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Abstract The objectives of this study were to develop an
algorithm using government-collected administrative data
to identify prenatally drug-exposed infants (DEI) and
determine the percent who were referred to and eligible for
Part C Early Intervention (EI) in Massachusetts. Data from
the population-based Pregnancy to Early Life Longitudinal
(PELL) Data System were used to develop the Drug-
Exposed Infant Identification Algorithm (DEIIA). The
DEIIA uses positive toxicology screens on the birth cer-
tificate and International Classification of Diseases, 9th
Edition, Clinical Modification diagnostic codes in hospital
records of the mother (prenatal and birth) and infant (birth
and postnatal) to identify infants affected by substance
abuse/dependence, withdrawal, and/or prenatal exposure to
non-medical use of controlled substances. PELL-EI data
linkages were used to determine the percent referred,
evaluated, and eligible. The DEIIA identified 7,348 drug-
exposed infants born in Massachusetts from 1998 to 2005
to resident mothers (1.2 % of all births). Most DEI
(82.6 %) were identified from maternal/infant birth hospi-
tal records. Sixty-one percent of all DEI were referred to
EI; 87.2 % of those referred were evaluated, and 89.4 % of
those evaluated were found eligible. EI data contained
information on drug exposure for 59.9 % of referred DEI.
Only 2.8 % of MA resident births who were referred to
EI but not identified by the DEIIA had drug indicators in EI
data. DEI referrals to EI are federally mandated, but many
are not referred. The DEIIA uses data available in most
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states and could be used as a public health screening tool to
improve access to developmental services for DEI.
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Introduction

Prenatal exposure to illegal drugs is a public health prob-
lem amenable to secondary prevention efforts through
developmental services for newborns and their families. In
2004, federal legislation was passed [1] to improve Part C
Early Intervention (EI) service access for drug-exposed
infants (DEI) by requiring states to develop and implement
EI referral policies and procedures for children under
3 years of age affected by illegal substance exposure. This
mandate was motivated by scientific evidence of the det-
rimental effects of substance abuse and prenatal drug
exposure on child development [2], yet data on the rate of
EI service access among DEI are limited.

The 1997-1998 National Household Survey on Drug
Abuse (NHSDA) indicated that approximately 3 % of
pregnant women reported using illicit drugs in the past
month [3], while the 1998 National Early Intervention
Longitudinal Study (NEILS) reported that approximately
2 % of children enrolled in EI in 1998 were receiving
services because of prenatal exposures to substances
(including alcohol) [4]. These data suggest that not all
prenatally drug-exposed children were enrolled in EI ser-
vices over 10 years ago, but do not precisely define the
extent of problems with service access. More recent, pop-
ulation-based data on the number and percent of infants
exposed to illegal drugs who are referred to EI would allow
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states to assess the scope of the problem and build appro-
priate service capacity.

Currently, there is no feasible population-based method
to identify DEI for referral. The confidential NHSDA (now
the National Survey on Drug Use and Health) responses
may only be used for statistical purposes under federal law
[5], and there are ethical and practical barriers to screening
all pregnant women for drug use [6]. Australian researchers
demonstrated the possibility of population level screening
by linking birth records to prenatal and birth hospital
admission data to identify prenatally drug exposed infants
using hospital diagnostic codes [7]. Existing US-based
methods that use hospital diagnostic codes focus on iden-
tifying adults with substance use disorders and are not
designed to identify infants with prenatal exposure. For
example, the mental health/substance abuse component of
the Clinical Classifications Software (CCS-MHSA) [8]
leaves out drug-related poisoning codes, and the Drug
Need Index (DNI) [9] includes poisonings but leaves out
pregnancy- and infant-related diagnoses indicating prenatal
drug use. In summary, there is no gold standard method to
identify DEI on a population basis.

This study addresses the need for a specific, feasible
population-based tool to identify DEI. This paper describes
the development and application of the Drug-Exposed
Infant Identification Algorithm (DEIIA) to address three
study questions: (1) how many infants born from 1998 to
2005 were identified as drug exposed and what were the
time trends, (2) when, where, and by what indicators were
infants identified; and (3) what percent of DEI were
referred to and eligible for EI in Massachusetts?

Methods
Data Source and Sample

This study used data from the population-based Massa-
chusetts Pregnancy to Early Life Longitudinal (PELL)
Data System that links birth certificates, maternal and
infant hospital records, and EI service records. The study
population included 624,269 in-state livebirths to Massa-
chusetts residents in maternity hospitals from 1998 to 2005
where the birth certificate linked to maternal and child birth
hospitalization records (the “core” linkage). The DEIIA
used PELL’s longitudinal linkages between the core [10],
maternal prenatal and child postnatal hospital records [11],
and EI participation records [12].

This study was approved by the Brandeis University and
Massachusetts Department of Public Health Institutional
Review Boards. Records were stripped of direct identifiers
prior to analysis.
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Drug-Exposed Infant Identification Algorithm

The DEIIA was developed to identify children under the age
of three who are “... affected by illegal substance abuse, or
withdrawal symptoms resulting from prenatal drug exposure”
[§637(a)(6)(B)] [1] and as such, subject to the federal EI
referral requirements. The algorithm defines the study popu-
lation using indicators of three constructs: (1) abuse or
dependence; (2) withdrawal; and (3) prenatal drug exposure.
The three constructs were measured using two types of indi-
cators: positive toxicology screens on the birth certificate
(measuring prenatal drug exposure) and International Clas-
sification of Diseases, 9th Edition, Clinical Modification
(ICD9-CM) drug-related diagnostic codes in maternal and
infant hospital records (measuring any of the three constructs).
Maternal records included delivery and prenatal hospital
records (inpatient, emergency and observational stays); child
records included birth and postnatal hospital records to age
3 years to capture prenatal exposures detected after birth [13].

The DEIIA was developed using an iterative five-step
process. Step 1 evaluated how well the CCS-MHSA [8] and
the DNI [9] could measure the constructs of interest, par-
ticularly illegal drug use. Records identified using these tools
were examined, and specific codes and code combinations
were evaluated through consultation with drug abuse
researchers and clinicians. Although the DEIIA endeavors to
identify illegal drug use, ICD9-CM substance-related codes
vary in level of detail and legality cannot always be deter-
mined. Therefore, the DEITA uses indicators of exposure to
“non-medical use of controlled substances,” a term used by
SAMHSA [14] to denote illicit drug use. Henceforth for
brevity, “drug exposure” will be used to convey this concept.

Step 2 involved grouping ICD9-CM diagnostic codes into
three broad categories, each with sub-categories with higher
or lower face validity, and creating inclusion rules. The
broad categories were specific, remission, and non-specific
codes. Specific codes explicitly state abuse, dependence, or
infant withdrawal; indicate prenatal exposure to drugs; and/
or explicitly mention heroin, methadone, psychodysleptics/
hallucinogens, or cocaine. Specific code sub-categories are
positive toxicology screens, abuse, dependence-drug speci-
fied, noxious influences-drug specified (cocaine and hallu-
cinogens), child withdrawal, and poisoning-specified illicit
drug. Remission codes explicitly mention abuse or depen-
dence to drugs included in the specific category, although the
condition is in remission rather than continuous or episodic.
Remission code sub-categories are abuse and dependence-
drug specified. Non-specific codes may indicate non-
medical use of controlled substances but are non-explicit.
Non-specific code sub-categories were dependence-drug
unspecified, seeking counseling, drug-induced disorder,
noxious influences-drug unspecified (narcotics), maternal
withdrawal, and poisoning-other drug.
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Specific codes explicitly mention the three study con-
structs and therefore have higher theoretical face validity.
Remission codes are considered to have higher face validity
because they indicate a history of substance abuse, where
relapse is common [15]. Non-specific codes have lower face
validity because they lack detail. Code sub-categories were
constructed based on face validity and the nature of the code
(e.g., poisoning vs. dependence). Codes for drugs that are
not considered drugs of abuse (e.g., antidepressant poison-
ings) and/or not considered illegal (e.g., antibiotics) were
also identified to define a “do not include” category, and
three additional categories were created for use in inclusion
rules (suicide attempts, alcohol/tobacco, and anesthetic
complications of labor and delivery).

Step 3 was a re-iteration of step 1, with the application of
step 2 categories and rules. A factor analysis of sub-
categories was conducted in step 4 to empirically determine
how lower and higher validity codes clustered and examine
whether cases identified only by the lower face validity
codes should be included. Step 5 involved the application of
the factor analysis results, theoretical considerations, and
consultation with researchers and clinicians to refine the set
of code indicators, categories, and inclusion rules.

Number of Drug-Exposed Infants and EI Referral
and Eligibility

The total number of infants identified by the DEIIA is pre-
sented as a percentage of the total number of live births in
Massachusetts between 1998 and 2005 captured in the PELL
data system. An infant was considered referred to EI if s/he
had a referral record linked to her/his birth record, and was
considered eligible if the infant had a linked evaluation
record with a date and eligibility information. The referral
percent was calculated for DEI surviving past 28 days. The
percent evaluated among those referred and the percent
eligible among those evaluated were also calculated.

EI records can contain evidence of drug exposure,
including (1) a drug-related referral reason (referral record);
(2) an ICD9-CM diagnostic code related to drug exposure
(292.0, 779.5,977.9, and 989.9) (evaluation record); and (3)
parental substance abuse (evaluation record). Referral and
evaluation data were examined for all MA-born children
referred to EI in MA, and the percent of referred children
with evidence of substance exposure in EI records was cal-
culated for both DEI (children identified by the DEIIA as
drug-exposed) and non-DEI.

Statistical Methods
The Cochran-Armitage test for trend was used to examine

time trends in birth of drug-exposed infants. Univariate
statistics are presented for the following algorithm

characteristics: when exposure was identified (prenatal,
birth, postnatal, and multiple periods), where it was iden-
tified (e.g., birth certificate or maternal hospital discharge
delivery record), and by what codes (types of drugs and
higher vs. lower validity codes).

Sensitivity analyses were performed to assess the influ-
ence of key algorithm characteristics on referral, evaluation,
eligibility, and EI substance exposure documentation per-
centages. These percentages were calculated using only
children identified at birth (i.e., excluding prenatal- or
postnatal-only identifications), children identified by high
face validity indicators, and children identified at birth by
high face validity indicators. All analyses were carried out
using SAS 9.2 (SAS Institute, Inc., Cary, NC).

Results
Drug-Exposed Infant Identification Algorithm

The factor analysis identified 1 factor (Eigenvalue 2.01)
with significant loadings >0.25 [16] for 3 high face validity
sub-groups (abuse, dependence-drug specified and child
withdrawal) and 2 low face validity sub-groups (depen-
dence-drug unspecified and maternal withdrawal). Toxi-
cology screen (high face validity) and noxious-drug
unspecified (low face validity) also loaded weakly onto this
factor (both 0.17). Noxious-drug specified (high face
validity) and both poisoning sub-groups (high and low face
validity) loaded more strongly onto a second, weak factor
(Eigenvalue 0.33; loadings —0.19 and >0.30, respectively).
Seeking counseling (V654.2) and drug-induced disorders
had loadings of <0.10. Seeking counseling was dropped,
and drug-induced disorder codes were dropped except for
“suspected damage to fetus” codes (655.50, 655.51 and
655.53), which were retained based on theoretical grounds
that prenatal exposure had been identified. Similarly, tox-
icology screens, poisoning and noxious influences codes
were retained on theoretical grounds and after consultation
with clinicians. Table 1 presents the final set of DEIIA
indicators, categories and sub-categories, as well as the
constructs they measure. The final inclusion rules and
specific exceptions are presented in Table 2.

Number of Drug-Exposed Infants and EI Referral
and Eligibility

A total of 7,348 children born from 1998 to 2005 were
identified by the DEIIA as drug-exposed, representing
1.2 % of the study population. One percent of births were
exposed in 1998, which increased to 1.6 % in 2005
(Cochran-Armitage test for trend Z = 13.3, p < 0.0001).
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Table 1 Study construct indicators: data source, indicator type, category, and sub-category

Data source and indicator type Construct Category Sub-category Indicator®
(boldface: high face validity)
Birth certificate, toxicology screen Prenatal Specific Toxicology screen Positive
exposure
Maternal and child hospital® Abuse/ Specific Abuse 305.2x-305.9x
records, ICD9-CM codes dependence and remission
Dependence-drug 304.0x-304.8x
specified
Non-specific Dependence- drug 304.9x
unspecified 648.3x
Child hospital® records, Withdrawal Specific Child withdrawal 292.0
ICD9-CM Codes 7795
Maternal and child hospital® Prenatal Specific Noxious-drug specified 760.73
records, ICD9-CM codes exposure 760.75
Poisoning-specified 965.01 E854.1
illicit drug 965.02 E935.0
969.6 E935.1
E850.0 E939.6
E850.1
Non-specific Drug disorder 655.5x
Noxious-drug unspecified 760.72
Maternal withdrawal 292.0
Poisoning-other drug 965.0 E850.2
965.00 E851
965.09 E852.x
967.x E853.x
968.2 E854.2-E854.8
968.5 E855.1
969.1-969.5 E855.2
969.7-969.9 E939.7
970.x E980.0-E980.5

? In the notation for the ICD9-CM codes, the “x” represents any and all 4th or 5th digits that occur
® Includes inpatient hospital discharge, emergency, and observational stay records. Maternal records are for delivery and prenatal visits. Child

records are for birth and postnatal visits to age 3 years

ICD9-CM International Classification of Diseases, 9th Edition, Clinical Modification

The majority were identified at birth (n = 6,195, 84.3 %)
through hospital records (n = 6,071, 82.6 %). Almost 12 %
(n = 870) were identified prenatally, but not at birth. There
were 529 children identified with a postnatal drug exposure
record, of which 283 (3.9 %) were identified postnatally
only.

The sources that identified the highest percentage of
infants were maternal hospital discharge delivery records
and child hospital discharge birth records (73.0 and
44.4 %, respectively, non-mutually exclusive) (Table 3).
Twelve percent were identified through birth certificates, of
which 86.3 % had another exposure indicator in hospital
records. Children’s postnatal inpatient, emergency, and
observational stay records identified the lowest percentage
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of DEI (0.3-6.0 %). Almost half of the children (45.1 %)
were identified in more than one data source.

Almost all infants were identified with higher validity
indicators (n = 7,066, 96.2 %), and just 578 (7.9 %)
infants were identified only by one of the code categories
that did not cluster with the other categories. Among the
7,224 infants identified through hospital record indicators,
most did not specify a drug (54.5 %), followed by codes
specifying cocaine (38.7 %), opioids (35.1 %), and can-
nabis (26.3 %) (Table 3). Multiple drugs were indicated for
17.1 % of DEI, and 28.7 % also had indicators of alcohol
and/or tobacco exposure.

Sixty-one percent of DEIIA identified surviving neo-
nates were referred to EI before their third birthday
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Table 2 Drug Exposed Infant Identification Algorithm code categories, inclusion rules, and specific exceptions

Code category Inclusion rules

Specific exceptions

Specific (high Include regardless of presence of other codes

face
validity)

Remission Include regardless of presence of other codes
(high face
validity)

Non-specific  Include if occurs alone or with other non-specific codes,
(low face suicide codes, and/or poisoning codes, but not with “do not
validity) include” codes*

Exclude child hospital records with code combinations
suggesting withdrawal was due to drugs administered in the
hospital (withdrawal codes 292.0 and 779.5 plus E849.7 with
no other accident codes).

Exclude child hospital records if visit was at >28 days, as
remission could be due to be prescribed medications for the
infant.

Exclude if non-specific code is in the drug disorder sub-
category, with the exception of suspected damage to fetus
codes

Exclude if non-specific code other than those in dependence-
unspecified sub-category are combined with anesthetic
complications of labor & delivery, alcohol or tobacco
dependence codes

See Table 1 for list of codes by category and sub-category

% Do not include code list available from author

Table 3 Data sources containing drug exposure indicators and types
of drugs identified using the Drug-Exposed Infant Identification
Algorithm

N %o
Data source®
Birth certificate 905 123
Child hospital discharge—birth 3,262 44.4
Child hospital discharge—postnatal 438 6.0
Child emergency—postnatal 79 1.1
Child observational stay—postnatal 19 0.3
Mother hospital discharge—delivery 5,361 73.0
Mother hospital discharge—prenatal 1,358 18.5
Mother emergency—prenatal 755 10.3
Mother observational stay—prenatal 661 9.0
Multiple data sources 3,313 45.1
Drug types™ °

Opioid 2,537 35.1
Cannabis 1,897 26.3
Cocaine 2,792 38.7
Hallucinogens 0 0
Inhalants 0 0
Tranquilizers 32 0.4
Stimulants 50 0.7
Sedatives 145 2.0
Antidepressant 7 0.1
Other psychotropics 60 0.8
Unspecified type 3,939 54.5
Multiple specified drugs 1,232 17.1
Drugs + alcohol and/or tobacco 2,111 28.7

? These are not mutually exclusive categories; a child could be
identified in one or more data sources, and could be exposed to one or
more drug types

° n = 7,224 infants identified by hospital diagnostic codes

(the service age cutoff) (Table 4). Once referred, 87.2 %
received an evaluation, and 89.4 % of those children were
eligible for EI. In sensitivity analyses, these percentages
increased by <2.4 points.

El records indicated that the reason for referral was drug
exposure for 40.6 % of referred DEI. A drug-related
diagnosis was recorded in EI records for 6.8 % of evalu-
ated DEI, despite the fact that 37.8 % of these infants had
one of these diagnostic codes in their birth or postnatal
hospital records. Parental substance abuse was recorded for
49.6 % of evaluated DEI. Overall, 59.9 % of referred DEI
and 68.7 % of evaluated DEI had at least one of these drug
exposure indicators in their EI records (Table 4). Just
2.8 % of referred non-DEI had a prenatal drug exposure
indicator. Figure 1 presents the flow from the total popu-
lation of births, to the DEI births, to referrals, to those with
or without an EI record of prenatal drug exposure.

Discussion

This study used an innovative, population-based platform
to develop the DEIIA, and provides novel data on the
number of DEI in a state who received referrals to EI in
accordance with the federal mandate. The DEIIA is a more
specific and rigorous method to identify infants with pre-
natal drug exposure than is currently available. It identified
as drug-exposed 1.2 % of Massachusetts births from 1998
to 2005, most at birth (84.3 %) through maternal delivery
and infant birth hospital records (82.6 %) and high face
validity indicators (96.2 %). Although the majority was
referred to EI before age three, 39.1 % never received a
referral. Once referred, most DEI received an eligibility
evaluation (87.2 %) and were found eligible (89.4 %). EI
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Table 4 Early Intervention (EI) service access and drug records for drug-exposed infants in Massachusetts

N % of No. surviving Referred to  Evaluated Eligible for  Drug exposure indicators in EI
births® neonates EI by EI EI record
n %° n %* n %° % of % of
referred evaluated
Total 7,348 1.2 7,290 4,436 609 3,868 87.2 3,459 894 2,658 59.9 68.7
Sensitivity analysis—identified only by
Birth records 6,195 1.0 6,143 3,851 62.7 3,358 87.2 3,011 89.7 2471 642 73.6
High validity indicators 7,066 1.1 7,009 4301 614 3,759 874 3,362 894 2,622 61.0 69.8
At birth + high validity 5,973 1.0 5,922 3,749 633 3,275 874 2936 89.7 2443 65.2 74.6

indicators

Identified using the Drug-Exposed Infant Identification Algorithm

* 624,269 births contained in the Pregnancy to Early Life Longitudinal data system, which is 99 % of all in-state births to Massachusetts

residents

® Moving towards right, percents for referred, evaluated, and eligible use the n from the previous measurement denominator, e.g., 3,868

evaluated/4,436 referred = 87.2 % evaluated

records indicated prenatal drug exposure for 59.9 % of
referred DEI, compared to only 2.8 % of referred children
not identified by the DEIIA.

The DEIIA provides a feasible method of identifying pre-
natally drug exposed infants in need of EI that improves upon
existing US-based diagnostic code algorithms. It is feasible
because hospitals already collect the data and could use them
to identify infants in need of referral. It improves upon existing
methods because it was specifically designed to identify pre-
natal drug exposure rather than substance use disorders among
adults, and unlike the CCS-MHSA, it underwent an empirical
examination of construct measurement. The factor analysis
findings that a few indicators did not cluster with the other
indicators could be due to different data collection or mea-
surement processes, a method effect, rather than to lack of
overlap in construct measurement [17]. Toxicology screens
come from a different source than the diagnostic codes; all
poisonings are coded in a specific manner that differs from
other diagnosis coding; and noxious influences codes cannot
be used in the presence of a child withdrawal code [18].
Alternatively, the factor analysis results might be interpreted
asindicating atleast two different reasons for the prenatal drug
exposure, which has practice implications and is an important
avenue for further investigation.

The percentage of DEI identified in this study matches
the 1.1 % figure reported in an Australian study using
similar methods [7]. The DEIIA also indicated an
increasing prevalence of DEI (1.0 % of 1998 births and
1.6 % of 2005 births), which corresponds to US national
survey documentation of an increase in drug use by preg-
nant women from 2.5 % in 1997 to 1998 [3] to 3.9 % in
2005 [19]. The DEIIA detects only about 40 % of the births
that might be expected based on these survey figures. It is
likely capturing the most serious cases because identifica-
tion required a hospitalization or detection by the hospital

@ Springer

at delivery; not all women who use drugs during pregnancy
are prenatally hospitalized, and drug use is often not
detected at delivery [13]. The algorithm likely identifies
those with higher levels of drug exposure who may have
the most need of EI referral, which is supported by the high
eligibility rates.

Policy and practice changes are needed to increase DEI
access to EI and ascertainment of drug exposure in EI data.
DEI referral and evaluation rates of 60.9 and 87.2 %,
respectively, were much lower than rates reported by
another Massachusetts study of 1998-2000 births. Referral
and evaluation rates were 81.0 and 94.9 %, respectively,
for infants born at <32 weeks gestation, and 89.0 and
95.7 %, respectively, for infants born weighing <1,200 g
[12]. Among infants identified as drug-exposed by the
DEIIA, 40.1 % of those who were referred and 40.6 % of
those who were evaluated did not have information on drug
exposure in their EI records. Although this could be used as
a measure of sensitivity and specificity of the DEIIA in
identifying DEI, EI data are not the gold standard for
prenatal exposure identification. More appropriately, it
documents the incompleteness of EI data with regard to
conditions that impact eligibility and development. Drug
exposure history may not be present if it was not a reason
for referral or documented during the eligibility evaluation
because El is a voluntary system and parents do not have to
share their history of drug use. This is indicated by the
finding that only 6.8 % had a drug-related diagnostic code
in their EI records, but 37.8 % had these same codes in
their birth hospital record. Because drug exposure is a risk
factor that contributes to eligibility in Massachusetts, some
DEI might not have been found eligible when they should
have been.

The DEIIA could be used by hospitals to screen their
data and flag children for EI referral, and it could also be
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used as an objective indicator to prompt a toxicology
screen at birth, both of which would likely increase refer-
rals. Recording the hospital’s drug-exposure information at
EI referral would improve the accuracy of the child’s
medical history, which could help EI programs to identify
eligible children and better serve these children and their
families.

This study is subject to limitations inherent in using
linked administrative data sources. Errors in hospital diag-
nosis coding could lead to under- or over-identification of
DEI, it is not possible to determine if there is an overall bias
in either direction. Although most infants were identified at
birth, lower hospital longitudinal linkage rates may con-
tribute to under-identification of DEI. Similarly, the link-
ages to EI referral data likely undercount DEI referrals.
From 1998 to 2005 there were 1,946 referrals of children

who were adopted (1,725) or did not have enough infor-
mation for linkage. Assuming that 25 % of these children
were DEI [20], the number of DEI referred would have been
4,923 (67.0 %), which nevertheless indicates that EI misses
approximately one-third of DEI. Using evaluation dates and
outcomes to measure evaluation and eligibility may also
undercount the number of DEI who were evaluated and
eligible. Although this is an approach that has been used in
other studies of EI service access [12, 21], some children
were missing evaluation data when the EI data system
indicated they were evaluated and eligible.

The DEIIA uses toxicology screens on the birth certifi-
cate, but only two other states collect some type of prenatal
drug use information on their birth certificates (based on 39
responses to an e-mail survey from 8/21 to 9/20/12 of vital
records contacts in 56 US states and territories). Lack of

Fig. 1 Flow of Massachusetts
drug-exposed infants (DEI)
identified, referred, and having a

record of drug exposure in Early 624,269
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1998-2005 in PELL:

Non-DEI Births:
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standardization and inter-hospital variability regarding who
completes the medical portion of the Massachusetts birth
certificate using maternal/infant medical records/charts may
contribute to variations in data quality, which has not been
studied. Furthermore, toxicology screens are not universal.
No studies have been identified that provide epidemiolog-
ical data on the frequency with which screens are performed
in any state, and Massachusetts is not one of the four states
that require testing in response to suspicion of substance
abuse [22]. Individual hospitals determine their testing
protocols based on clinical factors (e.g., signs of substance
use/abuse or withdrawal, placental abruption) and/or phy-
sician discretion [6]. Hospitals may not have a protocol
[23], and sociodemographic bias has been reported even in
the presence of protocols [24, 25]. Nevertheless, only 124
(1.7 %) of the children identified by the DEIIA were
identified by a positive toxicology screen alone, and 86.3 %
of the 905 children with a positive screen had another
DEIIA indicator in infant/maternal hospital records.

In addition to potential under-identification of prenatal
drug use, the DEIIA may also over-identify infants exposed
to prescription drugs that the mother is taking under a
physician’s guidance or who are otherwise not affected by
illegal substance abuse, which is the group addressed by
the federal referral mandate. The algorithm was designed
so that it did not identify women with diagnoses that could
easily be due to prescription drug use, and results did not
change appreciably when excluding those who were
identified by these lower validity indicators.

Additional validation studies are needed to strengthen
the DEIIA as an epidemiological tool, but the DEIIA offers
considerable public health utility as a population-based
screening tool that provides a feasible method for states to
monitor prenatal drug exposure and ensure children are
getting needed services, as called for by experts [24, 26].
The finding that approximately 4 in 10 drug-exposed
infants are not accessing potentially beneficial EI services
in Massachusetts, a national leader in EI access [27],
suggests a broader need to improve identification and
referral of these infants. Further research is needed to
understand access barriers and determine the outcomes of
EI for DEI. EI and hospital policy and practice changes are
needed to identify resources so that already strained state
EI systems have the capacity to serve these additional
children, and to carefully design and implement screening
and referral protocols that are based on objective criteria
and uniformly administered. The DEIIA is one tool that
could be used to support and guide such efforts.
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