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Presbycusis, or sensorineural hearing loss in the 
elderly population, affects approximately 40% to 50% 
of people over the age of 75. A variety of devices 
are available to those with hearing loss. Cochlear 
implants, for example, are especially useful for those 
with severe-to-profound hearing loss. The population 
is aging, so the demand for cochlear implantation in 
ambulatory surgery centers will likely increase. 

Ambulatory surgery centers (ASC) can provide 
a more convenient and less expensive location for 

cochlear implant surgery than hospital-based operat-
ing facilities. Patient selection using standard ASC 
criteria, coupled with an understanding of the unique 
surgical and anesthetic needs of cochlear implant 
patients, are key to bringing this once exotic inpatient 
procedure into the ASC.
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P
resbycusis, or age-related sensorineural hear-
ing loss, is a common disorder that affects 
approximately 40% to 50% of people over the 
age of 75.1 The causes generally include accu-
mulated noise exposure; medical conditions 

such as heart disease, vascular disease, and diabetes; some 
medications; otological disorders; and genetic susceptibil-
ity.2,3 Hearing loss is typically bilateral and symmetrical 
and affects the higher range of frequencies first.2 An 
individual with presbycusis will have decreased hearing 
sensitivity and speech understanding, in addition to poor 
sound localization.3 

Quality of life is profoundly affected in those who 
experience hearing loss, in particular, in the elderly 
population. A strong correlation between hearing loss 
and poor physical and mental health has been found.4,5 
The prevalence and severity of hearing loss is expected 
to increase with time due to the common use of personal 
stereo systems and other recreational noises. Fortunately, 
treatment options exist for most patients. Depending on 
the degree of hearing loss, these options include training 
in environmental adaptation, hearing aids, middle-ear 
implants, and cochlear implants.6 Although hearing aids 
and middle-ear devices are beneficial for many, those 
with severe hearing loss gain very little from their use. 
For these patients, cochlear implantation may be offered 
as another alternative.6

A cochlear implant (CI) (Figure 1) is an electrical 
device that is surgically implanted to provide sound 
for patients with profound hearing loss. Its goal is to 
improve hearing, but unlike a hearing aid, which ampli-
fies sound, the CI bypasses the damaged portion of the 
ear and directly stimulates the auditory nerve by way of 
an electrical impulse (Figure 2).7 Normal hearing is not 

fully restored by a CI, but the representation of sound 
that it provides is adequate for the patient to understand 
speech and environmental sounds. Studies have shown 
significant improvements in quality of life for postlingual 
deafness CI recipients.8,9

As of December 2010, approximately 219,000 people 
have received cochlear implants throughout the world 
according to the US Food and Drug Administration 
(FDA). In the United States, approximately 42,600 adults 
and 28,400 children have received the device.7 

History of the Cochlear Implant
In November 1984, the FDA formally approved the first 
commercial cochlear implant; however, research on the 
device had been going on since the 1950s. Despite the 
recent advent of the CI, the concept of electrical stimu-
lation to the auditory nerve to produce sound began in 

Figure 1.  Cochlear Implant
(a) Implant inserted during a surgical procedure. (b) External sound 
processor worn over the ear.
(Reprinted with permission from Med El Corporation.)
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1790 with an Italian physicist by the name of Alessandro 
Volta. During one of his experiments, he placed a metal 
rod in each of his own ears and then exposed the rods to 
50 V of electricity. He reported the sense of a blow to the 
head followed by the sound of thick soup boiling. Despite 
sporadic attempts to further understand the relationship 
between sound and electricity over the next 150 years, 
enthusiasm for developing a cure for the deaf waned.10

The 1930s saw a resurgence of interest when it was 
discovered that the middle ear could act as a transducer, 
and that direct auditory nerve stimulation could produce 
crude sound. In 1957, André Djourno and Charles Eyriès 
performed what many consider the first cochlear implant 
on a 57-year-old man with bilateral cholesteatoma and 
deafness. Afterward, the patient reported being able to 
hear simple words and sounds.11 

Over the next 20 years, various researchers worked 

on refining the electronic components of the CI. In the 
1960s, the auditory components were proving successful 
but issues with biocompatibility of the implants were 
causing problems of rejection. In the early 1970s, Dr 
William House collaborated with engineer Jack Urban 
of 3M to make the cochlear implant a reality. Between 
1972 and the mid-1980s, 1,000 patients received CIs. By 
the late 1980s CIs were perfected to the point of offering 
great benefit to the patient with minimal risk.10 Advances 
in the electrodes and speech processors in the CI have 
continued to improve. 

Until recently, CIs were considered exotic, niche 
medical devices. They were typically implanted in large 
academic medical centers. Now, otologic surgeons in 
private practice are turning to ambulatory surgery centers 
(ASC) as venues for implantation. Their reasons mirror 
those of other surgical fields: cost and convenience. 

Figure 2.  Surgically Implanted Cochlear Implant
Sound is picked up by an external auditory processor (a) that processes the signal to a signal that is sent to a coil (b) that transmits a 
radiofrequency through the skin to the implant (c) that sends electrical pulses to an electrode array (d) in the cochlea where the auditory 
nerve (e) picks up these signals and delivers them to the auditory centers of the brain. 
(Reprinted with permission from Med El Corporation.)
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According to the Ambulatory Surgery Center Association, 
patients can expect to save up to 61% by having surgery in 
an ASC vs in a hospital.12 This article reviews a case that 
was performed in a rural ASC with specific considerations 
relevant to anesthetists.

Case Summary
Mr E is a 76-year-old who had been followed in the 
hearing and balance clinic for gradual onset of hearing 
loss over the past few years. He had been fitted with 
hearing aids but did not believe he gained much benefit 
from them. He had a history of industrial noise exposure 
as a farmer and had served in the US Army artillery in 
the 1950s. Mr E was experiencing increasingly reduced 
speech discrimination. After a thorough discussion with 
his otologist, both the surgeon and the patient decided to 
perform a left CI in the ASC.

On the morning of surgery, Mr E arrived at the ASC 
in good spirits. A history and physical findings revealed 
a healthy, well-nourished appearing man with a body 
mass index of 25. He reported a history of mild gastro-
esophageal reflux disease, which was controlled with 
medication and diet. Back pain and hypothyroidism were 
also reported. He denied any other medical conditions. 
Surgical history consisted of 2 separate back surgeries 
and cystoscopy for kidney stones. Previous anesthetic 
complications were denied. Current medications and 
supplements included sertraline, levothyroxine, omepra-
zole, simvastatin, vitamin D, and fish oil. There was no 
history of drug allergies. A recent electrocardiogram and 
chest radiograph, which were obtained during a routine 
physical by the patient’s primary care physician, were 
normal. A complete bloodcell count and chemistry values 
were also normal. His vital signs were blood pressure, 
145/71 mm Hg; heart rate, 64/min; respiratory rate, 16/
min; Spo2, 97%; and temperature, 36.9°C (by mouth). 
The patient was classified as ASA physical status II. 
Airway assessment revealed an airway of Mallampati 
class II with limited cervical range of motion and teeth 
that appeared normal. 

Mr E held all routine medications on the morning of 
surgery and reported that he had nothing by mouth for 
more than 8 hours. On arrival to the ASC, the patient 
was administered, by mouth, famotidine (20 mg), ace-
taminophen (1,000 mg), diphenhydramine (25 mg), and 
ondansetron (4 mg). A 20-gauge intravenous catheter 
(IV) with an infusion of lactated Ringer’s solution was 
started. Cefazolin IV (1 g) was administered for antibiotic 
prophylaxis.

The patient was escorted to the operating room 
where blood pressure, electrocardiogram, and pulse 
oximeter monitors were placed. Vital signs remained 
stable and consistent with preoperative admission values. 
Preoxygenation with 100% oxygen by face mask was ini-
tiated. A slow induction of fentanyl (100 µg), rocuroni-

um (10 mg), lidocaine (20 mg), propofol (100 mg), and 
succinylcholine (80 mg) was performed. Mr E’s eyes were 
taped shut to protect them from injury. Ability to mask 
ventilate the patient was determined, followed by an un-
eventful oral intubation of the trachea using a Miller No. 
3 laryngoscope and an 8.0-mm standard endotracheal 
tube. After proper placement was confirmed, the ventila-
tor was turned on and desflurane was given and titrated 
to effect on vital signs. 

Succinylcholine recovery was confirmed by nerve 
stimulation and rocuronium (10 mg) was then given. 
This additional dose of rocuronium is often given after 
recovery of the succinylcholine to allow time for prep-
ping, draping, and positioning. Very little stimulation is 
being provided during this time, and it is often challeng-
ing to maintain a level of anesthesia that allows for both 
hemodynamic stability and absence of movement. 

The bed was turned 180° and positioned with the 
patient’s head rotated to the right to achieve good surgi-
cal exposure. The patient’s arms were tucked, all lines 
and monitors were oriented toward the anesthetist for 
access, and the patient’s pressure points carefully checked. 
Electrophysiologic facial nerve monitoring was initiated, 
tested, and used throughout the operation. For hemosta-
sis, the surgeon injected 5 mL of lidocaine with 2% epi-
nephrine to the postauricular surgical site, well away from 
the facial nerve. The patient was then prepped and draped.

At one point during the preparations for incision, and 
after intubation, the patient had a decrease in heart rate 
and blood pressure of approximately 20%. Atropine (0.5 
mg) was given with a subsequent return of vital signs to 
baseline. Immediately after skin incision, neuromuscular 
blockade recovery from rocuronium was confirmed by 
use of a peripheral nerve stimulator. The patient demon-
strated > 75% reversal (4/4 train-of-four) and sustained 
tetany of the adductor pollicis muscle. An anticholines-
terase agent was not administered because of the clinical 
findings of the peripheral nerve stimulation. 

The surgery proceeded without incident and lasted 2 
hours and 30 minutes. On its completion, the desflurane 
and ventilator were turned off, 100% oxygen was admin-
istered, and the patient emerged from anesthesia. Blood 
loss was less than 50 mL with a total of 900 mL of fluids 
given intraoperatively. Mr E was extubated in the operat-
ing room once adequate spontaneous respirations were 
achieved. The patient was then transferred to the postan-
esthesia care unit where he spent approximately 1 hour. 
During this time, his only complaint was of mild pain to 
the surgical site. Ketorolac (30 mg) was administered in-
travenously and subsequent relief of pain reported. This 
nonsteroidal anti-inflammatory drug was given as a first 
choice to minimize the need for narcotics. Once facial 
nerve integrity was confirmed, and standard discharge 
criteria were met, he was discharged home with his wife 
and postoperative instructions.
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Mr E’s recovery was uneventful and included some 
expected mild pain and dizziness that resolved in a week. 
He experienced a mild case of external otitis 2 weeks after 
surgery that was treated in the clinic with topical anti-
biotics. The CI was programmed 1 month after surgery. 
As of the last contact, Mr E reported satisfaction with the 
CI and his surgical course. 

Discussion
As our population continues to age, the demand for CI 
surgery is expected to rise. Because of the increasing 
demand for improved healthcare economics, it is rea-
sonable to expect that CIs will become a commonplace 
ambulatory surgical procedure. For the patient to achieve 
the best outcome, certain anesthetic considerations must 
be taken into account.

The surgical risks of CI surgery are similar to those 
found in middle ear and mastoid surgery. These include 
infection, bleeding, dural injury, and facial nerve damage. 
Most CI surgeons use prophylactic antibiotics that 
should be given intravenously before the first incision. 
Bleeding is usually minor unless the sigmoid sinus is 
injured, in which case there is a risk of air embolism 
and sudden right-sided heart failure. Treatment of air 
embolism includes immediate occlusion of the venous 
bleeding with pressure or saline, turning the patient 
on the left side, aspirating the embolus, administer-
ing 100% oxygen, discontinuing nitrous oxide, placing 
the patient in Trendelenburg position, and providing 
cardiac support as necessary.13 The high-speed mastoid 
drill can injure the dura resulting in a cerebrospinal 
fluid (CSF) leak. Lowering CSF pressure by hyperven-
tilating the patient to an etco2 of 27 to 29 mm Hg can 
assist the surgeon in repairing the defect with tissue and 
bone wax. Administration of mannitol and placement 
in the reverse Trendelenburg position may be also be 
considered.14 Risk of facial nerve injury is minimized 
by using electromyographic neuromonitoring during 
surgery. Neuromuscular blockers and local anesthetics 
may interfere with transmission of signals and should 
therefore be allowed to wear off before the mastoidec-
tomy part of the operation.15 Most otologists use a com-
bination of lidocaine and epinephrine to infiltrate the 
surgical field to provide some initial local anesthesia and 
hemostasis. Although the area around the facial nerve is 
not intentionally blocked, sometimes there can be infil-
tration of the middle ear mucosa with temporary facial 
neurapraxia. However, the lidocaine effect has usually 
worn off by the time the surgeon is drilling near the facial 
nerve. If anesthetic technique demands that neuromus-
cular blockade be maintained, it is imperative that this be 
communicated to the surgeon. 

Selection of the elderly CI patient must be consistent 
with that of any other ambulatory surgical procedure 
planned. Age alone is not useful as exclusion criteria for 

ambulatory surgery. A thorough history and physical ex-
amination with investigation into age-related comorbidi-
ties must be completed. In particular, cardiac and pul-
monary status must be assessed. Patients who are poorly 
managed and at high risk of perioperative complications 
should have surgery in an inpatient setting. Moreover, 
consideration of a social support system is necessary.16 
Many older patients live alone, and the availability of ap-
propriate caregivers during recovery should be planned 
in advance. 

Although CI surgery has been performed under local 
with monitored anesthesia care,17,18 as a rule, general 
endotracheal anesthesia is the preferred anesthetic. The 
surgery is performed largely under microscope visualiza-
tion. Therefore, movement of the patient adds risk of 
injury to middle ear structures during surgery. In ad-
dition, the preparation, draping, and surgical time can 
often be well over 1 hour. An elderly patient’s ability 
to lie still for such an extended period of time may be 
limited. 

Preoperative preparation may include the adminis-
tration of a broad-spectrum antibiotic to help reduce 
the chance of wound infection.19,20 A multifactorial 
approach to prophylaxis for postoperative nausea and 
vomiting should also be taken. Drugs to consider include 
famotidine, ondansetron, diphenhydramine, and trans-
dermal scopolamine depending on the patient’s history. 
If transdermal scopolamine is used, caregivers should 
be instructed on signs and symptoms of overdose such 
as confusion, blurred vision, and dry mouth. Although 
Innis and Anderson21 found otolaryngologic surgeries to 
have low risk of deep vein thrombosis, use of pneumatic 
compression stockings and mechanical compression 
devices, along with early postoperative ambulation, are 
still recommended for the low-to-moderate risk patient. 

Generally speaking, it can be expected that the patient 
will be turned 180° away from the anesthesia machine, 
although this depends on surgeon preference and room 
configuration. An extension circuit will be necessary 
and placement of patient monitors and IV lines should 
be preplanned to allow for access. Careful attention to 
positioning and protection of pressure points is vital. 
Although the patient is placed in a supine position, the 
head is turned severely to the side to allow adequate sur-
gical exposure. This rotation of the head introduces risks 
to include endotracheal tube displacement,22 increased 
intracranial pressure,23 and potential nerve or spinal in-
juries.24 A thorough preoperative assessment of cervical 
range of motion can be useful in determining a safe range 
of positioning. Collaboration with the surgeon is espe-
cially important in preventing injury while still achieving 
optimal surgical exposure. Reassessment of endotracheal 
tube placement after positioning is recommended as well.

Challenges of CI surgery in the elderly population are 
presented during positioning, prepping, and draping. 
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During this time period the patient is not being stimulat-
ed, and therefore poses the risk of hypotension secondary 
to an anesthetic that is sufficient to prevent movement. 
Small doses of short-acting neuromuscular blockers 
may be given but may need to be reversed after surgical 
stimulation has begun. Another option is to support he-
modynamics with the use of a sympathomimetic such as 
ephedrine or phenylephrine. 

Opioid requirements are generally low during and 
after implantation. Small doses of fentanyl or other 
opioids to maintain comfort is recommended.

Emergence and extubation from anesthesia should 
focus on standard parameters of adequate ability to 
regain and maintain spontaneous breathing. The anesthe-
tist must keep in mind that the patient is deaf and will 
not be able to respond to verbal commands. Even though 
the CI has been placed, it will not be programmed for 
another month. 

Standard monitoring and assessment of the patient’s 
condition should be initiated in the postanesthesia care 
unit, with special attention to complaints of dizziness and 
nausea. Caregivers should be advised of the increased 
risk of falls due to dizziness,25 as well as the potential for 
postoperative delirium and cognitive dysfunction.26

Conclusion
As the size of the elderly population increases and as 
noise pollution continues to be present, a greater number 
of people will be candidates for CI. Ambulatory surgery 
settings can be viable venues for CI surgery, thus helping 
to contain costs and allow greater convenience than hos-
pital-based centers. With careful patient selection and an 
awareness of the unique anesthetic considerations for CI 
surgery, ASCs can provide a safe and convenient environ-
ment for CI patients. 
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