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FIGURE 79-16. Schema of a folded free musculocutaneous flap available for simultaneous closure of a full-
thickness cheek defect.
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FIGURE 79-17. A 55-year-old woman with squamous cell carcinoma originating from the left buccal mucosa and
invading the cheek skin. A, Preoperative view. B, A full-thickness cheek defect after extensive resection of the tumor
and modified neck dissection. C, An isolated rectus abdominis flap is going to be folded (arrow shows the pedicle infe-
rior epigastric vessels). D and E, Five years postoperatively, good closure of both external surface and internal lining
is achieved in a single operation. (From Nakatsuka T, Harii K, Yamada A, et al: Versatility of a free inferior rectus ab-
dominis flap for head and neck reconstruction: analysis of 200 cases. Plast Reconstr Surg 1994:93:762-769.)



anterolateral thigh flap, offer excellent reconstructive
options.

Skeletal Defects

When a maxillary defect is small and has good soft
tissue coverage, an autogenous free bone or costal car-
tilage graft can survive. Bioinactive or biocompatible
alloplastic materials, such as titanium mesh and
hydroxyapatite, may be advocated when poor local
tissue factors such as irradiation and scar do not exist.
In contrast, a vascularized bone graft or osteocutaneous
flap can reliably provide various types of vascularized
bone segments with or without cutaneous flaps for
osseous reconstruction of maxillary defects. These flaps
can recruit the missing buttresses of the maxilla so that
facial contour can be maintained aesthetically. The free
scapular osteocutaneous flap is among the most
preferred donor flaps because it can simultaneously
provide a well-vascularized segment of the lateral
borderand inferior angle of the scapula as well as skin."
Great freedom in spatial orientation of skin and
bone segments enables the surgeon to achieve a three-
dimensional reconstruction of a complex defect of
the maxilla and midface (Fig. 79-18). A relatively thin
scapular bone segment may also be an option forrecon-
struction of a maxillary bone defect. A long stalk of
the circumflex-subscapular vessel pedicle can be anas-
tomosed to the external carotid branches,but an inter-
positional vessel graft or flow-through flap should be
used when the recipient vessels are beyond the length
of the flap’s vascular stalk.” The authors recommend
employing a radial forearm flap as a flow-through flap
in patients with severe midfacial deformities after treat-
ment of maxillary cancer for which several types of
tissue flaps including vascularized bone segments are
required. In most instances, a scapular osteocutaneous
flap is attached to the distal stump of the radial vessels

FICURE 79-18. A scapular osteocutaneous
flap with two separated skin paddies {arrow
shows a vascularized scapular bone segment).
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when a maxillary buttress needs to be reconstructed
(Fig. 79-19).

The angular branch of the thoracodorsal vessels
can also nourish the inferolateral segment of the
scapula® and be transferred with a latissimus dorsi
flap for reconstruction of type V defects. A com-
bination scapular flap, latissimus dorsi flap, and ser-
ratus anterior flap, sometimes including ribs, is
available for reconstruction of multiple defects in the
midface.*"*

Muscle Defects

Irreversible or long-standing facial paralysis due to
permanent damage to the facial nerve, resection of
the mimetic muscles, or congenital deficiency is one
of the most challenging problems in midfacial and
cheek reconstruction. Microneurovascular free trans-
plantation of various skeletal muscles has now
been popularized and is a well-established procedure,
often yielding natural or nearly natural cheek move-
ment on smiling."* For a successful result to be
obtained with this procedure, selection of an adequate
motor nerve in the cheek is extremely important. In
some patients who have undergone tumor resection
including the facial nerves and mimetic muscles, a
residual branch of the facial nerve may be available
for reinnervation of a transplanted muscle. Because
suitable facial nerve branches are frequently unavail-
able in the paralyzed cheek, a two-stage method
combining a cross-facial nerve graft and muscle
graft has long been championed and promises a good
result with a natural or nearly natural smile.*"*
However, this procedure requires a staged operation
and a lengthy waiting period before contraction of
a transplanted muscle is obtained. Sequelae such
as hypoesthesia and paresthesia in the lateral foot
after harvesting of a sural nerve segment for a cross-
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FIGURE 79-19. A severe cheek deformity in a 45-year-old woman after treatment of a right maxillary carcinoma.
A, Preoperative view. B, A sequentially linked radial forearm flap (R) with a scapular osteocutaneous flap (S) is showr.
The radial forearm flap was used to reconstruct the oral mucosal defect, and the scapular osteocutaneous flap was
used to reconstruct the upper horizontal buttress of the maxilla and augment the depressed cheek. The radial vessels
of the forearm flap were anastomosed to the facial vessels; the circumflex scapular vessels (SA) nourishing the scapu-
lar flap were anastomosed to the distal end of the radial vessels (D). C, Good facial appearance is obtained 8 years
postoperatively.,
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FIGURE 79-20. Schema of the one-stage reconstruc-
tion of a paralyzed face with a latissimus dorsi muscle
segment in which the thoracodorsal motor nerveis crossed
through the upper lip and sutured to the contralateral
facial nerve branches. M, latissimus dorsi muscle; A, site
of vascular anastomosis: N, site of nerve suture; TD, tho-
racodorsal nerve; F, intact facial nerve in the nonpara-
lyzed cheek. (From Harii K, Asato H, Yoshimura K, et al:
One-stage transfer of the latissimus dorsi muscle for rean-
imation of a paralyzed face: a new alternative. Plast Recon-
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str Surg 1998;102:942.)

face nerve graft may also occur and cannot be
disregarded.

To overcome the drawbacks of the two-stage
method, a one-stage method has been developed with
use of the latissimus dorsi muscle segment.” The tho-
racodorsal nerve is directly crossed through the upper
lip and sutured to the contralateral nonparalyzed facial
nerve branches (Fig. 79-20).”' Through a preauricu-
lar face lift incision on the paralyzed cheek, the cheek
skin is widely undermined to develop a subcutaneous
pocket to accept a subsequent muscle graft. Through
an additional small incision in the submandibular
region, the facial artery and vein (respectively) are
exposed as the recipient vessels. During preparation
of the recipient cheek, a segment of the latissimus dorsi
muscle (an average of about 3 cm wide and 8 cm long),
with its neurovascular pedicle, is harvested by another
operative team. The thoracodorsal nerve should be
dissected proximally to its origin from the posterior
cord of the brachial plexus to obtain sufficient length
(213 cm). This provides enough length to reach the
contralateral facial nerve branches exposed through
a small incision, less than 2 cm long, at the anterior
margin of the parotid gland. The isolated muscle

segment is then transferred to the recipient cheek and
fixed between the zygoma and the nasolabial region
under proper tension. The neurovascular anasto-
moses are then carried out under an operating micro-
scope. Reinnervation of the transferred latissimus dorsi
muscle is established at a mean of 7 to 8 months post-
operatively (Fig. 79-21).

SUMMARY

Reconstruction of the midface is a challenging and
difficult task for reconstructive plastic surgeons.
Many defects are composite, involving many layers of
skin, subcutaneous soft tissues, maxillary scaffolds,
and mucosa. Aesthetic as well as functional results
are important because morbidity seriously influences
a patient’s quality of life. Development of micro-
vascular tissue transfer now offers various recon-
structive options and has greatly improved the
results of midface reconstruction. Multidimensional
approaches, including conventional surgical and pros-
thetic procedures, however, should be considered in
accordance with the individual patient and specific
defect.
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FIGURE 79-21. A 22-year-old woman with severe incomplete left facial paralysis after parotidectomy more than
10 years earlier. A, Preoperative view on smiling. B, Smile reconstruction as accomplished with a one-stage transfer
of the fatissimus dorsi muscle segment. The transferred latissimus dorsi muscle is shown. M, muscle; N, thoracodor-
sal nerve crossing the upper lip to the contralateral cheek: P, thoracodorsal vessels anastomosing to the recipient facial
vessels. C and D, At 3'/, years postoperatively, a natural smile is obtained with high evoked potentials from the trans-
ferred muscle on stimulation of the contralateral facial nerve. (From Harii K, Asato H, Yoshimura K, et al: One-stage

transfer of the latissimus dorsi muscle for reanimation of a paralyzed face: a new alternative. Plast Reconstr Surg
1998;102:945.)
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Analytic Review of 2372 Free Flap Transfers
for Head and Neck Reconstruction Following

Cancer Resection

Takashi Nakatsuka, M.D.," Kiyonori Harii, M.D.,2 Hirotaka Asato, M.D.,2
Akihiko Takushima, M.D.,? Satoshi Ebihara, M.D.,3Yoshihiro Kimata, M.D.,2
AtsushiYamada, V.D.,5 Kazuki Ueda, M.D.,% and Shigeru ichioka, M.D.1

ABSTRACT

Microvascular free tissue transfer has gained world-wide acceptance as a means

of reconstructing post-oncologic surgical defects in the head and neck region. Since 1977,
the authors have introduced this reconstructive procedure to head and neck reconstruc-
tion after cancer ablation, and a total of 2372 free flaps were transferred in 2301 patients
during a period of over 23 years. The most frequently used flap was the rectus abdominis
flap (784 flaps: 33.1 percent), followed by the jejunum (644 flaps: 27.2 percent) and the
forearm flap (384 flaps: 16.2 percent). In the reported series, total and partial flap necrosis
accounted for 4.2 percent and 2.5 percent of cases, respectively. There was a significant
statistical difference (p < 0.05) in complete flap survival rate between immediate and sec-
ondary reconstruction cases. The authors believe that the above-mentioned three flaps
have been a major part of the armamentarium for head and neck reconstruction because
of a lower rate of flap necrosis, compared to other flaps.

KEYWORDS: Head and neck reconstruction, free flaps, post-oncologic defects,

complications

The jejunum was the first auto-transplanted tis-
sue that was transferred heterotopically in the human,
using small vessel anastomotic techniques. In 1957, Sei-
denberg et al.? performed immediate reconstruction of
the cervical esophagus by a revascularized jejunal seg-
ment. Although this patient died on the seventh post-
operative day following a cerebral vascular accident, the
vascular anastomoses were shown patent at autopsy. In
1961, Roberts et al.? reported successfully transferred
clinical cases with this procedure. Since then, the free
jejunal transfer has become part of the standard arma-
mentarium for pharyngo-esophageal reconstruction fol-

lowing cancer resection because of low complication rates
and less donor-site morbidity.3

The transfer of a skin flap had not been success-
fully performed clinically until Harii et al.5 transferred a
free scalp flap in September, 1972. Successful reports fol-
lowed from Daniel and Taylor6 (1973) and O'Brien et al.’
(1973). To our knowledge, the first free skin flap transfer
to the intra-oral cavity was reported by Kaplan and col-
leagues,® although the transferred groin flap was extruded
more than 3 weeks postoperatively. In the very early days,
the groin flap and the deltopectoral flap were the most
frequently used skin flaps, and the results were not always
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acceptable. However, in the late 1970, various kinds of
free flaps were exploited and since then, many authors
have reported successful transfer of free flaps for head and
neck reconstruction after cancer ablation.%13

Although many years have passed since the first in-
troduction of this technique in head and neck reconstruc-
tion, long-term experience spanning more than 20 years
has not been reported previously. Therefore, we reviewed
our large series of free flap reconstruction in this area in
cancer patients to document the average success rate of
the mainly used flaps. We also analyzed the causes of fail-
ure and the factors that might affect thrombosis rates, The
frequency of free flap failures are analyzed with respect to
patient’s age, donor site, and whether the procedure was
done for a primary or secondary reconstruction.

We believe that the outcome in such a large se-
ries, operated on not by a few well-experienced micro-
surgeons but by many plastic and reconstructive surgeons
at various levels, shows the true reliability and efficacy
of free flap reconstruction in the head and neck region.

PATIENTS AND METHODS

During the period from November, 1977 to December,
2000, a total of 3318 patients received free flap transfer
to reconstruct various kinds of defects at the University
of Tokyo Hospital, the National Cancer Center Hospi-
tal, and the affiliated hospitals of the University of Tokyo.
Among them, 2301 patients (69.3 percent) underwent
2372 free flap transfers for head and neck reconstruc-
tion after cancer ablation. These reconstructive proce-
dures were performed by many plastic surgeons, ranging
from experienced senior staff to relatively inexperienced
junior staff. The patients’ charts were reviewed retro-
spectively from the database catalogued in a microcom-
puter (Microsoft, Access data).

There were 1716 males and 585 females, whose
ages range from 5 to 88 years (mean: 57.9 years). The
ratio of the patients over 70 years old was 17.8 percent
(409 patients) in this series. Immediate reconstruction

following cancer ablation was performed in 2039 cases
(88.6 percent) and secondary reconstruction for func-
tional and/or aesthetic improvement after cancer removal
in 262 cases (11.4 percent).

In 48 cases, two free flaps were used simultane-
ously for large and/or complex tissue defects. This dual
free flap transfer was useful, especially for complex man-
dibular and maxillary reconstructions, as we have previ-
ously reported.’ In 23 cases, a second free flap transfer
was carried out to salvage the patient shortly (within 1
month) after failure of a first free flap transfer.

As awhole, the most frequently used flap was the
rectus abdominis flap (784 flaps: 33.1 percent), followed
by the jejunum (644 flaps: 27.2 percent), and the fore-
arm flap (384 flaps: 16.2 percent) (Table 1).

In immediate reconstruction, the donor flaps used
mainly were the rectus abdominis (749), jejunum (612),
forearm (340), thigh (140), and latissimus dorsi (64).
Transferred regions were as follows: oral cavity (739),
hypopharynx and/or cervical esophagus (694), orophar-
ynx (255), mandible (136), maxilla (91), and others (124).

In secondary reconstruction, the donor sites in-
cluded the latissimus dorsi (45) and forearm (44), fol-
lowed by the scapula (37), rectus abdominis (35), and je-
junum (32). Flaps were transferred to reconstruct maxilla
(53), mandible (49), hypopharynx and/or cervical esoph-
agus (47), orbit (44), facial palsy (27), and others (42).

The recipient vessels used for anastomoses var-
ied. The most commonly used artery was the superior
thyroid artery (1306), followed by the superficial cervi-
cal artery (454), and facial artery (344). The internal
jugular vein (865) was the most commonly used vein,
followed by the facial vein (717), and external jugular
vein (519). End-to-side anastomosis was performed when
using the external carotid artery as a recipient artery (10),
and the internal jugular vein (860), the external jugular
vein (8), the common facial vein (4), and the brachio-
cephalic vein (1) as a recipient vein.

Intra- or postoperative pharmacologic manipula-
tion was not standardized for these long periods, but

Table T Number of Free Flaps Used for Reconstruction
Immediate Secondary

Flap Total Reconstruction Reconstruction
Rectus abdominis 784 749 35
Jejunum 644 612 32
Forearm 384 340 44

Thigh 148 140 8
Latissimus dorsi 109 64 45
Scapular 86 50 36

lliac 44 29 15

Fibular 54 38 16

Groin 26 4 22

Others 93 63 30

Total 2372 2089 283
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recently in many cases, prostaglandin E1 was admin-
istered postoperatively for several days. Postoperative
monitoring was performed with clinical observation, pin-
prick testing, and/or conventional Doppler ultrasonog-
raphy as a routine procedure in all possible cases.

The statistical analysis was performed using x2
analysis or logistic regression analysis, A p value of 0.05
or less was defined as statistically significant.

RESULTS ‘

In our series, total flap necrosis occurred in 100 flaps
(4.2 percent), partial flap necrosis occurred in 60 flaps
(2.5 percent), resulting in a complete flap survival rate
of 93.3 percent. In elderly patients over 70 years of age,
the total flap necrosis rate was 3.1 percent, partial necro-
sis 2.7 percent, and therefore the complete survival rate
was 94.2 percent. The causes of free flap failure are
summarized in Table 2. In the case of total flap necrosis,
arterial thrombosis was the most common cause, followed
by venous thrombosis, and postoperative infection. In par-
tial flap necrosis, technical errors and/or anatomic varia-
tions in flap elevation were the main cause, followed by
infection and arterial thrombosis.

Complete survival rates of the commonly used
flaps were 93.3 percent for the rectus, 96.9 percent for
jejunum, and 95.8 percent for the forearm. Compared
to these flaps, other less frequently used flaps had a lower
survival rate that was statistically significant (Table 3).
Osseous or osteocutaneous flaps, including the iliac bone,
had the lowest complete survival rate.

In cases of immediate reconstruction, we obtained
a 93.9 percent complete survival rate, compared to 88.7
percent in secondary reconstructions. There was a signif-
icant statistical difference (p < 0.05) between these two
groups in the rate of complete flap survival (Table 4).

The rate of thrombosis was 4.0 percent (96 flaps)
in the whole series, with no statistically significant dif-
ference between arterial and venous thrombosis. The rate
for elderly patients over 70 years was 4.1 percent (17/
414). We analyzed the salvage rate of free flaps when re-
exploration was performed following detection of throm-
bosis at the anastomotic site. Arterial thrombosis was
detected in 46 cases and venous thrombosis in 50 cases.

Table 2 Causes of Free Flap Failure

Total Partial

Necrosis Necrosis
Arterial thrombosis 36 7
Venous thrombosis 28 4
Infection 18 I
Anomaly in vascular pedicle 8 4
Problems in flap elevation 6 29
Miscellaneous 4 5
Total 100 60

Table 3 Complete Survival Rate of Each Flap

Complete  Total Partial
Survival Necrosis Necrosis
Rectus abdominis 93.3% 3.6% 3.1%
Jejunum 96.9% 3.1% 0%
Forearm 95.8% 2.6% 1.6%
Thigh 90.5% 74% 2.0%
Latissimus dorsi 85.3% 3.7% 11.0%
Scapufar 91.9% 4.7% 3.5%
lliac 79.5% 15.9% 4.5%
Fibular 81.5% 11.1% 7.4%
Three major flaps 95.1%* 3.2% 1.7%
(rectus, jejunum,
forearm: n=1812)
Three major osseous or  84.7%* 10.0% 5.3%

osteocutaneous flaps
(ilium, fibula, scapula:
n=170}

(*p < 0.05)

In the former group, although thrombectomy was done
in 20 cases, only three flaps (15.0 percent) survived com-
pletely. In the remaining 26 cases, thrombectomy was
not feasible due to delay in re-exploration, and no com-
plete survival was obtained. In contrast, removal of ve-
nous thrombus was carried out in 30 cases, of which 18
cases {(60.0 percent) had complete flap survival. Of 20
cases that did not have a thrombectomy, only one flap
survived completely (Table 5).

The rates of thrombosis in the commonly used re-
cipient vessels were compared. There was no significant
statistical difference between these vessels (Table 6).

The time when postoperative thrombosis was
detected was also analyzed in the patients operated on
between 1990 and 2000. Seventy-six patients had circu-
latory disturbance of the transferred flap due to throm-
bosis at the anastomotic site in this period. Arterial and
venous thrombosis occurred in 38 cases each. In about
80 percent of cases in both groups, thrombosis devel-
oped within 3 days after surgery (Table 7).

In our series, a total of 390 patients (17.0 percent)
had postoperative complications. Complications other

Table 4 Comparison Between Immediate and
Secondary Reconstruction in Flap Survival

Complete Total Partial
Survival Necrosis Necrosis
Immediate 93.9%* 3.8% 2.3%
(2089 flaps)
Secondary 88.7%* 74% 3.9%
(283 fiaps)

(*p<0.05)
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Table 5 Salvage Rate by Exploration in Thrombosis Cases

Complete Partial Total
Survival Necrosis Necrosis
Arterial thrombosis: n=46
Thrombectomy(+) n=20 31(15.0%) 5 (25.0%}) 12 (60.0%)
Thrombectomy(—) n=26 0 2(77%) 24 (92.3%)
Venous thrombosis: n=50
Thrombectomy(+) n=30 18 (60.0%) 21(6.7%) 10 (33.3%)
Thrombectomy(—) n=20 1(5.0%) 2 {10%) 17 (85%)

than flap necrosis and thrombus formation are listed in

Table 8.

DISCUSSION

Free tissue transfer using microvascular anastomosis has
established its position as one of the principal recon-
structive procedures in the head and neck region. Al-
though there have been several reports on large series of
head and neck reconstructions with free tissue trans-
fer,?11713 most of them were performed by a few well-
experienced microsurgeons for a limited period. Our data
are based on the results of a long period of more than 20
years, since the first consecutive application of free tis-
sue transfer in this region in Japan. In addition, many
plastic and reconstructive surgeons, from those with ex-
tensive experience to young relatively inexperienced sur-
geons, have performed these reconstructive procedures
during this long period. Nevertheless, the total necrosis
rate in our series is 4.2 percent and compares favorably
with other reports.

- As for the complete flap survival rate, the three
major flaps (the rectus, forearm, and jejunum) fared bet-
ter than other flaps. These flaps have a longer vascular
pedicle of a large caliber, and anatomic variations are very
rare, facilitating easy harvest. Conversely, osseous or os-
teocutaneous flaps, such as the fibula and iliac flaps, had
a lower survival rate. Kroll et al.! also reported a higher
failure rate for osteocutaneous flaps, compared to free

soft tissue transfers. A bony defect is usually three-
dimensionally complex and requires sufficient soft and
hard tissue to reshape the defect and fill the dead space.
In addition, the cutaneous portion of the iliac osteocu-
taneous flap is recognized as having an unreliable vascu-
lar supply. The fibular flap includes only a thin skin pad-
dle that is often insufficient for reconstruction of large
soft tissue defects, and it has a vascular pedicle that fre-
quently includes vessels of a very large diameter, demon-
strating a remarkable discrepancy with recipient neck
vessels.

Comparison of flap survival rates between imme-
diate and secondary reconstruction cases shows a statis-
tically significant difference (p < 0.05, see Table 4). In
secondary reconstruction, the available recipient vessels
are usually limited, due to scar formation from previous
surgery and/or irradiation. These factors also lead to de-
layed wound healing and an increased risk of infection.

Thrombosis developed in 4.0 percent of cases in
our series. In the same period, we transferred 188 flaps
to reconstruct defects in the lower extremities, and throm-
bosis formation occurred in 37 cases (19.7 percent). A
statistically significant difference exists between these
two regions in the thrombus formation rate. In the head
and neck region, there are usually several available re-
cipient vessels, and a recipient artery, which is often a
branch of the external carotid artery, often has good pul-
satile flow and strong pressure. In addition, the internal
or external jugular veins and their branches have a nega-

Table 8 Thrombosis Rates in Commonly Used Recipient Vessels

Artery

Superior thyroid 1.8%
(23/1306)

Superficial cervical 1.8%
(8/454)

Facial 3.2%
(11/344)

Lingual 0.9%
{1/108)

Superficial temporal 1.4%

(1/69)

Vein

Internal jugular 2.0%
(17/865)

Facial 2.0%
(14/717)

External jugular 2.7%
(14/519)

Superior thyroid 3.5%
(3/85)

Superficial temporal 1.5%
(1/66)




