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Abstract
Purpose: Facial nerve resection is often required in lateral temporal bone resection for tumors extending
to the lateral skull base. Limited data exists to guide facial nerve reanimation strategies.

Methods: This is a retrospective cohort study. Patients undergoing lateral temporal bone resection in a
national referral center were included and divided into two groups: facial nerve preservation or resection.
Survival and locoregional recurrence outcomes were analyzed by Kaplan-Meier survival analysis.
Prognostic factors were identi�ed using univariate and multivariate analysis. Facial nerve reconstructive
methods were collected.

Results: 39 patients were included with 20 having facial nerve resection at surgery. Squamous cell
carcinoma (SCC) was the most common pathology. 48% of patients died during follow-up. Mean overall
survival (OS) was 27 months and mean time to locoregional recurrence (LRR) 23 months in the facial
nerve preservation group. Mean OS was 16 months and mean time to LRR was 13 months in the facial
nerve resection groups (logrank OS p=0.330 and LRR p=0.445).

75% of patients in the facial nerve resection group had static facial nerve reanimation using tarsorrhaphy,
gold-weight eyelid implant and fascia lata sling. Middle ear cavity extension was a negative predictor of
OS and LRR.

Conclusion: Facial nerve resection during lateral temporal bone surgery is associated with poor overall
survival and locoregional control outcomes. Multidisciplinary surgical management and static facial
reanimation should be offered to maintain function and quality of life in this group of patients.

Introduction
Tumours of the lateral temporal bone are rare and account for 0.2% of Head and Neck cancers [1,2].
Primary tumors are uncommon and malignancy of the temporal bone more commonly arises due to
spread from surrounding soft tissues [3]. Squamous cell carcinoma (SCC) is the most common tumour to
involve the temporal bone [4]. Increasing rates of cutaneous SCC have been described in Europe and
Australia [5]. It has been previously demonstrated that clear margins are associated with better outcomes
in the management of these tumours and this would usually necessitate a resection of the lateral
temporal bone [3,6]. 

Due to the extent of the surgery, it is our practice to involve multiple surgical subspecialties including
head and neck surgeons, neuro-otologists, facial plastics reconstructive surgeons and sometimes
neurosurgeons when deemed appropriate. Due to its anatomical course within the temporal bone,
stylomastoid foramen and parotid, the facial nerve is at high risk of tumour invasion. In lateral temporal
bone malignancy, the facial nerve is most commonly involved in its extratemporal portion, but perineural
tumour extension can also occur along the nerve into the intratemporal portion [7].
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In our practice, the facial nerve is usually sacri�ced in cases of preoperative clinical or radiological
involvement. At surgery, facial nerve branches or the trunk may be sacri�ced due to its proximity to the
tumour, in order to obtain clear margins. Reconstructive options for management of facial nerve paralysis
in skull base tumors have been extensively described. They involve static and dynamic reconstructive
techniques [8]. However there is limited published evidence to guide the type of reconstruction after facial
nerve resection in temporal bone malignancy [9,10]

In this study, we evaluate facial nerve involvement in patients undergoing lateral temporal bone resection
and its implications in terms of survival, locoregional recurrence [LRR] and reconstruction over a 20-year
period in a large skull base unit receiving nationwide tertiary referrals.  

Methods
We performed a single institution retrospective review of temporal bone malignancies managed
surgically between 2000 and 2020.  Patient chart’s were reviewed for demographic data and tumour
characteristics. Data collected included age, gender, smoking and alcohol status, American Society of
Anesthesiologists (ASA) group, tumour histopathology and site. Additional physiological and operative
variables were included for another pilot study conducted in our center, measuring preoperative POSSUM
score [11].

Tumours were staged based on the American Joint Committee on Cancer (AJCC) and the modi�ed
University of Pittsburgh staging systems [12–14]. Surgery involved at least a lateral temporal bone
resection (LTBR), in some cases extended to a subtotal (STBR) or total temporal bone (TTBR) resection
depending on tumor extension. Pre and post-operative facial function was graded with the House-
Brackmann grading system [15]. Other data collected included types of reconstruction, adjuvant
treatment and facial nerve reanimation techniques. Patients were divided into two groups: facial nerve
preservation or facial nerve resection. Statistical analysis was performed using Stata/SE 16.0 software
(StataCorp, TX, USA). A p-value of <0.05 was considered statistically signi�cant for all analyses. A
survival analysis using the Kaplan-Meier’s method was used. Overall survival was measured in months
from the date of surgery to date of death by any cause. Patients alive at the latest follow-up were
censored. Locoregional recurrence-free survival was measured in months from the date of the surgery to
the date of diagnosis of locoregional recurrence. Patients with no locoregional recurrence at the date of
latest follow-up were censored.

A logrank test was performed to analyse the relationship between predictor variables and the risk of event
(death or locoregional recurrence). Cox’s hazards model was used for multivariate analysis of signi�cant
prognosticator variables. 

The study was approved by the local audit and ethics committee.  

Results



Page 4/12

39 patients were included in the study between 2000 and 2020 (19 in the facial nerve preservation group,
20 in the facial nerve resection group). The mean age at diagnosis was 70 (range 33 – 90). Clinical and
pathological features are shown in table 1. There was a predominance of male patients in both groups
(79% and 75% in the facial nerve preservation and resection group, respectively). SCC was the
predominant malignancy (95% and 75% respectively). Other malignancies included angiosarcoma (2
cases), basal cell carcinoma, non-small cell carcinoma, Merkel cell carcinoma and adenocarcinoma. The
proportion of tumor involving the middle ear cavity was signi�cantly more important in the facial nerve
resection group (81% vs 32% in the preservation group, p=0.003).

About half of the patients in both groups were referred after previous surgery in a setting of recurrent or
residual disease. Up to 20% of patients had previous external beam radiation therapy before referral to
our unit. There was no signi�cant difference in smoking or alcohol status between the 2 groups. 

Preoperative hemoglobin was signi�cantly lower in the facial nerve resection group (123 g/L) than in the
facial nerve preservation group (135 g/L). There was no difference in terms of BMI and ASA status in the
population with most patients graded ASA 2 or 3. All patients in the facial nerve preservation group had
normal facial nerve function (grade 1 House-Brackmann). 

35% of patients in the facial nerve resection group had a preoperative facial palsy (grade ³ 2 House-
Brackmann). Facial nerve sacri�ce for the other patients in this group was decided per operatively based
on macroscopic �ndings.

There were signi�cantly more AJCC T4 tumors in the facial nerve resection group (52%). T3 tumors
accounted for 42% in the facial nerve preservation group.  Of patients who had a facial nerve resection
22% had an AJCC N3b staging. In these cases the tumour was usually considered to be a metastatic
lymph node from primary skin SCC. Although it was not statistically signi�cant, the proportion of
Pittsburgh stage 4 tumors was higher in the facial nerve resection group (this was inherent to the
modi�ed Pittsburgh staging system where facial nerve palsy upstaged the patient to stage 4).

Operative and postoperative features are shown in table 2. Most patients underwent a lateral temporal
bone resection (LTBR) (90% and 84% in the facial nerve resection and preservation groups, respectively).
A neck dissection (65% and 72% respectively) and parotidectomy (80% and 63% respectively) were
performed to obtain en-bloc resection of the soft tissue tumor. Reconstruction using free �aps occured in
65% and 47% of patients in each groups respectively. 

There was a signi�cantly higher proportion of perineural invasion (PNI) in the facial nerve resection group
(68%, p=0.023). Five patients in the facial nerve resection group had a dynamic facial nerve reanimation
using sural nerve graft. In this group 75% of patients underwent static reanimation including one or more
of the following technique: tarsorrhaphy (75%), superior eyelid goldweight implant (56%), fascia lata sling
(50%).  

More than 75% of patients had adjuvant external beam radiation therapy. 
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Overall, 48.7 % of patients died during follow-up. The mean OS time was 27 months +- 10 (IC95% 5 – 49)
in the facial nerve preservation group. Mean OS time was 16 months +- 3 (IC95% 8 – 24) in the facial
nerve resection group.  Overall survival is represented with a Kaplan-Meier survival curve in �gure 1. No
statistical difference was found between the two groups using the logrank test (p=0.330). In univariate
analysis in each of the 2 groups for overall survival, only middle ear cavity involvement was a signi�cant
prognostic factor (p=0.001). 

Seven patients (37%) and 8 patients (40%) developed locoregional recurrence during follow up in the
facial nerve preservation and resection group respectively. The mean time to LRR was 23 months +- 10
(range 0.4 – 46) in the facial nerve preservation group. Mean time to LRR was 13 months +- 3 (range 6 –
20) in the facial nerve resection group. Locoregional recurrence-free survival is represented with a Kaplan-
Meier survival curve in �gure 2. No statistical difference was found between the two groups using the
logrank test (p=0.445).

In univariate analysis in each of the 2 groups for locoregional recurrence-free survival, the following were
associate with a higher risk of locoregional recurrence: female gender (p=0.002), increased age (p=0.013),
middle ear cavity involvement (p=0.001), no prior surgery [p=0.003). None of these factors remained
signi�cant in the Cox proportional model multivariate analysis. 

Discussion
SCC of cutaneous origins was the predominant pathology (85% of the overall population). This was
mainly in the form of advanced auricular or periauricular skin cancer or intraparotid metastasis of a
cutaneous primary. This is consistent with similar studies from the USA and Australia [6,7]. This result is
unsurprising and recent publications have described the increasing prevalence of cutaneous SCC [5].
Periauricular location is known to be a high-risk feature of this disease and up to 53% of our patients had
previous surgery before referral. This highlights the need for a radical therapeutic approach from the
outset.

Management of the facial nerve for parotid surgery has been discussed extensively [8,16–18]. A
multidisciplinary approach is the gold standard which is in place at our center.

It is our practice in cases of preoperative normal facial function (House Brackmann I) to try to preserve
the nerve where possible.

In cases of preoperative facial nerve palsy, 21% in our series, the main trunk of the facial nerve is
sacri�ced and the nerve is followed through the mastoid to be transected at the level of the second genu.
The intratemporal portion is sent for frozen section analysis. In case of middle ear cavity involvement
(54%), the facial nerve is transected at the level of the �rst genu. 

In cases where the nerve is surrounded by tumor or directly invaded, it is sacri�ced. Given the poor
prognosis of this disease and the need to obtain clear margins to improve outcomes, this approach is
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advocated for in most skull base center [19]. 

The mean overall survival was higher in the facial nerve preservation group at 27 months compared to 16
months in the facial nerve resection group. This result is similar to other studies [20–22]. The difference
between the two groups was not statistically signi�cant, this may be due to the relatively small cohort
size. The short overall survival in the facial nerve resection group has repercussions in terms of facial
nerve reanimation.  

Five patients underwent dynamic reanimation with sural nerve interposition graft. This method may give
good results with most patients obtaining grade III House-Brackmann facial function [9]. However,
improvement in facial function only starts at around 10 months postoperatively to plateau at 24 months
[23]. Based on our results, a static reanimation using a combination of tarsorrhaphy, gold weight eyelid
implant and fascia lata sling may be a better reconstructive option for these patients with a poor
prognosis. 75% of our patients after facial nerve resection had one or a combination of these technique.
This approach allows patients to maintain good quality of life with optimal oncological outcomes. It also
 maintains facial symmetry, allowing eye closure and oral competence [24–26]. Another factor
in�uencing the type of facial nerve reanimation is the postoperative radiation therapy (PORT). Overall
84% of patients in our series were referred for PORT. Patients were discussed at the multidisciplinary
meeting postoperatively and those with grade T3/T4 disease, ³N2b, perineural or lymphovascular
invasion were referred for PORT. Previously it was thought that PORT may impair the success rate of
dynamic facial nerve reanimation but several studies have shown no difference in functional outcomes
between radiated and unirradiated graft patients [9,27,28].

With regards to overall survival, the only signi�cant prognostic factor was middle ear involvement. This
has been discussed in previous studies and is consistent with the initial Pittsburgh staging [3,13,22]. Of
the patients in this series, 55% had middle ear extension which is relatively higher compared to similar
single-center series [6]. This result may be due to recruitment bias as our center is the national referral
center for lateral skull base and neurosurgery.

It is worthwhile noting that a high proportion of our patients had positive deep margins (74% overall],
which is similar to other available data [3,29]. This deep margin corresponds to where the tumor abuts the
temporal bone. All patients had at least a lateral temporal bone resection ensuring clear margins. This is
obtained by drilling and thus tissue is not available for histopathological examination. A more traditional
en-bloc resection of the temporal bone has not been shown to have added bene�t in terms of
locoregional control or overall survival [2,20]. A similar result is found in our study where positivity of the
deep margins is not statistically correlated to locoregional control or survival rate. 

Up to 40% of patients presented locoregional recurrence with a mean time to recurrence of 23 months in
the facial nerve preservation group and 13 months in the facial nerve resection group. This is in keeping
with similar series [30]. In univariate analysis, patients who had not had previous surgery were found to
be at higher risk of locoregional recurrence (p=0.003). In those cases of salvage surgery, a less
conservative surgical resection was often advocated as these cases would be initially considered at
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higher risk. There might also be more di�cult facial nerve preservation given previous dissection or
radiation. 

Similar to the OS, the high rate of locoregional recurrence and a mean time to recurrence of just over 12
months would support a more conservative facial nerve reanimation. Static reanimation ensures
preservation of the quality of life, limiting the need for rehabilitation and physiotherapy[31,32]. 

65% of patients in the facial nerve resection group had free �ap reconstruction. This has become the
standard of care for reconstruction of large skull base and cutaneous defects and allow for a salvage
pedicled option in case of �ap failure [2]. Most of these free �aps were antero-lateral thigh �ap (ALT)
which allow for reconstruction of large cutaneous defects. Advantages of the ALT �ap have been
described including the possibility to harvest simultaneously with oncologic resection, harvesting as
fasciocutaneous perforator �ap or myocutaneous �ap, low donor site morbidity, size and thickness which
can cover most lateral skull base defect including in some cases dura or great vessels exposure.

The main limitation of this study is the small sample size which may have precluded identi�cation of
some prognostic factors and the absence of statistically signi�cant difference in OS and LRR rates. Due
to the retrospective nature of the study, a number of patients were lost to follow up and censored.
Nonetheless, this study was appropriately designed to study the survival rates in the population and
describe facial nerve reanimation strategies. Larger prospective studies incorporating objective quality of
life measurement tools would be interesting to further characterize the functional outcomes of facial
nerve reanimation in lateral temporal bone resection.

Conclusion
Facial nerve resection during lateral temporal bone surgery is associated with poor overall survival and
locoregional control outcomes. Multidisciplinary surgical management and static facial reanimation
should be offered to maintain function and quality of life in this group of patients.

Statements And Declaration
Funding: None

Con�icts of interests : None

Funding sources : None

Ethics approval : This study was approved by the local audit and ethics committee.

Acknowledgments

None



Page 8/12

References
1.  Gidley PW, Thompson CR, Roberts DB, DeMonte F, Hanna EY. The oncology of otology. Laryngoscope.
2012 Feb;122[2]:393–400. 

2.  Lionello M, Stritoni P, Facciolo MC, Sta�eri A, Martini A, Mazzoni A, et al. Temporal bone carcinoma.
Current diagnostic, therapeutic, and prognostic concepts. Journal of Surgical Oncology. 2014;110[4]:383–
92. 

3.  Woods RSR, Naude A, O’Sullivan JB, Rawluk D, Javadpour M, Walshe P, et al. Management of
Temporal Bone Malignancy in Ireland. J Neurol Surg B Skull Base. 2020 Dec;81[6]:680–5. 

4.  Squamous cell carcinoma of the temporal bone - Gidley - 2010 - The Laryngoscope - Wiley Online
Library [Internet]. [cited 2021 Aug 6]. Available from:
https://onlinelibrary.wiley.com/doi/10.1002/lary.20937

5.  Stratigos AJ, Garbe C, Dessinioti C, Lebbe C, Bataille V, Bastholt L, et al. European interdisciplinary
guideline on invasive squamous cell carcinoma of the skin: Part 1. epidemiology, diagnostics and
prevention. Eur J Cancer. 2020 Mar;128:60–82. 

6.  Schachtel MJC, Gandhi M, Bowman JJ, Erian C, Porceddu SV, Panizza BJ. Malignancies requiring
temporal bone resection: An Australian single-institution experience. ANZ J Surg. 2021 May 12; 

7.  Gidley PW, DeMonte F. Temporal bone malignancies. Neurosurg Clin N Am. 2013 Jan;24[1]:97–110. 

8.  Christopher LH, Slattery WH, Smith EJ, Larian B, Azizzadeh B. Facial nerve management in patients
with malignant skull base tumors. J Neurooncol. 2020 Dec;150[3]:493–500. 

9.  Iseli TA, Harris G, Dean NR, Iseli CE, Rosenthal EL. Outcomes of static and dynamic facial nerve repair
in head and neck cancer. Laryngoscope. 2010 Mar;120[3]:478–83. 

10.  Hanasono MM, Silva AK, Yu P, Skoracki RJ, Sturgis EM, Gidley PW. Comprehensive management of
temporal bone defects after oncologic resection. The Laryngoscope. 2012;122[12]:2663–9. 

11.  Gri�ths H, Cuddihy P, Davis S, Parikh S, Tomkinson A. Risk-adjusted comparative audit. Is Possum
applicable to head and neck surgery? Clin Otolaryngol Allied Sci. 2002 Dec;27[6]:517–20. 

12.  Nabuurs CH, Kievit W, Labbé N, Leemans CR, Smit CFGM, van den Brekel MWM, et al. Evaluation of
the modi�ed Pittsburgh classi�cation for predicting the disease-free survival outcome of squamous cell
carcinoma of the external auditory canal. Head Neck. 2020 Dec;42[12]:3609–22. 

13.  Moody SA, Hirsch BE, Myers EN. Squamous cell carcinoma of the external auditory canal: an
evaluation of a staging system. Am J Otol. 2000 Jul;21[4]:582–8. 



Page 9/12

14.  Edge SB, Edge SB, American Joint Committee on Cancer. AJCC cancer staging manual 8th ed. New
York: Springer.; 2017. 

15.  House JW, Brackmann DE. Facial nerve grading system. Otolaryngol Head Neck Surg. 1985
Apr;93[2]:146–7. 

16.  Lassaletta L, Morales-Puebla JM, Gonzalez-Otero T+, Moraleda S+, Roda JM+, Gavilan J. The
Experience of a Facial Nerve Unit in the Treatment of Patients With Facial Paralysis Following Skull Base
Surgery.   [Abstract]. Otology & Neurotology. 2020 Dec;41[10]. 

17.  Martin JR, Filip P, Thorpe EJ, Leonetti JP. Treatment of locally advanced parotid malignancies with
parotidectomy and temporal bone resection. Am J Otolaryngol. 2017 Aug;38[4]:380–2. 

18.  Swendseid B, Li S, Thuener J, Rezaee R, Lavertu P, Fowler N, et al. Incidence of facial nerve sacri�ce in
parotidectomy for primary and metastatic malignancies. Oral Oncol. 2017 Oct;73:43–7. 

19.  Applicability of the Pittsburgh Staging System for Advanced Cutaneous Malignancy of the Temporal
Bone [Internet]. [cited 2021 Aug 10]. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3134817/

20.  Dean NR, White HN, Carter DS, Desmond RA, Carroll WR, McGrew BM, et al. Outcomes Following
Temporal Bone Resection. Laryngoscope. 2010 Aug;120[8]:1516–22. 

21.  Higgins TS, Antonio SAM. The role of facial palsy in staging squamous cell carcinoma of the
temporal bone and external auditory canal: a comparative survival analysis. Otol Neurotol. 2010
Dec;31[9]:1473–9. 

22.  Prasad SC, D’Orazio F, Medina M, Bacciu A, Sanna M. State of the art in temporal bone malignancies.
Curr Opin Otolaryngol Head Neck Surg. 2014 Apr;22[2]:154–65. 

23.  Kondo K, Takeuchi N, Tojima H, Ito K, Yamasoba T. + − Reconstruction of the intratemporal facial
nerve using interposition nerve graft: time course of recovery in facial movement and electrophysiological
�ndings. Acta Oto-Laryngologica. 2007 Jan 1;127[sup559]:85–90. 

24.  Jowett N, Hadlock TA. Contemporary management of Bell palsy. Facial Plast Surg. 2015
Apr;31[2]:93–102. 

25.  Fritz M, Rolfes BN. Management of Facial Paralysis due to Extracranial Tumors. Facial Plast Surg.
2015 Apr;31[2]:110–6. 

26.  Leonetti JP, Nadimi S, Marzo SJ, Anderson D, Vandevender D. Facial reanimation according to the
postresection defect during lateral skull base surgery. Ear Nose Throat J. 2016 Dec;95[12]:E15–20. 



Page 10/12

27.  Brown PD, Eshleman JS, Foote RL, Strome SE. An analysis of facial nerve function in irradiated and
unirradiated facial nerve grafts. Int J Radiat Oncol Biol Phys. 2000 Oct 1;48[3]:737–43. 

28.  Gidley PW, Herrera SJ, Hanasono MM, Yu P, Skoracki R, Roberts DB, et al. The impact of radiotherapy
on facial nerve repair. Laryngoscope. 2010 Oct;120[10]:1985–9. 

29.  Nam G-S, Moon IS, Kim JH, Kim SH, Choi JY, Son EJ. Prognostic Factors Affecting Surgical
Outcomes in Squamous Cell Carcinoma of External Auditory Canal. Clin Exp Otorhinolaryngol. 2018
Dec;11[4]:259–66. 

30.  Morris LGT, Mehra S, Shah JP, Bilsky MH, Selesnick SH, Kraus DH. Predictors of survival and
recurrence after temporal bone resection for cancer. Head Neck. 2012 Sep;34[9]:1231–9. 

31.  Chan JYK, Byrne PJ. Management of facial paralysis in the 21st century. Facial Plast Surg. 2011
Aug;27[4]:346–57. 

32.  Liu YM, Sherris DA. Static procedures for the management of the midface and lower face. Facial
Plast Surg. 2008 May;24[2]:211–5. 

Tables
Due to technical limitations, table 1-2 are only available as a download in the Supplemental Files section.
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Figure 1

Overall survival analysis [in months] 
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Figure 2

Locoregional recurrence-free survival analysis [months]
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