, especially
in flaps which clinical assessment is difficult
like buried flaps and muscular flaps.

5. To determine laminar flow in the anasto-
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mosis. After performing the anastomosis,
we do an echography in the anastomosis
with colour Doppler and speed measure-
ment. Cut values are still not available, but
if turbulent flow or low speed is detected,
we look for possible reasons and many
times, redo the anastomosis. If there is a
posterior wall stitch, deformation of the
vessel wall can be observed by echography.
We are working hard to be able to report
cut values in which every microsurgeon in
the world could determine the quality of his
anastomosis, the adequacy of the inflow and
out, and to provide robust data supporting
the use of echography, but while these hap-
pen, we are glad to report some advantages
of this technology and hope that this can
help our colleagues facing the same challeng-
es that we face.
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Introduction

The main blood supply of the fingers is
obtained by the 2 palmar digital arteries.
These form an end arterial arch at the pal-
mar fingertip area for vascularization of the
pulp that corresponds to the middle of the
distal phalanx (Figure 1A). Additionally, the
2 palmar digital arteries form another 2 ar-
terial arches, each of them supplying com-
municant branches that meet at the distal
third of the middle and the proximal pha-

langes. Based on the above vascular anat-
omy of the fingers, various microsurgical
techniques have been described for repair
of amputations of the distal, middle pha-
lanx and the fingertip. [1, 2, 3, 4] The aim
of these techniques is to avoid using vascu-
lar grafts or to shorten the stump bones for
achieving a successful replantation when
vessels (veins and arteries) are not intact,
or their length are not enough for revas-
cularization/replantation. Some of these
techniques include the Fosters’ fingertip re-
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plantation transferring artery from a neigh-
bor finger, [5] replantation using a single
artery,6 venous arterialization, [7] one of
the commitant veins for bridging the digi-
tal artery, [8] atypical arteriole anastomo-
sis with reversed flow venous anastomosis,
[9] using a single artery bifurcation, [10] or
replantations using other reversed flow or
super microsurgery techniques [11].

Guillotine type or minimal crush in-
juries, grade I or grade II avulsion inju-
ries and partial (incomplete) amputations
where a part of dorsal skin including one
or more veins of the fingers are considered
ideal cases for replantation using a reverse
flow anastomosis procedure. Severe crush
or mangled fingers are not appropriate for
this technique, and in complete amputa-
tions an additional procedure for ensur-
ing a venous return is necessary. After an
amputation at the middle phalanx (Figure
1B) of the finger, the 2 stumps include the
2 ends of 2 sectioned arteries each, leaving
4 ends of 2 sectioned arteries (Figures 1B,
2A). The distal end arterial arch as well the
proximal to the section first arterial arch-
es are maintained intact; therefore, if the
compatibility of these arches is not com-
promised, the 2 arteries communicate be-
tween them in both the proximal and distal
amputated parts.

Operative technique

At the palmar aspect of the distal stump
(finger pulp), one of the 2 digital arter-
ies is dissected and harvested (Figures 1C,
2B). This artery forms the end arterial arch
from distal to proximal, maintaining the
proximal connection with the contralateral
artery which lies quite closed to the level
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of the stump. Care is taken to avoid titling
at the pivot site where the artery has to be
reversed (Figures 1C, 2B). The harvested ar-
tery has to override the amputation level
and to be anastomosed with the sectioned
end of one of the arteries of the proximal
stump (Figures 1D), allowing restoration of
the blood supply by a reverse arterial flow.
The cut ends of the remaining 3 arteries
are ligated at both the distal and proximal
stumps (Figure 1D).

Advantages and benefits of the
described technique

The above described reverse flow anasto-
mosis technique ensures rapid revascular-
ization of the amputated stump, in a short
operative time for partial amputations of
the fingers. Only one arterial anastomosis is
necessary, in contrast to similar procedures
using vascular grafts where two level anas-
tomoses should be performed that jeopar-
dize compatibility of the graft and success
of the anastomosis. In comparison with al-
ternative procedures such as bone shorten-
ing of the amputated stumps to ensure an
end to end arterial anastomosis, this tech-
nique is considered superior because length
of the finger is maintained and is quite safe
for the finger healing.

Additional techniques
for vein repair

In cases of complete amputations, except
for the standard procedure using vein grafts
for bridging the veins, a vein from a neigh-
boring finger can be harvested, similar to
Fosters arterial transfer technique; 5 when



harvested up to the interdigital space, this
vein graft is longer than the veins at the
stumps of the amputated finger.

Digital nerve repair

Digital nerves are usually more elastic
and easier to dissect for achieving a success-
ful tension free end-to-end repair. More-
over, if necessary, bridging of the nerve
defect after the above described technique
can be performed more easily using a nerve
autograft harvested from the medial ante-
brachial cutaneous nerve. If not feasible,

Figure 1

1A 1B

1A. The normal digit blood supply.
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bridging of the nerve defect could be per-
formed at a second stage.

Conclusion

In conclusion, the reverse flow anasto-
mosis technique is a successful microsur-
gical technique for optimal replantation of
partial amputations of the fingers. Healing
of the replantation is safer because only
one microsurgical arterial anastomosis
is required, and length of finger is main-
tained because bone shortening is not nec-
essary.

1C 1D

1B. Amputation of the finger before the distal stump artery division and its harvesting.
1C. Harvesting and reversion of the artery of the distal stump
1D. Reversed flow anastomosis of the arteries, ligatures of the remaining free arterial stumps.
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Figure 2: Clinical case: index finger partial amputation and repair technique.

A 48-year-old man with an incomplete amputation at the distal third of the middle phalanx of the index finger,
only the dorsal skin was maintained intact containing 1 or 2 dorsal veins.

2A. In the index finger of the Figure 2, all arteries and nerves were found damaged.

2B. After bone fixation with 2 Kirschner wires, all arteries from both proximal and distal stumps were dissected,
and the radial digital artery at the distal stump was harvested, proximally reversed, and the radial digital artery
anastomosed to the ulnar artery at the proximal stump. The ulnar distal artery was selected as the recipient
vessel for anastomosis with the reversed radial digital artery because this artery was found in better condition
and was a little larger than the radial one which normally corresponded to the radial distal artery (as in the design
of the figures 1A-D).
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Distal finger replantation is a challenge
in microsurgery. Replantations distal to the
flexor digitorum superficialis were initially
termed as distal finger replantations [1] but
today what is meant by a distal replanta-
tion is replantation through or distal to the
distal interphalangeal joint [2].

Although controversy exists for the ben-
efits of distal finger replantations, the re-
sults are superior to stump revision and
other reconstruction methods both func-

tionally and cosmetically. The main advan-
tages of distal finger replantation may be
summarized as: it is a single stage proce-
dure providing a good soft tissue coverage,
good sensibility without painful neuroma,
good range of motion in the affected joints,
preservation of nail and finger length, cos-
metically pleasing and satisfying the patient
[3]. Longer operation times, longer hospital
stays, longer time off work, and higher costs
are main drawbacks of this operation [4].
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Technical difficulties are another impor-
tant drawback. The vessel sizes are so small
that needs patience and skill for repair. Ves-
sel diameters range between 0.8 to 0.3 mm
[5,6]. It’s difficult to find and tag these small
vessels for repair. These fragile, thin vessels
need delicate manipulation and have no toler-
ance to tightness in repair. Moreover, a good
exposure and a comfortable space are needed
to perform the fine anastomoses which is
usually not the situation. Experience is so
important for a successful result. However,
there are problems in transmission of experi-
ence. Replantation is an emergency surgery
and learned in the operating rooms after long
hours and generally without supervision of
senior surgeons. Every new resident has to
experience the technical difficulties and find
his way to solve the problems [2].

Depending on experience every surgeon
has his own technical problems and his
original solutions for the peculiar problems.

The aim of this chapter is to present our
solutions and technical tips while perform-
ing distal finger replantation.

Management in the
emergency room

Digital block anesthesia in the emergency
room will relieve the patient and if performed
with a long acting bupivacaine this can last un-
til the end of operation. We usually perform
distal finger replantations with local anes-
thesia and find it safe. This will help both the
patient and the surgeon while inspecting the
injury and informing the patients about the
operation and possible outcomes (Figure 1a).

The X-rays of the amputated part and stump
also photographs of the amputated part and
stump should be taken at emergency, this will
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help in planning the surgery and will give idea
about bone and joint condition. Infrequently
there may be a more distal or proximal frac-
ture and foreign bodies may be detected (Fig-
ure 1b).

Figure 1: a) Digital block anesthesia.

Figure 1:b) Fractures within the amputated segments

Preparation to replantation

If a decision is made to replantation with
an informed consent of the patient than the
surgeon should carry the amputated part



to the operation room by himself without
waiting (Figure 2).

Figure 2: The amputated segment is carried by the
surgeon.

This will save time. While the patient’s pa-
perwork and preparation for operation is per-
formed, in emergency room the surgeon will
be in the operating room preparing and tag-
ging the amputated part. Most importantly
this manoeuver will prevent loss of amputat-
ed parts during transport (Figure 3).

Figure 3: While the patient is taken to operating room
and prepared for the operation, the surgeon will be
already finishing with preparation and tagging of the
amputated part.

Patient considerations

We should keep in mind that; patient’s
comfort during operation equals surgeon’s
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comfort. The patient should go to toilet
before operation because not rarely the
patients need urination during the critical
moments of the operation and we do not
want to use urinary catheters. The opera-
tion room must be heated for optimal vaso-
dilation and comfort of the patient.

The silicone headpieces used during gen-
eral anesthesia is uncomfortable for the lo-
cally anesthetized patient. We use a normal
pillow as used in the patient’s room during
operation (Figure 4).

Figure 4: Established comfort of patient during
replantation.

The intravenous lines (IV) should be set-
tled at the dorsum of the contralateral hand
not in the cubital area. Patients frequently
comply about cubital IV lines during opera-
tion because they cannot move elbow due
to pain. Our emergency team is informed
about this matter and the IV line for finger
amputation patient is settled on the contra-
lateral hand dorsum at the initial prepara-
tion in emergency room (Figure 4).

Sometimes sedation is needed for pa-
tient’s or surgeon’s comfort but this may
cause involuntary movements that can be
detrimental during fine anastomosis.
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Figure 5: a) Holding without squeezing. b) Use of betadine. ¢) Saline wash. d) Manipulation

Preparation of the amputated finger

The amputated part should be prepared
without squeezing to keep the blood within.
That will help in detection of vessels espe-
cially small volar veins.

Betadine instead of foaming scrubs
should be used. Because detergents in the
scrubs permeate to connective tissues and
vascular lumens which takes time to clean
out. The betadine should be washed gener-
ously with saline. If needed the amputated
part should be manipulated by holding from
the lateral parts of nail not to squeeze and
lose the blood of the pulp (Figure 5).

Stabilizing the finger for
debridement and tagging

Stabilizing the amputated finger for de-
bridement and tagging is usually performed
by an assistant who holds the finger. The prob-
lem is tremor of the assistant during tagging.
Few techniques are defined to overcome this
problem in the literature. Defined techniques
in the literature for stabilizing the amputated
segment include: using hypodermic needles
and a cork board, stay sutures attached to the
operating table [7], using silicone finger mat of
microsurgical instrument tray [8] and sutur-
ing the amputated part to a suture pack [9].
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What we use for stabilization is a forceps
(Figure 6). The microvascular clamp applica-
tor forceps is suitable for stabilization [10].

Figure 6: a) Use of forceps for stabilization. b) View of
whole cross section

There is no assistant and no tremor. It
fixes for easy debridement and tagging. Ex-
ploring the whole cross-section provides a
better look in order to find and compare the
available vessels.

Compression of the pulp will push the
blood to the vessel ends and will make it
easy to locate and tag (Figure 6¢).



Figure 6c: Arrows indicate visible volar and dorsal
veins with compression of the pulp

Debridement

The amputated part may be contaminated
with oily grease, small metal particles, or soil
(Figure 7). Debridement is needed in these
situations but one can lose valuable vessel

Figure 7: a) Contamination with grease. b) Metal
foreign bodies

16

length during non-discriminant debride-
ment. Neuro vascular structures should be
explored before debridement and protected.
A magnetlocated in a sterile glove finger may
be used to collect the iron metal particles.
Depending on the power of the magnet su-
perficial free big iron particles can be collect-
ed by this method but the small ones within
the tissue will still take time of the surgeon.

Staining with blood

After debridement everything is white

without contrast under powerful micro-
scope lights which makes it difficult to lo-
calize vessels and nerves.

We use a drop of patient’s blood obtained
from IV line or proximal stump to stain the
cross-section (Figure 8).
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Figure 8: a) Staining with a drop of blood. b) Amputated part before debridement. c) The same finger after
debridement. d) Same finger after staining with a drop of blood. Arrow indicated the neurovascular structures
made visible.

Staining with a drop of blood puts a base
colour that enables surgeon to see the trans-
parent neurovascular structures (Figure 9).
Moreover, the blood nestles within and around
vessels that makes it easy to locate.

Figure 10: a) Volar veins and arteries tagged. b)

Figure 9: a) Before debridement b) After debridement Tagging with Loop suture

€) After staining with blood Loop sutures passing from adventitia may

be used if the vessel will be tagged after prep-

Tagging aration. The loop is then cut and the suture
maybe taken without damaging the vessel.
Tagging with sutures is the classical and fa- Tagging with hemoclip is another choice

miliar method however it takes time (Figure 10). ~ that enables fast tagging. Hemoclip pro-
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Figure 11: An example in a non-distal multi-finger amputation. Smaller sizes can be used in distal finger

replantations.

vides a holding site to manipulate safely.
Different sizes may be used for artery, vein
and nerve. It decreases bleeding from the
stump arteries. It is especially important in
multiple finger replantations to save time
and decrease bleeding (Figure 11). The dis-
advantages are; it shortens valuable length
of the vessel since you have to cut it away

with a part of vessel. Surgeon must not hur-
ry up to cut crushed vessel ends. The lumen
may be explored by partial proximal cuts with
preservation of the distal crushed segment
(Figure 12).

Tagging by ligating a proximal injured
branch will save time and decrease bleeding
(Figure 13).

Figure 12: The crushed vessel ends provide safe
tagging and holding sites for the surgeon

Figure 13 a, b: Two different cases with tagging by
ligating an injured branch.
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Preperation of the stump

The stump is usually left to stop bleeding
by itself with loosely compressive gauzes.

Figure 14: a) Microvascular clamp to stop bleeding. b)
Finger tourniquet

The surgeon should stop bleeding from the
stump. If it stops by itself then it stops with
thrombosis and vasospasm that will compli-
cate the anastomosis. We use microvascular
clamps, gentle wide finger tourniquets, and
hemoclips to stop bleeding from the stump
(Figure 14).

These should be kept in place during
bony fixation (Figure 15).

Bony fixation
One must remember that the biggest

vein of finger is the medullary cavity of
the bone. Complete anatomic reduction is
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Figure 15: Microvascular clamps should be kept until
arterial repair.

needed. It is especially important in distal
replantations without vein repair. We try to
perform complete anatomic reduction with
0.6 mm to 1 mm K-wire fixation not to oc-
clude the medullary cavity (Figure 16).




Figure 16 a, b, c, d, e: complete anatomic bone
reduction obtained in a distal multi-finger amputation.
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Radiolucent hand table

We always check the reduction with flu-
oroscopy for each case. Radiolucent hand
table helps for this (Figure 17).

Figure 17: Radiolucent hand table is made of Plexiglas
on a steel skeleton. It is cheap and helpful.

Aspiration tube to
protect soft tissues

Protection of soft tissues and neurovas-
cular structures during K-wire application
is of paramount importance in distal finger
replantations. If K-wire catches the vessels,
you will lose valuable vessel length that even
may not be reconstructed with vein grafts.

We use a segment of aspiration tube as a
trocar to K-wire to protect soft tissues (Fig-
ure 18).
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Figure 18: a) A segment of aspiration tube is prepared.
b, c) The aspiration tube segment is fixed with a forceps

and the K- wire is safely applied. d) Postoperative view
of the patient

Tendon repairs

It is usually not needed in distal finger
replantations but may be needed in am-
putations through DIP joint. The extensor
tendon repair should not disturb the vein
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repairs. Bulging of repair site and suture it-
self may compress the valuable dorsal vein.
The repaired vein is found just between the
tendon and skin and vulnerable to compres-
sion. We use a running or cross stitches su-
ture by keeping the knot inside to protect
valuable vein repair (Figure 19).

Figure 19: a) Extensor tendon repair without bulging.
b) See how the valuable vein repair lies just over the
tendon repair site.

Nerve repair

Nerve repairs should be performed in distal
finger replantations if possible. However, nerve
repair is not an essential repair that must be



performed in all distal finger replantations be-
cause protective sensation returns irrespective
to nerve repair status. This was confirmed by
many studies presenting good sensory recov-
ery without nerve repair in distal finger replan-
tations [11, 12, 13].

If bleeding from the stump artery is good
and no dissection will be performed for ar-
tery then we do not do proximal exploration
just for nerve in avulsion injuries because
the spontaneous innervation is satisfactory
without nerve repair in distal replantations
(Figure 20).

Figure 20: Avulsion injuries

Vascular repairs 12x oculars

We use 12.5x ocular instead of standard
10x oculars 12.5x ocular provides 20% extra
magnification which is especially important
in distal replantations. One have to increase
light at these magnifications (Figure 21).

Dorsal approach for vascular repairs

Distal finger replantations have distinct
technical difficulties. The vessel sizes are
about 0.8 mm to 0.3 mm [5, 6]. The vessels
are thin walled and their flexibility is less
compared to proximal replantations. 11/0
sutures are needed in most cases. Tension
is not tolerated by this very thin vessels
during repair. The bulk of the pulp tissue
precludes a wide view of the repair site. Re-
traction of skin and pulp tissue increases
tension on the anastomosis. It is difficult
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Figure 21: a) 12.5x ocular to increase magnification. b)
The quality of repairs increase with extra magnification.

to use microvascular clamps in this narrow
field of vision. The artery is in the deepest
location just over the periosteum. Classical-
ly distal finger replantations are performed
by volar approach. We use dorsal approach
to overcome some of these technical diffi-
culties. In dorsal approach the vascular re-
pairs are performed from dorsal side before
bone fixation [14] (Figure 22).

After preparing and tagging the vessels and
nerves of the amputated part and proximal
stump, the hand is positioned by lead hand
in supine position and the uninjured fingers
are fixed with lead hand (Figures 22a, 22b). A
K- wire is passed to the amputated part only.
The volar skin is repaired first as a hinge and
the exposure is obtained from dorsal side
(Figure 22b). The exposure is wide enough to

79



MICROSURGERY

Figure 22: a) A 37-year-old male patient had a transverse Tamai Zone | amputation of the middle finger. The
vessels were tagged and prepared. (b) K- wire was passed from the amputated part. Volar skin was repaired without
bone fixation. The K wire’s length and skin sutures were adjusted to obtain the best exposure with least tension and
the amputated part was retracted to volar side using the volar skin as a hinge. The weight of the K-wire stabilized
the exposure. (c) Wide exposure of the anastomosis sites was obtained. (d) The exposure was wide enough to place
a microvascular clamp if needed. (e) The arterial repair was completed (white arrow). A subcutaneous volar vein
was repaired without the need for a microvascular clamp (black arrow). (f) The bone was fixed and lateral skin and
nail bed repair was performed and nail plate was fixed with sutures. (g) A previously tagged subdermal volar vein
was repaired lastly from volar side. (h) The result at six month.
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use microvascular clamp and approximator
(Figures 22¢,22d). The structures are repaired
from volar to dorsal before bone fixation. As
the repairs come dorsally the number of vo-
lar skin sutures are increased or the K- wire is
manipulated to obtain the best exposure with
least tension. Subcutaneous volar veins re-
paired by dorsal approach (Figure 22e). After
completing the repairs by dorsal approach the
amputated segment is reduced carefully and
the K- wire is passed to proximal bone. Lat-
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Volar approach to the same finger

Figure 23: a) The exposure of arterial repair in dorsal
approach is about 2 cm without need for an assistant
to retract soft tissues or without stay sutures. The
cross section of cleft for vascular repairs in dorsal
approach is like a semicircle providing a better
exposure without soft tissue interruption. b) The volar
approach to the same finger’s arterial repair site
(white arrow) results in a 1 cm exposure with the cross
section being like a “V”. The artery must be repaired
at the narrowest bottom of the “V”. Moreover, stay
sutures and retraction of soft tissues by an assistant
were needed to maintain exposure in volar approach.
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eral skin and nail bed repair is performed and
nail plate is fixed with sutures (Figure 22f). If
a previously tagged subdermal volar vein will
be repaired than the sutures are taken from
the volar skin and the subdermal volar vein is
repaired from volar side (Figures 22 g, 22 h).

Using dorsal approach has many advantag-
es over volar approach [14]. Dorsal approach
provides 2 times wider exposure compared
to volar approach to same finger. There is no
need to an assistant or stay sutures. It pro-
vides wider space for approximator compared
to volar approach (Figure 23).

Vein repairs

The arterial fill must be balanced by venous
drainage for a successful result. We routinely
perform volar vein repairs [15]. Repairing vo-
lar veins is especially important in Tamai Zone
I where dorsal veins do not exist (Figure 24).
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Figure 24: a) Volar veins can be found in subdermal
area as in this patient. b) Two neighboring subdermal
volar veins were repaired. ¢) View at sixth month

We frequently repair subcutaneous volar
veins in distal finger replantations that are
bigger than subdermal ones (Figure 25).

Volar veins can be located easily within
the microhematomas in the subcutaneous
tissue or subdermal area (Figure 26).
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Figure 25: a) Second finger amputation. b) One
subcutaneous volar vein lateral to central artery is
repaired by dorsal approach in this patient. c) View at
fourth month

Figure 26: a) The microhematoma at the volar
subcutaneous tissue. b) One subcutaneous volar vein
was located within the microhematoma.

We frequently repair big volar veins within
the subcutaneous tissue of pulp (Figure 27).

Skin closure

We always start skin closure from the vas-
cular repair sites first. Because due to edema
if we leave it to the last then the anastomosis
tend to protrude from the repair site and it
is possible to pass sutures from the repaired
vessels (Figure 28).

Multiple finger

In multiple finger replantations time is
important. We sometimes perform the vas-
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Figure 28: a) Repaired artery in a distal finger
replantation. b) Skin closure was started from the
repair site first to protect the anastomosis

cular repairs by two surgeons working on
two different fingers with two microscopes
to save time (Figure 29).

Figure 27: a) Pulp amputation in a 47 years old male.

b) Two arteries were repaired c) One big subcutaneous Figure 29: Two surgeons repairing different fingers
vein repair was enough to balance the arterial fill. d) simultaneously by two microscopes in a multi-finger
View at seventh month distal replantation.
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Harvesting A Toenail Flap Based On
The Fibro-Osseous Hiatus Branch

Dept. of Plastic Surgery. Inha University, School of the Medicine

Author had performed about 40 nail recon-
structions with the microsurgical nail transfer
method for 12 years. Based on the personal
experience, I show the cadaver dissection to
elucidate the perfusion of toenail flaps by the
fibro-osseous hiatus branch (FHB), and toe-
nail flap harvesting technique, microsurgical
revascularization technique with clinical cases
for reconstruction of a fingernail defect.

Four second toes of two fresh Korean ca-
davers were dissected. We try to find the per-
fusion of the toe-nail tissue, and apply the

anatomical knowledge to the clinical series
of the nail defect patients. The plantar digital
artery (PDA) and terminal segment branch
(TSB) were ligated, and red latex was injected
distally into the ligated PDA.

The results of perfusion study showed that
one side of the unilateral FHB was identified
and traced proximal to the PDA, which was
ligated. The distal toe-nail bed was perfused
by the dye through the FHB. The toe-nail flap
was marked at 5 mm distal to the nail fold and
5 mm lateral to the paronychium.

85




MICROSURGERY

From 2004 to 2016, 40 toenail flaps based
on the FHB pedicle with or without toe pulp
were applied to 34 patients for finger nail re-
construction. The toe-nail complex based on
the FHB was elevated and transferred to the
finger. The nail and matrix were elevated with
or without including the distal phalanx.
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All the toe-nail flaps survived.

In conclusion, the vascularized toe-nail flap
can be transferred with a minimum amount
of soft tissue, depending on the FHB, because
FHB is large enough to supply blood and can
be included in 5 mm margin from eponychi-
um and paronychium.
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Introduction

Throughout most of its history, the sur-
gical management of brachial plexus inju-
ries was associated with pessimism, but the
greater understanding of the processes of
nerve healing and the advances of micro-
surgical techniques and instrumentation
during the last decades, have led to better
outcomes. Nerve transfers have been used
with increasing frequency for the recon-
struction of brachial plexus injuries. Many

options exist for the restoration of the el-
bow flexion and the most appropriate de-
pends largely on the availability of donor
motor nerves [1].

In 1994 Oberlin et al [2] described the
transfer of one fascicle of the ulnar nerve
to the biceps branch of the musculocutane-
ous nerve, in order to restore elbow flexion.
Their original description consisted of a se-
ries of four patients and a cadaveric study
of the branching pattern of the musculocu-
taneous nerve to the biceps muscle. No loss
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of ulnar nerve function was found postop-
eratively at the clinical examination.

Then, in 2003, Mackinnon et al [3] sug-
gested reinnervation of both the biceps and
the brachialis muscles in order to maximize
the potential of recovery of strong elbow
flexion. They considered the fact that the
biceps muscle acts as a primary forearm
supinator and only as a secondary flexor of
the elbow, whereas the brachialis is the pri-
mary muscle providing elbow flexion. Four
different nerve donors were used for trans-
fer to the brachialis branch of the muscu-
locutaneous nerve: the medial pectoral, in-
tercostals, and thoracodorsal nerves, along
with a triceps branch of the radial nerve,
with MABC and LABC used as nerve grafts.
Eight patients were reviewed in this study,
with MRC Grade 4 in five patients and 4+
in three. Reinnervation of both the biceps
and the brachialis muscles was confirmed in
EMG studies. Ulnar nerve function was not
downgraded in any patient. In conclusion,
the writers note that the Oberlin FCU fas-
cicle transfer procedure provides a reliable
source of donor motor axons for transfer in
brachial plexus injuries and allows reinner-
vation of the biceps muscle without func-
tional donor sequelae, but in some patients
where the quantity of functioning motor
axons may not be sufficient, the additional
nerve transfer to reinnervate the brachialis
muscle provides maximal recovery of elbow
flexion strength.

In 2005 Mackinnon et al [4] reported re-
sults on the simultaneous use of the median
and ulnar nerves as donors for the double
fascicle transfer to the two elbow flexors.
The use of an expendable fascicle of the
median nerve as a donor nerve in a similar
fashion to the FCU transfer has previously
been described to reinnervate the biceps
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muscle after brachial plexus injury [5,6].
The authors noted that the motor fascicles
in the median nerve are found on the medi-
al side of the median nerve and the sensory
component on the lateral side of the median
nerve. The motor component of the ulnar
nerve is located on the lateral or central por-
tion of the ulnar nerve. To locate fascicles of
appropriate caliber and sufficient length for
direct transfer internal neurolysis of these
nerves was performed adjacent to the bi-
ceps and brachialis branches. The brachialis
branch was neurolysed proximally, divided,
and moved over toward the median or ulnar
nerve to select the best match to the donor
nerve. Either the median or ulnar nerve
was used as a donor for either the biceps or
brachialis transfer depending on the match
to the recipient nerve. The fascicle used for
transfer usually made up 15 to 20% of the
entire nerve.

Surgical Procedure - How | Do It

In this paper, we present our modified
technique of the double fascicle transfer to
the two elbow flexors from two fascicles of
the ulnar nerve only as a donor nerve.

With the patient in supine position and
the arm in lateral abduction, a 12-15 c¢m in-
cision is made along the medial arm begin-
ning at the pectoralis and coursing distally
along the neurovascular bundle. Initially,
the biceps is identified and an incision is
made on the fascia and the muscle is retract-
ed laterally. The musculocutaneous nerve is
identified between the biceps and the cora-
cobrachialis muscles. It is then dissected
from proximal to distal and from medial
to lateral. The nerve to the biceps is iden-
tified. According to Oberlin [2] the mean



distance from the acromion to the origin of
the nerve to the biceps is 12 cm. The ulnar
nerve is approached in the same level. The
motor branch destined to the biceps is iden-
tified and then split proximally from the
musculocutaneous nerve for approximately
2 cm and transected. The distal part is then
rotated medially toward the dissected ulnar
nerve. Then, dissecting distally the muscu-
locutaneous nerve, the branch destined to
the brachialis is identified and split care-
fully proximally into the musculocutaneous
nerve for approximately 3-5 cm and tran-
sected. Attention should be paid in order to
get adequate length of this branch to reach
the proper fascicle of the ulnar nerve. The
dissected branch is then rotated backward
to the previously dissected ulnar nerve.

The epineurium of the ulnar nerve is in-
cised and two fascicles are selected and elec-

Figure 1: Schematic illustration of the procedure. MC:
musculocutaneous nerve, MBB: motor branch of the
biceps, MMBr: motor branch of the brachialis, UN: ulnar
nerve, LABC: lateral antebrachial cutaneous nerve.
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trically stimulated in order to distinguish
between sensory and motor fascicles. The
motor component of the ulnar nerve is lo-
cated on the lateral or central portion of the
ulnar nerve. The chosen fascicles, normally
the fascicles for the FCU (flexor carpi ulna-
ris) are separated from the ulnar nerve over
2 cm and divided distally. Then the fascicles
are turned laterally and sutured separately,
one to the motor branch to the biceps, and
the other to the branch of the brachialis
with 10.0 nylon, without any tension. Fi-
brin glue is added to enhance the neuror-
rhaphy (Figures 1 &2).

Figure 2: Intraoperative image of the procedure. MC:
musculocutaneous nerve, MBB: motor branch of the
biceps, MMBr: motor branch of the brachialis, UN: ulnar
nerve.

Rehabilitation

The upper extremity is immobilized in a
sling for 1 month. The subsequent physio-
therapy includes passive ROM of the shoul-
der, elbow and hand. Electrotherapy is ini-
tiated at 2 weeks and continued for up to
6 months. The earliest contractions in the
biceps are seen between 2-4 months after
surgery. The patient is then asked to initiate

89



MICROSURGERY

active supination exercises. Physiotherapy
is carried out for 9 more months.

Discussion

In a follow-up of 32 patients reported
in 2004 by Oberlin et al7 elbow flexion of
Medical Research Council (MRC) grades 3
to 4 was achieved in 94% of cases and no
significant donor morbidity was seen. Ten
patients, however, secondarily required a
Steindler flexorplasty to obtain satisfac-
tory elbow flexion. Additionally, after the
use of median and ulnar nerve as donors for
the two elbow flexors, as Mackinnon et al
reported [4], clinical evidence of reinnerva-
tion was noted at a mean of 5.5 months af-
ter surgery and the mean follow-up period
was 20.5 months. Mean recovery of elbow
flexion was MRC grade 4+. Postoperative
pinch and grip strengths were unchanged
or better in all patients. No motor or sen-
sory deficits related to the ulnar or median
nerves were noted and all patients main-
tained good hand function. No patients re-
quired additional procedures to further im-
prove elbow flexion strength. The authors
concluded that the transfer of expendable
motor fascicles from the ulnar and median
nerves, without the need for nerve grafts,
can successfully reinnervate the biceps and
brachialis muscles for strong elbow flexion
without functional or sensory donor mor-
bidity. Then, in 2009 Oberlin et al [8] also
observed that the double transfer provides
better results than one single.

In our experience with 5 patients, using
our modified technique of the double fas-
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cicle transfer to the two elbow flexors from
two fascicles of the ulnar nerve, all patients
showed clinical evidence of reinnervation
in approximately 6 months and gained full
muscle strength, as well as range of motion
(Figure 3). Unfortunately, our sample size
is limited, but according to previous results
in the bibliography and our experience, we
propose this modified technique of the dou-
ble fascicle transfer from the ulnar nerve,
as it reserves the median nerve, allows rein-
nervation of both elbow flexors and no type
of motor or sensitive problem are found in
the ulnar territory.

Figure 3: This patient underwent our modified
technique of the double fascicle transfer to the two
elbow flexors from two fascicles of the ulnar nerve and
he gained full muscle strength (M5), as well as range of
motion, at 15 months after surgery.
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Introduction

Bone sarcomas are rare malignant mesen-
chymal tumors of the musculoskeletal system.
[1] In the past, the main treatment modality
was essentially amputation of the involved
limb, whereas 5-year survival was very low.
However, during the last three decades, limb
salvage has become the rule rather than the
exception, as the use of neoadjuvant and adju-
vant therapies (radiation and chemotherapy)
has dramatically increased tumor resectability

and disease-free survival. For example, until
late 70’s the treatment of choice of a patient
with osteosarcoma was unequivocally limb
amputation. Results were extremely poor,
with a 2-year incidence of metastatic disease
of about 80% and an overall 5-year survival of
approximately 20%. [2] Neoadjuvant chemo-
therapy, combined by limb-salvage surgery
and followed by adjuvant chemotherapy is
now the treatment modality of choice for the
vast majority of such patients, with a 5-year
survival now reaching 66%. [3]
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Reconstruction of large tissue defects still
remains a big challenge in tumor surgery
patients. In particular, vascularized tissue
transfer has been proved to be very help-
ful in the management of complex tissue or
functional defects that are frequent results
after radical tumor resection. The principles,
indication and results of microsurgical re-
construction are directly related not only to
the underlying disease process, but also to
the local and systemic therapeutic modali-
ties (adjuvant therapies) applied to the indi-
vidual patient.

Surgical resection of malignant pelvic or
limb bone sarcomas (or benign but aggres-
sive tumor) may result in large bone and soft
tissue defects. Frequently bone sarcomas
have a metaphyseal location with extension
to the epiphysis or/and the diaphysis. Usu-
ally the tumor penetrates the cortex extend-
ing into the soft tissue (stage IIB Enneking).
The goal of surgical treatment is resection of
the bone tumor with the soft tissue exten-
sion attached, to negative histologic mar-
gins. Based on location and extent, such os-
seous defects can be addressed with the use
of a vascularized bone graft, an allograft or
by the use of an endoprosthesis.

Vascularized Fibula Grafts.
Indications, Results and
Complications

The use of a vascularized fibula in the treat-
ment of posttraumatic defects, infected non-
unions or congenital pseudoarthrosis is well
established. [4-8] The vascularized fibula flap
has also been widely used for reconstruction
of bone defects after tumor resection in the
mandible, in long bones, for spinal stabiliza-
tion after vertebrectomy and for pelvic re-
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construction after internal hemipelvectomy
(Figure 1). [3, 9-11] It can also be used in con-
junction with muscle or a skin island, in order
to achieve simultaneous soft tissue coverage
(Figure 2.). [7, 11] Innocenti et al., [12] based
on a previous cadaveric study by Taylor et
al.,[13] have described a vascularized trans-
fer of the proximal epiphysis-diaphysis of the
fibula, supplied by a branch of the anterior
tibial artery. The transferred epiphysis main-
tained approximately 80% of its growth po-
tential. As it is covered by articular cartilage,
the proximal fibular epiphysis can be used to
reconstruct an articular surface (i.e., distal
radius), aiding on the same time longitudinal
growth. [14]

A direct comparison of the use of a vascu-
larized fibular graft either for posttraumatic
or tumor defects has yielded better results in
the tumor group of patients. This has been
attributed to the greater soft tissue damage
(more tissue scarring and tissue hypoxia)
usually seen in the posttraumatic group [6].

However, the use of vascularized fibula for
reconstruction after bone sarcoma resection
is undoubtedly associated with a complica-
tion rate reported to be as high as 33-55%.
Most of these complications can be man-
aged, and do not typically lead to limb loss.
The three main complications are infection,
nonunion, and stress fracture. [7, 15-18]

Despite the high biologic potential of the
vascularized fibular graft, delayed union and
nonunion do occur, the main contributing
factor being inadequate fixation. In such a
case, the fixation typically needs to be revised
and stable fixation augmented by autologous
bone graft is suggested. Eward et al on a study
for 30 vascularized fibula graft for oncologic
bone defects, reported a 77% of primary un-
ion rate at a mean time of 6 months. [18] The
remaining fibular grafts healed after revision
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Figure 1: Ewing sarcoma of the left iliac wing of 12-year-old girl. A,B: There is tumor extension in the soft tissue.
Intra-osseous extension of the tumor up to 3 cm above the acetabulum. The patient underwent 3 months pre-op
chemotherapy and internal hemipelvectomy type I (iliac wing with osteotomy above acetabulum) was performed.
C: A free vascularized fibula graft was harvested and shaped in a double barrel strut. The two segments were fixed
with a screw. D: The peroneal artery (black arrow) was anastomosed to superior glouteal artery (white arrow).

E: The double barrel fibula graft was fixed with small plates and screws to lateral sacrum proximally and a screw
distally at the supra-acetabular area. F: CT angiography at follow-up revealed patent peroneal artery (arrow).

with stable osteosynthesis and bone auto-  these patients was 9.2 months and the total
graft with an index of 1.33 additional opera-  complication rate in this series was 53%.
tions per patient. [18] Mean time to union for Stress fractures usually occur within a year
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of achievement of union of the fibular graft to
the recipient site. Conservative management
of stress fractures typically results in abundant
callous formation and fibular hypertrophy [7,
10, 15]. In a study performed by Sainsbury et
al., 19 vascularized fibular grafts were used to
reconstruct lower limb bone defects after tu-
mor resection in children. [19] Graft survival
was reported to be 95%, union was achieved
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Figure 2: A: Left jaw after malignant tumor resection.
B: Because of bone and soft tissue defect a free
vascularized fibula graft with a skin paddle was
harvested. C: Perforator from the peroneal artery
nourishing the skin paddle (black arrow) D: The

fibula was subperiosteally osteotomized and the
osteotomy site was fixed with mini plates and screws.
Anastomosis was performed to the superior thyroid
artery. E: 3D CT of the reconstruction.

in a mean of 24 months and the incidence of
fibular fracture was 52.6%. 90% of patients re-
ported to be satisfied of the procedure.
Recently Houdek et al reported on 109 free
vascularized fibula grafts; 52% performed
for oncologic defects. [20] In their study, the
indication for surgery did not impact on un-
ion rate of the graft. Union was achieved af-
ter the initial procedure in 70% at a mean of
ten months and overall union was achieved in
91%. Although chemotherapy and diabetes
mellitus posed an increased hazard ratio for



nonunion, only smoking reached statistical

significance. Thus, the authors recommend
that patients stop smoking at least four weeks
before the operation.

Vascularized Fibula Grafts and
Structural Bone Allografts

During the 80’s and 90’s, the use of struc-
tural bone allografts for large bone defects

Figure 3: A 46-year-old male had distal tibia resection
because of a grade Il intramedullary chondrosarcoma.
An allograft was utilized to bridge the gap with talus
arthrodesis, stabilized with an intramedullary rod from
calcaneus to tibia diaphysis. Post-operatively because
of infection he underwent surgical debridement and
i.v. antibiotics resulting in allograft healing proximally
and distally. A, B: 12 years later the patient presented
with allograft fracture and varus deformity. C, D:
Cultures from the fracture site revealed enterococcus
growth and the patient underwent surgical
debridement and antibiotic loaded with vancomycin
spacer for 3 months. After this period, the spacer
removed and a free vascularized fibula from the
contralateral leg was inserted intramedullary and the
peroneal artery was anastomosed to anterior tibial
artery. E: A circular frame was used for fixation. F:
X-rays at 12 months post-op.

was popularized. Defects with an intra-ar-
ticular extension can be addressed with os-
teoarticular allografts, whereas diaphyseal
defects can be reconstructed with diaphyseal
structural allografts. However, after an early
enthusiasm, it was observed that allograft
use was associated with a significant amount
of complications, especially in the case of
distal femoral osteoarticular allografts, and
for diaphyseal allografts exceeding 15 cm
in length [21-24]. The three main complica-
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tions include infection, nonunion and allo-
graft fracture [23, 26]. Management of such
complications is not as easy, though. Surgical
debridement for infection and fixation revi-
sion and bone graft for fractures and nonun-
ion do not yield reliable results. [26, 27].

The primary use of rotational or free vas-
cularized flaps in conjunction with an allo-
graft, in the same setting with tumor resec-
tion, has been shown to reduce allograft fail-
ure and infection rates [28]. The use of a vas-
cularized fibular graft as a salvage procedure
for already instituted complications has also
been shown to be effective (Figure 3). [27-30]

Bae et al. [27] employed a vascularized
fibular graft in 8 patients with allograft non-
union, obtaining union in 7 patients (88%),
pain relief and limb conservation. Friedrich
et al. [30] used a vascularized fibula as a sal-
vage procedure in 33 patients after institu-
tion of allograft related complications (25
nonunions, 6 infections, 2 fractures). Mean
time to union was 7.7 months. Ten major
complications arisen, five of which were re-
lates to infection. 23 patients had a very
good or good function result; five patients
underwent limb amputation.

Capannaetal. [31] employed a hybrid recon-
struction technique, involving the combined
use of a structural allograft and a vascularized
fibular graft. The allograft provided mechanical
and structural support, until the vascularized
fibula could hypertrophy and incorporate, thus
reducing the chance of a stress fracture and fa-
cilitating patient rehabilitation and limb use.
Moreover, it was theorized that the vascular-
ized fibula biological potential would reduce
complications related to the presence of an
avascular allograft, such as infection. Two dif-
ferent techniques have been described.

In one of these techniques, the vascular-
ized fibula is placed directly into the allograft
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lumen (inlay technique) [31,32]. This can be
achieved in one of two ways: (1) the fibula
is dragged into the lumen of the allograft
through one of the bone ends, with its vas-
cular supply passing through a hole in the
allograft cortex; (2) a longitudinal cortical
window is created in the desired level, wide
enough to accommodate the harvested vas-
cularized fibula. The graft is placed in the al-
lograft cavity, so that its vascular supply is
not compressed and can be easily anastomo-
sed to the area’s existing vascular network.
The allograft bridges the bone defect and is
secured in place with rigid fixation (plates
and screws). The harvested fibula is usually
4-6cm longer, so as to accommodate to the
proximal and distal parts of the pre-existing
defect. This technique is particularly helpful
in the case of tibial tumors, as diaphyseal al-
lografts are usually straight and can easily ac-
commodate a relatively straight fibular graft.
Depending on mechanical loads and degree
of vascular supply, fibula may undergo either
hypertrophy or atrophy [33].

In the second method, the vascularized
fibular graft is placed on the structural allo-
graft (onlay technique) [31,34]. This method
is preferred for arthrodesis of the humerus
to the scapula and for large femoral defects,
as anterior femoral bowing does not usually
allow for the insertion of a straight fibular
graft [7,31,34]. However, the fibular graft
can be inserted within the medullary ca-
nal (inlay technique) of a femoral allograft
through an extended cortical window but
the fibula has to be subperiosteally osteoto-
mized in order to follow the anterior femoral
bowing.

As intramedullary rod fixation is not fa-
vored any more for the onlay technique,
the allograft is fixed in place with plate and
locked screws, whereas the free vascular-



ized fibula is placed medially and fixed on
the femoral cortex with a proximal and a
distal cortical 3.5 mm screw. After allograft
and fibula graft fixation the microvascular
anastomoses are performed. The descending
branch of the deep lateral circumflex femoral
artery, running between the rectus femoris
and the vastus lateralis muscle, is a reliable
artery that can be used for anastomosis and
should be preserved during tumor resection
surgery (if not close to the tumor margins).
Otherwise perforating arteries from the pro-
funda femoris artery can be used for anasto-
mosis.

In a series published by Chang et al., [34]
a hybrid technique was used in 7 out of 8
patients. Union was achieved in a mean of
10 months. Innocenti et al. [35] used this
method in 10 patients with bone sarcomas
of the tibia. Fibular graft survival was con-
firmed in 25 out of 27 patients. Mean time
to union was 5.4 months for the fibular graft
and 19.1 months for the allograft. Signifi-
cant fibula hypertrophy (>20%) occurred in
94.4% of cases. A stress fracture occurred in
3 patients, usually within 10 months of the
procedure, which subsequently went to full
union after 2 months of conservative treat-
ment. Full weight bearing was achieved in a
mean of 21.6 months (range, 15-36). 47.6%
of patients developed a complication. Local
recurrence rate was 9.5%, whereas metastat-
ic disease occurred in 14.3% of patients.

In the past, it was hypothesized that the
use of free flaps would lead to an increase

in angiogenesis that would ultimately favor
malignancy recurrence [36]. Studies that fol-
lowed attempted to compare the rate of lo-
cal or systemic recurrence in patients who
had a flap versus in those who did not have
one. Multivariate analysis failed to demon-
strate an increased local recurrence rate or
a decrease in survival in patients who had a
vascularized fibular graft or free soft tissue
flap [18, 37].

Conclusion

In the current decade, the treatment of a
patient suffering from a musculoskeletal ma-
lignancy is highly individualized and essen-
tially based on a multidisciplinary approach.
Surgical resection to negative margins re-
mains the cornerstone of bone sarcomas
treatment. The increased use of limb salvage
causes an increased incidence of postopera-
tive tissue and functional defects, as well as
wound complications, that now have to be
addressed more often. Reconstruction in
musculoskeletal oncology needs to be part
of a wider management strategy, that must
take into account not only tumor resection
surgery, but also the need for adjuvant treat-
ments, such as chemotherapy and radiation.
Use of the vascularized fibula flap does not
seem to compromise oncologic surgery prin-
ciples. Even when complications arise, these
are usually manageable and the limb can typ-
ically be salvaged.
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Introduction

Primary sacral tumors requiring sacrec-
tomies are rare and constitute less than 7
% of all spinal tumors [1]. Chordoma is the
most common primary malignancy of the
sacrum [2]. Total sacrectomy is a complex
surgical procedure resulting in a large bone
and soft tissue defect with spinopelvic dis-
continuity.

There is no consensus, whether a spi-
nopelvic fixation should be used or how

the bony pelvic ring and soft tissue defect
should be reconstructed after sacrectomy.
In a systemic review only 116 reported pa-
tients with total sacrectomies were identi-
fied in high quality reports [2]. From 116
patients in 24 no spinopelvic fixation was
performed and only 3 patients had had a
vascular bone reconstruction of the pelvic
ring. Local flaps were used for soft tissue re-
construction in 36 patients. They could not
identify any patient with a free flap recon-
struction of the soft tissues in this review.
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Patients

Tampere University Hospital sarcoma cen-
ter has performed 21 partial and 3 total sa-
crectomies (Figure 1.) between 2008-2017 for
primary sacral tumors. The most common tu-

mor indicating sacrectomy was a chordoma.

Figure 1: A 64-year old man with Chordoma of sacrum.
The first stage operation was started with removal of
rectum and an end-sigmoideostomia. The patient was
transposed to a mekka-position and a total sacrectomy
was performed. A spinopelvic fixation was performed
and the wound was closed with drains.

A protective loop sigmoideostomy was
performed in 7 patients in the beginning of
the operation.

After sacrectomy a spinopelvic fixation
was used in 5 patients (Figure 2). The bone re-
construction was performed with a free vas-
cularized fibula in one and a free vascularized
scapular rim chimeric flap in one patient. A
nonvascular fibula autograft was used in four
and a tibia allograft in one patient.

The soft tissue defects were reconstruct-
ed by a microvascular LD musculocutaneous
flap in 3 and with a distant pedicled mus-
culocutaneous flap in 3 patients. A gluteus
maximus muscle advancement was used for
soft tissue reconstruction in 7 and a fascio-
cutaneous flap in 4 patients. The wound was
closed directly in 6 patients. To overcome
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Figure 2: A planned second operation was performed
one week later. A vascular fibula graft was harvested.
An osteotomy was done to the middle of the fibula
graft and it was fixed in a triangular form from the iliac
bones to L5. The fibular vessels were anastomosed to
superior gluteal artery and vein. The wound was closed
directly with gluteal muscle advancement to fill the
dead space. The patient is mobile and disease free with
a 6-year follow up.

the problem of donor vessels a long saphe-
nous vein arteriovenous loop was used in
3 patients. In order to keep the operation
time and blood loss in reasonable levels the
operation was staged in two session with
one week interval in 5 patients.

Results

One flap was totally lost (VRAM) and
replaced with a local gluteus maximus ad-
vancement later on. All microvascular flaps
survived. A deep infection was registered in
7 patients. The spinopelvic fixation material
had to be removed in 1 patient because of a
persistent infection.

Conclusions

Sacrectomies are massive operations
leading to a long operation time and a sub-



stantial peroperative blood loss. That is why
the operations have to be planned in a mul-
tidisciplinary team with orthopaedic oncol-
ogists, abdominal-, spinal- and plastic sur-
geons. In our experience the reconstruction
of the dead space with robust microvascular
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flaps is worthwhile and reliable (4). If no lo-
cal donor vessels are available for a free flap
the use of a long saphenous vein a-v loop
gives a source for donor vessels. A two stage
policy can be favored in the biggest of the
operations.
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Hepatic artery anastomosis: dealing
with limited access and difficult
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Microsurgeons are often called upon to as-
sist hepatic artery anastomoses in paediatric
liver transplants.There are certain challenges
in the technique compared to anastomoses
performed in the limbs.

These challenges (Fgure 1)

1. The anastomosis is to be carried out in
the abdominal cavity at a depth
2. The space is constrained between the liv-

er superiorly, the gut inferiorly , the rib
cage towards the surgeon

3. The hepatic artery is oriented in an
oblique- vertical plane (Figure 1, 2).

4. The orientation of vessels demands fa-
miliarity with the backhand technique

5. Due to the above factors the sequence of
suturing becomes extremely important.
If the more convenient sutures are placed

over the part of the circumference facing

the surgeon, the remaining circumference

becomes inaccessible to suturing.
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Intestine

| HA(D): Hepaticartery
Donor
HA(R): Hepatic artery
(Recipient)

Figure 1: Top left: Donor liver and the location of the recipient artery (arrow)

Top right: view of actual anastomosis

Bottom: schematic representation of the location and orientation of the hepatic artery

Technical tips

The surgeon should stand on the right
side of the patient and the table can be tilt-
ed towards the right side to facilitate access

The anastomosis can be carried out un-
der a microscope or loupes of magnification
between 3.5x to 4x.

Loupes are useful as they provide a great-
er flexibility for the surgeon in terms of po-
sitioning.

It is possible to request the anaesthetist
to stop ventilation for durations of 1 to 2
minutes to minimise movement during su-
ture placement

The assistant retracts the liver cranially,
and the intestine caudally, to expose the
vessels.
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A large haemostat can be placed on the
falciform ligament to assist in retraction of
the liver.

Technique of suture placement: The tech-
nique described is for placement of inter-
rupted sutures

Interrupted sutures are referred for small
size vessels (1-2 mm diameter)

Vessel preparation

Separate bulldog clamps are placed on the
donor and recipient segments. These provide
much more flexibility for manipulating the
vessel.

The ends are cut with sharp scissors.The
overall length should be adjusted by excising



segments of the recipient vessel to avoid ex-
cessive redundancy which may lead to kink-
ing following anastomosis.

Excision of adventitia should be kept to
minimum, and the adventitia should not be
excised beyond 1 to 2 mm from the vessel
ends. Experience shows that the visceral ar-
teries tear and tend to collapse after excision
of adventetia. Maintaining the adventetia
also prevents kinking of the vessel.

Normal (15cm) needle holders are used.
Long instruments may be used as personal
preference but the length may compromise

SURGEONS LINE OF VIEW

712

FURTHES
POINT FRO
THE SURGED

21

the control on the instrument. 8-0 Nylon
or Polypropylene sutures can be used with
taper-point needles. Cutting needles should
not be used.

Suture Placement (Figure 2)

The far wall is the most challenging to ac-
cess and should be sutured first. This tech-
nique is preferred over conventional 180
degree technique as the length of vessels
is usually short, which precludes the pos-

.

7 o'clock A & 7 oclock B

So'clock A

Figure 2: Left: The orientation of vessel and corresponding positions on the clock-face. 7 o’clock being the point

diametrically opposite to the surgeon
Right: original position of the hepatic artery

7o’clock: Fore-hand entry into the donor artery (A) and fore-hand entry into the recipient artery (B)
9 o’clock: Fore-hand entry to the recipient and back-hand entry into the donor artery

Back hand grip: achieved by rotating the needle holder

5 o’clock: back hand entry into the donor artery and forehand entry into the recipient artery

Completed far wall with near-wall remaining
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sibility of twisting the vessel using double
clamps.

The positions on the clock are used for
description. Clinical judgement is necessary
for deciding the space between the sutures
such that there is no leak. A leak in the back-
wall (far wall) is extremely difficult to handle
once the anastomosis is complete.

For purpose of description, the circumfer-
ence can be divided into the near-half and
the far- half relative to the position of the
surgeon. The near half is denoted by posi-
tions 5 o’clock to 12 o'clock and the far wall
is denoted by positions 6 o’clock to 11 o’clock

The first suture should be placed at the
point diametrically opposite from the posi-
tion of the surgeon (70’clock ). The suture
is placed using forehand technique through
the back wall of the donor artery and enter-
ing the corresponding position in the recip-
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ient artery in the inside-out direction.

This is followed by placement of the su-
ture at the 9 o’clock position. The needle is
passed through the recipient artery using
forehand technique and the donor artery us-
ing backhand technique. The 11 o'clock su-
ture is placed using the same technique.

The next suture is placed using a back
hand technique at the 6 o’clock position,
where the needle is passed through the do-
nor artery first using the back hand tech-
nique and then the recipient artery in
the inside-out fashion using the fore-hand
technique. The 4 o’clock suture is placed us-
ing the same technique

This completes the suturing of the cir-
cumference between the 4 o’clock and 10
o’clock position

The remaining circumference (near wall)
is completed using forehand technique.



Tips and tricks for microsurgical

face and scalp reconstruction in

elderly patients

Ozay Ozkaya MD, Ozlem Colak, MD

Okmeydani Training and Research Hospital, Istambul

Malignant skin tumors constitute a re-
markable group of head and neck cancers [1].
70-80% of all basal cell carcinomas (BCCs)
are located in head and neck region [2, 3],
while 65% of all squamous cell carcinomas
(SCCs) are located in head and neck region
of patients with light colored skin [4]. Soft
tissue defects after resection of advanced
stage skin cancer located in facial region and
SCALP usually need complex reconstruction
options. These large tumors have bone in-
volvements at base, and three dimensional

reconstruction options are usually needed.
As the population gets older, number of pa-
tients presented with advanced stage head
and neck skin malignancies increase as well.
Free tissue transfers in elderly population
can easily become a challenging issue for the
reconstructive surgeon, where absolute indi-
cations for microsurgical reconstruction are
present.

According to TNM staging system, T3
and T4 skin tumors have bone involvement
at the base. These involved bone tissues
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should be resected with tumor, and treat-
ment should include three dimensional re-
construction options. Although the bone
defects usually need no reconstruction in
these circumstances; bone defects in the an-
terior wall of maxillary and frontal sinuses
should be covered with stable and durable
tissues, and mandibular bone defects should
be bridged with bone tissue. Depending on
these facts, gold standard for the treatment
of defects after head and neck cancer re-
section is free tissue transfers [5]. Purpose
of free tissue transfer is achieving a good
quality of life for patients, with restoration
of optimal form and function [6]. Preopera-
tive planning should be based on location of
the cancer and possible defect, evaluation of
possible flap options and need for adjuvant
therapies [7].

A reasonable and a multidimensional
treatment option should be chosen to re-
construct these complex soft tissue defects.
Having a 100% right treatment option is
not always possible due to cosmetic and
functional outcomes of surgery. Moreover,
advanced age of patients and coexisting co-
morbidities may influence the surgical plan.
Depending on these, treatment options are
individualized and selected by some routine-
ly accepted principles. The experiences on
treatment for this patient group carry a high
importance for increasing the cumulative
knowledge, thus shaping the treatment prin-
ciples. Besides, patient selection criteria for
advanced staged malignant skin tumors of
the head and neck region in elderly patients,
pre-surgical assessment methods, the surgi-
cal and reconstructive approaches including
neck dissections are crucial in evolution of
decision-making strategies.

We evaluate the patients according to 7th
edition of The American Joint Committee on
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Cancer (AJCC) staging manual [8] for clini-
cal TNM staging of cancers including Merkel
cell carcinoma. Advanced stage tumors are
defined as: Clinical stage III and IV, and pa-
tients with advanced stage skin cancer who
are older than 60 years are categorized as
elderly group. The dimensions of the tumor,
involvement of the cosmetically important
and vital organs and existence of palpable
lymph node in the related drainage region
are noted after admission. Radiologically, pa-
tients have computerized tomography (CT)
scans of the whole head and neck region.
Status of cervical lymph nodes are scanned
with ultrasonography. Arterial and venous
doppler ultrasonography are taken from ex-
ternal carotid artery, common carotid artery
and jugular vessels bilaterally. Presence of
carotid artery calcification are also checked
with USG. Positron emission Tomography
(PET) scan are taken preoperatively as well.

Surgical technique

Patients have intravenous antibiotic ther-
apy for three days prior to surgery to prevent
bacterial colonization in the tumors. Diabet-
ic patients on oral anti-diabetic therapy are
consulted to endocrinology department to
switch their medications into intravenous
insulin. Spirometric tests are conducted pre-
operatively to reveal pulmonary function
and capacity. Compression stockings on bi-
lateral lower limbs are dressed on the night
before surgery, and intraoperative intermit-
tent pneumatic compressions are applied in
the lower limbs to prevent formation of deep
venous thrombosis.

Surgical procedures are performed by two
teams under general anesthesia. Tumors are
resected with safe margins. Hyperemic zone



surrounding the tumors are accepted as a
part of tumor, and safe margins are marked
beginning from this surrounding hyperemic
zone. Safe margins regarding to the tumor
type are outlined in table 1. Total resection
of tumors is proven by evaluation of multiple
intraoperative frozen section analysis. Fro-
zen section analysis includes samples taken
from multiple points located in edges and
base of skin defects after tumor resections.

Tumor Type Safe Margins
BCC 1 centimeter
SCC 1 centimeter
MM > 2 centimeters
MCC 2 centimeters

Table 1: Safe margins related to tumors.
(Abbreviations. BCC: Basal cell carcinoma, MM:
Malignant melanoma, MCC: Merkel cell carcinoma,
SCC: Squamous cell carcinoma)

All patients with SCC, MCC, and MM
have either modified radical neck dissec-
tion (MRND) or supraomohyoid neck dis-
section. A patient with BCC does not receive
MRND or supraomohyoid neck dissection.
Bilateral cervical lymph node dissections are

performed for the patients with centrally lo-
cated tumors. All cervical lymph node dissec-
tions are performed by plastic surgery team.
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Hyperextension of the neck and extreme
manipulations to cervical spine are avoided
during neck dissections of the patients with
carotid calcifications to prevent cerebrovas-
cular thromboembolism. Superior thyroidal
artery and branches of internal jugular vein
are seen and preserved for anastomosis. He-
moclips are used in the branches of these
vessels to control bleeding and bipolar cau-
terization is prevented to avoid heat dam-
age. Superior thyroidal artery and internal
jugular system are used as recipient vessels.
We always perform one arterial and two ve-
nous anastomosis routinely and 5000 I.U.
intravenous heparin is administered imme-
diately after performing anastomosis.

The type of free flap is chosen for each pa-
tient individually. Shallow defects and soft
tissue defects located in the delicate regions
of the face are reconstructed with free radial
forearm fasciocutaneous flaps (RFF). Defects
with moderate need for coverage are recon-
structed with free medial sural artery perfo-
rator flaps (MSAPF). Advanced tissue loses
and cavities are reconstructed with free an-
terolateral thigh fasciocutaneous flaps (ALT),
or free muscle flaps (Figure 1). The bone de-
fects are reconstructed with free fibula flaps
in combination with fasciocutaneous islands
(Figure 2).

Figure 1: Advanced tissue loses and cavities cure reconstructed with free ALT
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Figure 2: The bone defects are reconstructed with free ribulla flaps in combination with fasciocutaneous islands

No patients are extubated after the op-
eration and followed in intensive care unit in
the immediate postoperative 24 hours. Free
flaps are controlled per hour in the first 72
hours with clinical assessment and handheld
Doppler device. Anticoagulation regime in-
cluded low molecular weight heparin which
is used 6 hours after the operation and 300
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mg acetyl salicylic acid peroral once a day af-
ter extubation.

Patients are discharged on postoperative
day 14. Routine control visits are performed
weekly in the first month, and monthly in
the first year. Adjuvant therapies are carried
out by medical oncology department after
wound healing was finished.
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Indications

Vascularized joint transfer is indicated in
young adults who have suffered from trau-
matic or non-traumatic loss of either the PIP
or MCP joint and other conventional meth-
ods, such as arthrodesis or joint replace-
ment, are not ideal.

Other applications are reserved to chil-
dren where the reconstructed joint can ben-
efit from the potential growth of the trans-
fer.

Anatomy background

The PIP joint of the II and III toes has of-
ten a limited range of motion with lack of full
extension and a maximal flexion of 90 de-
grees. The MCP joint has its greatest mobil-
ity in extension, and needs to be rotated 180
degrees for inset in the finger.

In the toe, the main vascular supply to
both PIP and MCP joints comes from the
plantar digital arteries which, at the neck of
the metatarsal and first phalanx respectively,

117



MICROSURGERY

give off a branch that reaches the joints. The
plantar digital arteries are the end branch of
the intermetatarsal arteries. [1]

The medial plantar artery and the dorsalis
pedis artery give origin to a dorsal and plan-
tar vascular system which are formed respec-
tively by the first dorsal (FDMA) and plantar
(FPMA) intermetatarsal arteries. These two
systems are in communication proximally by
the deep plantar artery and distally by the
distal perforating branch. Many authors [2-6]
have described the anatomical variations in
size and course of the FDMA along the first
intermetatarsal space. For surgical purposes,
it is important to identify the FDMA and
FPMA at the base of the great and II toe. In
most cases the FDMA has a larger caliber and
through a retrograde dissection [7] the vessel
is followed dorsally for the necessary length.
In alesser number of cases the FPMA is domi-
nant and the surgical dissection will continue
plantarly. In case the third toe is selected for
joint transfer, the arterial system comes from
the second intermetatarsal space where the
plantar system is usually dominant.

Surgical procedure’

PIP joint transfer

Hand. A dorsal curved incision centered
over the PIP joint is made on the injured fin-
ger.

A proximal dorsal vein at the MCP joint
level is easily found and marked with a vessel
loop. On the side, the dominant digital ar-
tery of the finger is isolated and marked with
a vessel loop allowing easier identification
after release of the tourniquet. The exten-
sor tendon (EDC) is identified and inspect-
ed. As described by Lam et al. [8], different
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situations can be present: 1) If the extensor
mechanism is intact, the central slip is de-
tached from its insertion leaving the lateral
bands in continuity. The EDC will then be su-
tured to the long extensor from the toe. 2) If
the EDC is disrupted and the lumbricals in
poor conditions, the lateral bands might be
centralized and the toe joint transferred un-
derneath them with no reconstruction of the
EDC. 3) If the EDC is in poor condition but
the lumbricals still functional, the extension
will depend on the toe long extensor and re-
inserted in the middle phalanx by either the
Stack procedure or Te technique. [9]

The PIP joint is detached off the underly-
ing flexor tendons and the bone prepared for
proximal and distal osteotomy.

Foot. The left foot is more often chosen by
the author in order to preserve the right side,
more involved in driving. The choice though is
made according to patient preference.

The patient is supine with the foot lying in
a natural position at 90° from the bed and a
tourniquet is applied at the thigh and inflat-
ed after raising the leg for one or two min-
utes. No Esmarch bandage should be used.
Before having exsanguination of the limb, it
is helpful to let the foot hang for a moment
down off the bed in order to visualize the ve-
nous system and mark one or two veins of
good caliber from the dorsum of the toe up
to the greater saphenous vein. The surgeon
sits alongside and draws a “Z’ shape incision
centered over the PIP joint, which includes
a rectangular skin flap used as monitor and
allows easier closure of the recipient site. If
inspection of the central slip is planned, the
skin paddle is designed elliptical on the side
of the joint. The drawing continues proxi-
mally in a zig zag fashion so as to trace the
vascular and tendinous structures with ad-
equate length.



Dissection begins isolating a dorsal cuta-
neous flap and one or two veins which are
traced proximally, till reaching the necessary
length. It is suggested to skeletonize these
veins so that recipient side closure will not
be disturbed by possible bulkiness from fat
tissue.

The arterial system is visualized in the
first intermetatarsal space as suggested by
Wei [7] (Figure 1). If an artery of good caliber
is found dorsally this is traced as proximal as
needed in a retrograde fashion. The extensor

Figure 1: The arterial system is explored in the
intermetatarsal space and either the dorsal or plantar
artery is selected depending on the caliber of the
vessels. In this case the dorsal system is inconsistent.

halluces brevis might be divided to allow bet-
ter arterial exposure. If the dorsal system is
insufficient then dissection must continue
plantarly where the artery has a larger cali-
ber. In case a long pedicle is needed, a vein
graft should be harvested in order to avoid
extensive dissection plantarly in the foot.

It is important to preserve the tibial digi-
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tal artery intact to provide optimal blood
supply to the tip of the toe. The pulley system
is then opened plantarly and the flexor ten-
dons preserved so that proximal and distal
osteotomies can follow. The toe lies now only
on the artery and vein and the tourniquet is
released to assess vascular supply (Figure 2).

Figure 2: TThe PIP joint is now isolated. We can see a
dorsal vein, the plantar course of the artery, and the
extensor tendon. .

Inset. Once appropriate length of the graft
is assessed, preliminary proximal and distal
osteosynthesis is performed with one 1.0mm
Kirschner wire in order to evaluate proper
axis of the finger in flexion and extension as
well as range of motion. If adequate position
is confirmed two parallel 0.6mm cerclage to-
gether with one oblique Kirschner wire are
used for final fixation. The K wire can be cut
tangent to the cortical bone. Miniplates can
also be used but fixation takes longer and
they are technically more demanding.

The extensor tendon is sutured side-to-
side according to Friden [10], allowing early
start of active mobilization. Vein anastomo-
sis is performed dorsally and the artery is ei-
ther tunneled volarly in the palm or sutured
on the side at the base of the first phalanx.
Gentle skin suture with no tension and a
bulky soft dressing ends the inset.
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In the foot, the finger PIP ankylotic joint
is transferred to the toe and osteosynthesis is
performed with K wires. A bulky dressing and
high heel orthotic shoe is applied so that the
patient can walk soon, few days after surgery.

Bone healing takes at least 6-8 weeks in
both donor and recipient site.

MTP joint transfer’

The surgical dissection of the MTP joint is
in all similar to the PIP joint. Few details will
be mentioned in this description related to
the surgical approach and inset.

An elliptical skin paddle slightly on the side
of the joint is first dissected. Since the joint
needs to be rotated 180° when transferred to
the hand, this design will make it easier when
adjusting the skin paddle in the recipient side.
One or two veins of good caliber are identified
and traced proximally. The arterial system is
assessed in the first web space and either the
dorsal or plantar artery is dissected proximal-
ly depending on the dominant system. The ar-
terial supply to the MTP joint raises off at the
neck of the metatarsal bone. For the less ex-
perienced surgeon, it might be wise to include
part of the interosseous muscle together with
the artery in order to avoid inadvertent devas-
cularization of the joint. The flexor tendons
are freed and left intact. Proximal and distal
osteotomies can now be undertaken leaving
the joint attached only on the artery and vein.
Vascular supply is assessed for twenty min-
utes before the joint is transferred. The non-
functional joint from the finger can be trans-
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ferred to the foot, but its rigidity might be
symptomatic in the foot making amputation
of the whole toe a better choice. This needs to
be discussed with the patient preoperatively.

Expected outcomes

As reported in the review by Squitieri
[11], PIP joint transfer provides usually a
total arc of motion of 37 +/- 9 degree; MCP
joint transfer can reach a total range of mo-
tion of 35+/-10 degrees.

Mohan et al. [12] have proposed, in case of
PIP j-toe stiffness with lack of flexion, proxi-
malization of the proximal phalanx. The au-
thors suggest to shorten the proximal phalanx
so that the distance between the fingertip and
the palm improves. Shortening of the finger
must be discussed with the patient.

Tips and tricks

Skeletonization of the dorsal veins reduc-
es bulkiness and makes final closure in the
finger easier.

Extensive dissection of the medial surface
of the foot while following the vein should be
avoided for the risk of skin necrosis.

Hsu et al. [13] showed that slight shorten-
ing of the toe first phalanx improves range of
motion of the transferred joint.

Inspection of the extensor mechanism in
the recipient and donor site might reduce ex-
tension lag.
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Nerve defects repair using autografts re-
mains to this day the gold standard treat-
ment despite other alternatives [36,11]. In
defects greater than 2-3 cm, grafting is the
treatment of choice [34]. Upper limb nerve
graft technique using cutaneous nerves (CN)
segments has to respect certain principles in
regard to nerve trunk exploration, and the
surgeon has to choose the donor nerve and
modality of harvest (total or partial, Govila-
James approach) and to adapt nerve conti-
nuity reconstruction to the lesion type (com-

plete section, partial or lesion in continuity
- “inlay” graft) [48]. On the other hand, mi-
crosurgical reconstruction technique by cu-
taneous nerve graft interposition between
nerve defect ends differs by lesion level,
as follows: for proximal lesions - sectorial
grafting, as well as for polyfascicular trunks
(without internal fascicular groups - FG - ar-
rangement), and in distal lesions - FG - CN
- FG type grafting. Available donor nerves
are limited by number and length, and this is
why available nerve segments must respect,
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especially in large defects, the principle of
functional prioritizing (Jabaley and Koman-
Steiberg principle).

Nerve grafting technique implies three as-
pects:

a) Exploring the nervous trunk
b) Graft harvesting
¢) Nerve continuity reconstruction

a) Exploring nerve ends

External neurolysis permits - in second-
ary reconstructions — releasing of the ner-
vous trunk from scar tissue and sectioned
nerve ends mobilization.

Sectioned nerve ends handling is done by
guide threads placed on nerve trunk ends
and passed strictly through the epineurium,
proximal and distal. The distance at which
they are placed must always be greater than
2 cm from the section area, at the limit be-
tween normal epineurium and the thicker
scarred epineurium. Close examination of
epineurium vessels proximal and distal from
lesion, as well as mesoneurium position are
sufficient landmarks for correcting the rota-
tion of sectioned nerve ends [47].

It is universally accepted that in peripheral
nerve lesions the best results are obstained
through direct neurorrhafy. This is the rea-
son why after proximal nevroma and distal
glioma resection, direct repair is to be tempt-
ed - especially in limit cases with a 3 cm “gap
dilemma” [13] if nerve ends approximation is
possible. If two 8-0 nylon epineurial stitches
separated at 180 degrees cannot hold the cut
nerve ends together with ease, an interposi-
tion nerve graft should be performed [28].

Nerve exploring must lead to:

- Correct positioning of nerve ends without
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malrotation by extensive dissection until the
emergence of important branches;

- Real nerve defect dimension appreciation
maintaining the joints in extension or in
maximum nerve stretch position [17];

- Evaluating receptor bed vascularisation
for adding a nerve graft length permitting a
deviated path from the normal nerve path,
avoiding scar tissue.

Nerve ends exploring is finalised with
microsurgical analysis of the structure and
intratroncular nerve organisation for estab-
lishing correspondence between fascicular
cartogram of proximal and distal ends (Fig-
ure1).

, - DEFECT

Figure 1: Establishing nerve endings cartograms of the
grafted nerve

“Mirror” microsurgical analysis of the
section surfaces after neuroma resection is
essential for choosing the reconstruction
technique [41,47].

b) Graft harvesting

Considering ideal nerve graft character-
istics, the surgeon has to choose the donor
nerve that best fits the clinical situation.
The graft has to be long enough to cover the
nerve defect in which we add an excess of
length of ~20% [48] to permit a curvilinear
disposition between nerve ends when adja-
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medium

Nerve Length Number of fascicles Interfascicular | Approach
(cm) proximal medial distal conjoint tissue
Sural 14-35 | 1-4 medium 2-11 2-10 medium | Reduced, compact ++
medium fascicles
Superficial radial | 12-20 2-6 big 3-12big | 2-11 medium | Reduced, fascicles 4+
more restrained
than sural
Internal 8-14 2-10 medium | 3-7 medium | 6-8 medium mediu +
cutaneous of the
arm
Internal 18-20 2-7 medium | 3-8 medium | 4-12 medium mediu ++
cutaneous of the
forearm
External 7-12 2-7 medium | 2-6 medium 3-9 small mediu ++
cutaneous of the
forearm
Femoral 7-8 2-5 medium | 2-7 medium 2-9 small crescut +
cutaneous
Posterior thigh 6-7 4-8 medii 4-11 3-10 small abundent +

Table 1: Cutaneous nerve graft selection criteria

cent joints are in extension, to avoid tension
suture [17] and facilitate revascularisation.
Sunderland and Ray studied all the CN that
can be used as grafts (Table 1).

Sural nerve and radial sensitive nerve of-
fer the best qualities similar to the ideal nerve
graft [28]. Their superiority consists in:

« Great lengths with no branching
» Are the richest in neural tissue

« Constant anatomy

« Minor donor zone morbidity

Sural nerve graft is the preferred choice
by the mojority of authors [48]. Graft har-
vesting has to be simple, easy to be done and
as atraumatic as possible, although Koller
(1995) explains that stripping doesn’t affect
graft structure [19]. The sural nerve complex
usually consists of three components: the
medial sural cutaneous nerve, the peroneal
communicating branch and the “proper” su-
ral nerve. The approach is done by placing
a series of short 2-3 cm incisions on nerve
projection and harvesting by stripping
[42].

Sural complex harvest is undertaken
either in full length when long grafts are
needed - with local morbidity assumption
[31, 38] — or by proximal component har-
vest — MSN and ESAN when graft length
need is lower [32]. The disadvantages of us-
ing autografts consist in potential donor site
morbidity - anaesthesia or nevroma, cold
intolerance (33%) or allodynia (50%) — [12]
and limited disponibility [35, 36, 48] and ad-
ditionaly prolonged operative time [28].

Sural nerves represent the longest avail-
able graft and must be principally preserved
for grafting long brachial plexus defects or
in big nerve trunks. The use of a sural nerve
is to be condemned for grafting small digital
nerve defects for which better donor nerves
can be harvested from the vicinity [8], or by
rational use of sural nerve, according to the
Govila-James principle. [12] This principle
consists of microsurgical proportional har-
vesting of a sufficient amount of fascicular
groups from the sural nerve (Figure 2) for
grafting a collateral digital nerve defect. By
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Figure 2: Rational graft harvesting for collateral digital
nerve. 1. Sural nerve graft fasciles; 2. Collateral digital
nerve

proceeding in this way donor zone morbidity
is avoided [10].

When the entire nerve complex is har-
vested using sural nerve grafts has the disad-
vantage of losing leg and lateral foot sensi-
bility, leading to discomfort - pain, allodynia
- and even neuroma [12] or trophic ulcers
on the dorsal surface of the fifth finger [32,
38]. This is the reason why Govila and James
(1989) propose a proportional harvesting
technique through which a small graft re-
quirement (for digital nerves) should be cov-
ered by harvesting of just 3 from 6 fascicles
isolated by internal neurolysis in the sural
nerve (Figure 2) [10].

This technique is based on the assumption
that partial traumatic sectioning of a sensi-
tive nerve does not lead to a detectable sen-
sibility loss, probably due to interfascicular
anastomosis and collateral reinnervation [5].

c) Repairing nerve continuity

Repairing nerve continuity comprises
multiple elements which can be presented in
a secvential way:

C.1 - graft preparing:
- segment length approximation
- segment ends trimming
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C.2 - fascicular identification

C.3 - graft segments orientation and posi-
tioning

C. 4 - graft segments suturing to nerve ends

C.1 - Graft preparing

Graft length segment appreciation is
achieved by bearing in mind that the graft
has to be longer than the nerve defect
when joints are in extension [26]. This will
help to compensate scar retraction, avoid-
ing suture tension [17] and segment con-
tact, by arranging a suitable lengh of graft
between the nerve ends which will permit
early movement without graft tensioning.
As mentioned, graft segments that will re-
establish central nerve fascicles continuity
will be 5-10% longer than the nerve defect
(for retraction means); graft segments that
will reconnect the nerve trunk circumferen-
tially will be 20% longer [48] than the actual
defect, permitting nerve trajectory changes
with preserving the architecture (Figure 3).

Figure 3: Projecting the length of the graft by aranging
the entire graft between nerve ends

The CN segment number must take into
account the surface of the grafted nerve [8,
41], the defect length and the fascicular car-
tography by lesion level [42]. Accordingly,
for the ulnar nerve, motor fascicles can be
easily recognised by deep positioning and di-



ameter, and can be isolated for one or two
CN graft segments [2]. The surgeon should
consider the functional importance of recon-
struction [37] and therefore the approach
has to be as for two nerves, sensitive and
motor, regarding the ulnar nerve in the 3rd
distal of the forearm [16].

The number of CN graft segments de-
pends on how the nerve trunk is organised
[27]. Frequently there is a FG organisation
with diameters comparable with those of the
graft. Millesi (1988) recommends 5-6 seg-
ments of CN for the median nerve and 4-5
segments for the ulnar nerve [25]. At each
segment of CN we mark the proximal edge
of the graft in such a manner that we can in-
verse it to be placed in the defect [7, 41, 48].

C.2 - Fascicular identification

The intraoperative electrostimulation
method for identifying the fascicular motor
is used nowadays with good results through-
out the world [15, 18, 45].

Correspondent fascicular identifica-
tion between proximal and distal nerve graft
ends requires a careful analysis at 16x and
25x magnification of the cartograms, de-
fining the vascular extra and intratroncular
network and exact mapping of the biggest

fascicles [21, 47].

C.3 - Orientation and placement
of graft segments

Placing the nerve grafts of different
lengths between grafted nerve ends de-
pends on the particular vascular status of
the receptor bed. There are two sources of
free grafts revascularisation: from the nerve
ends and from the receptor bed. In 3 weeks
an anastomotic system between the extrin-
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sic epineural arteries system from the graft
and the receptor bed evolves. The outcome
of this process is key to determining the vi-
ability of the graft which depends on recep-
tor bed vascularisation [25]. In the case of a
receptor bed being scarred, in the absence
of improvement by tissue transfer (local or
distant flaps), the graft placement should be
detoured on a trajectory that avoids bad vas-
cularisation regions. Even if the graft is 2-3
cm longer, it is important to be placed in a
well vascularised tissue which will ensure vi-
ability [44, 49].

CN segments must also be in contact
with the entire circumference of the recep-
tor nerve [27]. If the graft bed is well vascu-
larised, the graft length does not influence
the result [1, 25, 39], the regenerating axon
has the genetic information for continuing
growth until reaching the target organ [21].
It is considered that grafts longer than 7 - 10
cm can be correlated with poor results [48].
To avoid scar tissue in the grafting of the ra-
dial arm nerve, Bertelli and Ghizoni proceed
with proximal and distal nerve ends trans-
position and subcutaneous bypass of sural
nerve graft segments [1].

If by simple detouring of the nerve grafts
a good vascularised bed is not found, then
muscular flaps, synovial and adipofascial
flaps can be considered (Strickland, Becker)
and distant flaps can be used in particu-
lar situations. [22] The surgeon must avoid
placing segments of CN at equal lengths in
the defects forming a cable or a nerve trunk
which is too thick, that poses the risk of not
vascularising the central fascicles, even if the
bed is of good quality [14]. Recent case re-
ports showed that vascularised nerve grafts
did not improve the results as expected, de-
spite efforts and difficulties of harvesting
the nerve grafts and last years published
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cases showed that this type of graft included
microsurgical transferred flaps [4, 50]. Graft
positioning is mandatory. Each segment of
CN graft is placed in an inversed position,
with the proximal end of the graft towards
the distal end of the grafted nerve [7, 48].

C.4 - Graft segment suture to nerve ends

By CN segment coaptation technique there
are two different microsurgical techniques: 1.)
sectorial grafting useful for high lesions, at a
polyfascicular nerve trunk without FG orga-
nization; 2.) FG-CN-FG type grafting indicat-
ed for nerves with FG organisation. Regarding
the grafting type, CN segments are coaptated
to the nerve ends by 9-0 10-0 microsutures,
which remains a standard technique [14], or
using fibrin adhesive (tissue coll) applied only
at nerve ends [7, 38, 44, 48, 50].

C.4.1 - sectorial grafting

The difficulty of correspondent fascicle
identification between proximal and distal
ends in polyfascicular nerves without FG or-
ganization, led to the idea of sectorial coap-
tation of grafts between nerve ends [25]. Al-
though, the great numbers of fascicles change
their aspect and position on small distances,
with numerous anastomosis between them
in the proximal portion (plexiform struc-
tures), from a practical point of view what is
important is that they still respect functional
sectorial topographical organisation on long
distances [16]. This is why in polyfascicular
nerves without FG organisation, CN coapta-
tion on correspondent quarters on the nerve
section between proximal and distal ends re-
mains the best solution (Figure 4).

Approximating the first graft segment at
the proximal nerve which is to be repaired
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Figure 4: Graft arangement in sectorial type of graft

will be with the biggest FG, clearly represent-
ed, both in proximal and distal or with the
most important functional sector [47].

On the other hand, even in selecting the
segments of CN, the surgeon must choose
the most convenient grafts for a more pre-
cise coaptation of the FG or of the important
fascicles, keeping the thinnest of the CN seg-
ments for reconstructing the continuity of
FG from the sectors less functionally impor-
tant.

In sectorial grafting, sutures are different
for CN central segments than for those plac-
es at the periphery of each sector.

The central suture which reunites 3-4
segments of graft coming in direct contact
will first be passed through epineurium of
the CN segment, then through interfascicu-
lar conjoint tissue of the nerve and finally
through the epineurium of the CN segment
(Figure 5). Tightening of the suture has to

Figure 5: Central “U” suture



be done with the maximum of attention to
avoid the telescoping of fascicles contained
in the graft. The 9.0 will be tightened with
a certain degree of laxity just at the contact
between the fascicles of the graft and those
of the nerve to be grafted.

For segments of CN which are used to
graft the peripheral circumferential fascicles,
the suture points should support the con-
tour epineurium of the nerve trunk and then
through the graft epineurium. Where two
nerve grafts come in contact, the suture will
be placed in a “U” shape reuniting the epi-
neurium of the two CN segments (Figure 6).

Figure 6: “U” stitch for circumferential grafts

This modality of suturing in sectorial graft-
ing reduces the quantity of foreign material
on the suture line [43].

The surgeon must respect a certain cor-
respondence between fascicle dimension in
the sector of the grafted nerve and the diam-
eter of the fascicles contained in the graft.
For the principal functional sector CN grafts
with the biggest fascicular reception surface
must correspond to that from the grafted
nerve, even being a little bigger.

C.4.2 - FG-CN-FG type grafting

Depending on the diameter of each FG in
the CN graft segment, 2 to a maximum of 4
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points of suture are placed using 9.0 or 10.0
thread [23]. The needle is passed through
the internal epineurium of the FG at 25x
magnification and then through the contour
epineurium of the CN. Atraumatic manipu-
lation of the FG and CN is mandatory. The
surgeon has to make a compromise regarding
maximum precision and minimum trauma.

When the nerve trunk to be grafted has
a FG organisation, the FG diameter should
correspond to that of the CN [31] and the CN
has to be placed between proximal FG and its
distal correspondent. After coaptation of the
most functionally important FG, proximally
with a graft segment of adequate diameter,
the microsurgical span should be moved to
the distal CN graft suture and to the cor-
respondent distal end of the nerve to be
repaired. Careful examination of the corre-
spondent FG, guided by extra and intratron-
cular vessels, internal topography notions
and the relation with the neighbouring FG
or fascicles resembling those on the proximal
cartogram [24], should be undertaken. The
suture technique is similar to that of FG neu-
rorrhaphy. Tightening of the suture must be
tension free and even show laxity if thereis a
contact between fascicles of the graft and the
grafted nerve [47] and a correct alignment
should be insured [43].

Proceeding in this manner, grafting a
polyfascicular nerve trunk with FG organisa-
tion at which the diameter of each FG cor-
responds to that of a segment of CN utilised
(Figure 7), we will code this repair FG - CN
- FG, and for 3 FG and 3 CN coding will be
3(EG - CN - FG). If the receptor nerve has
4 or 5 FG and for each one segment of CN
used, the coding of this repair is 4(FG - CN -
FG) or 5(FG - CN - FG).

FG - 2CN - FG type nerve graft. There are
clinical situations in which a FG diameter on
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Figure 7: Grafting type FG-CN-FG

the end nerve cartogram is bigger than the
diameter of the CN.

In these situations repairing the conti-
nuity of a big FG 2 or 3 segments of CN can
be used, interposed between correspondent
proximal and distal FG. When 2 CN seg-
ments are enough for grafting a big FG (Fig-
ure 8) coding is FG - 2CN - FG, and in the
case of 3 segments, the coding is FG - 3CN
- FG.

Figure 8: Grafting type (FG-3CN-FG) + (FG-2CN-FG) +
(FG-CN-FG)

In the case of nerve grafts, one fundamen-
tal principle states that the number of endo-
neural tubes (ENT) from the graft should be
bigger than those from the nerve graft FG to
reduce axonal loss at suture line [2, 8, 21, 24,
25].The most frequently used grafts of CN
are placed between corresponding FG, either
FG- CN -FG, or FG - 2(3) CN - FG.

C.4.3 - “Inlay” type fascicular grafting

For lesions in continuity in which inter-
nal neurolysis associated with intraoperative
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fascicular electrostimulation [8, 15, 18] re-
quire partial resection of the dysfunctional
fascicles, the defect is grafted with segments
of CN of approximately the same length
as that of the defect, making a call for thin
grafts (Figure 9).

Figure 9: "Inlay” graft for in continuity lesions

In certain cases this type of grafting
named “inlay”, specific for in continuity le-
sions, is the only situation in which the true
interfascicular technique proposed by Mil-
lesi (1974) has a clear indication [21]. “In-
lay” fascicular graft remains a useful tool for
the surgeon as an alternative to the “omega”
suture applied in emergency. “Inlay” graft is
indicated in old in continuity lesions, with
lateral neuroma, when fibrosis compromise
the gliding [24] and the “omega” suture isn’t
possible anymore. In the case of in conti-
nuity lesions situated at the periphery of a
nerve trunk it is possible that an entire FG
is functionally interrupted, a situation which



determines the surgeon to excise the FG af-
ter a limited internal neurolysis and repaires
the continuity with an “inlay” graft of FG -
CN - FG type [43].

Choosing the grafting technique
depending on the lesion level

a) High lesions

In high lesions an intratroncular dissec-
tion for grafting type FG -CN - FG is not
justified due to the multiple interfascicular
anastomoses and the functional mosaic dif-
fuse pattern, all these implying rather a sec-
torial type reconstruction [16]. The best way
to address this issue is to divide each section
area into functional quarters, guided by epi-
neural vessel network of the nervous trunk
associated with motor dominant sectors in-
dentified by electrostimulation [15, 16, 24,
45]. Graft segments will reconnect corre-
sponding quarters by the sectorial grafting
technique [23]. The method is applied for
brachial plexus lesions, for big defects, but
also for peripheral trunks without FG organ-
isation.

b) Distal lesions

As nerve trunks approach their destina-
tion, FG separation becomes more visible
[21]. Fascicular group organisation is well
individualised in distal peripheral nerve le-
sions, and this can help to establish the corre-
spondence between FG of the affected nerve
to be grafted [23, 38]. Finding the emergence
of pure motor or sensitive branches can be
achieved by prolonging dissection towards
proximal and intratroncular following of the
branches by internal neurolysis from the ap-
parent origin to the real origin which is always
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5-7 cm proximal [16]. In distal lesions, auto-
graft usage offers the best results [51] despite
other alternatives, such as nerve transfers,
biological conduits [7, 40].

The radial nerve separates in FG at two lev-
els: at the arm in the radial groove and at the
elbow level. In the radial groove, ~10-20% of
its diameter is occupied by sensitive fascicles
for the posterior side of the forearm. Then it
gives the first branch for the long portion of
the triceps muscle which has around 4 motor
fascicles, 3 other fascicles arise, followed by
lateral cutaneous sensitive nerve organised in
7 fascicles and branches with only 2 fascicles
for brachioradialis, extensor carpi radialis lon-
gus and triceps [2]. In the radial groove the
majority of radial nerve lesions are repaired
through grafting [33] and in over 50% of cas-
es in the other 3 regions [20]. The radial nerve
finishes in the first portion of the forearm in
two terminal branches: posterior interosse-
ous nerve and radial sensitive nerve. Separa-
tion of these two branches begin in the nerve
trunk, at 7-9 cm proximal to the elbow [16],
the sensitive FG being in the lateral quadrant.
It divides 2 cm distal to the elbow into a su-
perficial sensory branch and a deep motor
branch, the posterior interosseous nerve [42].

At the level of the lateral epicondyle at
about 1-4 cm distal, the radial nerve divides
into a sensitive and motor branch. The full-
ness of conjoint tissue in the structure of the
radial nerve at the elbow reaches around 79%
[2], and this makes it easier to separate the
sensitive FG and therefore avoiding wrong
coaptation with a motor FG. For shortening
the length of grafts and to avoid placing on a
scar tissue bed, Bertelli and Ghizoni proceed
with subcutaneous transposition of radial
nerve ends at arm level [1]. The graft passage
by tunnelisation avoids incisions and possible
scar entrapment [48]. Subcutaneous tunneling
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of long grafts is used in brachial plexus surgery
with a bypass over retroclavicular scar tissue
[39, 44, 46]. Radial nerve lesions are divided in
4 regions (infraclavicular, shoulder, arm, lateral
antebrachial groove and direct on posterior in-
terosseous nerve), distal lesions offering a bet-
ter outcome [33].

For the median nerve it is not indicated to
be separated in FG even at wrist level [25].
Still, for the correct grafting of a median nerve
defect in the 3rd distal region of the forearm,
dissection can be extended towards the palm
to follow the thenar branch and to determine
its proximal position inside the nerve trunk [7,
35]. Previous studies have shown that isolat-
ing the motor FG (thenar branch) can be done
from 3 to 7 cm proximal to the radial styloid
[16, 42].

Certainly the median nerve in the 3rd
proximal region of the forearm, needs to
be approached by FG because at this point
it branches into the anterior interosseous
nerve, which lies and branches on the origin
of the superficial flexors for 2-5 fingers and
the profound flexors for 2-3 fingers. Individu-
alising the fascicles for anterior interosseous
nerve starts at approximately 6 cm above the
elbow [16] and target motor grafting is rec-
ommended [35, 42, 43].

For the ulnar nerve, the importance of the
motor branch as well as the isolation of this
branch in the 2nd and 3rd distal regions of
the forearm justifies internal neurolysis of the
nerve ends, the ulnar nerve being approached
as two separate nerves, a motor one (the most
important from the functional view) and the
second sensitive one [16]. From a surgical
point of view it is important to account that
the motor FGs are located inside the cubital
nerve trunk at 7,5-10 cm proximal from its ap-
parent origin. This aspect is very important be-
cause separation through neurolysis of the mo-
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tor FG for a distance of 7-10 cm proximal earns
some extra length. Serial histologic analysis at
every 5 mm showed a precise correspondence
for the motor FG which is kept from the distal
3rd of the forearm to the deep branch at the
wrist [42].

At wrist level and in Guyon’s canal, the cu-
bital nerve can be separated into FG. At this
level the motor component holds a dorso-ulnar
position and it is clearly separated from the
sensitive component. This is one of the most
distinct separations between the motor and
sensitive components, which permit a separate
surgical treatment in primary and secondary
repair. To avoid motor and sensitive mismatch,
Jabaley (1991) recommended treating ulnar
nerve lesions at the wrist and 3rd distal region
of the forearm as two separate nerves, a sensi-
tive one and a motor one (Jabaley principle).
For lesions located above the emergence of the
dorsal sensitive branch we must take into ac-
count that this branch is found as a separate
FG for 17-20 cm proximal to its apparent ori-
gin inside the nerve trunk. This separation as a
latero-ulnar FG reduces the risk of mismatch-
ing sensitive and motor branches found inside
the trunk. It is considered as a separate sensi-
tive nerve which contains ~ 24 fascicles that fol-
low a common trajectory with the ulnar nerve
[2]. This detail also helps in cases in which we
can use the dorsal cutaneous sensitive branch
as a nerve graft [16]. Judging of this manner,
median and ulnar nerve lesions at the 3rd dis-
tal and median regions of the forearm should
include distal dissection towards the division
of branches [8, 27, 42].

Prioritising functional nerve grafts

The function of the nerve to be grafted
is a key factor for the manner in which the



surgeon will distribute the cutaneous nerve
graft segments that are of limited length.
Using the principle of functional prioriti-
sation, the surgeon must use the best re-
sources for reconstructing the FG which
has the main role in functionality in the
repaired nerve [14]. Proceeding like so, the
CN segment that contained the biggest FG,
without emergent branches on the selected
length will be used for repairing the FG that
are most important for the grafted nerve.
According to the principle that the graft
ENT surface must surpass the FG of the re-
paired nerve [8], usage of two segments of
CN prioritise the ideal repair of FG with the
most important function.

For nerves of the upper limb, function-
al prioritisation is very simple: the radial
nerve is a principally a motor nerve and the
sensitive branch can be ignored (sometimes
it is used as a nerve graft); the ulnar nerve s
mainly a motor nerve (the most important
motor nerve of the hand) and the sensitive
function is secondary; the median nerve is
predominantly sensitive (the most impor-
tant sensitive nerve of the hand) and less
important as the motor nerve [43].

For the ulnar nerve, motor recovery is
essential [38]. Microsurgical approach for
lesions of the ulnar nerve in the 3rd distal
region of the forearm for treating the two
nerves, the motor and the sensitive ones
(Jabaley principle) supports the idea of pri-
oritising the motor FG. Intraoperative mo-
tor FG identification by electrostimulation
is common practice [9, 46]. Grafting will
commence with the biggest and deepest
FG - the motor one - and will be done with
one CN segment containing the biggest FG,
mono or oligofascicular that surpasses the
surface of the motor FG [8]. The graft tech-
nique coded FG - CN - FG or FG - 2(3) CN
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- FG. For the sensitive FG one or maximum
of two segments of CN graft length should
be used. These principles of functional pri-
oritisation were applied at a presented case
of secondary reconstruction after chainsaw
complex trauma, with a 7 cm defect of the
ulnar nerve trunk in the 2nd and 3rd distal
region of the forearm. Sural nerve graft dis-
tribution used 3 segments, prioritising re-
pair of motor FG with 2 segments and one
segment of graft (the thinnest) for sensitive
FG (Figure 10).

Figure 10: 1. Ulnar Nerve a) 7 cm defect; Jabaley
princple treatment for 2 nerves: motor + sensitive ; b)
nerves grafts: 2 grafts FG’s Motor and 1 graft sensitive
FG

Associating electrostimulation with a
good knowledge of layered cartogram sec-
tions with identification of the priority FG
permits the surgeon to apply the principle
of functional prioritisation in nerve graft re-
pair. For the median nerve it is more impor-
tant to repair the sensitive function rather
than the motor one and the latter should
be repaired with a palliative surgery. In con-
sequence, the sensitive FG will be repaired
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Nerve
No. Segments Graft for No. Segments Graft for
No.segments Graft Sensory FG Motor FG
Available
Median Nerve
segments grafts 4 3 1
Ulnar Nerve
segments grafts 3 1 2
Radial Nerve
segments grafts 4 1 3
segments grafts 3 0 3

Table 2: Graft segments distribution

with 2-3 segments of CN grafts and the mo-
tor FG (identified by electrostimulation)
only requires one segment of CN graft- the
principle of Koman-Steiberg. Median nerve
prioritisation grafting for sensitive FG at the
3rd distal region of the forearm offers the
best results [7]. Segments containing the
thinnest FG will repair the less important
function of the grafter nerve. Knowledge of
intrafascicular topography combined with
intraoperative identification permits the
surgeon to distinguish the motor FG and
sensitive FG and achieve better results (42).

For the radial nerve, the sensitive fas-
cicles are identified by distal dissection and

Figure 11: 2. Radial nerve 5 cm defect: 3 grafts for
posterior interosseous nerve; 1 graft for sensitive
radial branch.
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separated from the nerve trunk by internal
neurolysis. At ~ 7-9 cm proximal from the el-
bow, the sensitive branch (real origin) forms
one FG that can be easy separated.

Emergence of the sensitive branch (ap-
parent origin) at 1-4 cm from the lateral epi-
condyle makes isolation of the branch easier
and facilitated posterior interosseous nerve
prioritisation in the 3rd superior region of
the forearm.

Proceeding like so, according to the func-
tional prioritisation principle, as applied in
a case with a 5 cm defect on the radial nerve
trunk at the 3rd distal region of the arm (af-
ter a fracture-dislocation of the humeral pal-
ette with comminution), we used 4 segments
of sural nerve graft: 3 segments for priori-
tisation of the posterior interosseous nerve
and one for the sensitive branch. (Figure 11)

Distribution of CN segment grafts used
for large defect repairs of the upper limb can
be resumed in Table 2. Take into account that
for the sensitive branch of the radial nerve
we even suggest that no repair should be
carried out if the graft segments are insuf-
ficient.

Microsurgical nerve repair has to give
priority to the restoration of the fascicular
groups (FG) which have the most important
function. This can be achieved by internal



neurolisys of the main FG and by their in-
dividual repair. For the nerve grafting, the
most important fascicles are repaired first,
with the best grafts and in sufficient num-
ber. For the median nerve, the main function
is sensitivity, whilst for the ulnar and radial
nerves the motor function is more impor-
tant.

We applied this principle in 235 of the
nerve repairs in the upper limb: 79 median
and 153 ulnar nerves in the distal forearm
and for 31 radial nerves in the distal forearm
and at the elbow crease, with improved re-
sults compared to the standard techniques.

Sural nerve autografts can be used for up-
per limb and other techniques such as staged
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Tips in management of tongue

and floor of mouth cancer

Spiros Stavrianos

Greek Anticancer Institute

This is the commonest cancer of the oral
cavity. In a tertiary center we come across
enlarged tumours infiltrating the base of
the tongue and FOM musculature and the
bony mandible. However, the true base of
tongue and oropharyngeal tumours are of
different biology and metastatic potential.

Wide surgical resection remains the key-
stone therapy followed by planned postop-
erative radiotherapy.

We usually perform modified radical
Neck dissection type 2 that preserves SAN

and IJV while preparing the ECS with the
superior thyroid, lingual or facial arteries
for microvascular anastomoses and the IJV
for venous anastomoses.

Of outmost importance is cleaning the
lymph node IIb level sending multiple fro-
zen sections with a very low threshold to
convert it to radical Neck dissection if nec-
essary. However, this is not the case most
of times.

Access to the oral cavity via all time clas-
sic lip split parasymphyseal mandibulotomy
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preserving contralateral floor musculature.
Resection of the part of tongue involved
with a generous 2-3 mm margin and if pre-
vious radiotherapy given 5 mm margin of
healthy tongue.

Hemiglossectomy is the most common
operation performed but care is paid to pre-
serve even a small strip of intact tongue if
still vascularized to act as a motor to the re-
construction transplant.

FOM musculature and especially genio-
glossus and mylohyoid muscles are gener-
ously removed en block with the specimen
taking care to remove all lymphatic tissue
together with the primary. If necessary a
strip of periosteum is taken for frozen sec-
tions and special care is exercised to the
edentulous mandible if previous radiother-
apy has been given. Previous bone scans
are of importance in terms of mandibular
resections. Lateral resections are the most
commonly used and not always necessary
to reconstruct.

The key point to address is if the tumor
goes beyond the circumvallate papillae in
tongue V region. In that case the minimum
operation is hemiglossectomy or 2/3 glos-
sectomy or near total glossectomy combined
with a modified horizontal laryngectomy
that is removal of the thyroid cartilage and
the epiglottis along with the hyoid appara-
tus that is hyoid bone with sternohyoid and
geniohyiod muscles. It is evident that sup-
port has to be provided to the larynx and
adequate reconstruction to prevent aspira-
tion pneumonias.

The most common and robust recon-
struction used is anterolateral thigh free
flap ALT not to forget the radial forearm flap
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RFF reconstruction used some time ago.

ALT flap is providing bulk and good skin
quality together with a long pedicle to ma-
nipulate as necessary even to contralateral
neck vessels.

RFF can combine skin qualities with a
small piece of bone if necessary.

A good tip is to suture the skin trans-
plant tight to the tongue remnant since this
is to contract after surgery thus avoiding
the bunched up appearance which is bad re-
construction.

Of outmost importance is to reconstruct
in 3D dimensions thus create a neotongue
and then separately the FOM and the later-
al pharyngeal wall. Failure to do so is creat-
ing a tongue tethering which is most debili-
tating. There is no need to reconstruct the
pharyngeal pillars.

If there is too much of the flap before
closing, the mandible deepithelialize the
skin and cover the big vessels thus reinforc-
ing your closure.

Most of the times, use the IJV since it
acts as a pump for the drainage of the flap.
If necessary, we perform two venous anas-
tomoses ensuring the flap drainage safely.

Secure the drains with rapid absorbable
sutures above the clavicle and onto the
trapezoid muscle and always wake up the
patient few hours later in the ICU with a
tracheostomy and peg gastrostomy in place.

All been well, the patient returns to the
ward next day and chest physiotherapy
commences immediately along with inhal-
ers.

The postoperative period, if uncompli-
cated, is about 10-15 days before you dis-
charge the patient home.
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trachea and esophagus
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The most common oncologic causes lead-
ing to tracheal resection are secondary tu-
mors from the adjacent organs, such as
thyroid, laryngeal and esophageal cancers.
Tracheal reconstruction after surgical resec-
tion is difficult because of several tracheal
characteristics including the rigidity needed
to maintain an open lumen, an intact lumi-
nal lining, and the ability to clear secretions.
Short tracheal defects (up to 2 cm) may be
closed primarily. Extended resection up to
4 cm may be reapproximated with the neck

at 15 to 35 degrees of flexion and laryngeal
release to minimize anastomotic tension.
Additional airway mobilization and hilar
release may provide another 1.4 cm of tra-
cheal length for selected patients at a few
specialized centers. However, anastomotic
complications and mortality rates increase
with increasing length of the defect. Defects
longer than 5 or 6 cm had not been success-
fully reconstructed in human until recently.
With our recent experiences in tracheal re-
construction, a classification system was de-
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veloped to guide the reconstructive options
for this difficult problem.

Type | defects

Type [ defects are small enough to be
closed primarily. Based on the size of the de-
fects, they are further classified as Type Ia,
less than 2 cm in length, and Type Ib, 2 - 4
cm in length.

Type Ia defects can be closed primary with-
out further manipulations. Type Ib defects
require suprahyoid laryngeal release with the
neck flexed by suturing the chin to the ante-
rior chest skin, with or without hilar mobili-
zation. In young patients with an untreated
neck and an elastic trachea, a slightly longer
defect up to 5.5 cm may be closed primarily
with these maneuvers. Coverage of the repair
site with a pedicled pectoralis major muscle
flap is recommended in patients with a com-
promised wound bed, such as a large dead
space around the trachea, a radiated wound,
or with aggressive paratracheal dissection.

Type Il defects

Type Il defects are greater than 5 or 6 cm that
can not be closed primarily. Reconstruction of
these defects had been largely unsuccessful in
the past. These patients are usually considered
as non-surgical candidates or require a total
laryngectomy and possibly a mediastinal tra-
cheostomy. Successful tracheal reconstruction
would expand surgical indications, preserve
laryngeal functions, avoid a high-risk medias-
tinal tracheostomy, and improve quality of life.
The ultimate goals of tracheal reconstruction
are to provide a non-collapsible airway with a
functional epithelial lining and reliable well-
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vascularized tissue coverage. The first priority
is given to the non-collapsible construct.

The neotrachea consists of a thin skin flap,
usually a radial forearm free flap, for lining
and a prosthetic material for rigid support.
The supporting material can be a Hemashield
or Gore-Tex vascular graft stented with sev-
eral rings of the Synthes Polymax resorbable
mesh to maintain a diameter of 3 cm. The skin
flap is suspended to the supporting material
around it with Prolene sutures. The flap is re-
vascularized with microsurgical techniques
and the entire construct is covered with either
a sternocleidomastoid or pectoralis major
muscle flap. A temporary T-tube tracheosto-
my is performed at the end of surgery to fa-
cilitate airway cleaning and to prevent airway
compromise from flap swelling. The T-tube
can be removed several weeks later once air-
way patency is established. In patients with a
compromised airway, such as subglottic ste-
nosis, a thick flap, combined with unilateral
vocal cord paralysis, the T-tube can be left in
place as a permanent tracheostomy which is
well tolerated in our experience. Patients are
able to speak with the T-tube capped, which is
a major advantage over a total laryngectomy.

Microsurgical reconstruction of the trachea
is a complex procedure requiring expertise from
several disciplines and meticulous postoperative
care. Prompt management of complications,
most commonly air leak and airway compro-
mise, is mandatory. Contraindications include
severe cardiac and pulmonary comorbidities
and severely compromised laryngeal function.

Type Il defects

Type III defects are those involving the tra-
cheal stoma either from a concomitant laryn-
gopharyngectomy (Type IIla) or stoma recur-



rence (Type IIIb) or combined tracheal and
total esophagectomy (Type IIlc). For Type IIla
defects, simultaneous reconstruction of the
tracheostoma and pharyngoeosphagus is best
served with a two-skin island anterolateral
thigh flap which provides reliable reconstruc-
tion with a single flap, superior functional
outcomes and minimal donor site morbidities.
For Type IIIb isolated tracheostoma defects, a
pedicled internal mammary artery perforator
(IMAP) flap provides a quick and simple recon-
struction with predictable results. The flap is
islanded based on the second intercostal per-
forators and designed parallel to the intercos-
tal space, with a width of 5 to 6 cm and length
13 to 15 cm. The prognosis of patients with
tracheostoma recurrence is usually poor with
frequent distant metastasis at presentation
and high risk of vascular rupture. Therefore
complex reconstruction in this patient popula-
tion should be avoided. The simple IMAP flap is
particularly suitable for this purpose. For Type
Illc defects, the tracheal defect is usually re-
constructed with a free ALT flap while the total
esophagectomy defect is reconstructed with a
supercharged jejunal flap.

Pharyngoesophageal
Reconstruction

While early-stage cancers in the hypo-
pharynx and larynx are usually treated with
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radiotherapy, recurrent and advanced-
stage cancers in the hypopharynx and lar-
ynx require surgical resection. Because of
prior radiotherapy, primary closure of the
hypopharynx after a salvage total laryngec-
tomy often results in pharyngocutaneous
fistulas, making primary closure impos-
sible in many patients. Traditionally, free
jejunal flaps have been used to reconstruct
circumferential pharyngoesophageal de-
fects to re-establish alimentary tract con-
tinuity. In recent years, however, the ALT
flap has become the flap of choice for pha-
ryngoesophageal reconstruction, offering
superior functional outcomes, quicker re-
covery, and, because laparotomy and bowel
resection are not required, fewer donor-
site morbidities. Furthermore, more than
90% of patients can resume an oral diet
following pharyngoesophageal reconstruc-
tion with an ALT flap. Tracheoesophageal
puncture can provide intelligible speech
with good voice quality.

In many patients with cancer that re-
curs after radiotherapy, neck dissection, or
pharyngocutaneous fistula, additional sur-
gery typically results in pharyngoesopha-
geal and anterior neck or tracheal defects
that are difficult to manage, even in the
best hands. A two-skin island ALT flap
combined with various amounts of vastus
lateralis muscle can be used to achieve reli-
able single-stage reconstruction.
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The ulnar artery perforator
(uap) flap

The radial forearm flap (the Chinese flap)
has become one of the most popular flaps for
head and neck reconstruction. It has many
advantages including robust blood supply,
easy to harvest, thin and pliable skin, long
vascular pedicle, and possibility of sensory
reinnervation. There are some disadvantages,
however, which include sacrifice of a major
artery supplying the hand, the need for skin

grafting to the forearm donor site, frequent
partial loss of skin grafts and tendon expo-
sure, tendon adhesion and stiffness, sensory
loss in the thena eminence, occasional injury
to the radial sensory nerve, hairy in some
patients, and conspicuous scar in the distal
forearm. An alternative flap in the forearm is
the ulnar artery (or ulnar forearm) flap. The
ulnar artery flap never gained popularity be-
cause of the traditional belief that the hand
perfusion is ulnar artery dominant. More
studies have shown, however, the radial ar-
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tery is equally important or even radial ar-
tery dominant in some patients. Therefore,
the ulnar artery flap can be safely harvested
without jeopardizing the hand perfusion.

The true ulnar artery perforator flap and
perforator anatomy have not been reported.
The author’s experience of the ulnar artery
perforator flap and its perforator anatomy
are described in detail.

Perforator Anatomy

One to three cutaneous perforators from
the ulnar artery are present and they are des-
ignated as A, B, and C from distal to proximal.
Perforator A is present in 79% of cases and
located 7.3 + 1.1 cm from the pisiform. Perfo-
rator B is present in 95% of cases and located
11.4 + 1.0 cm from the pisiform. Perforator C
is present in 87% of cases and located 15.9 =+
1.8 cm from the pisiform. All patients have at
least 2 perforators, and 61% have three perfo-
rators. All A and B perforators are septocutane-
ous, while 10% of the C perforators are mus-
culocutaneous, passing through a thin layer of
FCU muscle. The length of the pedicle is 5.3 +
1.6 cm from the bifurcation to the most proxi-
mal perforator included in the flap. Donor site
morbidity is minor. Grip testing demonstrated
a transient decrease in grip strength during the
post-operative period, and most recovered to
the contralateral level by 3 months.

Compared to the radial forearm flap, the
advantages of the ulnar artery flap include:
1) less obvious scar in the forearm; 2) usu-
ally no sensory deficit distal to the flap; 3)
less hair on the skin; 4) some donor sites can
be closed primarily; 5) less or no tendon ex-
posure; 6) skin graft take is generally better.
The ulnar artery perforator flap can be used
for a variety of reconstructions, similar to
the radial forearm flap.
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The anteromedial thigh (amt) flap

While the anterolateral thigh (ALT) flap
has become the flap of choice for many soft
tissue reconstructions, the anteromedial
thigh (AMT) flap is less well known to most
surgeons. There have been very few reports
and the descriptions of vascular anatomy in
the literature have been rather confusing.
The author has recently studied the vascular
anatomy of the AMT flap in 100 patients un-
dergoing head and neck reconstruction. The

perforator anatomy and its relationship with
the ALT flap are described in detail.

Perforator Anatomy

In the 100 AMT flaps explored, 21 thighs
(21%) had no cutaneous perforators. There
were 96 perforators in the remaining 79
thighs. Fifty-nine of the perforators origi-
nated from the rectus femoris branch (RFB)
of the descending branch of the lateral cir-
cumflex femoris artery (LCFA). The rectus
femoris branch travels along the medial
edge of the rectus femoris muscle or within
the muscle itself and is accompanied by two
venae comitantes. The other 37 perforators
originated from the superficial femoral ar-
tery (SFA). The perforator near the midpoint
of the AP line was designated as perforator B,
the more proximal one, perforator A, and the
more distal one, perforator C, similar to the
ALT perforator classification.

Overall, 39 of the 59 RFB perforators
(66%) were septocutaneous, traveling in the
intermuscular space between the rectus fem-
oris and the sartorius/vastus medialis mus-
cles. Septocutaneous courses were identified
in 58%, 70%, and 64% of perforators A, B,
C, respectively. All musculocutaneous perfo-
rators traverse the medial edge of the rectus



femoris muscle to reach the skin. Typically,
this muscle layer is thin. None of the RFB
perforators travel through the sartorius or
vastus medialis muscle. The perforators orig-
inating from the RFB could be traced back to
the descending branch of the LCFA, generat-
ing a long (7 to 15 cm) and sizable vascular
pedicle similar to the ALT flap. Therefore, the
flap based on the perforators from the rec-
tus femoris branch should be considered the
true AMT flap.

The true AMT (RFB) perforators were fur-
ther analyzed. Only 51 of the 100 thighs had
one (43 thighs) or two (8 thighs) perforators.
Therefore, the possibility of raising an AMT
flap based on the RFB existed in only 51% of
cases.

Relationships of ALT and AMT Perforators

Most patients with small or no ALT per-
forators had a large AMT perforator (80%
and 60 % respectively), while patients with
large or medium ALT perforators were more
likely to have medium or small AMT perfo-
rators (90% and 88%). This inverse relation-
ship of ALT and AMT perforator size was
significantly associated (p=0.029, Fisher’s
exact test). Compared to patients with me-
dium or large ALT perforators, patients with
small/no ALT perforators had about a 6-fold
increased chance of having large/medium
AMT perforators (OR=6.18, 95%CI=1.23-
30.91, p=0.026).

Most patients without ALT perforators
had one or more AMT perforators (20% and
60 % respectively), while most patients with
three ALT perforators had no AMT perfo-
rators (76%). This inverse relationship in
ALT and AMT perforator number was sig-
nificantly associated (p<0.001, Fisher’s ex-
act test). Compared to patients with 2 or
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more ALT perforators, patients with one or
fewer ALT perforators had about a 4-fold in-
creased chance of having an AMT perforator
(OR=3.77, 95%(C1=1.34-10.65, p=0.012).

Based on the clinical importance, the
large, medium and small perforators were as-
signed a score of 6, 3 and 1, respectively. The
total scores over three regions in the ALT or
AMT were analyzed using a linear regression
model. Lower scores of ALT perforators were
significantly related to higher scores in AMT
perforators (slope = - 0.33, 95% ClI= (-0.46,
-0.20), p<0.001).

In conclusion, there is an inverse rela-
tionship between size and number of ALT
and AMT perforators: when ALT perforators
are inadequate, AMT perforators are typi-
cally useable, expanding the reconstructive
options available from a single donor site
through the same incision.

The internal mammary artery
perforator (imap) flap

The IMAP flap was first described in the
English literature in 2006 by the author for
tracheostoma reconstruction. Neligan et al
further conducted injection studies and re-
ported their clinical use of this flap in 2007.
More recently Dr. Saint-Cyr’s group reported
the three-dimensional perforator anatomy
using injections and 3-D CT scan of cadav-
eric specimens.

Vascular Anatomy

The internal mammary artery perfora-
tors, as the name implies, originate from
the internal mammary artery. The inter-
nal mammary artery itself originates from
the subclavian artery and travels along the
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sternal border on each side of the sternum.
It becomes the superior epigastric artery in
the upper abdomen and nourishes the up-
per part of the rectus abdominis muscle. In
its path along the sternal border, the inter-
nal mammary artery sends out several per-
forators through the intercostal space to the
chest skin.

At the level of third intercostal space, the
artery has a mean diameter of about 1.9 mm
and the vein, 2.5 mm in live patients. The
average distance between the artery and the
sternal border was about 1.5 cm.

Perfusion Territory

Based on the injection study, internal
mammary artery perforators in the first in-
tercostal space perfused to the level of the
clavicle and lateral mammary fold in all cases
and to the level of the xiphisternum one-
third of the time. Internal mammary artery
perforators in intercostal space 2 had a terri-
tory reaching the clavicle and xiphisternum
in four of six cases and the lateral mammary
fold in all cases. Internal mammary artery
perforators in intercostal space 3 reached the
clavicle in only 40 percent, the xiphisternum
in 60 percent, and the lateral mammary fold
in 80 percent of cases. When the superior
internal mammary artery perforators were
injected (intercostal spaces 1 and 2), the
linking vessels were found to be orientated
in a transverse fashion. However, when the
inferior internal mammary artery perfora-
tors (intercostal spaces 3 to 7) were injected,
the orientation of the linking vessels took
a more inferolateral orientation. Therefore,
the axiality of blood flow of the internal
mammary artery perforator flap is lateral if
an internal mammary artery perforator in
intercostal space 1 or 2 is used and inferolat-
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eral if an internal mammary artery perfora-
tor in intercostal space 3 and below is used.
This is important when designing flaps.

Surgical Techniques

The internal mammary artery perforators
at the second and third intercostal spaces
along the sternal border on each side are ex-
amined with a handheld Doppler device. For
head and neck reconstruction, the perforator
at the second intercostal space is preferred
as the basis of the flap because of its proxim-
ity to the neck defect. The Doppler signal can
be used as a guide for perforator selection.
If the Doppler signal in the second intercos-
tal space is significantly weaker than that at
the third intercostal space, the latter should
be chosen. The side chosen depends on the
location of the defects. For a centrally locat-
ed defect, the side with a stronger Doppler
signal is chosen. Once the IMAP is selected,
the flap is designed with its long axis parallel
to the intercostal space. The medial limit of
the flap is the midline of the sternum, and
the length of the flap is based on the arc of
rotation needed to reach the defect with the
lateral limit of the flap slightly beyond the
anterior axillary fold. When the IMAP at the
second intercostal space is chosen, the long
axis of the flap should be horizontal. The flap
design should not extend above the clavicle
or extend to the deltoid region since the per-
fusion in these areas is unreliable.

The medial half of the superior incision is
made first down to the fascia; subfascial dis-
section proceeds inferiorly with a pair of te-
notomy scissors until the internal mammary
perforator vessels are identified. The perfo-
rator vessels are dissected and the rest of the
flap is incised and islanded. If needed, the
pectoralis major muscle attachments cepha-



lad to the perforators are divided to increase
the length of the vascular pedicle. The flap is
then rotated to reconstruct the neck defect,
either through a subcutaneous tunnel or by
dividing the narrow skin bridge between the
donor site and the neck defect. The viability
of the very distal end of the flap is confirmed
by active bleeding from the skin edge. The
donor site is then closed primarily.
Perforators either from the lateral thoracic
artery or intercostal artery may be encoun-
tered in the lateral aspect of the flap. These
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perforators can be safely divided without com-
promising the flap perfusion. When a large flap
is needed and the donor site cannot be closed
primarily, a thoracodorsal artery perforator
flap can be used to close the chest donor site.

When used as a free flap, the internal
mammary artery and vein are dissected as
the main vascular pedicle to obtain more
pedicle length and larger diameter. The rib
cartilage above the perforator is removed to
facilitate the dissection of the internal mam-
mary vessels.
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A clinical classification of
mandibular defects

In order to guide mandibular reconstruc-
tion, a simple and practical classification sys-
tem is created by the author (Table I).

Type I is a segmental bony defect. It is
further divided into Ia and Ib according to
the extent of soft tissue defect. Type Il is a
posterior defect or hemimandibular defect.
Similarly, it is further classified as [Ia and IIb
based on the extent of soft tissue defect.

Management of Each Type
of Mandibular Defect

Type la defects

Type Ia defect is typically a lateral segmen-
tal defect with an intact condyle. Because of
the intact condyle and ramus, this type of
defect is best reconstructed with a bone flap
to maximize function. Our preferred flap is
the fibular osteocutaneous flap with a skin
paddle to reconstruct the intraoral soft tis-
sue defect.
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Defects Type Ia Type IIb Type Ila Type IIb
Bony defect Segmental Segmental Posterior or hemi | Posterior or hemi
Condyle Intact Intact Removed Removed
Mucosal defect Yes Yes Yes Yes
External skin defect | No Yes No Yes
Option 1 Fibula OS flap 2 skin island fibula | Fibula OC 2 skin island
or fibula OC+soleus | or iliac crest fibula or fibula
osteocutaneous flap | OC+soleus,
Option 2 Iliac crest or Double free flaps ALT with or ALT with two skin
scapula (FFF+ALT, without VL islands or one skin
FFF+RFF) island ALT with VL
Option 3 FFF + pec flap
Option 4 Remove condyle, 2
skin island ALT

Table 1: Classification of Mandibular Defects

Type Ib defects

Because of soft tissue defects both intra-
orally and externally, these defects are more
difficult to reconstruct. In addition, these
patients usually have long standing orocu-
taneous fistula and repeated episodes of os-
teomyelitis, resulting in severe neck fibrosis,
making recipient vessel dissection extremely
difficult.

Choice #1. A two-skin island fibular osteocuta-
neous flap.

Choice #2. One-skin island fibular osteocuta-
neous flap with soleus muscle and skin graft-
ing.

Choice #3. Double free flap reconstruction.
Choice #4. Fibular osteocutaneous flap with a
pectoralis major muscle or myocutaneous flap.
Choice #5. Convert to a posterior or hemi-
mandibulectomy defect by removing the ra-
mus and condyle and reconstruct it with a
soft tissue flap.

Type Il defects

In type II defects, the condyle and ramus are
removed. The defect may extend all the way to
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the parasymphysis although most defects end
in the anterior or mid body of the mandible.
Without the condyle, the importance of bony
reconstruction is much lower. Bone recon-
struction may minimize the jaw deviation, pro-
vide better occlusion and slightly better defini-
tion of the jaw line compared to soft tissue flap
reconstruction, functional outcomes are, how-
ever, similar. In the setting of ORN, especially
in the presence of infection and for through-
and-through defects, reconstruction with soft
tissue flaps may have fewer postoperative com-
plications and quicker recovery.

Common bone flaps for posterior defects
are the fibular flap and the iliac crest flap. The
iliac crest flap may be a good option for poste-
rior defects because of its natural shape, thus
no need for osteotomies. Our preferred soft
tissue flap is the anterolateral thigh flap while
the rectus abdominis flap is a good alternative.

Perforator patterns of the fibular
flap skin paddle

Harvesting the fibular bone flap is rela-
tively straightforward. The difficulty is to



make the skin paddle reliable. A reliable skin
paddle is crucial to simultaneously recon-
struct the floor of mouth or external skin
defect during mandibular reconstruction or
other areas of reconstruction. Although sev-
eral studies have tried to map the perforators
to the fibular skin paddle, the exact locations
of cutaneous perforators remain unclear. We
have recently studied this in great detail and
the perforator patterns are presented herein.

Perforator Anatomy

Eighty consecutive patients undergoing
free fibula flap reconstruction were included
in this prospectively designed study. The lo-
cation, size, and type of perforators were re-
corded intraoperatively and mapped on the
line connecting the fibular head and lateral
malleolus (FHM line).

There were 46 male and 34 female pa-
tients with a total of 202 perforators. The
average FHM line length was 36.1+3.4cm
(male: 38.2+2.2cm and female: 34.1+2.7cm).
Two discrete groups of perforators could be
identified. The proximal perforator was con-
sistently found one-third the length and 1.5
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cm posterior to the FHM line. The majority
of these perforators (84%) were musculocu-
taneous. The more clinically useful perfora-
tors to support a skin paddle are the distal
ones over the third quarter of the fibula. One
to three distal perforators were consistently
present, grouped as perforator A, B, and C at
points 0.51, 0.62, and 0.73 along the FHM
line, respectively. Perforators were approxi-
mately 3.5 cm apart and 2 cm posterior to
the FHLM line, and the majority (96%) were
septocutaneous. If the fibula bone is divided
into four segments, the distal perforators
are generally located over the third quarter
of the fibula. On the x-axis, the perforators
are always located posterior to the FHM line.
Thirty-nine patients (49%) had a single distal
perforator, 29 patients (36%) had two distal
perforators, and 12 patients (15%) had three
perforators.

In conclusion, utilizing common anatomic
landmarks, a reliable skin paddle can be de-
signed with simplicity and confidence over
the third quarter of the fibula. The proximal
perforator can be useful as a second skin
paddle for through-and-through reconstruc-
tion.
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Traumatic brachial plexus injuries are
devastating, inducing paralysis and loss of
sensibility in the affected limb, especially
in cases of total root avulsion. This became
a daily issue with fast development of high-
velocity traffic.

A large proportion of brachial plexus in-
juries in the literature (60%) interest all five
roots, causing fail arm. Within the men-
tioned group young men are most likely to
sustain these disabling injuries. Surgical re-
construction might be challenging when di-

rect nervous repair is not possible, in avul-
sion injuries and in prolonged denervation
time which lead to irreversible atrophy of
the muscle fibers, mainly in hand muscles.
When proximal donor nerves are not avail-
able for repair, nerve transfers are suggested.
Although debated, transferring myelinated
nerve fibers from contralateral C7 nerve root
to affected limb still remain a suitable surgi-
cal choice [1, 2, 3].

It has been passed more than 25 years
since the world’s first case of contralateral
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C7 nerve transfer achieved by Gu et al. Ever
since different variation of initially technique
developed: C7 nerve can be used as common
trunk or as individual divisions anterior/
posterior (the anterior division contains
more sensitive axons, while posterior one
more motor axons), different recipients sites
(median nerve, musculocutaneous nerve,
radial nerve), different ways of bridging the
gap between donor and recipient site (nerve
grafts, vascularized nerve grafts) [1, 3, 4].

In case of contralateral C7 transfer, we
prefer to use vascularized ulnar graft from
the affected limb for filling the gap. The nerve
is harvested by cutting it at the wrist level
and then it is freed proximally to the upper
arm. An important technical step is to spare
the superior ulnar collateral vessels to pre-
serve an important vascularization source
for the upper segment of ulnar nerve. After
the initial surgery the patient has to wear
a head-shoulder spica for 4 weeks for pre-
venting nerve suture rupture. In the second
stage, when the regenerated nerve from the
contralateral C7 reached the axilla of affect-
ed limb (clinical - positive Tinnel sign, elec-
trophysiological studies), we can now pay at-
tention to upper limb reanimation [3]. Our
preferred method is free functional muscle
transfers (gracilis muscle) due to chronic pa-
tients without locally resources.

Regarding the postoperative complica-
tions of the donor site level, after transec-
tion of contralateral C7, one systematic re-
view identified that the majority of patients
(74%) suffered sensory abnormalities and
98% of them recovered within 3 months.
Compared with sensory disturbances, the
motor functional morbidity was experienced
less frequently (20%) and a big percent of pa-
tients (91%) succeeded to recover the motor
deficit within 6 months [5].
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Next we will present a case of complete
brachial plexus paralysis and the way we
managed it.

Our patient is a 33 years old male who suf-
fer a motorcycle accident in 2012. As a result
of this high velocity trauma, on admission
the patient level of consciousness was 3 on
Glasgow coma scale (severe brain injury), he
had bilateral costal fractures, hemopneumo-
thorax. The surgical team performed a sple-
nectomy, reconstructed the left subclavian
artery using and synthetic graft and stabilize
the humeral facture with an external fixator.
Furthermore he developed mediastinits. As
it can be seen, we are talking about a critical
ill patient.

9 months after the acute trauma, the plas-
tic surgery team realized a nerve transfer
(three intercostal nerves to musculocutane-
ous nerve) but it proved to be unsuccessful
due to a left femur osteitis which stopped
the patient rehabilitation program.

4 years after the initial accident we have
the same patient with a complete brachial
plexus paralysis and our objective was to re-
store the patient elbow flexion. Firstly we
harvested the ipsilateral vascularized ulnar
nerve (Figure a), performed a subcutaneous
tunnel up to contralateral C7, then behind
the scalenic muscles we carefully dissected
the nervous roots of C5-C7. After the surgi-
cal team transected the anterior division of
the middle trunk (Figure b) it was performed
the nervous coaptation. 6 months later when
the Tinnel sign reached the ipsilateral axilla,
we performed a free functional muscle trans-
fer (gracillis muscle). Motor innervation of
the flap was assured by direct epineural neu-
rorrhaphy between reversed vascularized ul-
nar nerve and anterior branch of obturator
nerve. At the moment our patient is enrolled
in a specific rehabilitation program, where



29

injury, there is in literature a lack of reports
regarding the use of contralateral C7 trans-
fer in infants with obstetrical brachial plexus
avulsion. Two studies showed that the pre-
vious technique has reliably good outcomes
[6].

We performed a nervous transfer between
contralateral C7 and median nerve from the
affected limb using a sural nerve graft, to re-
cover 13 month old infant sensibility, wrist
and fingers flexion. Previously (5 months
before), our patient suffered a series of ner-
vous transpositions and transfers targeting
the musculocutaneous nerve.

As conclusion, the contralateral C7 nerve
transfer is considered a controversial option
with potential issues as: It can be done? It

Figure 1: a) ipsilateral vascularized ulnar nerve works well enough to justify the risk? Inde-
dissected and prepared for transfer; b) red arrow pendent function can be relearned in adults?
- reversed vascularized ulnar nerve, green arrow — Reoardine the larce clinical experience of
anterior division of the middle trunk g & g' p

Asian surgeons during last decades and our

positive signs as slightly contraction of the  personal cases, we recommend this tech-
transferred muscle were observed. nique as safety and efficient in treatment of
In comparison with adult brachial plexus  brachial plexus palsy.
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Distal phalanx replantation
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The fingertip is anatomically defined as
the part of the finger distal to flexor and
extensor tendons insertion into the distal
phalanx [1]. Fingertip amputations were de-
scribed by Tamay, Hirase, Allen and so on.
However, Tamai classification is used more
frequently. The zone I extends from the base
of the nail to the distal tip, and zone II from
the distal interphalangeal joint to base of the
nail [1, 2].

When referring to evaluation and treat-
ment of fingertip amputation, an intimate

understanding of fingertip anatomy is man-
datory. The overlying skin is anchored to
the periosteum of distal phalanx through
fibrous septa, giving the rise to the pulp.
The blood vessels have an intimate anatomic
relationship to the fibrous septa and at this
level Grayson and Cleland ligaments do not
surround the neurovascular bundles. The
two palmar digital arteries often join at the
midline, forming the pulp arcade at the level
of lunula, the site where terminal branches
come from and lie in a deep plane adjacent
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to the periosteum [3]. Moreover, a recently
published study by Nam et al. focus on differ-
ent types of arterial vascularization in Tamai
zone | [2]. The veins are found in volar and
dorsal locations and reside in the subcutane-
ous tissue just beneath the dermal layer [3].

Regarding the nature of the injury can be
identified three major mechanisms: clean-
cut due to a sharp object with no loss of the
tissue and minimal crushing, crush-cut re-
sulting from a blunt object with some loss
of tissue and crush-avulsion as a result of se-
vere crushing and avulsion [4].

Although technically difficult, Komatsu
and Tamai reported the first successful re-
plantationin 1968. In the past hand surgeons
avoided replantation of the fingertip due to
technically challenges and because of doubts
regarding the final results. Reconstructive
methods as local or island flaps, secondary
healing, thenar pocketing have led to prob-
lems such as cold intolerance, joint stiffness,
hyper/hyposensivity. However, advances in
the field of microsurgery instruments and
techniques allowed assuring a success rate of
replantation between 80-90% in hands of an
experienced microsurgeon [2].

Moving forward, we want to share my
expertise regarding distal phalanx replanta-
tion, some “how I do it” advices.

In all cases, the surgery was performed
under digital block and a tourniquet to the
base of the phalanx was used to create a
bloodless field. Firstly, we made the bone
fixation and then the anastomosis of the ar-
tery was accomplished using 11/0 or 12/0
Prolene simple interrupted sutures (Figure
a,b,c). In contrast to the veins, arteries have
a thicker wall and do not collapse so easily.

The tourniquet was released to observe
venous return, however, in most cases a vein
for anastomosis was not seen instantly, so
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we choose to take a break between 30 and
60 minutes. In the cases where the amputa-
tion was proximally to the base of the nail
(Tamai zone II), while waiting for the venous
filling, we performed nervous coaptation.
Otherwise, the digital nerve do not need to
be forcibly sutured in zone I, due to the spon-
taneous recovery that can be expected.

After 30 minutes of delay the venous di-
ameter increased by up to 1 mm or more,
making it much easier to locate the vein. De-
layed venous repair was described by Koshi-
ma in 2005 and involved two surgeries and a
waiting time of 18 to 24 hours.

Despite standing by only 30 minutes, we
were able to achieve the same results.

Venous anastomose was initiated by find-
ing the lateral veins, next put the smallest
vascular clap on the distal expanded vein. All
the treated fingers were drained by direct ve-
nous anastomoses or using vein grafts har-
vested from proximal stump, within a small
longitudinal incision (3 to 5 mm). Five or six
stitches were used for each vein anastomosis.
Although it was difficult to achieve a proper
matching between distal and proximal veins,
we obliquely interposed in some cases vein
grafts for having a proper drainage from the
amputated part (Figure d).

Finally the skin was closed using two or
three simple Prolene 5/0 interrupted stitch-
es, without pressure on the repaired vessels.

At the fingertip level arterial anastomo-
sis can be done by an experienced microsur-
geon, but the most frequent cause of replan-
tation failure is venous congestion due to
technical difficult veins anastomosis. Repeti-
tive venesection, external bleeding through
fish-mouth incisions, nail bed removal and
medical leeches, all can become frustrating
for the patient. A plausible and simple solu-
tion for previous problems is delayed venous
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repair (30-60 minutes), which enhances the
subdermal veins diameter and makes the su-
turing technique feasible (Figure a, b) [5].
As final remarks we want to bring in at-
tention a systematic review by Sebastin et
al., who pointed some facts about outcomes
in distal digital replantation:
- the overall survival rate of distal digital am-
putation (86%) is similar to more proximal
replantations (80-90%)
- it is a big difference in outcome between
clean-cut amputations and crush-avulsion,
however no difference between crush-cut
and crush-avulsion ones
- vein repair significantly improved the sur-
vival rate in both zone I and II replantations
- nerve repair is therefore not essential in
distal replantations
- almost 70% of distal replantations cited
were reported form centers in the Orient
(Confucian moral values, maintaining body

Figure 1: a) Case 3 - fingertip amputations
Figure b) Case 3 - postop result 3th, 4th and 5th digit ) ]
preop aspect integrity?) [4].
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Large bone defects can be reconstruct-
ed using autogenous or homologous bone
grafts [1]. Using this methods will result
a prolong time for bone integration, atro-
phy after bone union leading eventually to
fracture and implant failure. One potential
explanation is the incomplete neovascular-
ization of the graft, which leads to a mix-
ture of necrotic and viable bone with lower
strength. Vascularized bone graft could be a
viable solution for previous listed problems,
due to combination of viability of cancellous

with the stability brought by cortical graft.
All this are sustained by an intact nutrient
blood supply [2, 3].

Free vascularized fibular grafts (VFG) are
a viable method of reconstruction of bone
gaps larger than 6 cm in patients who associ-
ates soft-tissue defects (crushing injuries or
tumor resection) [4]. Moreover autologous
fibula grafting is not a target for immunore-
active mechanisms, which can negatively in-
fluence the integration of the bone graft [5,
6, 7].
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Figure 1a: Radiologic aspect of humeral fracture with
massive bone loss and external fixation

VEG proved to be a solid choice of treat-
ment in large bone defects, but it can bring
a number of early and late postoperative
complications. Among early complications
are devascularisation of the donor leg due
to fibular artery, sensitivity deficits, infec-
tions and late complications as nonunion,
valgus ankle deformity, fibular fracture or
osteomyelitis. Also, the donor site can suffer
from transient palsy of the superficial fibular
nerve and contracture of flexor halluces lon-
gus muscle. Meticulous preoperative plan-
ning, choosing the proper vessel and type of
fixation can prevent the mentioned compli-
cations [3, 8, 9].

Further, we will present two cases to high-
light the versatility of VFG in reconstruction
of large bone defects.

The first case is a 36 year old male patient
who suffered a crushing trauma at the leg
level. As result, he acquired a 6 cm bone de-
fect at tibial diaphysis level. After healing
the soft tissues, the surgical team chose VEG
to feel the bone gap. Initially the peroneal
artery was identified and then a composite
autograft was harvested from contralateral
leg, meaning a 10 x 4 cm cutaneous island
along with an 11 cm of fibula (5 cm longer
than the defect). After exposing the initially
bone defect, anterior tibial artery and vein,
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Figure 1b: b) 3 months after free fibular transfer

the orthopedic team performed the osteo-
synthesis with an external fixator and the
plastic surgery team accomplished the vas-
cular anastomoses. In the post operatory
period, the patient benefit from continuous
heparin infusion with monitoring the APTT.
The patency of vascular anastomoses was as-
sessed by clinical examination and Doppler
ultrasound. 18 months post operatory the
VEG is totally integrated and our patient is
able to walk again.

The second case is a 50 years old male who
suffered a crushing of the left arm resulting
an open humeral fracture (III B type) with
an important bone defect. Initially, the bone
part was stabilized with an external fixator
allowing the soft tissue time to heal (Figure
a). Before reconstruction with VEG, the arte-
riography evidenced the patency of left bra-
chial and peroneal artery. The free flap was
harvested and transferred to the recipient
site, the arterial anastomosis was performed
in a termino-lateral fashion between pero-
neal and brachial arteries. 3 months postop-
erative the radiologic highlights the integra-
tion of fibular graft and the patient recovers



the upper arm mobility in proportion of 90%

tic and orthopedic surgeons). In this kind of

(Figure b). teamwork, vascularized fibular graft proved
As conclusion, patients with complex le-  to be a highly efficient therapeutic tool, ac-

sions, meaning bone and soft tissue defects,  celerating the patient discharge and inte-

require an interdisciplinary approach (plas-  grating him to socio-professional faster.
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The results of facial reanimation surgery
have improved dramatically in recent years.
This has in large measure been due to im-
proved surgical techniques that focus on re-
finements in achieving better motor input
and better muscle positioning and stability.
In this brief document, I will outline how I
think facial reanimation surgery and par-
ticularly muscle transplantation can be opti-
mized.

In muscle transplant surgery, a segment
of the gracilis muscle from the thigh is trans-

planted to the face. The gracilis is used as it
facilitates a two team approach and has an
excellent neurovascular set up. The trans-
planted muscle is carefully positioned in the
face and then revascularized. Microvascular
anastomoses to the facial artery and vein is
usually done, although the superficial tem-
poral vessels can be used. After revascular-
ization, the muscle is reinnervated by coapt-
ing the nerve to the gracilis to the selected
donor motor nerve (in my practice this is
usually a cross face nerve graft or the mo-
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tor nerve to masseter). After the muscle is
secured in position, the area is thoroughly
irrigated, the cheek flap is replaced and a
post auricular Penrose drain is positioned.
Only light activity is permitted for the first
2 days, then gradual increased ambulation
and discharge from hospital on day 4 or 5
post surgery. Rehabilitation exercises are
initiated after the muscle begins to function
(8 weeks if the motor nerve to masseter is
used or 20 weeks if a cross face nerve graft is
used). These exercises are meant to increase
commissure excursion, achieve as symmetri-
cal a smile as possible, and produce a degree
of spontaneity when a nerve other than the
facial nerve is utilized.

A fundamental requirement for successful
muscle transplantation in facial reanimation
surgery is an adequate motor nerve. This
can be either a cross face nerve graft in the
younger patient with minimal facial droop,
or it can be the motor nerve to masseter in
the older patient, or the patient with a sig-
nificant facial droop. In order to augment
the power of the cross face nerve graft to
achieve adequate commissure excursion, I
have found it critical to firstly use a substan-
tial branch of the facial nerve on the normal
side. This should be an appropriate branch
that leads to contraction of the zygomaticus
major and minor muscle, and there should
also be an alternate branch for ongoing in-
nervation of the normal side. In addition to
selecting a substantial branch of the facial
nerve on the normal side, back dissection of
this branch into the parotid gland for even 5
to 6 mm leads to increased axon density and
also better visualization of the facial nerve
branch for easier microcoaptation. In the
laboratory, it has been demonstrated that
intraoperative stimulation can lead to im-
proved muscle function. This has been con-
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firmed in clinical studies in upper extremity
surgery. Thus, currently we stimulate the
facial nerve, either before or after coapta-
tion of the selected branch to our sural nerve
graft, for one hour at 20 Hertz. We also have
learned in the laboratory that coaptation of
the distal end of the cross face nerve graft to
a small branch of a sensory nerve may main-
tain the activity of the Schwann cells and
thus also improve muscle function. This is
a fairly simple adaptation and may prove to
be quite helpful. Lastly, we use a short graft
which courses from the mid cheek region on
the normal side to the upper buccal sulcus on
the affected side. The proximal part of the
sural nerve, that is to say the segment in the
upper calf, is utilized as our graft, as this is
thin and provides for increased axon density.
This proximal segment is also an excellent
size match to both the selected branch of the
facial nerve at the time of cross face nerve
grafting, and to the motor nerve to gracilis
at the time of muscle transplantation. With
these techniques, we feel that an increased
innervation to the transplanted muscle can
be achieved, resulting in greater excursion.

When the motor nerve to masseter is
used, it does innately provide adequate in-
nervation for excellent excursion. However,
if taken too proximal it may lead to excessive
excursion so it needs to be used as its site of
trifurcation within the muscle itself. In this
way we have to have as symmetrical a recon-
struction as possible.

At the time of muscle transplantation,
there are also several technical details that
must be adhered to. Firstly, the muscle must
be placed in the correct position. We assess
the location of muscle insertion and vector
of movement on the normal side and try to
replicate this on the affected side. Not only
must the muscle be positioned correctly, it



must be fixed securely. In order to accom-
plish this, we use a row of mattress sutures
along the edge of the gracilis muscle that is
to be inserted into the commissure and up-
per lip, and use this to lock the anchoring su-
tures in position (Figure 1). The placement

Figure 1: Technique used to anchor the muscle at the
commissure and upper lip with secure fixation behind a
row of mattress sutures

of the anchoring sutures at the oral commis-
sure and upper lip is critical to have a natural
appearing nasolabial crease. This is perhaps
the most difficult part of the muscle trans-
plant procedure and the most important to
get exactly right. The muscle is secured as
indicated and placed in the appropriate vec-
tor in the desired vector in the cheek. It is
anchored proximally to the temporal fascia
(not the zygomatic arch). In this way we can
get a longer muscle, providing for longer
muscle fiber length. We feel that this then
translates into increased excursion of the
commissure and a more natural smile. It is
important to not have excessive bulk. For
this reason, I use only about one third of the
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circumference of the gracilis muscle (Figure
2) and also remove the buccal fat pad and
some subcutaneous fat. Removal of the fat

pad also facilitates the dissection of the facial
vein and artery which we use preferentially
to revascularize our gracilis muscle trans-
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Figure 2: Selected segment of the gracilis for
transplantation. One third of the circumference and the
length of the commissure to the root of helix plus one
centimeter on each end for suturing.

plant. As outlined earlier, using a strong mo-
tor nerve is important to achieve adequate
commissure excursion. This can be either
the cross face nerve graft with the techni-
cal augmentations discussed earlier or the
motor nerve to masseter. Lastly, the muscle
must be under the correct tension when an-
chored between the oral commissure and up-
per lip and the temporal fascia. The appropri-
ate tension should place the commissure on
the affected side even with the commissure
on the normal side, and just barely move the
corner of the mouth. These technical details
are imperative to follow if one is to achieve
adequate muscle excursion and a natural ap-
pearing smile.

Facial reanimation surgery continues to
evolve. The technical tips outlined in this
document have assisted me in improving the
overall results and the overall satisfaction of
our deserving patients.
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