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ABSTRACT

Proper Selection of Recipient Vessels for Free-
Tissue Transfers in Head and Neck Reconstruction

Takashi Nakatsuka, MD*, Hideki Yokogawa, MD **
and Tomoya Satou, MD **

Microvascular free tissue transfer in head and neck
reconstruction is commeonly used to obtain good
functional and esthetic results. However, for free tis-
sue transfer to be successful, proper selection of re-
cipient vessels is one of the most essential factors.

— 18] —

The healthy recipient artery which has good pulsa-
tion without any evident intimal degeneration should
be selected for microvascular anastomosis. In our ex-
perience of 2372 free tissue transfers for head and
neck reconstruction, the superior thyroid artery is
the most commonly used recipient artery followed by
the superficial cervical and facial artery. As for the
recipient vein, recently we prefer to use an end-to-
side anastomosis to the internal jugular vein rather
than an end-to-end anastomosis to the external jugu-
lar vein. However, there was no significant statistical
difference in the thrombosis rate between the com-
monly used recipient vessels in our series.

If there are no available recipient vessels in the
neck due to previous surgery or chemoradiation, the
internal mammary vessels, thoracoacromial vessels,
and cephalic vein represent reliable alternatives.

* Department of Plastic, Reconstructive and Aesthetic
Surgery, Saitama Medical University, Saitama
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** Department of Plastic and Reconstructive Surgery,
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Reconstruction of maxillectomy defects with free flaps - comparison of
immediate and delayed reconstruction: A retrospective analysis of 51
cases

AKIHIKO TAKUSHIMA', KIYONORI HARII', MUTSUMI OKAZAKI',
NORIHIKO OHURA', AKIRA MOMOSAWA' & HIROTAKA ASATO?

' Department of Plastic and Reconstructive Surgery, School of Medicine, Kyorin University, Tokyo, > Department of Plastic and
Reconstructive Surgery, Dokkyo University School of Medicine, Tochigi, Fapan

Abstract

To establish a standard reconstructive material we compared outcomes after immediate and delayed reconstruction. Of the
21 patients who had immediate reconstruction, six patients had upper horizontal plane reconstruction. All bone grafts
survived without infection or absorption. Of the 30 patients who had delayed reconstruction, 22 patients had upper
horizontal plane reconstruction, with vascularised bone in 14 patients, non-vascularised bone or cartilage in five patients,
and hydroxyapatite bone block in three. Postoperative infections developed in three of four patients for whom costal
cartilage was used, and in all three patients for whom hydroxyapatite blocks were used. Non-vascularised bone or cartilage
grafts are preferable for immediate reconstruction because of their technical simplicity. Vascularised bone grafts or
osteocutaneous flaps are preferable for delayed reconstruction, however, as in most cases the operating field is contaminated
by bacterial.

Key Words: Maxilla, reconstruction, microsurgery, free flap, free bone, vascularized bone

among reconstructive surgeons. Various opinions
have been put forward about optimal reconstructive
materials and procedures for the midface, and
standard methods of reconstruction have not vyet
been established.

We present a retrospective analysis of 51 patients
who had either immediate (n=21) or delayed
(n =30) reconstruction after maxillectomy using
free flaps.

Introduction

Restoration of composite tissue defects after max-
illectomy remains a difficult problem, as various
adjacent structures such as the paranasal sinuses,
palate, nasal cavity, orbital contents, skull base, oral
mucosa, and cheek skin are often excised together
with the maxillary bone. The timing of reconstruc-
tion is also difficult, and remains controversial. Some
oncologists recommend avoiding immediate recon-
struction after ablative excision of maxillary cancer

to facilitate inspection for recurrent tumour,
although there are numerous ways to monitor this
nowadays. Reconstruction has also been recom-
mended, as this allows enough of the maxilla and
surrounding affected tissues to be removed, so
increasing the range of indications for maxillectomy
as a curative treatment [1]. The timing and need for
reconstruction remain contentious issues among
oncologists, while there has been little discussion

Patients and methods
Patients

Between 1993 and 2004, a total of 51 patients (36
men, 15 women) had maxillary and midfacial
reconstruction at the University of Tokyo Hospirtal
(1993-2002) and Kyorin University Hospital
(2003-2004). Patients who required maxillectomy
mainly had maxillary cancer, with the exception of
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one with osteosarcoma of the maxilla and one
patient with adenocarcinoma of the lacrimal gland.
Mean age at operation was 56 years (range 20 to 74).
Twenty-one had immediate (primary) reconstruc-
tion after resection, and 30 patients had delayed
(secondary) reconstruction after a follow-up period.

Topes of reconstruction

The flaps used are shown in Table 1. Radial vessels or
dorsalis pedis were grafted between pedicles of the
transferred flaps and recipient vessels when recipient
vessels were too far away from the pedicle vessels of
the transferred flap.

Reconstruction of bony support

The midface and orbits are described as a structural
unit [2,3]. We also simplified the maxilla as follows
(Figure 1). The three vertical burttresses of the
maxilla include the nasofrontal, zygomatic, and
pterygomaxillary buttresses. The two horizontal
planes include the lower horizontal plane, chiefly
consisting of the palatal bone and maxillary alveolus,
and the upper horizontal plane, comprising the
orbital floor and zygomatic arch. In this series,
vascularised bones, non-vascularised bones or carti-
lages, and hydroxyapatite blocks were used to
reconstruct the upper horizontal plane.

Results
Failure of flaps

Following immediate reconstruction, arterial throm-
bosis was seen in one patient, and prompt explora-
tion and reanastomosis resulted in successful salvage
of the flap. Flap transfer was successful in all cases
when used for immediate reconstruction. With
delayed reconstruction, however, arteries throm-
bosed in three patients and veins in three patients.

Table I. Matenial used in immediate and delayed reconstruction.

Number of patients

Immediate Delayed

Reconstructive material (n=21) (n=30)
Rectus abdominis musculocutaneous flap 16 12
Scapular osteocutaneous flap 2 10
Latissimus dorsi-serratus anterior muscle 2 0
rib osteomyocutanecus flap
Latissimus dorsi musculocutaneous flap 1 0
Radial forearm osteocutaneous flap 0 3
Anterolateral thigh flap 0 3
Fibular osteocutaneous flap 0 1
Radial forearm flap 0 1
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Although we tried to salvage three flaps by vascular
reanastomosis, the flap necrosed completely. All
three necrosed flaps required interpositional vessel
grafts or a forearm flap as an interpositional flap, as
the pedicles could not reach the recipient vessels.
The success rate with delayed reconstruction was
therefore 90%.

Reconstruction of the upper horizontal plane

Table II shows the results of reconstruction of the
upper horizontal plane, comprising the orbiral floor
and zygomatic prominence. Of 21 patients who had
immediate reconstruction, bones comprising the
upper horizontal plane including the Lockwood
ligament were excised in 18. Of these 18, six
reconstructions used vascularised bone (scapula
and rib, n=2 each) or non-vascularised cosral
cartilage (n=2). All bone grafts survived without
infection or absorption.

Of 30 patients whose reconstruction was delaved,
the upper horizontal plane including the Lockwood
ligament was lost in 26 patients. Of these 26
patients, 22 reconstructions involved wvascularised
bone (scapula, n=10; radius, n=3; fibula, n=1),
non-vascularised bone, or cartilage (costal cartilage,
n=4; cranium, n=1) or hydroxyapatite block
(n =3). Postoperatve infection developed in three
of four patients in whom costal cartlage was used,
and in all three patients who had a hydroxyapatite
block. Materials used for reconstruction were re-
sected in all six patients with postoperative infection.

Reconstruction of the eye socker

The eye was excised or enucleated in 16 patients
who had immediate reconstruction, and it had
already been done in six patients who had delayed
reconstruction. With immediate reconstruction,
three patients underwent simultaneous reconstruc-
tion of the eye socket using a skin poruon of the
scapular osteocutaneous flap (n =2) or rectus abdo-
minis musculocutaneous flap (n =1). The eye socket
was not reconstructed in the other 13 patients. With
delayed reconstruction, two of the six had their eve
sockets reconstructed using rectus abdominis mus-
culocutaneous flaps.

Reconstruction of the base of skull

The anterior base of the skull was resected in eight
patients. All patients had immediate reconstruction
using rectus abdominis musculocutaneous flaps to
seal the brain from the nasoethmoidal space and
prevent infection.



16 A. Takushima et al.

(3)

(1)

Figure 1. Diagram of the midface. The three vertical buttresses of the maxilla include the nasofrontal (1), zygomatic (2), and
pterygomaxillary (3) buttresses. The two horizontal planes include the upper horizontal plane (a) consisting of the orbital floor and
zygomatic arch, and the lower horizontal plane (b) chiefly consisting of the palatal bone and maxillary alveolus.

Case reports
Case 1

A 5l-year-old man presented with squamous cell
carcinoma of the left maxillary sinus. After 30 Gy of
preoperative radiotherapy, and chemotherapy using
5-fluorouracil and cisdatin, the maxilla including the
upper and lower horizontal planes was resected en
bloc, preserving the orbital contents, together with a
radical neck dissection. The upper horizontal plane
was reconstructed using non-vascularised eighth
and ninth costal cartilages, which were fabricated
and fixed to the remaining frontozygomatic process
and zygomatic arch with titanium miniplates. A

Table II. Success rate of bone and cartilage grafts for reconstruc-
tion of the orbital floor. Data are number of patients.

Number of patients
who survived

Immediate  Delayed
Material used for reconstruction (n=6) (n=22)
Vascularised bone 4 14
Non-vascularised bone and cartilage 2 5
Implant 0 3

rectus abdominis musculocutaneous flap with two
cutaneous islands was used for reconstruction of the
palate and nasal lining. His postoperative course was
uneventful, with no infection or exposure of carti-
lages. Four years postoperatively, the position of his
eyes is symmertrical, and he has no double vision, but
the left cheek is slightly depressed (Figure 2).

Case 2

A 66-year-old woman presented with severe facial
deformity and double vision caused by downward
dislocation of the left eye after resection of squamous
cell carcinoma of the left maxillary sinus. As the
palate was not resected and the soft tissue defect was
small, a 4 x 2 cm piece of calvarial bone was used to
reconstruct the orbital floor and restore the position
of the eye. An anterolateral thigh flap was used to
cover the transferred calvarial bone and to recon-
struct the facial skin defect created in the lower lid
region by repositioning the slipped eyeball to avoid
ectropion. One year postoperatively, her double
vision has vanished, and her facial contours are
improved (Figure 3). The anterior thigh skin gave a
poor colour match to the cheek, and was later
replaced with a skin graft from the preauricular skin.
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Figure 2. Case 1. (a) Preoperative computed tomogram. (¢) Immediately after the en bloc excision using the Weber-Fergusson approach
(c) The rectus abdominis musculocutaneous flap was set in the defect to create the oral and nasal lining. (d) The non-vascularised rib
cartilage (—) was fabricated and fixed to the remaining frontozygomatic process and zygomatic arch with titanium miniplates. (¢)
Postoperative appearance at four years. (Published with the partient’s consent). (f) Postoperative computed tomogram at four years.

Case 3

A 27-year-old man had a spindle cell sarcoma of the
left maxilla resected. After a period of three years he
complained of double vision and oronasal incompe-
tence as a result of the resection of the palate.
Because the defective maxilla with its bacterial
contamination had to be removed for palatal closure,
vascularised scapula was used for the reconstruction
of the upper horizontal plane and a scapular flap was
used for obliteration of the maxilla. Three years
postoperatively the patient can speak well and eat
without dentures, although the alar base is slightly
depressed (Figure 4).

Discussion

The midface contains highly specialised structures
that serve multiple functions confined within a small
space, and is therefore exceedingly complicated.
Reconstruction of defects is a challenge to recon-
structive surgeons. Microvascular tissue transfer has
dramatically changed the way we reconstruct the
head and neck, and also forms the mainstay for
reconstruction after maxillectomy. However, there
are various opinions about which materials and
methods are best for the midface. Some reconstruc-
tive surgeons have recently advocated that midfacial
skeletal reconstruction after resection should be
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Figure 3. Case 2. (a) Preoperative appearance. (Published with the patient’s consent). (b) Preoperative three-dimensional computed
tomogram. {(¢) Calvarial bone (—) was used to restore the position of the eyeball. (d) An anterolateral thigh flap was used to cover the
transferred calvarial bone and to reconstruct the facial skin defect. (¢) Postoperative appearance at one year. (Published with the patient’s
consent). (f) Postoperative three-dimensional computed tomogram at one year
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Figure 4. Case 3. (a) Preoperative appearance. (Published with the patient’s
consent). (b) Preoperative three-dimensional computed tomogram. (¢) The

cularised scapular osteocutaneous flap that was harvested. (d) The

scapula (a) was used for the upper horizontal plane reconstruction, and
the scapular flap (b) was used for palatal closure. (e) Postoperative
appearance at three years. (Published with the patient’s consent). (f) The
palate closed by the scapula flap. (g) Postoperative three-dimensional
computed tomogram art three years.
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based on the principles of the restoration of max-
illary buttresses [3,4]. The concept of maxillary
buttresses was originally described by Sicher and
DeBrul [5] and re-emphasised by Manson et al. [6]
and Gruss and Mackinnon [7] in the treatment of
Le Fort-type facial fractures. The three maxillary
buttresses are the medial buttress (nasomaxillary
buttress), the lateral buttress (zygomaticomaxillary
buttress) and the posterior buttress (pterygomaxil-
* lary buttress). According to Gruss and Mackinnon
[7], reconstruction of the anterior (medial and
lateral) buttresses is important for exact vertical
height and horizontal projection of the maxilla.
These concepts attach great importance to vertical
skeletal supports and simplify the treatment of
complicated facial bone fractures. These concepts
are absolutely true in the treatment of the Le Fort-
type fracture in which the midface is often shortened
vertically.

In reconstruction of the maxilla after tumour
ablation, however, vertical reconstruction is rarely
required because posterior components of the mid-
face such as posterior wall of the maxillary sinus and
pterygomaxillary buttress almost always remain.
Vertical height of the maxilla is rarely shortened
after maxillectomy, even in total maxillectomy.
Conversely, horizontal planes such as the orbital
floor (upper horizontal plane) and palate (lower
horizontal plane) are often resected. Coleman there-
fore proposed an alternative concept for maxillary
reconstruction after tumour ablation, in which mid-
facial bones are simplified into a truncated pyrami-
dal shape and functional surfaces of the midface
buttress include the infraorbital area, palate, lateral
nasal wall, and buccal-malar skin [2]. Coleman
noted that reconstruction of the entire structure is
usually impractical and satisfactory reconstruction
can be performed by obliterating the central cavity
and replacing the important surfaces (orbital, pala-
tal, and malar) using vascularised bone and soft
tissue flaps.

Our concept of the maxillary structure is shown in
Figure 1. The three vertical buttresses of the maxilla
including the nasofrontal, zygomatic, and pterygo-
maxillary buttresses, maintain midfacial projection
and vertical height. The concept of buttresses means
vertical supports, so buttresses primarily comprising
orbital and palatal bones should be named horizon-
tal planes rather than buttresses, to avoid confusion
in terminology. Of the two horizontal planes, the
lower horizontal plane consists mainly of palatal
bone and maxillary alveolus, and provides a normal
occlusal plane for the mandible. This also maintains
facial width and proportion in close connection with
the vertical buttresses. The upper horizontal plane,
consisting of the orbital floor and zygomatic arch,

supports the eyes and forms the zygomatic promi-
nence, which is also aesthetically important in
manifesting three-dimensional form of the face.

Magxillary reconstruction should be planned ac-
cording to these anatomical characteristics. We think
that reconstruction of all three vertical buttresses
is unnecessary, because the posterior wall of the
magxilla is almost always left intact after resection,
which is a distinct difference from a Le Fort-type
fracture. As a result, the vertical height of the maxilla
can be retained without reconstruction. Bony recon-
struction of the nasofrontal vertical buttress is clearly
important to avoid depression of the alar base. The
pterygomaxillary buttress and lower horizontal plane
are likewise important for osseointegration. How-
ever, reconstruction of this buttress and plane using
a vascularised bone transfer is difficult, and these
problems can be resolved simply using maxillary
prostheses [8]. A depressed alar base can be raised
by dentures, with only reconstruction of the medial
nasal wall with a soft tssue flap. Osseointegration is
hardly required for patients with maxillary cancer,
who typically have a poor prognosis. The zygomatic
buttress, while certainly important for malar promi-
nence, can be achieved by reconstruction of the
upper horizontal plane. On the other hand, recon-
struction of the upper and lower horizontal planes is
more important than that of the vertical buttresses.
Restoration of downward deviation of the orbit
because of loss of the upper horizontal plane is
critical for the treatment of double vision and facial
aesthetics. Although many surgeons admit that the
upper horizontal plane (orbital floor) should be
reconstructed using hard tissue, some have sug-
gested that vascularised bone should be used to
avoid infection or absorption of transferred bone
[4,9,10], while others have reported the safety of a
non-vascularised bone graft [3,11]. We think that
one of the reasons underlying such confusion lies in
differences of the timing of reconstruction. One of
the aims of the present paper was therefore to
elucidate differences in results between immediate
and delayed reconstructions.

For immediate reconstruction we used either a
rectus abdominis or a latissimus dorsi musculocuta-
neous flap, which is rather large. In all six patients
who had their upper horizontal planes recon-
structed, the grafted bone survived well. This is
probably because non-vascularised costal cartilage
could be adequately wrapped with a large flap.
However, various types of flaps with little soft tissue
such as radial forearm and anterolateral thigh flaps
were used for delayed reconstruction. Postoperative
infection occurred in three of four patients in whom
a non-vascularised costal cartilage had been used,
although vascularised bone that avoided necrosis of



the flap survived well in all patients. These results
indicate a greater possibility of infection if non-
vascularised bone cannot be wrapped adequately in a
large soft-tissue flap.

Another reason for the high infection rate in non-
vascularised bone with delayed reconstruction may
be that the operative field is inevitably contaminated
by bacterial flora that has already become estab-
lished in the maxillary defect. Vascularised bone
should be selected for reconstruction of the upper
horizontal plane for delayed reconstruction, but
bacterial contamination of the operative field can
be avoided in delayed reconstruction if the maxillary
defect is left untouched without reconstruction of
the nasal wall or palate. The upper horizontal plane
should be reconstructed using only non-vascularised
bone together with a soft-tissue free flap. The only
patient in whom non-vascularised bone was success-
fully transferred during delayed reconstruction had
such a manipulation.

In additon to the upper horizontal plane, the
lower horizontal plane is critical for oronasal com-
petence. Palatal closure is advisable, as patients can
usually speak well and eat without dentures [3].
However, palatal closure may reduce prosthetic
stability [8], so we think that palatal defects should
be closed in younger patients with sufficient residual
maxillary teeth for chewing, and an obturator should
be used without palatal closure for elderly patients
with few residual teeth. Combining the reconstruc-
tive concepts of upper and lower horizontal planes,
reconstruction should be planned as follows: for
immediate reconstruction, the upper horizontal
plane should be reconstructed using non-vascu-
larised free bone. Vascularised bone should be used
for delayed reconstruction when the nasal or palatal
walls are reconstructed and bacterial contamination
is expected. This is particularly so when patients are
young and with sufficient residual teeth and dentures
are not required. However, non-vascularised bone
should be used when the maxillary defect has not
been touched during operation. When the palate is
open dentures are obviously required postopera-
tively.

For immediate reconstruction all transfers were
successful, although there was one arterial throm-
bosis which was treated by immediate reanastomo-
sis. For delayed reconstruction, however, transferred
flaps resulted in necrosis in three of 30 patients. All
three necrosed flaps had required interpositional
vessel grafting or a radial forearm flap as an inter-
positional flap, as flap pedicles could not reach the
recipient vessels. However, the use of serial flaps is
reportedly safe [12,13], even though the risk of
necrosis may be higher because double the number
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of microanastomoses are required. We therefore
cannot conclude that the high rate of necrosis in
delayed reconstruction results from the use of serial
flaps. Another common factor in necrosed flaps was
arterial thrombosis, which occurred around post-
operative day 4 (relatively late postoperatively) in all
cases. The nasal cavity or palate was closed during
the operation in each of these three cases. Bacterial
contamination is inevitable when the maxillary
defect is completely closed, so we think that the
cause of the high rate of necrosis of flaps in delayed
reconstruction compared with immediate recon-
struction involves infection around the pedicles
that leads to late vascular thrombosis. To avoid this
type of infection, the maxillary defect should be
cleaned preoperatively.
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