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Abstract

Background The incidence of severe maternal morbidity (SMM) during childbirth is increasing in the United States. A better
characterization of risk factors for SMM may identify targets for improving maternal outcomes. This study aims to char-
acterize patient-, hospital-, and neighborhood-level factors associated with SMM during childbirth. Methods SMM during
childbirth was identified in the 2013-2014 State Inpatients Database for New York. Hospital and neighborhood character-
istics were abstracted from the American Hospital Association and the Area Health Resources files. Multilevel modeling
was used to identify factors associated with SMM, with and without blood transfusion, and its between-hospital variation.
Results 403,116 delivery-related discharges from 139 hospitals were analyzed; 1557 (0.39%) recorded SMM without blood
transfusion. In the final multilevel model, 7 patient-level factors were associated with a greater than fourfold increase in
the risk of SMM: pulmonary hypertension, postpartum hemorrhage, placenta accreta, chronic kidney disease, cardiac con-
duction disorders, emergent cesarean delivery, and preeclampsia. Three hospital-level factors were associated with SMM:
proportion of non-White patients, proportion of Medicaid beneficiaries, and coding intensity. No neighborhood-level fac-
tors were predictive of SMM. The proportion of variation in SMM explained by the model was 23.5 with 23.2% related to
patient-level factors. The model explained 55% of the between-hospital variation, primarily related to patient-level factors.
Similar results were observed for SMM with blood transfusion. Conclusions This study confirms the association between
patient-level factors and SMM. It identifies patient-level factors as the major driver of between-hospital variation in SMM.
Efforts to improve maternal outcomes should target patient-level factors.
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Significance

Patient- but not hospital- and neighborhood-level factors
significantly contribute to severe maternal morbidity dur-
ing childbirth. Improvement in maternal outcomes should
target patient-level factors.
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Introduction

The number of reported pregnancy-related deaths in the
United States has markedly increased during the las two
decaded, from 11.1 to 17.3 deaths per 100,000 live births
between 1993 and 2013, with very marked racial and ethnic
disparities (Creanga et al. 2017). This increase prompted
collaborative state- and nationwide initiatives to improve
maternal outcomes, such as the California Maternal Quality
Care Collaborative and the National Partnership for Mater-
nal Safety (D’Alton et al. 2014). Severe maternal morbidity
(SMM) during chilbirth is 100 times more frequent than
mortality, with a continuum between morbidity and mortal-
ity. In addition, SMM is likely more amendable to successful
interventions than events that result in death (Creanga et al.
2014). Similar to maternal mortality, the estimated incidence
of severe maternal morbidity during childbirth is increasing;
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it has tripled between 1993 and 1994 and 2013-2014, from
0.48 to 1.42% (Centers for Disease Control and Prevention).
Factors contributing to this disturbing trend include the
increase in average maternal age, chronic maternal comor-
bidities, cesarean deliveries, and complications of pregnancy
(Creanga et al. 2014).

Characterizating patient-, hospital-, and neighborhood-
level factors associated with the development of SMM has
the potential to lead to targeted interventions to improve
maternal outcomes. To date, studies on factors associated
with SMM have primarily examined patient-level factors.
Socioeconomic and racial disparities, advanced maternal
age, presence of chronic comorbidities, high-risk pregnancy,
induction of labor, and cesarean delivery are well estab-
lished risk factors for SMM (Creanga et al. 2014). Previous
research suggests that some hospital-level factors are associ-
ated with SMM such as non-teaching status, low neonatal
level-of-care designation, low volume of delivery, and high
proportion of minority patients (Creanga et al. 2014; Kyser
et al. 2012). In addition, the rate of SMM and other obstet-
rical outcomes vary considerably across hospitals (Cre-
anga et al. 2014; Glance et al. 2014; Grobman et al. 2014).
Factors associated with the between-hospital variation in
SMM have been little examined (Glance et al. 2014; Grob-
man et al. 2014). Finally, data also suggest an association
between SMM and some patient residency characteristics.
For example, longer driving time from home to hospital or
lower maternal-fetal medicine specialist density in the state
of residence have been associated with increased neonatal
and maternal mortality (Frolich et al. 2014; Ravelli et al.
2011; Sullivan et al. 2005). Analysis of adverse outcomes
in women clustered within hospitals requires advanced sta-
tistical techniques taking into consideration correlation of
women within hospitals, such as multilevel modeling. Mul-
tilevel modeling is also required to identify factors associ-
ated with the between hospital variation in SMM through
analysis of the between hospital variance (Birkmeyer et al.
2006; Glance et al. 2014). This study aimed to characterize
patient-, hospital- and neighborhood-level factors associated
with SMM during childbirth and SMM variation among hos-
pitals in New York State in 2013-2014.

Methods

The study protocol was reviewed by the Institutional
Review Board of Columbia University Medical Center and
was granted exemption under 45 Code of Federal Regula-
tion 46 (not human subjects research). The Strengthening
The Reporting of OBservational studies in Epidemiology
(STROBE) and the Reporting of studies Conducted using
Observational Routinely-collected health Data (RECORD)
statements were followed.

Study Sample

The study sample consisted of all discharges indicating
vaginal or cesarean delivery in New York State between
January 1, 2013 and December 31, 2014. Hospital dis-
charge records of the State Inpatient Databases (SID) for
New York were analyzed. SID are part of the Healthcare
Cost and Utilization Project sponsored by the Agency for
Healthcare Research and Quality. They capture all inpa-
tient discharges from non-federal acute care community
hospitals. For each discharge, the SID include patient
characteristics, Zone Improvement Plan (ZIP) and Fed-
eral Information Processing Standard (FIPS) state/county
codes of patient residence, one hospital identifier, and
up to 15 procedural and 25 diagnostic codes defined in
the International Classification of Diseases, Ninth Revi-
sion, Clinical Modification (ICD-9-CM). New York State
ranks third for the annual number of births and is the larg-
est HCUP state available. Hospital characteristics were
obtained from the American Hospital Association (AHA)
file 2013 and 2014, and patient county of residence char-
acteristics from the Area Health Resources (AHRF) file
2015-2016 release, respectively. AHA and AHRF data
were linked with SID patient-level data. We did not use the
2013-2014 HCUP National Inpatient Sample, a 20% rep-
resentative sample of inpatient discharges records, because
it does not allow linkage with other data sytems such as
the AHA and AHRF files.

Delivery-related discharges were identified with a com-
bination of ICD-9-CM diagnosis and procedure codes
as previously described (Supplemental Digital Content
Table S1) (Kuklina et al. 2008). Discharges were excluded
if the hospital identifier was missing, if the ZIP or FIPS
state/county codes of patient residence were missing or not
located in New York State, or if the patient was transferred
from another hospital.

Outcome Measures

The definition of SMM was adapted from the United
States Centers for Disease Control and Prevention, which
categorizes SMM as SMM with- or SMM without blood
transfusion (Supplemental Digital Content Table S2). In
this study, SMM included 22 conditions or procedures
for which the hospital length-of-stay was greater than the
90th percentile (3 days for vaginal delivery and 5 days for
cesarean delivery). The conditions and procedures were:
(1) acute myocardial infarction or ischemia, (2) acute renal
failure, (3) acute respiratory failure, (4) amniotic fluid
embolism, (5) aortic aneurysm and dissection, (6) cardiac
arrest, (7) disseminated intravascular coagulation, (8)
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eclampsia, (9) stroke, (10) heart failure, (11) anesthesia-
related complications, (12) severe sepsis and septic shock,
(13) sickle cell disease crisis, (14) pulmonary embolism,
(15) air embolism, (16) pyemic and septic embolism, (19)
hysterectomy, (20) tracheostomy, (21) mechanical ventila-
tion, and (22) blood product transfusion.

Patient-Level Factors

The following patient-level factors were recorded directly
from the SID: age, race or ethnicity, insurance type, median
household income for patient residence ZIP code, admission
for delivery during weekend, and admission type (elective
or non-elective).

The following preexisting maternal conditions were iden-
tified with specific ICD-9-CM codes (Supplemental Digital
Content Table S3): depression, bipolar disorders, drug use,
smoking, diabetes mellitus, hypertension, pulmonary hyper-
tension, heart valve disease, cardiac conduction disorders,
obesity, asthma, chronic kidney disease, and chronic hepati-
tis (including viral hepatitis). The following pregnancy and
delivery characteristics were also identified with specific
ICD-9-CM codes (Supplemental Digital Content Table S4):
gestational hypertension, preeclampsia, previous cesarean
delivery, pregnancy resulting from assisted-reproductive
technology, multiple gestation, abnormal presentation, fetal
macrosomia, polyhydramnios, chorioamnionitis, placenta
previa, placenta accreta, and postpartum hemorrhage. Preex-
isting maternal conditions or pregnancy characteristics with
< 10 cases in discharges recording SMM were not included
in the analysis.

Delivery was categorized as vaginal delivery after spon-
taneous labor, vaginal delivery after induced labor, non-
emergent cesarean delivery, or emergent cesarean delivery.
Labor, induction of labor and cesarean deliveries were iden-
tified with ICD-9-CM codes (Supplemental Digital Content
Table S5). Emergent cesarean delivery was defined as a
cesarean delivery with ICD-9-CM code indicating mater-
nal and fetal conditions requiring urgent delivery (abnormal
fetal heart rhythm, abruptio placenta, uterine rupture, umbil-
ical cord prolapse, and placenta previa with hemorrhage).

Hospital-Level Factors

The following hospital characteristics were obtained from
the SID: intensity of coding, annual volume of delivery,
cesarean section rate, percent non-White patients, percent
Medicaid/Medicare beneficiaries, and percent high-risk
pregnancy. For each hospital, the intensity of coding was
the mean number of diagnosis and procedure codes reported
per discharge record. High-risk pregnancies were defined
as a comorbidity index for obstetrics patients >2 (Bateman
et al. 2013).
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The following hospital characteristics were obtained from
the AHA file: hospital location (rural or urban), teaching
status, neonatal level-of-care designation (1, 2 or 3), resi-
dent- and nurse-to-bed ratio, and nurse mix. The following
definitions were used. The resident (nurse)-to-bed ratio was
the ratio of full-time equivalents (FTE) residents (nurses) to
the number of hospital beds. The nurse mix was the propor-
tion of FTE registered nurses among the total number of
FTE registered nurses and licensed practical nurses.

Neighborhood-Level Factors

Patient residence type based on Urban Influence Codes
(UIC) codes was obtained from the SID and categorized as
large metropolitan areas (at least 1 million residents), small
metropolitan areas (less than 1 million residents), micropoli-
tan areas, and not metropolitan or micropolitan. The distance
between the patient residence and hospital was calculated
as the distance between the centroids of the hospital and
patient ZIP codes.

The following patient county of residence characteristics
were obtained from the AHREF file: number of gynecologists/
obstetricians and anesthesiologists (per 10,000 deliveries);
percent births of teenagers and unmarried women; per-
cent female divorced, family with female head, and female
without health insurance; percent population foreign born,
with less than high school diploma, and non-White; median
household income; percent unemployed, food stamp benefi-
ciaries, and family below poverty level; percent house with-
out phone and with more than 1 person per room; percent
days with good quality air; death by homicide, AIDS, motor
vehicle accident, and suicide (per 100,000 residents).

Statistical Analysis

Results are expressed as number (% or per 10,000), mean
(1 standard deviation), or median (interquartile range). The
statistical analysis was performed with R version 3.0.2 (R
Foundation for Statistical Computing, Vienna, Austria) and
specifice packages (mice for multiple imputations).

Uni- and Multi-variable Analyses of Risk Factors
for SMM

Univariable comparisons between discharges with and with-
out SMM used Student’s t test for continuous variables and
the Chi square test for categorical variables. Unadjusted odds
ratios were calculated with univariable logistic regression.
To assess for clustering of patients within hospitals
and within county of residence, the intraclass correlation
coefficient (ICC) was calculated. An ICC greater than 5%
is substantive evidence of a clustering effect. In the cur-
rent study, the ICC for SMM without blood transfusion
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was 25.7% for hospital and < 1% for county of residence,
and for SMM with blood transfusion, 26.3 and < 1%,
respectively.

Multivariable analysis of risk factors for SMM used mul-
tilevel models. One model was developed for SMM without
blood transfusion and one for SMM with blood transfusion.
In these model, the fixed-effects included patient-, hospital-,
and neighborhood-level factors with a P-value <0.2 in the
univariable analysis. The number of cesarean deliveries was
not included because it was highly correlated with the num-
ber of deliveries (Pearson correlation coefficient > 0.9). The
relationship between continuous candidate predictors and
the risk of SMM was examined using the relationship
between the predictor and the logarithm of the odds of SMM
<log ﬁ) > Continuous predictors with a nonlinear relation-

ship were reduced to category data and predictors with a
linear relationship remained continuous in the analysis. The
random effect was the hospital identifier with the assumption
of a normally distributed intercept and a constant slope.
Multiple imputations were used to estimate missing data.
The selection of variables used a backward procedure with
a P-threshold of 0.05 for exclusion of variables. Performance
of the model was assessed with the c-index, and a calibration
plot.

The proportion of variation in SMM explained by the
model was assessed with R%. To estimate the amount of vari-
ation in SMM attributed to patient-, hospital-, and neigh-
borhood-level factors, successive multilevel models were
built by successively adding patient-, hospital-, and neigh-
borhood-level factors. The difference in R? between succes-
sive models estimates the amount of variation explained by
patient-, hospital-, and neighborhood-level factors.

Between-Hospital Variation in SMM

For each hospital, the indirectly standardized rate of SMM
rate was calculated as the ratio of the observed to the
expected (O/E) rates multiplied by the observed rate in the
study sample. The expected rate was the mean of the indi-
vidual probabilities of SMM for each hospital calculated
with the final multilevel model.

To estimate the amount of variation in SMM among hos-
pitals attributed to patient-, hospital-, and neighborhood-
level factors, successive multilevel models were built. First,
a model including the hospital identifier as a random effect
was fitted. Patient-, hospital-, and neighborhood-level were
successively added. The percent reduction in the standard
deviation of the between-hospital variance between succes-
sive models estimates the amount of variation between hos-
pitals related to patient-, hospital-, and neighborhood-level
factors.

Results

The final study sample included 403,116 delivery-related
discharges from 139 hospitals (Fig. 1). Twenty-eight per-
cent of women delivered in a hospital not located in their
county of residence. Thirty-four percent of deliveries
were cesarean deliveries and 8.6% were emergent cesar-
ean deliveries. The most frequent indication for emergent
cesarean delivery was abnormal fetal heart thythm (92%).

SMM without blood transfusion was recorded in 1557
discharges (38.6 per 10,000; 95% CI 36.7-40.6) and SMM
with blood transfusion in 2847 (70.6 per 10,000; 95% CI
68.1-73.3). The 3 most frequently recorded conditions and
procedures were blood transfusion (46.8 per 10,000), heart
failure (7.9 per 10,000), and disseminated intravascular
coagulation (7.7 per 10,000) (Table 1).

Univariable and Multivariable Analysis of Risk
Factors for SMM

In the univariable analyses comparing discharges with
and without SMM, higher risk of SMM was observed in
younger or older low-income minority women, women
with preexisitng or pregnancy-related conditions, in
women undergoing induction of labor or cesarean deliv-
ery, in women delivering in urban or teaching or level 3
hospitals, and in women living in deprived neighborhoods
(Supplemental Digital Content Tables S6 and S7).

In the final multilevel model for SMM without blood
transfusion (Table 2), 7 patient-level factors were associ-
ated with a greater than fourfold increase in the odds of
SMM. They included pulmonary hypertension (adjusted
odds ratio (aOR) 11.85), postpartum hemorrhage (aOR
11.37), placenta accreta (aOR 8.25), chronic kidney dis-
ease (aOR 7.46), cardiac conduction disorders (aOR 6.67),
emergent cesarean delivery (aOR 4.86), and preeclampsia
(aOR 4.56). Three hospital-level factors were associated
with SMM: proportion of non-white patients (aOR 1.011
per 1% increase), proportion of Medicaid/Medicare ben-
eficiaries (aOR 0.999 per 1% increase), and intensity of
coding (aOR 1.19 per 1-point increase). No neighborhood-
level factor was associated with SMM.

The total proportion of variation in SMM explained by
the model (R?) was 23.5% (Table 3); 23.3% was related
to patient-level factors. The c-index was 0.886 (95% CI
0.877-0.895), and calibration was good (Supplemental
Digital Content Fig. 1).

Similar results were observed for SMM with blood
transfusion (Tables 2, 3).
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Fig. 1 Selection of the study
sample (ZIP zone improvement
plan)

State Inpatient Databases for New York 2013-2014

456,771 delivery-related discharges

i — 2364 excluded

454,407 discharges with no missing hospital identifier

i —> 33,461 excluded

420,946 discharges with no missing patient ZIP or county codes

! — 8314 excluded

412,632 discharges with patient ZIP or county code in New York State

l — 9516 excluded

403,116 discharges in 139 hospitals with no transfer from another hospital

l

1557 discharges recording SMM without blood transfusion (38.6 per 10,000)
2847 discharges recording SMM with blood transfusion (70.6 per 10,000)

Between-Hospital Variation in SMM

Marked variation was observed across hospitals in SMM
with a median indirectly standardized rate of SMM without
blood transfusion of 37.5 per 10,000 (interquartile range:
24.2-43.4; extremes: 0-289.5). The model explained 55% of
the between-hospital variation (Table 3) which was mostly
accounted for by patient-level factors. Similar results were
observed for SMM with blood transfusion. The model
explained 50% of the between-hospital variation which was
mostly explained by patient-level factors.

Discussion

In this study, we aimed to identify patient-, hospital- and
neighborhood-level factors associated with in-hospital SMM
and its variation across hospitals. These factors could be
potential targets to develop interventions to improve mater-
nal safety. We confirm the role of patient-level factors in
the development of in-hospital SMM and report for the first
time that patient-level factors are the major driver of the
between-hospital variation in SMM. The 3 hospital-level
factors accounted for a small proportion of the variation
in SMM and we did not identify any neighborhood-level
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factors. Altogether, these findings indicate that improvement
in maternal outcomes should focus on antepartum and intra-
partum patient-level factors.

To the best of our knowledge, this study is the first to
simultaneously analyse the association betwwen patient-
,hospital-, and neighborhood-level factors and SMM using a
very large study sample and multilevel modeling to account
for the clusterd nature of the data. For the purpose of this
study, we adapted the validated definition developed by the
U.S. Centers for Disease Control and Prevention for nation-
wide surveillance purposes, associating specific conditions
or procedures and an excessive length of hospital stay (Cent-
ers for Disease Control and Prevention). Similar to nation-
and state-based studies, we identified blood transfusion,
heart failure, and disseminated intravascular coagulation as
the three most frequent conditions/procedures (Callaghan
et al. 2012; Centers for Disease Control and Prevention; Cre-
anga et al. 2015; Wanderer et al. 2013).

Increased morbidity and mortality is reported in moth-
ers living in disadvantaged neighborhoods and in moth-
ers with reduced access to health care such as those with
longer driving time to hospitals (de Graaf et al. 2012; Frol-
ich et al. 2014; Sullivan et al. 2005). We did not observe
an association between SMM and a comprehensive panel
of neighborhood-level characteristics, encompassing
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Table 1 Number and incidence of severe maternal morbidity (SMM)
in 403,116 delivery-related discharges in New York State 2013-2014

Number Incidence®

Blood transfusion 1888 46.8 (44.7-49.0)
Heart failure 320 7.9 (7.1-8.9)
Disseminated intravascular coagulation 310 7.7 (6.9-8.6)
Hysterectomy 265 6.6 (5.8-7.4)
Ventilation 263 6.5 (5.8-7.4)
Acute respiratory failure 248 6.1 (5.4-7.0)
Anesthesia-related complications 224 5.6 (4.8-6.3)
Acute renal failure 214 5.3 (4.6-6.1)
Sickle cell disease crisis 193 4.8 (4.1-5.5)
Eclampsia 56 1.4 (1.0-1.8)
Severe sepsis and septic shock 54 1.3 (1.0-1.7)
Clot, gas, or septic pulmonary embolism 43 1.1 (0.8-1.4)
Stroke 31 0.8 (0.5-1.1)
Cardiac arrest 26 0.6 (0.4-0.9)
Acute myocardial infarction or ischemia b -5(0.1-0.4)
Tracheostomy b -5(0.1-0.4)
Amniotic fluid embolism b -(0.1-0.3)
Aortic aneurysm and dissection b -(0.1-0.2)
SMM without blood transfusion 1557 38.6 (36.7-40.6)
SMM with blood transfusion 2847 70.6 (68.1-73.3)

In order to qualify as severe maternal morbidity, these procedure/con-
ditions must be associated with a hospital length-of-stay greater than
the 90th percentile

*Incidence is expressed per 10,000 discharges (exact 95% confidence
interval)

YBecause of HCUP data use agreement restrictions on small cell size,
the number of observed cases and exact proportions are not presented

neighborhood deprivation, access to care (medical density,
distance to hospital), and racial or migrant composition.
A possible explanation for this finding is the availability
of comprehensive health care throughout New York State.
For example, the number of active physicians in this state is
1.4 times the mean U.S. value (394 versus 273 per 100,000
residents, respectively). Similarly, the proportion of women
of reproductive age residing within 30-min driving times
to the nearest hospital offering perinatal services is 94% in
New York State compared with 87% in the United States
overall (Brown et al. 2014; Rayburn et al. 2012). Another
possible explanation is that our analysis examined the nar-
row time-period of hospitalization for delivery. We cannot
exclude that neighborhood deprivation or access to health
care has an influence on morbid events occurring outside the
secured hospital environment such as during pregnancy or
after discharge (de Graaf et al. 2013; Posthumus et al. 2016).

A higher proportion of minority women, lower propor-
tion of Medicaid beneficiaries, and higher intensity of cod-
ing were the three hospital-level factors associated with an
increased risk of SMM. Neither structural characteristic

(e.g. neonatal level-of-care designation or teaching status),
nor staffing pattern (e.g. nurse-to-bed ratio) or volume of
delivery were associated with SMM. This finding suggests,
as recently outlined, that “once in the hospital, the level of
care women receive is generally superb” (Clark and Belfort
2017). Our results seems to contradict the recent study by
Howell et al. in New York City who reported a lower risk of
SMM in teaching hospitals, hospitals with level 3 or 4 nurs-
eries, private ownership and high delivery volume (Howell
et al. 2016b). The study examined a small number of hospi-
tals (40) and a small number of patient- and hospital-level
factors, which may explain this discrepancy.

Worse maternal outcomes have been reported in women
who deliver in hospitals serving primarily ethnic minority
patients (Creanga et al. 2014). These hospitals have been
arbitrarily defined as hospitals in which the proportion of
deliveries of ethnic minority patients is greater than 50%.
Our results indicate that this dichotomization is an oversim-
plification and that the actual proportion of minority patients
should be considered when comparing maternal outcomes
across hospitals. Mechanisms underlying worse outcomes
in minority-serving hospitals are poorly understood. Recent
research suggests that minority patients may seek care in
lower quality hospitals (Howell et al. 20164, b).

The influence of insurance type on patient outcomes
within the same hospital has been recently examined in non-
obstetric patients (Spencer et al. 2013, 2015). On average,
lower mortality rates are observed in Medicaid beneficiar-
ies for medical conditions such as congestive heart failure,
stroke or pneumonia. We extend this finding to obstetric
patients and SMM. The reasons for improved maternal out-
come in hospitals with a high proportion of Medicaid benefi-
ciaries is unclear but research suggests that Medicaid status
may improve utilization of antenatal care (Anum et al. 2010;
Howell et al. 1991).

Rates of complications based on administrative data
depend on the intensity of /CD-9-CM coding in discharge
records. Coding indensity displays between-hospital and
geographical variations (Finkelstein et al. 2017). Our results
indicate that comparison of performance across hospitals
should be adjusted for the intensity of coding (Guglielmi-
notti et al. 2016).

In this study, patient-level factors were the main deter-
minant of the variation in SMM explained and in the vari-
ation in SMM among hospitals. This suggests that efforts
to reduce SMM and its between-hospital variation should
address patient-level factors. A greater than fourfold increase
in the risk of SMM was observed for seven factors, including
three preexisting conditions (pulmonary hypertension, car-
diac conduction disorders, and chronic kidney disease), two
pregnancy-associated conditions (preeclampsia, placenta
accreta), and two delivery characteristics (emergent cesar-
ean delivery, postpartum hemorrhage). The contribution of
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Table 2 Multivariable analysis of patient-, hospital-, and neighborhood-level risk factors for severe maternal morbidity (SMM) with and without
blood transfusion in 403,116 delivery-related discharges in New York State, 2013-2014

SMM without blood transfusion

SMM with blood transfusion

aOR (95% CI) P-value aOR (95% CI) P-value
Patient-level factors: socioeconomic status
Age (year)
<19 0.93 (0.71-1.22) 0.601 1.28 (1.07-1.52) 0.006
20-29 Reference Reference Reference Reference
30-39 1.20 (1.06-1.35) 0.003 1.09 (1.00-1.19) 0.06
> 40 1.86 (1.54-2.26) <0.001 1.48 (1.27-1.73) <0.001
Race/ethnicity
Non-Hispanic White Reference Reference Reference Reference
Non-Hispanic Black 2.05 (1.76-2.39) <0.001 1.90 (1.69-2.14) <0.001
Hispanic 1.16 (0.96-1.39) 0.117 1.12 (0.98-1.29) 0.10
Non-Hispanic Asian or Pacific Islander 1.03 (0.80-1.34) 0.792 1.15 (0.94-1.39) 0.17
Native American and Other 1.21 (1.01-1.46) 0.036 1.24 (1.08-1.42) 0.002
Insurance
Medicare/medicaid Reference Reference Reference Reference
Private insurance 0.84 (0.74-0.96) 0.008 0.87 (0.79-0.96) 0.04
Self-pay 0.89 (0.58-1.36) 0.592 1.09 (0.81-1.47) 0.57
No charge/other 0.80 (0.53-1.20) 0.289 0.94 (0.68-1.29) 0.68
Patient-level factors: preexisting maternal conditions
Diabetes mellitus NS NS 1.39 (1.10-1.76) 0.006
Hypertension 1.63 (1.35-1.97) <0.001 1.67 (1.44-1.95) <0.001
Depression 1.35 (1.03-1.79) 0.032 NS NS
Bipolar disorders 2.62 (1.85-3.70) <0.001 2.16 (1.62-2.89) <0.001
Drugs use NS NS 1.32 (1.04-1.69) 0.025
Pulmonary hypertension 11.85 (6.70-20.96) <0.001 11.13 (6.60-18.75) <0.001
Heart valve disease 2.27 (1.45-3.55) <0.001 2.32 (1.60-3.35) <0.001
Cardiac conduction disorders 6.67 (5.26-8.45) <0.001 5.61 (4.56-6.92) <0.001
Asthma 1.46 (1.23-1.73) <0.001 1.29 (1.12-1.48) <0.001
Chronic kidney disease 7.46 (5.53-10.06) <0.001 6.39 (4.93-8.29) <0.001
Patient-level factors: preexisting maternal conditions
Cardiac conduction disorders 6.67 (5.26-8.45) <0.001 5.61 (4.56-6.92) <0.001
Asthma 1.46 (1.23-1.73) <0.001 1.29 (1.12-1.48) <0.001
Chronic kidney disease 7.46 (5.53-10.06) <0.001 6.39 (4.93-8.29) <0.001
Patient-level factors: pregnancy characteristics
Gestational hypertension NS NS 1.43 (1.20-1.70) <0.001
Preeclampsia 4.56 (4.04-5.14) <0.001 4.97 (4.53-5.45) <0.001
Multiple gestation NS NS 1.89 (1.62-2.21) <0.001
Abnormal presentation 1.38 (1.20~1.60) <0.001 1.38 (1.23-1.56) <0.001
Fetal macrosomia 0.49 (0.33-0.72) <0.001 0.48 (0.35-0.65) <0.001
Polyhydramnios NS NS 1.77 (1.38-2.29) <0.001
Placenta previa 3.72 (2.68-5.18) <0.001 3.15(2.36-4.22) <0.001
Placenta accreta 8.25(5.72-11.88) <0.001 7.33 (5.41-9.92) <0.001
Patient-level factors: delivery characteristics
Elective admission 0.67 (0.58-0.78) <0.001 0.80 (0.71-0.90) <0.001
Chorioamnionitis 2.09 (1.71-2.56) <0.001 2.37 (2.04-2.76) <0.001
Postpartum hemorrhage 11.37 (10.11-12.78) <0.001 14.82 (13.58-16.17) <0.001
Type of delivery
Vaginal delivery after spontaneous labor Reference Reference Reference Reference
Vaginal delivery after induction of labor 2.19 (1.83-2.61) <0.001 2.01 (1.78-2.28) <0.001
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Table 2 (continued)
SMM without blood transfusion SMM with blood transfusion
aOR (95% CI) P-value aOR (95% CI) P-value
Nonemergent cesarean delivery 2.78 (2.40-3.23) <0.001 2.04 (1.83-2.27) <0.001
Emergent cesarean delivery 4.86 (4.17-5.68) <0.001 3.54 (3.16-3.98) <0.001
Hospital-level factors
Percent non-White (per 1% increase) 1.011 (1.006-1.016) <0.001 1.010 (1.006-1.014) <0.001
Percent Medicaid/Medicare beneficiaries (per 1%  0.990 (0.985-0.995) <0.001 0.993 (0.988-0.998) 0.009
increase)
Intensity of coding® (per 1-point increase) 1.19 (1.13-1.27) <0.001 1.20 (1.14-1.26) <0.001

aOR adjusted odds ratio, CI confidence interval, NS not significant in the final multilevel model

*The intensity of coding is the mean number of diagnosis and procedure codes reported per discharge per hospital

Table 3 Proportion of variation in severe maternal morbidity (SMM) with and without blood transfusion explained by the multilevel model (R?)
and variation in SMM among hospitals related to patient- and hospital-level characteristics

Description SMM without blood transfusion SMM with blood transfusion
R? Between-hospital Percent reduction ~ R?(%)  Between-hospital Percent reduction
variance (SD) variance (SD)

Model 1 ~ Empty model 43%  0.741 (0.861) - 4.8 0.767 (0.876) -
Model 2 + Socioeconomic status 5.9%  0.396 (0.629) —26.9% versus 1 5.9 0.438 (0.662) —24.4% versus 1
Model 3 + Preexisting conditions 9.8%  0.305 (0.552) —12.3% versus 2 9.0 0.355 (0.596) —9.9% versus 2
Model 4 + Pregnancy characteristics 14.7%  0.234 (0.483) —12.4% versus 3 14.9 0.287 (0.536) —10.1% versus 3
Model 5 + Delivery characteristics 23.3%  0.176 (0.420) —13.1% versus 4 25.2 0.239 (0.489) —8.7% versus 4
Model 6  + Hospital characteristics 23.5%  0.150 (0.388) —7.6% versus 5 25.3 0.195 (0.441) —9.7% versus 5

The proportion of variation in SMM explained (R?) and the between-hospital variance are estimated for each multilevel model. The percent
reduction in the standard deviation between successive models estimates the amount of variation between hospitals related to (1) socioeconomic
status (model 2), (2) preexisting maternal conditions (model 3), (3) pregnancy characteristics (model 4), (4) delivery characteristics (model 5),

and hospital characteristics (model 6)
SD standard deviation

preexisting maternal conditions, especially heart disease, to
SMM reemphasizes the need for preconception counseling
of these high-risk women and close monitoring during
pregnancy and labor in hospitals that can adress their health
needs. Cardiovascular conditions are now the leading cause
of ICU admission and maternal death in the United States
(Creanga et al. 2017; Kuklina and Callaghan 2011). The
American College of Obstetricians and Gynecologists into-
duced levels of maternal care in 2016 with the aim to provide
uniform designations that are complementary but distinct
from levels of neonatal care and that address maternal health
needs, thereby reducing maternal morbidity and mortality
(The American College of Obstetricians and Gynecologists
& The Society for Maternal Fetal Medicine 2015).

Our study also confirms the maternal risks associated
with hypertensive disorder of pregnancy and postpartum
hemorrhage and confirms the choice of the National Part-
nership for Maternal Safety to target these two conditions
(D’Alton et al. 2014). The increased risk of SMM associ-
ated with placenta accreta and emergent cesarean delivery,

highlights the American College of Obstetricians and
Gynecologists’ recommendations on the prevention of not-
clinically indicated cesarean delivery, including decision-
making based on fetal heart rhythm (American College of
Obstetricians Gynecologists and Society for Maternal-Fetal
Medicine 2014).

There are limitations to our study. First, our analysis
was restricted to delivery hospitalizations and excluded
postpartum hospitalizations. In addition to underestimating
SMM rate by excluding postpartum hospitalizations, we
could not determine whether risk factors for SMM during
postpartum hospitalizations, especially neighborhood-level
factors, differ from risk factors during delivery hospitaliza-
tions. Second, the analysis was limited to New York State
and our findings may not be generalizable to the rest of the
country. Socioeconomic characteristics of New York State
are different from the rest of the United States and may
influence maternal outcomes. For example, New York State
has a higher proportion of non-White population compared
with the US average (43 vs. 39%) and a lower proportion of
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uninsured (6 vs. 9%). Third, administrative data are for bill-
ing purpose and not as accurate as individual chart review
to identify women comorbidites or outcomes. In addition,
some factors that also contribute to maternal morbidity are
not availbale in these data. It includes the education level,
quality of antenatal care (e.g., start of antenatal care during
pregnancy or number of antenatal visits), and process of
care and delivery unit management practices in each hospi-
tal (Howell et al. 2014; Plough et al. 2017). It may explain
why our model explained only 23% of the variation in SMM
observed, suggesting that we did not identify the majority
of factor that contribute to SMM. Finally, the assignment of
certain characteristics as patient level is questionable. For
example race and socioeconmomic status are individual
indicators of macro social forces.

In conclusion, this study confirms the association between
patient-level factors and SMM during childbirth. It identifies
these factors as the major driver of between-hospital vari-
ation in SMM. Improvement of maternal outcomes should
target the seven patient-level factors identified in this study.
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