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Birth by Cesarean Delivery and Failure on First
Otoacoustic Emissions Hearing Test

WHAT’S KNOWN ON THIS SUBJECT: Neonatal hearing screening
occasionally fails because of several perinatal and neonatal
factors. However, the effect of mode of delivery on hearing
screening has not yet been established.

WHAT THIS STUDY ADDS: We show significantly more failures on
hearing screening in cesarean delivery infants. Hence, the timing
of screening after cesarean delivery should preferably be
postponed beyond 48 hours to improve success rate, minimize
maternal anxiety, and decrease costs.

abstract
BACKGROUND: Neonatal hearing screening occasionally fails. We no-
ticed that infants born by cesarean delivery (CD) appeared to fail the
first otoacoustic emissions (OAE) test more frequently than infants
delivered vaginally (VD). This might increase maternal anxiety. We
aimed to evaluate the influence of mode of delivery on failure to pass
the first OAE.

METHODS: Overall, 1653 infants of .35 weeks’ gestation were evalu-
ated. OAE was performed before discharge. Perinatal-neonatal variables
and results of OAE were recorded retrospectively.

RESULTS: Compared with VD infants, CD infants had lower gestational
age and 1-minute Apgar, more small for gestational age (SGA), and
earlier age at first OAE. Univariate analysis: CD, male gender, gesta-
tional age 35 to 37 weeks, birth weight #2500 g, SGA, and younger
age at first OAE were significantly associated with failed first OAE. In
infants weighing 2501 to 4000 g, CD infants had 3-fold higher rates of
failed first OAE in comparison with VD infants (20.7% vs 7.1%) before
48 hours of age. In the multivariate analysis, variables independently
significantly associated with failed first OAE were male gender (odds
ratio [OR] 1.42 [1.02–1.98]), CD (emergency CD: OR 3.18 [2.21–4.57],
elective CD: OR 3.32 [2.04–5.42]), age 12 to 23 hours at first OAE (OR 3.1
[2.1–4.58]) and SGA (OR 2.2 [1.15–4.28]).

CONCLUSIONS: CD infants had significantly higher failure rates on first
OAE. We speculate that CD is accompanied by retained fluid in middle
ear which may impair neonatal hearing. The timing of first OAE after
CD should preferably be postponed beyond 48 hours of age to improve
OAE passage and minimize maternal anxiety and costs. Pediatrics
2012;130:e95–e100
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Starting January 1, 2010, universal
newborn hearing screening (UNHS)1–5

was implemented in our well-baby nurs-
ery, wherein all newborn infants undergo
an otoacoustic emissions (OAE) test be-
fore discharge from the hospital. Infants
who fail OAE or have risk factors for
hearing loss undergo an automated au-
ditory brainstem responses (AABR) test.

The audiological technicians who per-
form OAE have observed that infants
bornbycesareandelivery(CD)appeared
to fail first OAE testmore frequently than
infants born by vaginal delivery (VD).
A “fail” result on first OAE mandates
repeated hearing screening tests, thus
increasing anxiety and stress among
mothers of these infants.

Previous reports have referred to fac-
tors that are associated with failed
hearing screening in newborn infants.
These factors include familial deafness,
malformations of face/auricle, secre-
tions in external ear canal,6 middle ear
effusion,6 epidural anesthesia in CD
births,7 VD,8,9 emergency CD,9 5-minute
Apgar score ,5,9 need for intensive
care, significant hyperbilirubinemia,8,9

and OAE before 24 hours of age.10 In this
regard, referral rates for audiological
follow-up were 5% to 20% when OAE
was conducted ,24 hours and ,3%
when OAE was conducted 24 to 48
hours after birth.1 Hence, it is vital to
isolate and categorize factors that may
influence the success or failure of new-
born hearing screening programs.7

The aim of this study was to identify
perinatal and neonatal factors that are
associated with failure on first OAE in
neonatal hearing screening, while fo-
cusing on the role of mode of delivery.

METHODS

Study Design

This retrospective observational study
wasperformed in thewell-babynursery
at Rambam Health Care Campus, Haifa,
Israel. The study was approved by the

Institutional Helsinki Committee who
gave waiver from obtaining written
consent from parents of studied new-
born infants.

Study Population

All 1790 inborn newborn infants born
beyond 35 weeks’ gestation between
January 1, 2011, and May 31, 2011 were
considered for inclusion in the study. In
our institution, infants born vaginally
(spontaneous or vacuum delivery) are
generally discharged 48 to 72 hours
after birth, whereas those born by CD
are discharged on the fifth day of age.

Exclusion Criteria

Overall, 137 neonates were excluded
from study as follows: hospitalization in
the NICU (n = 89); significant congenital
malformation/chromosomal aberra-
tion (n = 8); congenital cytomegalovi-
rus infection (urine culture positive for
congenital cytomegalovirus) (n = 2);
apparent congenital hearing loss: ab-
normal OAE with abnormal AABR in 1 or
both ears (n = 11); OAE before 12 hours
of age (n = 3); auricular skin tag (n =
12); and history of parental hearing
loss (n = 12).

Universal Newborn Hearing
Screening

OAE tests (Otoport Lite, Otodynamics
Ltd, UK)wereperformedonall newborn
infants before discharge from nursery
according to theguidelinesof the Israeli
Ministry of Health. OAE tests were per-
formed by 2 audiological technicians
daily, excluding Saturday. Infants who
failed first OAE (at least in 1 ear) had
repeated OAE within 6 to 16 hours (up
to 4 OAE tests). If failure persisted,
AABR (GSI Audio Screener, Grason-
Stadler, Eden Prairie, MN) was then
performed at a mean age of 47.16 20
hours (range, 24–99 hours). If AABR
was abnormal (at least in 1 ear), the
infant was referred to our audiological
institute for further hearing examina-

tions and close follow-up. On Fridays,
some OAE tests were performed
earlier, at 12 to 24 hours of age, to
ensure screening of all newborn
infants discharged on the weekends.
If an infant failed OAE on Friday, the
parents were advised to return to
the nursery the following Sunday for a
repeated OAE.

Data Collection

For each infant included in the study,
perinatal and neonatal variables and
the timing and results of OAE and AABR
tests were recorded. Transient tachyp-
nea of newborn (TTN) was defined
as tachypnea after birth with mild to
moderate respiratory distress, without
risk factors for early-onset sepsis, often
necessitating oxygen supplementation
and resolving within 48 hours. Photo-
therapy was initiated according to
American Academy of Pediatrics (AAP)
guidelines in 200411 and indicated
significanthyperbilirubinemia. Gentamicin
was administered empirically to infants
with risk factors for early-onset sep-
sis for 48 hours pending blood culture
result.

Statistical Analysis

Statistical analysis was performed by
using SPSS (Statistics Products Sol-
utions Services) 18.0 software for
Windows. The Student t test, the Mann-
Whitney test, and x2 test were used for
comparison of 2 modes of delivery (VD
and CD) as to perinatal and neonatal
variables. A P value of ,.05 was con-
sidered statistically significant. Binary
logistic regression was used for cal-
culation of the odds ratios (ORs) of
failure on first OAE with 95% confidence
intervals and P values in univariate
analyses. All variables with a P value of
#.1 in the univariate analysis were se-
lected as candidates for the multivariate
analysis model. Multivariate forward lo-
gistic regression analysiswas performed
to identify those variables that were
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independently significantly associated
with failure on first OAE. The area under
curve-receiver operating characteristic
was used as a measure of model dis-
crimination. The Hosmer-Lemeshow
goodness-of-fit statistic was calcu-
lated. A P . .05 means that a good
correlation exists between the expec-
ted and the observed findings.

RESULTS

Overall, 1653 infants were studied.
Comparison of perinatal and neonatal
variables between infants born by VD
versus those born by CD is shown in
Table 1. Comparedwith VD infants, those
born by CD had significantly lower
gestational age, lower 1-minute Apgar
score, more small for gestational age
(SGA) status and TTN, and earlier age
of first OAE performance. Birth weight,
5-minute Apgar score, phototherapy,
and gentamicin treatment were not dif-
ferent between the 2 groups.

Table 2 shows that CD delivery (both
emergency and elective), male gender,
gestational age of 35 to 37 weeks, birth
weight of #2500 g, SGA status, and
decreasing age at first OAE were sig-
nificantly associated with failure on
first OAE (univariate analyses). Con-
versely, Apgar scores at 1 and 5minutes,
TTN, phototherapy and gentamicin treat-
ment were not significantly associated
with failure on first OAE. Table 3 shows
the adjusted ORs and 95% confidence
intervals for failure on first OAE by
perinatal variables. Variables that
were independently significantly asso-
ciated with failure on first OAE included
male gender (OR 1.42 [1.02–1.98]), birth
by CD (emergency CD: OR 3.18 [2.21–
4.57], elective CD: OR 3.32 [2.04–5.42]),
early age (12–23 hours) of first OAE (OR
3.1 [2.1–4.58]), and SGA status (OR 2.2
[1.15–4.28]).

Failure on first OAE was 3-fold higher in
CD infants (20.7%) than in VD infants
(7.1%) (Table 2). The mean6 SD age at
“pass” in OAE after up to 4 tests was

34.1 6 1.1 hours in VD infants and
36.7 6 16.6 hours in CD infants (P ,
.001). Figure 1 compares failure rates
on first OAE test by postnatal age of VD-
versus CD-delivered infants. Infants
born by CD had significantly higher
rates of OAE failure on the first test
up to 47 hours of age. Of note is the
markedly high failure rate (41.6%) in

CD infants when OAE was performed
before 24 hours of age.

Repeated OAE tests were performed for
those infants who failed the first OAE
test (Table 4). The failure rates on the
second and third OAE tests were still
higher in CD infants even though
performed at older ages than in VD
infants. Of the 1653 infants in the study,

FIGURE 1
Percentage of failure on first OAE test by postnatal age at first OAE (hours): comparison of birth by VD
versus CD.

TABLE 1 Comparison of Perinatal and Neonatal Characteristics of Neonates According to Mode of
Delivery: VD versus CD

Vaginal Delivery(n = 1170) Cesarean Delivery(n = 483) P

Male gender, (%) 594 (51) 272 (56) .04a

Gestational age, wk 39.4 6 1.3b, 39.5 (34.5–43.1) 38.8 6 1.4b,38.6 (35–42.1) ,.001c

35–37, (%) 57 (5) 43 (9)
37.1–41, (%) 982 (83.9) 405 (83.9)
.41, (%) 131 (11) 35 (7)

Birth weight, g 3282 6 433b, 3295 (1980–4690) 3230 6 544b, 3195 (1990–4870) .07d

#2500, (%) 47 (4) 45 (9)
2501–3000, (%) 252 (22) 123 (25)
3001–3500, (%) 517 (44) 166 (34)
3501–4000, (%) 299 (26) 104 (22)
.4000, (%) 55 (4.7) 45 (9.3)

Apgar, 1 min 8.960.5b, 9 (2–10) 8.760.8b, 9 (3–10) ,.001d

Apgar, 5 min 9.960.4b, 10 (8–10) 9.860.4b, 10 (8–10) .55d

SGA, (%) 35 (3) 33 (7) .01a

Transient tachypnea
of newborn, (%)

8 (1) 13 (3) .02a

Phototherapy, (%) 65 (6) 27 (6) 1.0a

Gentamicin treatment, (%) 78 (7) 29 (6) .37a

Age at first OAE, h 33.2610.5b, 31.6 (14.4–120) 30.9610.4b, 26.9 (15.8–83) ,.001d

12–24, (%) 212 (18) 101 (20.9)
24–30, (%) 317 (27) 214 (44)
30–36, (%) 233 (20) 53 (11)
36–41, (%) 246 (21) 52 (11)
42–48, (%) 61 (5) 27 (6)
.48, (%) 101 (9) 36 (7)

a x2 test.
b Mean 6 SD, median (range).
c Student t test.
d Mann-Whitney test.
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10 were referred for AABR, 5 of VD
infants and 5 of CD infants. All of these
10 infants passed the AABR test.
Eleven additional infants who failed
both the OAE and AABR tests were
a priori excluded from study. Of these
11 infants, 6 eventually had normal

hearing, 3 did not attend follow-up,
and 2 infants had confirmed hearing
loss.

DISCUSSION

The incidenceofcongenitalhearing loss
is 1 to 6 per 1000 live births5 and might

lead to significant developmental delay
in infancy and childhood, including
verbal, mental, emotional, and social
impairments.3–5 UNHS was firstly rec-
ommended by the AAP in 19991 and has
proved to be safe and efficient in the
early detection of hearing loss after
birth.1–5 Such detection allows early
intervention and has proved to be ad-
vantageous as to the verbal develop-
ment of infants with hearing loss.1–3,5

Our results show that, in comparison
withVD,birthbyCD increased theriskof
failure on first OAE by ∼3.2-fold, re-
gardless of type of CD (emergency or
elective). This was true up to 47 hours
of age in infants weighing 2501 to 4000
g and born before 41 weeks’ gestation.
The higher failure rate in CD infants
persisted beyond 47 hours of age (VD
1.0% and CD 8.3%), although with mar-
ginal significance (P = .06). This finding
might be due to the small number of
infants with first OAE performed at this
age (1/101 vs 3/36). In addition, higher
failure rates were recorded among CD-
delivered infants on repeat OAE tests.
Our findings were not in complete

TABLE 2 Univariate Analyses of Factors Potentially Affecting Failure on First OAE Neonatal Hearing
Screening

Variable n (%) Failure on First
OAE,n (%)

P OR (95% CI)

All infants 1653 (100) 183 (11.1)
Mode of delivery
Vaginal 1170 (71) 83 (7.1)
Cesarean 483 (29) 100 (20.7) ,.001 3.3 (2.5–4.5)

Mode of delivery
VD (reference) 1170 (71) 83 (7.1) ,.001 1.0
Emergency CD 352 (21) 69 (19.6) ,.001 3.2 (2.3–4.6)
Elective CD 131 (8) 31 (23.7) 4.1 (2.6–6.5)

Gender
Male 866 (52) 110 (12.7%) .03 1.4 (1.0–1.9)
Female 787 (48) 73 (9.3%)

Gestational age, wk P trend =.06
35–37 100 (6) 18 (18) 0.03 1.81 (1.06–3.1)
37.1–41 (reference) 1387 (84) 150 (10.8) 1.0
.41 166 (10) 15 (9.0) 0.48 0.82 (0.47–1.4)

Birth weight, g P trend = .03
#2500 92 (6) 17 (18.5) .04 1.84 (1.03–3.28)
2501–3000 375 (23) 34 (9.1) .33 0.81 (0.53–1.24)
3001 3500 (reference) 683 (41) 75 (11) 1.0
3501–4000 403 (24) 40 (9.9) .58 0.89 (0.59–1.34)
.4000 100 (6) 17 (17) .08 1.66 (0.93–2.95)

Apgar score (1-min) NA
,4 3 (0.2) 0 .69
4–6 24 (1.6) 4 (16.7)
7–10 1624 (98.4) 179 (11)

Apgar score (5-min) NA
,4 1 (0.1) 0 1.0
4–6 2 (0.1) 0
7–10 1648 (98.8) 183 (11.1)

SGA
No 1585 (96) 169 (10.7) .01 2.2 (1.2–4.0)
yes 68 (4) 14 (20.6)

Transient tachypnea of newborn
No 1632 (99) 180 (11) .64 1.3 (0.4–4.6)
Yes 21 (1) 3 (14.3)

Phototherapy
No 1561 (94) 176 (11.3) .28 0.6 (0.3–1.4)
Yes 92 (6) 7 (7.6)

Gentamicin treatment
No 1546 (93.5) 172 (11.1) .79 0.9 (0.5–1.7)
Yes 107 (6.5) 11 (10.3)

Age at first OAE, h P trend, .001
12–24 313 (19) 76 (24.3) ,.001 4.71 (2.77–8.01)
24–29 531 (32) 59 (11.1) .03 1.84 (1.07-3.14)
30–35 286 (17) 21 (7.3) .64 1.16 (0.61–2.21)
36–41 (reference) 298 (18) 19 (6.4) 1.0
42–47 88 (5) 4 (4.5) .53 0.7 (0.23–2.11)
$48 137 (8) 4 (2.9) .14 0.44 (0.14–1.32)

CI, confidence intervals; NA, very small numbers.

TABLE 3 Adjusted ORs for Failure on
Neonatal Hearing Screening (First
OAE) by Perinatal and Neonatal
Risk Factors

Variable P Adjusted OR
(95% CI)

Gender
Female .04 1.0
Male 1.42 (1.02–1.98)

Mode of delivery
VD (reference) 1.0
Emergency CD ,.001 3.18 (2.21–4.57)
Elective CD ,.001 3.32 (2.04–5.42)

Age at first OAE, h
12–24 ,.001 3.1 (2.1–4.58)
24–30 .56 0.85 (0.5–1.46)
30–36 .34 0.76 (0.44–1.33)
36–41 (reference) 1.0
42–47 .12 0.44 (0.15–1.25)
$48 .01 0.27 (0.1–0.77)

SGA
No .02 1.0
Yes 2.22 (1.15–4.28)

Hosmer and Lemeshow goodness-of-fit test: P = .311. Area
under curve-receiver operating characteristic = 0.74 (con-
fidence interval [CI] 0.7–0.78), indicating a good discrimi-
nation of the multivariate model.

e98 SMOLKIN et al
 at Elyachar Central Library on June 11, 2012pediatrics.aappublications.orgDownloaded from 

http://pediatrics.aappublications.org/


agreement with those of Olusanya
et al9 who found that, in addition to
nonelective CD, VDs were also associ-
ated with a more than 2-fold excess
risk of hearing loss (OAE and AABR).The
authors suggest that “the affected
babies were unduly subjected to the
intrapartum stress of the trial of la-
bor.” The low Apgar scores reported
(27.5% had,7 at 5 minutes, compared
with only 3 of 1653 infants in our study)
certainly may support this contention.

Failure on OAE in neonates can also be
caused by external ear canal secretions,
and removal of external ear debris in-
creased the OAE pass rate from 76% to
91%.6 As to the middle ear, reports re-
garding the status of the tympanic
membrane (TM) (appearance and mo-
bility) in term infants are rare. Balkany
et al12 examined 50 term infants before
24 hours of age to establish the normal
micro-otoscopic appearance of the term
newborn TM. These authors found that,
compared with healthy term infants,
30% of NICU infants had middle ear ef-
fusion. Cavanugh et al13 found most
term neonates to have limited mobility
of TM and 93% to have normal TM
appearance (pink or gray color). In
another study, Chang et al6 found only
77% of 45 term neonates to have
normal TM. In this series, the 1 new-
born infant who showed absent TM
movement and middle ear effusion
failed OAE. Nonetheless, the authors
did not evaluate the effect of mode of
delivery on hearing screening.

The results of our study confirm the ob-
servation of our audiological technicians
regardinghigher failure ratesonfirstOAE

in CD infants even after adjusting for
potential confounders including gender,
SGA, and age at first OAE. This raises the
question of whether infants born by CD
have delayed fluid resorption from their
middle ear similar to that occurring in
their lungs, a condition known as TTN. If
ourassumption is correct, thismaycause
a conductive interference of sound
transmission through themiddle ear and
failure on OAE test.

Failure on first OAE mandates a repeated
OAE with an estimated cost of $8.00 for
each test. Some proceed to AABR test if
they still fail OAE (whenever the infant fails
2 consecutive OAE tests). It is well known
that failure on first OAE increases ma-
ternal anxiety and worry. The degree of
maternalworrywas reportedly greaterat
the rescreen as compared with first
hearing screen, although maternal
knowledge about hearing screening
increasedbetween the2 times.14 Efforts
to minimize the neonatal false-positive
hearing screen rates and to educate
mothers about hearing screening are
indicated to minimize unnecessary
parental worry. This can be achieved, in
part, if parents know that first OAE
screening failures are not definitive
until confirmed by appropriately timed
second-stage screening preferably
with AABR. In this regard, Khairi et al15

conducted face-to-face interviews with
mothers whose infants failed on first
OAE. The authors reported a signifi-
cantly lower anxiety level before hear-
ing rescreen in comparison with that
after first screen.

Other known factors that might nega-
tively affect the result of first OAE test,

such as significant hyperbilirubinemia
and gentamicin treatment, were not
associatedwith failureonfirstOAE inour
study. Nonethelesss, the majority of first
OAE tests (92%) were performed up to
48 hours of age, an age too early for
evaluationof theeffectsof these2above-
mentionedfactorsonhearingscreening.
Apgar scores were not found to be as-
sociated with failure on first OAE. Nev-
ertheless, most sick infants, some of
whom had low Apgar scores, were
transferred to NICU and were not in-
cluded in analysis. Male gender was
associatedwith a 1.4-fold increased risk
for failure on first OAE. This finding is in
agreementwith that of Saitoh etal16who
found that, in OAE tests, female neonates
displayed higher whole-wave repro-
ducibility, response level, band re-
producibility, and signal-to-noise ratio
values in comparison with male mates.
SGA status was significantly associated
with failure on first OAE (2.2-fold in-
crease). One previous report17 showed
that compared with appropriate for
gestational age neonates, SGA mates
tended to have shorter V wave and
interwave latencies during automated
brainstem response tests.

There is no consensus worldwide re-
garding the optimal timing for perfor-
mance of first OAE test, and the recent
policy recommendation statement of the
AAP in 20083 mandates hearing screen-
ing before 1 month of age. Shulman
et al18 recently evaluated the 55 state
and territorial UNHS programs and
reported that most infants (92%) were
screened for hearing loss before dis-
charge from the hospital, and, of these,
2% were referred for diagnostic evalu-
ation. Approximately 62% of infants who
needed a diagnostic evaluation received
one, suggesting that there is still a sub-
stantial loss to follow-up for infants who
did not pass the initial hearing screen.

The Israel Ministry of Health directive
(2009) requires that every neonate be
screened before discharge from the

TABLE 4 Failure Rates on Repeated OAE Tests

Age at Test, h Failure

VD CD P VD, (%) CD, (%) P

1st OAE 33.2 6 10.5 30.9 6 10.4 ,.001 83/1170 (7.1) 100/483 (20.7) ,.001
2nd OAEa 35.8 6 10.4 43.1 6 16.3 ,.001 20/83 (24) 43/100 (43) ,.001
3rd OAE 54.8 6 13.8 61.2 6 15.7 .15 2/15 (13) 14/42 (33) .19
4th OAEa 0/2 (0) 4/14 (28.6)
a Six infants who failed the second OAE and 4 infants who failed the fourth OAE all passed AABR test.
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hospital, with no reference to the opti-
mal timing for screening. To achieve this
goal as well as to complete the screening
protocol and minimize the necessity for
referral for further evaluation, 80% of the
infants in our department were tested at
#48 hours of age. Paul et al19 reported
a newborn nursery length of stay of,48
hours in .50% of VD infants and ,72
hours in ∼40% of CDs. This relatively
short time periodmay limit the possibility
of completing the screening process
during the infants’ birth hospitalization.
In the United States, only ∼40% of pro-
grams did all of the screening before
hospital discharge and 60% completed
the 2-stage protocol after discharge.20

The results of the current study suggest
that, although VD infants can be tested
at 36 to 42 hours of age, OAE screening
of CD-delivered infants should be

performed no earlier than 48 hours of
age. A further study of all births by using
these new timelines for OAE studies
might confirm a lower referral rate for
CD-delivered infants, hence, lowering
costs of the screening program and
decreasing anxiety and stress to the
parents. Alternatively, in resource-limited
settings, a 2-stage OAE with the repeat
test(s) delayed as far as practicable
might be a reasonable primary outcome
for future exploration of the role of
mode of delivery or other pregnancy-
related factors to screening failure.

Limitations of our study include, first,
the retrospective design of the study;
second, the lack of otoscopic exami-
nation of the infants for removal of any
external ear secretions or debris, or to
exclude middle ear effusion; and third,
we did not take into consideration the

possible frequency-dependent increase
in transient evoked OAEs noted during
the first month of life.21 In addition, 89
infants transferred to the NICU and
were not included in the study. This
might explain the low number of TTN
cases in the study population (1%) and
the lack of association between TTN
and failed first OAE.

Weconcludethat, in comparisonwithVD,
birth by CD was associated with signif-
icantly higher ratesof failureonfirstOAE
in neonates up to 47 hours of age. We
speculate that delivery by CD may be
accompanied by retained fluids in the
middle earandhence impairedneonatal
hearingscreening.ThetimingoffirstOAE
after CD should be reconsidered and
preferably postponed beyond 48 hours
to improve success rate, minimize ma-
ternal anxiety, and decrease costs.
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