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come of hearing loss in NICU graduates.

15 infants with abnormal ABR at 88 *
or normalization of threshold sensitivity.

Auditory brainstem response (ABR) results in NICU graduates
Hee-Joung Choi, M.D., Tae-ho Lee, M.D., Ki-Won Oh, M.D. and Heng-Mi Kim, M.D.

Department of Pediatrics, College of Medicine, Kyungpook National University, Daegu, Korea

Purpose : Hearing loss is one of the most common birth defects, and early detection and intervention
positively impact language/speech and cognitive development. It has been reported that NICU graduates
have a high incidence of hearing loss. So we investigated the incidence, risk factors and clinical out-

Methods : This study involved neonatal auditory brainstem response (ABR) testing of newborn in-
fants who graduated from the NICU of Kyungpook National University Hospital during a 3-year period
(between July 2002 and June 2005) and subsequent follow-up of these infants.

Results : ABR evaluations were performed on 474 infants. Of these infants, 64 showed abnormal
ABR (135 percent). Of 128 ears from these 64 infants, two ears (1.6 percent) and 10 ears (7.8 percent)
were classified as severe and profound hearing loss, respectively. The infants with abnormal ABR
had higher incidence of prematurity, low birth weight, very low birth weight, neonatal asphyxia,
cranio—facial malformation and amikacin treatment over 15 days (P<0.05). In infants with hyperbili-
rubinemia, the peak level of serum bilirubin, duration of phototherapy and exchange transfusion were
not associated with the higher incidence of hearing loss. Follow-up ABR evaluation was performed on
4.4 months. In follow-up ABR, 80.0% showed improvement

Conclusion : NICU graduates exhibit high risk for hearing loss. Systemic and effective hearing
assessment program is needed for these high risk infants. (Korean J Pediatr 2006;49:1301-1307)
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Table 1. Characteristic of Patients of Study Group

Total ABR
patient(%) Normal(%) Abnormal(%)
No. of patient 474(100.0)  410(86.5) 64(13.5)
Gender(M:F) 1.30:1 1.25:1 1.67:1
Birth weight(g) 2,851+ 775 2,914+ 740 2,450+ 877
<2500 g 133(28.1) 101(24.6) 32(50.0)
<1500 g 35( 7.4) 23( 5.6) 12(18.8)
Gastational age(week) 37.3% 3.6 376+ 35 354+ 3.8
<37 weeks 161(34.0) 125(30.5) 36(56.3)

Abbrevations : ABR, Auditory brainstem response; No, Number;
M, Male; F, Demale
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(Table 2).

gt Az}
ABR |77l 4] m&of, ;ﬂﬁ/‘é‘ AFol B T4 ;ﬂ%/%' AZ
olQl A7t 447 56.3%, 50.0% % 188%= ABR A/d9
30.5%, 24.6% R 5.6%°l ¥l v JA Bk (P<0.05), A
Aol ZhAL, T <t 713 2 amikacing 15Y ©]d AMESE A
7V A7 34.4%, 172% 2 125%2 ABR A9 12.7%, 2.4
% B 3.2%0°l Hl& FefstAl B WETE EATHP<0.05).

MW ZFol= &xolF, Fod W G, AvES ok, i—‘:r
TR QHd o]l Y|Felle XA
A ) A Az, Holxg #HA, Ay &
ol ATk %xdxg AR A8 249 7EE, A
#9(TORCH) A J 9 v]gdt B s Shelrt
o] Hlul AR Eo}oir/}(’l‘dble 3).

;EJ

oX

ox
M
st

Table 2. Severity of Hearing Loss in 64 Infants with

Abnormal ABR

Degree of hearing loss No. of ear Better ear Worse ear
(N=128)(%) (N=64)(%) (N=64)(%)
Normal 37(28.9) 37(57.8) 0( 0.0)
Abnormal
Mild 43(33.6) 15(23.4) 28(43.8)
Moderate 36(28.1) 8(12.5) 28(43.8)
Severe 2( 1.6) 0( 0.0) 2( 3.1)
Profound 10( 7.8) 4( 6.3) 6( 9.4)

Abbrevation : No, number

Korean ] Pediatr : Al 49 ¥ Al 12 & 2006
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NP ZoR N8 W 2659 T 14.0%%1 379°]
ABR HIAN 274 Ho] AAl AL tidate FE 42 HE
o} zfolE Moz Tt ol AAl ABR A=l wlE AT
I A FEol Hglow, AEA ATl ¥ Fa A AT
OM ﬂleH =7t 27y 67.6%, 21.6%<F 75.7%% ABR 7

45.6%¢l vl frJstA = ATh(P<0.05).
|, FAXze] 712k} w5 A Y
ogt folE HolA| ¢kkti(Table 5).
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Table 4. Severity of Hearing Loss According to the Birth
Weight

<1,500 g 1,501-2499 g =2500 g Total

(N=35) (N=98) (N=341) (N=474)
No. of patient with 12(24) 20(40) 32(64)  64(128)
abnormal ABR
(No. of ear)
Normal ear(%) 9(37.5) 10(25.0) 18(28.1) 37(28.9)
Abnormal ear(%)
Mild 8(33.3) 12(30.0) 23(35.9) 43(33.6)
Moderate 5(20.8) 14(35.0) 17(26.6) 36(28.1)
Severe 0 0 2031 2(16)
Profound 2( 8.3) 4(10.0) 4( 6.3) 10( 7.8)

Abbrevations : No, Number; ABR, Auditory brainstem response

Table 5. Analysis of Risk Factors in Abnormal ABR in
Patients with Hyperbilirubinemia

ABR(N=265)
P-value
Table 3. Analysis of Risk Factors of Abnormal ABR Normal(%6) Abnormal(%)
ABR(N=474) No. of patient 228(86.0) 37(14.0) -
. Gender(M:F) 1.2:1 1.81 —

Risk factors ltforma}) Alinorng)al P-value Birth weight(g) 2,679+ 803 2,233+ 846

(N=A10F6)  (N=69C0) <2,500 g 83(38.6) 25(67.6) 0001
Prematurity(GA <37 weeks) 125 (30.5) 36 (56.3) <0.001 <1,500 g 22( 9.6) 8(21.6)  0.047
Birth weight<2,500 g 101 (24.6) 32 (50.0) <0.001 Gastational age(week) 36.5+ 3.4 34.1+ 345
Birth weight<1,500 g 3 (5.6) 12 (188)  0.011 <37 weeks 104(45.6) 28(75.7)  0.001
Asphyxia 2 (12.7) 22 (34.4)  0.001 Peak total bilirubin
Intra—amniotic infection 3 (20.2) 15 (234) NS >10.0 mg/dL 192(84.2) 27(73.0) NS
Infectious disease 301 (73.4) 51 (79.7) NS >15.0 mg/dL 123(53.9) 11(29.7) NS
Meningitis 8 (4.4) 2 (31) NS >20.0 mg/dL 47(20.6) 5(13.5) NS
Oxygen use 93 (22.7) 2 (34.4) NS Duration of phototherapy
Craniofacial anomaly 10 (2.4) 11 (17.2)  0.003 >7 days 60(26.3) 13(35.1) NS
Other anomalies 78 (19.0) 19 (29.7) NS >14 days 19( 8.3) 7(18.9) NS
Amikacin(>14 days) 13 (3.2) 8 (12.5) 0.032 >21 days 12( 5.3) 5(13.5) NS
Furosemide(>14 days) 3 (0.7) 2 (31 NS Exchange transfusion 8( 3.5) 3.1 NS
Abbrevations : ABR, Auditory brainstem response; No, Number; Abbrevations : ABR, Auditory brainstem response; No, Number;

GA, Gestational age; NS, Not significant

M, Male; F, Female;
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Table 6. Clinical Characteristics of Patients Treated with Exchange Transfusion

GA Peak Photo- Exchange

Kernic- Follow-up Develop—

(w+d) Bwig) (ﬁf;) bilirubin(T/D) therapy(day) transfusion(time) Etiology ABR(RULY terus ABR ment

1 40+4 3520 3 30.5/2.8 3 1 Auto-immune N seizure, — N

hemolytic anemia opistho-
tonus

2 36+3 2460 5 26.3/0.6 4 1 Unknown N - - N

3 40+6 3500 3 22.5/0.6 3 1 ABO N - - N
incompatibility

4 37+2 2980 5 28.1/0.6 10 2 Infection N — — UN

5 39 4100 5 30.1/0.5 6 1 ABO 30/20 - — N
incompatibility dB HL

6 40 2,740 4 27.8/0.6 4 1 ABO N - - N
incompatibility

7 27+3 1210 8 13.9/0.3 45 3 Prematurity 30 dB HL/N - - N

8 37 3,000 6 39.0/2.7 6 2 Hereditary 90/90 - 90/90 N
spherocytosis dB HL dB HL

9 3+2 2360 2 15.7/0.7 12 4 Auto-immune N — — N
hemolytic anemia

10 37+5 280 2 7.1/0.6 14 3 ABO N - - UN
incompatibility

11 29+5 1465 8 10.2/3.9 22 1 Prematurity N - — N

Abbrevations : GA, Gestational age; BW, Birth weight; T, Total;

Lleft; N, Normal; HL, Hearing loss; UN, Unknown

A FNE TR WwEFES gy SolEe] A A7
7A7=(Table 6)3 Zokth ol& 119 71-dl ABR ¥ 34 27
< HQl Fol= 3PoE AF AT Ao 29, ¥F 2FTT &
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A FAAETToR Q% f¥=2 FHu LFHIA7F 390
mg/dLE ‘45t o5 wAsty] 98 wsedS 23t Al
g3k Hgolm, 4714 F F4 ABR HAMIAE 4F 90 dBS]
Y 24E Beoy 39 oo A A AHgH Qo
s x3ke 4 Ads Bk A4S A4S B 2% T
[ T AEA AFolR I oo wgol HFZF AL
gt 5o 9 AAE FAld sHNA U A, FEnk
of A3kt A4S Hel 19S X 9ol F3 A ol
7HEsllal, o] EFoA Qo wag xFe W] Haol9]
tHTable 6)

4. 8 3

ABR A Sob 4ol A 1)@ Aol Fedolt
of A7 2 oY W T A5 B 5@ 24 49 B
=

25.8+ 10.370 €213

A ABR AAIAM wA3E 22 64 F 3 ABR AAME
1598(23.4%)°1 A4 S 8.8+ 44709l A&Ys}4 =
Al 1599 7 308 5 108 Aol <
Ad 208 F 168 80.0%°M4 H & AAsHIoY =
% 2 248 TP 4d1(200%)E WIE Moz gttt
(Table 7).

D, Direct; ABR, Auditory brainstem response; Rt, Right; Lt,

Table 7. Findings of Followed ABR in Infants with Abnormal
ABR(N=15)

No. of ear(%)

Follow —up ABR
Initial ABR

No change Improved Normalized

Abnormal 20(100.0) 4(20.0) 1(5.0) 15(75.0)
Mild 7 1 - 6
Moderate 10 1 — 9
Severe 1 — 1 —
Profound 2 2 —

Abbrevations : No, Number; ABR, Auditory brainstem response
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Table 8. Clinical Characteristics of Patients with Abnormal ABR and Developmental Delay

GA(w+d) BWi(g) ABR(Rt/Lt) Development Combined anomaly
1 34 2,000 40/30 dB HL Cerebral palsy Neonatal seizure, abnormal EEG finding
2 36+6 2,760 30 dB HL/N Delayed speech DiGeorge syndrome, CHD
3 27+2 1,160 90/90 dB HL Cerebral palsy Periventricular leukomalacia
4 37+6 2,390 90/90 dB HL Delayed speech Periventricular leukomalacia
5 37+4 3,230 N/40 dB HL Cerebral palsy Microtia
6 39 3,030 30/30 dB HL Cerebral palsy Cerebellar hypoplasia
7 36 2,920 40/70 dB HL Delayed speech Chylothorax, neonatal seizure
8 34+2 2,120 50/50 dB HL Delayed speech —

Abbrevations : GA, Gestational age; BW, Birth weight; ABR, Auditory brainstem response; Rt, Right; Lt, Left; N, Normal, HL,

Hearing loss; CHD, Congenital heart disease
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