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Abstract
Objectives  Ectopic pregnancy is an important adverse pregnancy outcome that is under-surveilled. Emergency department 
(ED) data can help provide insight on the trends of ectopic pregnancy incidence in the United States (US).
Methods  Data from the largest US all-payer ED database, the Healthcare Cost and Utilization Project Nationwide ED Sam-
ple, were used to identify trends in the annual ratio of ED ectopic pregnancy diagnoses to live births during 2006–2013, 
and the annual rate of diagnoses among all pregnancies during 2006–2010. Diagnoses were identified through International 
Classification of Diseases, Ninth Revision, Clinical Modification diagnosis and procedure codes and CPT codes.
Results  The overall ratio of weighted ED visits with an ectopic pregnancy diagnosis during 2006–2013 was 12.3 per 1000 live 
births. This ratio increased significantly from 2006 to 2013, from 11.0 to 13.7 ectopic pregnancies per 1000 live births, with 
no inflections in trend. The rate of ectopic pregnancy diagnoses per 1000 pregnancies increased during 2006–2010, from 7.0 
to 8.3, with no inflections in trend. Females of all age groups experienced increases, though increases were less pronounced 
with increasing age. All geographic regions experienced increases, with increases being most pronounced in the Northeast.
Conclusions  Our study suggests that ED ectopic pregnancy diagnoses may be increasing in the US, although the drivers of 
these increases are not clear. Our results highlight the need for national measures of total pregnancies, stratified by pertinent 
demographic variables, to evaluate trends in pregnancy-related conditions among key populations.

Keywords  Ectopic pregnancy · Epidemiology · Pregnancy · Emergency department · Surveillance

Significance

Our study is the first US study to use a nationwide, all-payer 
administrative claims database to identify changes in ectopic 
pregnancy trends. Using emergency department data, we 
show that ectopic pregnancy diagnoses may be increasing 
in the US.

Introduction

Ectopic pregnancy is an adverse, potentially life-threaten-
ing pregnancy outcome in which a fertilized ovum implants 
outside the endometrial cavity. Ectopic pregnancy is asso-
ciated with fallopian tube damage, pelvic inflammatory 
disease (PID) or salpingitis, history of tubal surgery, pre-
vious ectopic pregnancy, in utero diethylstilbestrol (DES) 
exposure, and history of assisted reproductive technolo-
gies (ART) (Ankum et al. 1996). The two most commonly 
reported sexually transmitted infections (STIs), chlamydia 
and gonorrhea (Centers for Disease Control and Preven-
tion 2017a), cause the majority of primary salpingitis cases 
(Holmes et al. 2007) and a substantial portion of PID cases 
(Simms and Stephenson 2000). Ectopic pregnancy cases 
often present with severe symptoms, including acute pelvic 
pain accompanied with vaginal bleeding and lightheaded-
ness or fainting. Because of the severity of symptoms asso-
ciated with an ectopic pregnancy, many cases in the United 
States (US) are diagnosed in emergency departments (EDs).
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Because ectopic pregnancy is not a nationally notifiable 
condition and there is no national surveillance infrastruc-
ture in place to monitor it, prevalence estimates of ectopic 
pregnancy in the US have been difficult to ascertain (Zane 
et  al. 2002). Previous US studies using administrative 
claims data have estimated that < 1–2% of all pregnancies 
are ectopic (Hoover et al. 2010; Tao et al. 2017; Van Den 
Eeden et al. 2005). Many of these studies have relied on 
commercial health plans data (Hoover et al. 2010; Tao et al. 
2017; Van Den Eeden et al. 2005), which may underestimate 
the prevalence of ectopic pregnancy (Stulberg et al. 2013). 
For example, studies using commercial health plan data 
do not include ectopic pregnancies among women that are 
Medicaid beneficiaries or self-payers (Stulberg et al. 2013). 
It is possible that ectopic pregnancy rates may be higher 
in these groups as the risk factors associated with adverse 
pregnancy and ectopic pregnancy outcomes, such as history 
of STIs, may be more prevalent in such groups (Centers 
for Disease Control and Prevention 2017a). Additionally, 
comparing prevalence estimates is difficult as no uniform 
operationalization of ectopic pregnancy diagnoses exists; 
studies have identified ectopic pregnancy diagnoses using a 
combination of International Classification of Diseases, 9th 
Revision, Clinical Modification (ICD-9-CM) codes and/or 
Current Procedural Terminology (CPT) codes (Hoover et al. 
2010; Tao et al. 2017; Van Den Eeden et al. 2005; Stulberg 
et al. 2013; Trabert et al. 2011). In addition, differences in 
denominators used for rate calculations contributes further 
to variability. Some reports have evaluated ectopic pregnan-
cies among all pregnancies, while others have compared 
ectopic pregnancy diagnoses to deliveries or live births only 
(Centers for Disease Control and Prevention 2017a; Hoover 
et al. 2010; Tao et al. 2017). Total pregnancies is the most 
inclusive denominator to evaluate ectopic pregnancy, but 
total pregnancy estimates are imprecise, as not all pregnan-
cies are reliably captured and national data on all pregnan-
cies are not currently available for recent years (Curtin et al. 
2015). The nationally collected measure of live births may 
instead be a suitable comparator when evaluating trends in 
ectopic pregnancy.

To date, no study has used nationally representative ED 
data to enumerate trends in ectopic pregnancies. Our study 
uses a nationwide ED sample to identify trends in the ratio 
of ectopic pregnancy diagnoses to all live births during 
2006–2013, providing a nationally representative estimate 
of this important pregnancy-related outcome.

Methods

We analyzed data from the Healthcare Cost and Utilization 
Project (HCUP) Nationwide Emergency Department Sam-
ple (NEDS), the largest all-payer ED database in the US 

(Healthcare Cost and Utilization Project (HCUP) 2017). 
Data are provided from statewide data organizations of ED 
visits that may or may not have resulted in a hospital admis-
sion (Healthcare Cost and Utilization Project (HCUP) 2017). 
During 2006–2013, 24–30 states participated in HCUP, and 
data were provided from 947 to 980 hospitals containing in 
the range of 25.7–31.0 million ED visits annually (Health-
care Cost and Utilization Project (HCUP) 2017). Weights 
are provided in the NEDS database to calculate national 
estimates representing up to 120–135 million ED visits 
annually (Healthcare Cost and Utilization Project (HCUP) 
2017). The weights are calculated by stratifying and cluster-
ing by geographic region (primary sampling units, PSUs), 
hospitals within those PSUs, EDs within the hospitals, and 
visits within the EDs. For each ED visit, the NEDS database 
includes information about geographic and patient charac-
teristics, as well as visit-specific information, such as dates, 
procedures, and diagnoses (Healthcare Cost and Utiliza-
tion Project (HCUP) 2017). Race/ethnicity and laboratory 
result data are not included in the HCUP NEDS database. 
Approval from the Centers for Disease Control and Preven-
tion’s (CDC) Institutional Review Board was not required for 
this study as the data are publicly available and permanently 
de-identified.

For each year during 2006–2013, we selected all ED 
visits among females aged 15–44 years and assessed the 
number of visits where an ectopic pregnancy was diagnosed 
using ICD-9-CM diagnosis codes (n = 16), ICD-9-CM pro-
cedure codes (n = 2), and CPT codes (n = 8) (Table 1). Since 
the data were visit-based, it is possible for a person to be 
represented more than once if they were diagnosed with an 
ectopic pregnancy ≥ 1 time during the study period. Dedu-
plication of visits to perform person-based analysis was not 
possible due to the lack of unique identifiers in the data.

Data were analyzed using SAS version 9.4 (SAS Insti-
tute, Cary, NC). Analyses were performed using SURVEY-
FREQ procedures and were weighted to represent all ED 
visits nationwide during each year. The weighted number of 
visits with an ectopic pregnancy diagnosis among females 
aged 15–44 was calculated for each year during 2006–2013. 
In order to calculate the ratio of ectopic pregnancies to live 
births, we divided the annual estimates of the weighted 
number of ectopic pregnancy diagnoses by the number of 
live births in a given year. The total number of live births 
in the US during 2006–2013 was derived from birth cer-
tificate data (US natality files) from the CDC’s National 
Center for Health Statistics (NCHS); these data are pub-
licly available for download (Centers for Disease Control 
and Prevention 2017b). Live births were stratified by US 
census region, based on the mother’s legal residence at the 
time of birth, as well as maternal age group. Because trends 
in ectopic pregnancies may be influenced by changes in the 
total number of pregnancies, we conducted a supplementary 
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analysis identifying the rate of ectopic pregnancies among 
all pregnancies. The total number of pregnancies included 
live births, fetal losses, and induced abortions, and were pro-
vided directly from NCHS for the years 2006–2010. These 
data were not available for subsequent years and were not 
available by maternal age group or region.

Total and annual percent changes (APCs) were estimated 
in (1) the ratio of ED visits with an ectopic pregnancy diag-
nosis to live births during 2006–2013 and (2) the rate of 
ED visits with an ectopic pregnancy diagnosis among all 
pregnancies during 2006–2010. Total percent change was 
calculated as the difference between the ratio or rate in 2006 
compared to 2013 (or 2010), divided by the ratio or rate 
in 2006. Joinpoint software version 4.4.0 (National Cancer 
Institute, Bethesda, MD), which fits trend data to identify 
the log-linear model with the fewest number of inflection 
points, was used to identify significant trends (National 
Cancer Institute 2017). APC was estimated by Joinpoint 

using the log-linear slope of trend segments between inflec-
tion points. Calculated ratio standard errors were manually 
provided to the Joinpoint software for modeling and were 
computed using the standard error of the annual estimate 
of the weighted number of ectopic pregnancies divided by 
the number of live births in a given year. Total and APCs 
were estimated overall, as well as by maternal age group and 
region of hospital.

Results

There were approximately 58 million ED visits among 
women aged 15–44 years during 2006–2013; the number of 
visits increased from 6.5 million in 2006 to 7.4 million in 
2013 (Table 2). Nearly half of ED visits occurred each year 
during the study period in hospitals in the South (41%), 24% 
in the Midwest, 19% in the Northeast, and 16% in the West, 

Table 1   International Classification of Diseases, 9th revision, Clinical Modification Codes and Current Procedural Terminology codes used to 
identify ectopic pregnancies in the Healthcare Cost and Utilization Project Nationwide Emergency Department Sample from 2006 to 2013

ICD-9-CM classification of diseases & injuries
 633.0 Abdominal pregnancy, intraperitoneal pregnancy
 633.00 Abdominal pregnancy without intrauterine pregnancy
 633.01 Abdominal pregnancy with intrauterine pregnancy
 633.1 Tubal pregnancy, fallopian pregnancy, rupture of (fallopian) tube due to pregnancy, tubal abortion
 633.10 Tubal pregnancy without intrauterine pregnancy
 633.11 Tubal pregnancy with intrauterine pregnancy
 633.2 Ovarian pregnancy
 633.20 Ovarian pregnancy without intrauterine pregnancy
 633.21 Ovarian pregnancy with intrauterine pregnancy
 633.8 Other ectopic pregnancy, pregnancy: cervical, combined, cornual, intraligamentous, mesometric, mural
 633.80 Other ectopic pregnancy without intrauterine pregnancy
 633.81 Other ectopic pregnancy with intrauterine pregnancy
 633.9 Unspecified ectopic pregnancy
 633.90 Unspecified ectopic pregnancy without intrauterine pregnancy
 633.91 Unspecified ectopic pregnancy with intrauterine pregnancy
 761.4 Ectopic pregnancy, pregnancy: abdominal, intraperitoneal, tubal

ICD-9-CM classification of procedures
 66.32 Removal of extratubal ectopic pregnancy, removal of: ectopic abdominal pregnancy, fetus from perito-

neal or extraperitoneal cavity following uterine or tubal rupture
 66.69 Salpingectomy with removal of tubal pregnancy

CPT
 59120 Surgical treatment of ectopic, tubal or ovarian, with abdominal salpingectomy and/or oophorectomy
 59121 Surgical treatment of ectopic, tubal or ovarian, without abdominal salpingectomy and/or

oophorectomy
 759130 Surgical treatment of abdominal ectopic pregnancy
 59135 Surgical treatment of interstitial uterine ectopic pregnancy requiring total hysterectomy
 59136 Surgical treatment of interstitial uterine ectopic pregnancy with partial resection of uterus
 59140 Surgical treatment of cervical ectopic pregnancy with vaginal approach
 59150 Laparoscopic treatment of ectopic pregnancy without salpingectomy and/or oophorectomy
 59151 Laparoscopic treatment of ectopic pregnancy with salpingectomy and/or oophorectomy
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with approximately 55% of visits occurring in women under 
30 years of age. The proportion of ED visits among women 
covered by private insurance decreased through the study 
period, from approximately 38% in 2006 to 30% in 2013, 
whereas the proportion of visits among women covered by 
Medicaid increased from 30% in 2006 to 38% in 2013; the 
proportion of Medicare, self-pay, no charge, or other visits 
remained stable throughout the study period. However, the 
ratio of ED visits with an ectopic pregnancy to live births 
or to all pregnancies could not be determined by healthcare 
coverage group as natality and pregnancy data are not avail-
able stratified by healthcare coverage (Curtin et al. 2015; 
Centers for Disease Control and Prevention 2017a).

The overall weighted ratio of ED visits with an ectopic 
pregnancy diagnosis during 2006–2013 was 12.3 per 1000 
live births. This ratio increased significantly throughout the 
study period, with no inflections in trend, from 11.0 ectopic 
pregnancies per 1000 live births in 2006 to 13.7 ectopic 
pregnancies per 1000 live births in 2013 (Table 3). This rep-
resents a total percent increase of nearly 25% and an APC of 
3.1% (95% CI 2.5%, 3.7%) (Table 4). Similarly, the weighted 
rate of ectopic pregnancy among all pregnancies, including 
live births, fetal losses, and induced abortions, also increased 
during 2006–2010, from 7.0 ectopic pregnancies per 1000 
pregnancies in 2006 to 8.3 ectopic pregnancies per 1000 
pregnancies in 2010 (APC: 3.9%; 95% CI 2.2%, 5.5%). No 
inflections in trend were observed.

Although the ratio of ED visits due to ectopic pregnancy 
to live births was consistently highest among women aged 
40–44 years (range: 17.4–18.7 per 1000 live births), the larg-
est total and annual percent increases were among females 
aged 15–19 years (total: 36.5%; APC: 3.7%; 95% CI 1.7%, 
5.7%). Females of all age groups experienced total percent 
increases in the ratio of ectopic pregnancy ED visits to 
live births; however, these increases were less pronounced 
with increasing age (Fig. 1a). For example, females aged 
20–24 years had a total percent increase of 28.6% dur-
ing the study period (95% CI 2.8%, 5.4%) compared to 
40–44 year olds who had a total percent increase of 7.5% 
(95% CI − 1.1%, 4.3%). Despite having the highest ratio of 
ectopic pregnancy to live births during the study period, 
females aged 40–44 years did not experience a statistically 
significant increase in this ratio during that time. Statisti-
cally significant increases were observed in females of all 
other age groups. No inflection in trends were observed for 
any age group.

All geographic regions experienced total percent 
increases in the ratio of ED visits with an ectopic pregnancy 
diagnosis to live births; however, these increases were most 
pronounced in the Northeast (Fig. 1b). The Northeast not 
only had the highest ratio of ectopic pregnancy diagnoses 
to live births throughout the study period (range: 12.5–19.5 
per 1000 live births), this region also experienced the Ta
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largest total (56%) and annual percent increases (4.6%; 95% 
CI 1.2%, 8.0%). The next highest total and annual percent 
increase was in the South at 30.4% (APC: 3.4%; 95% CI 
1.6%, 5.3%), followed by the Midwest (total increase: 7.1%; 
APC: 1.9%; 95% CI 0.0%, 3.9%). The West experienced a 
total percent increase of 5.9% (APC: 1.8%; 95% CI − 0.2%, 
3.9%). No infection in trends were observed for any region.

Discussion

Using nationwide ED data, this analysis provides national 
trends in ectopic pregnancy diagnoses during 2006–2013. 
During this period, the ratio of ED visits with an ectopic 
pregnancy diagnosis to live births significantly increased 
from 11.0 to 13.7 ectopic pregnancies per 1000 live births. 
Some of our findings diverge from other published reports 
(Hoover et al. 2010; Tao et al. 2017; Van Den Eeden et al. 
2005; Trabert et al. 2011); our trend findings demonstrate 
that ectopic pregnancy diagnoses have increased, where 
other studies have found rates of ectopic pregnancy to be 
relatively unchanged over time. However, asymmetries, 
including study period, population studied, payer type, and 
comparator/denominator, exist among studies, making com-
parisons difficult (Hoover et al. 2010; Tao et al. 2017; Van 
Den Eeden et al. 2005; Stulberg et al. 2013; Trabert et al. 
2011).

Consistent with other studies, we found that the ratio of 
ectopic pregnancy to live births increased with maternal age 
(Hoover et al. 2010; Tao et al. 2017; Stulberg et al. 2013; 
Trabert et al. 2011). There are a variety of reasons that could 
explain the higher morbidity of ectopic pregnancy in older 
females (aged 40–44 years). Though up to 50% of women 
diagnosed with ectopic pregnancies have no identifiable 
risk factors (Barnhart 2009), many risk factors, including 

a history of STIs, PID, tubal surgery or tubal damage, his-
tory of ectopic pregnancy, in utero DES exposure, and a 
pregnancy conceived by ART have been associated with 
ectopic pregnancy (Ankum et al. 1996). Older women may 
experience higher rates of ectopic pregnancy, as they have 
had the most time to accumulate risk factors (Ankum et al. 
1996). Moreover, the higher morbidity observed in older 
women may be partially due to the usage of ART, as most 
ART procedures are performed in women aged 35 years or 
older (Sunderam et al. 2017). Usage of ART may also par-
tially explain our findings among women in the Northeast, 
as the Northeast region has the overall highest proportion of 
ectopic pregnancies in women aged 35–39 and 40–44 years 
(results not shown), and ART is more common in Northeast 
states (Sunderam et al. 2017).

Although females aged 40–44 years had the highest ratio 
of ectopic pregnancy to live births throughout the study 
period, females aged 15–19 years had the largest increases 
in this ratio during 2006–2013. It is unclear, however, what 
is driving the observed increases in younger women. If we 
consider the biological pathway from a STI to the develop-
ment of PID and then subsequently to an ectopic pregnancy, 
and given that ectopic pregnancies significantly increased in 
this study, one would expect to see prior and/or concurrent 
increases in STIs and PID. Chlamydia and gonorrhea are 
primary causes of salpingitis (Holmes et al. 2007); how-
ever, there are limited data on the trends in chlamydia and 
gonorrhea incidence in the US. Although they are nation-
ally notifiable conditions, trends in reported cases are heav-
ily influenced by screening coverage. During 2006–2011, 
rates of diagnosed chlamydia increased among adolescent 
females, then decreased during 2011–2013 and rates of diag-
nosed gonorrhea appeared to decrease over time; however, 
it is unknown if trends in incidence followed similar pat-
terns (Centers for Disease Control and Prevention 2017a). 

Table 4   Trends in the ratio of 
emergency department visits 
with an ectopic pregnancy 
diagnosis among live births, 
females aged 15–44 years—
Healthcare Cost and Utilization 
Project Nationwide Emergency 
Department Sample, United 
States, 2006–2013

% Change in prevalence, 
2006 to 2013

Inflection 
year(s)

Trend segment Annual % change in 
prevalence (95% CI)

Overall 24.5% – 2006–2013 3.1 (2.5–3.7)
Maternal age group
 15–19 36.5% – 2006–2013 3.7 (1.7–5.7)
 20–24 28.6% – 2006–2013 4.1 (2.8–5.4)
 25–29 24.1% – 2006–2013 3.1 (2.3–3.9)
 30–34 24.1% – 2006–2013 2.5 (1.0–4.0)
 35–39 11.3% – 2006–2013 1.1 (0.5–1.8)
 40–44 7.5% – 2006–2013 1.6 (− 1.1–4.3)

Region of hospital
 Northeast 56.0% – 2006–2013 4.6 (1.2–8.0)
 Midwest 7.1% – 2006–2013 1.9 (0.0–3.9)
 South 30.4% – 2006–2013 3.4 (1.6–5.3)
 West 5.9% – 2006–2013 1.8 (− 0.2–3.9)
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Fig. 1   Trends in the ratio 
of ED visits with an ectopic 
pregnancy diagnosis per 1000 
live births among females aged 
15–44 years by a maternal 
age group and b region of the 
hospital—Healthcare Cost and 
Utilization Project Nationwide 
Emergency Department Sample, 
United States, 2006–2013

0

4

8

12

16

20

24

2006 2007 2008 2009 2010 2011 2012 2013

R
at

io
 o

f E
ct

op
ic

 P
re

gn
an

cy
 D

ia
gn

os
es

* 
pe

r 1
,0

00
 L

iv
e 

B
irt

hs

(a) Maternal Age Group

15-19 20-24 25-29 30-34 35-39 40-44

+1.5% APC

+1.1% APC

+2.4% APC
+3.1% APC

+3.9% APC

+4.1% APC

*Ratios are weighted using HCUP discharge weights and are representative of the reported total ED visits in the US.
APC = annual percent change

0

4

8

12

16

20

24

2006 2007 2008 2009 2010 2011 2012 2013

(b) Census Region of the Hospital 

Northeast Midwest South West

+4.6% APC

+3.4% APC

+2.0% APC

+1.8% APC



220	 Maternal and Child Health Journal (2020) 24:213–221

1 3

Measures of PID may provide more insight into the path-
way to ectopic pregnancy for these STIs. A recent study 
by Kreisel et al. found that the overall percent of national 
ED visits due to PID decreased during 2006–2013, includ-
ing significant decreases among adolescent females (Krei-
sel et al. 2018). However, PID surveillance is also difficult, 
as it is based on an often imprecise clinical diagnosis and 
acute presentation, and does not account for cases of sub-
clinical PID (Kreisel et al. 2018). Based on these findings, 
it is unlikely that changes in STIs are the driver of these 
observed trends in ectopic pregnancy among adolescents. 
However, adherence to current screening recommendations 
(i.e., screen all sexually active young women annually for 
chlamydia and gonorrhea; US Prevention Services Task 
Force, Grade B) combined with prompt treatment and part-
ner treatment remains important as these measures may help 
ensure that this vulnerable population is protected from the 
adverse sequelae of these infections.

It is also possible that the observed increases in the ratio 
of ectopic pregnancies among younger age groups may be an 
artifact of the denominator used for calculations. Live births 
decreased among young women during the study period, 
resulting in a smaller denominator for ratio calculations and 
perhaps artificially making the ratio appear to be increas-
ing over time, if total pregnancies did not decrease at the 
same rate. Our secondary estimates using all pregnancies 
as the denominator in rate calculations addressed this issue, 
finding a similar statistically significant increase in the rate 
of ED visits with an ectopic pregnancy diagnosis per 1000 
pregnancies (for all age groups). Although we only had 
pregnancy data through 2010, these similar results suggest 
that using live births as a denominator for ratio calculations 
may provide comparable results to all pregnancies when 
evaluating population-level, all-age group trends in ectopic 
pregnancy.

However, there are limitations to these methods for 
ratio/rate calculations. The denominators used in ratio/rate 
calculations in this study were national annual counts of 
live births and all pregnancies. Live births data are limited 
as they do not capture changes in pregnancy rates due to 
population-level variations in induced abortions and fetal 
losses. The ratio of abortions in the US decreased during 
2006–2013, from 236 to 200 abortions to 1000 live births 
in 2013 (Jatlaoui et al. 2016), and the ratio of fetal deaths 
to 1000 live births remained stable, from 6.1 in 2006 to 6.0 
in 2013 (MacDorman and Gregory 2015). Thus, changes in 
fetal loss or induced abortion rates do not explain the overall 
increase in ectopic pregnancy observed in our study. Preg-
nancy data also have limitations: not all pregnancies (e.g., 
missed and spontaneous abortions) are reported, data are not 
available stratified by age group or by key subpopulations, 
and data have not been collected since 2010. Instead of live 
births or total pregnancies, total reproductive-aged women 

could have been used as a denominator, but we chose not 
to use it as it fails to capture variations in pregnancy trends 
over time. Given that fetal loss and abortion rates have not 
increased over the study period, and that the findings of our 
additional analysis using all pregnancies provide the same 
trend results as live births, we conclude that live births are 
a suitable comparator for ectopic pregnancies when dem-
onstrating population-level increases over time. However, 
these issues reinforce the need for more complete data on 
live births and all pregnancies and the need for standardized 
analytic methods for calculating ratio/rates of ectopic preg-
nancy. Future studies would benefit from these data to more 
precisely quantify standardized rates and evaluate trends in 
pregnancy-related conditions in key populations.

This study has other limitations. First, the identification of 
cases relies on ICD-9-CM and CPT codes, which were cre-
ated for insurance billing purposes and not for surveillance. 
The sensitivity and specificity of these codes to accurately 
reflect identified ectopic pregnancies is unknown and a sin-
gle prevalence estimate may be an under or over estimate of 
true prevalence; however, if misclassification bias remained 
stable over time it should have minimal effect on trend esti-
mates. Second, because the data did not contain personal 
identifiers, it is possible for a person to be represented more 
than once (e.g., repeat visits for the same episode). As such, 
these analyses should be interpreted cautiously as visit-based 
versus person-based. Without personal identifiers, we could 
not evaluate whether the patient received any subsequent 
treatment, resulting in an inability to quantify the propor-
tion of initial ectopic pregnancy diagnoses that were later 
ruled out, which may be common in the ED setting. Third, 
we were unable to stratify by all subpopulations of interest. 
Future studies would benefit from the availability of more 
complete data stratified by key sociodemographic variables. 
Fourth, these results may not be generalizable to clinical set-
tings outside of the ED. Since some ectopic pregnancies are 
diagnosed and treated in an outpatient setting, our estimates 
of ectopic pregnancy prevalence may be an underestimate. 
With continued increases in ART, and thus more women 
likely being diagnosed with an ectopic pregnancy outside of 
EDs (as women with a history of ART may be more likely 
to be linked to obstetric/gynecological care), approximating 
ectopic pregnancy trends from EDs may increasingly pro-
vide an underestimate of ectopic pregnancies. Despite this 
potential increase in underestimation, our study still found 
an increase in ectopic pregnancy diagnoses over the study 
period. Lastly, it is also possible that patterns of health care 
access and utilization changed for women aged 15–44 years 
throughout the study period, which may have introduced 
variations into the trend findings. However, the study period 
preceded major health care utilization changes prompted 
by the Patient Protection and Affordable Care Act, so it is 
unlikely that the trends would have been impacted.
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Despite the limitations, this analysis has a number of 
strengths. Because a heterogeneous and inclusive popula-
tion seeks care in the ED and our study uses a nationwide, 
all-payer ED database with corresponding weights account-
ing for the sampling design, our results are nationally rep-
resentative of all US women with a diagnosis of an ectopic 
pregnancy in the ED setting. Previous studies have been 
restricted to commercially insured populations only (Hoover 
et al. 2010; Tao et al. 2017), or contain data from individual 
US states or geographic regions (Van Den Eeden et al. 2005; 
Stulberg et al. 2013; Trabert et al. 2011). A 2002–2013 study 
by Tao et al. incorporated data from both commercial and 
Medicaid claims databases, but the Medicaid database did 
not include all states and the analysis did not include popula-
tions whose health care is covered through Medicare, self-
pay, or other (such as no charge and certain other govern-
ment programs) (Tao et al. 2017); such groups comprised 
approximately one-third of our study population. It is impor-
tant for maternal morbidity studies to include women from 
varying demographic and primary payer groups, as the risk 
factors associated with adverse pregnancy outcomes, such 
as history of STI or ART, may be more prevalent in certain 
groups (Centers for Disease Control and Prevention 2017a; 
Sunderam et al. 2017).

Our study, the first to use a nationwide, all-payer admin-
istrative claims database to identify changes in ectopic preg-
nancy, found that ectopic pregnancy diagnoses in US EDs 
increased during 2006–2013. Early detection and treatment 
of ectopic pregnancy remain important to prevent ectopic 
pregnancy-related morbidity. National total pregnancy 
measures, including live births, fetal losses, and induced 
abortions, should be reported and stratified by pertinent 
demographic variables so that trends in pregnancy-related 
conditions can be evaluated among key populations.
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