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Abstract

Background—Many public health surveillance programs utilize hospital discharge data in their 

estimation of disease prevalence. These databases commonly use the International Classification 

of Diseases (ICD) coding scheme, which transitioned from the ICD-9 clinical modification 

(ICD-9-CM) to ICD-10-CM on October 1, 2015. This study examined this transition’s impact on 

the prevalence of major birth defects among infant hospitalizations.

Methods—Using data from the Agency for Health Care Research and Quality-sponsored 

National Inpatient Sample, hospitalizations during the first year of life with a discharge date 

between January 1, 2012 and December 31, 2016 were used to estimate the monthly national 

hospital prevalence of 46 birth defects for the ICD-9-CM and ICD-10-CM timeframes separately. 

Survey-weighted Poisson regression was used to estimate 95% confidence intervals for each 

hospital prevalence. Interrupted time series framework and corresponding segmented regression 
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was used to estimate the immediate change in monthly hospital prevalence following the ICD-9-

CM to ICD-10-CM transition.

Results—Between 2012 and 2016, over 21 million inpatient hospitalizations occurred during the 

first year of life. Among the 46 defects studied, statistically significant decreases in the immediate 

hospital prevalence of five defects and significant increases in the immediate hospital prevalence 

of eight defects were observed after the ICD-10-CM transition.

Conclusions—Changes in prevalence were expected based on changes to ICD-10-CM. 

Observed changes for some conditions may result from variation in monthly hospital prevalence or 

initial unfamiliarity of coders with ICD-10-CM. These findings may help birth defects surveillance 

programs evaluate and interpret changes in their data related to the ICD-10-CM transition.
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birth defects; classification; coding; hospital discharge data; International Classification of 
Diseases; interrupted time series; National Inpatient Sample

1 | INTRODUCTION

Researchers and public health programs often utilize population-based hospital discharge 

data to assess disease incidence and prevalence, health care utilization, costs and charges, 

and health outcomes (Andrews, 2015; Salemi, Salinas-Miranda, Wilson, & Salihu, 2015). 

Most of these databases use standardized coding rubrics to report and classify medical 

diagnoses as well as diagnostic and therapeutic procedures. The most commonly used 

coding scheme is the International Classification of Diseases (ICD), which has been 

overseen by the World Health Organization since 1948. For morbidity coding, the US health 

care system uses a clinical modification of the ICD developed by the National Center for 

Health Statistics, Centers for Disease Control and Prevention (CDC) (Centers for Disease 

Control and Prevention, 2018). Periodically, the ICD is revised, which results in the need to 

assess the comparability of data generated before and after a revision is implemented. From 

1979 until September 30, 2015, most hospital discharge data in the United States were 

reported using the ICD-9 clinical modification (ICD-9-CM). On October 1, 2015, disease 

coding for all US healthcare institutions and practitioners covered by the Health Insurance 

Portability and Accountability Act (HIPAA) was transitioned to the 10th revision of the 

ICD, clinical modification (ICD-10-CM) (Centers for Disease Control and Prevention, 

2015). The ICD-10-CM provided a number of improvements in morbidity coding, including 

updated medical terminology, disease classification, and code specificity. The number of 

available codes was expanded greatly from approximately 14,000 in ICD-9-CM to over 

68,000 in ICD-10-CM.

On an annual basis, the National Birth Defects Prevention Network (NBDPN) publishes 

state-specific birth defect counts and prevalence estimates for 47 major birth defects, which 

cover a wide range of organ systems (https://www.nbdpn.org/ar.php). Most birth defects 

surveillance programs in the United States rely on hospital discharge records either as a 

primary source of passive case-reporting or to assist in identifying cases for medical record 

review and case confirmation for active surveillance (Stallings et al., 2018). Among the 41 
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state and territorial population-based programs providing data to NBDPN, approximately 

70% report using passive case-finding methodology, with or without case confirmation. 

Because both passive and active birth defects programs rely on surveillance data derived at 

least partially from hospital discharge records to estimate the burden of birth defects in their 

populations, it is important to determine the extent to which the prevalence of birth defects 

may be influenced by the coding transition from ICD-9-CM to ICD-10-CM.

A number of US studies have evaluated the financial impact or differences in incidence or 

prevalence of adverse health outcomes between the period before and after the transition to 

ICD-10-CM (Hellman, Lim, Leung, Blount, & Yiu, 2018; Inscore, Gonzales, Rennix, & 

Jones, 2018; Panozzo et al., 2018). However, the effect of this transition on birth defects 

prevalence and trends has not been explored. We leveraged nationally representative all-

payer hospital discharge data from the Healthcare Cost and Utilization Project (HCUP) to 

examine changes and temporal trends in the prevalence of major birth defects among infant 

hospitalizations in the 45 months prior to and the 15 months immediately after the transition 

from ICD-9-CM to ICD-10-CM.

2 | METHODS

2.1 | Data source

We conducted a serial cross-sectional analysis of inpatient hospitalization data for five 

consecutive years (2012–2016) from the National Inpatient Sample (NIS). The NIS—a 

product of HCUP sponsored by the Agency for Healthcare Research and Quality, and 

compiled as part of a federalstate-industry partnership—is the largest publicly available all-

payer inpatient database in the United States. Between 44 (in 2012) and 47 (in 2016) states 

have contributed discharge data from all of their non-federal, short-term general, and 

specialty hospitals to be compiled annually as part of the NIS (Healthcare Cost and 

Utilization Project, 2016). To construct the NIS each year, a systematic sampling design is 

used to select an approximate 20% sample of discharges—henceforth referred to as 

hospitalizations—from all participating states (Houchens, Ross, Elixhauser, & Jiang, 2014). 

The systematic sampling ensures that hospitalizations in the NIS are representative of the 

population on a number of key characteristics such as admission month, reason for 

hospitalization (represented by the assigned diagnosis-related group [DRG]) and hospital 

size, location, ownership, and teaching status. Hospitalization-level sampling weights are 

provided with the NIS to facilitate generation of national estimates of the prevalence and 

trends of inpatient conditions and procedures. In 2016, the NIS contained over 7.1 million 

records that were used to generate national estimates representing more than 35.6 million 

hospitalizations (97% of all hospitalizations in the United States) (Health Care Cost and 

Utilization Project, 2016).

Each record in the NIS contains various sociodemographic and clinical information. Most 

relevant to the current study are a variable that captures the principal diagnosis, up to 29 

patient-level variables (25 variables in 2012–2013, and 30 variables in 2014–2016) that 

capture secondary diagnoses made during each hospitalization, and 15 variables capturing 

diagnostic and therapeutic procedures that were performed. The NIS does not contain 

personal identifiers that allow for linkage of multiple hospitalizations for the same person; 
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therefore, the unit of analysis for all NIS-based studies is the hospitalization. The NIS data 

can contain multiple hospitalizations for a single person.

2.2 | Study population and outcomes

The study sample consisted of all hospitalizations of liveborn infants between January 1, 

2012 and December 31, 2016 that took place during the first year of life. Patient dates of 

birth are not provided in the database, so this age-based restriction was operationalized as a 

hospitalization in which the age (in years) at admission—a variable that is present in the NIS

—was zero. For each hospitalization, we scanned all available diagnosis codes, both primary 

and secondary, for the presence of one of 46 specific major birth defects that were 

considered to (a) typically be diagnosed within the first year of life, (b) have high public 

health importance, and (c) be potentially responsive to prevention and intervention strategies 

(Stallings et al., 2018). These criteria were established as part of a collaboration between the 

NBDPN, CDC, and surveillance programs in the United States to publish state-level birth 

defects prevalence estimates annually (Mai et al., 2014). Craniosynostosis, which is also 

typically monitored and reported by birth defects surveillance programs, was not included 

due to the lack of a specific ICD-9-CM code used to identify this birth defect. Similar to Mai 

et al., in addition to the 46 selected defects, we also considered subcategories of two cardiac 

defects (pulmonary valve atresia and dextro-transposition of the great arteries), which are 

used by programs in monitoring critical congenital heart defects. The complete list of birth 

defects is provided in Table 1 along with their ICD-based code definitions. For 

hospitalizations in which the date of discharge was prior to October 1, 2015, birth defects 

were coded using ICD-9-CM diagnosis codes; for hospitalizations with date of discharge on 

or after October 1, 2015, birth defects were coded using ICD-10-CM. Because the data did 

not contain identifying information and there was no access to the actual medical records, 

the accuracy and severity of documented defect diagnosis codes could not be verified.

2.3 | Covariates

We extracted from the NIS additional patient- and hospital-level characteristics to describe 

the study samples during the ICD-9-CM and ICD-10-CM windows. The infant’s age at 

admission was indicated dichotomously as during the neonatal period (0–27 days of age) or 

during the postneonatal period (28–364 days of age). Birth hospitalizations were defined by 

the presence of both a diagnosis code indicating a live birth (ICD-9-CM: V30-V39; ICD-10-

CM: Z38.0-Z38.8) and a DRG code indicative of a newborn hospitalization (789–795) 

(Grosse, Waitzman, Yang, Abe, & Barfield, 2017). All other hospitalizations were 

considered to be post-birth. Race/ethnicity was defined as non-Hispanic (NH)-white, NH-

black, Hispanic, NH-other, and unknown/unreported. To approximate socioeconomic status, 

estimates of median household income based on the zip code of the primary residence of the 

parents were grouped into quartiles. We also grouped the primary payer for each 

hospitalization into three categories: government (Medicare/Medicaid), private (commercial 

carrier, private health maintenance organization, and preferred provider organization), and 

other sources (e.g., self-pay and charity). Additional covariates included timing of the 

admission (weekday vs. weekend) and the infant’s disposition at discharge (routine 

discharge home, transfer or other discharge alive, death prior to discharge). Hospital 

characteristics included census region (Northeast, Midwest, South, or West), number of 
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inpatient beds (small, medium, or large), and facility type (rural, urban nonteaching, or 

urban teaching).

2.4 | Statistical analyses

Descriptive statistics, including weighted frequencies and percentages, were used to describe 

the study sample during the two periods when ICD-9-CM and when ICD-10-CM were used. 

Survey weights were applied to yield national estimates. We then estimated the overall and 

monthly national hospital prevalence of each major birth defect as the number of 

hospitalizations during the first year of life with an ICD-based code for that defect divided 

by the total number of first-year hospitalizations; these were presented separately for the 

ICD-9-CM and ICD-10-CM timeframes. A survey-weighted Poisson regression model was 

used to estimate 95% confidence intervals (CI) for each hospital prevalence estimate.

To estimate changes in the hospital prevalence of birth defects in inpatient settings 

attributable to the ICD-9-CM to ICD-10-CM transition, we used an interrupted time series 

(ITS) framework and corresponding segmented regression analysis. The ITS design has been 

regarded as the strongest quasi-experimental design to evaluate the impact of events that take 

place at clearly-defined points in time, such as policies (Lieberman, Polinski, Choudhry, 

Avorn, & Fischer, 2016), interventions (Leopold et al., 2014), or natural disasters (Ekperi et 

al., 2018). In addition to its facilitation of easy-to-interpret visualization of results, we chose 

segmented regression for this study because it allows for investigation of the impact of the 

code transition on the immediate change in hospital prevalence as well as the change on the 

temporal trend in hospital prevalence (Penfold & Zhang, 2013). For each defect, the 

segmented regression model used to fit monthly hospital prevalence rates was as follows:

Ratet = β0 + β1 * timet + β2 * coding systemt
+ β3 * time after ICD10 transitiont + et

In this model, Ratet is the hospital prevalence of the birth defect in month t; time is a 

continuous variable documenting the month of analysis from 1 (January 2012) to 60 

(December 2016); coding system is a dichotomous indicator of whether ICD-9-CM (coding 

system = 0) or ICD-10-CM (coding system = 1) was used; time after ICD10 transition is an 

indicator of the number of months after the transition from 1 (October 2015) to 15 

(December 2016) and 0 for all months during the ICD-9-CM coding period; and et estimates 

the random error for each month. The two most important parameter estimates from the 

model as it pertains to assessing the impact of the coding transition are β2 and β3. β2 

estimates the immediate absolute change in the hospital prevalence following the 

implementation of ICD-10-CM, and β3 estimates the change in the slope of the temporal 

hospital prevalence trend following ICD-10-CM implementation. Because the occurrence of 

individual defects are rare events, there can be considerable variation in defect-specific 

hospital prevalence across months and years. To allow for a more meaningful comparison of 

the impact of the transition to ICD-10-CM coding across defects, we expressed the 

immediate impact as the percent change in the hospital prevalence rate during the ICD-10-

CM timeframe relative to the average hospital prevalence rate during the ICD-9-CM period. 

For statistically significant findings, we further classified the immediate impact of ICD-10-
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CM into six groups based on the direction (increase or decrease) and magnitude (50%, 50–

99%, ≥100%) of the change. We used the Durbin–Watson statistic and test to examine 

autocorrelation, and the Dickey–Fuller unit root test to appraise seasonal fluctuations 

(stationarity) in the data.

All statistical tests were performed with SAS version 9.4 (Cary, NC) using two-sided 

statistical tests and a 5% type I error rate. As this constitutes an analysis of publicly-

available, deidentified hospital discharge data within the NIS database, the analyses 

performed for this study were deemed exempt by the Baylor College of Medicine 

Institutional Review Board.

2.5 | Human protection statement

As this constitutes an analysis of publicly-available, deidentified hospital discharge data 

within the National Inpatient Sample database, the analyses performed for this study were 

deemed exempt by the Baylor College of Medicine Institutional Review Board.

3 | RESULTS

Over 21 million inpatient hospitalizations of infants during the first year of life were 

included in this 5-year study, 89.3% of which were birth hospitalizations, and 24.9% of 

which took place during the 15-month ICD-10-CM coding period (Table 2). We observed 

few meaningful differences in patient characteristics between the ICD-9-CM coding period 

and the ICD-10-CM coding period with the exception of discharge disposition, which was 

slightly less likely to be routine (i.e., to home) in the ICD-9-CM period compared with the 

ICD-10-CM period (95.2% vs. 95.7%, p < .01). However, hospitalizations during the 

ICD-10-CM period were slightly less likely to be from larger hospitals (52.0% vs. 55.9%, p 
< .01) and more likely to be from urban teaching hospitals (67.3% vs. 59.5%, p < .01). Table 

3 presents the overall prevalence per 10,000 hospitalizations of each specific birth defect 

included in the study for both coding periods. We observed statistically significant 

differences in the overall hospital prevalence of 14 of the 46 defects between the ICD-9-CM 

and ICD-10-CM periods, with the hospital prevalence being higher in the ICD-10-CM 

period for nine defects (anotia/microtia, transposition of the great arteries, dextro-

transposition of the great arteries, interrupted aortic arch, atrial septal defect, atrioventricular 

septal defect, biliary atresia, renal agenesis/hypoplasia, clubfoot) and lower for five defects 

(holoprosencephaly, common truncus, pulmonary valve atresia, tricuspid valve atresia and 

stenosis, cloacal exstrophy). Similar results were observed when restricting the assessment 

to birth hospitalizations only (data not shown).

Estimates of the immediate impact of the transition to ICD-10-CM coding on the calculated 

hospital prevalence of each birth defect using segmented regression models expressed as the 

percent change in hospital prevalence relative to the 45-month ICD-9-CM period are shown 

in Figure 1 and Table S1. A statistically significant decrease in the immediate hospital 

prevalence of five individual defects (double outlet right ventricle, esophageal atresia/

tracheoesophageal fistula, congenital posterior urethral valves, cloacal exstrophy, and 

deletion 22q11.2) was associated with the implementation of ICD-10-CM coding, ranging in 

magnitude from a 23% decrease for double outlet right ventricle of the heart to a several-fold 
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decrease for cloacal exstrophy. The decrease in hospital prevalence of cloacal exstrophy is 

depicted in Figure 2. A significant increase in the immediate hospital prevalence of eight 

birth defects (anencephaly, dextro-transposition of the great arteries, interrupted aortic arch, 

hypoplastic left heart syndrome, total anomalous pulmonary venous connection, biliary 

atresia, diaphragmatic hernia, and clubfoot) was observed after the transition to ICD-10-CM, 

with 5 showing a <50% increase, anencephaly showing a 65% increase, biliary atresia 

showing a 132% increase, and interruption of the aortic arch (IAA) showing a sevenfold 

increase. The increase in hospital prevalence of biliary atresia is depicted in Figure 3. Six 

defects (holoprosencephaly, dextro-transposition of the great arteries, IAA, biliary atresia, 

cloacal exstrophy, and clubfoot) showed significant changes in both the overall and 

immediate hospital prevalence following the transition to ICD-10-CM coding. The hospital 

prevalence of the remaining 26 (56.5%) birth defects showed no significant change in either 

the overall (Table 3) or immediate (Figure 1, Table S1) hospital prevalence following the 

transition to ICD-10-CM.

IAA deserves additional mention. Immediately following implementation of ICD-10-CM, 

the hospital prevalence of IAA showed an abrupt increase from 1.0 per 10,000 in the ICD-9-

CM period to 9.7 per 10,000 in the initial ICD-10-CM period (Figure 4, left panel). 
However, on October 1, 2016, 1 year after its implementation, ICD-10-CM was revised to 

include a more specific code for IAA only (Q25.21), resulting in a subsequent hospital 

prevalence of IAA more similar to that in the ICD-9-CM period (Figure 4, right panel).

4 | DISCUSSION

In this article, we summarize the immediate impact of the coding transition from ICD-9-CM 

to ICD-10-CM, implemented on October 1, 2015, on the prevalence of specific major birth 

defects typically monitored by birth defects registries in the United States among infant 

hospitalizations. Among the 46 defects studied, statistically significant decreases in the 

immediate hospital prevalence of five defects and significant increases in the immediate 

hospital prevalence of eight defects were observed after the ICD-10-CM transition. This 

information can be helpful to surveillance programs in assessing changes in the prevalence 

of specific birth defects seen in their own data compared with that from a large nationally 

representative inpatient database.

Some observed changes in hospital prevalence of defects would be expected based on 

changes made to the ICD-10-CM codes. In ICD-9-CM, holoprosencephaly and cloacal 

exstrophy were each specified under a code that included a number of other defects of the 

nervous system and digestive system, respectively. In the more specific ICD-10-CM rubric, 

each defect has its own unique code, which results in a lower and more accurate estimate of 

hospital prevalence for each. As mentioned, the initial increase in hospital prevalence of IAA 

during initial ICD-10 implementation declined with the addition of a specific ICD-10-CM 

code for this condition 1 year later. Although significant increases in both the overall and 

immediate hospital prevalence for dextro-transposition of the great arteries, biliary atresia 

and clubfoot were observed, these are not as readily explained by difference in the codes. 

Transposition of the great arteries can be a complex anomaly and there is more than one 

type. Similarly, the term clubfoot can incorporate a variety of foot anomalies that look 

Salemi et al. Page 7

Birth Defects Res. Author manuscript; available in PMC 2020 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



similar but are different in nature. It seems reasonable that some degree of misclassification 

in disease coding would be expected immediately following the change to a new, more 

expansive and specific coding system such as ICD-10-CM. It will be important to continue 

to evaluate the prevalence of these conditions in this and other datasets over time as 

experience with use of the ICD-10-CM codes is gained. The reason for the increase in 

overall and immediate hospital prevalence for biliary atresia is also unclear. This finding 

should be verified in other data.

In general, the defects for which there was a significant immediate change in hospital 

prevalence following the shift to ICD-10-CM but no change in the overall hospital 

prevalence have considerable variation in their monthly hospital prevalence, with sharp 

increases and decreases in a some-what inconsistent pattern. This likely reflects the rarity of 

these individual defects in the general population. The hospital prevalence of some of these 

defects showed an initial change, either increase or decrease, with a subsequent trend toward 

the hospital prevalence in the ICD-9-CM period. This might reflect increasing familiarity 

with ICD-10-CM and specificity of coding. It will be important to continue to assess these 

changes as additional data accumulate over longer time periods and improved assessment of 

post ICD-10 trends becomes possible. In some instances, the overall hospital prevalence 

showed a significant change, either increase or decrease, while the immediate change was 

not significant. In particular, a steep decline in the hospital prevalence of pulmonary valve 

atresia and tricuspid valve atresia and stenosis was observed following the ICD-10-CM 

transition, as well as a statistically significant difference between overall hospital prevalence 

during the ICD-9-CM and ICD-10-CM periods; however, the immediate impact parameter 

estimated by segmented regression was not statistically significant. Segmented regression 

did detect a statistically significant decrease in the trend parameter for pulmonary valve 

atresia, suggesting a more gradual decrease in hospital prevalence for this defect following 

the ICD-10-CM transition. Reasons for significant changes in the overall prevalence for 

other defects, such as anotia/microtia, common truncus, atrial septal defect, atrioventricular 

septal defect, and renal agenesis/hypoplasia, are more difficult to interpret. The rarity of the 

conditions, the relatively short ICD-10-CM time period, and limited experience with use of 

the code may have contributed to these findings. Additional monitoring over time and 

comparison with findings in other data are indicated. If the change in prevalence persists, 

further exploration of coding practices at individual healthcare facilities by programs may be 

warranted.

Among the defects with no significant change in hospital prevalence, 24 exhibited a hospital 

prevalence during the ICD-10-CM period that was very similar (within 10%) of that for the 

ICD-9-CM period. These included spina bifida without anencephaly, congenital cataract, 

pulmonary valve atresia and stenosis, single ventricle, bladder exstrophy, gastroschisis, 

omphalocele, and trisomy 18, among potentially others. This is not unexpected as the codes 

for these defects in ICD-9-CM and in ICD-10-CM have similar inclusion criteria and 

specificity.

Salemi et al. Page 8

Birth Defects Res. Author manuscript; available in PMC 2020 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



4.1 | Strengths and limitations

Strengths of this analysis include the large size of the NIS database with 21 million inpatient 

hospitalizations of infants during the first year of life, which enables the analysis of hospital 

prevalence for even very rare defects. Other strengths of the data include its population-

based representativeness and weighting to facilitate estimation of national hospital 

prevalence and trends. There are also a few limitations to consider when interpreting the 

data. First, there are no personal identifiers contained in the NIS database so that 

hospitalizations for the same infant could not be deduplicated. Therefore, infants with more 

than one hospitalization in which the same birth defect was diagnosed would be counted 

multiple times. However, we observed similar differences in overall hospital prevalence 

between the ICD-9-CM and ICD-10-CM periods when the analysis was restricted to birth 

hospitalizations (i.e., one discharge per infant). Second, we are unable to assess the relative 

accuracy of the assigned ICD-9-CM or ICD-10-CM codes and whether there are differences 

in accuracy between the two coding rubrics. Studies investigating the accuracy of ICD codes 

in correctly identifying birth defects to date have focused primarily on ICD-9-CM codes and 

found a high level of overall accuracy (>93%), but considerable variation in the positive 

predictive value of these codes across the specific defects investigated (Salemi et al., 2016). 

Third, the available time period in which to evaluate ICD-10-CM coding was shorter than 

that for ICD-9-CM, which likely contributed to variations in hospital prevalence estimates 

following the transition to ICD-10-CM and may have led to spurious statistical results. 

Finally, the number of variables in the NIS used to capture diagnosis codes changed from 25 

in 2012–2013 to 30 in 2014–2016. Additional variables offer increased likelihood of 

capturing diagnoses, particularly for complex cases; therefore, it is plausible this could 

influence temporal trends in hospital prevalence of birth defects. However, Salemi et al. 

previously investigated the impact of expanding the number of diagnosis codes reported in 

inpatient discharge databases on the counts and rates of birth defects and observed extremely 

small effects of adding additional diagnosis code fields above 20 (Salemi, Rutkowski, 

Tanner, Matas, & Kirby, 2018).

4.2 | Next steps

These findings require further exploration in other data systems over longer periods of time. 

Future efforts to evaluate the extent to which the prevalence and temporal trends seen in 

birth defects surveillance data are impacted by the ICD-10-CM transition should involve 

collaborations between birth defects surveillance programs and the use of comparability 

ratios (Rosamond et al., 2004). Although labor-intensive, comparability ratios based on 

coding several years of data once using the ICD-9-CM rubric and then separately using 

ICD-10-CM, will provide a more accurate representation of the impact of ICD-10 

implementation.

5 | CONCLUSION

This study investigates the impact of the ICD-10-CM transition on temporal trends for major 

birth defects. We demonstrate differences in hospital prevalence of some birth defects 

between the two ICD eras, which may in part be due to changes in the codes being used 

under each rubric. These findings may be helpful to birth defects surveillance programs in 
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evaluating and interpreting changes in their data potentially related to the transition to 

ICD-10-CM coding. Policy makers, health care providers, public health experts, and 

researchers continue to rely on data from state-based birth defects surveillance programs to 

investigate trends and outbreaks, identify causes and risk factors, and plan for services, 

referrals and interventions among vulnerable populations (National Birth Defects Prevention 

Network, 2004). Furthermore, as ICD codes are revised periodically, it is important that 

surveillance programs continue to evaluate these changes and their impact on birth defect 

counts and prevalence rates over time.
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FIGURE 1. 
Immediate impact of ICD-10-CM on calculated prevalence of each birth defect per 10,000 

hospitalizations (hospital prevalence) during the ICD-9-CM versus ICD-10-CM timeframes, 

2012–2016. An asterisk (*) next to a birth defect indicates a statistically significant 

immediate impact of the transition from ICD-9-CM to ICD-10-CM. The marker 

representing the change for interrupted aortic arch appears at the maximum of the visible x-

axis; however, the actual percent change relative to the ICD-9 period was 771.3 (701.9, 

840.7)

Salemi et al. Page 12

Birth Defects Res. Author manuscript; available in PMC 2020 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 2. 
Monthly hospital prevalence estimates for cloacal exstrophy, which demonstrated an abrupt 

decrease following transition from ICD-9-CM to ICD-10-CM. The blue line, markers, and 

error bars represent the observed monthly rates during the ICD-9-CM period, with 95% 

confidence intervals. The red line, markers, and error bars represent the observed monthly 

rates during the ICD-10-CM period, with 95% confidence intervals. The solid black lines 

represent the estimated temporal trend during the ICD-9-CM and ICD-10-CM periods, 

respectively. The dotted lines represent the temporal trend during the ICD-10-CM period 

that would have occurred if the ICD-9-CM period trend had continued during the ICD-10-

CM period
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FIGURE 3. 
Monthly hospital prevalence estimates for biliary atresia, which demonstrated an abrupt 

increase following transition from ICD-9-CM to ICD-10-CM. The blue line, markers, and 

error bars represent the observed monthly rates during the ICD-9-CM period, with 95% 

confidence intervals. The red line, markers, and error bars represent the observed monthly 

rates during the ICD-10-CM period, with 95% confidence intervals. The solid black lines 

represent the estimated temporal trend during the ICD-9-CM and ICD-10-CM periods, 

respectively. The dotted lines represent the temporal trend during the ICD-10-CM period 

that would have occurred if the ICD-9-CM period trend had continued during the ICD-10-

CM period
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FIGURE 4. 
Monthly hospital prevalence estimates for interrupted aortic arch (IAA), which transitioned 

from a defect-specific ICD-9-CM code to a non-specific ICD-10-CM code on October 1, 

2015 (left panel), and back to an IAA-specific ICD-10-CM code on October 1, 2016 (right 

panel). The blue line, markers, and error bars represent the observed monthly rates during 

the ICD-9-CM period, with 95% confidence intervals. The red line, markers, and error bars 

represent the observed monthly rates during the ICD-10-CM period, with 95% confidence 

intervals. The solid black lines represent the estimated temporal trend during the ICD-9-CM 

and ICD-10-CM periods, respectively. The dotted lines represent the temporal trend during 

the ICD-10-CM period that would have occurred if the ICD-9-CM period trend had 

continued during the ICD-10-CM period
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