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Background: Hearing loss following spinal anaesthesia is a known yet uncommonly reported
complication. This study was aimed at determining the incidence and type of hearing loss (HL)
following spinal anaesthesia (SA) and the relationship with the size of spinal needle.

Methods: A prospective study of patients scheduled for spinal anaesthesia for surgery at the
Operating room and Otorhinolaryngology department in a tertiary centre was undertaken. The
audiometry was done and the pre- and post — anaesthesia results were compared.

Results: Ninety — four ears of 47 patients, 16 males and 31 females, age range between 21 and 63
years (mean + SD= 41+5) were included. The duration of anaesthesia was between 90 and 150
minutes (mean + SD= 116+9). HL. was seen in 9 ears of 7 patients (15%) and tinnitus in 14 ears.
The preoperative and postoperative BC PTA were 10 — 45dB (mean + SD= 26+ 5) and 25 — 65dB
(mean + SD=38+5) respectively, (P= 0.02) while the preoperative and postoperative AC PTA in
the early frequency range (0-100Hz) were between 5 — 45dB (mean + SD= 20+ 5) and 25 - 50dB
(mean + SD=25+7) respectively, (P= 0.08). There was significant difference in the mean BC
PTA between those who had procedure less than 1 hour, 37.2dB and those greater than 1 hour
38.4dB, (P=0.004). According to the Quincke needle sizes, the mean BC PTA among those who
had 26G and 27G were 37.4dB and 38.1dB respectively (P=0.2).

Conclusion: HL complicating SA is significant and associated with duration of procedure thus
should be included in informed consent for medico-legal and ethical reasons and measures must
be taken to avoid the leak of cerebrospinal fluid.

Introduction

Spinal anaesthesia is one of the most frequent regional anaesthesia techniques in surgical
interventions, being used in all procedures below the umbilicus'™. The advantages over general
anaesthesia includes, cost reduction and elimination of the need for endotracheal intubation thus
reducing the risk of aspiration of gastric content, and respiratory infection.*” However, technique is
not suitable for procedures longer than two hours and difficult access/failed cerebrospinal fluid (CSF)
tap may occur’”.

Hearing loss following spinal anaesthesia is a known yet uncommonly reported complication with
incidence between 0.4% and 40%, affecting the low frequency range"”. Other complications that have
been reported included postural headache, nausea, vomiting, vertigo and urinary retention with
incidence ranging between 0.4% and 17% '®"'. The disruption of the endolymph /perilymph balance
caused by the decrease CSF pressure has been proposed as the mechanism of hearing loss after spinal
anaesthesia. Our hypothesis was that the resultant CSF leak in spinal anaesthesia procedure would be
significant enough to lead to changes in the volume of the endolymph and clinical depression of the
hearing acuity. The aim of this study was to determine the incidence of hearing loss after spinal
anaesthesia, identify the frequencies of hearing involved and find the relationship between the size of
spinal needle and hearing loss.

Patients and Methods

This was a prospective study evaluating hearing loss among adult patients undergoing spinal
anaesthetic technique for surgery at the operating theatres of the University College Hospital, Ibadan.
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The inclusion criteria were all adult patients scheduled for elective surgical procedure using spinal
anaesthetic technique. While patients requiring emergency surgery and those with previous history of
hearing impairment/ear disease were excluded.

The sample size was determined using Fischer’s formula and recruitment into the study was
commenced.

All the participants who gave consent to the study were recruited. A structured questionnaire was
administered on interviewer basis to record the participant’s biographic data, relevant clinical
information on hearing impairment/ear disease and otological examination was done to rule out any
underlying pathology. Following this, pure tone audiometry was done using Amplivox Model 2150 in
a quiet side - room on the ward. Frequency range between 125 to 8000Hz was tested on both ears.
This was followed by induction of spinal anaesthesia. This was performed by the anaesthetist via a
subarachnoid injection at the L.3-4 interspace by using a 26G or 27G - gauge Quincke needle with the
patient in the sitting position, and 3 ml of 0.5% isobaric bupivacaine. Patient selection into the 26G or
27G spinal needle group was done randomly. The audiometry was repeated between the 2™ post -
operative day. All auditory evaluation was conducted in a quiet side - room on the ward.s The main
outcome variable was the pure tone average before and after spinal anaesthesia while the dependent
variables were the sizes of the spinal needle and the duration of the anaesthesia. The data was initially
explored using the Stata software. The variables were analyzed by unpaired t-test both for equal and
unequal variance using the variance ratio function of the Stata software to determine the appropriate
use of the Satterthwaite’s correction for the degrees of freedom. A logistic regression analysis was
used to control for confounding factors. The Stata software® was used and the level of statistical
significance was set at p< 0.05 for all the analyses.

Results

The study included 94 ears in 47 patients, 16 males and 31 females age range between 21 and 63
years (mean + SD= 41+5). The duration of anaesthesia was between 90 and 150 minutes (mean + SD
= 11649) and indications were urethroplasty, transurethral endoscopic prostatectomy, lower limb
amputation, transvaginal hysterectomy and elective caesarean section.

Hearing loss was seen in 9 ears of 7 patients (15%) and tinnitus in 14 ears. The preoperative and
postoperative BC PTA were 10 — 45dB (mean + SD= 26+ 5) and 25 — 65dB (mean + SD=38+5)
respectively, (P= 0.02) while the preoperative and postoperative AC PTA in the early frequency range
(0-100Hz) were between 5 — 45dB (mean + SD= 20+ 5) and 25 — 50dB (mean + SD=25+7)
respectively, (P= 0.08). Comparing the duration of procedure, the mean BC PTA among those who
had procedure less than 1 hour and greater than 1 hour were 37.2dB and 38.4dB(P=0.004).
Comparing the sizes of the spinal needle, the mean BC PTA among those who had 26G and 27G were
37.4dB and 38.1dB respectively (P=0.2).

The preoperative and postoperative AC PTA in the middle (speech) frequencies (1000-3000Hz)
(20dBvs 25dB, P=0.2), and BC PTA was (28dB vs 34dB, P= 0.9). Similarly, no statistically
significant difference was seen in high frequencies, the preoperative and postoperative AC PTA were
(40dB vs 42dB, P=0.3) and BC PTA were (42dB vs 45dB, P=0.2).

Discussion

This study found the incidence of bone conduction hearing loss complicating spinal anesthesia to be
15%. This is comparable with the report of 7.5% by Yildiz et al."* In addition our finding revealed
significant difference between the pre-anaesthesia and post-anaesthesia involving bone conduction in
the early frequencies. This early frequency involvement is similar to the report of previous workers’ "'
Hussain et al® prospectively studied 35 women who were undergoing spinal anesthesia during
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cesarean section. A comparison of pre- and postoperative pure-tone audiometry showed that 5 of these
women developed a low-frequency hearing loss on the first postoperative day. Similarly, Kilickan et
al" reported permanent, fluctuating sensorineural hearing loss (SNHL), disabling vertigo, and tinnitus
following spinal anesthesia for cesarean section in a 25-year-old female. The recruitment score (SISI)
was 95% at 2000 Hz on the right side and directional preponderance towards the right and the right
canal paresis were evidenced by bithermal caloric testing. They inferred from their findings a cochlear
pathology causing endolymphatic hydrops possibly induced by lumbar puncture for spinal anesthesia.

In an animal experiment, Walsted et al'* drained CSF from 18 guinea pigs and compared their pre-
and post-drainage electrocochleography results with those of 18 untreated control animals. They noted
a slightly higher compound action potential threshold and latency in the CSF-drained group.
Schaffartzik et al'' suggested cerebrospinal fluid leakage via the spinal puncture hole as the factor
involved; however low-frequency hearing loss was also found after general anesthesia which
correlated with intraoperative volume replacement implying that cerebrospinal fluid leakage via the
spinal puncture hole is not the only factor involved.

The proposed pathogenesis of hearing loss was that the cochlear aqueduct, which connects the
perilymphatic space to the CSF-filled subarachnoid space, influences the relationship between low
CSF pressure and hearing impairment. Patency is poor in the adult cochlear aqueduct, and it decreases
throughout life"”. In correlating changes in CSF pressure with perilymph pressure, Carlborg et al'®
performed experiments in cats with open and artificially disrupted cochlear aqueducts. They noted
that CSF pressure and perilymphatic pressure equalized almost immediately when the aqueduct was
open. When the aqueduct was closed, the shift toward equalization occurred more slowly and was
usually incomplete. They hypothesized that equalization occurred as CSF flowed through small
tributaries and possibly the fundus of the internal auditory canal when the cochlear aqueduct was
disrupted'®. They suggested that an obstructed aqueduct does not prevent equalization from occurring.
If the aqueduct is patent, loss of perilymph via decreased CSF pressure may lead to an endolymphatic
hydrops'®. This condition resolves with either the release of endolymph through the endolymphatic
sac, or the re-accumulation of perilymph through the aqueduct, or perhaps another mechanism.
Endolymphatic hydrops is a pathologic correlate of Meniere's disease. Its early course shares a
common characteristic with hearing loss after a clinically significant CSF leak caused by dural
puncture. Both disorders are associated with a predominantly low-frequency hearing loss, as was seen
in patients in this study.

The mechanism of hearing loss after spinal anaesthesia has also been attributed to the disruption of
the endolymph /perilymph balance caused by the decrease CSF pressure'’. The perilymph is the
substrate of the inner hair cells and is present in the cochlea, it’s a filtrate of the blood and CSF, and
communicate with the subarachnoid space through the cochlear aqueduct'” ', The CSF dynamics are
important for auditory function of the inner ear. The puncture of the dura membrane results in CSF
leak and a drop in CSF volume and pressure. The reduced subarachnoid pressure is transmitted into
the inner ear via the cochlear aqueduct resulting in a transient reduction of perilymphatic pressure
causing endolymphatic hydrops. This endolymphatic hydrops is associated with hearing loss®*

In addition it is known that there is passive diffusion as well as active transport of ions between the
endolymph and the perilymph. The significant association found between the depressions of the BC
PTA with duration of anaesthesia in this study further suggests that the hearing loss may be evidence
of prolonged CSF leakage. In this study, the involvement of low frequencies may account for the
paucity of self report of hearing loss after operation. The speech frequencies are mainly between
1000Hz and 4000Hz, a range in which there was no significant depression of hearing threshold.

However, there is need for ethical consideration of enlightening the patients. Although such hearing
loss has been found to be transient with duration from 1-5 weeks’"'. Further follow up may be needed
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on this; in addition, we did not consider the number of punctures into dural space before spinal
anaesthesia was established. This could also affect the volume of CSF leakage and possibly changes
in the hearing threshold.

It may also be important for medico legal reasons to obtain informed consent for spinal anaesthesia
considering the high incidence of the hearing loss.

This study did not found significant difference in the post - anaesthesia hearing threshold between
sizes 26G and 27G Quincke needle. This finding suggested that CSF leakage following the use of the
two sizes of needles were comparable. In contrast, other workers have reported that hearing loss was
related to the needle size.'”** Oncela et al"® reported significant difference in the hearing loss between
size 25G and size 22G needle in the post-operative period. The hearing loss observed in the 25 G-
spinal anaesthesia group was significantly (P<0.01) less than that seen in the 22 G group, although
none of the patients had headache after spinal anaesthesia. It was concluded that pure tone audiometry
is a more sensitive indicator of cerebrospinal fluid leakage than post-operative headache.

We conclude that bone conduction hearing loss is prevalent complication of spinal anaesthesia and
duration of anaesthesia was a significant factor. The implications of this study are as follows: Spinal
anesthesia must be performed carefully with measures taken to avoid leakage of CSF. Patients should
be informed about the possibility of hearing loss after spinal anesthesia for medicolegal and ethical
reasons.
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