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Abstract

Introduction Pregnancy outcome identification and precise estimates of gestational age (GA) are critical in drug safety
studies of pregnant women. Validated pregnancy outcome algorithms based on the International Classification of Diseases,
Tenth Revision, Clinical Modification/Procedure Coding System (ICD-10-CM/PCS) have not previously been published.
Methods We developed algorithms to classify pregnancy outcomes and estimate GA using ICD-10-CM/PCS and service
codes on claims in the 2016-2018 IBM® MarketScan® Explorys® Claims-EMR Data Set and compared the results with ob-
gyn adjudication of electronic medical records (EMRs). Obstetric services were grouped into episodes using hierarchical
and spacing requirements. GA was based on evidence with the highest clinical accuracy. Among pregnancies with obstetric
EMRs, 100 full-term live births (FTBs), 100 preterm live births (PTBs), 100 spontaneous abortions (SAs), and 24 stillbirths
were selected for review. Physicians adjudicated cases using Global Alignment of Immunization safety Assessment in preg-
nancy (GAIA) definitions applied to structured EMRs.

Results The claims-based algorithms identified 34,204 pregnancies, of which 9.9% had obstetric EMRs. Of sampled preg-
nancies, 92 FTBs, 93 PTBs, 75 SAs, and 24 stillbirths were adjudicated. Among these pregnancies, the percent agreement
was 97.8%, 62.4%, 100.0%, and 70.8% for FTBs, PTBs, SAs, and stillbirths, respectively. The percent agreement on GA
within 7 and 28 days, respectively, was 85.9% and 100.0% for FTBs, 81.7% and 98.9% for PTBs, 61.3% and 94.7% for SAs,
and 66.7% and 79.2% for stillbirths.

Conclusions The pregnancy outcome algorithms had high agreement with physician adjudication of EMRs and may inform
post-market maternal safety surveillance.

1 Introduction studies using billing codes on administrative claims and

electronic medical records (EMRs) to evaluate exposures

The safety of maternal exposure to vaccines and medications
is rarely studied in clinical trials because pregnant women
are usually excluded from pre-market research [1]. Most data
on maternal vaccine and drug safety come from post-market
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during pregnancy and their association with maternal and
infant outcomes [1]. While the Food and Drug Administra-
tion (FDA) encourages inclusion of pregnant women and
women of childbearing age in prelicensure clinical trials
[2], maternal safety evidence is limited at the time of licen-
sure. Thus, it is important to leverage real-world data, such
as administrative claims, for post-market evaluation of the
safety and effectiveness of vaccines and other drugs during
pregnancy.

In addition, evidence suggests pregnant women with
COVID-19 may be at an increased risk for severe illness
compared with nonpregnant women [3]. To date, several
COVID-19 vaccines of different platforms (novel mRNA
or viral vector) have been authorized by the FDA on the
US market and deployed broadly. However, safety evidence
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We developed algorithms based on the International
Classification of Diseases, Tenth Revision, Clinical
Modification/Procedure Coding System, to estimate
pregnancy start dates and outcomes in claims. We
validated the algorithms through ob-gyn adjudication
of electronic medical records (EMRs) using the Global
Alignment of Immunization safety Assessment in preg-
nancy (GAIA) framework.

The algorithms had a high level of agreement with ob-
gyn adjudication of EMRs.

These algorithms may be used to evaluate maternal
exposures to prescription drugs and vaccines, including
COVID-19 vaccines, and their association with safety
outcomes.

of maternal exposure is limited to small populations of
pregnant women [4—6]. This highlights the importance of
risk and benefit evaluation of maternal vaccination against
COVID-19 in large longitudinal claims data using well-
defined algorithms to inform clinicians, policymakers, and
patients.

Precise pregnancy dating is needed to align acute expo-
sures such as vaccines with key stages of embryologic
development [7, 8]. Accurate estimates of gestational age
(GA) and outcome identification in administrative data are
important to the validity of pregnancy exposure studies [9].
Previous studies have developed and validated claims-based
algorithms estimating pregnancy start dates and distinguish-
ing between pregnancy outcomes [10-18], including preterm
live births (PTBs, < 37 weeks of gestation), full-term live
births (FTBs, 37 + weeks of gestation), stillbirths (20 +
weeks of gestation), and spontaneous abortions (SAs, < 20
weeks of gestation). However, to our knowledge, all previous
US-based studies have used data from before October 2015,
when the nation transitioned to the International Classifi-
cation of Diseases, Tenth Revision, Clinical Modification/
Procedure Coding System (ICD-10-CM/PCS), replacing the
Ninth Revision (ICD-9-CM) for most inpatient and outpa-
tient encounters. ICD-10-CM/PCS has greater diagnostic
detail pertaining to GA at the time of the claim. More recent
validation studies using ICD-10-CM/PCS are needed.

Relevant literature discusses the strengths and limitations
of administrative claims data to evaluate medication safety in
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pregnancy, highlighting the importance of rigorous assess-
ment of claims-based algorithms [10]. Previous studies have
compared claims with abstracted paper charts, linked birth
records, and EMRs [11, 13-16, 18]. Official national statis-
tics were also used as a comparison to evaluate accuracy of
claims-based pregnancy outcome algorithms [12, 17]. The
paper chart review is generally considered the gold stand-
ard but can be labor intensive and requires special access
to medical charts. As EMRs have become more common,
public and proprietary data sets now often include structured
EMR components, although they lack certain chart detail
(e.g., physician notes). This study used a claims-EMR linked
database with an EMR repository incorporating data from
more than 30 health systems. Although the data quality may
vary across EMR systems, this linked database provides a
large sample to evaluate whether structured EMR compo-
nents contain enough information for physicians to validate
claims-based algorithms through a clinical review, which
has not been previously explored.

The Global Alignment of Immunization safety Assess-
ment in pregnancy (GAIA) framework may improve the
rigor of clinical review of EMRs but primarily has been
used in clinical settings for prospective data collection. This
framework provides standard, globally harmonized defini-
tions of outcomes and data collection guidelines for monitor-
ing the safety of vaccines used during pregnancy [19-23]. A
collaborative network of experts developed case definitions
for PTB, SA, and stillbirth as well as GA, which are catego-
rized into levels of diagnostic certainty depending on the
accuracy of available data (e.g., pregnancy dating in the first
vs third trimester). Although it is unlikely that some GAIA
criteria are detailed in retrospectively collected structured
EMRs (e.g., umbilical cord pulse), other criteria may be
recorded (e.g., GA on a first trimester scan). No prior stud-
ies have evaluated whether structured EMR components in
a given EMR system can be operationalized using the GAIA
framework, with what level of GAIA certainty physicians
can conduct reviews, and whether EMR-based reviews can
serve as a reference point that conceptually approximates a
gold standard in the absence of manual unstructured chart
reviews.

In this study, we used ICD-10-CM/PCS and Healthcare
Common Procedure Coding System (HCPCS) codes on
claims data to develop hierarchical algorithms for classi-
fying pregnancy outcomes as PTBs, FTBs, SAs, or still-
births and determining GA at the outcome. For a sample
of pregnancy episodes, we calculated the agreement in the
estimated GA and outcome types between the claims-based
algorithms and physician adjudication of structured compo-
nents from a repository of multiple EMR systems using the
GAIA framework.
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2 Methods

2.1 Data Source

The IBM® MarketScan® Explorys® Claims-EMR Data Set
(CED) comprises reimbursement claims and EMR data. It
deterministically links the longitudinal claims of patients
from the IBM MarketScan Commercial Database to the
same patients’ clinical records from the IBM Explorys EHR
Database. The Explorys EHR Database is a large clinical
data asset built through direct connections to large health
system partners, including more than 30 health systems and
spanning academic and community practices. The EMRs
available are limited to structured elements—diagnoses, pro-
cedures, immunizations, vital signs and biometrics, medi-
cal/surgical history, laboratory results, implantable devices,
patient-reported outcomes, and inpatient drug administra-
tions and ambulatory prescriptions. The combined data
set provides clinical, claims, and financial data to support
research and analysis.

2.2 Study Population

We included pregnancy episodes ending in PTB, FTB, SA,
or stillbirth from August 1, 2016, through October 31, 2018,
for women aged 12-55 years at the time of the outcome
who were continuously enrolled during the prenatal period,
allowing for an enrollment gap of up to 45 days. We chose
August 1, 2016, to evaluate the prenatal period for claims
spanning only the ICD-10-CM/PCS system. Figure 1 depicts
the steps to select claims and episodes to include and the
sample drawn for clinician adjudication using EMRs.

2.3 Definition of Pregnancy-Related Endpoints

Although we focused on live births, stillbirths, and SAs, any
pregnancy endpoint can be relevant in determining clini-
cally possible outcomes, given spacing between different
outcomes for the same woman (e.g., an abortion 1 week after
a live birth is not clinically possible). Based on a focused
literature review [10-18, 24], we first identified all poten-
tial pregnancy endpoints using ICD-10-CM/PCS, HCPCS,
and diagnosis-related groups on service records from all
healthcare settings. Events indicating a pregnancy’s end
included live births, stillbirths, SAs, ectopic pregnancies,
elective abortions, trophoblastic and other abnormal prod-
ucts of conception, and deliveries with unknown outcomes
(DELIV). Supplemental Table 1 (Online Resource 1, see
electronic supplementary material [ESM]) presents clinical
codes for identifying each outcome. Online Resource 2 (see
ESM) is a Microsoft® Excel file that provides clinical codes
and additional descriptive statistics.

2.4 Definition of Pregnancy Episodes

Pregnancy endpoints were first assigned by service day.
When clinical codes indicating different endpoint types
(other than DELIV) occurred on the same day, the service
records for that day were excluded, because the conflict-
ing information was likely due to miscoding. This exclusion
rarely removed an outcome entirely because true outcomes
were usually coded on multiple service dates. DELIV was
assigned only if no other types of endpoint codes were pre-
sent on the same date (see Supplemental Table 2, Online
Resource 1, ESM).

Next, we evaluated pregnancy endpoints on the timeline
of the same woman. Some endpoints are implausible because
they occur too close together. Additionally, pregnancy-
related clinical codes on multiple services may represent
the same pregnancy (e.g., a visit to both the doctor’s office
and an ambulatory surgery center following an SA). Thus,
we adapted pregnancy algorithms developed by Hornbrook
et al. [13] and modified by Matcho et al. [16] and Naleway
et al. [18] to group service records into pregnancy episodes.

Pregnancy episodes were constructed following a hier-
archy, starting with the outcomes considered most reliably
coded with respect to outcome identification and timing in
claims data [16] and based on consultation with physicians
advising this study (authors LE and FM). We started with
the earliest service record with the most reliable outcome
and then evaluated subsequent service records classified as
the same outcome type. We repeated this process for ser-
vice records classified as outcomes of lower hierarchy. Live
births were placed on the timeline first, followed by still-
births, DELIV, trophoblastic and other abnormal products of
conception, ectopic pregnancies, elective abortions, and SAs
[13, 16]. Subsequent outcomes of the same type and out-
comes further down the hierarchy were placed on the time-
line only if they met a minimum allowable time between the
date of that outcome and the date of other outcomes already
on the timeline (Supplemental Table 3, Online Resource 1,
see ESM). Thus, this process sequentially placed outcomes
on the timeline, starting with those highest on the hierarchy
and ending with those lowest on the hierarchy (Supplemental
Fig. 1, Online Resource 1, see ESM).

From plausible outcomes on the timeline, we selected
only those of interest (live births, stillbirths, and SAs) occur-
ring on or after August 1, 2016. Fig. 2 displays the study
flowchart, starting from outcomes of interest and detailing
each attrition step with reasons for exclusion and the num-
ber of episodes excluded. For each outcome on the timeline
representing a pregnancy’s end, we assembled all service
records within a prenatal window. The prenatal window is
the time period between the outcome date and the earliest
possible pregnancy start date based on a maximum preg-
nancy term, which varied by outcome type (Supplemental
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Step 1: Service records for
pregnancy outcomes
(Oct 2015—Oct 2018)

Step 2: Pregnancy episodes
constructed from service
records

Step 3: Episodes for outcomes of
interest with prenatal ICD-10-
CM/PCS data (Aug 2016—Oct 2018)

LB SB SA

60,484 | 620 15,572 g
LB SB SA

57,129 | 412 7,333 665

ECT AB TRO DELIV
1,700 1,808 12,413

ECT AB TRO DELIV
1,405 925 3,771

LB SB SA
31,270 § 212 4,442

Step 4: Algorithm assigned a Ft8 |lpTB|[SB| sA
pregnancy start date and 26.825(3 7761|151 |[3.452
outcome ’ ’ ’
Step 5: Episodes withany EMR | FTB ||PTB ||SB || SA
activity during the episode 15,421 (2,203(| 89 ||1,543
Step 6: Episodes with relevant | FTB |[PTB || SB || SA Level of GAIA adjudication
obstetric EMR information 2,736 || 363 || 24 || 267 s [ Fe |[prel[sB] sa
— | 40 || 48 | 5| 53
Step 7: Random sample for FTB ||PTB|/SB|| SA ~ A
physician adjudication 100 100 || 24 || 100 2 | FTB |[PTB||SB|| SA
>
L ) 21 11 5 1
Step 8: Physicians determined — - —
e P —
__ there was sufficient FTB || PTB|/SB| SA 5 | FTB |[PTB|[SB|| saA
information tp adjudicate the 92 93 || 24 || 75 2| 31 34 | 14| 21
episode L | - L

Fig.1 Sample selection and attrition. Relevant obstetric EMRs only
mapped to GAIA levels 1-3; thus, no pregnancy episodes were adju-
dicated at GAIA level 4. A total of 1663 pregnancy episodes could
not be assigned a pregnancy start date based on information in the
claims; an additional 20 live births, 33 stillbirths, and 4 spontane-
ous abortions were not assigned a pregnancy start date because the
estimated gestational age was implausible (stillbirths were required
to be 20+ weeks, SAs < 20 weeks, and live births 22 + weeks). AB

Table 4, Online Resource 1, see ESM). If we encountered a
previous outcome during the prenatal window, we adjusted
the window’s start date according to a minimum allowable
number of days before a subsequent pregnancy could start
(Fig. 2).

2.5 Algorithms Determining Pregnancy Outcome
and Start Date

Certain services in the prenatal window may provide more
reliable estimates for a pregnancy start date (e.g., the date of
embryo transfer likely resulting in the pregnancy is reliable
in determining pregnancy start date). Additionally, informa-
tion from multiple services may indicate pregnancy start
dates that are inconsistent with one another. Therefore, we
developed hierarchical algorithms to assign pregnancy start
dates, calculate GA at the outcome date, and confirm the
outcome (i.e., that stillbirths occur at > 20 weeks of gesta-
tion, that SAs occur at < 20 weeks, and to differentiate PTBs
from FTBs at 37 weeks).

A\ Adis

elective abortion, DELIV deliveries with unknown outcomes, ECT
ectopic pregnancy, EMR electronic medical record, FTB full-term
live birth, GAIA Global Alignment of Immunization safety Assess-
ment in pregnancy, /CD-10-CM/PCS International Classification of
Diseases, Tenth Revision, Clinical Modification/Procedure Coding
System, LB live birth, PTB preterm live birth, SA spontaneous abor-
tion, SB stillbirth, TRO trophoblastic and other abnormal products of
conception

Several sources in claims data provide GA information:
the timing of embryo transfer or intrauterine insemina-
tion; ICD-10-CM codes indicating GA in weeks, trimester,
or preterm status during prenatal or delivery encounters;
and prenatal screening tests (Supplemental Table 5, Online
Resource 1, see ESM). We consulted prior literature and
two practicing physicians (one ob-gyn, one pediatrician) to
assess the reliability of GA in claims data and developed the
following hierarchy steps 1-13 (see overview in Table 1).
We moved through each step sequentially until a pregnancy
start date was assigned.

Step 1 First, pregnancy start dates were assigned based
on the date of intrauterine insemination or embryo transfer
procedure during the prenatal window if those procedures
were recorded. The start date was calculated as procedure
date — 14 days + 1. If these procedures were recorded on
multiple dates, we selected the service record closest to the
outcome.

Steps 2-5 Next, we looked for diagnoses indicating GA
in weeks on the same date of first trimester ultrasounds (step
2), nuchal translucency scans (step 3), anatomic ultrasounds
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(step 4), and then on any other type of service record (step
5). We calculated the pregnancy start date as service date
— GA in weeks * 7 + 1. If there were multiple service
records for first trimester ultrasounds, nuchal translucency
scans, or anatomic ultrasounds that documented GA, we
selected the first. If there were multiple service records of
other types that documented GA in weeks, multiple preg-
nancy start dates were calculated based on each documented
GA and the mode or, if no mode exists, the median was
selected as the assigned start date.

Steps 68 Next, we looked for HCPCS codes for nuchal
translucency scans (usually before 13 5/7 weeks according to
guidelines, step 6), chorionic villus sampling (usually before
13 weeks, step 7), and prenatal cell-free DNA screening
(usually between 10 and 14 weeks, step 8) without a diag-
nosis indicating GA on the service record. We calculated
the pregnancy start date as service date — 90 days + 1 for
nuchal translucency scans and as service date — 12 weeks
* 7 + 1 for the latter two tests. These tests and the values
of 90 days and 12 weeks were selected in consultation with
ob-gyn experts, published studies, and empirical estimates
of screening timing from the MarketScan Commercial Data-
base. If multiple service records existed for nuchal translu-
cency scans, chorionic villus sampling, or cell-free DNA
screenings, we selected the first.

Steps 9—11 Next, within 7 days of the outcome, we looked
for records with diagnoses indicating full-term status (step
9), diagnoses or HCPCS documenting that the pregnancy
had reached a certain trimester (step 10), and diagnoses
indicating preterm status (step 11). For claims for live birth
and stillbirth episodes with full-term codes, we calculated
the pregnancy start date as outcome date — 39 weeks * 7
+ 1. For services with diagnoses or HCPCS codes indi-
cating trimester, we calculated the pregnancy start date as
outcome date — 70, 147, or 241 days + 1, for the first, sec-
ond, and third trimester, respectively. These days represent
the midpoints of each trimester. There were no instances
where multiple records contained conflicting information
on the trimester of the outcome. For records indicating the
delivery was preterm, we calculated the pregnancy start date
as outcome date — 35 weeks * 7 + 1. Margulis et al. [15]
reported that assigning a GA of 35 weeks to preterm birth
and 39 weeks to term births maximized positive agreement
on GA within 1 week, comparing birth discharge records
and a chart review.

Step 12 Next, we looked for the first glucose tolerance
test. We calculated the pregnancy start date as screening
date — 26 weeks * 7 + 1. We chose 26 weeks because it is
the midpoint of the guideline-recommended range for this
test (24-28 weeks).

Step 13 Finally, we looked for prenatal services > 7 days
before the outcome with ICD-10-CM codes indicating a tri-
mester of pregnancy at the time of the service. We selected

the trimester code on the service date closest to the outcome
and assigned the pregnancy start date as service date — 70,
147, or 241 days + 1, for the first, second, and third trimes-
ter, respectively.

At each step, we evaluated the estimated pregnancy start
date and GA at the outcome for plausibility. The estimated
pregnancy start date was considered plausible if it occurred
between the maximum pregnancy term (as defined above)
and the minimum pregnancy term (Supplemental Table 4,
see ESM). For steps 1-4, if the estimated pregnancy start
date was not plausible, we excluded the pregnancy epi-
sode without evaluating subsequent steps. For steps 5-13,
if the estimated pregnancy start date was implausible, we
attempted to estimate it in subsequent steps of the hierar-
chy. If at step 13 the start date was still not assigned or was
implausible, we set it to missing and excluded the pregnancy
episode.

We retained only stillbirths assigned a GA of 20 + weeks,
SAs assigned a GA of < 20 weeks, and live births assigned
a GA of 22 + weeks. Live births were further classified as
PTB if they had a GA at delivery of < 37 weeks and FTB if
GA was 37 + weeks. GA in days at the outcome was calcu-
lated as outcome date — pregnancy start date + 1.

As areference, we calculated GA estimates from all GA-
related data elements as described above but without impos-
ing the stepwise selection. Supplemental Table 6 (Online
Resource 1, see ESM) provides the differences in GA cal-
culated from multiple service records when there was more
than one estimate for a pregnancy episode.

2.6 Validation Sample

Like paper chart reviews, EMR charts consisting of suffi-
cient pregnancy-related information are required for physi-
cian adjudication. Not all pregnancy episodes identified in
the claims data had linked EMR data overlapping the same
period. We further limited our study population to patients
who received routine obstetric care from providers contrib-
uting EMRs to the CED during the prenatal window so that
EMR charts resembling paper charts with a comprehensive
view of patients’ healthcare experiences during pregnancy
could be constructed. Live births and SAs that met either
of the following two scenarios and had a documented preg-
nancy outcome on the EMR were included in the case pool.
For a rare outcome such as stillbirth, we selected any still-
birth with a documented GA on any prenatal EMR and a
documented pregnancy outcome. We searched EMRs for
the following information between the maximum pregnancy
term, which was adjusted as described above if previous
episodes occurred during that period, and 7 days after the
outcome.

Scenario I During the gestational period, the patient had,
on average, at least one encounter recorded in EMRs with
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Cohort
Identification

Pregnancy episodes ending during Aug 2016—Oct 2018 (n=35,924)

Excluded (n=1,720)

+ No gestational age information
(n=1,663)

+ Estimated gestational age contradicts
with outcome type (n=57)

A

Pregnancy episodes with gestational age estimates (n=34,204)

Excluded (n=30,814)
+ No relevant obstetric electronic medical

record available (n=30,814)

Sampling

Potential pregnancy episodes for review (n=3,390)

Stratified random sampling

A4

A4

Preterm live births
(n=100)

Full-term live births
(n=100)

[ Analysis J

A A 4

Stillbirths
(n=24)

Spontaneous abortions
(n=100)

Analyzed (n=93)
+ Excluded from analysis
due to inability to
adjudicate (n=7)

Analyzed (n=92)
+ Excluded from analysis
due to inability to
adjudicate (n=8)

Analyzed (n=75)

+ Excluded from analysis
due to inability to
adjudicate (n=25)

Analyzed (n=24)

Fig.2 Study flowchart. Note: Cohort Identification step includes only pregnancy episodes of interest (live births, stillbirths, and spontaneous

abortions).

an ob-gyn every 30 days, and one of the following EMR ele-
ments was documented: an ultrasonography in the first tri-
mester with documented GA, reported last menstrual period
(LMP) with an ultrasound scan performed 4-13 6/7 weeks
after the LMP date, or intrauterine insemination or embryo
transfer with an ultrasound performed 2—11 6/7 weeks after
the procedure date.

Scenario 2 The patient did not meet the scenario 1 crite-
ria, but one of the following EMR elements was documented:
a first-trimester obstetric encounter and a documented GA
on any prenatal EMR, a second-trimester ultrasonography
with a documented GA, or a second trimester ultrasonogra-
phy 14 0/7-27 6/7 weeks after reported LMP.

A\ Adis

Scenarios 1 and 2 represent women with different types
of prenatal EMRs, potentially indicating different prenatal
healthcare-seeking behaviors or access. For FTBs, PTBs,
and SAs, we conducted stratified sampling and randomly
selected 50 episodes from each scenario described above for
a total of 100 episodes of each outcome so that women with
different types of EMRs would be represented in the adjudi-
cation sample. We selected all stillbirths with a documented
outcome and GA. Supplemental Table 7 (Online Resource
1, see ESM) contains the Logical Observation Identifiers
Names and Codes (LOINC) and Systematized Nomenclature
of Medicine (SNOMED) Clinical Terms used to identify



Validating Claims-Based Algorithms Determining Pregnancy Outcomes and Gestational Age 1157

Table 1 Algorithms to assign pregnancy episodes a start date and an outcome

Step at (and method by) which the final pregnancy start date was assigned

Full-term live  Preterm live Stillbirth
birth birth

Spontaneous
abortion

No. % No. % No. % No. %

Total pregnancy episodes assigned a start date and an outcome 26,825 100.0 3776 100.0 151 100.0 3452 100.0
1. Intrauterine insemination/embryo transfer (procedure date — 14 days + 1) 610 23 191 5.1 9 6.0 217 6.3
2.Z3A code on 1st trimester ultrasound (service date — GA in weeks * 7 + 1) 6178 23.0 1058 28.0 41 272 1732 21.2

3.7Z3A code on NT scan (service date — GA in weeks * 7 + 1)

4. Z3A code on anatomic ultrasound (service date — GA in weeks * 7 + 1)

1628 6.1 224 59 5 33 15 0.4
3397 127 655 173 33 219 1 0.0

5.Z3A code on another type of service (service date — GA in weeks * 7 + 1)

5a. Mode of multiple Z3A codes
5b. Median of multiple Z3A codes
Sc. Single Z3A code
6. NT scan without Z3A code (service date — 90 days + 1)
7. CVS (service date — 12 weeks * 7 + 1)
8. Cell-free DNA screening (service date — 12 weeks * 7 + 1)

9. Full-term code for live birth or stillbirth +/— 7 days of outcome date (outcome date 227 0.8 0 0.0

— 39 weeks * 7 + 1)

10. Trimester codes +/— 7 days of outcome date
10a. 1st trimester code (outcome date — 70 days + 1)
10b. 2nd trimester code (outcome date — 147 days + 1)
10c. 3rd trimester code (outcome date — 241 days + 1)

11. Preterm code +/— 7 days of outcome date (outcome date — 35 weeks * 7 + 1)

12. Glucose screening (screening date — 26 weeks * 7 + 1)

13. Prenatal service > 7 days before the outcome date with a trimester code (service 5 0.0 19 0.5

7224 269 853 226 21 139 79 23
4385 163 527 140 16 10.6 649 188
2973 111 177 47 19 126 744 216

148 0.6 8§ 02 1 0.7 5 01
0 0.0 0 00 0 00 0 00
35 0.1 11 03 0 00 7 02
2 13 0 00

0 0.0 0 00 0 00 828 240
0 0.0 0 00 4 26 0 00
0 00 44 12 0 00 0 00

0 0.0 0 00 0 00 0 00
15 0.1 9 02 0 00 0 00
0 00 175 5.1

date — 70, 147, or 241 days + 1, for the 1st, 2nd, and 3rd trimester, respectively)

Z3A are the first three digits of a series of ICD-10-CM codes specifying the week of gestation in the fourth and fifth digit (e.g., Z3A29 indicates
29 weeks of gestation). For a list of ICD-10-CM codes that are not specific with respect to GA but that indicate full-term or preterm status, or
trimester of pregnancy, see Supplemental Table 5 of Online Resource 1 (ESM), which also contains the codes used to identify the types of pro-

cedures, screenings, and tests in this table

CVS chorionic villus sampling, GA gestational age, ICD-10-CM International Classification of Diseases, Tenth Revision, Clinical Modification,

NT nuchal translucency

ultrasounds, intrauterine insemination, embryo transfer, GA,
and pregnancy outcomes in EMRs.

2.7 Chart Review by Ob-Gyns

Ob-gyn adjudicators were provided a detailed guide on
reviewing EMR data using an Excel-based online chart
abstraction tool [25] and asked to assign a GAIA certainty
level at the end of their review. GAIA case definitions for
determining GA at delivery or fetal loss and identifying
PTBs, SAs, and stillbirths were developed by the Brighton
Collaboration Working Groups [19-23]. The GAIA frame-
work was chosen because it is the result of a call from
the World Health Organization for a globally harmonized
approach to define universally recognized reference stand-
ards for vaccine safety studies during pregnancy. The case
definitions established were based on feedback from experts
from 13 organizations, consisting of more than 200 volun-
teers and 25 working groups. Although motivated primarily

by systematic evaluation of immunization in pregnancy,
GAIA standard case definitions may have broader applica-
tions in other medication safety studies during pregnancy.
Each GAIA case definition has defined criteria at levels 14,
which vary in sensitivity and specificity for case ascertain-
ment. Level 1 is the highest level with maximum sensitivity
and specificity, level 2 remains sensitive and specific despite
missing certain diagnostic parameters, level 3 is less sensi-
tive but with specificity, and level 4 affords the lowest level
of certainty, relying primarily on self-reported evidence,
and thus is not discernable in EMRs. Therefore, EMRs with
relevant obstetric information only mapped to GAIA levels
1-3, and these levels were used for physician adjudication.

A\ Adis



1158

K. Moll et al.

2.8 Analysis
2.8.1 Assessment of Selection Bias

To evaluate potential selection bias of our results, we com-
pared demographic and clinical characteristics among
pregnancy episodes for which an outcome and start date
were assigned in the CED (target population) with those
included in the pool (study population) from which we ran-
domly selected cases for clinical review and adjudication.
We evaluated potential imbalances by calculating the stand-
ardized mean difference (SMD) for characteristics between
these groups. In discussing the results, we use an absolute
SMD value of > 0.20 to distinguish potentially meaningful
differences between groups [26, 27]; however, we present
exact values in the tables.

Additionally, we conducted a similar comparison of char-
acteristics between cases excluded from adjudication (due to
insufficient EMR information) and the sample pool.

2.8.2 Percent Agreement

We evaluated the claims-based algorithms by calculating the
agreement in pregnancy outcome type and GA determined
by the algorithms and the adjudicator-identified results. The
percent agreement is the proportion of algorithm-determined
outcomes or GAs confirmed by EMR adjudication. Despite
efforts to select cases with sufficient obstetric EMRs, the
reviewers determined that 40 cases had insufficient informa-
tion for adjudication, so these were excluded from percent
agreement calculations.

We quantified the range of potential bias introduced by
excluding cases from adjudication in a sensitivity analysis.
We computed percent agreement under two hypothetical
scenarios: (1) assuming all 40 excluded cases had negative
agreement with physician adjudication and (2) assuming all
40 excluded cases had positive agreement with physician
adjudication.

3 Results
3.1 Sample Attrition

We identified 35,924 pregnancy episodes in the CED:
31,270 live births, 212 stillbirths, and 4442 SAs (Fig. 1).
Of these episodes, the claims-based algorithms assigned a
pregnancy start date and confirmed the outcome for 95.2%
(34,204, including 26,825 FTBs, 3776 PTBs, 151 stillbirths,
and 3452 SAs). Of these, 3390 (9.9%) had obstetric EMRs
during the prenatal window and made up the case pool
from which the sample was drawn for adjudication (100
FTBs, 100 PTBs, 24 stillbirths, and 100 SAs). Of sampled
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episodes, 284 were adjudicated (92 FTBs, 93 PTBs, 24 still-
births, and 75 SAs): 146 (51.4%) were adjudicated at GAIA
level 1 certainty (40 FTBs, 48 PTBs, 5 stillbirths, and 53
SAs), 38 (13.4%) were adjudicated at level 2 certainty (21
FTBs, 11 PTBs, 5 stillbirths, and 1 SA), and 100 (35.2%)
were adjudicated at level 3 certainty (31 FTBs, 34 PTBs,
14 stillbirths, and 21 SAs). Overall, 40 (12.3%) sampled
episodes could not be adjudicated and were excluded from
the validation analysis (8 FTBs, 7 PTBs, 0 stillbirths, and
25 SAs).

Additional information on attrition of service records for
endpoint assignment is displayed in Supplemental Table 2
(see ESM). Stillbirths were most likely to have conflict-
ing information on the same day (only 625/1222 stillbirth
records did not have conflicting information).

3.2 Algorithms

Table 1 shows the step in the algorithm hierarchy at which
the pregnancy start date was assigned by outcome type,
before we excluded pregnancy episodes without enough
obstetric EMRs. The algorithms produced a preterm birth
rate of 12.3% (3776 PTBs out of 30,601 live births).

Of FTBs, 44.0% were assigned a pregnancy start date in
steps 1-4 of the algorithms. Another 54.4% of FTBs were
assigned a start date in step 5. Of PTBs and stillbirths, 56.4%
and 58.3%, respectively, were assigned a pregnancy start
date in steps 1-4. Another 41.2% and 37.1%, respectively,
were assigned a start date in step 5. Thus, nearly all live
births and stillbirths were assigned a pregnancy start date
based on information deemed fairly reliable, in steps 1-5.

Of SAs, 28.0% were assigned a pregnancy start date in
steps 1-4 of the algorithms and another 42.6% were assigned
a start date in step 5. Nearly 30% of SAs were assigned a
start date based on a code indicating a pregnancy trimes-
ter, either on a service record within 7 days of the outcome
(24.0%, step 10) or > 7 days before the outcome (5.1%, step
13).

Table 2 shows the distribution of GA at the time of the
outcome assigned by the claims-based algorithms. The
median GA was 10 weeks for SAs (minimum 4 weeks,
maximum 19 weeks), 27 weeks for stillbirths (minimum 20
weeks, maximum 42 weeks), and 38 weeks for live births
(minimum 22 weeks, maximum 42 weeks).

3.3 Assessment of Selection Bias

Table 3 presents statistics to evaluate potential selection bias
introduced through sample attrition, comparing pregnancy
episodes identified in claims of the CED with the subset
of episodes included in the case pool for adjudication. The
episodes eligible to be sampled for adjudication were more
likely to be for white women than were those in the CED
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Table 2 Distribution of gestational age at the time of birth or fetal loss across outcomes

Outcome No. Distribution of gestational age at birth or fetal loss, weeks
Minimum 10th per-  25th per-  50th percentile 75th per- ~ 90th per- ~ Maximum Mean
centile centile (median) centile centile
Live birth 30,601 22 36 38 38 39 40 42 38
Stillbirth 151 20 21 22 27 34 38 42 28
Spontaneous abortion 3452 4 7 8 10 10 12 19 10

pregnancy population overall; otherwise, the populations
generally were similar. There were additional imbalances
on other variables for stillbirths, likely due to small sample
size (24 stillbirths in case pool).

Supplemental Table 8 (Online Resource 1, see ESM)
compares the 40 cases excluded from adjudication with the
overall sample pool. The excluded cases were older than the
sample pool for FTB (30.5 vs 28.7 years) and SA (32.2 vs
30.4 years) but younger for PTB (25.7 vs 29.6 years). The
excluded SA cases had a shorter average GA than the SA
sample pool (8.6 vs 10.1 weeks).

3.4 Adjudication Results
3.4.1 Outcomes

Table 4 displays the results comparing assignment of GA
and outcomes from the claims-based algorithms with those
determined through ob-gyn adjudication. Of pregnancy
episodes adjudicated with GAIA certainty levels 1-3, the
percent agreement confirming the outcome was 100.0% for
live births overall (95% confidence interval [CI] 97.5-100.0)
and for SAs (95% CI 93.9-100.0), 70.8% for stillbirths (95%
CI 50.2-85.5), and 97.8% for FTBs (95% CI 91.8-99.9).
PTBs had the lowest percent agreement of 62.4% (95% CI
52.0-71.7).

3.4.2 Gestational Age

We measured the percentage of pregnancy episodes where
the algorithm-determined and adjudicator-assigned GA
agreed within 7, 14, 21, and 28 days of each other. For all
live births, the percent agreement was 83.8% within 7 days
(95% CI 77.6-88.5) and ranged up to 99.5% within 28 days
(95% CI 96.6-100.0). The percent agreement was highest for
FTBs, ranging from 85.9% within 7 days (95% CI 77.0-91.8)
to 100.0% within 28 days (95% CI 95.0-100.0). The per-
cent agreement within 7 days and 28 days, respectively,
ranged from 81.7% (95% CI 72.4-88.5) to 98.9% (95% CI
93.4-100.0) for PTBs, from 61.3% (95% CI 49.8-71.7) to
94.7% (95% CI 86.4-98.4) for SAs, and from 66.7% (95%
CI146.2-82.4) to 79.2% (95% CI 58.6-91.4) for stillbirths.

3.4.3 Sensitivity Analysis

Supplemental Table 9 (Online Resource 1, see ESM) shows
the range of percent agreement under the two extreme hypo-
thetical scenarios in the sensitivity analysis: 90.0-98.0% for
FTB, 58.0-65.0% for PTB, and 75.0—-100.0% for SA. No
cases were excluded from adjudication for stillbirth.

4 Discussion

This study leveraged a linked claims-EMR database to
develop algorithms for identifying pregnancy outcomes
(FTB, PTB, SA, and stillbirth) and estimating GA in claims
and to adjudicate cases in the linked EMRs. Physicians used
structured EMR components and the GAIA framework as
the reference method to adjudicate the cases, along with a
semiautomated chart abstraction tool. The ICD-10-CM/PCS
claims-based algorithms had high agreement with the phy-
sician adjudication of EMRs confirming the outcomes of
live births overall (100.0%), SAs (100.0%), and stillbirths
(70.8%). These agreement metrics generally are consistent
with published performance metrics for ICD-9-CM algo-
rithms. Naleway et al. [18] found a percent agreement of
96% for live births and 92% for SAs. Hornbrook et al. [13]
had a percent agreement of 100% for live births and 97%
for SAs. Although both groups reported stillbirth agree-
ment substantially higher than ours (92% [Naleway] and
88% [Hornbrook] vs 70.8% [our study]), stillbirth samples
are small in all studies (11 [Naleway] and 24 [Hornbrook]
vs 24 [our study]).

Our methods further classified live births as FTBs and
PTBs based on estimated GA at the outcome. The percent
agreement was high for FTBs (97.8%) but lower for PTBs
(62.4%). Small differences in GA could produce larger dis-
crepancies in the dichotomous outcome of PTB. Of the 93
PTBs reviewed, reviewers classified 35 cases to FTBs, 23
of which had a difference between the algorithm-estimated
and the adjudicator-determined GA of 1 week (36 vs 37
weeks) (not shown); that is, 23/35 misclassifications of
PTB by the algorithms were due to the underestimation of
GA by only 1 week. When all live births were evaluated
together, the claims-based algorithms assigned a GA that
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was within 28 days of the adjudicator-assigned GA 99.5% of
the time. These ICD-10-CM/PCS results also are consistent
with reported agreement for ICD-9-CM-defined GA for live
births within 30 days (98%) [18].

The algorithms produced a preterm delivery rate of 12.3%
in the claims data, which is higher than the rate of preterm
birth reported in the vital statistics birth file (9.9% in 2016)
[28]. This was likely due to the underestimation of GA
described above. The rate of stillbirth per 1000 live births
and stillbirths in our study was 4.9—slightly lower than the
national rate reported using vital statistics data (5.9) [29]
but similar to estimates in another validation study of a pri-
vately insured population using ICD-9-CM (5.4) [13]. Thus,
the algorithms may overestimate PTBs and underestimate
stillbirths.

Our study supports the application of data from an EMR
repository consisting of more than 30 health systems and
more than 5 million patients with both EMR and claims
data for validation studies. Approximately 16—-18% of preg-
nancy episodes had enough obstetric EMRs to be included in
the sample pool. Except for stillbirths, this provided a large
enough sample for physician adjudication. However, attri-
tion raises questions of selection bias and generalizability,
which may also be present in prior paper-based and EMR-
based chart review validation studies. Use of EMR data,
which can be queried, in place of paper charts, which must
be manually abstracted, for validation significantly reduces
labor, cost, and time, making validation studies more feasi-
ble. These methods may be applied to other EMR systems
that use SNOMED and LOINC clinical concepts for struc-
tured components.

Like most validation studies, the cases selected for adju-
dication were a convenience sample for which EMR charts
with sufficient obstetric information were available. We
evaluated potential selection bias by comparing charac-
teristics among the pregnancy episodes in the database for
which an outcome and start date were assigned with those
with sufficient obstetric EMR information to be included in
the sample pool from which we randomly selected cases for
clinical review and adjudication. The sample pool generally
resembled the broader population of pregnancy episodes.
However, the proportion of white women was higher in the
sample pool. This difference could be due to racial dispari-
ties in care-seeking behavior or access to care, with white
women having more prenatal encounters than women of
other races/ethnicities; therefore, they were more likely to
have enough obstetric information to be included in the sam-
ple pool. The generalizability of our validated algorithms
to other privately insured populations should be informed
by this potential selection bias. Additionally, the privately
insured pregnant population identified using the algorithms
may not represent pregnant women in the United States;

Table 4 Comparison of the claims-based algorithms with the results
from physician adjudication

Outcome Adjudicated with Percent agreement
GAIA levels 1-3
certainty
No. % 95% C1
Outcomes
Live birth 185 100.0 97.5-100.0
Full-term live birth 92 97.8 91.8-99.9
Preterm live birth 93 62.4 52.0-71.7
Stillbirth 24 70.8 50.2-85.5

Spontaneous abortion 75 100.0 93.9-100.0

Gestational age

Live birth
+ 7 days 185 83.8 77.6-88.5
+ 14 days 185 95.7 91.5-98.0
+ 21 days 185 97.3 93.5-99.0
+ 28 days 185 99.5 96.6-100.0
Full-term live birth
+ 7 days 92 859 77.0-91.8
+ 14 days 92 98.9 93.3-100.0
+ 21 days 92 98.9 93.3-100.0
+ 28 days 92 100.0 95.0-100.0
Preterm live birth
+7 days 93 81.7 72.4-88.5
+ 14 days 93 92.5 84.8-96.6
+ 21 days 93 95.7 88.9-98.7
+ 28 days 93 98.9 93.4-100.0
Stillbirth
+ 7 days 24 66.7 46.2-82.4
+ 14 days 24 79.2 58.6-91.4
+ 21 days 24 79.2 58.6-91.4
+ 28 days 24 79.2 58.6-91.4
Spontaneous abortion
+ 7 days 75 61.3 49.8-71.7
+ 14 days 75 81.3 70.7-88.8
+ 21 days 75 88.0 78.3-93.9
+ 28 days 75 94.7 86.4-98.4

CI confidence interval, GAIA Global Alignment of Immunization
safety Assessment in pregnancy

thus, our findings may have limited generalizability to other
populations, such as Medicaid-insured individuals.
Finally, our study supports application of the GAIA
framework for validation studies. GAIA guidelines were
designed for case ascertainment in clinical trials, aiming to
set a meaningful and standardized process for data collec-
tion. We were limited to retrospectively collected structured
data elements recorded on EMRs and needed to operational-
ize the GAIA framework for our purposes. This work can
be a resource for mapping SNOMED and LOINC codes to
GAIA concepts in future studies. In translating GAIA-based
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case definitions to EMR language, standardization and auto-
mation were gained with some unavoidable loss of clini-
cal granularity. Because the GAIA framework comprises
standard, globally harmonized outcome definitions and data
collection guidelines for monitoring the safety of vaccines
during pregnancy, it is informative, valuable, and feasible to
use the framework in observational studies as well.

This study has several limitations. The algorithms are
based on administrative claims, for which the quality of cod-
ing may vary over time, settings, and regions. Claims used in
this study included the period right after ICD-10-CM/PCS
implementation, and the quality of coding may improve over
time. Our findings may have limited generalizability to other
claims databases that differ greatly from the care settings and
regions represented in our data.

This study focuses on four pregnancy outcomes of inter-
est (FTB, PTB, SA, and stillbirth). The algorithms do not
define some other pregnancy outcomes (therapeutic abor-
tion, elective abortion, and ectopic pregnancy) that may
be important to certain research questions related to drug
safety. The algorithms classified several clinical codes into
a single outcome; however, misclassification could occur
because these codes lack specificity (e.g., O08 [Complica-
tions following ectopic and molar pregnancy] is classified as
ectopic pregnancy but can also indicate molar pregnancies).
Supplemental Table 1 highlights these codes (see ESM).

Pregnancy episodes with a start and end date for the four
outcomes of interest, and hence retained in this study, are
a subset of pregnancies in the claims; thus, our methods
are not intended for estimating the incidence of pregnancy
outcomes within a population. A defined pregnancy episode
with a start and end date is critical to determine medication
exposure during pregnancy for safety studies. GA is critical
to the assignment of pregnancy start date and the specificity
of the outcomes because it distinguishes between SAs and
stillbirths and between PTBs and FTBs. Some pregnancy
episodes were excluded because they lacked a pregnancy
start date estimate. This attrition varied by outcome: 22.3%
(990/4442) for SAs and 28.8% (61/212) for stillbirths, versus
2.1% for live births (669/31,270). For SAs, the high attri-
tion was primarily due to a lack of GA information. SAs
have shorter gestational periods with fewer encounters to
record GA, and the ICD-10-CM coding rules specify that
Z3A codes (weeks of GA) should not be assigned for preg-
nancies with abortive outcomes. For stillbirths, the high
attrition was primarily due to the exclusion of a subset that
had an estimated GA of < 20 weeks. Although these cases
could be SAs miscoded as stillbirths, we did not reclassify
them to SAs because of the uncertainty and the low number.
Despite the strict criteria in classifying stillbirths, the per-
cent agreement of stillbirths (70.8%) was lower than that of
live births and SAs. Of the 24 stillbirths reviewed, 7 were
determined to be misclassifications (5 adjudicated as SAs
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and 2 as FTBs) (not shown). At the service record level,
stillbirths were also most likely to have conflicting informa-
tion, including concurrent diagnosis of SAs or live births
(not shown). This indicates that the ICD-10-CM/PCS coding
of stillbirths is less reliable than coding of other outcomes
during the study period.

Although our use of EMRs was innovative, using struc-
tured EMR components alone as a reference method has not
been evaluated in other validation studies. Future studies
may advance our work by comparing structured EMRs to
EMRs with clinical notes and to full medical charts (the gold
standard) for pregnancy outcome ascertainment. Further-
more, pregnancies identified in claims do not always have
EMRs available during pregnancy. Pregnancies with relevant
EMRs for validation are a convenience sample. Those with
shorter gestational periods, such as SAs, may be less likely
than longer pregnancies to be selected into the validation
sample because they have a shorter window for healthcare
encounters producing relevant EMRs.

Additionally, of the validation sample, 40 cases were
excluded because of insufficient EMRs for adjudication.
Although data were sparse, there were some noted differ-
ences between the excluded cases and sample pool. How-
ever, exclusion of the 40 cases is unlikely to be associated
with coding accuracy in claims and, therefore, with the
algorithms’ performance estimate. The range of percent
agreement, if the 40 cases could have been adjudicated, was
similar to the estimates from the main analysis.

5 Conclusions

We found high levels of agreement between ICD-10-CM/
PCS claims-based algorithms and physician adjudication
of EMRs regarding GA and the outcomes of live births,
stillbirths, and SAs. The study suggests the feasibility of
using structured components of EMRs in a clinical review
process for pregnancy outcome adjudication guided by the
GAIA framework. The algorithms presented may be applied
to administrative claims data in studies evaluating mater-
nal exposures to prescription drugs and vaccines and their
association with maternal and infant outcomes. They may
be a timely addition to existing algorithms in assessing new
interventions during pregnancy in the COVID-19 pandemic.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40264-021-01113-8.
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