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Abstract 
Since the initial call for universal newborn hearing screening (UNHS), an intense professional debate regarding the possibility, effectiveness, 
efficiency, and risks has ensued in the professional literature. Despite the earlier controversies and continuing concerns surrounding UNHS, more 
recent and widely publicized support for UNHS has lead to a groundswell of new programs. This paper is intended not to take a position on the value 
of UNHS, but to remind professionals involved in UNHS that critical Issues remain that warrant serious discussion. This paper focuses on several 
important issues and concerns that program leaders will encounter in the development and implementation of UNHS. These include programmatic 
(i.e., predicting screening outcomes, improving screening outcomes, and optimizing performance), cost, legal, follow-up, and training issues asso
ciated with UNHS. By attending to and selecting the most successful aspects of programs one can establish a high-quality standard that will provide 
momentum for UNHS growth. 

Abrege 
Depuis qu'a em propose le deplstage universel de la surdite chez les nouveau-nes (DUSN), un intense debat concernant les possibilltes, I'utlllte, 
I'efficacite et les risques d'un tel programme a emerge dans la liiterature professlonnelle. Mals malgre les controverses initiales et les preoccupations 
toujours actuelles au sujet du DUSN,le large engouement public recent en sa faveur a favorise I'apparition de nouveaux programmes. Cet article ne 
vise pas a prendre position quant a I'utilite du DUSN, mais plut6t a rappeler aux professionnels que des questions Importantes restent a etudier. 11 
met I'accent sur les questions et preoccupations fondamentales auxquelles les responsables de programmes devront falre face lors du developpement 
et de la mise en CBuvre du DUSN. Citons notamment les questions Uees a I'execution des programmes (c . .a-d. la prevision et I'amelioration des 
resultats du depistage ainsi que I'optimisation de la performance), aux coats, a I'aspectjuridique, au sulvi et a la formation. En veillant a selectionner 
les eh~ments les plus performants des programmes, une norme de qualite elevee pourra litre etablie, ce qui donnera un elan au developpement des 
programmes de DUSN. 
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I
n 1993, the National Institutes of Health (NIH) hosted a 

conference that concluded with a Consensus Statement 

on Early Identification of Hearing Impairment in Infants 

and Young Children (NTH, 1993). The statement called for 

the "screening of all newborns, both high and low risk, for 

hearing impairment prior to hospital discharge." An intense 

professional debate ensued regarding the possibility, effective

ness, efficiency, and risks associated with universal newborn 
hearing screening (CNHS; Bess & Paradise, 1994a; 1994b; 

Northern & Hayes, 1994; White & Maxon, 1995). In fact, one 
year after the NIH Consensus Conference, the representatives 

from the member organizations of the Joint Committee on 

Infant Hearing Screening aC1H; 1994) found themselves un
able to agree unanimously with the 1993 NIH Consensus Com

mittee recommendation. Apparently, the empirical evidence 

available at that time was inadequate to support such a recom

mendation by the JCIH. They instead agreed to endorse "the 
goal" of universal detection of hearing loss in newborns in 

the 1994 J CIH Position Statement. Some continue to suggest 
that the implementation of CNHS is premature and not cost 

effective (Berg, 1999; Clayton & Tharpe, 1998; Kemper & 

Downs, 2000; Kileny & Jacobsen, 2000a, 2000b; Newman, 
1998; Paradise, 1999; Stein, 1999; Tharpe & Clayton, 1997; 
Van Riper & Kileny, 1999). 

Since the initial call for universal screening, a growing 
number of articles, both subjective and objective, have ap

peared in the professional literature. Content has ranged from 

descriptions of technologies and procedures to broad discus
sions of policies and ethics of hearing screening, to outcomes 

research aimed at program assessment and quality assurance. 
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Today, a number of reports from large multi-site UNI1S pro
grams are available for review. One result of this growing 

body of information has been endorsement of U)JHS, with

out reservation, by the current representatives of the member 

organizations of ",CIH (2000). Furthermore, over $4 million 

(US) in federal funds were appropriated for universal new
born hearing screening and early intervention grants to states 

for the fiscal year 2000. 

Despite the earlier controversies and continuing concerns 

surrounding UNHS, the more recent and widely publicized 

support for UNHS inevitably will extend the grounds well of 
new programs. Thus, this paper is intended not to take a posi

tion on the value of UJ'..;HS, but to remind professionals in
volved in UNHS that critical issues remain, issues that warrant 

serious consideration. Inevitably, additional issues will sur

face as U)JHS momentum builds and programs increase in 

number, size, and complexity. This paper focuses on some of 

the important issues and concerns that program leaders will 

no doubt encounter in the development and implementation 
of UNES. 

Programmatic Issues Associated With UNHS 

Predicting Screening Outcomes 

Congenital hearing loss is a relatively low prevalence dis

order. Approximately one to three in 1,000 newborns will have 

congenital hearing loss. Ideally, one wants a screening tool 
that identifies all newborns with a hearing loss, yet keeps the 

number of false positive outcomes to a minimum. Perform

ance characteristics of tests and screening tools help one to 
determine the effectiveness of any screening protocol. Re

member that sensitivity and specificity quantify a test's accu
racy in the presence of a known diseased or disordered 

condition. A positive predictive value (PPV) is the probability 

of having a disorder when the test is positive. A negative pre
dictive value (NPV) is the probability of not having a disor

der when the test is negative. Stated otherwise, sensitivity and 

specificity quantify a test's accuracy given the known condition 

0/ fhl' patient. Predictive values quantify a test's accuracy given 
the test results. Using these performance characteristics of a 

screening tool one can predict screening outcomes for a given 
population. 

Screening for rare conditions, even with tests high in sen

sitivity and specificity, can lead to a significant number of 
false positive outcomes. Figure 1 shows how sensitivity, 

specificity, and the prevalence rate influence predictive values. 
This tlgure includes outcomes for a screening across three 
populations with disorders varying in degree of prevalence. 

The sensitivity and specificity of the test are held constant at 

99(Yo and 98%, respectively. 1\ relatively high prevalence rate 

of 100/1,000 for Population A results in a PPV of 0.85. That 

is, given a positive screening outcome, the probability that 

this person has the disorder is 85%. For Population B with a 

lower prevalence rate of 10/1,000, the PPV drops to 0.36 or 

a 36% probability. Population C has a prevalence rate similar 
to estimates for congenital hearing loss, 3/1000. In this case, 

the PPV drops to a level of 0.13 or a 13(Yo probability Stated 

otherwise, 87% of the positive test results come from people 

wbo do not have the disorder. On the other hand, the NPV is 

high at 990ft) for all three levels of prevalence. If someone 

passes the screening, it is highly unlikely that they have the 

Figure 1 Effect of three prevalence rates on screening 
results Sensitivity = 0 99, Speclflclty = 0 98 

Population A 
Prevalence = 1001\ ,000 0.10 

Disorder + Disorder ". TOIaI 

Fail 99,000 18,000 117.000 

Pass 1,000 882,000 883.000 

100.000 900,000 1.000,000 

PPV = 99,000 I (117,000) = 0.85 

NPV = 882,000 I (883,000) = 99.9 

Population B 
Prevalence 1011,000 0.01 

Disorder + Disorder ,~ Total 

Fail 9,900 19,800 29,700 

Pass 100 970.200 970,300 

10,000 990,000 1,000.000 

PPV = 9,900 1(29,700) = 0.36 

NPV = 970,200 I (970,300) 99.9 

Population C 
Prevalence 3i1 ,000 ~ 0.003 

Disorder + Disorder - Tolal 

Fail 2,97(] I 19,940 22,910 

Pass 30 977,060 977.090 

3,000 997,000 1000.000 

PPV = 2,970 I (22,910) = 0.13 

NPV = 977,060 I (977,090) = 99.9 
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disorder. In general, the prevalence of a disorder has a pro

found effect on the usefulness of a test. For even the best 

newborn hearing screening tool, the PPV will remain low due 

to the relatively low prevalence of congenital hearing loss, 
unless some consideration is given to improve outcomes. High 

levels of false positive outcomes should be expected in a 

CNHS program, and this probability should be a critical con

cern for UNHS program directors. 

Improving Screening Outcomes 

Several program characteristics can be selected to im
prove the screening outcomes. First, employing technology 

with superior performance characteristics is the single best 

way to improve the chances of an efficient and effective screen

ing program. Technological advancements in program 

protocols and procedures have been instrumental in the im

proved false positive rates reported by many UNHS programs 
over the past decade. 

The earliest report of infant hearing screening in the 

United States appeared nearly 40 years ago (Downs & Sterritt, 

1964). This early program used behavioral observation of in

fants in response to intense auditory stimuli in order to screen 

for hearing status. Although this subjective technique was easy 

to use and inexpensive, ultimately it was found to have inad

equate sensitivity and specificity rates. Since that initial re

port, a number of screening protocols and techniques have 

been proposed and evaluated (Hayes & Northern, 1997). To
day, the emphasis is placed on techniques that provide objec

tive, physiologic measures to screen for hearing 

status. Specifically, two measures dominate the field 

ing screening technology support the acceptance and practice 

of universal newborn hearing screening and, in turn, the in

crease in acceptance amI practice stimulates refinement in tech

nology. Continued improvements in technology certainly will 

occur, always with improvements in false positive percent

ages. 

A second method to improve false positive rates is to 

adjust the cut-off criterion for failure. The number of false 

positives will be reduced at the expense of a few true posi

tives when the failure criterion is raised and the condition 

being screened for is rare. In other words, only a few addi

tional children with congenital hearing loss would be missed, 

but many more children who would have failed the screening 

will now pass. Hyde, Riko, and Malizia (1990) showed this 
effect by increasing the ABR intensity cut~off by lOdE. When 

the level changed from 30 to 40dB HL, 67 false positive out

comes became true negatives at the expense of two true posi
tives. 

The third method often used to address this inherent 

problem in screening rare disorders is to provide sequential 

testing strategies (Truman & Teutsch, 1998). There are two 

se(luential testing strategies, parallel testing and serial testing. 

In the case of parallel testing, two or more tests are given 

regardless of the result of the initial screen. A patient would 

be referred for diagnostic testing after failing af!Y of these tests. 

In serial testing, the second test is completed onlY if the first 
test is failed. In both strategies, the multiple tests could in

elude a new technique or tool, or it could mean simply 

Figure 2. The effect of a sequential screening strategy on screening results. 
Sensitivity = 0.99, Specificity = 0.98. 

of newborn hearing screening: evoked otoacoustic 

emissions (EOAEs) and the auditory brainstem re

sponse (ABR). Two types of EOAEs, transient A 
(TEOAEs) and distortion product (DPOAEs), are 

used in newborn hearing screening programs. Au

tomated ABR (AABR) is more commonly used than 

conventional (CABR) in UNHS programs. Both 

technologies are straightforward, noninvasive, and 
allow for quick measurement of a newborn's hear

ing status within the hospital nursery environment. 
Conventional and automated test instruments that 
incorporate either technique are available. The 

placement of these two devices in existing UNHS 
programs is fairly evenly distributed. Further, most 

legislative mandates do not recommend a specific 

technology, but are often written to require that 
non-specific, objective, and physiologic measures 

be used. Undoubtedly, the recent advances in hear-

Fail 

Pass 

Initial Screen 
Prevalence = 3/1.000 0.003 

B Second Screen 
Prevalence = 2,970122,910 = 0.13 

Disordcr+ Disorder - Toml 

2,970 I 19.940 22,910 

30 I 977.060 977,090 

3.000 997,000 1,000,000 

Final Screening Outcome 
Prevalence = 3/1.000 = 0,003 

Disorder T Disorder -

I 
Fail 2,910 

I 
399 

I 
Pass 90 

I 
996,601 

Fail 

Pass 

2,970 19,940 

Sensitivity = 2,910 /3,000 97% 

Specificity= 996,6011997,000 = 99% 

PPV = 2,910 / 3.309 = 0.88 

NPV 996,601 /996.691 = 0,99 
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re screening with the same tool. Parallel testing is often used 

when available tests are relatively insensitive, because this strat

egy increases sensitivity and PNY. However, it will decrease 

specificity and PPY. Therefore, this strategy is not recom

mended in screening for congenital hearing loss. Serial test

ing, on the other hand, results in the converse. Specificity and 

PPV are increased, although sensitivity and "\IPV may be de

creased. This strategy is used in screening programs such as 

screening for prostate cancer, HIV, or screening for Down 

syndrome during pregnancy. The initial test in serial screening 

typically is less risky to the patient, less expensive, or less com

plicated procedurally. Figure 2 illustrates this method used for 

a disorder with a prevalence rate similar to congenital hearing 

loss. In Panel A, the initial screening results are shown, Panel 

B shows the results of the second screening for the 22,910 

patients who failed the initial screen, Because the prevalence 

of hearing loss in this second screened group is higher than in 

the general neonatal population, one would expect the PPV to 

increase. Panel C shows the combination of both screenings, 

After failing both screenings, there is an 88% chance that the 

patient would have the disorder (i.e., PPV). The NPV remains 

high at 99%. Notice that the sensitivity drops to 97% from 

99%, but the specificity increased to 99,9% from 98% as pre

dicted. Notably, false positives were reduced from 19,940 to 

399 by simply adding a second screen. Of course, 

screen. 

ror maximum benefit, the two tests should be relatively 

independent. The second should nor simply duplicate known 

information. It is known that the two physiologic measures 

used in UNHS, EOAEs and ABR are highly correlated with 

the status of peripheral hearing sensitivity. EOAEs are gener

ated by the outer hair cells of the cochlea, and the presence of 

EOAEs does not ensure the integrity of the neural auditory 

pathway. The ABR, however, does reflect activity of the coch

lear, auditory nerve, and the auditory brainstem pathways. The 

ABR is sensitive to auditory nerve and brainstem abnormali

ties. Other differences include the susceptibility to middle ear 

disorder. EOAEs are much more sensitive to middle ear dis

order than the ABR. The differences and the similarity of 

these two techniques suggest they are effective tools for a 

sequential screening strategy. Of course, in 1993 the NIH 

Consensus Group recommended a sequential testing strategy 

with EOAE screening followed by ABR screening. 

A fourth method to reduce the high false positive out

comes is to screen only a subgroup at risk for a specific con

dition. It remains true that screening programs based solely 

on risk indicators will miss as many as 50% of infants with 

hearing loss (Pinitzo, Albright, & O'Neal, 1998; Mauk, White, 

Mortensen, & Behrens, 1991). Despite the lack of significant 

this method will not improve the chance of iden

tifying a false negative from the first screen. Af

ter the second screen, an additional 60 children 

pass the screening that have the disorder, which 

may constitute an unacceptable tradeoff. 

Figure 3. The effect of test order in a sequential screening strategy. For 
Test X, specificity = 95% and for Test Y, specificity = 90%. For both tests, 
sensitivity = 99%. Panel A shows the effect of a higher specificity rate for 
the initial test. Panel B shows the effect of higher specificity for the second 
test. 

The screening order will effect the efficiency 

of the final screening result. Ideally, when a se

quential test strategy is used, the first screen 

should have higher specificity and the second 

should have higher sensitivity. Figure 3 illustrates 

this point. The exact number of true positives 

was identified using either sequence (i.e., 2,910). 

However, using the tool with the lower specificity 

rate first nearly doubled the number of children 

that had to be screened a second time. If both 

tools have a similar cost associated with them, 

and they are equally invasive, then it is clear which 

test should be used first the one that will pro

vide the lowest number of false positives. Al

though, if there is some risk associated with one 

technique and not the other, or one is significantly 

more expensive, then the less risky or less costly 

tool might be more appropriate for the initial 

A 

Fail 

Test X (Spedtldty::: 95%) 
Initial Screen 

Disorder ~ Disorder- Total 

52,820 2,970 I 49,850 

Pass 1---"-3-0 - T9-47-,1-5-0-
947.180 

Fail 

Pass 

3,000 997,000 1,000,000 

Test Y (Specitldty = 90%) 
l'ollow-up Screen 

lsor er.J- tsor er---=-0' d 0 d 

2,940 4,985 

30 I 44,865 

2,970 49,850 

Total 

7,925 

44,895 

52,820 

B 

Fail 

Pass 

Fail 

Pass 

Test Y (Spedtlclty ::: 90%) 
Initial Screen 

0' der D'sorder lsor + 1 -

2,970 99,700 

30 897,300 

3,000 997,000 

+ 
Test X (Specltldty = 95%) 

l'ollow-up Screen 

Disorder + Oisorder 

2,940 I 4,985 

r-~t~4'71~~ 
. 

2,970 99,700 
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correlation with congenital hearing loss, many risk indicators 

can be successful in targeting children who develop later on

set of hearing loss (peiner, Pardue, Raffin, & Matz, 1996). In 

fact, the JCIH (2000) continues to address risk indicators, but 

focuses the role of these primarily for the identification of 

late-onset or progressive hearing loss. Risk indicators certainly 

have a place in identifying who should be monitored for hear

ing loss or hearing difficulties throughout the early develop

mental years (Dahle et al., 2000; Lutman, Davis, fortnum, & 

Wood, 1997). Therefore, it is important for UNHS program 

directors to determine methods to provide for the continued 

surveillance for late-developing sensorineural hearing loss in 

an effective, efficient, and cost-effective manner. 

With the exception of improved technology, these meth

ods to reduce false positive outcomes require a trade-off. As 

the number of false positive decreases, the number of false 

negative increases, albeit by a much smaller percentage of the 

population screened. Directors of UNHS programs should 

consider these performance characteristics of screening tools 

carefully. Then, these various options to improve the screen

ing program's performance should be weighed against the costs 

of the false positives to the program and to the families. 

Optimizing Performance 

Selection 0/ Technology 

In 1997, the National Institute on Deafness and Com

munication Disorders (1997) Working Group on Early Iden

tification of Hearing Impairment suggested that no more than 

5(10 of neonates with no risk indicators and 8(Y() of those at 

risk should be referred. Later, in 1999, the Task Force on 

Newborn and Infant Hearing for the American Academy of 

Pediatrics (1999) published guidelines that recommended the 

referral rate not exceed 4%. The new 2000 jCIH Guidelines 

include this 4% criterion as a benchmark for quality UNHS 

programs. Program directors should consider these recom

mended guidelines when selecting appropriate technology. 

In the previous section, an example of how programs 

using serial screening strategies improve false positive rates 

was included. Interestingly, UNHS programs using serial test

ing with two technologies (e.g., EOAEs and MBR/CABR) 

or AABR alone often result in superior failure rates over se

rial testing "rith TEOAEs alone (Barsky-firkser & Sun, 1997; 

Clemens, Davis, & Bailey, 2000; Finitzo et al., 1998; Gravel et 

al., 2000; Huynh, Pollack, & Cunningham, 1996; Mason & 

Herrmann, 1998; Vohr, Carty, Moore, & Letourneau, 1998). 

Typically, for established UNHS programs using AABR alone 

or a two-technology protocol, the reported failure rates are 

well below the recommended level of 4%. Conversely, those 

UNHS programs using a one-technology protocol of TEOAEs 

often report levels above this criterion. Finitzo and colleagues 

(1998) reported failure rates across nine hospitals using a se

rial screening strategy. Two hospitals used an AABR and three 

used EOAE technology. All newborns failing an initial screen 

were rescreened with the same technology before hospital dis

charge. The remaining four hospitals used a two-technology 

(i.e., TEOAEs then AABR) serial screening strategy. The an

nual failure rates reported across the hospitals screening with 

EOAEs alone, AABR alone, and the two-technology protocols 

were averaged. It was found that the average failure rates for 

these three groups were 12.3, 1.4, and 3.0%, respectively. Ma

son and Herrmann reported a false positive rate of 0.2% when 

using a serial screening strategy with AABR alone. Gravel and 

colleagues reported average failure rates for well-baby nurs

ery (WBN) screening across three years in eight New York 

hospitals. Six hospitals used a two-technology protocol of 

TEOAEs for the initial screen and ABR, either conventional 

or automated, for the second screen and had an average fail

ure rate of 2.4%. Two hospitals used EOAEs only and had an 

average failure rate of 8.5%. They also reported that after 

three years experience, the lowest failure rates were observed 

for a two-technology protocol rather than the sole technology 

of TEOAEs (Gravel et al.). 

It is known that the prevalence rate for congenital hear

ing loss in the neonatal intensive care units (NICU) is higher 

than in the \X'BN. Spivak and colleagues (2000) found that a 

higher percentage of infants from NICU failed than from the 

WBN for six of eight New York hospitals. The failure rate for 

infants in the NICU was 6.2% and in the WBN it was 3.9% 

(Prieve et al., 2000). Mason and Herrmann (1998) found a 

similar relationship; failure rate for the NICU infants was 4.8% 

and for the infants in the \X'BN the failure rate was 3.9%. 

Considering the larger population in the WBN, these small 

differences in percentages would translate to significantly more 

infants failing the hearing screening in that setting. Interest

ingly, the higher failure rates for the NICU population versus 

the WBN nursery population occurred irrespective of the vari

ous technologies employed (e.g., TEOAE only, TEOAE/ 

AABR, TEOAE/CABR). However, the average failure rate 

for TEOAEs alone was higher at 8.7% compared to 5.1 % for 

the two-technology protocol (Gravel et al., 2000). 1Vfeyer and 

colleagues (1999) compared EOAE outcomes for 464 infants 

with risk indicators for hearing loss assuming the AA.BR as 

the "gold standard". EOAEs agreed with the MBR outcomes 

74% of the time. In addition, seven false negatives and 120 

false positives resulted from the comparison revealing a sen-
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sitivity of 71 '1'0 and specificity of 73% for EOAEs in this 

population. The overall data suggest the EOARs are less ef

fective in correctly identifying congenital hearing loss in an 

NICU population. 

In either the WBN or the NICe, technology is available 

to meet the guidelines for optimal failure rates. Keeping fail

ure rates low is a critical issue for screening programs. Choos

ing the optimal technology or technologies is an important 

decision for maintaining an efficient and effective UNHS pro

gram. 

Infants Missed During the Inpatient Screening 

What should one do with infants who miss the newborn 

hearing screening as inpatients? How these infants are screened 

as outpatients and how they are recorded in program statistics 

are both important issues. Of course, these infants should be 

referred for outpatient screening. A protocol similar to those 

used for rescreening inpatient failures should be applied to 

this population. In addition, for data management, the number 

of children in both of these groups (missed infants and screen

ing failures) should be added to determine the overall failure 

rate. Every attempt should be made to keep the number of 

missed children low through careful and thorough protocol 

development or else the screening program cannot reach an 

acceptable failure rate under 4%. 

Often it is thought that the newborn in the WBN will be 

available for screening for a limited time, but that the new

born in the NICU is "captive" for days, weeks or even months. 

However, this is not always the case. Newborns requiring 

NICe care arc often quickly transferred to other hospitals 

based on medical needs or are transferred to other intensive 

care nurseries closer to home after their health condition has 

stabilized. Spivak and colleagues (2000) found that this was 

the case for NICe newborns in the New York State Universal 

Newborn Hearing Screening Demonstration Project. Although 

newborns often have a lengthy stay in the NICU, they found 

that the number of newborns missed there far exceeded the 

number missed in the WBN. Surveillance of all components 

of the UN HS program will identify these situations so that 

protocols can be continually refined and improved. 

Cost Issues Associated with UNHS 

Screening programs are expensive and constitute a sub

stantial portion of today's healthcare practices. The billions 

of dollars expended for just three of the widely recognized 

screening programs in the United States (i.e., cervical cancer, 

prostate cancer, and high blood levels of cholesterol) are suf

ticient to fund the basic healthcare system for all of the poor 

and uninsured (Russell, 1994)1 For some disorders, it is more 

expensive to implement screening programs than it is to treat 

the actual disease (Russell). FactOrs that contribute to the high 

costs of screening programs include expensive screening tests, 

tests with low sensitivity and specificity, low prevalence of 

the disorder even if the specificity is high, high referral rates, 

unnecessary follow-up tests, poor compliance, and salaries of 

audiologists. 

Much of the controversy surrounding UNHS has cen

tred on the issue of cost. Pundits of UNHS have argued that 

a more evidence-based, cost effective approach to early iden

tification of hearing loss is to screen all high risk and inten

sive care unit babies because such an approach will detect 

most children with congenital hearing impairment (Bess & 

Paradise, 1994a,b; Kileny & Jacobson, 2000a, 2000b; Para

dise, 1999). A substantial portion of the audiology commu

nity, however, argues that UNHS is well worth the costs when 

one considers the benefits and savings derived from early de

tection and subsequent intervention (Hayes & Downs, 2000; 

Prieve et al., 2000; Robinette & White, 1998). Given that a 

goal of health promotion is cost containment, it is important 

for program directors to consider both sides of these argu

ments and to possess a good understanding of the direct and 

indirect costs associated with newborn screening before a pro

gram is implemented. 

Direct costs associated with screening programs typically 

include costs of equipment, supplies, and personnel. Other 

direct expenses not usually considered in a cost analysis in

clude organization/administration expenses, data collection, 

data analysis and interpretation, record-keeping communica

tion, training of test administrators/interpreters, and program 

evaluation. Estimates of the direct monetary costs associated 

with UNHS range between 144 million and 200 million dol

lars. The variation in estimated costs is due, in part, to the 

differences in prevalence rates used in the cost calculations. 

For example, the cost per identified child is $50,000 if the 

prevalence is 1/1000 and $12,500 per identified child if the 

prevalence is 4/1000 (Robinette & White, 1998). 

Barker (1995) calculated the hospital costs for the NIH 

protocol using a sensitivity analysis. The analysis assumed an 

average of 1,184 babies born in the hospital each year, an 

EOAE specificity of 85%, an ABR specificity of 90%, a preva

lence of 1/1000, and a salary of $39,250 for an audiologist to 

administer the program. Barker found that the average annual 

hospital cost of the NIH protocol was $31,314.17, or $26.45 

per infant. Interestingly, Barker noted that approximately half 

of the total annual expenses went toward follow-up costs for 
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infants who failed the EOt\E screen; of this figure, 99.1 % of 

the costs were for the follow-up of infants with false positive 

screening tests. Importantly, the total hospital cost, cost per 

infant, and cost per child identified will vary based on the 

number of babies born per year. Pigure 4 illustrates the effect 

C 
J! 
.5 ... 
Ql 

Q. 

~ 
200 400 600 1000 1500 2000 3000 5000 

Number of Births Per Year 

of hospital size on cost per infant. It is seen that the smaller 

the size of the hospital, the higher the screening costs per 

infant; an important consideration for smaller hospitals con

templating the development of a newborn screening program. 

Par less is known about the indirect costs associated with 
CNHS. Indirect costs of a screening program can include 

transportation and parking costs, unnecessary tests and treat
ment, lost wages during follow-up testing, and the more hu

man costs of distraction, stress, frustration, and parental anxiety 

(Bess & Paradise, 1994a). Of special concern is the potential 

deleterious effect of large numbers of false positive identifi

cations. How many infants will receive how many unneces

sary test procedures? How many inL-111ts will be unfavorably 

labeled? And, what are the effects of false positive identifica

tion on the parent and the parent-child bonding? In develop
mental pediatrics, there is mounting evidence to show that if 

a child is identified as disordered in the newborn period, even 
if incorrectly, and even for only a short period of time, there 

can be long-lasting effects on the parent, the parent-child rela

tionship, and subsequently, the child's psychosocial develop

ment (Bess & Paradise, 1994a,b). In fact, parents can become 
unduly protective or attached to their child as a consequence 

of the screening outcome and, subsequently, over-utilize the 
healthcare system. Such a phenomenon has heen referred to 

as the "vulnerable child syndrome". These indirect costs, sel

dom, if ever receive the same consideration that is given to 
the benefits of screening babies for hearing loss. Moreover, 

there has been limited research in hearing screening programs 
directed toward assessing the impact of false positives on par-

ents; no studies have explored the issue of parent-child bond

ing. t\bdala de Uzcategui and Yoshinaga-Itano (1997) surveyed 

a small number of parents whose infants had failed the initial 

screen and were referred for additional testing. Some of the 
results of the survey revealed that 22% experienced anger, 

42% were confused, 52% were afraid, 37% were depressed, 

31 (~() were frustrated and 19% expressed feelings of guilt. In 

another study, Luterman and Kurtzer-White (1999) reported 

that 17% of the parents surveyed did not want to know at 

birth that their baby was deaf Finally, Stuart, Moretz, and 

Yang (2000) examined stress levels in a small group of moth

ers whose infants had failed a newborn hearing screen and 

compared these findings to the stress levels of 20 mothers 

whose children had passed the hearing screen. Stuart and co

workers reponed essentially no differences in stress levels 

between the groups. Although these studies represent a good 
first start, more systematic, carefully controlled research is 

clearly needed before one can determine whether false posi

tive identifications impact negatively on parents and on the 

parent -child relationship. 

Legal Issues in UNHS 

1'v10re than 32 states in the United States have now devel

oped legislation mandating UNHS. Interestingly, when com

paring state regulatory laws, programs vary significantly with 

regard to type of screening recommended, program partici

pation and informed parental permission, fees for the screen

ing service, time limitations, and screening and follow-up 

responsibilities (Clayton & Tharpe, 1998). It is important to 

recognize that once a healthcare practice is regulated by law it 
becomes the accepted standard of care and the potential for 

litigation is ever present. Pailure to perform newborn hearing 

screening according to the law exposes the audiologist, medi

cal staff, and the hospital to liability. For example, caution 

must be taken by the program leaders to insure that names are 

not released to outside parties without the written consent of 

the parent or guardian (Clayton & Tharpe). Confidentiality is 

a given right and provisions for confidentiality should be built 
into any screening program. The potential for litigation also 

exists if a child with hearing loss is missed or fails to receive 

follow-up care. Other types of screening programs offer in
sight into the potential problems that can occur as a conse
quence of false negatives. Holtzman, Slazyk, Cordero, and 
Hannan (1985) found that 20':/() of the missed cases in PKU 

screening occurred during the follow-up stage of the program. 
Moreover, Holtzman, et al. found that 29'/0 of the missed 

cases resulted in litigation. It is almost superHuous to note 
that the costs associated with these lawsuits were substantial. 
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In order for a lawsuit to take place, the child with a missed 

hearing loss (plaintiff) needs to demonstrate that the defend

ants breached the standard of care and that the breach caused 

damages that are compensable under the law (Clayton & 

Tharpe). As noted earlier, the standard of care is defined as 

the practice behaviour of other practitioners within the com

munity and the state. If a hospital fails to perform newborn 

hearing screening when most others within the community 

and the state do, then, a breach of standard is evident. The 

risk of litigation is even greater in states that have mandated 

hearing screening. Pailure to comply with state requirements 

may be sufticient cause to ptove breach of the standard of 

care irrespective of what other providers do within the com

munity. 

Finally, the child who is missed cannot successfully sue a 

state program because such programs are typically immune 

from liability (Clayton & Tharpe, 1998). IIowever, the likeli

hood is high that the child's representatives will sue the audi

ologist, hospital staff, and the hospital in their search for 

compensation. Por example, the child's parents could sue for 

compensation for the pain and suffering experienced by the 

child or for their own emotional and economic loss (Clayton 

& Tharpe). Such issues are important to consider in the devel

opment of newborn hearing screening programs and in the 

development of any state regulatory laws. 

Follow-up Issues in UNHS 

Perhaps the most important component of any newborn 

screening program is the follow-up of those children who 

have failed the screening test. In order for the follow-up to be 

successful, there must be suitable facilities that are readily 

available and accessible, there must be adequate compliance, 

and for those who do comply, there must be a timely and an 

appropriate diagnosis and intervention. It is well recognized 

that 25% of all births in this country occur in rural or remote 

areas, many of which lack qualified audiologic professionals 

and sophisticated audiometric equipment; under such circum~ 

stances, the screening and follow-up of infants who have failed 

the test could pose formidable problems of logistics and costs. 

Indeed, it is inappropriate to screen for any disorder without 

certainty that facilities for suitable follow-up care of individu

als who fail the screen are readily available. Moreover, fami

lies in such areas often lack health insurance or are 

underinsured so that even if suitable professional services were 

available, they might not be affordable for such families until 

such time as a national health insurance program had come 

into being. One possible way to minimize the problems asso
ciated with screening infants located in remote and rural re~ 

gions is to create regional centres of excellence (Bess, 20(0). 

That is, to establish referral centres that meet specified crite

ria for serving young children with hearing impairment. 

The issue of compliance is also a concern for newborn 

hearing screening programs. On average, 20 to 30 percent of 

those infants who fail the newborn screening are lost to fol

low-up despite aggressive recruiting efforts and cost-saving 

incentives to the parents (Dalzell et aI., 2000; Diefendorf & 

Weber, 1994; Kileny & Jacobson, 2000b; Shimizu, et aI., 1990). 

Noncompliance rates are usually highest in the beginning years 

of a program. Recently, the New York State Screening Project 

reported that 15 to 27 percent of the babies who failed the 

screening did not return for follow-up (prieve et aI., 20(0) 

Henry Ford Hospital (Detroit, MI) reports a failure rate of 25 

percent. Screening is of limited value if large numbers of 

infants fail to comply with the recommendation of the screen. 

Several other important issues in the follow-up process 

represent potential areas of concern. The increased numbers 

of newborn hearing screening programs has resulted in large 

numbers of young infants being referred to audiologic facili

ties for appropriate diagnosis and intervention. Unfortunately, 

one continues to tlnd that a substantial lag time exists be

tween the initial cont'irmation of hearing loss and the fitting 

of amplification (Be ss, 2000). Almost half of the screening 

sites of The Marion Downs National Center for Infant Hear

ing reported that the average initial diagnostic evaluation oc

curred within the first six months of life; 33% reported that 

the average age of confirmation of hearing loss was within 

the first six months of age. In more than half of these sites, 

however, children did not receive amplification until they were 

more than 12 months of age. 

It is also troubling to note that many clinicians do not 

use the available technology and evidence-based practices for 

the t1ttlng of appropriate amplification to very young infants 

referred from UNHS programs. Hedley-Williams, Tharpe, and 

Bess (1996) demonstrated from a large survey of pediatric 

audiologists that no systematic procedure exists for determin

ing and tltting hearing aids for young children. The survey 

showed that many of the prescriptive procedures available for 

selecting hearing aids were not being used, probe-tube meas

urements with children are typically not included as part of 

the verification strategy, and programmable hearing aids are 

seldom, if ever, selected for young infants. Tharpe (2000) re

ported similar findings. 

Pinally, there is evidence to suggest that a needs exists 

for audiologists to develop better counseling skills skills that 

are so important for communicating screening test results to 
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young parents (Luterman & Kurtzer-White, 1999). 

Training Issues i11 UNHS 

One way in which to minimize the potential problems of 

universal newborn hearing screening is to improve the educa
tional/professional training of audiologists. It is well recog

nized that many universities offer only one course in 
pediatrics-the course typically offers limited exposure to 
pediatric assessment (Le., < 6 months), hearing aid selection 

and fitting, and counseling. In a recent survey it was found 
that only 18% of the respondents had taken a course in 
pediatric amplification in graduate training programs (Tharpe, 

2000). The increased numbers of babies that are being re
ferred to audiologists from UNHS programs prompts a need 
for audiologists to receive better, more comprehensive train

ing in the areas of pediatric assessment, pediatric amplifica
tion fitting, counseling, and early identification. 

The areas of pediatric assessment and hearing aid fitting 

are especially important to the success of any UNHS pro
grams. The very fact that some pediatric audiologists wait until 
a child is more than 12 months of age for a hearing aid fitting 
following identification is clearly unacceptable. One must fit 
children with amplification shortly after they have been iden

tified if one expects to offer them the best possible services. 
The technology and the know-how for the assessment and 

hearing aid fitting of infants below six months of age are 
currently available and should be used. Comprehensive infor

mation is available on recommended protocols for pediatric 
assessment and hearing aid fitting of very young infants (Bess, 
Gravel, & Tharpe, 1996; Seewald, 2000). 

Unfortunately, one finds problems with the preparation 
of audiologists in the area of counseling. Several studies have 
demonstrated that students receive minimal exposure to fam
ily counseling (Crandell, 1996; 1997). In the words of Luterman 

and Kurtzer-White (1999), "with the number of hearing screen-
programs rapidly expanding, highly trained professionals 

with parent counseling skills are at a premium, as are special

ists in working with infants with hearing loss and their fami
lies". 

Audiologists must also develop skills in the area of early 
intervention. In general, university programs emphasi:t:e train
ing of audiologists for populations above the toddler age and 
seldom give any preparation on effective techniques for work
ing with very young children. Even deaf education programs 
fail to prepare adequately educators to work with younger age 
groups. According to Roush and co-workers (1992), less than 
half of deaf education programs offer any kind of prepara-

tion in the area of early intervention. 

Finally, one cannot over-emphasize the importance of 
educating primary care physicians, healthcare personnel, and 
parents to recognize the potential of hearing loss in young 
infants and to make prompt referrals for audiologic assess

ment and management. 

Summary 

Forty years have now passed since the initial publication 

of reports describing programs to screen hearing in infants. 
Even less time has passed since the first reports of universal 
screening were published. CNHS is still in its early develop

ment - less than a decade old. Recognizing this, one can be 
fairly certain that circumstances naturally will arise that will 
suggest modifications or alterations in current methods and 

protocols. New technological advancements are likely and these 
will influence protocol. As published reports appear in the 
literature describing experiences within existing UNHS pro

grams, further policy and procedural changes may be war
ranted. Therefore, vigilant monitoring of existing programs, 
on local, state, and national levels should be a natural compo
nent of all programs. By selecting the most successful aspects 

of programs nationwide, one can establish a high-quality stand
ard that will provide momentum for CNHS growth. 

To those audiologists who are considering the develop
ment of a UNHS program careful planning, reliance on evi
dence-based data, and caution are urged. Premature 

implementation of a newborn screening could well work 
against the ultimate success of the program- good inten
tions do not always ensure the success of UNHS. To be sure, 

the most successful UNHS programs will be those that are 
dynamic, entrepreneurial, evidence-based, and willing to change 
practices even when the status quo is more comfortable. 
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