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ABSTRACT

Objectives: This retrospective study evaluated the hearingdenepatients with beta Thalassemia major (TM).

Material and Methods: Study group was consisted of 9 patients with TMeytvere on a regular transfusion-chelation progogm
desferrioxamine (DFO(Desferal). Control group consisted of 9 healthy subjectshk study group, hemoglobin (Hb); ferritin; toti@nsfusion
count (TTC), transfusion per year (TY) and durafiam the last transfusion (DLT) values were ob¢dinSubjects were evaluated by pure tone
(PTA) (0.25-8.0 kHz) and high frequency audiomstiidFA) (8.0-16.0 kHz).

Results: Mixed type (11.1%) and conductive type (5.5%) egiosses were present in the study groBpA and HFA results we
not different between the study and control groupsolder patients, hearing tssholds were more decreased. In the longer |
patients, the severeness of the disease may behasshe othersMale gender; higher Hb, DFO, TY and DLT values cadgcreas:
and higher serum ferritin levels and higher TTC smuncrease in hearing threshold3FO binds excess iron and prevents
intoxication.

Conclusion: If iron-storage secondary to the transfusions @efesed by using DFO, ear toxicity gets lower. Ehggients should be followed
regular audiologic evaluation to recognize and pnéwearing impairment.
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OZET

Amag: Bu retrospektif camabeta Talasemi major (TM) olan hastalagitanie seviyelerini dgerlendirmektedir.

Yoéntem ve Geregler: Calisma gruby TM olan 9 hastadan ajmustur. Bu hastalar desferrioxamine (DFO) (Desf&rdle diizenli transfiizyon-
selasyon programindadir. Kontrol grup $lsidi kisiden olysmustur. Calsma grubunddaemoglobin (Hb); ferritin; total transfizyon say(3iTS).
bir yildaki transfiizyon sayisi (TS) ve son trangfiman sonraki siire (STSS)gaeleri elde edilmitir. Kisiler saf ses (SSO) (0.25-8.0 kHzy
yuksek frekans odyometrileri (YFO) (8.0-16.0 kHe) deserlendirilmistir.

Bulgular: Calisma grubundaki kulaklarin %11.1'inde mikst tip ve %Bde iletim tipi sitme kayiplari mevcuttur. Cama ve kontrol guplar
arasinda SSO ve YFO sonugclarl bakdan fark yoktur. Daha yh olan hastalardagitime sikleri daha dgik olarak bulunmgtur. Daha uzu
yasayan hastalarda, hastah siddeti digerlerine gore daha az olabilmektedir. Erkek cirtsigaha yiksek Hb, DFO, TS ve STSS$ehi, isitme
esiklerinde dgmeye; ve daha yiiksek serum ferritin seviyeleri abalyiiksek TTSsitme giklerinde yiukselmeye sebep olgtur. DFO fazli
demiri baslayarak, demir toksisitesini dnlemektedir.

Sonuglar: Eger transfiizyonlara sekonder demir deposu DFO kildleak alirsa, kulak toksisitesi azalir. TM olan hastalar isitme azlgini
saptamak; ve dnlemek i¢in, diizenli odyolojilgedendirme gereklidir.

Anahtar S6zcukler
Beta Talasemi Major (TM)sitme kaybi, yuksek frekans odyometrisi, desferriora (DFO)
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INTRODUCTION Subjects

Study group was consisted of 9 patients (5 male, 4
he thalassemias are inherited disorders of hemoglofemale) with beta thalassemia major and 18 ears of
bin (Hb) synthesis. Thalassemia major occurs in thethem. All patients were on a regular transfusion-

offspring of 2 heterozygote beta thalassemia pardifte  chelation program maintaining a mean hemoglobiellev

gene that produces the beta-globin chain normelynd  of 11.58 gr/dL. Subjects were receiving desferriniee

in hemoglobin (Hb) A is absent or diminished. Tleads  (DFO) chelation treatment with a mean daily dose of
to a compensatory increase of Hb F (alpha-gamma Hb}0.55 mg/kg. In laboratory investigation hemoglobin
and Hb A2 (alpha-delta Hb). The result is a losb&th  (gr/dL) and serum ferritin levels (micrograms/L) rere

globin and the formation of fetal and A2 type Hb. investigated. Their mean age was 223 (Range 21.0

If the chronic anemia in these patients is cordecte t0 30.0 years).
with regular blood transfusions, the severe exmanef Control group consisted of 9 healthy patients and
the ineffective marrow is reversed. However, byndoi  hospital staff members (5 male, 4 female) who ditl n
so, another source of iron is added, which, togetii have Cooley’s anemia and 18 ears of them. Theinmea

the excessive iron absorption normally presentuchs  age was 24£2.6 (Range 19.0 to 28.0 years).
cases, leads to a state of iron overload. In ingrload

conditions, it accumulates in various organs, agthe
heart, endocrine glands, and liver, resulting in
significant damage to these organs.

There were not acute ear infection, acoustic trauma
or head trauma in patients of study and controlgso
In the study group, two patients (3 ears), thereewe
sequel of the otitis media. In the study groupaltot
Desferrioxamine (DFO)s a chelating agent and  transfusion count (TTC), transfusion per year (B¥ig

used in the management of severe iron intoxictioh  guration from the last transfusion (DLT) values ever
permits the mobilization and excretion of signifita  5is0 obtained.

amounts of iron and, when administered over a

prolonged period, can prevent or retard the devety Method

of chronic iron toxicity The success of chelation Audiologic evaluation of all subjects in the study
therapy in controlling iron overload in patientsthwi ~and control groups were performed by pure tone
thalassemia major is highly variable and may partly audiometry (PTA) (0.25-8.0 kHz), high frequency

depend on the rate of transfusional iron loading. audiometry (HFA) (8.0-16.0 kHz) and impedance
It was reported that with the improved life audiometry. AC-40 Interacoustics Clinical Audiomete
P P and TDH-39 P C6 3918 Telephonics 296D 000-1 ear

expectancy of beta-thalassemia major patients, new _ .
o . phone; and Interacoustics Impedance Audiometer were
clinical problems, such as hearing loss, must be

evaluated. To determine the incidence of sensareu used. Audiological examination results were evadat

hearing loss and its relationship to DFO treat according to American National Standards Institute

important issues on this subjéct. (ANSI'1?6?) standardi%. o
In the present study, we investigated the Statistical analysis: Statistical packet for SPSS

audiological disturbances in patients with TM (Version 10.0) was used for statistical evaluatibhe
comparing with healthy controls. Hearing evaluation d|ﬁgrencg between age and each of 0.25-16.0 kHz of
was performed by pure tone audiometry (0.25-8.0)kHz audiological tests of the study and control growgse

and high frequency audiometry (8.0-16.0 kHz); and analyzed by "Mann Whitney U Test". For the study

effects of age, gender, hemoglobin, serum fertitiel, ~ 9roup, effects of age, gender, hemoglobin, ferritin
DFO treatment, total transfusion count (TTC), desferrioxamine, TTC, TY and DLT on hearing

transfusion per year (TY) and duration from thet las thresholds were analyzed by “Linear Regression

transfusion (DLT) values on hearing thresholds. Analysis”.
MATERIALS AND METHOD RESULTS
This retrospective study was planned and In the study group, hemoglobin, serum ferritin

continued according to the principles outlined il t  |evels, dose of the DFO treatment, TTC, TY and DLT
Declaration of Helsinkf. values were shown on Table 1. In the study group,
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Table 1. Hemoglobin, ferritin, DFO, TTC, TY and DLT valuestbie study group.*

Study Group

Mean Standard Deviation Minimum Maximum
Hemoglobin (gr/dL) 11.58 1.21 10.20 13.50
Ferritin (microgram/L) 5094.11 4704.99 1344.00 16691.00
Desferrioxamine (mg/kg) 40.55 4.44 31.00 47.00
Total Transfusion 538.88 69.08 400.00 638.00
Transfusion per year 27.22 5.24 16.00 34.00
Duration from the last transfusion (Day) 51.55 119.33 0.00 378.00

*DFO: Desferrioxamine, TTC: Total transfusion cquRY: Transfusion per year, DLT: Duration from tlast transfusion

mixed type hearing loss was present in 2/18 (11.4P6)
the ears (one of them was mild and one of them w
very mild); and very mild conductive type hearimugd

was present in 1/18 (5.5%) of the ears at pure toned Tréalassemla_ mzj\aj\or 'rS] characterized by tfrfiljr.\sfgg(r)]n-d
audiometry in patients with otitis sequel; and egr ependent anemia. Another consequence of diminishe

loss was present in 3/18 (16.6%) of the ears ah hig betg—chain production is the formatioln of expeghal
frequency audiometry. Pure tone and high frequencychalns that form tetramers and inclusion bodiesbse

audiometry results of the study and control growpse they are less soluble than pormal Hb: These inmtusi
demonstrated on Table 2. bodies are lethal to developing erythroid preciwgsord

_ are responsible for most of the severe clinicaa# of
The difference between ages of study and controlhaiassemid.

groups was analyzed by “Mann Whitney U Test”. No
statistically significant difference was found (p£69).

DISCUSSION
as

There are lots of studies about the audiological
evaluation in patients with TM. High frequency
At pure tone and high frequency audiometries, the sensorineural hearing loss (SNL3light sensorineural
differences between each of 0.25-16.0 kHz were yeficit (</=35 dB HL) with high frequency lossesdaa
analyzed by “Mann Whitney U Test". The differences mogerate deficit (between 35 and 75 dB HL) without
were not statistically significant (p>0.05) (SeeTable  association between age, ferritin level, therapeatiex
2). (DFO/serum Ferritin) and hearing 18ssensorineural
For the study group, effects of age, gender, hemog-hypoacusia with higher "Therapeutic ind&xstifiness
lobin, ferritin, desferrioxamine, TTC, TY and DLTho in the middle ear sound transmission system with
hearing thresholds were analyzed by “Linear Regwass conductive or mixed type of hearing 108 were
Analysis”. As the age increased, hearing threshalds reported.
PTA and HFA decreased (Significant at 0.25 and 14.0 In the present studyhearing loss was present in

kHz). For males, hearing thresholds were shown moreg;qg (16.6%) of the ears at pure tone audiometdyian
decrease at HFA (Significant at 8.0 and 12.5 kiAx). 3/18 (16.6%) of the ears at high frequency audioynet
serum ferritin levels increased, hearing threshalds ¢ ipe study group. The differences between PTA and
HFA increased at 8.0 and 16.0 kHz. As hemoglobin yEa results of the study and control groups weré no
levels increased, hearing thresholds at PTA and HFAstatisticaIIy significant. For the study group, esffs of
decreased. As DFO doses increased, hearing thdsshol age, gender, hemoglobin, ferritin, desferrioxamine,
at PTA and HFA decreased (Significant at 0.25, 10.077C, TY and DLT on hearing thresholds were analyzed
and 14.0 kHz). As TTC increased, hearing threshatds by “Linear Regression Analysis™:

PTA and HFA increased (Significant at 0.25, 0.9, 2.
14.0 and 16.0 kHz). As TY increased, hearing
thresholds at PTA and HFA decreased (Significant at
0.25 and 14.0 kHz). As DLT increased, hearing
thresholds at PTA and HFA decreased (Significant at
0.25, 8.0 and 14.0 kHz) (See on Table 3).

1. As the age increased, hearing thresholds at PTA
and HFA decreased. Patients with TM have a shiert li
expectancy. It is unusual for a patient with thesmo
severe form of the disease to survive into adulihbo
Therefore, the patients who could live longer, the
severeness of the disease may be less than ths.othe
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Table 2. Pure tone and high frequency audiometry resulte@btudy and control groups.

Study (n=18) Control (n=18)
Results Mean  St.Dev Min Max Mean St.Dev Min Max pP*
Age 23.27 2.84 21.00 30.00 24.00 2.61 19.00 28.00 0.169
Pure Tone
Audiometry
Frequencies
0.25 kHz 19.72 14.19 5.00 55.00 13.33 8.40 0.00 25.00 0.247
0.5 kHz 14.72 14.08 5.00 55.00 9.44 8.02 -5.00 20.00 0.436
3.0 kHz 9.16 9.58 0.00 35.00 6.94 5.97 -5.00 15.00 0.974
4.0 kHz 6.66 5.14 0.00 20.00 4.16 5.21 -5.00 15.00 0.169
5.0 kHz 5.83 4.92 0.00 15.00 5.55 6.15 -5.00 20.00 0.805
6.0 kHz 13.05 8.93 0.00 35.00 7.77 5.74 0.00 20.00 0.061
8.0 kHz 10.83 9.27 0.00 30.00 6.94 6.21 -5.00 20.00 0.315
High
Frequency
Audiometry
Frequencies
10.0 kHz 8.88 10.50 0.00 35.00 3.05 5.72 -10.00 15.00 0.134
12.5 kHz 14.44 17.14 -5.00 60.00 4.44 8.02 -10.00 20.00 0.057
14.0 kHz 12.77 21.08 -5.00 65.00 4.44 9.53 -15.00 25.00 0.583
16.0 kHz 22.77 24.92 0.00 65.00 12.77 17.75 -15.00 40.00 0.445

*. p values of Mann Whitney U Test
St. Dev: Standard Deviation

Table 3. Linear Regression Analysis results about effectagaf, gender, hemoglobin, ferritin, desferrioxamifieC, TY and DLT
on hearing thresholds of the study group*

Duration from the

Ferritin Desferrioxamine Total Transfusion  Transfusion per  last transfusion
Hearing Age Gender Hemoglobin (gr/dL) (micrograms/L) (mg/kg) Count year (Day)
Thresholds p Beta p Beta p Beta p Beta p Beta p Beta p Beta p Beta
0.25 kHz 0.016 -1.542 0.203 -0.371  0.072 -0.882  0.104 -0.821  0.016 -0.847  0.007  3.012 0.019  -3.059 0.019 -1.255
0.5 kHz 0.062 -1219 0.326 -0.307  0.245 -0590  0.378 -0459  0.094 -0589  0.025 2576 0.086 -2.251 0.064 -1.021

1.0 kHz 0.405 -0.624 0.983 0.008 0.541 -0.375  1.000 0.000 0.301 -0430 0178  1.745 0475 -1.084 0282 -0.689
20 kHz 0.107 -1.159 0.920 0.034 0.143 -0.859  0.123 -0.954  0.263 -0425  0.029 2.803 0.056 -2897 0.108 -0.974
40 kHz 0.590 0.408 0.203 -0.517  0.483 0.443 0.283 -0.721  0.852 0.077 0781 0349 0941 0114 0656 -0.283

6.0 kHz 0.154  -1.028 0.242 -0426  0.850 0.107 0.379 -0.529  0.876 -0.068 0171 1.639 0.244 -1674 0214 -0.744
8.0 kHz 0.148 0-564 0.002 -0.786  0.354 -0.288  0.725 0.112 0.634 -0.096  0.097  1.100 0325 -0.755 0.038 -0.729
10.0 kHz 0.309 -0.714 0.146 -0.543  0.556 -0.335  0.253 -0.700  0.031 -0.927 0373  1.035 0318  -1424 0.095 -1.040
12.5kHz 0.249 -0.758 0.047 -0.730  0.837 0.108 0.240 -0.670  0.268 -0.398 0251  1.257 0335 -1274 0373 -0485
14.0 kHz 0.023 -1.275 0.126 -0407  0.354 -0.378  0.164 -0.613  0.033 -0.645  0.016 2318 0.047 -2195 0.015 -1.179
16.0 kHz 0.169 -0.681 0.612 -0.124  0.704 -0.148  0.578 0.228 0.691 -0.103  0.029  1.981 0272  -1.086 0.194  -0.540

*TTC: Total transfusion count, TY: Transfusion per year, DLT: Duration from the last transfusion

2. For males, hearing thresholds were shown more 4. As serum ferritin levels increased, hearing
decrease at HFA. Easy sportive activities are pedd thresholds on HFA increased. Ferritin is a majonir
more in males and this matter may cause to incriease storage protein in living organisms. Higher ferriti
the metabolic rate which may decrease the iroragtor levels shows that the amount of iron storage irsgda

3. As hemoglobin levels increased, hearing and the toxic effects of the iron to the ear afswaased.

thresholds at PTA and HFA decreased. When hemoglo- 5. As DFO doses increased, hearing thresholds at
bin levels increased by transfusions, formatiomxafess PTA and HFA decreased. As the DFO-iron chelating
alpha chains that form tetramers and inclusion égdi  agent- doses increased, it adheres to the irontfzend
less soluble than normal Hb-decreased. iron storage decreased. This result may show tiat t
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cause of the ear toxicity is not only DFO itseldit fron mg/kg/day, and whose serum ferritin levels of 185 t
storage and total iron amount. When iron storage 17,775 micrograms/L reflected a wide range of iron
increased, the ear toxicities on pure tones andh hig stores to determine the frequency of eye and awdito
frequencies increased. complications and their relationship to drug dosagé

6. As TTC increased, hearing thresholds at PTA iron stores. Patients with audiologic abnormalitibg
and HFA increased. Higher TTC shows the disease"°t receive higher doses of deferoxamine and did no
going on more years. In these patients, there wene have lower serum ferritin levels than patients with

iron-storages. Therefore, more ear toxicity wagded. ~ Such abnormalities.  They concluded that ear
abnormalities  during  chelation therapy  with

7. As TY increased, hearing thresholds at PTA and deferoxamine may not occur uniformly at as high a

HFA decreased. When more transfusions Werefrequency as previously reported, even in patierits

performed_ during the. last year, Hb increased. Less g oiye large doses of the chelating agent or wihee h
alpha-chain and less inclusion bodies cause lesser only modest amounts of excessive iron.

toxicities.

8. As DLT increased, hearing thresholds at PTA
and HFA decreased. As the time after the last
transfusion gets longer, the need of the frequent
transfusion gets lesser. Iron-storage secondarthéo
transfusion also decreases.

In the present study, our results shows that older
age; male gender; higher Hb, DFO, TY and DLT values
cause decrease in hearing thresholds and better
audiometric results. Higher serum ferritin leveds)d
higher TTC cause increase in hearing thresholds and
worse audiometric results. Since in iron overload

Deferoxamine is a chelating agent that has conditions, such as severe thalassemia, the traimsfe
extended the life expectancy of patients with becomes saturated, and free iron is found in thenph.
thalassemia. In the 1980s, many investigators tegor This iron is harmful since it provides the matefal the
otologic toxicity caused by deferoxamiieChen SH, et production of hydroxyl radicals and additionally
al.* reported deferoxamine-related hearing impairmentaccumulates in various organd.These findings
(>25 dB), all at high frequencies of audiologic demonstrate that the most important factors reladed
assessments. Two years later, the hearing impairmenhearing impairment in TM patients were higher antoun
had not progressed in any of the patients. Thesenwa  of iron-storage secondary to the transfusions; #nd
association between ototoxicity and ferritin levehey iron-storage secondary to the transfusions is dse
concluded that Deferoxamine at doses lower than 50by using DFO, the degree of ear toxicity in pasenith
mg/kg/d was slightly toxic to the ears. The ototityi TM gets lower.
probably relates to individual susceptibility. Ré&gu
monitoring of auditory function and close follow-uyb
abnormal findings are recommended.

Since there is a risk of ear toxicity at pure tones
and high frequencies in patients with thalassenagpm
regular audiologic evaluation is imperative in @M

Cohen A, et al” studied 52 regularly transfused patients so that early changes may be recognizdd an
patients receiving deferoxamine by subcutaneous ortreatment may be judiciously adjusted in order to
intravenous infusion in doses from 26 to 136 prevent or reverse hearing impairment.
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