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ABSTRACT

In lateral skull base reconstruction, it is necessary to seal the defect in the lateral skull base, fill the dead
space, and, sometimes, reconstruct the facial nerve. However, this procedure is difficult to perform with a
standard musculocutaneous flap. Therefore, for such cases, an omental flap is used in our hospital because
of its flexibility. In this study, we report our experience with the procedure (lateral skull base reconstruction
with a free omental flap) and its long-term outcome and facial nerve reconstruction, with special focus
on facial nerve recovery. This study is a technical note and a retrospective review. It was conducted in
Nagoya University Hospital. Overall, 16 patients (12 women and 4 men; mean age: 55.1 years) underwent
lateral skull base reconstruction with a free omental flap after subtotal temporal bone resection or lateral
temporal bone resection during 2005-2017. The main outcome measures were postoperative complications
and facial nerve recovery: Yanagihara score and House-Brackmann grading system. Complications included
partial necrosis and minor cerebrospinal fluid leakage in 2 patients. Facial nerve recovery could be observed
more than 12 months after surgery, with a mean Yanagihara score of 19.6 and House-Brackmann grade of
3.60. The free omental flap is a reliable method for lateral skull base reconstruction, especially in cases
where facial nerve reconstruction is needed. To the best of our knowledge, this is the first report on facial
nerve recovery after lateral skull base reconstruction.
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INTRODUCTION

After subtotal temporal bone resection or lateral temporal bone resection, it is necessary to
seal the defect in the lateral skull base, fill the dead space, and, sometimes, reconstruct the facial
nerve. Although a pedicled flap or a free flap is usually used for lateral skull base reconstruction,
it is difficult to fill the deep and complex space using this approach, particularly when there is
a need to surround the facial nerve with a standard musculocutaneous flap. As an alternative,
the facial nerve can be reconstructed with a long graft running along the floor of the defect
and covered with a flap (Fig. 1). In such cases, an omental flap is used for lateral skull base
reconstruction.'

In this study, we report our experience in lateral skull base reconstruction with a free omental
flap and the long-term outcomes together with facial nerve reconstruction.

=

Fig. 1 Lateral skull base reconstruction with a standard musculocutaneous flap
Fig. 1a: The standard musculocutaneous flap is transferred after the facial nerve is reconstructed.
Fig. 1b: The facial nerve is reconstructed with a nerve graft running along the floor of the defect in an indirect
pathway.

MATERIALS AND METHODS

Surgical procedure

The omental flaps were harvested by a plastic surgeon who has a board certification in general
surgery; the harvest was performed by laparotomy in all cases and used for reconstructing the
defect. The facial nerve was either resected or suspended in the patients. When the facial nerve
was resected, it was reconstructed using a sural nerve graft, hypoglossal-facial nerve anastomosis
and a great auricular nerve graft, hypoglossal-facial nerve anastomosis, or direct suturing in the
shortest way. (Fig. 2a). The deep space under the facial nerve was filled with the proximal part
of the omental flap. Then, the distal part of the omental flap was turned over, and the facial
nerve was sandwiched inside the folded flap (Fig. 2b). With this procedure, we could perform
facial nerve reconstruction in the shortest distance (Fig. 2c). When there was a skin defect, it
was closed either directly or with a skin graft.

Patients
This study is a technical note and a retrospective review. Patients undergoing reconstruction
of the lateral skull base defect with a free omental flap after subtotal temporal bone resection
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Fig. 2 Lateral skull base reconstruction with an omental flap
Fig. 2a: The omental flap is transferred and the deep space is filled with the proximal part of the omental flap.
Then, the facial nerve is reconstructed with a nerve graft or other methods.
Fig. 2b: The distal part of the omental flap is turned and used to sandwich the reconstructed nerve.
Fig. 2c: The facial nerve is reconstructed in the shortest distance.

or lateral temporal bone resection at our hospital from 2005 to 2017 were identified. Patients
with a history of parotidectomy or idiopathic facial paralysis were excluded. Their clinical data
were analyzed retrospectively from patients’ medical records. We then recorded the number of
patients who underwent subtotal temporal bone resection and lateral temporal bone resection.

Patients underwent resection for the following types of carcinomas: squamous cell carcinoma
of the external auditory canal, squamous cell carcinoma of the parotid gland, adenoid cystic
carcinoma of the parotid gland, recurrent adenocarcinoma of the parotid gland, giant cell repara-
tive granuloma of the mandibular bone, and chondroblastoma of the temporal bone. The excision
was performed by a team comprising neurosurgical and otolaryngological physicians. All patients
had an accurate resection according to the surgical navigation system.

Following resection, the small dural defect was reconstructed by the neurosurgeon using fibrin
glue, whereas the large defect was reconstructed using the fascia lata. Structural reconstruction
of skull base defects was not undertaken in any of the cases. Prophylactic lumbar drainage of
the cerebrospinal fluid was not used routinely.

Outcomes
The main outcome measures were postoperative complications and facial nerve recovery,
measured using Yanagihara score and House-Brackmann grading system.

Ethical considerations

The study was performed in accordance with the principles of the Declaration of Helsinki.
All study participants provided informed consent, and this study was approved by the Nagoya
University Hospital Institutional Review Board (approval no. 2020-1764). The identity of the
patients has been protected.

RESULTS

Sixteen patients who underwent reconstruction of the lateral skull base defect with a free
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omental flap after subtotal temporal bone resection or lateral temporal bone resection were
enrolled. Mean patient age was 55.1 years (range: 32-77 years). 12 patients were female and
4 were male. Overall, 15 patients underwent subtotal temporal bone resection, and 1 patient
underwent lateral temporal bone resection. Five patients received postoperative radiotherapy, with
a mean dose of 56.0 (40-60) Gy.

Patients underwent excision of squamous cell carcinoma of the external auditory canal (n=10),
squamous cell carcinoma of the parotid gland (n=1), adenoid cystic carcinoma of the parotid
gland (n=1), recurrent adenocarcinoma of the parotid gland (n=1), giant cell reparative granuloma
of the mandibular bone (n=1), and chondroblastoma of the temporal bone (n=2).

The facial nerve was reconstructed in 14 patients and suspended in 2 patients. The facial nerve
was reconstructed using a sural nerve graft or a great auricular nerve graft (n=9), hypoglossal-
facial nerve anastomosis and a great auricular nerve graft (n=2), hypoglossal-facial nerve anas-
tomosis (n=2), or direct suturing in the shortest way (n=1). In all cases, the reconstructed or
suspended facial nerve was covered with the omental flap (Fig. 3, 4). The clinical, ablative, and
reconstructive surgery data are summarized in Table 1.

Fig. 3 Case 3
Fig. 3a: Lateral skull base defect following subtotal temporal bone resection of a squamous cell carcinoma of
the right external auditory canal.
Fig. 3b: An omental flap is transferred to the deep space of the defect. Then, the facial nerve is reconstructed
using end-to-side anastomosis to the hypoglossal nerve.
Fig. 3c: The distal part of the omental flap is turned over and is used to sandwich the reconstructed nerve.
Fig. 3d-g: Case 3 appearances (d resting, e eyelid closure, f oblique angle) and computed tomography (CT)
(g) after 22 months. Yanagihara score is 22 and House-Brackmann grading system (H-B GS) is 3.
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Fig. 4 Case 7

Fig. 4a: Lateral skull base defect following subtotal temporal bone resection of a squamous cell carcinoma of
the right parotid gland.

Fig. 4b: An omental flap is transferred to the deep space of the defect. Then, the facial nerve is reconstructed
with a sural nerve graft.

Fig. 4c: The distal part of the omental flap is turned and is used to sandwich the reconstructed nerve.

Fig. 4d-g: Case 7 appearances (d resting, e eyelid closure, f oblique angle) and CT (g) after 42 months.

Yanagihara score is 24 and House-Brackmann grading system (H-B GS) is 3.

Flap survival was 100% for all lateral skull base reconstructions. Two omental flaps had
distally partial necrosis which was treated with conservative treatment. There was no ileus and
no abdominal wall hernia at a donor site after harvesting an omentum. Although partial necrosis
and minor cerebrospinal fluid leakage occurred in 2 patients, they were treated conservatively. In
all patients, facial nerve recovery could be observed more than 12 months after the operation, as
determined using the Yanagihara score and the postoperative House-Brackmann grading system,
with mean scores of 19.6 and 3.60, respectively. Fifteen patients have survived without disease
and 1 patient has survived with distant metastasis (Table 2).
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DISCUSSION

Lateral skull base reconstruction requires a watertight dural seal and filling of the dead space
with vascularized soft tissue to prevent spinal fluid leakage and cerebral meningitis.>® Many
types of pedicled or free flap reconstructions for lateral skull base defects have been reported
in past studies.*"’

However, the lateral skull base defect resulting from temporal bone resection is often deep,
narrow, and three-dimensional, and it is more difficult to fill the dead space with leaving a gap.
In these cases, a facial nerve is often resected oncologically and needs reconstruction. In the
conventional procedure, facial nerve reconstruction was performed with a long graft running
along the floor of the defect and covered with a flap. If the facial nerve is spared, then it is
more difficult to fill the space surrounding the “hanging” facial nerve (Fig. 1).

The advantage in our procedure is that the facial nerve can be reconstructed with the shortest
distance. The omental flap is flexible and can be processed freely, given its vascular anatomy, as
reported in our previous study (Fig. 5).'"® Therefore, an omental flap allows filling of the deep
and complex space surrounding the facial nerve, which is reconstructed by the shortest route.

According to our results, the postoperative facial nerve recovery evaluated using the Yanagihara
score differs from 6 to 40 points because skull base defects and facial nerve situations must be
treated differently. Facial nerve recovery is affected by the level of resection, preoperative facial
paralysis, and other factors. Furthermore, the Yanagihara score was low in some cases. We think
that there may have been a problem with the scoring method. In the Yanagihara scoring method,
facial nerve recovery is evaluated for the function of an intended movement of the face. Even
if the reconstructed nerve recovers and the facial muscles move, it is not always possible to
perform the intended movement in the same way as that on the other side, and in such cases,
the Yanagihara score will be low. In these cases, a standardized evaluation is impossible, but for
any type of facial nerve surgery, the shorter the reconstruction distance, the better the recovery.

Past studies on any reconstructive technique involving a standard musculocutaneous flap have
not reported facial nerve reconstruction and its recovery. To the best of our knowledge, this is

Fig. 5 Anatomy of an omental flap
Fig. 5a: The omental flap is supplied by the right gastroepiploic artery and 4 branches: the left omental artery
(L), middle omental artery (M), right omental artery (R), and accessory omental artery (A).
Fig. 5b: According to the vascular anatomy, the omentum can be processed flexibly.
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the first study to report on facial nerve recovery after lateral skull base reconstruction.

Postoperative wound complication rates are 0%—35% after temporal bone resection and recon-
struction with a standard flap.3>-1%1315 Four of 16 patients (25.0%) in our series experienced wound
complications, including 2 patients with cerebrospinal fluid leakage (12.5%). Treatment includes
rest and conservative management. This rate is equivalent to those reported previously.>10:13-15
Although harvesting of a standard flap without laparotomy is less invasive for a donor site than
that of an omental flap, there is no complication of the donor site of an omental flap in our cases.

Our procedure may have advantages in terms of tissue regeneration. An omental flap induces
hyperperfusion and some tissue growth factors'® and may promote nerve regeneration.?*?!

On the contrary, the omentum flap may be involved in cancer progression. A recent study
showed that adipose-derived stromal cells from the omentum promote vascularization and growth
of endometrial tumors.??> There has been no local recurrence in these patients to date, but a case
of meningioma with malignant transformation during the course of multiple recurrences shortly
after cranioplasty using an omental flap has been reported in our previous study.”® Consequently,
these patients should be observed carefully on follow-up.

This study has limitations, which should be considered. The first limitation is the retrospective
analysis, wherein we restricted the data to the information maintained in the electronic medical
records. Second, statistical analysis of data on complications and facial nerve recovery between
patients who underwent omental flap reconstruction and those who underwent other flap recon-
structions could not be performed. This reconstructive procedure is novel procedure for lateral
skull base reconstruction. Particularly, in cases wherein facial nerve reconstruction is needed, this
procedure allows us to reconstruct the nerve in the shortest distance.

CONCLUSION

For lateral skull base reconstruction, it is difficult to fill the deep and narrow dead space
and surround the reconstructed or suspended facial nerve where needed with currently available
techniques. We reported our experience with lateral skull base reconstruction using a free omental
flap. Because of the flexibility of the omental flap, it is easy to fill the three-dimensional space
without leaving any gap. Lateral skull base reconstruction with a free omental flap could be
a useful option, particularly in cases where facial nerve reconstruction is needed or the facial
nerve is intact.

CONFLICT OF INTEREST

The authors have no conflicts of interest directly relevant to the content of this article.

REFERENCES

1 Kamei Y, Takada T, Yagi S, et al. Use of an omental flap for middle skull base reconstruction [in Japanese].
Jpn J Head Neck Cancer. 2005;31(4):498-502. doi:10.5981/jjhnc.31.498.

2 Thurnher D, Novak CB, Neligan PC, Gullane PJ. Reconstruction of lateral skull base defects after tumor
ablation. Skull Base. 2007;17(1):79-88. doi:10.1055/s-2006-959338.

3 Patel NS, Modest MC, Brobst TD, et al. Surgical management of lateral skull base defects. Laryngoscope.
2016;126(8):1911-1917. doi:10.1002/1ary.25717.

4 Richmon JD, Yarlagadda BB, Wax MK, Patel U, Diaz J, Lin DT. Locoregional and free flap reconstruction
of the lateral skull base. Head Neck. 2015;37(9):1387-1391. doi:10.1002/hed.23725.

Nagoya J. Med. Sci. 85. 255-264, 2023 263 doi:10.18999/nagjms.85.2.255



11

12

13

16

17

18

20

21

22

23

Miki Kambe et al

Moncrieff MD, Hamilton SA, Lamberty GH, et al. Reconstructive options after temporal bone resection for
squamous cell carcinoma. J Plast Reconstr Aesthet Surg. 2007;60(6):607-614. doi:10.1016/j.bjps.2006.11.005.
Patel R, Buchmann LO, Hunt J. The Use of the Temporoparietal Fascial Flap in Preventing CSF Leak after
Lateral Skull Base Surgery. J Neurol Surg B Skull Base. 2013;74(5):311-316. doi:10.1055/s-0033-1349059.
Bakamjian VY, Souther SG. Use of the temporal muscle flap for reconstruction after orbitomaxillary
resections for cancer. Plast Reconstr Surg. 1975;56(2):171-177. doi:10.1097/00006534-197508000-00009.
Cole I. The lower trapezius island myocutaneous flap for reconstruction of soft tissue of the lateral skullbase
and neck. Aust N Z J Surg. 1997;67(7):452-456. doi:10.1111/j.1445-2197.1997.tb02013.x.

Howard BE, Nagel TH, Barrs DM, Donald CB, Hayden RE. Reconstruction of Lateral Skull Base
Defects: A Comparison of the Submental Flap to Free and Regional Flaps. Otolaryngol Head Neck Surg.
2016;154(6):1014-1018. doi:10.1177/0194599816634296.

Resto VA, McKenna MJ, Deschler DG. Pectoralis major flap in composite lateral skull base defect
reconstruction. Arch Otolaryngol Head Neck Surg. 2007;133(5):490-494. doi:10.1001/archotol.133.5.490.
Rosenthal EL, King T, McGrew BM, Carroll W, Magnuson JS, Wax MK. Evolution of a paradigm for free
tissue transfer reconstruction of lateral temporal bone defects. Head Neck. 2008;30(5):589-594. doi:10.1002/
hed.20744.

Disa JJ, Rodriguez VM, Cordeiro PG. Reconstruction of lateral skull base oncological defects: the role of
free tissue transfer. Ann Plast Surg. 1998;41(6):633-639. doi:10.1097/00000637-199812000-00009.

Jones NF, Sekhar LN, Schramm VL. Free rectus abdominis muscle flap reconstruction of the middle and
posterior cranial base. Plast Reconstr Surg. 1986;78(4):471-477. doi:10.1097/00006534-198610000-00005.
Malata CM, Tehrani H, Kumiponjera D, Hardy DG, Moffat DA. Use of anterolateral thigh and lateral
arm fasciocutaneous free flaps in lateral skull base reconstruction. Ann Plast Surg. 2006;57(2):169-175;
discussion 176. doi:10.1097/01.sap.0000218490.16921.c2.

Lin AC, Lin DT. Reconstruction of Lateral Skull Base Defects with Radial Forearm Free Flaps: The
Double-Layer Technique. J Neurol Surg B Skull Base. 2015;76(4):257-261. doi:10.1055/s-0035-1548551.
Zhang B, Wan JH, Wan HF, Li DZ, Zhang YX. Free perforator flap transfer for reconstruction of skull
base defects after resection of advanced recurrent tumor. Microsurgery. 2014;34(8):623-628. doi:10.1002/
micr.22271.

Marchetti C, Gessaroli M, Cipriani R, Contedini F, Frattarelli M, Staffa G. Use of “perforator flaps” in skull
base reconstruction after tumour resection. Plast Reconstr Surg. 2002;110(5):1303-1309. doi:10.1097/01.
PRS.0000025625.46864.69.

Kamei Y, Toriyama K, Yagi S, Takanari K, Torii S. Vascular anatomy of Omentum for microsurgery [in
Japanese]. Jpn J Plast Surg. 2009;52(7):783-788.

Litbarg NO, Gudehithlu KP, Sethupathi P, Arruda JA, Dunea G, Singh AK. Activated omentum becomes rich
in factors that promote healing and tissue regeneration. Cell Tissue Res. 2007;328(3):487-497. doi:10.1007/
s00441-006-0356-4.

Chamorro M, Carceller F, Llanos C, Rodriguez-Alvarifio A, Colmenero C, Burguefio M. The effect of
omental wrapping on nerve graft regeneration. Br J Plast Surg. 1993;46(5):426-429. doi:10.1016/0007-
1226(93)90050-1.

Zhang YG, Huang JH, Hu XY, Sheng QS, Zhao W, Luo ZJ. Omentum-wrapped scaffold with longitudinally
oriented micro-channels promotes axonal regeneration and motor functional recovery in rats. PLoS One.
2011;6(12):e29184. doi:10.1371/journal.pone.0029184.

Khan SM, Funk HM, Thiolloy S, et al. In vitro metastatic colonization of human ovarian cancer cells to
the omentum. Clin Exp Metastasis. 2010;27(3):185-196. doi:10.1007/s10585-010-9317-0.

Iwami K, Momota H, Fujii M, et al. Anaplastic meningioma with rapid growth after omental flap
transposition: a case report and experimental study. Brain Tumor Pathol. 2015;32(2):137-144. doi:10.1007/
$10014-014-0190-4.

Nagoya J. Med. Sci. 85. 255-264, 2023 264 doi:10.18999/nagjms.85.2.255



