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Abstract

Background: The goal of regionalized perinatal care, specifically levels of maternal care, is to improve maternal
outcomes through risk-appropriate obstetric care. Studies of levels of maternal care are limited by current
approaches to identify a hospital’s level of care, often relying on hospital self-reported data, which is expensive and
challenging to collect and validate. The study objective was to develop an empiric approach to determine a
hospital’s level of maternal care using administrative data reflective of the patient care provided and apply this
approach to describe the levels of maternal care available over time.

Methods: Retrospective cohort study of mother-infant dyads who delivered in California, Missouri, and
Pennsylvania hospitals from 2000 to 2009. Linked mother-infant administrative records with an infant born at 24–44
weeks’ gestation and a birth weight of 400–8000 g were included. Using the American College of Obstetricians and
Gynecologists and the Society for Maternal Fetal Medicine descriptions of levels of maternal care, four levels were
classified based on the appropriate location of care for patients with specific medical or pregnancy conditions.
Individual hospitals were assigned a level of maternal care annually based on the volume of patients who delivered
reflective of the four classified levels as determined by International Classification of Diseases and Current
Procedural Terminology.

Results: Based on the included 6,895,000 mother-infant dyads, the obstetric hospital levels of maternal care I, II, III
and IV were identified. High-risk patients more frequently delivered in hospitals with higher level maternal care,
accounting for 8.9, 10.9, 13.8, and 16.9% of deliveries in level I, II, III and IV hospitals, respectively. The total number
of obstetric hospitals decreased over the study period, while the proportion of hospitals with high-level (level III or
IV) maternal care increased. High-level hospitals were located in more densely populated areas.

Conclusion: Identification of the level of maternal care, independent of hospital self-reported variables, is feasible
using administrative data. This empiric approach, which accounts for changes in hospitals over time, is a valuable
framework for perinatal researchers and other stakeholders to inexpensively identify measurable benefits of levels of
maternal care and characterize where specific patient populations receive care.
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Introduction
One approach to address issues in maternal health, such
as the rising maternal mortality rates [1] and burden of
severe maternal morbidity [2], is to improve the
regionalization of perinatal care. The goal of
regionalization is “to improve patient outcomes by
directing patients to facilities with optimal capabilities
for a given type of illness or injury” [3]. Hospital levels
of care, a fundamental aspect of regionalization, describe
the types of hospital-based services available to patients,
which in turn describes the types of patients who can be
adequately cared for at a certain hospital. Motivated by
the American Academy of Pediatrics (AAP) levels of
neonatal care, which have been associated with im-
proved neonatal outcomes [4–10], levels of maternal
care were first published in the United States (US) by
the American College of Obstetricians and Gynecolo-
gists (ACOG) and the Society for Maternal-Fetal Medi-
cine (SMFM) in 2015 and updated in 2019 [11, 12]. The
ACOG/SMFM statement describes level I care as basic
care, level II as specialty care, level III as subspecialty
care, and level IV as care provided in Regional Perinatal
Health Care Centers [11, 12].
However, the level of maternal care provided at indi-

vidual hospitals is currently not easily accessible or pub-
licly available. While some states in the US have active
levels of maternal care verification programs, these pro-
grams are resource intensive requiring significant time
and financial support. Most research studies depend on
hospital self-reported measures, such as those from re-
search surveys, the American Hospital Association
(AHA) annual survey, or the Centers for Disease Control
and Prevention’s Levels of Care Assessment Tool (CDC
LOCATe), to determine the available level of maternal
care [13–16]. These self-report measures, though, are
often overstated by hospitals [17]. Thus, the level of care
based on the characteristics of patients who actually re-
ceived care in a given hospital may more accurately re-
flect the level of care available. To advance perinatal
regionalization research, knowledge of associated patient
outcomes, and optimize risk-appropriate care delivery,
alternate approaches to ascertain the level of maternal
care provided at hospitals is needed.
The objective of this study was to develop an empiric

approach to determine the level of maternal care avail-
able at a hospital using administrative data reflective of
the patient care provided. The secondary objective was
to apply this approach to describe available levels of ma-
ternal care over time. To achieve these objectives, we
leveraged a cohort of almost seven million linked
mother-infant administrative records reflecting all births
in California, Missouri, and Pennsylvania between 2000
and 2009. This study provides an alternate framework
for level of care determination, new insights into how

available levels of maternal care change over time, and
data to inform future research regarding levels of mater-
nal care.

Materials and methods
Study design
This is a retrospective, population-based cohort study of
hospital-based deliveries in California, Missouri, and
Pennsylvania from January 1, 2000 to December 31, 2009
using linked state-level hospital administrative data, birth
certificates, and death certificates. California, Missouri,
and Pennsylvania were chosen given the availability of
valid, accessible, mother-infant linked data, representing
diverse populations, and different perinatal care systems.
The state-level hospital administrative data includes data
on all hospital discharges including International Classifi-
cation of Diseases (ICD) and Current Procedural Termin-
ology (CPT) codes associated with the hospitalization.
Birth and death certificates contain validated variables in-
cluding birth weight, gestational age, mode of delivery
[18], race/ethnicity [19], and insurance [20].
Linkage of mother-infant data was performed by the

individual states prior to data distribution. Using previ-
ously published methods, the mother-infant match rate
was 94% [21]. Of the unmatched records, more than
80% of the unmatched birth certificates were missing a
hospital identifier, suggesting delivery at home or in a
birthing center, and the remainder were unmatched sec-
ondary to coding errors. Unmatched records had gesta-
tional age and racial/ethnic distributions similar to the
matched records. Unmatched records were excluded
from the study. Infant records were included if the in-
fant’s gestational age was between 24 and 44 weeks and
the birthweight was between 400 and 8000 g and did not
exceed five standard deviations from the mean for gesta-
tional age. Records with an incorrect or abnormal hos-
pital identifier were also excluded. This study was
deemed exempt by the Institutional Review Board at the
Children’s Hospital of Philadelphia, as it did not meet
the criteria for human subjects research.

Study variables
Based on the AGOG/SMFM description of levels of ma-
ternal care (Table 1), relevant study variables were iden-
tified (Table 2). Univariate analyses of patient
characteristics included maternal demographics, mater-
nal comorbid and pregnancy associated conditions, and
neonatal characteristics. The complete list of associated
ICD-9 and CPT codes are included in the Add-
itional file 1, ICD-9 and CPT Codes for Study Variables.

Level of maternal care
The ACOG/SMFM statement describes levels of mater-
nal care as basic care (level I), specialty care (level II),
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Table 1 Characteristics of Levels of Maternal Care and Associated Thresholds for Empiric Levels of Maternal Care

Maternal
level

Capabilitiesa Health care providersa Examples of
appropriate patientsb

Threshold of
‘high risk
patients’/yearc

Level I (Basic
Care)

-Capability/equipment to provide low-risk
and appropriate moderate-risk maternal
care and readiness at all times to initiate
emergency procedures
-Stabilization and the ability to facilitate
transport to a higher-level hospital when
necessary
-Collaboration with higher-level facility
partners, to initiate/sustain education and
QI programs to maximize patient safety

-Every birth attended by a midwife, family
physician or ob-gyn and an appropriately
trained/qualified RN
-Physician with privileges to perform
emergency cesarean delivery readily
available at all times
-Primary maternal care providers,
including midwives, family physicians, or
ob-gyns readily available at all times
-Appropriately trained/qualified RNs with
level-appropriate competencies readily
available at all times
-RN leadership has level-appropriate train-
ing and experience in maternal care
-Anesthesia providers for labor and
surgical anesthesia readily available at all
times

-Term twin gestation
-Trial of labor after
cesarean delivery
-Uncomplicated
cesarean delivery
-Preeclampsia without
severe features at term

Level II
(Specialty
Care)

Level I facility capabilities plus
-CT scan, MRI, non-obstetric US imaging,
and maternal echocardiography with in-
terpretation readily available daily
-Standard obstetric US imaging with
interpretation readily available at all times

Level I facility health care providers plus
-Ob-gyn readily available at all times
-Physician OB leadership board-certified
in ob-gyn with experience in obstetric
care
-MFM readily available at all times for
consultation onsite, by phone, or by
telemedicine
-Anesthesiologist readily available at all
times
-Internal or family medicine physicians
and general surgeons readily available at
all times for obstetric patients

-Severe preeclampsia
-Placenta previa with no
prior uterine surgery

≥5/year Preterm
(< 37 week)
multiples
≥3/year Primary
Cesarean section
for placenta previa
≥4/year Severe
hypertension after
34 weeks’ gestation

Level III
(Subspecialty
Care)

Level II facility capabilities plus
-All blood components available in-house
-CT scan, MRI, maternal
echocardiography, and non-obstetric US
imaging services and interpretation read-
ily available at all times
-Specialized obstetric US and fetal
assessment with interpretation readily
available at all times
-Interventional radiology (capable of
uterine artery embolization) readily
available at all times
-Equipment/personnel physically present
at all times to ventilate/monitor women
until ICU transfer
-Onsite medical/surgical ICUs that accept
pregnant and postpartum women. ICUs
have adult critical care providers
physically present at all times
-MFM readily available at all times to
communicate/consult for all obstetric ICU
patients
-Mechanism to facilitate/accept maternal
transfers/transports
-Provide outreach education and patient
transfer feedback to level I and II centers
-Provide Perinatal system leadership if
acting as a regional center (see Level IV)

Level II facility health care providers plus
-Nursing leaders and adequate number of
RNs who have training and experience in
the management of women with
complex and critical maternal illnesses
and obstetric complications.
-Board certified ob-gyn physically present
at all times.
-An MFM with inpatient privileges readily
available at all times, either onsite, by
phone, or by telemedicine. MFM must be
able to be onsite and provide direct care
within 24 h.
-Director of MFM service is a board-
certified MFM.
-Director of obstetric anesthesia services
is a board-certified anesthesiologist with
OB anesthesia fellowship training or ex-
perience in OB anesthesia.
-Full complement of subspecialists, such
as critical care, general surgery, infectious
diseases, hematology, cardiology,
nephrology, neurology, gastroenterology,
internal medicine, behavioral health, and
neonatology readily available for inpatient
consultation at all times

-Suspected placenta
accreta or previa with
prior uterine surgery
-Suspected placenta
percreta
-Adult respiratory
syndrome
-Expectant management
of early severe
preeclampsia at less
than 34 weeks of
gestation

≥3/year Previous
Cesarean section
and a placenta
previa
≥5/year
Preeclampsia
before 34 weeks’
gestation
≥3/year Severe
hypertension or
Eclampsia before
34 weeks’ gestation
≥3/year Acute
Respiratory Distress
Syndrome

Level IV
(Regional
Perinatal
Health Care
Centers)

Level III facility capabilities plus
-On-site medical/surgical care for
complex maternal conditions with
available ICU beds
-On-site ICU care for obstetric patients
with primary or co-management by MFM
If the woman must be transported by

Level III health care providers plus
-MFM team with expertise in highly
complex, critically ill, or unstable maternal
patients
-Board-certified MFM with full inpatient
privileges readily available at all times,
including co-management of ICU-

-Severe maternal cardiac
conditions
-Severe pulmonary
hypertension or liver
failure
-Pregnant women
requiring neurosurgery

≥3/year Severe
chronic medical
conditionsd

≥5/year Severe
cardiac conditionse
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subspecialty care (level III), and Regional Perinatal
Health Care Centers (level IV) (Table 1). The statement
provides the associated definition, capabilities, and
health care providers for each level of maternal care [11,
12]. In the 2015 statement, examples of appropriate pa-
tients for each level of maternal care were also provided
[11]. We used the information in the ACOG/SMFM
statements, specifically the examples of appropriate pa-
tients which should reflect hospital capabilities and
health care providers, to empirically classify hospitals
into one of the four levels of maternal care based on the
types of patients that a hospital with that level should
have treated in that year. Empiric levels of maternal care
were solely based on patient data and did not include
direct measures of hospital capabilities or health care
providers. We considered hospitals with < 100 deliveries/
year non-obstetric hospitals.
We used the aforementioned ACOG/SMFM examples

of appropriate patients and state-level hospital administra-
tive data, ICD-9 and CPT codes, to assign hospitals an
empiric level of maternal care. We assigned an empiric
level of maternal care to each hospital based on a thresh-
old number of appropriate patients per year (Table 1). We
determined the threshold of appropriate ‘high-risk’ pa-
tients for each level of maternal care by first examining
Youden’s index, a summary measure of the Receiver Op-
erating Characteristic curve that supports selection of

optimal threshold values, the sensitivity, and specificity for
each type of high-risk patient (Supplemental Table 1) [22].
Then, given the potential for an urgent, emergent, or un-
expected delivery at a low-level hospital of a patient whose
condition may warrant a higher level of maternal care, we
examined the face validity of the Youden-based cutpoints
while considering the volume of patients indicating a hos-
pital’s intent to deliver different types of appropriate pa-
tients and clinically does not differ between states
(Supplemental Table 1). For example, to differentiate be-
tween level II and III hospitals, the optimal cutpoint per
Youden’s index for the number of patients with severe
hypertension or eclampsia before 34 weeks’ gestation was
2 (sensitivity 95%, specificity 96%, area under ROC curve
0.95) and directly informed our threshold of ≥3/year. For
previous cesarean section and a placenta previa, the opti-
mal cutpoint was 1, which was deemed clinically inappro-
priate as it is plausible that 0–2 patients/year may present
to a level II hospital and require urgent delivery, thus we
identified an alternate threshold (≥3/year) to maximize
correct classification. Hospitals had to meet 2 of 3 high-
risk patient thresholds to be categorized as a level II, 3 of
4 high-risk patient thresholds to be categorized as a level
III, and both high-risk patient thresholds to be categorized
as a level IV (Table 1). Hospitals had to meet more than
one threshold criteria because levels of maternal care de-
scribe hospitals with the ability to care for more than one

Table 1 Characteristics of Levels of Maternal Care and Associated Thresholds for Empiric Levels of Maternal Care (Continued)

Maternal
level

Capabilitiesa Health care providersa Examples of
appropriate patientsb

Threshold of
‘high risk
patients’/yearc

ambulance to the ICU, this is not consid-
ered onsite.
-Perinatal system leadership, including
facilitation of collaboration with facilities
in the region, analysis and review of
system perinatal outcome and quality
data, provision of outreach education and
assistance with QI

admitted obstetric patients
-Nursing Service Line leadership with
advanced degree and national
certification
- RNs with experience in complex
medical illnesses/obstetric complications
and collaboration between critical care
and obstetric RNs

-Board-certified anesthesiologist with OB
anesthesia fellowship training or
experience in OB anesthesia physically
present at all times
-At least one of the following
subspecialties readily available at all times
onsite: neurosurgery, cardiac surgery, or
transplant. If all three subspecialties are
not available, there should be a process
to transfer women to a facility with the
service

or cardiac surgery
-Pregnant women in
unstable condition and
in need of an organ
transplant

Abbreviations: OB obstetric, RN nurse, CT computerized tomography, MRI magnetic resonance imaging, US ultrasound, MFM maternal fetal medicine, ICU intensive
care unit
aText adapted from 2019 Levels of Maternal Care Statement: Obstetric Care Consensus No. 9: Levels of Maternal Care Obs Gynecol. 2019;134 (2):e41-e55)
bText adapted from 2015 Levels of Maternal Care Statement: Obstetric Care Consensus No. 2: Levels of maternal care. Obs Gynecol. 2015;125 (2):502–515)
cThe study determined annual threshold was created by the authors considering both the volume of patients to clinically indicate a hospital’s intent to deliver the
different types of appropriate patients and calculated the sensitivity, specificity, and Youden’s index, summary measure of the Receiver Operative Characteristic
curve, for each type of high-risk case to inform threshold cut points
dSevere chronic medical conditions: pulmonary hypertension, liver failure, dialysis, and organ transplant
eSevere cardiac conditions: chronic heart disease, hypertrophic cardiomyopathy, acute/subacute endocarditis, constrictive pericarditis, tamponade, complete
atrioventricular block, cardiac device in situ, atrial fibrillation, atrial flutter, congestive heart failure, mitral stenosis, atrial stenosis, dual valve disease,
value replacement
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Table 2 Maternal and Infant Characteristics Delivering in Non-Obstetric and Obstetric Hospitals by Empiric Maternal Level of Care in
California, Missouri, and Pennsylvania, 2000–2009

Variable Non-Obstetric
N = 10,859
(0.2%)

Level I
N = 467,368
(6.8%)

Level II
N = 2,861,713
(41.5%)

Level III
N = 2,442,605
(35.4%)

Level IV
N = 1,113,055
(16.1%)

P-value

State < 0.001

CA 4141 (0.1%) 178,951 (3.6%) 2,079,001 (41.8%) 2,055,616 (41.3%) 661,168 (13.3%)

MO 4484 (0.6%) 87,528 (12.1%) 268,344 (37.0%) 106,355 (14.7%) 257,647 (35.6%)

PA 2234 (0.2%) 200,889 (16.9%) 514,368 (43.1%) 280,634 (23.5%) 194,240 (16.3%)

Deliveries/year (median, IQR) 74 (59–87) 443 (298–570) 1562 (1099–2091) 3318 (2648–4041) 4511 (3035–6644) < 0.001

Maternal characteristics, N (%) (unless otherwise noted)

Maternal age (years; median, IQR) 25 (21–30) 26 (22–31) 27 (23–32) 28 (24–33) 28 (23–33) < 0.001

Race < 0.001

White, Non-Hispanic 8943 (82.4%) 332,532 (71.2%) 1,306,403 (45.7%) 935,697 (38.3%) 492,285 (44.2%)

Black, Non-Hispanic 289 (2.7%) 20,293 (4.3%) 182,813 (6.4%) 170,257 (7.0%) 158,016 (14.2%)

Hispanic 1025 (9.4%) 85,636 (18.3%) 1,062,409 (37.1%) 975,757 (40.0%) 315,668 (28.4%)

Asian/Pacific Islander 195 (1.8%) 13,680 (2.9%) 249,544 (8.7%) 312,415 (12.8%) 118,043 (10.6%)

Other 407 (3.8%) 15,227 (3.3%) 60,544 (2.1%) 48,479 (2.0%) 29,043 (2.6%)

Insurance < 0.001

FFS 2184 (20.1%) 75,691 (16.2%) 188,818 (6.6%) 120,363 (4.9%) 56,676 (5.1%)

HMO 1690 (15.6%) 134,753 (28.8%) 1,298,549 (45.4%) 1,270,782 (52.0%) 527,953 (47.4%)

Public 5864 (54.0%) 227,233 (48.6%) 1,264,669 (44.2%) 981,462 (40.2%) 493,018 (44.3%)

Other 1121 (10.3%) 29,691 (6.4%) 109,677 (3.8%) 69,998 (2.9%) 35,408 (3.2%)

Education < 0.001

No High School 520 (4.8%) 30,481 (6.5%) 256,725 (9.0%) 197,890 (8.1%) 69,522 (6.3%)

Some High School 2217 (20.4%) 82,707 (17.7%) 490,139 (17.1%) 393,694 (16.1%) 172,056 (15.5%)

High School Diploma/GED 4364 (40.2%) 162,316 (34.7%) 812,643 (28.4%) 608,347 (24.9%) 276,107 (24.8%)

At least Some College 3636 (33.5%) 186,899 (40.0%) 1,260,098 (44.0%) 1,180,600 (48.3%) 563,492 (50.6%)

Missing 122 (1.1%) 4965 (1.1%) 42,108 (1.5%) 62,074 (2.5%) 31,878 (2.9%)

Maternal comorbid and pregnancy associated conditions, N (%)

Chronic hypertension 66 (0.6%) 3100 (0.7%) 19,924 (0.7%) 21,238 (0.9%) 15,717 (1.4%) < 0.001

PIH 356 (3.3%) 12,369 (2.7%) 79,791 (2.8%) 83,689 (3.4%) 58,081 (5.2%) < 0.001

Severe PIH/Eclampsia 71 (0.7%) 2369 (0.5%) 22,327 (0.8%) 27,832 (1.1%) 19,506 (1.8%) < 0.001

Gestational diabetes 359 (3.3%) 17,911 (3.8%) 138,214 (4.8%) 145,951 (6.0%) 70,231 (6.3%) < 0.001

Diabetes mellitus 35 (0.3%) 2236 (0.5%) 17,287 (0.6%) 20,877 (0.9%) 13,156 (1.2%) < 0.001

Renal disease 27 (0.3%) 723 (0.2%) 3514 (0.1%) 3006 (0.1%) 2251 (0.2%) < 0.001

Dialysis 0 (0.0%) 5 (0.0%) 99 (0.0%) 149 (0.01%) 134 (0.01%) < 0.001

Organ transplant 0 (0.0%) 21 (0.0%) 140 (0.0%) 253 (0.01%) 368 (0.03%) < 0.001

Severe chronic conditiona 2 (0.02%) 61 (0.01%) 660 (0.02%) 954 (0.04%) 1085 (0.1%) < 0.001

Severe cardiac conditionb 9 (0.1%) 376 (0.08%) 2856 (0.1%) 3515 (0.1%) 3346 (0.3%) < 0.001

Placenta previa 47 (0.4%) 1537 (0.3%) 14,011 (0.5%) 16,393 (0.7%) 7767 (0.7%) < 0.001

Placenta previa after CS 10 (0.1%) 286 (0.1%) 2859 (0.1%) 3935 (0.2%) 1933 (0.2%) < 0.001

Multiple gestation 132 (1.2%) 5704 (1.2%) 61,439 (2.2%) 78,841 (3.2%) 43,408 (3.9%) < 0.001

High-risk patientsc 982 (9.0%) 41,527 (8.9%) 311,689 (10.9%) 337,059 (13.8%) 188,125 (16.9%) < 0.001

Cesarean section 3150 (29.0%) 126,928 (27.2%) 819,661 (28.6%) 757,811 (31.0%) 340,778 (30.6%) < 0.001
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type of high-risk patient while meeting all criteria for
level II or III was thought to be too stringent and
could increase misclassification. Potential inconsisten-
cies (e.g., hospitals with varying levels of maternal
care each year) in the assignment of a hospital’s empiric
level of maternal care were discussed amongst authors
until agreement was reached. Levels were assigned
annually to account for changes in hospital services
and obstetric unit closures [11, 12]. We examined the
distribution of high-risk patients delivering across our
empiric levels of maternal care as a basic validation
assessment [23]. Verification of individual hospitals
level of maternal care are not yet publicly available in
the states studied.

Data analysis
Determination of the empiric level of maternal care
was conducted by year and state. Descriptive analyses
were completed for the cohort and stratified by state
secondary to differences in perinatal health systems.
The number of non-obstetric hospitals and obstetric
hospitals with level I, II, III, and IV maternal care
were calculated. Stata version 15 (StataCorp, College
Station, TX) was used for the univariate analyses,
which compared patient characteristics of non-
obstetric hospitals and the four levels of maternal
care using Pearson Chi-Squared and Kruskal-Wallis
tests. The hospital location geocodes were used to
construct maps overlying the population density using
ArcGIS (Esri, Redlands, CA).

Results
The analytic cohort included 6,895,600 mother-infant
dyads (Fig. 1) who delivered at more than 500 hospitals
over 10 years. The characteristics of patients delivering
in non-obstetric and obstetric hospitals of varying levels
of maternal care differed (Table 2). Non-obstetric hospi-
tals cared for more patients with public insurance,
whereas, high-risk patients such as those of higher ma-
ternal age and with those with comorbid and pregnancy
associated conditions delivered at hospitals with a higher
level of maternal care, as shown by the Table columns
with the percentage of patients with each condition by
level of care. When stratifying by state, the increased
proportion of high-risk patients delivering in higher level
hospitals persisted (Tables 2, 3 and 4 in Supplemental
materials). Additionally, there was an increased percent-
age non-Hispanic Blacks and Asian/Pacific Islanders in
hospitals with higher level maternal care, reflecting the
co-located nature of these populations in the states
studied and high level centers in metropolitan areas.
The total number of hospitals, both obstetric and

non-obstetric, declined during the study period. In
2000, 491 of 528 hospitals were identified as obstetric
hospitals, whereas at the end of the study period,
2009, 418 of 442 hospitals were identified as obstetric
hospitals. Similarly, in 2000, 37 of 528 hospitals were
non-obstetric and by 2009, 24 of 442 hospitals were
non-obstetric. The decrease in obstetric and non-
obstetric hospitals resulted in an increase of births in
obstetric hospitals from 93 to 94.6%. Maps of each
state illustrate the distribution of non-obstetric and

Table 2 Maternal and Infant Characteristics Delivering in Non-Obstetric and Obstetric Hospitals by Empiric Maternal Level of Care in
California, Missouri, and Pennsylvania, 2000–2009 (Continued)

Variable Non-Obstetric
N = 10,859
(0.2%)

Level I
N = 467,368
(6.8%)

Level II
N = 2,861,713
(41.5%)

Level III
N = 2,442,605
(35.4%)

Level IV
N = 1,113,055
(16.1%)

P-value

Neonatal characteristics, N (%) (unless otherwise noted)

Male 5534 (51.0%) 238,891 (51.1%) 1,463,488 (51.1%) 1,252,240 (51.3%) 570,285 (51.2%) < 0.001

Birthweight 3317 (3000,3629) 3374 (3061,3686) 3371 (3041,3685) 3345 (3005,3660) 3319 (2965,3657) < 0.001

GA, weeks 39 (38,40) 39 (38,40) 39 (38,40) 39 (38,40.) 39 (38,40) < 0.001

GA categories, weeks < 0.001

GA < 28 weeks 42 (0.4%) 799 (0.2%) 8510 (0.3%) 13,045 (0.5%) 9632 (0.9%)

GA 28–31 weeks 79 (0.7%) 1682 (0.4%) 19,247 (0.7%) 29,233 (1.2%) 19,549 (1.8%)

GA 32–36 weeks 767 (7.1%) 29,030 (6.2%) 229,616 (8.0%) 236,880 (9.7%) 122,070 (11.0%)

GA 37–41 weeks 9607 (88.5%) 420,510 (90.0%) 2,473,357 (86.4%) 2,046,481 (83.8%) 921,954 (82.8%)

GA > 41 364 (3.4%) 15,347 (3.3%) 130,983 (4.6%) 116,966 (4.8%) 39,850 (3.6%)

Abbreviations: CA California, MO Missouri, PA Pennsylvania, IQR interquartile range, FFS fee for service, HMO health maintenance organization, GED general
education diploma, PIH pregnancy induced hypertension, CS Cesarean section, GA gestational age
aSevere chronic medical conditions: pulmonary hypertension, liver failure, dialysis, and organ transplant
bSevere cardiac conditions: chronic heart disease, hypertrophic cardiomyopathy, acute/subacute endocarditis, constrictive pericarditis, tamponade, complete
atrioventricular block, cardiac device in situ, atrial fibrillation, atrial flutter, congestive heart failure, mitral stenosis, atrial stenosis, dual valve disease,
value replacement
cHigh-risk patients have any of the listed maternal comorbid and pregnancy associated conditions
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obstetric hospitals by their empiric level of maternal
care in 2009 (Fig. 2). Hospitals with higher levels of
maternal care and in close proximity to one another
were consistently in urban areas with higher popula-
tion density. The number of obstetric hospitals de-
creased in all states over the study period, by 3% in
Missouri, 12% in California, and 26% in Pennsylvania,
primarily from reductions in the number of hospitals
providing level I and II care (Fig. 2).
Based on the empiric levels of maternal care, the ma-

jority of women delivered at hospitals with level II care,
41.8, 37.0, and 43.1% in California, Missouri, and Penn-
sylvania, respectively (Table 2). The proportion of deliv-
eries at a non-obstetric hospital in Missouri (0.9%) was
almost five times higher than Pennsylvania (0.2%) and
10 times higher than California (0.08%). The proportion
of deliveries in hospitals with level I maternal care varied
widely, from 3.6% in California to 12.1% in Missouri and
16.9% in Pennsylvania. The frequency of women in
Missouri (35.6%) delivering at a hospital with level IV
maternal care was nearly double that of Pennsylvania
(16.3%) and California (13.3%).

Discussion
In this study, we developed an empiric approach to de-
termine levels of maternal care at individual hospitals in
California, Missouri, and Pennsylvania using administra-
tive data. Applying this approach, high-risk patients
more frequently delivered at hospitals with higher levels
of maternal care, which is consistent with risk-
appropriate care delivery. During the study period the
number of obstetric hospitals decreased by nearly 15%.

As expected, hospitals with higher levels of maternal
care were in metropolitan centers. To our knowledge,
this is the first study to describe an empiric approach to
determine the available level of maternal care using ad-
ministrative data reflective of the patient care provided,
independent of self-reported hospital services and sub-
specialist availability.
Identifying levels of maternal care using only adminis-

trative data has not been described in the literature,
however using ICD codes to identify levels of maternal
care may be preferable to other methods. First, as more
recent data become available and ICD codes are revised,
variable crosswalks (i.e. ICD-9 to ICD-10) will make the
continued application of this approach feasible. Second,
ICD codes determine diagnosis-related group (DRG)
codes which determine payment, thus the ICD codes as-
sociated with patients should reflect conditions that war-
rant billing, increasing reliability. Third, hospitals
unreliably self-assess their capabilities, with 18% of neo-
natal units overestimating and 50% obstetric units incor-
rectly reporting their level of care in prior audits [17,
24]. Fourth, our approach accounts for the dynamic na-
ture of maternal care delivery as we determine the level
of care annually and the empirically derived levels reflect
the care actually being provided increasing its relevance.
Fifth, in the US there is limited oversight regarding
where pregnant patients deliver and although maternal
risk assessment during the antenatal period or at the
time of delivery may identify high-risk patients and clini-
cians may recommend delivery in a hospital with higher
level care, ultimately the location of maternal care often
reflects personal choice and is influenced by free market
economics. Finally, an analogous empiric methodologic

Fig. 1 Cohort Identification Flow Diagram
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approach has been utilized in studies of neonatal levels
of care, associated with outcomes, and used to inform
neonatal regionalization efforts supporting the validity of
this approach [9, 10].

Previous studies of levels of maternal care are cur-
rently limited by a lack of national level reports and reli-
ance on self-reported survey measures to determine the
level of care. The prior literature, though, supports the
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Fig. 2 Distribution of Non-obstetric and Obstetric Hospitals and Available Empiric Levels of Maternal Care. Geographic distribution and associated
number of non-obstetric and obstetric hospitals by level of maternal care in California, Missouri, and Pennsylvania from 2000 to 2009 with maps
illustrating the distribution of institutions in 2009
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need to accurately identify the level of maternity care
provided by hospitals. Consistent with our findings, two
cross-sectional studies by Srinivas et al. and Easter et al.
reflective of nine and seven states respectively, reported
high risk patients are more likely to be managed in high
level hospitals [13, 14]. Easter et al. also reported 2.4% of
patients delivered in a hospital with an inappropriate
level of maternal care, though it is unclear if these deliv-
eries were emergent or in a hospital with a hospital-
perceived higher level of care [14]. To date, data regard-
ing maternal levels of care and outcomes are mixed as
Srinivas et al. found women with cardiac conditions had
a significantly lower odds or mortality when delivering
in a level I compared to a level IV hospital [13] while
Vanderlaan et al. found no difference in maternal out-
comes by level of maternal care in Georgia [15]. The
variation we report in levels of maternal care between
states and nearly 15% decrease in the total number of
obstetric hospitals, is also consistent with previous litera-
ture [25]. The decrease in available obstetric services
after obstetric hospital closures has been associated with
increased travel distance to an obstetric hospital, increased
delivery outside of the hospital or delivery at a hospital
without obstetric services, and increased perinatal and
neonatal mortality [26–28], outcomes highlighting the
potential need for perinatal regionalization.
Our methodology offers researchers and leaders in

perinatal care delivery and policy another approach
to more systematically and widely identifying levels
of maternal care. Compared to surveys or site visits,
this empiric approach is much less resource inten-
sive and more accessible. Importantly, this ICD code
based approach, allows for international applications,
as ICD codes are used in over 100 countries world-
wide [29]. Studying the empiric levels of maternal
care provided across countries may illuminate how
and where obstetric care is being delivered and fa-
cilitate more meaningful international comparisons.
As new data are available, applying this approach to
other epochs, states, and countries should be pur-
sued. This research may expedite further studies of
levels of maternal care leading to a better under-
standing the measurable benefits of levels of mater-
nal care and allowing for the characterization of
specific patient populations who may benefit from a
particular level of maternal care.

Strengths and limitations
One of the primary limitations of this approach is the in-
ability to validate the empiric level of maternal care
assigned to each hospital with an external data source.
Unlike the level of neonatal or trauma care available at a
hospital, which have been the focus of national surveys,
inventories, and verification programs, such data are not

yet available for maternal care [30–32]. This potential
approach is also complicated by issues obtaining linked
mother-infant records and survey data with hospitals
over-reporting their capabilities [17]. As described by
Easter el al, the delivery of high-risk patients at hospitals
with low level maternal care may have influenced the
level of maternal care assignments [14]. Our approach
acknowledges this possibility and thus the classifications
of the four levels of maternal care each incorporate mul-
tiple types of high-risk patients. Another limitation is
that non-hospital births, such as those occurring at
home or in non-hospital affiliated birth centers, are not
included in this dataset. Indications for delivery in the
non-hospital setting or a specific level of maternal care
cannot be determined. This methodology does not in-
corporate information on hospital capabilities and pro-
viders, though to some extent the care provided to
patients should reflect available hospital services and
providers. Strengths of our study include that it de-
scribes the actual level of care provided to patients,
which is important to consider when assessing associa-
tions with outcomes. Additionally, we assigned the level
of maternal care independent of self-reported measures.
This approach is significantly less expensive and provides
level of maternal care data much more quickly than and
onsite survey approach. Finally, the use of ICD codes
allows for application of the approach outside of the US.

Conclusions
This study describes an approach to identify and assign
hospital levels of maternal care. Additionally, this study
highlights the evolving landscape of available obstetric
services and provides new opportunities to study levels
of maternal care. Given the current rates of maternal
morbidity and mortality in the US and intent for levels
of maternal care to improve perinatal care, a systematic,
widely available, efficient approach to identifying levels
of maternal care and study associations is crucial to
optimize and improve perinatal outcomes.

Abbreviations
AAP: American Academy of Pediatrics; US: United States; ACOG: American
College of Obstetricians and Gynecologists; SMFM: Society for Maternal-Fetal
Medicine; AHA: American Hospital Association; CDC LOCATe: Centers for
Disease Control and Prevention’s Levels of Care Assessment Tool;
ICD: International Classification of Diseases; CPT: Current Procedural
Terminology

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12913-021-06516-y.

Additional file 1. ICD-9 and CPT Codes for Study Variables.

Additional file 2: Supplemental Table 1. Sensitivity and Specificity
of High-Risk Patient Thresholds to Identify Maternal Levels of Care.
Supplemental Table 2. Maternal and Infant Characteristics Delivering in

Handley et al. BMC Health Services Research          (2021) 21:538 Page 9 of 11

https://doi.org/10.1186/s12913-021-06516-y
https://doi.org/10.1186/s12913-021-06516-y


Non-Obstetric and Obstetric Hospitals by Empiric Maternal Level of Care
in California, 2000–2009. Supplemental Table 3. Maternal and Infant
Characteristics Delivering in Non-Obstetric and Obstetric Hospitals by Em-
piric Maternal Level of Care in Missouri, 2000–2009. Supplemental
Table 4. Maternal and Infant Characteristics Delivering in Non-Obstetric
and Obstetric Hospitals by Empiric Maternal Level of Care in Pennsylvania,
2000–2009.

Acknowledgements
The authors would like to acknowledge the grant support received from the
National Institutes of Health as well as Ali Chandler of the Children’s Hospital
of Philadelphia for her assistance editing and preparing the manuscript.

Authors’ contributions
SCH conceptualized and designed the study, analyzed and interpreted the
data, edited tables and figures, and drafted the manuscript. MP participated
in the study design, created the study cohort, analyzed, and interpreted the
data, prepared tables and figures, and edited the manuscript. SKS
conceptualized and aided in study design, data interpretation, and edited
the manuscript. SAL conceptualized and oversaw the study design, guided
data analysis, participated in data interpretation, and edited the manuscript.
All authors read and approved the final manuscript.

Funding
Supported by the National Institutes of Health (T32HD007440 [to SH],
1R01HD08481901-A1 [to SL], 1R01HD099197-A1 [to SL]) and The Children’s
Hospital of Philadelphia.

Availability of data and materials
The data that support the findings of this study are available from the
individual states but restrictions apply to the availability of these data, which
were used under data use agreements between each state department of
health, vital statistics, and The Children’s Hospital of Philadelphia for the
current study, and so are not publicly available. Data are however available
from the authors upon reasonable request and with permission of the
respective state agencies.

Declarations

Ethics approval and consent to participate
This study was deemed exempt by the Institutional Review Board at the
Children’s Hospital of Philadelphia, as the deidentified nature of the data did
not meet this Institutional Review Board’s criteria for human subjects
research.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Division of Neonatology, Department of Pediatrics, The Children’s Hospital
of Philadelphia and the Perelman School of Medicine-University of
Pennsylvania, Philadelphia, PA, USA. 2Leonard Davis Institute of Health
Economics, University of Pennsylvania, Philadelphia, PA, USA. 3The Maternal
and Child Health Research Center, Department of Obstetrics and Gynecology
and the Perelman School of Medicine-University of Pennsylvania,
Philadelphia, PA, USA.

Received: 4 January 2021 Accepted: 10 May 2021

References
1. Centers for Disease Control and Prevention. Severe Maternal Morbidity in

the United States: Centers for Disease Control and Prevention; 2017.
Available from: https://www.cdc.gov/reproductivehealth/maternalinfanthea
lth/severematernalmorbidity.html Accessed 20 Jan 2020.

2. Hirshberg A, Srinivas SK. Epidemiology of maternal morbidity and mortality.
Semin Perinatol. 2017;41(6):332–7. https://doi.org/10.1053/j.semperi.2017.07.
007.

3. Institute of Medicine. Committee on the Future of Emergency Care in the
United States Health. Board on Health Care Services. Emergency medical
services: at the crossroads. Washington: National Academies Press; 2006.

4. Paneth N, Kiely JL, Wallenstein S, Marcus M, Pakter J, Susser M. Newborn
intensive care and neonatal mortality in low-birth-weight infants: a
population study. N Engl J Med. 1982;307(3):149–55. https://doi.org/10.1056/
NEJM198207153070303.

5. Sanderson M, Sappenfield WM, Jespersen KM, Liu Q, Baker SL. Association
between level of delivery hospital and neonatal outcomes among South
Carolina Medicaid recipients. Am J Obstet Gynecol. 2000;183(6):1504–11.
https://doi.org/10.1067/mob.2000.107357.

6. Bode MM, O’Shea TM, Metzguer KR, Stiles AD. Perinatal regionalization and
neonatal mortality in North Carolina, 1968-1994. Am J Obstet Gynecol. 2001;
184(6):1302–7. https://doi.org/10.1067/mob.2001.114484.

7. Cifuentes J, Bronstein J, Phibbs CS, Phibbs RH, Schmitt SK, Carlo WA.
Mortality in low birth weight infants according to level of neonatal care at
hospital of birth. Pediatrics. 2002;109(5):745–51. https://doi.org/10.1542/
peds.109.5.745.

8. Rautava L, Lehtonen L, Peltola M, Korvenranta E, Korvenranta H, Linna M,
et al. The effect of birth in secondary- or tertiary-level hospitals in Finland
on mortality in very preterm infants: a birth-register study. Pediatrics. 2007;
119(1):e257–63. https://doi.org/10.1542/peds.2006-1964.

9. Phibbs CS, Baker LC, Caughey AB, Danielsen B, Schmitt SK, Phibbs RH. Level
and volume of neonatal intensive care and mortality in very-low-birth-
weight infants. N Engl J Med. 2007;356(21):2165–75. https://doi.org/10.1056/
NEJMsa065029.

10. Lorch SA, Baiocchi M, Ahlberg CE, Small DS. The differential impact of
delivery hospital on the outcomes of premature infants. Pediatrics. 2012;
130(2):270–8. https://doi.org/10.1542/peds.2011-2820.

11. Ameican College of Obstetricians and Gynecologists. Obstetric Care
Consensus No. 2: levels of maternal care. Obstet Gynecol 2015;125(2):502–
515, DOI: https://doi.org/10.1097/01.AOG.0000460770.99574.9f.

12. Ameican College of Obstetricians and Gynecologists. Levels of maternal
care: obstetric care consensus no, 9. Obstet Gynecol. 2019;134(2):e41–55.

13. Srinivas SK, Kozhimannil K, Hung P, Attanasio L, Jou J, Grobman WA. Do
hospitals with a higher level of maternal care designation have better
maternal outcomes? Am J Perinatol. 2019;36(6):653–8. https://doi.org/10.1
055/s-0038-1672140.

14. Easter SR, Robinson JN, Menard MK, Creanga AA, Xu X, Little SE, et al.
Potential effects of regionalized maternity care on U.S. hospitals. Obstet
Gynecol. 2019;134(3):545–52. https://doi.org/10.1097/AOG.0000000000003397.

15. Vanderlaan J, Rochat R, Williams B, Dunlop A, Shapiro SE. Maternal health
associations between hospital maternal service level and delivery outcomes.
Womens Health Issues. 2019;29(3):252–8. https://doi.org/10.1016/j.whi.2019.
02.004.

16. Catalano A, Bennett A, Busacker A, Carr A, Goodman D, Kroelinger C, et al.
Implementing CDC’s level of care assessment tool (LOCATe): a National
Collaboration to improve maternal and child health. J Womens Heal. 2017;
26(12):1265–9. https://doi.org/10.1089/jwh.2017.6771.

17. Texas Department of State Health Services. Strategic Review of Neonatal
Level of Care Designations. 2019. Available from: https://www.dshs.state.tx.
us/legislative/2019-Reports/Strategic-Review-of-Neonatal-Level-of-Care-
Designations-2019. Accessed 3 March 2021.

18. Roohan PJ, Josberger RE, Acar J, Dabir P, Feder HM, Gagliano PJ. Validation
of birth certificate data in New York state. J Community Health. 2003;28(5):
335–46. https://doi.org/10.1023/A:1025492512915.

19. Baumeister L, Marchi K, Pearl M, Williams R, Braveman P. The validity of
information on “race” and “Hispanic ethnicity” in California birth certificate
data. Health Serv Res. 2000;35(4):869–83.

20. Braveman P, Pearl M, Egerter S, Marchi K, Williams R. Validity of insurance
information on California birth certificates. Am J Public Health. 1998;88(5):
813–6. https://doi.org/10.2105/AJPH.88.5.813.

21. Herrchen B, Gould JB, Nesbitt TS. Vital statistics linked birth/infant death and
hospital discharge record linkage for epidemiological studies. Comput
Biomed Res. 1997;30(4):290–305. https://doi.org/10.1006/cbmr.1997.1448.

22. Fluss R, Faraggi D, Reiser B. Estimation of the Youden index and its
associated cutoff point. Biom J. 2005;47(4):458–72. https://doi.org/10.1002/
bimj.200410135.

Handley et al. BMC Health Services Research          (2021) 21:538 Page 10 of 11

https://www.cdc.gov/reproductivehealth/maternalinfanthealth/severematernalmorbidity.html
https://www.cdc.gov/reproductivehealth/maternalinfanthealth/severematernalmorbidity.html
https://doi.org/10.1053/j.semperi.2017.07.007
https://doi.org/10.1053/j.semperi.2017.07.007
https://doi.org/10.1056/NEJM198207153070303
https://doi.org/10.1056/NEJM198207153070303
https://doi.org/10.1067/mob.2000.107357
https://doi.org/10.1067/mob.2001.114484
https://doi.org/10.1542/peds.109.5.745
https://doi.org/10.1542/peds.109.5.745
https://doi.org/10.1542/peds.2006-1964
https://doi.org/10.1056/NEJMsa065029
https://doi.org/10.1056/NEJMsa065029
https://doi.org/10.1542/peds.2011-2820
https://doi.org/10.1097/01.AOG.0000460770.99574.9f
https://doi.org/10.1055/s-0038-1672140
https://doi.org/10.1055/s-0038-1672140
https://doi.org/10.1097/AOG.0000000000003397
https://doi.org/10.1016/j.whi.2019.02.004
https://doi.org/10.1016/j.whi.2019.02.004
https://doi.org/10.1089/jwh.2017.6771
https://www.dshs.state.tx.us/legislative/2019-Reports/Strategic-Review-of-Neonatal-Level-of-Care-Designations-2019
https://www.dshs.state.tx.us/legislative/2019-Reports/Strategic-Review-of-Neonatal-Level-of-Care-Designations-2019
https://www.dshs.state.tx.us/legislative/2019-Reports/Strategic-Review-of-Neonatal-Level-of-Care-Designations-2019
https://doi.org/10.1023/A:1025492512915
https://doi.org/10.2105/AJPH.88.5.813
https://doi.org/10.1006/cbmr.1997.1448
https://doi.org/10.1002/bimj.200410135
https://doi.org/10.1002/bimj.200410135


23. Kozhimannil KB, Hung P, Casey MM, Lorch SA. Factors associated with high-
risk rural women giving birth in non-NICU hospital settings. J Perinatol.
2016;36(7):510–5. https://doi.org/10.1038/jp.2016.8.

24. Zahn CM, Remick A, Catalano A, Goodman D, Kilpatrick SJ, Menard MK.
Levels of maternal care verification pilot: translating guidance into practice.
Obstet Gynecol. 2018;132(6):1401–6. https://doi.org/10.1097/AOG.
0000000000002952.

25. Hung P, Kozhimannil K, Casey M, Henning-Smith C. State Variability in
Access to Hospital-Based Obstetric Services in Rural U.S. Counties. 2017.
Available from: https://rhrc.umn.edu/publication/state-variability-in-access-
to-hospital-based-obstetric-services-in-rural-u-s-counties/. Accessed 11 Feb
2020.

26. Hung P, Kozhimannil KB, Casey MM, Moscovice IS. Why are obstetric units in
rural hospitals closing their doors? Health Serv Res. 2016;51(4):1546–60.
https://doi.org/10.1111/1475-6773.12441.

27. Kozhimannil KB, Hung P, Henning-Smith C, Casey MM, Prasad S. Association
between loss of hospital-based obstetric services and birth outcomes in
rural counties in the United States. JAMA. 2018;319(12):1239–47. https://doi.
org/10.1001/jama.2018.1830.

28. Lorch SA, Srinivas SK, Ahlberg C, Small DS. The impact of obstetric unit
closures on maternal and infant pregnancy outcomes. Health Serv Res.
2013;48(2 PART1):455–75.

29. World Health Organization. Classification of Diseases (ICD). Available from:
https://www.who.int/standards/classifications/classification-of-diseases#.
Accessed 31 March 2021.

30. MacKenzie EJ, Hoyt DB, Sacra JC, Jurkovich GJ, Carlini AR, Teitelbaum SD,
et al. National Inventory of hospital trauma centers. JAMA. 2003;289(12):
1515–22. https://doi.org/10.1001/jama.289.12.1515.

31. American Academy of Pediatrics. AAP NICU Verification Program. Available
from: https://www.aap.org/en-us/advocacy-and-policy/aap-health-initiatives/
nicuverification/Pages/default.aspx. Accessed 11 Feb 2020.

32. American College of Surgeons. Search for Verified Trauma Centers. Available
from: https://www.facs.org/search/trauma-centers. Accessed 11 Feb 2020.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Handley et al. BMC Health Services Research          (2021) 21:538 Page 11 of 11

https://doi.org/10.1038/jp.2016.8
https://doi.org/10.1097/AOG.0000000000002952
https://doi.org/10.1097/AOG.0000000000002952
https://rhrc.umn.edu/publication/state-variability-in-access-to-hospital-based-obstetric-services-in-rural-u-s-counties/
https://rhrc.umn.edu/publication/state-variability-in-access-to-hospital-based-obstetric-services-in-rural-u-s-counties/
https://doi.org/10.1111/1475-6773.12441
https://doi.org/10.1001/jama.2018.1830
https://doi.org/10.1001/jama.2018.1830
https://www.who.int/standards/classifications/classification-of-diseases
https://doi.org/10.1001/jama.289.12.1515
https://www.aap.org/en-us/advocacy-and-policy/aap-health-initiatives/nicuverification/Pages/default.aspx
https://www.aap.org/en-us/advocacy-and-policy/aap-health-initiatives/nicuverification/Pages/default.aspx
https://www.facs.org/search/trauma-centers

	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Materials and methods
	Study design
	Study variables
	Level of maternal care
	Data analysis

	Results
	Discussion
	Strengths and limitations

	Conclusions
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

