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Abstract

The facial nerve is the seventh of 12 cranial nerves found in the head and neck region that facilitates several
nerve fibers and pathways to perform various functions. Iatrogenic facial nerve injury during surgeries of the
head and neck is common, ranging from 4-6%, particularly in procedures that involve mobilization or
resection of associated anatomical structures. Any injury to the facial nerve or its branches impacts the
quality of life and patient satisfaction as the degree of iatrogenic injury may result in partial or complete
facial nerve paralysis. Of the various implementable techniques available to avoid injury, electromyography
(EMG) has recently been widely used to monitor facial nerve function intraoperatively to determine the
degree of injury and predict postoperative weakness. The purpose of this study was to analyze and review
existing scientific literature in determining the role of intraoperative facial nerve monitoring (IFNM) with
EMG in decreasing the incidence and degree of intraoperative facial nerve injury among commonly
performed surgeries involving the facial nerve.

A systematic review was conducted from articles published between September 2006 and December 2022.
Suitable articles were identified from the MEDLINE/PubMed databases using relevant terms to meet the
inclusion criteria. Articles were subsequently coded based on the inclusion/exclusion criteria as well as the
type of surgery performed with concurrent use of EMG and the results from intraoperative monitoring. A
total of 47 articles were found in relation to the use of IFNM, including studies to reduce the incidence and
determine preventative measures to decrease nerve injury. Eleven articles were used to evaluate the use of
EMG during various head and neck surgeries in decreasing the incidence of intraoperative facial nerve

injury.

Sources found were primarily divided based on the type of surgery performed when determining the use of
EMG. Four sources tested the efficacy of EMG during parotidectomy, four sources during vestibular
schwannoma resection, two sources during cochlear implant surgeries, and one during a lymphatic
malformation surgery. IFNM also decreased the duration of surgery, the severity of facial nerve palsy, and
the average time of facial nerve paralysis recovery. IFNM was found to not significantly predict facial nerve
injury in the setting of intraoperative nerve injury but tended to preserve potential facial nerve function in
vestibular schwannoma cases.

The surgical setting determined the efficacy and use of IFNM in decreasing the incidence of facial nerve
weakness and paralysis. [IFNM had the best preventative and prognostic value when used in vestibular
schwannoma resection, and the least in cochlear implants, with mixed evidence seen in the setting of
parotidectomy. Overall, IFNM using EMG as an adjunct during surgery may reduce the risk of iatrogenic
injury; however, additional studies must be performed to determine the degree of long-term patient
satisfaction and quality of life achieved in the setting of IFNM.

Categories: Neurology, Otolaryngology, General Surgery
Keywords: facial nerve injury, iatrogenic facial nerve injury, ifnm, cochlear implant, vestibular schwannoma,
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Introduction And Background

The facial nerve provides innervation to the facial muscles within the head and neck region. As the seventh
cranial nerve, it carries motor, sensory, and parasympathetic nerve fibers with general somatic efferent,
general visceral efferent, special visceral afferent, and general somatic afferent functions [1,2]. The motor
pathway is responsible for innervating muscles of facial expression, volume modulation, and contributions
to other accessory neck movements [3,4]. The parasympathetic pathway is controlled by the greater petrosal
and chorda tympani nerves, which cause secretion at the lacrimal and submandibular/sublingual glands,
respectively [5,6]. The special sensory pathway conveys information about taste to the anterior two-thirds of
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the tongue by the chorda tympani branch of the facial nerve [7]. Given its complexity, the branches of the
facial nerve require surgical finesse with dissection and surgical manipulation.

Apart from its function, the facial nerve can further be divided into intracranial, intratemporal, and
extratemporal parts (Figure 7). The intracranial portion of the facial nerve courses through the internal
auditory meatus in the temporal bone to go through the facial canal within the petrous part of the temporal
bone [8]. The intratemporal portion of the facial nerve branches into the greater petrosal nerve, the nerve to
the stapedius muscle, and the chorda tympani nerve [9]. The extratemporal part of the facial nerve traverses
through the stylomastoid foramen through the end of the posterior edge of the parotid gland, dividing into
its terminal branches, i.e., temporal, zygomatic, buccal, mandibular, and cervical [10]. The terminal
branches innervate a large portion of the face in motor and sensory components, such that it is a common
site for iatrogenic complications involved with many common intraoperative procedures, particularly ones
that involve mobilization or resection of associated anatomical structures [7,11,12].
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FIGURE 1: Diagram of the facial nerve with a delineation between
intracranial (blue), intratemporal (orange), and extratemporal (purple)
regions.

Medical illustration by Katherine Pan.

Injury to the facial nerve or its branches has the potential to cause decreased quality of life and satisfaction
as the degree of iatrogenic injury may result in partial or complete facial nerve paralysis [13,14]. The facial
nerve is highly prone to injury due to its anatomical location, such that various strategies have been
developed to decrease the incidence of nerve damage [15-17]. Of the various techniques developed to avoid
injury, electromyography (EMG) has been widely used intraoperatively to monitor facial nerve function,
determine the degree of injury, and predict postoperative weakness [18,19]. Here, we aim to analyze and
review existing scientific literature in determining the role of intraoperative facial nerve monitoring with
EMG and assess its efficacy in identifying and preventing damage to the facial nerve during various surgical
procedures involved in the head and neck region.

Review
Methodology

A systematic review was conducted from articles published between September 2006 to December 2022 from
the MEDLINE/PubMed databases. Relevant terms such as “facial nerve injury,” “monitoring,” and
“electromyography” were used to refine the initial search for iatrogenic facial nerve injury due to surgical
intervention. Six records were excluded as full text could not be obtained, while an additional 27 met other
exclusion criteria which were outside of date range, not published in English or having an English
translation, or only peripherally related. Articles were subsequently coded based on the type of surgery
performed with concurrent use of EMG as well as the results from intraoperative monitoring. Articles found
were thoroughly analyzed based on relevance to the aims of this report. A total of 47 articles were found in
relation to the use of intraoperative facial nerve monitoring, including studies to reduce the incidence and
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determine preventative measures to decrease nerve injury. After carefully considering the degree of
information provided, a total of 11 articles were used to evaluate the use of EMG during various head and
neck surgeries in decreasing the incidence of intraoperative facial nerve injury (Figure 2). This review was
completed in accordance with Preferred Reporting Items for Systematic Reviews and Meta-Analyses
guidelines.

Records identified through
database searching

(n=47)
Records after duplicates removed |:Il> Records excluded
(n=44) (n=6)
Full-text articles assessed for
eligibility l:>
(n=38) Full-text articles excluded with
reasons
(n=27)
@ Discussing techniques other than
the use of intraoperative EMG (n =
8)
Studies included in qualitative
synthesis (n=11)

FIGURE 2: Preferred Reporting Items for Systematic Reviews and Meta-
Analyses flowchart for articles included based on the inclusion and
exclusion criteria.

Of note, the eight articles excluded are within the 27 others excluded and separated out to highlight how other
techniques were used in intraoperative nerve monitoring.

Results

A total of 11 articles were selected to analyze the efficacy of intraoperative facial nerve monitoring in
various head and neck surgeries [20-30]. From these 11 articles, Table ! was created to examine the type of
study done, the number of patients involved in each study, the specific head and neck pathology involved,
and the respective intraoperative intervention performed.
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Author and year

Chiesa-Estomba et al.,
2021 [20]

Meier et al., 2006 [21]

Haring et al., 2019 [22]

Liu et al., 2014 [23]

Elsayed et al., 2021
[24]

Acioly et al., 2011 [25]

Type of study

Retrospective and
prospective analysis

Retrospective analysis
Retrospective case series

Cohort study with planned
data collection

Prospective study

Prospective study

Number of cases/patients

1,069 patients in the literature from articles published

during 1970-2019

45 patients

222 patients during 2004-2014

58 patients in 2004 and 2012 (28 monitored, 30

unmonitored)

43 patients in 2018

35 patients

Surgical intervention

Primary parotidectomy

Primary parotidectomy

Primary parotidectomy

Primary parotidectomy

Vestibular schwannoma
resection

Vestibular schwannoma

resection

. . . . Vestibular schwannoma
Jietal., 2020 [26] Randomized control trial 80 patients

resection

Hsieh et al., 2015 [27] Retrospective study 654 patients during 1999-2014 Cochlear implant

Mandour et al., 2019

Retrospective study 307 patients during 2012-2017 Cochlear implant

[28]
. i . Lymphatic malformation
Chiara et al., 2009 [29]  Retrospective study 7 patients
surgery
. . Vestibular schwannoma
Zhang et al., 2013 [30]  Retrospective study 8 patients

resection

TABLE 1: Summary of articles meeting the inclusion criteria regarding intraoperative facial nerve
monitoring with electromyography.

Discussion

The 11 articles that noted the use of EMG were primarily divided based on the type of surgery performed.
Overall, 36% of sources (n = 4) tested the efficiency of EMG in parotidectomy, 36% (n = 4) during vestibular
schwannoma resection, 18% (n = 2) in cochlear implant surgery, and 9% (n = 1) during lymphatic
malformation surgery. Many studies were retrospective (64%, n = 7), along with two prospective studies, one
retrospective and prospective study analysis, one randomized control trial, and one cohort study. In the four
studies done during parotidectomy, intraoperative facial nerve monitoring decreased the risk of weakness
immediately postoperatively and long-term permanently [20-23]. Intraoperative facial nerve monitoring
also decreased the duration of surgery, the severity of facial nerve palsy, and the average time of facial nerve
paralysis recovery [23]. Similarly, for vestibular schwannoma resection cases, intraoperative facial nerve
monitoring significantly preserved potential facial nerve function, as EMG proved to be effective in locating
and protecting the facial nerve as well as preserving facial nerve function and decreasing paralysis risk
[21,24,26,30]. Of note, EMG has been identified to have predictive value in postoperative nerve function and
reduce the incidence of nerve injury in parotidectomy and vestibular schwannoma resection [22,25]. While
limited studies exist on the use of intraoperative EMG in the surgical correction of cervicofacial lymphatic
malformations, it has been shown that nerve mapping is useful in identifying and avoiding injury to the
facial nerve [29,31]. For intraoperative facial nerve monitoring in cochlear implant studies, risks and
benefits appeared equivocal as there was no significant effect on postoperative delayed facial palsy nor were
there increased postoperative injuries in patients who did not have intraoperative facial nerve monitoring
[27,28].

Intraoperative facial nerve monitoring is a valuable resource in locating and mapping out the facial nerve to
avoid intraoperative injury and postoperative paralysis. In identifying the course of the nerve, intraoperative
facial nerve monitoring allows for the identification of the nerve course, adequate protection, and the
preservation of facial nerve function [32-34]. Facial nerve protection results in decreased manipulation of
the nerve, reducing numbness associated with nerve injury, thus increasing patient satisfaction [35,36].
Despite its benefits, intraoperative facial nerve monitoring is limited by its ability to accurately
prognosticate intraoperative nerve injury [21,37,38]. Due to the decreased efficacy and nonsignificant
findings with intraoperative facial nerve monitoring during cochlear implants, the value of intraoperative
facial nerve monitoring can also depend on the location of usage and the nature of surgical intervention [39-
41]. For example, facial palsy following cochlear implants is rare, with incidence ranging from 0.62% to
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0.73% in patients with intraoperative facial nerve monitoring versus 0.72% in patients without
intraoperative facial nerve monitoring [27,28]. In contrast to cochlear implants, facial nerve injury during
general otologic procedures is around 17% [42]. Future studies are needed to determine if intraoperative
facial nerve monitoring can be useful in maintaining the integrity of the facial nerve in other otologic
procedures and thus improving surgical outcomes.

EMG and its research have been relatively emergent; however, newer technology and techniques have also
been shown to reduce intraoperative facial nerve injury and better predict nerve injury during surgical
interventions. For example, in a recent retrospective study of parotidectomies, magnetic resonance imaging
with three-dimensional double-echo steady-state (DESS protocol) and water excitation sequence was a
superior method in localizing the facial nerve intraoperatively [43-45]. With a mixture of deep and
superficial lesions, direct visualization of the intraparotid facial nerve was consistently achieved leading to
increased diagnostic accuracy, sensitivity, specificity, and positive predictive value [46,47]. Limitations to
widely using this protocol are the availability of magnetic resonance imaging equipment, technical expertise
in the interpretation of the images, and proprietary licensing of the protocol among others [48-50]. Further
research is necessary to validate the findings from this study and other new techniques aimed to support
and/or replace EMG techniques.

Conclusions

Overall, intraoperative facial nerve monitoring using EMG as an adjunct during surgery may reduce the risk
of iatrogenic injury by locating and protecting the facial nerve, but additional studies must be performed to
determine the degree of long-term patient satisfaction and quality of life achieved in the setting of
intraoperative facial nerve monitoring. Based on the current evidence, surgical settings may determine the
efficacy and use of intraoperative facial nerve monitoring in decreasing the incidence of facial nerve
weakness and paralysis. Many new techniques should also be considered in understanding the role of other
techniques in decreasing the incidence of intraoperative facial nerve injury. Increasing incidences of facial
nerve injury seen with various head and neck surgeries support the importance of determining the role of
EMG in intraoperative facial nerve monitoring and the need for a predictive intraoperative tool.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Justin Chin, Christine M. Lomiguen
Drafting of the manuscript: Justin Chin, Jaswanthi Dogiparthi, Smaran S. Teru

Critical review of the manuscript for important intellectual content: Justin Chin, Christine M.
Lomiguen

Supervision: Justin Chin, Christine M. Lomiguen

Acquisition, analysis, or interpretation of data: Jaswanthi Dogiparthi, Smaran S. Teru

Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

Acknowledgements

Jaswanthi Dogiparthi and Smaran S. Teru contributed equally to the work and should be considered co-first
authors.

References

1. Seneviratne SO, Patel BC: Facial Nerve Anatomy and Clinical Applications. StatPearls Publishing, Treasure
Island, FL; 2023.

2. Phillips CD, Bubash LA: The facial nerve: anatomy and common pathology . Semin Ultrasound CT MR. 2002,
23:202-17. 10.1016/s0887-2171(02)90047-8

3. Myckatyn TM, Mackinnon SE: A review of facial nerve anatomy . Semin Plast Surg. 2004, 18:5-12. 10.1055/s-
2004-823118

2023 Dogiparthi et al. Cureus 15(11): e48367. DOI 10.7759/cureus.48367 50f7


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://www.ncbi.nlm.nih.gov/books/NBK554569/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0887-2171(02)90047-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0887-2171(02)90047-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1055/s-2004-823118?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1055/s-2004-823118?utm_medium=email&utm_source=transaction

Cureus

10.

11.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Fukuda M, Oishi M, Takao T, Saito A, Fujii Y: Facial nerve motor-evoked potential monitoring during skull
base surgery predicts facial nerve outcome. ] Neurol Neurosurg Psychiatry. 2008, 79:1066-70.
10.1136/jnnp.2007.130500

McManus L], Dawes PJ, Stringer MD: Clinical anatomy of the chorda tympani: a systematic review . |
Laryngol Otol. 2011, 125:1101-8. 10.1017/50022215111001873

Tubbs RS, Custis JW, Salter EG, Sheetz ], Zehren SJ, Oakes WJ: Landmarks for the greater petrosal nerve.
Clin Anat. 2005, 18:210-4. 10.1002/ca.20072

Dulak D, Naqvi IA: Neuroanatomy, Cranial Nerve 7 (Facial). StatPearls Publishing, Treasure Island, FL;
2023.

Bernardo A, Evins Al, Visca A, Stieg PE: The intracranial facial nerve as seen through different surgical
windows: an extensive anatomosurgical study. Neurosurgery. 2013, 72:0ns194-207; discussion ons207.
10.1227/NEU.0b013e31827e5844

Ishita, Bhagat S, Singla RK, Sharma DK, Yadav V: Intratemporal facial nerve anatomy and its variations in
30 cases of cadaveric temporal bones. Indian ] Otolaryngol Head Neck Surg. 2022, 74:4183-8.
10.1007/s12070-021-02909-x

Poutoglidis A, Paraskevas GK, Lazaridis N, et al.: Extratemporal facial nerve branching patterns: systematic
review of 1497 cases. ] Laryngol Otol. 2022, 136:1170-6. 10.1017/50022215121003571

Lam AQ, Tran Phan Chung T, Tran Viet L, Do Quang H, Tran Van D, Fox A]: The anatomic landmark
approach to extratemporal facial nerve repair in facial trauma. Cureus. 2022, 14:e22787.
10.7759/cureus.22787

Jomah MA, Hajr EA: Midline facial nerve monitoring: single-center experience and review of literature . ] Int
Adv Otol. 2022, 18:38-42. 10.5152/ia0.2022.20098

Stuzin JM, Rohrich R]J: Facial nerve danger zones. Plast Reconstr Surg. 2020, 145:99-102.
10.1097/PRS.0000000000006401

Wiet RJ: Iatrogenic facial paralysis. Otolaryngol Clin North Am. 1982, 15:773-80.

Dew LA, Shelton C: Iatrogenic facial nerve injury: prevalence and predisposing factors . Ear Nose Throat J.
1996, 75:724-9.

Yang SH, Park H, Yoo DS, Joo W, Rhoton A: Microsurgical anatomy of the facial nerve . Clin Anat. 2021,
34:90-102. 10.1002/ca.23652

Captier G, Canovas F, Bonnel F, Seignarbieux F: Organization and microscopic anatomy of the adult human
facial nerve: anatomical and histological basis for surgery. Plast Reconstr Surg. 2005, 115:1457-65.
10.1097/01.prs.0000160264.42201.£5

Holze M, Rensch L, Prell ], et al.: Learning from EMG: semi-automated grading of facial nerve function . |
Clin Monit Comput. 2022, 36:1509-17. 10.1007/s10877-021-00793-y

Marchioni D, Soloperto D, Rubini A, Nogueira JF, Badr-El-Dine M, Presutti L: Endoscopic facial nerve
surgery. Otolaryngol Clin North Am. 2016, 49:1173-87. 10.1016/j.0tc.2016.05.006

Chiesa-Estomba CM, Larruscain-Sarasola E, Lechien JR, et al.: Facial nerve monitoring during parotid gland
surgery: a systematic review and meta-analysis. Eur Arch Otorhinolaryngol. 2021, 278:933-43.
10.1007/s00405-020-06188-0

Meier JD, Wenig BL, Manders EC, Nenonene EK: Continuous intraoperative facial nerve monitoring in
predicting postoperative injury during parotidectomy. Laryngoscope. 2006, 116:1569-72.
10.1097/01.mlg.0000231266.84401.55

Haring CT, Ellsperman SE, Edwards BM, et al.: Assessment of intraoperative nerve monitoring parameters
associated with facial nerve outcome in parotidectomy for benign disease. JAMA Otolaryngol Head Neck
Surg. 2019, 145:1137-43. 10.1001/jamaoto.2019.1041

Liu H, Wen W, Huang H, et al.: Recurrent pleomorphic adenoma of the parotid gland: intraoperative facial
nerve monitoring during parotidectomy. Otolaryngol Head Neck Surg. 2014, 151:87-91.
10.1177/0194599814528098

Elsayed M, Jia H, Hochet B, et al.: Intraoperative facial nerve electromyography parameters to optimize
postoperative facial nerve outcome in patients with large unilateral vestibular schwannoma. Acta Neurochir
(Wien). 2021, 163:2209-17. 10.1007/s00701-021-04814-2

Acioly MA, Gharabaghi A, Liebsch M, Carvalho CH, Aguiar PH, Tatagiba M: Quantitative parameters of facial
motor evoked potential during vestibular schwannoma surgery predict postoperative facial nerve function.
Acta Neurochir (Wien). 2011, 153:1169-79. 10.1007/s00701-011-0995-4

Ji CY, Wang Z, Zhu Y, Wang W, Li X, Chen G: [Application of electrophysiological monitoring in acoustic
neuroma resection]. Zhonghua Yi Xue Za Zhi. 2020, 100:619-23. 10.3760/cma.j.issn.0376-2491.2020.08.011
Hsieh HS, Wu CM, Zhuo MY, Yang CH, Hwang CF: Intraoperative facial nerve monitoring during cochlear
implant surgery: an observational study. Medicine (Baltimore). 2015, 94:e456.
10.1097/MD.0000000000000456

Mandour MF, Khalifa MA, Khalifa HM, Amer MA: Iatrogenic facial nerve exposure in cochlear implant
surgery: incidence and clinical significance in the absence of intra-operative nerve monitoring. Cochlear
Implants Int. 2019, 20:250-4. 10.1080/14670100.2019.1625126

Chiara J, Kinney G, Slimp J, Lee GS, Oliaei S, Perkins JA: Facial nerve mapping and monitoring in lymphatic
malformation surgery. Int | Pediatr Otorhinolaryngol. 2009, 73:1348-52. 10.1016/j.ijpor].2009.06.008
ZhangY, Chen Y, Zou Y, et al.: Facial nerve preservation with preoperative identification and intraoperative
monitoring in large vestibular schwannoma surgery. Acta Neurochir (Wien). 2013, 155:1857-62.
10.1007/s00701-013-1815-9

Bly RA, Holdefer RN, Slimp J, Kinney GA, Martinez V, Manning SC, Perkins JA: Preoperative facial nerve
mapping to plan and guide pediatric facial vascular anomaly resection. JAMA Otolaryngol Head Neck Surg.
2018, 144:418-26. 10.1001/jamaoto.2018.0054

Guntinas-Lichius O, Eisele DW: Facial nerve monitoring. Adv Otorhinolaryngol. 2016, 78:46-52.
10.1159/000442124

Beck DL, Benecke JE Jr: Intraoperative facial nerve monitoring. Technical aspects. Otolaryngol Head Neck
Surg. 1990, 102:270-2. 10.1177/019459989010200311

2023 Dogiparthi et al. Cureus 15(11): e48367. DOI 10.7759/cureus.48367

60f7


https://dx.doi.org/10.1136/jnnp.2007.130500?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/jnnp.2007.130500?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1017/S0022215111001873?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1017/S0022215111001873?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/ca.20072?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/ca.20072?utm_medium=email&utm_source=transaction
https://www.ncbi.nlm.nih.gov/books/NBK526119/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1227/NEU.0b013e31827e5844?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1227/NEU.0b013e31827e5844?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s12070-021-02909-x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s12070-021-02909-x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1017/S0022215121003571?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1017/S0022215121003571?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.22787?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.22787?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5152/iao.2022.20098?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5152/iao.2022.20098?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/PRS.0000000000006401?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/PRS.0000000000006401?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/7162817/?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/8972997/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/ca.23652?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/ca.23652?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/01.prs.0000160264.42201.f5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/01.prs.0000160264.42201.f5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s10877-021-00793-y?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s10877-021-00793-y?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.otc.2016.05.006?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.otc.2016.05.006?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00405-020-06188-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00405-020-06188-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/01.mlg.0000231266.84401.55?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/01.mlg.0000231266.84401.55?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jamaoto.2019.1041?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jamaoto.2019.1041?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/0194599814528098?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/0194599814528098?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00701-021-04814-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00701-021-04814-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00701-011-0995-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00701-011-0995-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3760/cma.j.issn.0376-2491.2020.08.011?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3760/cma.j.issn.0376-2491.2020.08.011?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/MD.0000000000000456?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/MD.0000000000000456?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/14670100.2019.1625126?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/14670100.2019.1625126?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.ijporl.2009.06.008?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.ijporl.2009.06.008?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00701-013-1815-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00701-013-1815-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jamaoto.2018.0054?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jamaoto.2018.0054?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1159/000442124?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1159/000442124?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/019459989010200311?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/019459989010200311?utm_medium=email&utm_source=transaction

Cureus

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

Kamal SA, Al-Bahkaly SA, Othman EA: Intraoperative monitoring of the facial nerve. Neurosciences
(Riyadh). 2002, 7:256-61.

Silverstein H, Smouha E, Jones R: Routine identification of the facial nerve using electrical stimulation
during otological and neurotological surgery. Laryngoscope. 1988, 98:726-30. 10.1288/00005537-
198807000-00007

LiJ, Zhao S, Yang L, et al.: Preoperative evaluation and intraoperative protection of the facial nerve in
congenital aural atresia. Ear Nose Throat J. 2017, 96:E38-43. 10.1177/014556131709601209

Prass RL: Iatrogenic facial nerve injury: the role of facial nerve monitoring . Otolaryngol Clin North Am.
1996, 29:265-75.

Zamzam SM, Hassouna MS, Elsawy MK, et al.: Otolaryngologists and iatrogenic facial nerve injury: a meta-
analysis. Egyptian ] Otolaryngol. 2023, 39:71. 10.1186/s43163-023-00440-0

Herrmann DP, Miiller-Graff FT, Kaulitz S, et al.: Application of intentional facial nerve stimulation during
cochlear implantation as an electrophysiological tool to estimate the intracochlear electrode position. Sci
Rep. 2022, 12:13426. 10.1038/541598-022-17732-9

Ansé J, Diir C, Gavaghan K, et al.: A neuromonitoring approach to facial nerve preservation during image-
guided robotic cochlear implantation. Otol Neurotol. 2016, 37:89-98. 10.1097/MA0.0000000000000914
Yingling CD, Gardi JN: Intraoperative monitoring of facial and cochlear nerves during acoustic neuroma
surgery. Otolaryngol Clin North Am. 1992, 25:413-48.

Hohman MH, Bhama PK, Hadlock TA: Epidemiology of iatrogenic facial nerve injury: a decade of experience .

Laryngoscope. 2014, 124:260-5. 10.1002/lary.24117

Fujii H, Fujita A, Kanazawa H, Sung E, Sakai O, Sugimoto H: Localization of parotid gland tumors in relation
to the intraparotid facial nerve on 3D double-echo steady-state with water excitation sequence. AINR Am |
Neuroradiol. 2019, 40:1037-42. 10.3174/ajnr.A6078

Kang Y], Cho JH, Hwang SH: Diagnostic value of various criteria for deep lobe involvement in radiologic
studies with parotid mass: a systematic review and meta-analysis. Radiol Med. 2022, 127:1124-33.
10.1007/s11547-022-01540-2

ZhaoY, Yang B: Value of visualization of the intraparotid facial nerve and parotid duct using a micro
surface coil and three-dimensional reversed fast imaging with steady-state precession and diffusion-
weighted imaging sequence. ] Craniofac Surg. 2018, 29:e754-7. 10.1097/5CS.0000000000004704

Jeong HS, Kim Y, Kim HJ, et al.: Imaging of facial nerve with 3D-DESS-WE-MRI before parotidectomy:
impact on surgical outcomes. Korean ] Radiol. 2023, 24:860-70. 10.3348/kjr.2022.0850

Kwon D, Lee C, Chae Y, Kwon IJ, Kim SM, Lee JH: Clinical validation of the 3-dimensional double-echo
steady-state with water excitation sequence of MR neurography for preoperative facial and lingual nerve
identification. Imaging Sci Dent. 2022, 52:259-66. 10.5624/isd.20220035

Kim Y, Jeong HS, Kim HJ, Seong M, Kim Y, Kim ST: Three-dimensional double-echo steady-state with water
excitation magnetic resonance imaging to localize the intraparotid facial nerve in patients with deep-seated
parotid tumors. Neuroradiology. 2021, 63:731-9. 10.1007/500234-021-02673-3

Chu ], Zhou Z, Hong G, et al.: High-resolution MRI of the intraparotid facial nerve based on a microsurface
coil and a 3D reversed fast imaging with steady-state precession DWI sequence at 3T. AJNR Am |
Neuroradiol. 2013, 34:1643-8. 10.5174/ajnr.A3472

QinY, ZhangJ, Li P, Wang Y: 3D double-echo steady-state with water excitation MR imaging of the
intraparotid facial nerve at 1.5T: a pilot study. AJNR Am ] Neuroradiol. 2011, 32:1167-72.
10.3174/ajnr.A2480

2023 Dogiparthi et al. Cureus 15(11): e48367. DOI 10.7759/cureus.48367

7of7


https://pubmed.ncbi.nlm.nih.gov/23978857/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1288/00005537-198807000-00007?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1288/00005537-198807000-00007?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/014556131709601209?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/014556131709601209?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/8860925/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s43163-023-00440-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s43163-023-00440-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41598-022-17732-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41598-022-17732-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/MAO.0000000000000914?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/MAO.0000000000000914?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/1630836/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/lary.24117?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/lary.24117?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3174/ajnr.A6078?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3174/ajnr.A6078?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s11547-022-01540-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s11547-022-01540-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/SCS.0000000000004704?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/SCS.0000000000004704?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3348/kjr.2022.0850?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3348/kjr.2022.0850?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5624/isd.20220035?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5624/isd.20220035?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00234-021-02673-3?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00234-021-02673-3?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3174/ajnr.A3472?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3174/ajnr.A3472?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3174/ajnr.A2480?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3174/ajnr.A2480?utm_medium=email&utm_source=transaction

	Iatrogenic Facial Nerve Injury in Head and Neck Surgery in the Presence of Intraoperative Facial Nerve Monitoring With Electromyography: A Systematic Review
	Abstract
	Introduction And Background
	FIGURE 1: Diagram of the facial nerve with a delineation between intracranial (blue), intratemporal (orange), and extratemporal (purple) regions.

	Review
	Methodology
	FIGURE 2: Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart for articles included based on the inclusion and exclusion criteria.

	Results
	TABLE 1: Summary of articles meeting the inclusion criteria regarding intraoperative facial nerve monitoring with electromyography.

	Discussion

	Conclusions
	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


