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BACKGROUND: The assessment of the data quality of population-based registration systems is essential to understanding the reliabil-
ity and usefulness of disease surveillance and research findings resulting from the use of regisiry data. Since the New York State Con-
genital Malformations Registry (CMR) uses passive case ascertainment, the completeness of the registry data is an important aspect of
the quality of information. This paper presents the results of hospital audits, which were conducted to capture the unreported cases using
hospital discharge files, and evaluates the effectiveness of the audits. METHODS: Children age 2 years or younger and diagnosed with
reportable birth defects for the birth years 1998-2000 were selected from hospital discharge files of all reporting hospitals in the New
York Statewide Planning and Research Cooperative System (SPARCS) and matched to the CMR database for the same birih year period.
The unmatched reports from the SPARCS haospital discharge files that the CMR possibly missed were sent to hospitals, requesting sub-
mission of the missed reports. Two audits on all reporting hospitals in New York State were conducted: 1) 1998 and 1999 hirth cohorts
audited from June 2000 to March 2002, and 2) 2000 birth cohort audited from November 2001 to November 2002. RESULTS: Hospital
audits using SPARCS hospital discharge data identified 5,460 reports that the CME missed for the selected 66 hospitals analyzed. About
86% of these reports had reportable conditions and were added to the CMR, which comprised 21.4% of all reporis from the 66 hospitals
for the birth years 1998-2000. The number of reports that would have been missed without audits decreased from the 1998 and 1999
hirth cohort (25.1%) to the 2000 birth cohort (13.9%). Low reporting rates and. thus, a high percent of added reports, were found for
hospitals with a relatively small number of annual reports and for some specific birth defects such as chromosomal anomalies, anen-
cephalus and congenital anomalies of the urinary system. CONCLUSION: The current study demonstrates that using hospital discharge
data to improve case ascertainment is a valuable and effective method of enhancing birth defect surveillance, particularly for those hospi-
tals with low reporting rates.
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INTRODUCTION

Birth defect registries have served as important
sources of information when used in surveillance and
epidemiological research to investigate the effect of
prevention programs (Kallen and Olausson, 2002;
Berry et al., 1999) and to identify possible genetic
and environmental risk factors for birth defects
(Reefhuis et al., 2002; Wu et al., 2004; Manson and
Carr, 2003). Assessing the data quality (complete-
ness and accuracy) of population-based registration
systems is, therefore, essential to understanding the
reliability and usefulness of disease surveillance and
research findings resulting from the use of birth de-
fects registry data. For the past decade, studies have
been conducted to evaluate the accuracy and com-
pleteness of birth defects data by researchers and reg-
istry staff (Cronk et al., 2003; Larsen et al, 2003;
Wang et al, 2001; Berghold et al., 2001; Wen et al,
2000; Bower et al., 2000; Honein and Paulozzi, 1999;
Czeizel, 1997; Schulman and Hahn, 1993).

The Congenital Malformations Registry (CMR) of
the New York State Department of Health (NYS-
DOH) began operations in late 1982. It is one of the
largest statewide, population-based birth defects reg-
istries in the nation. The CMR receives case reports

from hospitals on children two years of age or
younger, who were born or reside in New York State
and were diagnosed with reportable birth defects.
Since the CMR uses passive case ascertainment, en-
suring completeness of the registry is an important
aspect of the quality of information. Efforts have
been made by CMR staff to improve and evaluate the
completeness of the registry using various monitoring
systems. When matching CMR data to New York
State Vital Records files, it was estimated that the
number of unreported birth defects cases found in the
birth certificate files comprised only 2.1% of all reg-
istry cases (Olsen et al., 1996). By using spatial
analyses of disease rates, CMR staff were able to
identify the areas with lower than expected rates due
to hospital underreporting (Forand et al., 2002).

In an attempt to capture unreported cases and im-
prove the completeness of reporting, the CMR started
using a new monitoring system in 1995 to audit all
reporting hospitals with obstetric or pediatric depart-
ments. This system uses hospital discharge data from
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the New York Statewide Planning and Research Co-
operative System (SPARCS) for children born with

major birth defects. This paper presents the results of

hospital audits using hospital discharge files for the
birth years 1998 to 2000 and evaluates the effective-
ness of the audits.

METHODS

Data sources

CMR Database: Hospitals and physicians are re-
quired to report children born with major birth de-
fects and the narratives of the defects to the CMR.
They are not required to report children with only
minor malformations. Three options were available
for reporting to the Registry: 1) hospitals and physi-
cians could send reports manually on forms provided
by the CMR; 2) hospitals could report cases elec-
tronically as attachments to their enhanced SPARCS
discharge data including specific narratives; and 3)
since 2001, hospitals have had the option of reporting
via the Internet, using the Health Provider Network
(HPN), developed by the NYSDOH as a secure sys-
tem for electronically collecting and distributing
health related data. Twenty-one hospitals had been
reporting cases through the enhanced SPARCS sys-
tem since 1998. The reports comprised 9% of all
reports in the CMR for the birth years 1998 to 2000.
It was estimated that over 95% of case reports come
from hospitals. Annually, the CMR receives birth
defects reports for more than 10,000 children of New
York State residents, which comprise 4% of live
births.

Statewide Planning and Research Cooperative Sys-
tem: SPARCS, implemented by the NYSDOH in
1979, is a comprehensive, integrated information sys-
tem available to assist hospitals and organizations in
the health care industry with health care resource
planning, financial analysis, decision making, and
surveillance of New York State hospital and ambula-
tory surgery services and costs. SPARCS receives,
processes, stores, and analyzes the inpatient hospi-
talization data from all facilities in New York State
and ambulatory surgery data from hospital-based
ambulatory surgery services and all other facilities
providing ambulatory surgery services. Each health
care provider submits its SPARCS data, as mandated,
in the uniform, computer-readable format described
in the Universal Data Set. The diseases in the
SPARCS data are coded using the International Clas-
sification of Disease (ICD-9) coding system.
SPARCS data is estimated to be approximately 99%
complete based on previous reporting history of the
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hospitals (New York State Department of Health,
2001).

Hospital Auditing - Active Case Ascertainment of
the Missed Reports

CMR-SPARCS Matching: A data set containing all
children age 2 years or younger and diagnosed with
major birth defects for the birth year period of 1998
to 2000 was created from SPARCS yearly hospital
discharge files. This data file was matched to the
CMR records for the same birth year period. A Vis-
ual FoxPro application was developed to perform the
match using identifying variables such as the hospi-
tal's Permanent Facility ldentifier, infant's date of
birth and medical record number, mother's medical
record number, and the infant’s patient control num-
ber. The matches were conducted without using the
variables such as patient’s name and address, since
the SPARCS hospital database does not contain these
variables. The records found in the SPARCS hospital
discharge files but not in the CMR database were
defined as unmatched/missed reports and were sent to
hospitals for audits.

Hospital audits. Children with major birth defects
are reportable up to two years of age. An analysis of
CMR data for the birth years 1991 to 1995 revealed
that about 90% of children reported to the Registry
were diagnosed in the first six months of life (CMR
unpublished data). To facilitate the audit process,
CMR staff begin to audit hospitals 12 to 24 months
after the reporting period for each year of birth, The
lists of unmatched/missed records from the SPARCS
discharge data were sent to the hospitals. A cover
letter was sent to explain the rationale for auditing,
provide brief instructions for selecting records with
reportable conditions and set a deadline for submit-
ting the missed reports. Also included were detailed
information on diagnosis and demographic and ma-
ternal characteristics. Since the ICD-9 codes used in
SPARCS discharge data may contain both reportable
and non-reportable anomalies, hospitals need to de-
termine if children should be reported, using the list
of reportable anomalies provided by the CMR.

Using SPARCS hospital discharge data, CMR staff
conducted two audits on all reporting hospitals in the
State of New York for children born between January
1 of 1998 and December 31 of 2000: 1) 1998 and
1999 birth cohort audited from June 2000 to March
2002, and 2) 2000 birth cohort audited from Novem-
ber 2001 to November 2002. The missed reports
were submitted by the hospitals and added to the
CMR. A report of the same child with one or more
new diagnoses was added to the database as a new
report.
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Table 1. Summary of audit results from 66 selected hospitals. Birth years: 1998-2000

Birth year cohort
1998 & 1999 2000 Total (%)
Number of reports to the CMR before audit 14,589 7,323 21,912
Number of reports the CMR missed/audited ® 4,169 1,291 5,460 (100.0)
Number of new reports submitted to the CMR 3,667 1,020 4,687 (85.8)
Number of reports with non-reportable conditions” 502 271 773 (14.2)
Percent added to the CMR from audits © 25.1 13.9 21.4

* Reports that were not in the CMR but in the SPARCS

" Reports not required when only minor malformations occur without a major anomaly
“ The number of reports the CMR received due to audits divided by the number of reports before audits

(for instance, 4,687/(21,912) = 21.4%)

DATA ANALYSIS

Of all 180 reporting hospitals audited, the 21 hospi-
tals that submit some or all of their reports through
the SPARCS reporting system were excluded from
the analysis. The audit lists were used to distinguish
which reports were added to the CMR as a result of
the audit. Since the audit lists were missing for 12
hospitals (16% of the CMR reports, 1998-2000),
these hospitals were excluded from data analysis. To
reduce the workload of data entry, the 81 hospitals
which had less than 100 reports for the three birth
years audited (7% of the CMR reports, 1998-2000)
were also excluded from the analysis. Finally, data
from the remaining 66 hospitals (68% of the CMR
reports, 1998-2000) were included in data analysis.

Summary statistics, simple and stratified, were gen-
erated using the SAS software package (SAS Institute
Inc., Cary, NC). The 95% confidence interval (CI)
for a sample proportion was calculated based on a
normal distribution model and was used for statistical
significance testing. The 95% CI is constructed

such that 95% of the intervals will include the true
proportion. It reflects how much sampling fluctua-
tion a statistic will show.

RESULTS

Overall, 21,912 reports were received from the 66
hospitals for the study period, 1998-2000 (Table 1).
By matching with SPARCS hospital discharge data,
5,460 reports were identified as missing from the
CMR. Of these missing reports, 4,687 (85.8%) with
reportable anomalies were then submitied to the
CMR by the hospitals. This increased the total num-
ber of reports by 21.4% for the three years audited.
The remaining 773 reports were determined to be
non-reportable by either the hospitals or the CMR.
As can be seen from Table 1, the number of added
reports that would have been missed without audits
decreased from the 1998 and 1999 birth cohort
(25.196) to the 2000 birth cohort (13.9%).

Hospitals were grouped into four categories accord-
ing to the percent of reports to the CMR (Table 2).
Hospitals that reported less than 0.3% of all reports
from the 66 hospitals had the highest percent of re-
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Table 2. Summary of audit results from 66 selected hospitals by the percent cases reported to the CMR.

Birth year: 1998-2000

Percent of Number of Reports Reports Reports % added to CMR by Total percent added to CMR
reports to  Hospitals  to CMR  missed/  Added birth year audited
CMR* before  audited” from
audit audit
1998 & 1999 2000 % 95% CI*°

<=0.3% 13 1,052 493 407 434 30,0 38.7 35.7 41.6
0.4-06% 21 3.223 1,023 T96 26.8 20.7 24.7 23.2 26.2
0.7-1.3% 20 2,919 2,180 1743 36.2 16.7 29.4 28.3 30.6
1.4-7.2% 12 11,718 2,049 1741 17.7 8.8 14.9 14.2 15.5
TOTAL 66 21,912 5,460 4,687 25.1 13.9 21.4 20.8 21.9

* Hospitals were grouped into four categories according to the percent of reports to the CMR, i.e., the number of reports submitted
to the CMR from each hospital divided by total reporis received from the 66 hospitals

" Reports that were not in the CMR when compared to the SPARCS data

“ The 95% confidence interval was calculated based on Normal distribution model

Birth Defects Research (Part A) 73:663-668 (2005)



666

ports added (38.7%; 95%CI, 35.7%-41.6%). On the
other hand, hospitals that reported greater than 1.3%
of all reports from the 66 hospitals had the lowest
percent of added reports (14.9%; 95%CI, 14.2%-
15.5%). The results (data not shown) from stratified
analyses on hospital’s geographic location showed
that hospitals in the Western New York area had the
smallest number of missed reports (5%). Higher per-
cent of added reports (30%) and, thus, lower report-
ing rates were found for hospitals located in the Fin-
ger Lakes region and New York City area.

Stratified analyses on birth defect categories were
performed to examine if specific birth defects have
any effect on hospital reporting (Table 3). The per-
cent of reports that would have been missed without
audits ranges from 2.8% (other congenital anomalies
of limbs) to 40.6% (chromosomal anomalies). When
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comparing reports with a single malformation to
those with multiple malformations, the percent of
reports that would have been missed without audits
was significantly higher when only one malformation
existed.

DISCUSSION

Using SPARCS hospital discharge data, the CMR
staff identified 5,460 reports that the CMR missed for
the selected 66 hospitals analyzed during the birth
years 1998-2000. About 86% of these reports had
reportable conditions and were added to the CMR as
new reports, which comprised 21.4% of all reports.
Hospital audits resulted in not only added new cases
to the CMR but also improved reporting for subse-
quent years, probably due to hospitals’ positively re-
acting to the audits. Auditing hospitals by CMR staff

Table 3. Summary of audit results from 66 selected hospitals by birth defect category.
Birth years: 1998-2000

Reports to CMR ~ Reports Percent added to CMR

ICD-9 Birth defects category before audit from audit % 95% CI*®
740 Anencephalus and similar anomalies 19 7 36.8 15.2 - 585
741 Spina bifida 144 36 25.0 17.9 - 321
742 Other congenital anomalies of nervous system 1,198 377 3.5 28.8 - M4
743 Caongenital anomalies of eye 271 46 17.0 12.5 - 214
744 Congenital anomalies of ear, face and neck 208 32 15.4 10.5 - 203
745 Bulbus cordis anomalies and anomalies of cardiac septal

closure 4,459 1,084 24.3 23.1 - 256
746 Other congenital anomalies of heart 883 170 19.3 16.7 - 218
747 Other congenital anomalies of circulatory system 1,125 a0 8.0 6.4 - 96
748 Congenital anomalies of respiratory system 641 8 12.2 9.6 - 147
749 Cleft palate and/or cleft lip 675 146 216 18.5 - AT
750 Other congenital anomalies of upper alimentary tract 969 275 28.4 25.5 - 312
751 Other congenital anomalies of digestive system 615 158 25.7 22.2 - 291
752 Congenital anomalies of genital organs 3.619 574 15.9 14.7 - 171
753 Congenital anomalies of urinary system 1,337 493 36.9 343 - 395
754 Congenital musculoskeletal deformities 1.828 260 14.2 12.6 - 158
755 Other congenital anomalies of limbs 1,555 44 2.8 2.0 - 37
756 Other congenital musculoskeletal anomalies 499 158 31.7 27.6 - 3BT
757 Congenital anomalies of the integument i7 3 6.5 1.0 - 120
758 Chromosomal anomalies 271 110 40.6 347 - 464
759 Other and unspecified congenital anomalies 174 35 20.1 14.2 - 261

All other congenital malformations 1,345 a09 37.8 35.3 - 404

Reports with only one malformation 15,423 3.457 22.4 21.8 - 231

Reports with more than one malformation 6,489 1,230 19.0 18.0 - 199

TOTAL 21,912 4,687 21.4 20.8 - 219

* The 95% confidence interval was caleulated based on Normal distribution model

Birth Defects Research (Part A) 73:663-668 (2005)



IMPROVING CASE ASCERTAINMENT OF A POPULATION-BASED BIRTH DEFECTS REGISTRY 667

sent a message to reporting hospitals that both the
quality and the quantity of their reports are closely
monitored. The effectiveness of using secondary da-
tabases to improve the data ascertainment has been
shown in recent studies on utilizing hospital dis-
charge data to enhance cancer registries (Middleton
et al, 2000; Lang et al, 2003; Penberthy et al, 2003);
12 %- 21% of cancer case reports were added by
hospital discharge files relative to the number rou-
tinely captured by the registry.

The identified reports for audits consisted of 14%
false positives that had non-reportable conditions.
False positives in the hospital discharge data had
been evaluated in epidemiologic studies (Callif-
Daley, et al, 1995; Lanska, et al, 1995; Porta, et al,
2000). Callif-Daley, et al, reported that two-thirds of
all false positives were due to the miscoding of cor-
rectly diagnosed anomalies, and another quarter were
clearly contradicted in notes easily available before
the patients were discharged.

Underreporting for some specific birth defect cate-
gories such as chromosomal anomalies, anencephalus
and congenital anomalies of the urinary system, were
found in the current study. Complete hospital report-
ing of some specific birth defects may be problem-
atic. For instance, Down syndrome, which com-
prised more than 70% of chromosomal anomalies, is
not always observed at birth and hospitals could mis-
takenly believe that pediatric cases are not reportable
to the CMR. Moreover, many of the infants with an-
encephaly die shortly after birth and hospital staff
may be uncertain about whether or not the cases
should be reported to the CMR.

It should be noted that 66 hospitals (68% of all re-
ports in CMR) out of 180 hospitals audited were in-
cluded in the data analysis for evaluating the effec-
tiveness of the audits. As found in the current study,
hospitals with a smaller number of reports annually
were more likely to underreport their cases compared
to hospitals with a relatively larger number of reports
annually. Excluding the 81 hospitals with less than
100 reports for birth years 1998-2000 from the analy-
sis may have resulted in lower counts of total reports
added to the CMR. On the ather hand, the hospitals
that report electronically through SPARCS usually
have higher reporting rates. These hospitals are also
relatively small in size, since the number of births
from these hospitals comprised less than 10% of all
live births for the birth years of 1998-2000. Thus, the
overall effect of excluding some hospitals from the
analysis might not make a significant difference in
our findings.

Matching CMR reports to hospital discharge data
could result in false negatives, i.e., the reports had
been submitted to the CMR but were not matched.
They were counted as missing. The hospitals would
be asked to submit these reports to the CMR and they
could be entered into the CMR’s database as new
reports. However, these duplicate reports are not
double counted, an auto-match program checks each
added report against existing reports and duplicate
reports are removed. It was estimated that the num-
ber of false negatives is less than 1% of all added
reports from audits.

About 15% of the CMR reports were not matched
to SPARCS hospital discharge data. Some of these
reports may have been reported to SPARCS or the
CMR with errors in one or more of the matching
variables. In addition, some CMR reports may be
outpatient cases from reporting hospitals that have
outpatient clinics and ambulatory surgery services
and from physicians’ offices. Malformations not di-
agnosed at birth and treated only in outpatient facili-
ties will not be included in hospital inpatient dis-
charge files.  Although reports of all children diag-
nosed with a reportable birth defect is mandatory for
hospitals and physicians, not all hospitals with outpa-
tient clinics and ambulatory surgery services comply.
Approaches to increasing the outpatient case report-
ing from hospitals and physicians should be pursued
to ensure the completeness of the CMR. Qutpatient
data has been recently added to the SPARCS dataset
and will be explored in the future.

In conclusion, the current study demonstrates that
hospital audits using SPARCS hospital discharge
data to improve CMR case ascertainment is an effec-
tive approach to enhancing birth defect surveillance,
particularly for those hospitals with lower reporting
rates. Auditing hospitals using the SPARCS hospital
discharge data improved the completeness of the
CMR.
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