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Environmental birth defects Environmental birth defects 
tracking tracking 

The ongoing, systematic collection, The ongoing, systematic collection, 
integrationintegration, analysis, and interpretation of , analysis, and interpretation of 
data about: data about: 
•• Environmental hazardsEnvironmental hazards
•• Exposure to environmental hazards Exposure to environmental hazards 
•• Birth defects potentially related to exposure Birth defects potentially related to exposure 

TheThe disseminationdissemination of information to plan, of information to plan, 
implement, and evaluate environmental implement, and evaluate environmental 
public health actionpublic health action



What is Needed to Implement What is Needed to Implement 

Environmental Birth Defects Tracking?Environmental Birth Defects Tracking?
A populationA population--based monitoring system of birth defects based monitoring system of birth defects 
with standard methods to ensurewith standard methods to ensure

A relatively high degree of case ascertainmentA relatively high degree of case ascertainment

High quality of diagnostic informationHigh quality of diagnostic information

Ability to geocode records and evaluate  completeness Ability to geocode records and evaluate  completeness 
and quality of geocoded dataand quality of geocoded data

Access to environmental databases that are relatively Access to environmental databases that are relatively 
complete and of reasonable qualitycomplete and of reasonable quality

Resources and methods for conducting data linkages Resources and methods for conducting data linkages 
and data analysisand data analysis

Disseminate useful, confidential informationDisseminate useful, confidential information



Birth Defects Team PurposeBirth Defects Team Purpose

Integrate ambient air pollution data with birth Integrate ambient air pollution data with birth 
defects surveillance on congenital heart defects defects surveillance on congenital heart defects 
in 5in 5--County Atlanta during 1994County Atlanta during 1994--20022002



Epidemiologic StudiesEpidemiologic Studies

Ambient air pollution & birth defectsAmbient air pollution & birth defects
Three ecological studiesThree ecological studies

AntipenkoAntipenko Ye & Ye & KogutKogut (1993). (1993). Mutation Research, 289, 145.Mutation Research, 289, 145.

SmrckaSmrcka & & LeznarovaLeznarova (1998). (1998). Acta Acta ChirurgiaeChirurgiae PlasticaePlasticae, 40, 112., 40, 112.

CordierCordier et al. (2004). et al. (2004). Occupational & Environmental Medicine, 61, 8.Occupational & Environmental Medicine, 61, 8.

Two caseTwo case--control studiescontrol studies
Ritz et al. (2002). Ritz et al. (2002). American Journal of Epidemiology, 155, 17.American Journal of Epidemiology, 155, 17.

Gilboa et al. (in press)Gilboa et al. (in press)



Demonstration OverviewDemonstration Overview

Compile retrospective cohort, 1994Compile retrospective cohort, 1994--20022002
Heart DefectsHeart Defects
BirthsBirths
Fetal deathsFetal deaths

Obtain & characterize ambient pollution Obtain & characterize ambient pollution 
measurementsmeasurements
Group similar cases for analysisGroup similar cases for analysis
Validate geocodesValidate geocodes
Integrate DataIntegrate Data



Birth Defects Surveillance DataBirth Defects Surveillance Data

Metropolitan Atlanta Congenital Defects Metropolitan Atlanta Congenital Defects 
Program (MACDP), NCBDDD, CDCProgram (MACDP), NCBDDD, CDC

Active surveillanceActive surveillance

Clayton, Cobb, Clayton, Cobb, DeKalbDeKalb, Fulton, Gwinnett, Fulton, Gwinnett

Presence of serious or major structural defectPresence of serious or major structural defect

20 weeks gestation 20 weeks gestation –– age sixage six



Selected CasesSelected Cases

Date of birth/fetal death 1994Date of birth/fetal death 1994--20022002

1+ heart defect 1+ heart defect 

Exclusions:Exclusions:
Chromosomal anomaliesChromosomal anomalies

SyndromesSyndromes



Denominator DataDenominator Data
Vital recordsVital records

Office of Health Information and Policy, GA Division of Public Office of Health Information and Policy, GA Division of Public 
HealthHealth
Linked with MACDP data at CDCLinked with MACDP data at CDC

Time-series
Date of birth/fetal death Gestational age

Spatio-temporal
Geocodes Liveborn/stillborn
Maternal age Previous preterm delivery
Maternal ethnicity Pregnancy complications
Infant gender Pregnancy risk factors



Estimating Exposure WindowEstimating Exposure Window

Subtract gestational age (in days) from birth Subtract gestational age (in days) from birth 
date to get estimate of last menstrual period date to get estimate of last menstrual period 
date (LMP)date (LMP)

Assumption: Conception occurs 14 days Assumption: Conception occurs 14 days 
after LMPafter LMP

Exposure window: Four week period during Exposure window: Four week period during 
heart development (days 16heart development (days 16--43 after 43 after 
conception)conception)



Heart DevelopmentHeart Development

SrivastavaSrivastava, (2001). , (2001). Annual Review of Physiology, 63, 451.Annual Review of Physiology, 63, 451.



Ambient Air Pollution

NOx + HC

PM CO + PM

O3
uv

PM SO2

Stationary Sources Mobile Sources



Approaches for Characterizing Air Approaches for Characterizing Air 
Pollution LevelsPollution Levels

Four approaches implementedFour approaches implemented

TemporalTemporal
Centrally located, representative monitorCentrally located, representative monitor

Peel et al. (2005) Peel et al. (2005) Epidemiology, 16, 164.Epidemiology, 16, 164.
Averaging across monitorsAveraging across monitors

Schwartz (2000) Schwartz (2000) Epidemiology, 11, 320.Epidemiology, 11, 320.

SpatioSpatio--temporaltemporal
Assignment to nearest monitorAssignment to nearest monitor

Similar to Ritz et al. (2000) Similar to Ritz et al. (2000) Am J Epidemiology, 155, 17.Am J Epidemiology, 155, 17.
GeostatisticalGeostatistical surfacing (ozone & PMsurfacing (ozone & PM2.52.5))

Recursive Recursive bb--splinespline surfacing, 10 km x 10 km gridssurfacing, 10 km x 10 km grids
Refer to HELIXRefer to HELIX--Atlanta Respiratory Health Team presentationAtlanta Respiratory Health Team presentation





Coding & Classification of Birth Coding & Classification of Birth 
DefectsDefects

MACDPMACDP

66--digit ICDdigit ICD--99--CM codeCM code

Up to 24 individual defect codes per infantUp to 24 individual defect codes per infant

48% of affected infants have 2+ cardiac 48% of affected infants have 2+ cardiac 
defect codesdefect codes

How do you classify infants with 2+ codes?How do you classify infants with 2+ codes?



Issues in ClassificationIssues in Classification
“How to group a [cardiac] defect has been a major “How to group a [cardiac] defect has been a major 

challenge to investigators. Schema that aid the challenge to investigators. Schema that aid the 
pathologist and surgeon serve the epidemiologist pathologist and surgeon serve the epidemiologist 
poorly…classification of heart defects by anatomic poorly…classification of heart defects by anatomic 
features may obscure developmental relationships”features may obscure developmental relationships”

-- Ed Clark (1996) Ed Clark (1996) SemSem. in . in PerinatologyPerinatology 20: 46520: 465--7272

“A continuing challenge among birth defects “A continuing challenge among birth defects 
epidemiologists is the classification of congenital epidemiologists is the classification of congenital 
heart defects into etiologically meaningful groups”heart defects into etiologically meaningful groups”

--Martha Werler (2001) Martha Werler (2001) Epidemiology 12: 482Epidemiology 12: 482--8484



Heart Defect ClassificationHeart Defect Classification

Creating outcome groups for etiologic Creating outcome groups for etiologic 
linkage/analysis is a twolinkage/analysis is a two--step processstep process

1.1. Classify the heartClassify the heart

2.2. Group Group embryologicallyembryologically similar heartssimilar hearts



Step 1: Classify the infantStep 1: Classify the infant

Congenital Heart Surgery Nomenclature & Congenital Heart Surgery Nomenclature & 
Database ProjectDatabase Project

International effortInternational effort

Standardize nomenclature & reportingStandardize nomenclature & reporting

Under developmentUnder development

As of 3/31/2005:  3043/3791 cases reviewed (80%)As of 3/31/2005:  3043/3791 cases reviewed (80%)

MavroudisMavroudis & Jacobs (2000). & Jacobs (2000). Annals of Thoracic Surgery, 69, S2.Annals of Thoracic Surgery, 69, S2.





Step 2: Group infants for analysisStep 2: Group infants for analysis
Ferencz et al. (1997) Ferencz et al. (1997) Epidemiology of Congenital Heart Disease:Epidemiology of Congenital Heart Disease:
The BaltimoreThe Baltimore--Washington Infant Study, 1981Washington Infant Study, 1981--1989.1989.



Geocode ValidationGeocode Validation

Assess the validity of MACDP geocodes using GIS Assess the validity of MACDP geocodes using GIS 
methodsmethods

MACDP geocodes outsourced to commercial vendorMACDP geocodes outsourced to commercial vendor

Data sources:Data sources:
USGS USGS orthophotoorthophoto datadata

Tax parcel dataTax parcel data

Manual validation (only when necessary)Manual validation (only when necessary)

Random sample of cases from 2 countiesRandom sample of cases from 2 counties
Fulton & Gwinnett Fulton & Gwinnett 



↑
House location

↑
Geocoded Coordinate



Geocode ValidationGeocode Validation

Category Fulton Gwinnett Total

Total cases 112 81 193

Available for analysis 83 (74%) 70 (86%) 153 (79%)

Not available 29 (26%) 11 (14%) 40 (21%)

50% of cases not available due to apartment 50% of cases not available due to apartment 
complexescomplexes

Commercial vendor did not geocode 7 of 193 casesCommercial vendor did not geocode 7 of 193 cases
We were able to geocode 4 of these 7We were able to geocode 4 of these 7



Distribution of distances

County 50% (median) 90%

Fulton 72 m 262 m

Gwinnett 88 m 330 m



Distribution of distances

County 50% (median) 90%

Fulton 9 m 40 m

Gwinnett 6 m 25 m



Data IntegrationData Integration

Envisioned integration (once birth records Envisioned integration (once birth records 
are obtained):are obtained):

Date (for temporal data)Date (for temporal data)

Date & geocode (for Date & geocode (for spatiospatio--temporal data)temporal data)



Evaluate Utility of Linkage and Evaluate Utility of Linkage and 
SustainabilitySustainability

Review process and results of projectReview process and results of project
Link cases with vital recordsLink cases with vital records

Link birth cohort with air quality dataLink birth cohort with air quality data

Link case addresses with tax parcels & Link case addresses with tax parcels & orthophotsorthophots

Evaluate process for surveillance purposesEvaluate process for surveillance purposes

Identify information technology compatibility Identify information technology compatibility 
issuesissues

Disseminate results, lessons learned, Disseminate results, lessons learned, 
recommendations recommendations 
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Extra SlidesExtra Slides

(working) guidelines created by the (working) guidelines created by the 
reviewers for classifying heart defectsreviewers for classifying heart defects



1) In the setting of double outlet right ventricle (DORV) or single ventricle, we will only 
use the code for sub-valvar PS (490) even if there is multi-level obstruction including 
valvar PS.

2) We will use the code for bicuspid aortic valve (555) when only mild AS is present as 
defined by an echo Doppler gradient of <2.5 m/sec (or cath <20 torr).  If a more 
significant degree of stenosis is present, than the valvar AS code (560) should also 
be used. 

3) For the VSD codes, we would like to be able to distinguish "small, restrictive" (86) in 
addition to the anatomic sub-type.  This code will most typically be used in 
conjunction with the code for muscular (85) or perimembranous (75).  

4) When a patent foramen ovale (PFO) is nearly always present with another lesion, 
such as tricuspid atresia, it will not be marked as a separate diagnosis.  In reality, this 
code will be used infrequently.

5) When a patent ductus arteriosus (PDA) is present in the setting of critical neonatal 
lesions such as HLHS, coarctation, or pulmonary atresia, it will not be coded.

6) When the diagnosis of discrete coarctation is made (990), we will not use the code 
for aortic arch hypoplasia (1000) as this finding is invariably present in varying 
degrees in this setting.  This latter code will be used when it is the only descriptor 
present in the ROCR.



7) The code discrete subvalvular aortic stenosis (565) should only be used when a 
discrete membrane or ridge is present.  For example, it should not be used in the 
setting of hypertrophic cardiomyopathy with sub-aortic obstruction.  

8) When the code for HLHS is used (730), we will not use any of the additional codes for 
AS, mitral atresia, or coarctation.

9) In the setting of the DORV variant of mitral stenosis/atresia and hypoplastic LV with 
normal aorta, use the appropriate DORV code and the code for Single Ventricle and 
mitral atresia (810).  If the aorta is atretic (and a Norwood would be the appropriate 
operation), use the HLHS code (730) with the DORV code.

10) Tracheal compression that is due to abnormal origin of the innominate
(brachiocephalic) artery should not be coded as a vascular ring.

11) Pulmonary artery stenosis (PPS) should not be coded in infants less than 6 weeks of 
age (analogous to the rules used for PDA and PFO).

12) If no congenital heart disease is present, use the 7000 code found in the 
miscellaneous section.
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