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Abstract

Objectives.—(1) Determine the prevalence of hearing loss following microvascular
decompression (MVD) for trigeminal neuralgia (TN) and hemifacial spasm (HFS). (2)
Demonstrate factors that affect postoperative hearing outcomes after MVD.

Data Sources.—PubMed-NCBI, Scopus, CINAHL, and PsycINFO databases from 1981 to
2016.

Review Methods.—Systematic review of prospective cohort studies and retrospective reviews in
which any type of hearing loss was recorded after MVD for TN or HFS. Three researchers
extracted data regarding operative indications, procedures performed, and diagnostic tests
employed. Discrepancies were resolved by mutual consensus.

Results.—Sixty-nine references with 18,233 operations met inclusion criteria. There were 7093
patients treated for TN and 11,140 for HFS. The overall reported prevalence of hearing loss after
MVD for TN and HFS was 5.58% and 8.25%, respectively. However, many of these studies relied
on subjective measures of reporting hearing loss. In 23 studies with consistent perioperative
audiograms, prevalence of hearing loss was 13.47% for TN and 13.39% for HFS, with no
significant difference between indications (P = .95). Studies using intraoperative brainstem
auditory evoked potential monitoring were more likely to report hearing loss for TN (relative risk
[RR], 2.28; £<.001) but not with HFS (RR, 0.88; £ =.056).
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Conclusion.—Conductive and sensorineural hearing loss are important complications following
posterior fossa MVD. Many studies have reported on hearing loss using either subjective measures
and/or inconsistent audiometric testing. Routine perioperative audiogram protocols improve the
detection of hearing loss and may more accurately represent the true risk of hearing loss after
MVD for TN and HFS.
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microvascular decompression; cerebellopontine angle; posterior fossa; complications; hearing
loss; neurotology

Dandy! first proposed the neurovascular conflict theory in 1934 when he suggested that
ectatic vessels could cause clinical syndromes. In the late 1960s, Jannetta? developed
microvascular decompression (MVD), where the offending artery is transposed away from
the cranial nerve root exit zone. MVD has been found to be an effective and safe treatment
for several pathologies, most commonly trigeminal neuralgia (TN) and hemifacial spasm
(HFS).25

Trigeminal neuralgia is a clinical syndrome manifesting as a lancinating unilateral facial
pain in the sensory distribution of the trigeminal nerve.® The annual incidence of TN is 4 to
13 cases per 100,000 people per year.”8 First-line treatments are medical, but for those
patients with symptoms intractable to medical treatment or with intolerable medication side
effects, MVD is an effective surgical option.3 HFS is characterized by irregular, involuntary,
and recurring contractions of unilateral facial muscles.* The annual incidence of HFS is 9.8
to 11.0 cases per 100,000 people per year.® Medical therapy and botulinum toxin injection
are less invasive treatment alternatives, but MVD has been shown to provide consistent long-
lasting relief.> Other indications for MVD surgery include glossopharyngeal neuralgia, 10
occipital neuralgia,!! tinnitus,12 and vagal palsy.13 Figure 1 shows the view the
neurosurgeon has when performing a microvascular decompression surgery.

An important complication of posterior fossa MVD is hearing loss. Potential causes of
sensorineural hearing loss (SNHL) previously discussed include stretching of cranial nerve
(CN) VIII while retracting the cerebellum, direct trauma to CN VIII, manipulation of the
labyrinthine artery or the anteroinferior cerebellar artery, neocompression of the nerve by the
spacer material, and acoustic trauma from drill noise.14-16 Conductive hearing loss (CHL) is
usually caused by a middle ear effusion secondary to fluid entering the mastoid air cells
during craniotomy.16 Brainstem auditory evoked potential monitoring (BAEP) is used at
many institutions and has previously been shown to decrease the prevalence of postoperative
hearing loss.1”

While numerous articles have been written regarding hearing loss as a complication of
MVD, no meta-analysis or systematic review has investigated the true prevalence of hearing
loss as a postoperative complication. Surprisingly, many centers report on hearing outcomes
after MVD without the use of perioperative audiograms. In patients requiring MVD for TN
or HFS, we aimed to determine the frequency of hearing loss as a complication and evaluate
the impact of the indication for surgery, perioperative audiogram protocols, use of BAEP,
and use of fully endoscopic technique by performing a systematic literature review.
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Methods

Eligibility Criteria
(1) Patients must have been treated with MVD, (2) the reference had to report hearing loss,
(3) the indication for included surgeries had to be either TN or HFS, (4) the complications
had to be matched with the indication for MVD, and (5) the patients in the study could not

be selected based on specific factors related to hearing loss (eg, intraoperative BAEP
changes).

Search Strategy

To identify relevant studies, searches were performed in PubMed-NCBI, Scopus, PsycINFO,
and CINAHL by an academic librarian. Search strategies are included in the appendix
(available in the online version of the article). Only articles printed in English were included,
and no year filter was used. The search was conducted according to PRISMA guidelines.18
An institutional review board exemption was granted because human subjects were not
involved in this study.

Study Selection and Validation

Two reviewers both screened the abstracts and then evaluated the remaining full articles for
eligibility. Discrepancies were resolved by a third reviewer.

Data Abstraction

Information extracted from each study included author, year of publication, number of
patients who underwent MVD for each indication, number of patients with each indication
with hearing loss, number of patients with transient vs permanent hearing loss, usage of a
perioperative audiogram protocol, use of BAEP, whether revision surgeries were included,
whether the study was retrospective or prospective, and the study’s level of evidence based
on the Oxford Centre for Evidence Based Medicine 2011 criteria.1® If perioperative
audiograms were performed, the type of hearing loss, laterality of hearing loss, and hearing
loss threshold used were documented if recorded. If audiograms were not mentioned, it was
assumed that there was no audiogram protocol in place. The data were entered into an
electronic research database (REDCap).20

Assessment of Bias of Individual Studies

The National Institutes of Health’s (NIH’s) Quality Assessment of Case Series Studies?
was used to evaluate bias of individual studies. Figure 2 shows the criteria used in this
assessment.

Statistical Methods

All statistical analyses were conducted using SAS software version 9.4 (SAS Institute, Cary,
North Carolina). Raw prevalence estimates for each article were first transformed using a
double arcsine method to free them from their 0 to 1 range. These prevalence estimates were
weighted using the inverse of the summation of their between- and within-study variances as
described by Hedges and Veva.22 Cochran’s Q statistic was used as an assessment of the
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heterogeneity between articles, and the pooled prevalence of hearing loss was estimated
using a weighted linear random-effects model with a back transformation to the original 0 to
1 raw prevalence scale as described by Barendregt et al.23

A weighted linear random-effects model was also used to evaluate moderators of hearing
loss, including whether hearing loss varied by studies using BAEP, routine audios, or
endoscopic procedures. In these models, the transformed estimates were weighted as
described above, and random intercepts were allowed for each article. Model-derived pooled
estimates were back transformed to the raw 0 to 1 prevalence scale as described by
Barendregt et al,23 and the relative ratio of hearing loss among articles with and without the
moderator was estimated as described by Agresti.2* Publication bias was evaluated visually
using Light and Pillemer2> funnel plots.

Study Selection

A total of 481 studies were identified from the 4 databases searched. There were 50
duplicate studies removed. After implementation of our selection criteria, 309 studies were
excluded based on their abstracts. The remaining 122 full articles were reviewed, and 69
studies fulfilled all inclusion criteria. The reasons for exclusion of studies are listed in Figure
3.

Study Characteristics

The studies that met inclusion criteria were published in English between 1981 and 2016. A
total of 18,233 patients were described, with 7093 for TN and 11,140 for HFS. Twenty-two
of the studies had a perioperative audiogram protocol in place (preoperative and
postoperative audiograms), comprising 6530 of the patients. The threshold for what was
considered hearing loss in those studies was inconsistent and often unreported (Table 1). Of
these 23 studies, 8 reported whether the hearing loss was conductive or sensorineural, 9
reported whether the hearing loss was transient or permanent, and 10 reported laterality of
the hearing loss. Forty-six studies had no audiogram protocol and relied on subjective
complaints of hearing loss (Table 2). Intraoperative BAEP monitoring was consistently used
in 21 studies. Four studies used fully endoscopic techniques for performing the surgery.
Fourteen studies included some revisions surgeries, and the remaining 55 only included
primary MVD. The assessment of bias for each study was recorded in Table 3.

True Prevalence Estimates of Hearing Loss across All Studies

There was a significant amount of heterogeneity in prevalence across the sampled TN
articles (Q = 262.33, A< .001) and HFS articles (Q = 388.29, < .001). Compared with HFS
articles, the risk of hearing loss was lower among TN studies (relative risk [RR], 0.67; 95%
confidence interval [C1], 0.60-0.76; A< .001), and consequently, a decision was made to
stratify the results by indication.

Among TN studies (x = 35), the estimated true prevalence of hearing loss in patients who
underwent MVD was 5.58% (95% ClI, 3.85%—-7.61%). Figure 4 displays the forest plot of
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individual study prevalence estimates as well as the overall pooled estimate for TN studies.
Conversely, the estimated true prevalence of hearing loss among patients treated for HFS (x
=47) is 8.25% (95% Cl, 6.51%-10.18%). Figure 5 displays the forest plot for these
estimates. Supplemental Tables S1 and S2 (available in the online version of the article)
report the individual study sample sizes, prevalence estimates, and article weights.

Impact of Perioperative Audiograms on Hearing Loss Detection

Studies with routine perioperative audiograms detected significantly more hearing loss. TN
studies that used perioperative audiograms were 3.64 times more likely to report hearing loss
compared to TN studies not using routine audiograms (95% CI, 2.98-4.44; P< .001).
Similarly, HFS studies using perioperative audiograms were 2.27 times more likely to report
hearing loss compared to HFS studies not using routine audiograms (95% Cl, 2.01-2.57; P
<.001). An Altman and Bland test for interaction?® confirmed routine audiograms had a
larger impact on detection of hearing loss among patients with TN than HFS (z = 3.93, P
<.001).

True Prevalence Estimates of Hearing Loss in Studies with Perioperative Audiograms

The estimated true prevalence of hearing loss in patients who underwent MVD for TN in
studies with consistent perioperative audiograms (x = 10) was 13.47% (95% ClI, 7.79%—
20.35%), while the estimated true prevalence for HFS (x = 16) was 13.39% (95% ClI,
9.39%-17.96%). In these studies, there was no significant difference in prevalence when
comparing the 2 indications (£ =.95). Of the studies that made these distinctions, 45.64%
reported that hearing loss was conductive (x = 8) and 67.12% indicated that it was transient
(x =9). In the studies where the laterality of hearing loss was reported (x = 10), 4.59% had a
bilateral hearing loss and 1.53% had only a contralateral loss (x = 10).

Impact of BAEP on Hearing Loss

Compared to TN articles not using BAEP, patients were 2.29 times more likely to report
hearing loss when BAEP was used (95% Cl, 1.70-3.08; £<.001). There was no meaningful
difference between articles using or not using BAEP among HFS studies (RR, 0.88; 95% ClI,
0.77-1.00; P=.056). Perioperative audiograms were performed more frequently in studies
where BAEP was used. When BAEP was used, 58% of TN studies and 69% of HFS studies
performed consistent audiograms. However, when BAEP was not used, consistent
audiograms were only performed in 13% of TN studies and 21% of HFS studies.

Additional Findings

There was no difference in hearing loss between studies using or not using a fully
endoscopic technique among TN articles (RR, 0.47; 95% Cl, 0.10-2.12; P=.32) as well as
among HFS articles (RR, 0.91; 95% Cl, 0.45-1.84; P=.81). Studies that included revision
surgeries showed a decreased prevalence of hearing loss among TN studies (RR, 0.69; 95%
Cl, 0.49-0.97; P=.03). However, HFS studies that included revision surgeries demonstrated
a significantly higher prevalence of hearing loss compared to studies that excluded revision
surgeries (RR, 1.80; 95% Cl, 1.45-2.23; P<.001).
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Regarding publication bias, Light and Pillemer2® funnel plots revealed a high level of
publication bias for both TN and HFS (Figures 6 and 7). As such, these results should be
treated as nascent estimates of hearing loss following microvascular decompression for TN
and HFS.

Discussion

Microvascular decompression has been consistently shown to be an effective treatment
option for TN and HFS. However, as examined in this study, hearing loss is a relatively
common complication.® Hearing loss can have a significant impact on quality of life,2”
particularly in the auditory frequencies critical to discriminating daily speech (500-2000
Hz).28

While many studies do mention hearing loss as a complication after MVD, standards used in
the testing and reporting of hearing loss vary significantly between studies. In this review,
nearly two-thirds of all reviewed studies (46 of 69 articles) relied solely on subjective
assessment of hearing loss. This type of reporting is obviously inadequate yet surprisingly
common. We found that studies with consistent perioperative audiograms are over 3 times
more likely to detect hearing loss among patients with TN and over 2 times more likely with
HFS. Shah et al?® have shown that the sensitivity of patients subjectively reporting hearing
loss is only 56.3% for class C or D hearing in the American Academy of Otolaryngology—
Head and Neck Surgery (AAO-HNS) hearing classification system3C and 17.2% for CHL.
The timing of the audiogram, type of hearing loss, and hearing loss threshold are also
important factors to consider in the diagnosis and management of these patients.

The distinction between conductive and sensorineural hearing loss is critical when the
audiogram is performed shortly after surgery. This is because new-onset CHL after posterior
fossa surgery is almost uniformly transient, as it results from a middle ear effusion
secondary to fluid entering the mastoid air cells during craniotomy.16 Timing of the
audiogram then becomes important because an observation period of 2 to 3 months will
allow for middle ear and mastoid fluid to resolve and conductive hearing to normalize in
most patients.31 SNHL, on the other hand, is more likely permanent and can result from a
number of factors as previously mentioned earlier.

Hearing loss following MVD is not necessarily specific to the ipsilateral ear. Noise level
exposures ranging from 117 to 122 dB in sound pressure level have been reported from
drilling the cortical and mastoid bone.32 It has been suggested that this acoustic trauma
could lead to auditory threshold shifts.33-35 These shifts are more likely to occur at high
frequencies due to increased susceptibility to sound stimulation of the short outer hair cells
in the high-frequency cochlear region compared to the less susceptible taller receptor cells in
the low-frequency regions.36:37 In animal models, this threshold shift has been found to be
more likely to occur in older animals.3> Some patients will recover their hearing over a
period of time; therefore, long-term follow-up audiograms would be needed to detect these
changes. Other theories for the cause of contralateral hearing loss after MVD include
intraoperative brainstem shift, brainstem edema, labyrinthine fluid imbalance secondary to
cerebrospinal fluid release, or venous congestion at the ipsilateral inferior colliculus.38:39
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There is also considerable inconsistency in what qualifies as hearing loss across studies
(Table 1). Many studies either did not report auditory thresholds or used variable end points.
Too small of a threshold could lead to false positives due to testing error,*0 and too large of a
threshold allows patients who have significant hearing loss to go unreported. It is important
that speech discrimination as well as pure-tone average is involved in consideration of
hearing loss. The most frequently used threshold in past studies includes a greater than 15
dB pure-tone average increase and/or 20% speech discrimination score decrease (Table 1).
More detailed audiometry reporting standards are well established, including the 1995 AAO-
HNS hearing classification system39 and the more recently developed scattergram plots.4!

Across all studies, MVD of CN VII had a significantly higher risk of hearing loss than MVD
of CN V. When only studies with consistent audiograms were included, there was no
significant difference between indications. Given the facial nerve’s closer proximity to the
vestibulocochlear nerve and important inner ear vasculature, a higher rate of hearing loss is
not surprising. The facial nerve’s location necessitates more high-risk manipulation as well
as a higher possibility of neocompression from the spacer material. However, with the
discrepancy in the 2 data analyses, no conclusion can definitively be made.

Surgeons have employed BAEP in the interest of detecting and avoiding hearing loss in
MVD.#243 |nterestingly, the risk of hearing loss increased when BAEP was used among TN
articles, whereas it had no impact among HFS articles. It is not immediately clear why the
prevalence of hearing loss was higher in TN studies using BAEP. It is possible that this is
because authors who used BAEP were more likely to obtain audiograms for TN; however,
that is also the case for studies focusing on HFS. It is possible that BAEP leads to
overconfidence when surgeons decompress CN V, leading to less caution in cerebellar
retraction. The actual cause of this observed difference is a possible topic for future study.
The studies that used fully endoscopic technique showed no significant difference in rates of
hearing loss compared to those that did not use fully endoscopic technique; however, this
analysis was limited by the small number of these studies.

Perioperative audiograms should consist of a preoperative hearing test within 6 months of
surgery and a postoperative hearing test approximately 2 to 3 months after surgery. This
timing of the preoperative audiogram provides an up-to-date preoperative assessment and a
baseline value to establish reasonable patient expectations. In patients with previously
undetected preoperative hearing loss, a preoperative audiogram becomes an important
medicolegal consideration when the patient has a postoperative hearing complaint.
Appropriate timing of a postoperative audiogram allows time for a potential mastoid
effusion to resolve and avoids false-positive hearing loss.

All studies have some limitations, and Light and Pillemer2® funnel plots revealed a high
level of publication bias in this meta-analysis. This may be because neurosurgeons who have
higher than normal rates of hearing loss are less likely to publish. Worse, when they publish,
they may be less likely to publicize their complication rates. The variability in reporting
standards in the body of literature may also contribute to this uncertainty. Only additional
original research will help improve the reported estimates of hearing loss among patients
with MVD.
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It is important that all measures are taken to document and protect hearing during MVD for
TN and HFS. Even the most experienced surgeon taking all necessary precautions may still
be faced with some cases of hearing loss after MVD. This hearing loss in many cases is
likely a multifactorial pathologic process that is more complicated than simple nerve
stretching or trauma and may represent patient susceptibility to a number of surgical factors.
44 Thus, it is critically important that patients are counseled regarding the risk to hearing
after MVD for TN and HFS. In the 23 studies using routine perioperative audiograms, the
estimated true prevalence of hearing loss was 13.47% and 13.39% among patients with TN
and HFS, respectively. We believe these numbers are likely the most accurate representation
of the prevalence of postoperative hearing loss and would be appropriate to quote when
counseling patients regarding the risk of hearing loss following MVD.

Conclusion

Hearing loss is a potential complication following MVD for TN and HFS. In general,
reporting on hearing loss after MVD has been of poor quality, with many studies relying on
patient-reported subjective hearing loss and/or inadequate audiometric measures.
Distinctions should be made between types of hearing loss (sensorineural or conductive),
timing of audiometry, and standardizing audiometric reporting thresholds between studies.
Routine perioperative audiogram protocols improve the detection of hearing loss and may
better represent the true risk of hearing loss after MVD for TN and HFS.
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Figure 1.
The view the neurosurgeon has while performing a microvascular decompression in the

posterior fossa. ©Jackler RK. Atlas of Skull Base Surgery and Neurotology. Stuttgart,
Germany: Thieme; 2017.10
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Figure2.
Criteria for the National Institutes of Health’s Quality Assessment of Case Series Studies.

Source: National Heart, Lung, and Blood Institute, National Institutes of Health.2
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Figure 3.
Study selection process and reasons for exclusion. HL, hearing loss; MVD, microvascular

decompression.
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