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ABSTRACT Effective coding is critical to data
collected by birth defects surveillance programs be-
cause subsequent use of the data depends on storage
and retrieval of cases using codes. Hence, careful
consideration needs to be given to the coding process.
The primary goal of coding is to accurately, com-
pletely, and concisely represent infants with birth de-
fects. Coding procedures need to accommodate the
objectives of the surveillance program; for example,
programs that focus on research may require different
coding procedures from those that focus on linking
infants to services. Several challenges exist in coding
birth defects, including the need to distinguish infants
with multiple defects and syndromes from those with
isolated defects, and the need for strategies to code
suspected defects for which confirmation is not avail-
able. Selection of a coding system by a birth defects
surveillance program is central to the utility of the data
collected. Most programs use a modification of the
International Statistical Classification of Diseases and
Related Health Problems-based (ICD) systems. This
paper addresses ICD-based systems and the modifica-
tions used by many birth defects surveillance pro-
grams and presents examples of the problems in inter-
preting birth defects data because of inappropriate
coding. Teratology 64:S3–S7, 2001.
Published 2001 Wiley-Liss, Inc.†

INTRODUCTION

Birth defects are a leading cause of neonatal and
infant mortality (CDC, ’96; Peters et al., ’98), but little
is known about the etiology of most birth defects. Since
the identification of thalidomide as a teratogen, birth
defects surveillance programs have been established in
many states and countries to serve as early warning
systems for identification of new teratogens, as well as
to improve understanding of birth defects etiology
(Källén, ’84; Khoury et al., ’94a). Effective coding is an
essential component of birth defects surveillance. Al-
though verbatim descriptions are helpful, consistent
terms are often not used (for example, several different
terms could be used to describe a lumbar meningomy-
elocele), and coding allows aggregation of similar cases.
In addition, because birth defects surveillance pro-
grams process large numbers of cases, coding of defects
is necessary for case storage and retrieval.

Previous studies have demonstrated problems asso-
ciated with interpretation of birth defects surveillance
data resulting from inappropriate coding (Cunniff et
al., ’94; De Wals et al., ’99; Reefhuis et al., ’99). This
paper discusses the importance of a carefully defined
case definition, goals of the coding process, selection of
a coding system, and potential problems with coding in
birth defects surveillance programs.

Case definition

Before a coding system can be selected, a case defi-
nition needs to be carefully delineated. Case definition
for a birth defects surveillance system has two compo-
nents: characteristics of the infant to be included and
types of defects to be ascertained. Characteristics of the
infant include demographic information (e.g., mother’s
residence at the time of the infant’s birth), birth out-
come (e.g., live-born, fetal death, elective termination),
and minimum gestational age or birth weight. Whether
to include elective terminations in the system is an
important consideration because many defects are now
identified prenatally, and exclusion of these defects can
significantly alter surveillance data (Limb and Holmes,
’94; Roberts et al., ’95). Programs should also consider
limiting ascertainment to cases in which a defect is
diagnosed by a certain age.

The types of defects to be ascertained must also be
carefully considered. Some programs focus on struc-
tural birth defects; others expand their case definitions
to include other health problems (e.g., inborn errors of
metabolism). Specific examples of exclusions should be
provided, because the classification of some defects as
structural or functional may not be clear to everyone
involved in the surveillance system. Whether only ma-
jor defects (those of medical, surgical, or cosmetic sig-
nificance) will be ascertained or whether an attempt
will be made to ascertain minor anomalies (those un-
likely to be of medical, surgical, or cosmetic signifi-
cance) also must be considered. Minor defects are im-
portant in the study of birth defects because they often
suggest the presence of a syndrome of known etiology.
In addition, the presence of three or more minor anom-
alies is predictive of a major malformation (Leppig et
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al., ’87). However, recognition of minor anomalies has
not been standardized (Lechat and Dolk, ’93), and
these anomalies often are not ascertained well in birth
defects surveillance programs; therefore, ascertain-
ment of infants with isolated minor anomalies may not
be the best use of resources, given a surveillance pro-
gram’s goals.

Birth defects surveillance programs also need to
specify how the program will address anomalies that
occur commonly among premature infants, such as
patent ductus arteriosus. Often programs exclude
these prematurity-related anomalies in infants on the
basis of gestational age (e.g., , 37 weeks) or birth
weight (e.g., , 2500 g) because these are normal phys-
iologic differences associated with gestational age, not
structural birth defects.

When determining the case definition of a birth de-
fects registry, the planned application of the data col-
lected must be considered. Types of application of data
from birth defects registries include surveillance (for
calculation of rates, study of trends, identification of
clusters, and evaluation of prevention activities), as a
source for analytic studies of potential risk factors, for
health services research and evaluation, to ensure suf-
ficient resources are available to meet health service
needs (Cordero, ’92) and for referral to health-care ser-
vices, such as early intervention. A program that fo-
cuses on referral of at-risk children to health-care ser-
vices may define defects broadly; one focusing on
analytic studies may use a narrow definition of only
major structural birth defects. Some programs may
focus on only a few specific defects.

Goals of coding in a birth defects
surveillance program

The major goal of coding in a birth defects surveil-
lance program is to represent as accurately as possible
the defects in the infants. Källén (’88) describes the
“distortion” of information that occurs in a surveillance
program from the “truth” (the malformed infant) to the
coded information. Information is lost or distorted as
the malformed infant is viewed, described and recorded
in the medical record by the physician, and abstracted
and coded by the surveillance program (Källén, ’88).
The goal should be to minimize this distortion as much
as possible, while realizing that a certain amount of
distortion is inevitable.

To allow for an accurate picture of an infant with
birth defects through codes, codes need to be specific.
The use of specific codes allows a researcher easy re-
trieval of infants even with uncommon birth defects. In
addition, specific coding allows classification of cases
using knowledge of presumed embryologic and patho-
genetic mechanisms, a process that can make case
groups more homogeneous (Khoury et al., ’94b). An
effort should be made to minimize the number of de-
fects that will be coded under nonspecific code catego-
ries, such as “other specified” defects of a particular
organ system. Coding the defect as specifically as pos-
sible (for example, to use a code that describes not only

meningomyelocele but the level of lesion and the pres-
ence or absence of hydrocephalus) is advantageous to
prevent additional work at the time of analysis. How-
ever, this goal for specificity needs to be balanced
against producing a coding system that becomes cum-
bersome; defect codes that will be used only rarely are
not beneficial.

For accurate translation of medical terminology into
birth defects codes, we believe case records and codes
need to be reviewed by a person with knowledge of
birth defects and the coding system. The protocol of
many programs includes a review of cases (selected or
all cases) and their assigned codes by a pediatrician
with special knowledge of birth defects, as records are
collected. This review can be helpful not only for opti-
mal coding, but also to assist with other issues, such as
when contradictory information is received from differ-
ent ascertainment sources (e.g., autopsy vs. echocardi-
ography).

Although translating a defect into a code is typically
necessary for storage of data, retaining verbatim infor-
mation about the defect in the surveillance program is
advantageous. Even if a specific code is not available
for a particular defect, the information is still available
to a researcher willing to carefully examine case
records. To allow for the researcher to analyze the
accuracy of the description, documentation by the ab-
stractor of how the defect was diagnosed is also helpful.
For example, diagnosis of a ventricular septal defect
(VSD) by auscultation would be viewed differently from
the same diagnosis by echocardiogram. Other defects
may be suspected but never confirmed (e.g., diagnosis
of possible Down syndrome in an infant for whom con-
firmatory chromosome analysis is not available). Like-
wise, a defect diagnosed by prenatal ultrasound with-
out postnatal confirmation would be viewed differently
from one diagnosed by postnatal examination because
some of these defects (e.g., hydronephrosis, ventriculo-
megaly) may resolve without treatment (Morin et al.,
’96; Vergani et al., ’98). A standardized method of cod-
ing these suspected defects is necessary. All of these
issues present challenges to the coding system, which
need to be dealt with uniformly.

Another important feature of coding is that the coded
data be complete. Although a child may have one defect
that initially seems most important, including codes for
additional defects is also crucial because these defects
may shed light on etiology. In addition, complete coding
is important for future case classification. Because eti-
ologic heterogeneity can complicate epidemiologic stud-
ies designed to identify birth defects etiology (Fried-
man, ’92; Khoury et al., ’92a; Khoury et al., ’92b),
classification of cases into categories of isolated cases,
cases with additional unrelated major defects, and
cases with syndromes is important. Inclusion of cases
of known etiology can dilute the magnitude of an ob-
served association toward the null (Khoury et al., ’92a),
and infants with additional major defects have also
been shown to have different etiologic and epidemio-
logic factors than isolated cases (Khoury et al., ’82). The
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coding process should be sufficiently complete to allow
for this case classification process.

In addition to accurate and complete coding, we be-
lieve an effort should be made to avoid coding redun-
dancy. For example, when an infant has a tetralogy of
Fallot, separately designating the component defects
(VSD, overriding aorta, pulmonic stenosis, and right
ventricular hypertrophy) is not necessary. Redundant
coding also can occur when several nonspecific codes
are used to describe a specific defect. For example, a
child with radial aplasia and rudimentary thumb could
be described using several other terms including radial
clubhand, short forearm, curved forearm, absent ra-
dius, and absent thumb. However, when available, a
more concise code is preferable, such as 755.260 from
the coding system used by the Centers for Disease
Control and Prevention (CDC) (preaxial longitudinal
reduction defects of upper limb), and provides more
information about the defect. Redundant codes are in-
efficient and can lead to confusion. In addition, redun-
dant coding can result in counting a case in multiple
defect categories (e.g., counting an infant with tetral-
ogy of Fallot in this defect category, as well as in the
pulmonic stenosis and VSD categories, if concise coding
procedures are not used). However, defects accompany-
ing a syndrome (e.g., duodenal atresia accompanying
Trisomy 21) or an association (e.g., the component de-
fects of the VATER association) should be coded, be-
cause the phenotype of these conditions often varies
widely. In addition, anomalies that are secondary to an
underlying defect (e.g., clubfoot secondary to spina bi-
fida) should also be coded, because these secondary
defects are not invariably present.

Selection of a coding system

The selection of a coding system is a critical decision
for a birth defects surveillance program because the
program’s ability to reach the goals delineated above
depends on this system. Most birth defects surveillance
programs use a coding system based on the Interna-
tional Statistical Classification of Diseases and Related
Health Problems (ICD) system published by the World
Health Organization and designed to allow interna-
tional comparability for mortality statistics. Nearly all
state programs listed in the state birth defects surveil-
lance programs directory use a modification of the ICD
system. The ninth revision of this system (ICD-9) (In-
ternational Classification of Diseases, ’77) has a section
entitled “Congenital Anomalies” (740.0-759.9), which
includes the majority of congenital defects ascertained
by birth defects surveillance programs. In general, this
section is arranged by organ systems, with subdivi-
sions specifying defects of particular organs. For exam-
ple, anomalies of ovaries (752.0), fallopian tubes and
broad ligaments (752.1), uterus (752.2, 752.3), and cer-
vix, vagina, and external female genitalia (752.4) are
included under the section entitled “congenital anom-
alies of genital organs” (752). An exception to the hier-
archy is the section on chromosome abnormalities, in
which etiology is taken into account.

The four-digit ICD-9 coding system has insufficient
detail for most birth defects surveillance programs. A
clinical modification of ICD-9 (ICD9-CM) has been de-
veloped for coding diagnoses associated with hospital
reimbursement in the United States (International
Classification of Diseases, ’98). This system provides
further detail (e.g., it further divides anomalies of the
cervix, vagina, and external female genitalia into the
following categories: unspecified anomalies (752.40),
embryonic cysts (752.41), imperforate hymen (752.42),
and other anomalies (752.49)). Surveillance programs
with passive case ascertainment often use ICD-9-CM
codes because these codes are provided from a fre-
quently used ascertainment source (i.e., hospital dis-
charge diagnoses). This modification, although an im-
provement over ICD-9, is often still not sufficiently
precise for many birth defects registry uses. For exam-
ple, in ICD-9-CM, 756.79 codes for “other congenital
anomalies of abdominal wall” and includes both
omphalocele and gastroschisis, defects that are etiolog-
ically and epidemiologically heterogeneous (Calzolari
et al., ’95; Hoyme et al., ’81). The British Paediatric
Association (BPA) modified this system to a five-digit
code (British Paediatric Association, ’79), and some
programs use this coding system (Lechat and Dolk,
’93). Many programs in the United States use an ICD-
9-based six-digit coding scheme for birth defects devel-
oped by the CDC from the BPA-modification of ICD-9
(CDC, 2000; Cordero, ’92). Two examples of the addi-
tional detail provided by this coding scheme are in-
cluded in Table 1. A copy of this coding system can be
obtained from the authors.

Although the CDC modification allows more specific
coding than other coding systems, it still cannot accom-
modate some defects or diagnoses. In particular, the
coding of syndromes has presented a challenge. Some
programs have used the classification scheme from the
Online Mendelian Inheritance in Man (OMIM) (2000)
for conditions with Mendelian inheritance (Lechat and
Dolk, ’93). Other programs have developed new sys-
tems to deal with these conditions (Zwamborn-Hans-
sen et al., ’97).

A tenth revision of the ICD (ICD-10) has been devel-
oped (International Statistical Classification of Dis-
eases and Related Health Problems, ’92) and has been
used for classifying mortality statistics in the United
States since 1999. ICD-10 provides more detail than
ICD-9 and is an alphanumeric code; most birth defects
are included in chapter XVII (Congenital malforma-
tions, deformations and chromosomal abnormalities:
Q00-Q99). The alphanumeric nature of ICD-10 allows
for additional expansion of the codes, without the codes
becoming unwieldy. CDC’s National Center for Health
Statistics is developing a clinical modification of
ICD-10 (ICD-10-CM) for morbidity purposes to replace
ICD-9-CM. An implementation date for ICD-10-CM in
the United States has not yet been set. Once a final
version of ICD-10-CM is available, a modification with
further detail, suitable for birth defects surveillance
programs, will need to be developed. CDC plans to
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develop this coding system in conjunction with the
National Birth Defects Prevention Network. The devel-
opment of this new coding system provides the oppor-
tunity to remedy problems present in the current ver-
sion. A comparison of ICD-9, ICD-9-CM, CDC/BPA
modification of ICD-9-CM, and ICD-10, using anoma-
lies of the abdominal wall and of the diaphragm as
examples, is included in Table 1.

Although identical coding systems in different birth
defects surveillance programs are not necessary, some
standardization is important if rates from different
programs are to be presented and compared. Therefore,
as programs make individual modifications to a coding
system to increase its specificity, it is helpful if the
codes continue to be collapsible to a more general code.
For example, if a program adds codes to provide more
specific information about VSDs (code 745.4 in ICD-9-
CM), the codes should continue to allow for comparison
to programs that use only this coding system. The
CDC/BPA modification has followed this guideline,
with other codes for VSDs being 745.400-498. Pro-
grams wishing to modify this coding system further
could expand the CDC code 745.480 (other specified
ventricular septal defect) to include other codes (e.g.,
745.481-muscular VSD, 745.482-membranous VSD).
One possible mechanism to increase the consistency of
coding among birth defects surveillance programs is for
the National Birth Defects Prevention Network to
serve as a clearinghouse for proposed code changes.

An important function of birth defects surveillance
programs is to follow trends in rates of birth defects;
therefore, a coding system needs to be relatively static.
However, in some situations, advances in medical tech-
nologies necessitate changes in coding systems. For
example, a 22q11 deletion associated with DiGeorge/
velocardiofacial syndrome would be coded as 758.3 (au-
tosomal deletion syndromes) in ICD-9-CM and 758.380
(other loss of autosomal material) in the CDC modified

BPA code. However, given the frequency of 22q dele-
tions in infants with birth defects, especially congenital
heart defects (Goldmuntz et al., ’98; Goldmuntz et al.,
’93), adding a specific code for this chromosome abnor-
mality seems appropriate.

Impact of problems with coding

Inaccurate coding has previously presented difficul-
ties in studies of birth defects. For example, in an
evaluation of a possible increase in the rate of renal
agenesis (Cunniff et al., ’94), medical record review of
cases showed that of 59 cases, 18 (31%) were incor-
rectly coded (most often, the miscoded cases had iso-
lated multicystic dysplasia, not renal agenesis). In an
evaluation of the validity of diagnoses of neural tube
defects in the Canadian Congenital Anomalies Surveil-
lance System, a system that depends on hospital ad-
mission/discharge summary databases, three of 10 in-
fants identified with neural tube defects were
incorrectly coded (De Wals et al., ’99). An increasing
frequency of omphalocele was observed in the Nether-
lands, leading to further examination of these cases
(Reefhuis et al., ’99). Five cases had been miscoded in
earlier analyses; when the coding problems were cor-
rected, no significant increase in omphalocele was ob-
served. These authors recommended a protocol for
evaluating an increasing prevalence in a registry, with
the first step being an examination of the coding or
classification of cases.

Lack of specificity of the coding system frequently
occurs in studies of birth defects. Källén et al. (’84)
describe an example of this problem encountered in the
International Clearinghouse for Birth Defects Monitor-
ing Systems. A possible increase in the rate of femoral
aplasia or hypoplasia was noted in one member pro-
gram, and other member programs attempted to eval-
uate whether a similar increase was noted in other
areas. The eighth revision of the ICD code, used by

TABLE 1. Comparison of ICD-based coding systems

Example: Anomalies of abdominal wall

Defect
ICD-9
code

ICD-9-CM
code

CDC/BPA-
modified code

ICD-10
code

Omphalocele 756.7 756.79 756.700 Q79.2
Gastroschisis 756.7 756.79 756.710 Q79.3
Prune belly syndrome 756.7 756.71 756.720 Q79.4
Unspecified anomalies of abdominal wall 756.7 756.70 756.790 Q79.5
Epigastric hernia 756.7 756.79 756.795 Q79.5

Example: Anomalies of diaphragm

Defect
ICD-9
code

ICD-9-CM
code

CDC/BPA-
modified code

ICD-10
code

Absence of diaphragm 756.6 756.6 756.600 Q79.1
Congenital diaphragmatic hernia 756.6 756.6 756.610 Q79.0
Diaphragmatic hernia (Bochdalek) 756.6 756.6 756.615 Q79.0
Diaphragmatic hernia (Morgagni) 756.6 756.6 756.616 Q79.0
Hemidaphragm 756.6 756.6 756.617 Q79.1
Eventration of diaphragm 756.6 756.6 756.620 Q79.1
Other specified anomalies of diaphragm 756.6 756.6 756.680 Q79.1
Unspecified anomalies of diaphragm 756.6 756.6 756.690 Q79.1
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most members at that time, was not sufficiently spe-
cific to identify this type of limb deficiency. An arduous
review of cases was required before programs were able
to respond to this inquiry.

Problems with coding have a major impact on the
data produced by birth defects surveillance programs.
Because cases are typically retrieved using codes, a
case is essentially lost to the system if it is inappropri-
ately coded. These problems can be enhanced by the
rarity of some individual birth defects; thus, only a few
inappropriately coded cases can greatly influence rates.
Because of the importance of coding, a process to eval-
uate coding quality is beneficial to a surveillance pro-
gram. For example, a program may institute a process
in which a sample of cases is recoded to ensure that
defects are being coded accurately and consistently.
The concept that birth defects codes are merely surro-
gates for the verbatim information about the infant’s
defects should always be recognized. If results obtained
from coded information suggest an atypical finding
(e.g., an increasing trend of a defect), the information
should always be confirmed by viewing the verbatim
information collected about the defects. Selection of a
coding system and the coding process itself need to be
carefully considered, given the central role that coding
plays in birth defects surveillance. Careful consider-
ation of the issues discussed here will maximize the
usefulness of data collected and coded by birth defects
surveillance programs.
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