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ABSTRACT

Immediate Orbital Floor Reconstruction
with Titanium Mesh Plates and Free
Flaps after Total Maxillectomy

Minoru Sakuraba, MD*', Takayuki Asano, MD*!,
Tomoyuki Yano, MD*', Ryuichi Hayashi, MD*?,
Mitsuo Yamazaki, MD*?, Masakazu Miyazaki, MD*?,
Toru Ugumori, MD*? and Yoshihiro Kimata, MD*3

The method of reconstructing the orbital floor in
immediate maxillary reconstruction after total maxil-
lectomy is an important consideration for restoration
of eyeball functions. Materials available for orbital
floor reconstruction include free iliac bone grafts, vas-
cularized costal cartilage combined with a rectus abdo-



RS 1 2007 E 8 A

minis musculocutaneous flap, pedicled calvarial bone
grafts, and titanium mesh plates. We performed
immediate orbital floor reconstruction with titanium
mesh plates and free soft-tissue flaps in 14 patients
from 1992 through 2005. The patients ranged in age
from 34 to 79 years and included 10 men and 4 women.
Reconstruction was immediately successful in all
cases. Eyeball functions were preserved, except in 2
cases in which blindness developed immediate postop-
eratively owing to extirpation of the primary tumor
* that had invaded the orbital contents. In 12 cases, eye
movement was not disturbed, and neither eyeball dis-
location nor double vision was observed. However,
the titanium mesh used to reconstruct the bony con-
tour of the zygoma was exposed in 1 case about 4
years after surgery, necessitating removal of the mesh
plate and further reconstruction. A titanium mesh
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plate is thin and pliable and sufficiently strong to sus-
tain the orbital contents. We believe that a titanium
mesh plate, when combined with a free soft-tissue flap,
is a reliable material for reconstruction of the orbital

_floor. However, because of the risk of exposure, mesh

plates should not be used to reconstruct facial con-
tours.

*!Division of Plastic and Reconstructive Surgery,
National Cancer Center Hospital East, Kashiwa
277-8577

*2Division of Head and Neck Surgery, National Cancer
Center Hospital East, Kashiwa 277-8577

*3Department of Plastic and Reconstructive Surgery,
Okayama University Graduate School of Medicine
Dentistry and Pharmaceutical Science, Okayama
700-8558
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Choice of Procedures and Problems in Mandible Reconstruction

Minoru SAKURABA®, Takayuki ASANO*, Tomoyuki YANO*, Takafumi CHIN", Kentarou TANAKA*,
Masayuki TAKANASHI*, Sunao TSUCHIYA**, Ryuichi HAYASHI" and Yoshihiro KIMATA*™

*Division of Plastic and Reconstructive Surgery, National Cancer Center Hospital East
*“Division of Head and Neck Surgery, National Cancer Center Hospital East
***Department of Plastic and Reconstructive Surgery, Okayama University Graduates School of Medicine
and Dentistry

Vascularized osteocutaneous flaps are the first choice for mandible reconstruction after seg-
mental mandibulectomy. Elderly patients or those with advanced tumors or systemic disease, how-
ever, may require a less invasive method of reconstruction. In such patients, mandible bone defects
can be reconstructed with an alternative reconstructive procedure. From 1992 to 2005, we recon-
structed 205 mandible defects by three different methods: vascularized osteocutaneous free flaps
including the fibula, the scapula, and the iliac bone; reconstruction plate and free tissue transfer;
and soft tissue augmentation for bony defects. Postoperative complications were analyzed, and
functional and esthetic outcomes were evaluated in the 205 patients (152 men and 53 women
between 21 and 85 years old; mean 60.4 years old). Complications such as wound infection and oro-
cutaneous fistula were observed in 65.1%, 62.5%, and 57.3% of the patients undergoing reconstruc-
tion by the 3 methods, respectively. Functional analysis was carried out in 48 patients, and the
most satisfactory postoperative functions were attained in patients who underwent vascularized
osteocutaneous free flap reconstruction. On the other hand, soft tissue augmentation for mandible
bone defects still have a roll to maintain functional insufficiency, because of acceptable results of
functional and esthetical evaluation.
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RECONSTRUCTIVE

Monitoring the Changes in
Intraparenchymatous Venous Pressure
to Ascertain Flap Viability

Hiroyuki Sakurai, M.D., Ph.D.
Motohiro Nozaki, M.D., Ph.D.
Masaki Takeuchi, M.D., Ph.D.
Kazutaka Soejima, M.D., Ph.D.

Takashi Yamaki, M.D., Ph.D.

Background: Disruption of venous outflow can lead to tissue necrosis. Throm-
bosis of a venous channel at the coaptation site in instances of free tissue transfer
could cause death of the transplanted tissues. Although various techniques have
been used to monitor the viability of transferred tissues, there has been no
technique designed specifically to check the flow within and the patency of the

Taro Kono, M.D. ¥ venous channel. The authors have devised an approach with which to monitor

Eri Fukaya, MD. § the changes in venous pressure in a composite tissue transferred by means of
Yusuke Yamamoto, M.D. ¥ microsurgical technique for bodily reconstruction.

Tokyo, Japan § Methods: The status of the venous system in various composite tissue grafts was

monitored at the time of surgery or for 3 days after the completion of surgery
by placing a small-caliber catheter in the vein within the transferred tissue. A
total of 52 patients participated in the study.

Results: The venous pressure noted in grafts with a patent venous channel
remained constant within a range between 0 and 35 mmHg. Venous insuffi-
ciency was detected in three of the 52 cases, with unmistakable findings of an '
elevated venous pressure of over 50 mmHg.

Conclusions: The technique of measuring the venous pressure by means of an
indwelling venous catheter to monitor changes was found to accurately assess
the patency of the venous channel and, by inference, the viability of the trans-
ferred tissue. No morbidity was associated with the technique. (Plast. Reconstr.
Surg. 119: 2111, 2007.)

~he success rate of free tissue transfer has
? been improved since its introduction more
than three decades ago. Increasing experi-
ence among microsurgeons, the development of
more reliable flaps, and improved microsurgical
techniques and instruments have contributed to
reduce the failure rate of free tissue transfer.
Despite improved initial success rates of over 95
percent,!-3 anastomotic failure may occur on ei-
ther the arterial side or the venous side and
remains a major cause of tissue loss. Because
necrosis of a transferred tissue is a costly disaster
and salvage of the affected tissue largely depends
on the time to reexploration,'?® accurate assess-
ment of flap circulation is essential.
Various methods have been described for as-
sessing the adequacy of blood flow to a trans-
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planted tissue. These include laser Doppler
flowmetry,>*5 color duplex sonography,®” noninva-
sive ultrasound Doppler,® implantable Doppler,*°
hydrogen clearance,’! pH measurement,!?
photoplethysmography,'® transcutaneous oxygen
tension,'* and temperature.'> An ideal monitoring
method should be continuous, instantaneous,
reliable, reproducible, and easily interpretable.
Although the above methods have proven useful
in judging the adequacy of the arterial blood
flow, they have not specifically indicated blood
flow disturbance in venous channels.

Veins are susceptible to trauma of various sorts
because of their thin walls and fragile structures.
It is well known that venous thrombosis is more
common' and more harmful to a flap than arte-
rial thrombosis.'8!” Because the very first event
that occurs after venous occlusion is an increase
in venous pressure, monitoring this parameter
may provide instantaneous information about
venous insufficiency after free tissue transfer.
Pressure changes within a venous channel can be
monitored by placing a catheter inside the vein.
We used this technique in 52 patients who un-
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derwent free flap transplantation between 1999
and 2004 to determine the usefulness of venous
pressure measurement and monitoring as a
method for ascertaining venous channel pa-
tency. The experience gained from this group of
patients formed the basis of this report.

PATIENTS AND METHODS

Between 1999 and 2004, a total of 52 patients
underwent free tissue transfer with monitoring of
the intraparenchymatous venous pressure. There
were 19 female patients and 33 male patients.
Patient ages ranged from 17 to 76 years, with a
mean age of 54 years. Initially, we used this
method for patients who developed venous throm-
bosis postoperatively, and the catheter was in-
serted during the reoperation, with the intent of
salvaging the transferred tissue. Recognition of
the versatility and safety of venous catheterization
subsequently led us to expand the indication to
primary cases with free tissue transfer, especially
those considered to be at high risk of venous
thrombosis. The criteria for indication of in situ
venous catheterization included heavy smoking,
tissue with irradiation sequelae, reconstruction of
traumatized lower extremities, buried flap, bony
reconstruction, intraoperative vascular thrombo-
sis, and usage of long-vein grafting for venous
anastomosis (Table 1). The specific donor sites
used and their distribution among the recipient
sites are listed in Tables 2 and 3.

Description of Indwelling Venous
Catheter Placement

The patients were fully informed concerning
the reasons, the technique of catheter place-
ment, the details of the monitoring procedure,
and the consequences and possible complica-
tions associated with catheter placement. The pos-
sible problems included bleeding, hematoma for-
mation, and persistent pain.

After completion of vascular anastomoses, an
intravenous catheter (3 French, 1.0-mm outside

Table 1. Indications for Monitoring the
Intraparenchymatous Venous Pressure

Indication No. of Occurrences (%)
Reexploration for venous thrombosis 8 (15.4)
Intraoperative thrombosis 7 (18.5)
Traumatized lower extremity 14 (26.9)

Buried flap 9 (17.3)

Bony reconstruction 5 (9.6)

Vein grafting 5 (9.6)
Postirradiation therapy 7 (18.5)

Heavy smoking 8 (15.4)
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Table 2. Types of Transferred Tissue

Flap Type No. of Patients

Rectus abdominis 12
Radial forearm

Anterolateral thigh

Groin

Fibula

Latissimus dorsi

Jejunum

Deep inferior epigastric perforator
Omentum

Saphenous

Fillet

Total 52

ALT, anterolateral thigh; DIEP, deep inferior epigastric perforator.

e ND OO0 W T O S OO

Table 3. Flap Destination

Flap Location No. of Patients
Head and neck 20
Trunk 14
Upper extremity 4
Lower extremity 14
Total 52

diameter; Atom Medical Co., Tokyo, Japan) was
inserted into a side branch of the anastomosed
vein. The more peripheral side branch was pref-
erable, provided that the catheter could be in-
serted. In the case of a radial forearm flap or a
fibular osteocutaneous flap, the catheter was in-
serted by means of the distal end of a comitantvein
of the radial or fibular artery.

Pressure Measurement

The venous catheter was connected to a fluid
pressure transducer (P23ID; Statham Gould, Ox-
nard, Calif.) and to a physiologic recorder (BSS-
9800; Nihon Kohden Co., Tokyo, Japan). Zero
calibrations were taken at the level of the right
atrium. To ascertain the functional integrity of the
monitoring system, the venous outflow was oc-
cluded manually at a site proximal to the coapta-
tion site once the catheter was in place (Fig. 1).

The venous pressure monitoring was per-
formed in conjunction with local delivery of an
anticoagulant agent using a flushing device. The
line solution of the venous catheter contained
heparin (10 units/ml) in 0.9% sodium chloride,
and the flow rate of the flush solution was approx-
imately 3 ml/hour,'® resulting in continuous in-
fusion of the heparin at 720 units/day. Three days
after surgery, the catheter was locked and discon-
nected from the transducer but left in position for
a further 4 days. Thereafter, the catheter was
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Fig. 1. Transient clamping of an anastomosed vein gradually increased the venous pressure. Release of the venous clamp led to an

immediate drop in the venous pressure to the baseline level.

gently tugged at and withdrawn from the flap. No
bleeding occurred.

Laser Doppler Flowmetry

In addition, the blood flow was continuously
monitored in 23 of the patients using a laser Dopp-
ler flowmeter (Laserflo BPM 403; TSI, Inc., St
Paul, Minn.) with a standard rightangle probe
with a head diameter of 19 mm (model P-430).
This apparatus measures a Doppler shift in re-
flected laser light, which is related to the number
and velocity of moving red blood cells, providing
flow values in milliliters per minute per 100 g of
tissue. Inherently, this method could not be ap-
plied to cases of a buried flap or mucosal recon-
struction, unless the grafted tissue was partially
exteriorized.

Data Acquisition

Both the venous pressure and surface blood
flow were continuously recorded with a comput-
erized data acquisition system (PowerLab; AD In-
struments Pty. Ltd., Australia) for later analysis.
The recording of the parameters was continued
for 3 days, and the mean values for each 24-hour
period were analyzed with the software. The alarm
for an elevated venous pressure was set at 50
mmHg using the physiologic recorder. Because
the parameters were automatically recorded, the
nurses did not need to record the venous pressure
or the flow values manually. They were instructed
to check the monitoring devices and flap color, in
cases with a cutaneous component, every 2 hours
for 3 days.

The values for the venous pressure and laser
Doppler flowmetry on each postoperative day are

reported as means * SD. Statistical evaluation was
performed using analysis of variance with re-
peated measures across time. A value of p < 0.05
was considered statistically significant.

RESULTS

Of the 52 flaps, two developed venous
thrombosis intraoperatively, and another case
developed venous thrombosis 15 hours after sur-
gery. In these three cases, venous insufficiency
was detected easily on the basis of an elevated
venous pressure of over 50 mmHg, and reanas-
tomosis of the vein led to complete survival of
the transferred tissue. There were no cases of
free flap loss.

The normal pressure range in uncomplicated
free tissue transplants was established by analyzing
the data. Among the multiple tissue types and
recipient sites, the venous pressure value was rel-
atively constant within the range of 0 to 35 mmHg.
The venous pressure during the first postoperative
day was 17.5 * 8.8 mmHg (Fig. 2). The venous
pressure tended to decline on days 2 and 3, al-
though it did not reach statistical significance
(Fig. 2). The flow rate with laser Doppler flow-
metry varied from 0.8 to 13.1 ml/minute/100 g
tissue. The flow rate during the first postoperative
day was 3.75 * 1.97 ml/minute/100 g. The flow
rate was virtually unchanged during the next 2
postoperative days (Fig. 3).

CASE REPORT
A 55-year-old woman presented with intraosseous carcinoma
arising from an impacted third molar. A fibular osteocutaneous
flap was used to reconstruct the bony and soft-tissue defect that
resulted from segmental mandibulectomy with concomitant
radical neck dissection (Fig. 4). Because the cutaneous flap was
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Fig. 2. Changes in intraparenchymatous venous pressure after
free tissue transfer. Values are given as means * SD (n = 51).
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Fig. 3. Changes in surface blood flow as represented by flow
value withlaser Doppler flowmetry (LDF; in milliliters per minute
per 1009) afterfree tissue transfer. Values are given as mean =+ SD
(n = 23).

located in the oral cavity, laser Doppler flowmetry was not
applicable. Therefore, we inserted a catheter into the distal end
of the peroneal artery and the comitant vein (Fig. 4). Although
the venous pressure was found to be stationary at approximately
25 mmHg for the first 15 hours after surgery, it began to rise
incrementally over the next 2 to 3 hours (Fig. 5). We decided
to reexplore the wound at 18 hours after surgery because of
venous hypertension, even though the color of the flap was
judged to be normal. A thrombotic occlusion at the venous
coaptation site was found during reexploration of the wound
(Fig. 6).

During the reoperation, venous pressure was monitored con-
tinuously using the catheter, which was also useful for flushing
the vessel in an attempt to remove the clot from inside the
vasculature. The venous hypertension disappeared after the
clot was removed from the lumen. The continuity of the venous
channel was reestablished by using a vein graft. The patient
showed no further signs of venous flow impediment, and re-
covery from the procedure was uneventful (Fig. 7).
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DISCUSSION

Early surgical intervention to eliminate any
blood flow impediment is the key factor in “res-
cuing” an ailing flap.! Clinical indications for
wound reexploration, however, are difficult to de-
fine. Over the years, many methods have been
advocated for monitoring the blood flow in a
transplanted flap.*'5 However, the information
obtained with those various monitoring tech-
niques is rarely helpful to surgeons in determining
the need for reexploration of the operative site,
especially if a venous outflow disturbance is in-
volved. It is essential, in this regard, for surgeons
to have a monitoring technique that is simple and
yields information that clearly defines the indica-
tion for wound reexploration.

Of the various modalities advocated for post-
operative monitoring of flap circulation, the laser
Doppler flowmetry technique was thought to be
the most useful for assessing interstitial blood flow.
Itis noninvasive and designed to monitor capillary
perfusion. Although this method can deliver ob-
Jective data, the flow values vary greatly depending
on the patient, type of tissue, equipment, type of
probe, and recipient site.>*!® Therefore, one must
not rely on absolute values, and current reports
emphasize the importance of observing the trend
of the perfusion value rather than the absolute
value.?* This is particularly important in the case
of venous occlusions, for which experimental stud-
ies have shown that the drop in flow values is not
as abrupt and steep as in the case of arterial
obstructions.® In the clinical setting, Mailaender
etal.’¥ demonstrated the difficulties in diagnosing
venous thrombosis by means of laser Doppler flow-
metry caused by nonspecific alterations in the la-
ser Doppler flowmetry signals. In addition, diffi-
culty in placing the monitoring probe in certain
parts of the body, as in our patient with intraoral
structure reconstruction, can render the use of
this technique impossible.

[t is well known that venous congestion is more
common' and more harmful'®!? than arterial in-
sufficiency. Considering the difficulty in early de-
tection of venous thrombosis with previous mon-
itoring methods, it makes sense to focus on venous
thrombosis, attempting to reduce the failure rate
of free tissue transfer. Hudson etal.? reported the
use of a catheter inserted into a side branch of the
vein in the transferred tissue. Through this cath-
eter, heparin (500 units/hour) was infused effec-
tively to the venous anastomotic site.?’ However,
we believed that the infusion rate for catheter
heparinization (30 units/hour) was sufficient to
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Fig. 5. Changes in intraparenchymatous arterial and venous pressures after venous
thrombosis.

reduce coagulability at the local anastomotic site,
because the blood flow perfusing the transferred
tissue was less than 5 ml/minute in most cases
(data not presented). Moreover, we considered
that this catheter could be used as a sensitive mon-
itoring device to detect venous thrombosis after
free tissue transfer.

In contrast to laser Doppler flowmetry, venous
pressure monitoring was able to provide us with

instantaneous evidence of venous occlusion. In all
three flaps that sustained venous occlusion, the ve-
nous pressure elevated to over 50 mmHg before any
clinical signs became obvious. The absolute values
for venous pressure were easily interpretable even by
the nursing staff and inexperienced residents. In
addition, continuous monitoring of venous presstire
allowed us to identify the onset ime of venous pres-
sure elevation, as noted in the described case.
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