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Abstract
Background: Aim of study was the evaluation of hearing improvement, quality of life and surgical risks in geriatric patients receiving a cochlear implant.

Material and methods: 78 postlingual deafened patients older than 60 years (yrs) implanted between 2007 and 2012. The cohort was divided into 60-69 yrs (G 1I,
n=35) and >70 yrs (G III, n=43). Subjective improvement in different everyday surroundings was evaluated by APHAB questionnaire. Improvement in quality of
life was assessed by a QoL questionnaire. Preoperative risk factors and perioperative complications were analyzed via retrospective chart review. All subjects were
categorized preoperatively according to ASA-Criteria. Audiological improvement was tested by Freiburger speech test for mono- and bisyllables. Results were
compared to a younger control group aged 40-59 yrs (G I, n=39) having received CI in comparable conditions. 117 patients were included.

Results: According to APHAB questionnaire all groups had a significant increase in perception in everyday surroundings. An improvement in quality of life was
reported in all groups. No increase in surgical complications in the older groups was recorded. Seniors at age 60-69 yrs. do not differ from a younger control. No
difference in speech perception was shown for bisyllabic words in G I, II, and I1I (98%, 65dB). G III showed a lower perception for monosyllabic words (53%, 65dB)
than G I (63%, 65dB) and G II (58%, 65dB).

Conclusion: Geriatric patients over 70 yrs. significantly benefit from cochlear implantation, though outcome in speech perception is marginally inferior to younger

patients.

Introduction

Severe hearing loss often is accompanied by social isolation and a
decrease in quality of life. Cochlear Implantation (CI) is a scientifically
well researched tool for rehabilitation of speech perception [1,2].
Demographic development in the western civilization leads to an
increase of 65+ year olds. Due to this fact the number of patients with
severe hearing loss, in the majority of cases caused by presbycusis, is
rising. Communication inability leads to social isolation, depression
and progressive dementia in geriatric patients [3]. Seniors request age
appropriated quality of life including best possible communication
abilities in public. Consequently there is a higher demand on cochlear
implantation in this population group [4]. On the other hand
performing surgery in older patients often goes along with a higher
risk of complications caused by the procedure itself or anesthesia. Thus
benefit from implantation on the one hand and surgical risk on the
other has to be calculated carefully.

The elderlies’ speech performance after CI is usually highly
satisfactory. However there is a discrepancy in research regarding
performance in old patients compared to a younger control. Some
authors describe no difference in the two groups [5,6] while others
found poorer results in seniors [7,8]. This could be derived from an
inconsistent inclusion age for seniors in each study and a heterogeneous
collective.

This study aims at evaluation of post- and perioperative risks and
improvement in audiological performance in seniors compared to
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younger CI patients. A possible improvement in quality of life caused
by the hearing improvement is assessed by a questionnaire. Seniors
were divided into two subgroups for further specification of age effects
on speech perception. To evaluate subjective benefit in everyday
situations the APHAB questionnaire was used.

Material and methods

This study was performed in accordance with the Declaration of
Helsinki and was approved by the local ethics committee. Retrospective
analysis of patients’ charts as well as prospective evaluation of
questionnaires was included. Informed consent was obtained from
all individual participants included in the study. 117 patients, who
were implanted between 2007 and 2013 and older than 60 years were
included. For a better distinction subjects were divided into one group
aged 60-69 (G II) and one group aged more than 70 years (G III), G II
containing 35 and G III 43 seniors. The duration of profound hearing
impairment averaged 29 yrs. for G IT and 20 yrs. for G III. Preoperative
evaluation showed a profound hearing loss in pure tone audiometry
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and a speech recognition less than 40% at 65dB (Freiburger Speech test)
with optimal fitted hearing aids. Only patients with slow progredient
hearing loss, presbyacusis or acute hearing loss were included. Patients
suffering from a syndrome or a longtime hearing loss without hearing
aid supply were excluded. Control group (G I) included 40-59 year old
subjects fulfilling the same inclusion criteria (Table 1). Patient’ data and
speech perception of the octogenarians were listed separately (Table 2).

For assessment of surgical risks, peri- and postoperative
complications were collected retrospectively. Hematoma, vertigo,
wound infection and partial temporal facial weakness were defined
as complications. All patients were categorized according to the
ASA classification system (9, 10), a validated predictor for peri- and
postoperative complications [11], (Figure 1).

Subjective speech perception in everyday environment with
and without CI was investigated using the Abbreviated Profile of
Hearing Aid Benefit (APHAB) questionnaire. This test contains 24
questions covering ease of communication (EC), speech recognition in
reverberation (RV), background noise (BK) and evasiveness to sound
(AV). Communication problems in different situations are rated from
0 to 100. To evaluate subjective benefit in social relationships, all
subjects received a quality of life questionnaire. This questionnaire was
developed by the authors.

Audiological outcome was tested by Freiburger speech test for
mono- and bisyllabic words and Oldenburger sentence test in quiet
and noise (OLSA) before and up to one year after surgery. This test is
comprised of random lists of words being presented to the subject at
65dB. Only patients with a set of complete audiometrical data from 3,

Table 1. Study cohort.

6 and 12 months after implantation were included. Improvement in
speech perception was tested unilaterally.

Data analysis for speech perception and APHAB questionnaire was
performed with Mann-Whitney-U-Test for comparison of the different
groups and Wilcoxon signed-rank test for the different measurement
points. Statistical significance was accepted at a p<0.05 level.

Results

Complications and surgical risk profile

ASA classification ranged from 1 to 3. Surgical risk for patients
in group IIT was estimated higher than for the other groups. In G III
35% of the patients were rated ASA 3 and 5% ASA 1 while in G II 14%
and in G I 8% were assigned class ASA 3 (Figure 1). In accordance to
ASA classification the incidence of preoperative risk factors like heart
and lung diseases and diabetes mellitus was highest in G III. None of
the patients had to be excluded from surgery due to a high surgical
risk. There were no major complications during surgery or in the
postoperative phase. One patient (G II) suffered from paresthesia of the
right arm and was monitored on the intensive care unit for one night.
He recovered completely within a few days, while an ischemia was
excluded via CT scan. One patient using permanent anticoagulation
suffered a hematoma requiring surgery (G II). Typical complications
after cochlear implantation, for example vertigo, partial facial weakness
or wound infection occurred rarely and equally in all subgroups (Table 1).

APHAB and quality of life questionnaire
Referring to Cox et al. a difference of more than 10% in APHAB

group I group II group III
40-59 yrs 60-69 yrs >70 yrs
characteristics
numbers (n) 39 35 43
mean age (yrs.) (range) 51.3 (43-59) 65.2 (60-69) 74.1 (70-88)
gender male/female (n) 27/12 16/19 20/23
mean length of hospital stay (d) (range) 4.9 (4-7) 5.2 (4-10) 5(4-7)
complications (% (n))
hematoma
- with/without surgical intervention 7.8 (3)/0 572)/29(1) 2.3 (1)/0
vertigo 7.8 (3) 2.9 (1) 6.9 (3)
facial weakness
- immediate/delayed 0/2.6 (1) 0/2.9(1) 0/0
wound infection 0 0 2.3 (1)
risk factors (% (n))
hypertension 25.6 (10) 42.8 (15) 48.8 (21)
coronary artery disease/heart failure 5.1(2) 143 (5) 27.9 (12)
cardiac arrhythmia 512) 572) 25.6 (11)
renal failure 0 0 2.3 (1)
pulmonary disease 12.8 (5) 5.7Q) 16.3 (7)
diabetes mellitus 0 5.7Q2) 9.3 (4)
Table 2. Octogenarians: Patient data and speech perception.
pt. age gender complications FST - 3 mo. FST — 6 mo. FST - 12 mo.
(yrs.) (65dB) (65dB) (65dB)
ms bs ms bs ms bs
1 88 m minor wound-infection 100% 50% 100% 45% 100% 60%
2 80 f none 60% 15% 100% 25% 100 5%
3 84 f none 100% 50% 100% 50% 100 50%
4 86 f none 100% 15% 100% 50% 100 50%

pt.: Patient, m: male, f: female, FST: Freiburger speech test, ms: monosyllabic, bs: bisyllabic
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Figure 1. Distribution of ASA classification, * p< 0,05, *** p<0,01.
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Figure 2. Freiburger speech test (65dB), * p< 0.05, *** p<0.01, not marked: increase of perception preoperative — postoperative highly significant (p< 0.01).

questionnaire correlates to a significant difference within a 95%
interval [12].

Hearing performance with CI was judged by the subjects to be
significantly better than without CI in all subgroups (p<0.05). As
shown in figure 4 communication in a quiet surrounding (EC), in a
surrounding with hall (RV) and with background noise (BN) was
rated significantly (p<0.05) better after implantation in all groups. The
subjects reported more difficulty in understanding with background
noise with CI than in the other scenarios. Aversiveness showed a
significant increase with cochlear implant (p<0.05). Comparing the
subgroups there was no difference between G I and G II with CL. G
III reported more conversational problems in all settings (EC, RV,
BN) than the other groups, being significant for EC and RV (p<0.05).
Aversiveness was judged similarly in all three groups.

Result of quality of life questionnaire was a high satisfaction after
CI implantation. There was no significant difference in the three
groups, even though positive change pertaining to social integration
was highest in patients older than 70 yrs (Table 2).

Audiological outcome

Only patients with complete audiological examinations
preoperatively and 3, 6 and 12 months postoperatively were included.
Preoperatively the majority was not able to reproduce mono- and
bisyllabic words at 65dB with optimized hearing aid. Two subjects
showed a 10% speech perception for bisyllabic words. Speech perception
increased after cochlear implantation for all subgroups significantly.
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All of them showed a further increase after 6 and 12 months. There was
no significant difference between the three groups.

Speech perception one year after implantation for bisyllabic words
was at 98% for all subgroups. Test results improved significantly in all
groups and all measured parameters after implantation (p<0.01, figure
2). In addition G III showed significant improvement comparing
results 3 and 12 months postoperatively (p<0.05). Differences in G I
and G II were not significant.

Speech perception for monosyllabic words one year after
implantation was 63% in G I, 53% in G III and 58% in G I though with
no statistically relevant difference (Figure 2). Postoperatively patients
in G I and II showed a better performance than G III. Comparing
the different measuring points G II showed significant increase of
speech perception at 3, 6 and 12 month (p< 0.01), G III at 3 and 12
month (p<0.01) and G I showed no significant difference. Test results
improved significantly in all groups and all measuring points after
implantation (p<0.01). Due to retrospective data analysis, OLSA was
performed under different conditions as in quiet surrounding or in
noise and with or without additional hearing aid. For that reason only
patients with complete OLSA data set tested unilaterally in noise were
included (G I 75%, G II 76%, G III 72%). No significant difference
between the test results in the different groups was found. Comparing
the different measuring points G I showed no significant difference, G
IT at 3 and 6 (p<0.01) and 3 and 12 month (p<0.05) and G III at 3 and
12 month (p<0.05). All groups showed a significant increase in hearing
performance after implantation (p<0.01).
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Outcome in octogenarians

Our collective comprised four patients older than 80 yrs (Table
3). None suffered from major complications. One patient had a
minor wound infection, that improved after antibiotic treatment (pt.
1). Outcome in speech perception was comparable to the younger
controls in three cases. One patient showed a lower outcome in speech
perception, that is most likely due to mild dementia (pt. 3).

Discussion

The assessment of the perioperative risk according to the ASA
classification showed no difference between G I and G II while G III was
rated at a higher risk. Contrary to expectations all three groups showed
no significant difference in peri- and postoperative complications or
length of hospital stay. This may be due to a more selective indication
for surgery in patients older than 60 yrs. An anesthesiologist checks
up on seniors and patients with known major comorbidities in due
time before surgery, so as to exclude patients with a high surgical risk.
To date, none of the patients suggested for cochlear implantation by
the otorhinolaryngologists was rejected surgery in our clinic. Chen et

Table 3. Quality of life questionnaire.

al. reviewed more than 400 patients older than 60 years for surgical
complications and found no increase compared to younger patients
reported in literature [13].

All groups benefitted significantly from cochlear implantation in
everyday speech perception according to the APHAB questionnaire
and audiological results.

Seniors younger than 70 years showed no difference in speech
perception after CI to the younger control group. This implies that
cochlear implantation for this group can be considered as well as for
younger patients. With regards to speech perception, seniors older
than 70 years seem to benefit marginally less than the younger ones. .

A perception for monosyllabic words of 53% and for bisyllabic
words of 98% at 65 dB HL was achieved by G III, which is a good result
after CI-Implantation. Our results correspond to those of other authors.
Friedland et al. showed a slower learning effect in the older group with
marginally inferior speech perception after one year [7]. Herzog et al.
reported a rather flat learning curve, but attaining the same level of
speech perception as the other groups after one year [5]. Lenarz et al.

group I group II group III
40-59 yrs 60-69 yrs >70 yrs
Did you have less social contact caused by hearing loss?(% (n))
yes 59(23) 100 (35) 88 (38)
1o 41 (16) 0 12 (5)
Do you have increased social contacts after CI implantation? (% (n))
yes 59 (23) 94 (33) 77 (33)
maybe 31(12) 6(2) 14 (6)
no 10 (4) 0 9(4)
How long do you use your CI each day?(% (n))
the whole day 100 (39) 100 (35) 81 (35)
6-8 hours 0 0 19 (8)
less than 6 hours 0 0 0
Do you have to use lip reading? (% (n))
no 15 (6) 43 (15) 42 (18)
sometimes 70 (27) 57 (20) 58 (25)
always 15 (6) 0 0
Do you understand a person that is talking from behind you? (% (n))
mostly yes 39 (15) 54 (19) 38 (16)
sometimes 56 (22) 46 (16) 58 (25)
never 52) 0 52)
Can you use a telephone with your CI? (% (n))
yes 64 (25) 83 (29) 63 (27)
no 36 (14) 17 (6) 37 (16)
How well do you feel integrated into your family and friends after CI implantation? (% (n))
better integrated 62 (24) 83 (29) 81 (35)
less integrated 0 11 (4) 14 (6)
no change 38 (15) 6(2) 52)
How do you describe your participation in social life after CI implantation? (% (n))
more participation 59 (23) 94 (33) 51(22)
less participation 31(12) 0 9(4)
no change 10 (4) 6(2) 40 (17)
Would you make your decision for CI implantation again? (% (n))
yes 95 (37) 94 (33) 81 (35)
maybe 5(2) 6(2) 19 (8)
no 0 0 0
Would you recommend CI implantation for people with severe hearing loss? (% (n))
yes 95 (37) 100 (35) 81 (35)
maybe 5(2) 0 19 (8)
no 0 0 0
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Figure 4. Abbreviated Profile of Hearing Aid Benefit (APHAB) test, * p< 0.05.

found an inferior result in speech perception in a complex hearing test
in a noisy environment for patients over 70 years [14]. These patients
showed similar results to a younger control in hearing tests without
noise. Notably, age itself is not mentioned as a criterion for exclusion
in literature. These results may be caused by lower cognitive skills in
geriatric patients. In combination with comorbidities, e.g. loss in visual
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acuity, light dementia or motor impairments, speech rehabilitation
definitely is more challenging. Furthermore presbyacusis seems
to be caused not only peripherally due to impairment of the inner
ear structures but also by central degeneration that is not impaired
by CI [15]. Especially hearing in a noisy surrounding is affected by
these factors, which is according to our findings in the APHAB test,
the OLSA test and those of Lenarz et al. [14]. According to our QoL
questionnaire, patients older than 70 years showed a higher rate of
auditory deprivation. Francis et al. found a significant poorer gain
in speech perception in CI recipients suffering from deprivation or
depression, which may be a further explanation for the lower outcome
in the elders [16].

All groups had an increase in quality of life after CI implantation.
Expectations pertaining to hearing improvement after CI seem to be
less demanding in elders. Compared to younger patients, quality of life
studies showed a similar improvement despite an inferior outcome in
hearing tests [17]. Several studies found a positive correlation between
hearing loss and dementia. It has to be clarified, whether the use of
hearing aids may reduce the progress of dementia [18,19]. Though it is
well known, that social isolation improves dementia [3,20], a majority
of our CI recipients older than 70 yrs. reports an increase in social
activity after surgery. This leads to the thesis, that CI implantation in
older patients may be protective according to dementia. To strengthen
this theory, further studies are desirable.

Our results imply that rising age itself only has a small impact on risk
factors and development of speech comprehension in people aged 70
years and above. The patients older than 80 yrs. had a similar outcome
in speech perception and complications and were comparable to those
aged 70-79 yrs. Carlson et al. found a low incidence of complications
peri- and postoperative in a large collective of octogenarians. However
they reported an increase of anesthetic complications with increasing
age [6].

Seniors between 60 and 69 years showed similar results to the
younger control, being even slightly superior in postoperative speech
perception. This may be caused by a more strict indication for CI
increasing with the patient’s age. According to our experience, the
elders themselves are also more apprehensive to take a surgical risk.
Patients older than 70 years showed an inferior audiological outcome
compared to the other groups. However speech perception after CI
showed a significant increase with an overall perception of 53% for
monosyllables and 98% for bisyllables - a good postoperative result.
In summary we wouldn’t recommend to impose an age restriction on
cochlear implantation. We suggest an age adapted rehabilitation to
optimize hearing. Many old CI recipients benefit from more frequent
but shorter units of fitting and speech comprehension training, due to a
shorter attention span and a reduced cognitive receptivity. Additionally
the use of new technical features in speech processors as for example
remote assistants with a protruding surface and a smaller selection of
settings might be of great advantage.
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