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PROGNOSTIC VALUE OF THE CALCITONIN-TO-CEA RATIO
IN MEDULLARY THYROID CARCINOMA

Iwao SUGITANI, and Shin-etsu KAMATA

Division of Head and Neck, Cancer Institute Hospital

Serum levels of calcitonin and CEA represent useful tumor markers for medullary thyroid
carcinoma (MTC). CEA secretion-rich MTCs are considered more aggressive than calcitonin-rich
tumors. We examined the significance of the ratio of serum calcitonin (pg/ml) to CEA (ng/ml)
as a prognostic factor for MTC. Between 1986 and 2002, a total of 20 patients with MTC
underwent surgery at our institute. Tumor type was sporadic in 13 cases, and hereditary in 7
patients from 3 families. Tumors were recurrent in 5 patients, and the S-year disease-free
survival was 80%. Recurrences occurred in the mediastinum in 4 patients, cervical lymph nodes
in 3, and liver in 2. The 2 patients with hepatic recurrence died of the disease, and the 5-year
disease-specific survival was 88%. Preoperative calcitonin/CEA ratio <10 and >10 pathological
metastatic nodes represented significant prognostic factors for disease-free survival. No
recurrence was found in 13 patients with biochemical cure (normalization of both serum
calcitonin and CEA) after surgery. These 13 patients were the same patients with preoperative
calcttonin/CEA>10. The preoperative serum calcitonin/CEA ratio can be used as a prognostic
factor for patients with MTC. '
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Abstract: Background. Few published large series have
described a surgical approach to maxillary skeletal reconstruc-
tion on the basis of the extent of maxillectomy.

Methods. We have reviewed a 10-year experience with 38
consecutive maxillary reconstructions with respect to maxillec-
tomy defects, reconstructive procedures, reconstructed but-
tresses, and functional and aesthetic cutcomes.

Results. Maxillectomy defects were classified into three
categories on the basis of the buttress concept. Buttress
reconsiruction was most frequently performed in category Il
maxilary defects (56%), followed by category | (50%) and
category |1 (20%). The vascularized composite autograft included
the rectus abdominis myocutangous free flap combined with
costal carlilage, and the latissimus dorsi myocutanecus free flap
combined with the V-shaped scapula Is an effective method for
reliable reconstruction of both skeletal and soft tissues.

Conclusions. A crifical agsessment for skeletal defects and
associated soft tissue defects is essential for an adequate
approach to solve complex problerms in maxillary reconstruction.
On the basis of retrospective analysis of this series, a recon-
structive algorithm for surgical management of maxillectomy

Correspondence to: Y. Yamamoto
© 2004 Wiley Pericdicals, Inc.

Maxillary Buttress Recenstruction

defects is proposed. © 2004 Wiley Periodicals, Inc. Head Neck
26: 247-256, 2004

Keywords: maxillary reconstruction; maxillary buttress; maxillec-
tomy defect; vascularized composite autograft; microsurgical
tissue transfer

Oncologic resection of the maxilla, paranasal sinu-
ses, palate, zygoma, and orbit causes significant
funetional and aesthetic defects. These may result
in collapse of infraorbital and malar composite
tissues, several orbital complications, loss of the
hemipalate, and difficulty with speech and mas-
tication. The advent of microsurgical techniques
has greatly benefited reconstruction of the complex
mazxillectomy defect; however, some of the prob-
lems associated with reconstructive approaches for
soft tissue replacement alone remain.! =3

At the Hokkaido University Hospital and affil-
iated hospitals, maxillectomy defects after exten-
sive ablation of tumors have been reconstructed on
the basis of the principles of repair involving an
important concept of maxillary buttress recon-
struction.* The midfacial structure consists of
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FIGURE 1. Three maxillary buttresses in the surgical manage-
ment of maxillary skeletal defects. ZMB, zygomaticomaxillary
buttress, PMB, pterygomaxillary buttress; NMB, nasomaxillary
buttress.

three principal maxillary buttresses: the zygoma-
ticomaxillary (ZMB), pterygomaxillary (PMB),
and nasomaxillary buttresses (NMB). The ZMB
extends from frontal process of maxilla along the
inferior ridge of the orbit to the zygomatic process
of the frontal bone and laterally to the zygomatic
arch. The PMB extends from the alveolar ridge
anterior to the pterygoid plate of the sphenoid
bone. The NMB extends from the anterior maxil-
lary alveolus along the piriform aperture to the
nasal process of the maxilla (Figure 1). Restoration
of these buttresses is a rational approach to obtain
the most effective reconstruction of complex maxil-
lectomy skeletal defects.

Herein the senior author’s experience with 38
consecutive patients is represented. The objective
of this study was to review these reconstructive
cases with respect to maxillectomy defects, recon-
structive procedures, reconstructed buitresses,
and functional and aesthetic outcomes. A recon-
structive algorithm for surgical management of
mazxillectomy defects on the basis of the concept of
buttress reconstruction was also devised.

PATIENTS AND METHODS

From October 1992 to July 2002, 38 patients with
maxillectomy defects were reconstructed by the
genior author (YY). The mean patient age at the
time of the surgery was 58 years, with a range from
26 to 78 years. There were 28 men and 10 women.
On pathologic examination of the primary tumor,
squamous cell carcinoma was the most common
tumer type (76%).

Maxillectomy Defects. Maxillectomy defects were
grouped into one of three categories on the basis of
our retrospective assessment for anatomic sites of
resection. Category I included limited maxillec-

248  Maxillary Buttress Reconstruction

tomy and subtotal maxillectomy defects. In this
category, the anterior and/or medial walls of the
lower maxilla, including the palate, are mainly
removed with preservation of the orbital inferior
ridge and floor. According to the buttress concept,
the PMB and partial NMB are ablated (Figure 2A).
Category II included orbitomaxillectomy and
orbitozygomatic maxillectomy defects. In this
category, the anterior and medial walls of the
upper maxilla, including the orbital contents
{orbital exenteration), are mainly removed with
preservation of the palate. The malar region,
including the zygomatic arch, is occasionally
resected in an orbitozygomatic maxillectomy.
According to the buttress concept, the ZMB and
partial NMB are ablated (Figure 2B). Category III
included total maxillectomy and extended to total
mazxillectomy defeets. In this category, the maxilla
is completely removed without preservation of the
orbital inferior ridge and floor and the palate. The
orbital contents (orbital exenteration), malar re-
gion including zygomatic arch, and/or facial skin
and/or mimetic muscle are occasionally resected in
an extended total maxillectomy. According to the
buttress concept, the ZMB, PMB, and NMB are
ablated (Figure 2C). In this series, the maxillary
defects of six patients (16%) were defined as cate-
gory I, of five patients {13%) as category II, and of
27 patients (71%) as category III (Table 1),

Reconstructive Procedures. In this series, 19
patients (50%) underwent only soft tissue recon-
struction. The reconstructed sites of soft tissue
included the palatal roof, lateral wall of the nasal
cavity, eye socket, and facial skin. The rectus abdo-
minis myocutanecus free flap was the most
commonly used in 13 patients, followed by the
radial forearm free flap in 3 patients. Twelve of
13 rectus abdominis myocutaneous/muscle free
flaps were used for the patients with a category II1
maxillectomy defeet. The temporalis muscle flap
and temporoparietal fascial flap were mainly
applied for a category II maxillectomy defect. On
the other hand, the remaining 19 patients (50%)
underwent simultaneous reconstruction of skele-
tal and soft tissues. The reconstructed sites of
skeletal tissue included the ZMB, PMB, and NMB
on the basis of the concept of buttress reconstruc-
tion. Vascularized composite autograft was used
for 17 of 19 patients with simultaneous recon-
struction of skeletal and soft tissues. In the early
stage of this series, three-dimensionally contoured
pieces of titanium mesh were used in two patients,
In this series, neither nonvascularized bone nor
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FIGURE 2. (A) Category | of maxillectormny defect in three-dimensional CT scan. PMB and NMB are removed. Limited maxillectomy and
subtotal maxillectorny are included in this category. (B) Category 1l of maxillectomy defect in three-dimensional CT scan, ZMB and NMB
are remaved. Orbitomaxillectamy and orbitozygomaticomaxillectomy are included in this category. (C) Category I of maxillectomy
_defect In three-dimensional CT scan. Al three buttresses are removed. Total maxillectomy and extended total maxillectorny are included

in this category.

cartilage graft was used for buttress reconstruc-
tion. Occasionally, a free bone graft was addition-
ally placed at the orbital floor in the patient, with
preservation of the orbital contents. The rectus
abdominis myocutaneous free flap combined with
costal cartilage® was the most common composite
autograft (seven patients) (Figure 3A), followed
by the latissimus dorsi myocutaneous free flap
combined with scapula (six patients), the scapular

free flap combined with scapula (two patients)
(Figure 3B), and the latissimus dorsi myocuta-
neous free flap combined with scapula and rib®
{one patient) (Figure 3C) (Table 2).

RESULTS

Immediate reconstruction was carried out in 25
patients (66%) and secondary reconstructionin the
remaining 138 patients (34%). The microsurgical

Table 1. Summary of categories of maxillectomy defects and butiress reconstruction.

Reconstructed buttress

Maxillary No. of

defect patients ZMB No. PMB No. NMB Noc.  None

Category | 6 (16%) Not required Scapula; lateral border; 1 Scapula; latera!l border 1 3
fibula 1

Category Il 5(13%) Costal cartilage Not required — 0 4

Category Il 27 (71%)  Scaputa; medial border; Scapula; lateral border 7  Scapula; medial border 1 12

costal cartilage;
rib;
titaniurn mesh

P = NO) =

*Six patients underwent reconstruction of wo buttresses (ZMB and PMB), and one patient underwent reconstruction of three buttresses (ZMB, PMB, and

NMB) in category N,

Maxillary Buttress Reconstruction
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FIGURE 3. (A) The rectus abdominis myocutanaous free flap combined with costal cartilage. The vascular pedicle of this composite
graft is the deep inferior epigastric vascular system, and the included eighth and ninth costal cartilages are supplied from the vascular
connection between the eighth intarcostal and deep epigastric vascular systems. (B) The latissimus dorsi myocutaneous flap combined
with V-shaped scapular bone. The vascular pedicle of this composite graft is the thoracodorsal vascular system, and the included
scapula is nourished by the angular branch. {C) The latissimus dorsi myocutaneous flap combined with V-shaped scapular bore and
tenth rib. The vascular pedicle of this composite graft is the thoracodorsal vascular system. The scapula is nourished by the angular
branch, and the ingluded tenth rib is supplied from the communicating perforators from the latissimus branch of thoracedorsal to the
tenth intercostal vascular system. The infraspinous fossa of the scapula was removed later, and the bony piece was used for
reconstruction to the orbital floer.
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Table 2. Reconstructive procedures in 38 patients with maxillectormny defect.

Reconstruction of soft tissue only No. of patients Reconstruction of skeletal and soft tissues No. of patients

RAMFF 13 Vascularized composite autograft
RFFF 2 RAMFF with CC 7
RFFF and TFF 1 LDMFF with S 6
T™MF i SFF with S 2
TMF and TFF 1 LDMFF with S and R 1
MFF 1 OFFF 1

Combination of titanium mesh

RAMFF

SFF 1

Abbreviations: RAMFF, rectus abdominis myocutaneous free flap; RFFF, radial forearm free flap: TFF, temporoparietal fasciat flap; TMF, temporalis muscile
flap; MFF, median forehead fiap; RAMFF with CC, rectus abdominis myocutansous flap combined with costal cartilags; LOMFF with 5, latissimus dorsi
myocutaneous free fiap combined with scapuia; SFF with S, scapular free Hlap combined with scapula; LOMFF with 5 and R, latissimus dorsi myocutanaous
free flap combined with scapula and rib; OFFF, osteocutaneous free fiap of fibula; SFF, scapular free flap.

*RAMFF with CC failed in one patient.

tissue transfer was used for 35 patients (92%). No
flap failures were reported in the 34 patients with
free flaps and three patients with pedicled flaps
(97%). One rectus abdominis myocutaneous free
flap combined with costal cartilage developed
total necrosis because of arteriovenous thrombus
5 days postoperatively. In the patient, the palatal
surface was covered with skin graft. In an
average follow-up of 18 months (range, 4-108
months), even though four of 19 patients with

buttress reconstruction received postoperative
irradiation, no obvious absorption of the grafted
bone and cartilage was noted in any of the
patients. However, two patients had three-dimen-
sionally contoured pieces of titanium mesh, and
three patients had titanium plates and screws for
fixing the grafted bone or cartilage at the
reconstructed ZMB region that showed persistent
cutaneous fistulas. The fistulas healed completely
after the alloplastic materials were removed.

A -. b i 4 - "..' é s,&. B

FIGURE 4. The latissimus dorsi myocutaneous free flap combined with scapula for category | of maxillary defect. (A) The right PMB was
reconsirucled by lateral barder of the scapula. (B) Postoperative appearance at 6 months. Palatal roof, lateral wall of nasal cavity, and
buccal skin on the right side were replaced by the latissimus dorsi myocutaneous flap. Debulking of the flap is scheduled.
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Reconstructed Buttresses, In category I maxil-
lary defects, buttress reconstruction was carried
out in three of six patients (50%). PMB was
reconstructed with the scapula and fibula in two
patients {Figure 4) and NMB with the scapula in
one patient. The remaining three patients did not
undergo buttress reconstruction. In category II
maxillary defects, buttress reconstruction was
carried out in one of five patients (20%). ZMB
was reconstructed with costal cartilage in one pa-
tient. The remaining four patients did not undergo
buttress reconstruction. In category III maxillary
defects, buttress reconstruction was carried out in
15 of 27 patients (56%). ZMB was reconstructed in
14 patients. The medial border of the scapula was

FIGURE 5. The rectus abdominis myocutaneous free flap
combined with costal cartilage for category |ll maxillary defect.
(A) The left ZMB was reconstructed by eighth and ninth costal
cartilages. (B) Pustoperative appearance at 8 months, Palatal
roof, lateral wall of nasal cavity, and eye socket on the left side
were replaced by the rectus abdominis myocutaneous flap.
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used for six patients and the costal cartilage for
five patients (Figure 5), the rib for one patient, and
titanium mesh for two patients. The PMB was
reconstructed in six patients with the lateral
border of the scapula. The NMB was reconstructed
in one patient with the scapula. This series
included six patients with reconstruction of two
buttresses (ZMB and PMB) using aV-shaped
scapula (Figure 6) and one patient with all three
buttresses (ZMB, PMB, and NMB) using V-shaped
scapulas and ribs (Figure 7). The remaining

FIGURE 6. The latissimus dorsi myocutansous free flap
combined with V-shaped scapular bone for category Il maxillary
defect. (A} The right ZMB was reconstructed by the medial border
of the scapula. The right PMB was reconstructed by the late-
ral border of the scapula. (B} Postoperative appearance at
25 months, Palatal roof, lateral wall of nasal cavity, and buccal
skin on the right side were replaced by the latissimus dorsi
myocutanecus flap.
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12 patients did not undergo buttress reconstruc-
tion (see Table 1).

Functional and Aesthetic Outcomes, Incategoryl
and III maxillary defects (33 patients) in which the
palate was included, the PMB was removed;
28 patients underwent palatal roof reconstruction
with the transferred flap, and all of them had
intelligible or better speech. The patients under-

B

FIGURE 7. The iatissimus dorsi myocutaneous free flap
combined with V-shaped scapular bone and rib for category I
maxillary defect. (A) The left ZMB was reconstructed by the tenth
rib with one ostectomy. The left PMB was reconstructed by the
lateral border of the scapula. The right NMB was reconstructed
by the medial border of the scapula. (B) Postoperative appear-
ance at 13 months. Palatal roof, lateral wall of nasal cavity, and
buccal skin on the left side were replaced by the latissimus dorsi
myocutaneous flap. Facial palsy caused by injury of facial nerve
trunk and removal of buccal mimetic muscles on the left side
was noted.

Maxillary Buttress Reconstruction

FIGURE 8. (A) The patient with asymmetry of buccal region
caused by facial palsy and atrophy of muscular portion of the
transferred flap at 32 months postoperatively. (B) Secondary
surgical revision using deepithelized anterolateral thigh free flap
combined with the reinnervated rectus femoris muscle flap was
carried out. (C) Improved functional and aesthetic result was
obtained (same patient as Figure 7).
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going reconstruction of the lateral wall of the nasal
cavity (nasal lining) by the transferred flap did not
have discomfort from nasal obstruction. Nine pa-
tients who had PMB reconstruction by vasculari-
zed bone graft were able to eat a regular diet witha
useable dental prosthesis. However, most patients
without PMB reconstruction were restricted to a
soft/pureed diet because of poor stability of their
dental prosthesis. In category II and III maxillary
defects (32 patients) in which the orbital floor
including the ZMB was removed, the orbital
contents were preserved in 12 patients. Nine
patients with reconstruction of the orbital floor,
including ZMB by vascularized bone or cartilage
graft, did not have malposition of eye globe and
diplopia, However, two patients with removal of
the titanium mesh grafted for ZMB reconstruction
and one patient with a fascia lata graft for orbital
floor reconstruction had mild to severe vertical di-
plopia. The remaining 20 patients with category II
and IIT maxillary defects underwent resection of
the orbital contents followed by simultaneous re-
construction of the eye socket with the transferred
flap. Only seven patients with preservation of up-
per and lower eyelids were able to wear an ocu-
lar prosthesis.

Secondary surgical revisions were required in
seven patients to improve their facial appearance.
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Debulking of the flap, Z-plasty for the flap margin-
al scar, shaving of the grafted bone, and blephar-
oplasty on the upper eyelid were performed in six
patients. In addition, one patient underwent a free
flap surgery for soft tissue augmentation and
reanimation of facial palsy (Figure 8).

DISCUSSION

With the development of a vascularized composite
autograft using a microsurgical technique, recon-
struction of extensive maxillary defects has been
achieved to a high level of functional and aesthetic
results.*®7~?! However, few published large se-
ries describe a surgical approach to maxillary
skeletal reconstruction based on the extent of
resection of the maxillary bone.!® In 1998, we
introduced the concept of buttress reconstruction
for restoration of maxillary skeletal defects.* The
concept was derived from the principles of ana-
tomic restoration of the vertical and horizontal
maxillary buttresses in the surgical management
of complex midfacial fractures.?>?3 First, in this
retrospective study, the maxillectomy defects were
analyzed according to removal of maxillary but-
tresses because understanding the skeletal defect
of maxilla is the first key point in approaching
effective maxillary reconstruction.?**® Maxillec-
tomy defects of this series were divided into three
categories on the basis of anatomic sites of re-
section. Compared with the classification system
for maxillectomies from Memorial Sloan-Kettering
Cancer Center, a category I maxillary defect
corresponds to type I and IT defects, category II to
type IV, and category III to type ITla and IIIb.}¥
From the reconstructive surgeon’s standpoint,
PMB is a main buttress to be reconstructed in a
category I maxillary defect. In case of extensive
resection of buccal soft tissue including mimetic
muscle and skin, the NMB should be reconstructed
to prevent the superior and posterior deviation of
the alar base. The ZMB is the main buttress to be
reconstructed in a category II maxillary defect,
especially with extensive resection of the zygo-
matic process and arch, However, most category IT
cases do not require skeletal reconstruction. In
category III maxillary defects, the ZMB and PMB
are the main buttresses to be reconstructed.
Reconstruction of the ZMB including the orbital
floor is essential for prevention of malposition of
the eye globe for preservation of the orbital con-
tents. ZMB reconstruction is also important to
provide a good contour for the malar prominence.
PMB reconstruction provides sufficient support for
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fitting a dental prosthesis. In case of extensive
resection of buccal soft tissue, the PMB and NMB
should be reconstructed to prevent the superior
and posterior deviation of the alar base and oral
commissure. Accordingly, reconstruction of all
three buttresses is considered for the patient with
a category I1I maxillary defect with extensive re-
section of zygomatic process and arch and buccal
soft tissue.

Wehave demonstrated that a vascularized com-
posite autograft is the most common physiologic
material of choice for complex maxillary defects.*
In skeletal reconstruction with alloplastic ma-
terials or nonvascularized bone and cartilage,
displacement, infection, absorption, or fistula for-
mation remains a potential problem during the
long-term follow-up period. Moreover, in patients
who receive preoperative/postoperative radiother-
apy, persistent irradiated injury compromises
the reconstructed region. Especially in the recon-
structed ZMB area, gravity, scar contracture, and
tightness of the overlying soft tissue lead to a
higher incidence of such complications. With these
considerations in mind, several reconstructive
techniques using vascularized composite auto-
grafts have been mainly used for maxillary recon-
struction in our institute. In reconstruction of the
ZMB, vascularized eighth and ninth costal carti-
lage connected to the rectus abdominis myocuta-
neous flap was used for five (40%) of 15 patients,
and the medial border of the seapula connected to
the latissimus dorsi myocutaneous or scapular flap
was used for six patients (40%). The rectus abdo-

minis myocutaneous flap combined with costal"
cartilage is a useful tool for restoration of one
buttress (ZMB) and a midfacial soft tissue defect.
In reconstruction of the PMB, the lateral border
of the scapula connected with the latissimus dorsi
myocutaneous or scapular flap was used for eight
(89%) of nine patients. We consider that the lateral
border of the scapula is well tolerated for restora-
tion of the PMB because it has enough volume to
provide reliable stability for fitting a dental pros-
thesis. The latissimus dorsi myocutaneous or sca-
pular flap combined with the V-shaped scapula is
good for restoration of two buttresses (medial
border for ZMB and lateral border for PMB) and
midfacial soft tissue defects. The central space of
the V-gshaped scapula also allows placement of the
bulk of the transferred flap. In reconstruction of
all three buttresses, the latissimus dorsi myocu-
taneous free flap combined with the V-shaped sca-
pular bone and rib is a versatile technique to
manage such a complex skeletal defect.
Reconstruction of both skeletal and soft tissues
of maxillectomy defects is ideal; however, various
factors affect the determination of the reconstrue-
tive method. The patient’s age, associated dis-
eases, degree of advanced carcinoma, and request
for skeletal reconstruction from the surgical onco-
logist are important issues to be evaluated preope-
ratively. In this series, buttress reconstruction was
performed most frequently for category III (56%)
mazxillary defects, followed by category I (50%) and
category II {20%). The necessity of buttress recon-
struction increases according to the extent of

Maxillectomy | Category | J I Category 1l J | Category III l
defect
Skeletal [ ve ] [ %] ] ve | [N || Yes | [ x|
reconstruction
Buttress to be PMB (NL.‘IT_)I ZME (NMB) I | zme | [emB || zepmn | [ zaranms |
reconstructed
Reconstructive LDMFF with S RFFF RAMFF with CC RFFF RAMFF with CC LDMFF with § LDMFF with S and R RAMFF
procedure SFF with § MFF LDMFF with § TFF LDMFF with § SFF with §

OFFF SFF with S TMF SFF with §

FIGURE 9. A raconstructive algorithm for surgical management of maxillectomy defects. ZMB, zygomaticomaxillary buttress; PMB,
pterygomaxillary buttress; NMB, nasomaxillary buttress; RAMFF, rectus abdominis myocutaneous free flap; RFFF, radial forearm free fiap;
TFF, temporoparietal fascial flap; TMF, temporalis muscle flap; MFF, median forehead flap; RAMFF with CC, rectus abdominis
myocutaneous flap combined with costal cartilage; LDMFF with S, latissimus dorsi myocutaneous free flap combined with scapula; SFF with
S, scapular free flap combined with scapula; LDMFF with S and R, latissimus dorsi myocutaneous free flap combined with scapula and rib;
OFFF, osteocutaneous free flap of fibula; SFF, scapular free flap. V-shaped scapula is applied for reconstruction of two of three buttresses.
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maxillary resection. Finally, in a retrospective
analysis of this series, we were able to generate a
reconstructive algorithm for the surgical man-
agement of maxillectomy defects (Figure 9). We
advocate that a critical assessment of skeletal
defects and associated soft tissue defects after
various types of maxillectomies is essential for an
adequate approach in solving complex reconstruc-
tive problems. On the basis of this assessment,
the most effective reconstructive technique
should be applied individually. Furthermore, to
improve postoperative functional and aesthetic
outcomes, one should not hesitate using second-
ary surgical revisions including free flap transfer
in this challenging field of reconstructive head
and neck surgery.
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Summary With the conventional techniques of tying knots during microvascular
anastomosis or neural suturing, time may be lost due to various reasons. The loose end
of the suture often falls down into the cperative field and gets stuck to the surrounding
tissues. In the process of retrieving the suture, the surrounding tissues can be picked
up together with the suture. When the posterior wall technique [Br J Plast Surg 34
(1981) 47, Plast Reconstr Surg 69 (1982) 139, Microsurgery 8 (1987) 22, J Reconstr
Microsurg 15 (1999) 321] is used, the loose end of the suture may be stuck to the
backside of the vessel and may be hard to grab. In order to avoid those problems, a new
way of tying a microsuture was developed. By avoiding contact of the loose end of the
suture to the surrounding tissue at any point during tying, the microvascular
anastomosis can be performed quicker and more efficiently.

© 2004 The British Association of Plastic Surgeons. Published by Elsevier Ltd. All rights
reserved.

Performing a microvascular anastomosis or neural
suturing with small microsutures (smaller than 9.0)
is still a very time consuming act. Installing an
optical device as a microscope, preparing the
microsurgical operative field and preparing the
vessels for anastomosis takes up time. During the
process of suturing and tying the microsuture, a lot
of time is often lost by the loose end of the suture

* Presented at the 6th International Course on Perforator
Flaps, Taipei, Taiwan, October 25-27, 2002.
“Corresponding author. Tel.: +81-11-222-7681; fax: +81-11-
222-2015,
E-mail address: yaji-3@mvj.biglobe.ne.jp

falling into the moist and sticky operative field.
Once the loose end attaches to the operative field,
it can be hard to retrieve it, and in doing so the
surrounding tissues may be picked up together with
the suture. In other cases where the posterior wall
technique is used, the loose end often gets stuck to
the vessels themselves. It can be tricky to find and
retrieve the loose end.

The main difference between the chopstick
rest technique and conventional techniques is that
the loose end of the microsuture is always held by
the forceps and the needle holder and never falls
into the operating field thus never touches the

50007-1226/5 - see front matter © 2004 The British Association of Plastic Surgeons. Published by Elsevier Ltd. All rights reserved.
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Figure 1 After tying the first knot, the loose end of the
suture is to the left held by a forceps and the long end of
the suture is to the right, held by the needte holder.

surrounding tissues. This article describes the
operative technique and tips for training.

Operative technique

The tying of the knat of this new microsurgical
technique can be divided into three different steps.

The first knot. This is performed in the tra-
ditional way. This can be a single or double tied
knot as determined by the habits of the surgeon.
With the usual techniques the loose end of the
suture will be dropped in the operative field. With
this new technique the loose end needs to be held
by the farceps.

The second knot. To facilitate the explanation of
this technique we are starting from a position
where, after tying the first knot, the loose end of
the suture is to the left, held by a forceps and the
long end of the suture is to the right, held by the
needle holder (Fig. 1). At first, the needle holder is
brought to the left whilst making a twisting
manoeuvre over an angle of 90-180° to the left.
Hereby a small loop is created in the long end of the
suture (Fig. 2). Important is that at the end of this
movement, the tip of the curved needle holder is
turned upwards to be able to provide a temporary
ledge on which the loose end of the suture can be
placed (Fig. 3). After placing this loose end on the
tip of the needle holder the forceps is brought

Figure 2 The needle holder is brought to the left whilst
making a twisting manoeuvre over an angle of 90-180° to
the teft. Hereby a small loop is created in the long end of
the suture.

Figure 3 The tip of the curved needle holder is turned
upwards to be able to provide a temperary ledge on which
the loose end of the suture can be placed.

under the needle holder (Fig. 4) and thraugh the
loop to grasp the loose end of the suture (Fig. 5).
Tensfon is placed on both ends of the suture and a
flat knot is made on top of the first knot (Fig. 6).

The third knot. Meanwhile, after finishing the
second knot, the needle holder with the long end is
moved to the right and the forceps with the loase
end is moved to the left (Fig. 7). This part is then
moved to the left, creating a gentle curve in the
loose end. The needle holder with the long end is
moved to the right, twisting the long end around the
forceps. The needle holder together with the long
end is positioned against the loose end of the suture
providing gentle pressure to it to be able to
immobilise the loose end (Fig. 8). Then the loose
end is released by the forceps (Fig. 9). The forceps
is brought over the needle holder and the loose end
is once again retrieved by the forceps (Fig. 10).
Once again gentle traction is provided on both ends
of the suture and the knot is tied (Fig. 11). More
knots can be placed on top of each other if
necessary. Further tying is a sequence of repeating
the second and the third knot.

Training model

Before using this tying method in clinical

Figure 4  After placing this loose end on the tip of the
needle holder the forceps is brought under the needle
holder.
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Figure 5 The forceps is brought through the loop to
grasp the loose end of the suture.

Figure 6 Tension is placed on both ends of the suture
and a flat knot is made on top of the first knot.

\r-“
Figure 7 The needle holder with the long end is moved
to the right and the forceps with the loose end is moved to
the left.

Figure 8 The needle holder with the long end is moved
to the right, twisting the long end around the forceps. The
needle holder together with the long end is positicned
against the loose end of the suture providing gentle
pressure to it to be able to immaobilise the loose end.

Figure 9 The loose end is released by the forceps.

Figure 10 The forceps is brought over the needle holder
and the loose end is once again retrieved by the forceps.

Figure 11 Once again gentle traction is provided on
both ends of the suture and the knot is tied.

procedures, an easy training model can be used to
obtain more experience. This is done by using a 9.0
nylon suture and a simple gauze (Fig. 12). The gauze
is cheap and widely available and it simulates
movements and tension of normal living tissue. The
9/0 nylon is probably the easiest suture to train with
although also 10/0 and 11/0 can be used. The
rigidity of the 9/0 nylon makes it an easier suture to
practice with,

Discussion

The untied suture techm‘que,5 the sleeve anasto-
mosis,®"8 the posterior wall technique'* and the
running suture technique® have all been reported as
safe and successful methods to perform micro-
vascular anastomosis. New devices such as the
Microvascular Coupler® and VCS clips'" have been
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Figure 12 The training of this technique is done by
using a 9.0 nylon suture and a simple gauze.

developed to shorten the operating time. High costs
and inherent disadvantages of these devices have
not made them unanimously popular.

Also the conventional way of placing interrupted
sutures on small calibered vessel walls have their
own problems. The main problem of interrupted
suturing and tying is that the loose end of the suture
will quickly stick to the surrounding tissues or the
vessel wall. Attempts to retrieve the suture are
often time consuming. It is exactly at this point that
the technique presented in this paper distinguishes
itself,

The most important advantage of our technique
is saving the time wasted in trying to retrieve the
loose end of the suture. As is described in the
operative technique part, using our technique
enables smoother and faster microvascular anasto-
mosis when placing interrupted sutures on anterior
vessel walls.

The technique is even more beneficial in pos-

Figure 13 Even in narrow and deep cavities when a
curved needle holder is kept upright, this instrument can

be used to perform the chopstick rest technique

smoothly.

terior wall technique. Sometimes the operator has
no choice but to do posterior wall anastomosis first.
In these situations the posterior wall technique is
always useful. However, the problem with the
posterior wall method is; there the loose end
cannot only stick to the operating field but also to
the posterior wall of the vessel. Using this tech-
nique avoids the loose end of the suture getting
behind the vessel wall and as a result saves the time
wasted in searching and retrieving the loose end.
Thus our technique can be applied to every
interrupted suture from any angles around the
vessel,

There are a number of advantages to the
technique including operating time reduction.
Additionally, the technique is extremely simple.
Also the training model can be used quite easily.
Therefore it is very beneficial and economical when
practicing this technique,

Key for success in this technique is the shape of
the needle holder. A slightly curved needte holder
needs to be held with its tip up to provide a small
platform for the loose end to rest on. Even in
narrow and deep cavities when a curved needle
holder is kept upright, this instrument can be used
to perform the chopstick rest technique smoothly
(Fig. 13). :

In contrast, this obviously will not work with a
straight needle holder or another forceps. There-
fore, the loose end of the suture sometimes slip off
these two instruments (Fig. 14).

For this reason, we recommend only the use of
the curved needle holder for any kinds of operation
fields, to carry out the Chopstick Rest Technique
effectively and smoothly.

Nevertheless, it requires a change of habits if one
is used to tying the knot with the needle holder and
to hold on to the long end of the forceps. However,
this technique is easy to learn. Handling of both

In difﬁcult,situations, the loose end of the
suture slip off the straight needle holder or another
forceps.

Figure 14
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ends of the suture is totally opposed to what most
microsurgeons are used to today. The loose end is
held by the forceps while the long end is held by the
needle holder. This requires a change of style that
might not always be easy.

References

1. Harris GD, Finseth F, Buncke HJ. Posterior-wall-first micro-
vascular anastomotic technique. Br J Plast Surg 1981;34(1):
47-9.

2. Harashina T. Use of a continuous suture for back wall repair
of end-to-end or end-to-side anastomoses. Plast Reconstr
Surg 1982;69(1):139—-44,

3. Hou SM, Seaber AV, Urbaniak JR. An alternative technique of
microvascular anastomosis. Microsurgery 1987;8(1):22~4.

4. Yamamoto Y, Sugihara T, Sasaki S, Furukawa H, Furukawa H,
Okushiba S, Nohira K. Microsurgical reconstruction of the
hepatic and superior mesenteric arteries using a back wall
technique. J Reconstr Microsurg 1999;1 5(5):321-5.

10.

1.

. Harashina T. Use of the united suture in microvascular

anastomoses. Plast Reconstr Surg 1977;59(1):134=5.

. lauritzen C. A new and easier way to anastomose micro-

vessels. An experimental study in rats. Scand J Plast
Reconstr Surg 1978;12(3):291~4.

- Sully L, Nightingale MG, O'Brien BM, Hurley JV. An

experimental study of the sleeve technique in microarterial
anastomosis, Plast Reconstr Surg 1982;70:186—92.

. Wieslander JB, Rausing A. A histologic comparisen of

experimental microarterial end-in-end (sleeve) and end-to-
end anastomosis. Plast Reconstr Surg 1984;73(2):279~85.

. Hamilton RB, Q'Brien BM. An experimental study of micro-

vascular patency using a continuous suture technique. 8rJ
Plast Surg 1979;32:153—4.

Ahn CY, Shaw WW, Berns S, Marckowitz BL. Clinical
experience with the 3M microvascular coupling anastomatic
device in 100 free-tissue transfers. Plast Reconstr Surg1994;
93(7):1481—4.

Cope C, Lee K, Stern H, Pennington D. Use of the vascular
closure staple clip applier for microvascular anastomosis in
free flap surgery. Plast Reconstr Surg 2000;106(7):107-10.



AR 47(2) - 147~156, 2004

Prefabricated flap O$7/R B

— 147 —

Prefabricated osteocutaneous flap DEGEH G HI

—Free muscle vascularized pedicle (MVP) bone flap

w3 ETHES L UHERFE—

HIERE
B FALE

BJEE AT
EAN METH

ey words : prefabricated osteocutanecus flap _F¥1 T iR

F LI

FELBMEROMTE LV EOHEE
carrier & L T RAYIZ vascularize 81 5
muscle vascularized pedicle flap (BATF,
MVP flap £ BE3) 2BIEL, 1982F %
DOEERIGAF 28®E Lz, ZOESRIEA
ThiZ, EELStesy, B, BE, B, 88
REOWHRIEBTY, il MVP I X
H ZREJZ vascularize L, BERFIAT S
ZEDTHETH B,

bhbiid T Tk, TIREEENEEIR T SR
Tr+aEESRIC LY ZREIZ vascular-
ize L, SBEHECXOBEEMLL, ATH
FRZHEIL L 72 free MVP iliac crest flap % H
W, HERERYL EERETEIREE BT o I ES
BIPLE L F29, S [EIL free MVP bone flap
LA ETHRBLUHEEEFEZTo19
Bl %4534 L, MVP bone flap @ EFEEHE{E
EEDHRABEFEST 5,

O EFINRFEFHERAR
* Bl AL RS AL AR

© B AL AERE SR T ES BRI

R
 BRETRAE

FHiFEH

F i 1% vascular implantation, bony
delay, flap transfer @ 3 BRIz %,
Vascular implantation & L T3, #ED
—EME FORBEMEL LbIzELL, BER
FIAT2BWEBET S (E1-a, b), HED
—#R% carrier £ LT, ZTOXREFEMFWC LD
B & ZREN vascularize T2 OB EHBITH
%, Revascularization ZZ1FER X S (B S
w0, HRREBEERELEEXEL
EREBREANVAVY—-THEECEZET 2
(B 1-a, b)e DWT, FA% carrier £ LT’
FIE Uz, $FicasfBmEC X 3 50MmMITX
Ee % AT IC 3= {, vascular implantation
PRI RRIE, 12w L2EBEOEYD %
delay (bony delay &MEA T 3) & LTHT
3 (H1-b), WIERFRLRAMKICTISHE
Wi, FEROEBEBENSBLALDO TR EADS
EXifr %, vascular implantation %% WX
bony delay & EIBRFIZIT S (H1-¢), mMED
bony delay M%7 2 B, BZTEEEL,
MVP bone flap % free flap £ LT (& 1-d)
FERZOLUTHORERASE, v —E
El, HEAZWLESTH/INIEY & 21T
v, mMKEHRS 5,



(a) Vascular implantation
THREFFIR(EAV) 2 MEWR L T2 BEHR (RAM) %, BERIC)ORBEEHRL
TBREECEEL, "A4Y—RBET2,
{b) Bony delay
Vascular implantation ##71 # BT, BB delay &£ LTOE D (=) %553,
() BE~® STSG
TR OBEER & 2 BT, vascular implantation % 5 Vs i bony delay & BB
W, SEEEETD.
(d) Flap transfer
Bony delay 12%7 23E T, MVP iliac crest free flap 255 & D 524600 ML, &/
MEYIEC LD ETHES & UEIERIERCRIET 2,
1 Free MVP iliac crest flap OFHF#
(Igawa HH, et al: Functional alveolar ridge reconstruction with prefabricated iliac
crest free flap and osseointegrated implants after hemimaxillectomy. Plast Reconstr
Surg 102 : 2420-2424, 1998 X H —&3 | AEF)

TRSE 47528



