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Abstract

Background: Labor neuraxial analgesia may reduce the odds of postpartum hemorrhage,

the leading indication for maternal blood transfusion during childbirth. This study tested the
hypothesis that labor neuraxial analgesia is associated with reduced odds of maternal blood
transfusion overall.

Methods: US birth certificate data in Natality File of the National Vital Statistics System for all
50 states from 2015 to 2018 for vaginal and intrapartum cesarean deliveries were analyzed. The
exposure was labor neuraxial analgesia. The primary outcome was maternal blood transfusion,
recorded on the birth certificate, which has low sensitivity for this outcome. Adjusted odds
ratios (aOR) and 95% confidence intervals (CI) of blood transfusion associated with neuraxial
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analgesia were estimated using propensity-score matching. The aORs were estimated overall and
according to delivery mode, and treatment effect compared between vaginal and intrapartum
cesarean deliveries using an interaction term. Sensitivity analyses were performed using inverse
propensity-score weighting and quantitative bias analysis for outcome misclassification.

Results: Of the 12,503,042 deliveries analyzed, 9,479,291 (75.82%) were with neuraxial
analgesia and 42,485 (0.34%) involved maternal blood transfusion. After propensity-score
matching, the incidence of blood transfusion was 0.30% in women without neuraxial analgesia
(7907 of 2,589,493) and 0.20% in women with neuraxial analgesia (5225 of 2,589,493), yielding
an aOR of 0.87 (95% CI: 0.82, 0.91) overall. For intrapartum cesarean deliveries, the aOR was
0.55 (95% CI: 0.48, 0.64), and for vaginal deliveries 0.93 (95% CI: 0.88, 0.98; P-value for

the interaction term <0.001). Results were consistent in the sensitivity analyses, although the
quantitative bias analysis demonstrated wide variation in potential effect size point estimates.

Conclusions: Labor neuraxial analgesia may be associated with reduced odds of maternal
blood transfusion in intrapartum cesarean deliveries and, to a lesser extent, vaginal deliveries. The
specific effect size varies widely by delivery mode and is unclear given the poor sensitivity of the
dataset for the maternal transfusion primary outcome.

INTRODUCTION

Labor neuraxial analgesia (i.e., epidural, or combined spinal epidural analgesia) is the most
effective technique to alleviate pain during labor and is used in approximately 70% of US
births.12 Furthermore, labor neuraxial analgesia is suggested to be associated with reduced
odds of severe maternal morbidity. Severe maternal morbidity refers to unintended adverse
outcomes during childbirth, resulting in significant short- or long-term consequences to a
mother’s health.3

At least two pathways have been suggested for explaining the reduced odds of severe
maternal morbidity associated with labor neuraxial analgesia. First, for women who

gave birth vaginally, prior research reports that labor neuraxial analgesia is associated

with reduced odds of postpartum hemorrhage.#® As of 2022, postpartum hemorrhage

is the leading cause of preventable severe maternal morbidity and preventable maternal
mortality.5-8 Furthermore, postpartum hemorrhage is one of the leading indications for
blood product transfusion during childbirth and the postpartum.® Of concern, blood
transfusion in postpartum women is reported to be associated with increased odds of
transfusion reactions (e.g., transfusion related acute lung injury) compared to non-pregnant
women.10 Second, labor neuraxial analgesia may prevent the use of general anesthesia if

an intrapartum cesarean delivery is required; general anesthesia is associated with increased
odds of postpartum hemorrhage and maternal morbidity.11-13 The reported reduction in
odds of postpartum hemorrhage associated with labor neuraxial analgesia makes it plausible
to hypothesize that labor neuraxial analgesia is associated with reduced odds of blood
transfusion during childbirth. Using birth certificate data for vaginal and intrapartum
cesarean deliveries in the 50 states and the District of Columbia between 2015 and 2018,
we conducted this study to assess the association of labor neuraxial analgesia with maternal
blood transfusion.
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MATERIALS AND METHODS

Data system

The study protocol was deemed exempt by the Institutional Review Board of the Columbia
University Irving Medical Center. A data analysis and statistical plan was written and shared
before data were accessed with the funding agency (National Institute on Minority Health
and Health Disparities). The study follows the STROBE reporting guidelines. The currently
presented analysis was based on the initial analysis combined with changes made during the
peer review process.

We analyzed US birth certificate data contained in the restricted access Natality File of the
National Vital Statistics System (National Center for Health Statistics, Centers for Diseases
Control and Prevention). The Natality File is based on the 2003 revised US Standard
Certificate of Live Birth.14 As of January 2015, the 2003 revised US Standard Certificate of
Live Birth was implemented in the 50 US states and the District of Columbia. The Natality
File is a census of all live births in the U.S. and contains comprehensive information on the
mother, pregnancy, labor, and delivery. Residence and hospital county characteristics were
abstracted from the Area Health Resource File.1®

Study sample

Exposure

The study sample included birth certificates for vaginal and intrapartum cesarean deliveries
from January 2015 to December 2018. Non-intrapartum cesarean deliveries were excluded.
We identified vaginal and cesarean deliveries using a specific checkbox on the birth
certificate. Since the checkbox did not indicate whether a cesarean delivery was intrapartum
or not, we defined a cesarean delivery as intrapartum if associated with at least one of the
following characteristics indicating labor: 1) trial of labor attempted if previous cesarean
delivery; 2) induction of labor; 3) augmentation of labor; 4) antibiotics received by the
mother during labor; 5) and clinical chorioamnionitis diagnosed during labor or maternal
temperature >38°C during labor (Supplemental Digital Content Table 1). Exclusion criteria
were (Figure 1): 1) missing information on labor neuraxial analgesia; 2) missing information
on maternal outcome; 3) missing information on maternal race and ethnicity; 4) birth not
occurring in the state of residence; 5) birth not occurring in a hospital; 6) mother not
residing in the US; and 7) missing information on residence or hospital county.

The exposure of interest was labor neuraxial analgesia. In the birth certificate, it is reported
in a specific checkbox (“Epidural or spinal anesthesia during labor”) and defined as the
“administration to the mother of a regional anesthetic for control of the pain of labor

(i.e., delivery of the agent into a limited space with the distribution of the analgesic effect
limited to the lower body)’.18 The reported sensitivity of labor neuraxial analgesia in birth
certificate data in a study conducted in two states in 2009-2011 and in a study conducted
in New York City in 2013 was greater than 85%.17:18 The Natality File does not contain
detailed information on the type of labor neuraxial analgesia precluding the analysis of the
effect of neuraxial techniques (epidural or combined spinal epidural).
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Outcome measure

The outcome measure of interest was maternal blood transfusion, reported in a specific
checkbox, and defined as “infusion of whole blood or packed red blood cells associated
with labor and delivery”.16 The reported sensitivity and positive predictive value of blood
transfusion in birth certificate data in the state of Massachusetts in 2011-2013 were 12%
and 73% respectively.19 In a recent study analyzing birth certificate data from 2014 to
2016 in the United States, the reported incidence of blood transfusion was 0.3%.2° Birth
certificates do not contain codes of the /nternational Classification of Diseases, precluding
the assessment of severe maternal morbidity as defined by the US Centers for Disease
Control and Prevention (CDC).2

Maternal and hospital characteristics

We selected maternal and hospital characteristics for this study based on their plausible
association with labor neuraxial analgesia use or with maternal blood transfusion.

Maternal characteristics and comorbidities from the birth certificate data included: age (<
19, 20-29, 30-39, or = 40 years); race and ethnicity; education level (less than high school,
high-school with no diploma, high school graduate or general educational diploma, and
college or higher); health insurance (Medicaid, private, self-pay, or other); body mass index
(<18.4,18.5-24.9, 25.0-29.9, 30.0-34.9, or = 35 kg/m?); and preexisting or gestational
diabetes or hypertension. Maternal race and ethnicity included six mutually exclusive
groups: 1) non-Hispanic White (hereafter referred to as White); 2) non-Hispanic Black
(Black); 3) Hispanic; 4) non-Hispanic Asian, Native Hawaiian, and Other Pacific Islander
(Asian and Pacific Islander); 5) non-Hispanic American Indian and Alaskan Native (Native
American); 6) and more than one race. We acknowledge that race is a social construct, these
data have inherent limitations, and include the data given evidence of inequities and racism
in maternal and infant outcomes.??

We abstracted the following residence county characteristics from the Area Health Resource
File: location (urban, suburban, or rural); proportion of persons in poverty; and proportion
of persons unemployed.1> Area Health Resource File data for the year 2015 were used for
births in 2015 and 2016, and Area Health Resource File data for the year 2017 were used for
births in 2017 and 2018.

Obstetrical characteristics from the birth certificate data included: previous cesarean section;
month of gestation prenatal care began (15t -39, 4t —gth > 7t or no prenatal care);

number of prenatal visits; delivery during a weekend; mother transferred in (i.e., transfer
from another facility for maternal medical or fetal indications for delivery); nulliparous;
gestational age at delivery (< 33 weeks, 34-38 weeks, or = 39 weeks); multiple gestation;
non-cephalic presentation; induction of labor; augmentation of labor; antibiotics during
labor; chorioamnionitis; attendant at birth (doctor of Medicine, doctor of Osteopathy,
midwife, or other); and birth weight (< 2499 grams, 2500-4000 grams, or > 4000 grams).

We abstracted the following hospital county characteristics form the Area Health Resource
File file: location (urban, suburban, or rural); number of in-hospital births; number of
physician anesthesiologists (per 1000 in-hospital births); number of certified registered nurse
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anesthetists (per 1000 in-hospital births); and number of obstetricians and gynecologists (per
1000 in-hospital births). Area Health Resource File data for the year 2015 were used for
births in 2015 and 2016, and Area Health Resource File data for the year 2017 were used for
births in 2017 and 2018.

Statistical analysis

We performed the statistical analysis using R software version 3.6.2 (R Foundation for
Statistical Computing, Vienna, Austria) and specific packages (‘ Matching’ for matching,
‘survival for conditional logistic regression, and “episensr’ for probabilistic sensitivity
analysis).23

Descriptive statistics—We calculated the labor neuraxial analgesia rate overall, and
according to delivery mode (vaginal or intrapartum cesarean delivery) and maternal race

and ethnicity (White, Black, Hispanic, Asian and Pacific Islander, Native American, and
more than one race). We compared characteristics between women with and without labor
neuraxial analgesia using the absolute standardized difference, with a value greater than 10%
used to define a clinically important imbalance.24

Crude analysis—We calculated the incidence of blood transfusion in women with and
without labor neuraxial analgesia, overall and according to delivery mode. The crude risk
difference was calculated as the difference in blood transfusion incidence between women
with and without labor neuraxial analgesia. Crude odds ratios (OR) of blood transfusion
associated with labor neuraxial analgesia were estimated using univariate logistic regression
models overall, and according to delivery mode.

Adjusted analysis—We estimated the adjusted differences and adjusted ORs using the
propensity-score matching method, with the propensity score estimating the individual
probability of receiving labor neuraxial analgesia. We calculated the propensity score using
a fixed-effect logistic regression model, with labor neuraxial analgesia as the dependent
variable and 33 patient- and hospital-level characteristics as the independent variables
(Supplemental Digital Content Table 2). The propensity score was computed independently
for each of the four years of the study period. We performed a complete case analysis with
968,635 discharges excluded (7.7%). The matching procedure used the nearest neighbor
approach with a caliper of 0.001, one case matched to one control, and stratification
according to delivery mode and year of delivery. We assessed the balance after matching
using the absolute standardized difference. In propensity-score matched data, we estimated
adjusted ORs using conditional logistic regression models, overall and according to delivery
mode. We compared the odds of blood transfusion associated with labor neuraxial analgesia
between women who had a vaginal delivery and women who had an intrapartum cesarean
delivery using the regression coefficient of an interaction term between labor neuraxial
analgesia and delivery mode. We added to the models variables with a persistent imbalance
after matching (absolute standardized difference >10%). In a pre-planned sensitivity
analysis, we re-estimated the adjusted ORs of blood transfusion associated with labor
neuraxial analgesia using the inverse propensity-score weighting method. Weights were
stabilized and truncated at 1% and 99%.
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To assess potential bias due to unmeasured confounder, we calculated the E-value associated
with the adjusted OR of blood transfusion. The E-value estimates how strong an unmeasured
confounder (i.e., an unknown factor associated with both labor neuraxial analgesia and
blood transfusion) would need to be to explain away the observed association between labor
neuraxial analgesia and blood transfusion.?®> The lowest possible E-value is 1 and indicates
that no unmeasured confounding is needed to explain away the observed association. The
higher the E-value, the stronger the confounder must be to explain away the observed
association.

Subgroup analyses—To assess the robustness of our findings, we estimated the adjusted
ORs of blood transfusion associated with labor neuraxial analgesia in three subgroups of
women: 1) women at low risk of cesarean delivery defined as women with singleton,
head-first, term (37, 38, 49, 40, or 41 completed weeks) first births; 2) women at low
infectious risk defined as women who did not receive antibiotics during labor, had no
clinical chorioamnionitis diagnosed during labor, and had no temperature >38°C during
labor; and 3) women without comorbidities defined as women with no pre-existing or
gestational diabetes, no pre-existing or gestational hypertension, no pre-eclampsia, and no
eclampsia.

Sample size and study power—Since the study sample size was fixed, we estimated
the minimum detectable effect using this study sample. We expected to include about

10 million birth certificates for vaginal or intrapartum cesarean deliveries, including 7
million with labor neuraxial analgesia (70%). We expected to propensity score match 2.1
million birth certificates with labor neuraxial analgesia (30%) to 2.1 million birth certificates
without labor neuraxial analgesia. With an incidence of blood transfusion of 30 per 10,000
in certificates without labor neuraxial analgesia,2? a two-sided test at a significance level

of 0.05, our data would have 90% power to detect a minimum OR of blood transfusion
associated with labor neuraxial analgesia of 0.94 (or lower).26

Post hoc analyses—We performed two post hoc analyses suggested by the reviewers
to assess the degree of underreporting of blood transfusion in birth certificate data and

its impact on the adjusted odds ratio of maternal blood transfusion associated with labor
neuraxial analgesia. First, we estimated the incidence of blood transfusion using the
National Inpatient Sample from October 2015 to December 2018. The National Inpatient
Sample is a stratified 20% sample of all discharge records from community hospitals

in the United States,2” and blood product transfusion was identified using the CDC
algorithm based on 1ICD-10-CM codes.?! Second, we performed a probabilistic sensitivity
analysis to correct for outcome misclassification and the odds ratios of blood transfusion
associated with labor neuraxial analgesia.28 We performed this analysis in crude data

and in data weighted using the inverse propensity score weighting method using the
following assumptions: sensitivity of blood transfusion between 10 and 50% (uniform
distribution), specificity between 75 and 100% (uniform distribution), and non-differential
misclassification of blood transfusion between women who received labor neuraxial
analgesia and women who did not. Corrected median odds ratio (2.5-97.5™ percentile) of

Apnesthesiology. Author manuscript; available in PMC 2024 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

GUGLIELMINOTTI et al. Page 7

RESULTS

blood transfusion associated with labor neuraxial analgesia were estimated using 100,000
iterations.

Of the 12,503,042 birth certificates meeting inclusion and exclusion criteria for analysis,
2,532,011 (20.2%) were for intrapartum cesarean deliveries (Figure 1). The number of
births certificates with labor neuraxial analgesia was 9,479,291, yielding an overall labor
neuraxial analgesia rate of 75.82% (95% Cl: 75.79, 75.84). Labor neuraxial analgesia rate
was higher for intrapartum cesarean deliveries (90.77%; 95% ClI: 90.73, 90.81) than for
vaginal deliveries (72.02%; 95% CI: 71.99, 72.05). Among the six racial and ethnic groups,
Hispanic and Native American women had the lowest labor neuraxial analgesia rate (Table
1).

Compared to women delivering without labor neuraxial analgesia (Table 2), women
delivering with labor neuraxial analgesia had a higher education level, or private health
insurance, or lived in a county with lower unemployment rate. They had more often
gestational hypertension. They received an earlier initiation of prenatal care or had a higher
number of prenatal visits. They were more often nulliparous or with a previous cesarean
section, had an induction or augmentation of labor, and delivered more often in an urban
setting, or with a Doctor of Medicine as an attendant at birth.

Crude analysis

Before matching (Table 3), the incidence of blood transfusion was 30.6 per 10,000 in women
delivering without labor neuraxial analgesia and 35.1 per 10,000 in women delivering with
labor neuraxial analgesia, yielding a risk difference of +4.5 per 10,000 (95% ClI: 3.7, 5.2)
and a crude OR of 1.15 (95% CI:1.12, 1.17). The risk difference was —52.7 per 10,000 (95%
Cl: =57.4, -48.1) and a crude OR of 0.58 (95% CI: 0.55, 0.60) for intrapartum cesarean
deliveries and +0.3 per 10,000 (95% CI: -0.3, 1.0) and a crude OR of 1.01 (0.99, 1.04) for
vaginal deliveries.

Adjusted analysis

After propensity-score matching, 2,589,493 women delivering without labor neuraxial
analgesia were matched to 2,589,493 women delivering with labor neuraxial analgesia.
Among the 33 variables included in the propensity score, three had an absolute standardized
difference greater than 10% after matching (hospital county number of in-hospital births,
hospital county number of certified registered nurse anesthetists, and hospital state), and
were added to the conditional logistic regression model used to estimate the adjusted ORs
(Table 2 and Supplemental Digital Content Table 2).

After matching, the incidence of blood transfusion was 30.5 per 10,000 in women delivering
without labor neuraxial analgesia and 20.2 per 10,000 in women delivering with labor
neuraxial analgesia, yielding a risk difference of —10.4 per 10,000 (95% CI: -11.2, -9.5)
(Table 4). The adjusted OR of blood transfusion was 0.87 for women receiving labor
neuraxial analgesia (95% CI: 0.82, 0.91) compared to women without neuraxial analgesia,
with an associated E-value of 1.56. In the subgroup of women with intrapartum cesarean
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deliveries, the risk difference was —68.2 per 10,000 (95% CI. —=73.9, —62.5), the adjusted OR
was 0.55 (95% CI: 0.48, 0.64), and the associated E-value 3.04. In the subgroup of women
with vaginal deliveries, the risk difference was -5.2 per 10,000 (95% ClI: -6.0, —4.4,), the
adjusted OR was 0.93 (95% ClI: 0.88, 0.98), and the associated E-value 1.36. The regression
coefficient of the interaction term between labor neuraxial analgesia and delivery mode was
-0.40 (95% ClI: —0.48, —0.31), indicating lower odds of blood transfusion associated with
labor neuraxial analgesia in women who had an intrapartum cesarean delivery compared to
women who had a vaginal delivery.

Results were consistent when using the inverse propensity-score weighting method (Table
5 and Supplemental Digital Content Table 4). Using the weighting method, the regression
coefficient of the interaction term between labor neuraxial analgesia and delivery mode was
-0.31 (95% ClI: —0.36, —0.26), indicating lower odds of blood transfusion associated with
labor neuraxial analgesia in women who had an intrapartum cesarean delivery compared to
women who had a vaginal delivery.

Subgroup analyses

In the three subgroup analyses (Supplemental Table 5), labor neuraxial analgesia was
associated with a significantly decreased odds of blood transfusion in women who had an
intrapartum cesarean delivery and, to a lesser extent, in women who had a vaginal delivery.

Post hoc analyses

The incidence of blood product transfusion during delivery hospitalizations estimated using
the National Inpatient Sample was 1.1% (0.7% for vaginal deliveries and 2.1% for cesarean
deliveries), which is 3.7 times the incidence of blood transfusion in birth certificate data.
Results of the probabilistic sensitivity analysis for outcome misclassification (Table 6) were
consistent with results of the main analysis. Although the 2.5™ to 97.5™ percentile point
estimates varied widely, the range consistently demonstrated that labor neuraxial analgesia
was associated a lower adjusted odds of maternal transfusion.

DISCUSSION

In this national study of vaginal and intrapartum cesarean deliveries, labor neuraxial
analgesia was associated with reduced odds of maternal blood transfusion, although the
clinical significance and effect size of this observation varied by delivery mode. Results
were consistent in the sensitivity analyses.

Reduction in the odds of maternal blood transfusion was more pronounced in intrapartum
cesarean deliveries than in vaginal deliveries (45% vs. 7%). This difference between delivery
modes was consistent in the subgroups of women at low cesarean delivery risk, low
infectious risk, or without comorbidities (Supplemental Table 5). The small effect size for
vaginal deliveries raises legitimate concern about its clinical relevance and reproducibility.
Nevertheless, the reported effect size for maternal outcomes associated with labor neuraxial
analgesia for vaginal delivery varies with the outcome examined. For example, in a study
analyzing French data between 2004 and 2006, Driessen et al. reported 47% decreased

odds of severe postpartum hemorrhage, defined as a decrease in postpartum hemoglobin
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Limitations

concentration greater than 4g/dL, associated with labor neuraxial analgesia.* This marked
decrease contrast with another study analyzing New York State data between 2010 and 2017,
reporting a 14% decrease in the odds of severe maternal morbidity, as defined by the CDC,
and a 9% reduction in the odds of postpartum hemorrhage associated with labor neuraxial
analgesia.® In other words, the relatively small effect size for maternal blood transfusion
observed in vaginal deliveries does not preclude a greater effect size for other maternal
health outcomes.29 Similarly, we observed some differences in the odds of blood transfusion
between the main analysis using the propensity score matching method and the sensitivity
analysis using the inverse propensity score weighting method. For example, for intrapartum
cesarean deliveries, the reduction was 45% (95% CI: 36, 52) using matching (Table 4) and
37% (95% CI: 35, 39) using weighting (Table 5). While the matching procedure tends to
favor internal validity, the weighting procedure tends to favor external validity. In other
words, reproducing our study using another data system may yield an estimate close to the
one we obtained using the weighting method.

We cannot rule out with certainty other mechanisms rather than labor neuraxial analgesia
per sethat are responsible for the observed reduced odds of maternal blood transfusion.
Indeed, in a previous study from our group limited to vaginal deliveries, we reported that
labor neuraxial analgesia per se accounted for a small fraction of the reduced odds of severe
maternal morbidity observed in women who received labor neuraxial analgesia.® Other
possible mechanisms may include sustained monitoring of women with labor neuraxial
analgesia, enhancing early detection of blood loss immediately after childbirth; adequate
intravenous access and fluid resuscitation; and continuous anesthesia provider availability
and oversight of the process of labor and delivery and preparedness for acute events.3%:31 |n
other words, use of labor neuraxial analgesia could be a proxy for provision of high-quality
obstetric anesthesia care.

Our findings should be interpreted in the context of the significant limitations related

birth certificates data. First, these data provide no information on strong risk factors

for blood transfusion (e.g., anemia prior to pregnancy) or conditions associated with a
markedly increased risk of obstetric hemorrhage (e.g., placenta accreta disorders) exposing
the analysis to the risk of residual confounding. Second, the sensitivity of birth certificate
data to detect blood transfusion is low, as reflected by a transfusion rate of 0.3% in our study
contrasting with 1.1% in a nationally representative sample.19 Although our quantitative
bias analysis suggests that this underreporting did not affect the directionality of the
associations, we there is some uncertainty around the point estimate of the reduction of
blood transfusion associated with labor neuraxial analgesia. Third, because birth certificate
data do not provide a hospital identifier, we estimated hospital characteristics (e.g., number
of anesthesia providers) at the hospital-county level. While this approach may be accurate
for counties with only one hospital, it may not be accurate for counties with more than one
hospital. Last, because birth certificate data do not provide a patient identifier, the analysis
could not account for women who had more than one childbirth during the study period.
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Conclusion

Labor neuraxial analgesia may be associated with reduced odds of maternal blood
transfusion in intrapartum cesarean deliveries and, to a lesser extent, in vaginal deliveries.
The specific effect size varies widely by delivery type and is unclear given the poor
sensitivity of the dataset for the maternal transfusion primary outcome.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Natality File 2015-2018
15,611,133 birth certificates

| 2,406,753 birth certificates for non-intrapartum
cesarean deliveries excluded
v

13,204,380 birth certificates for vaginal and intrapartum cesarean
deliveries

701,338 birth certificates excluded (a)

v' Missing information on anesthesia care: 5215

v' Missing information on maternal outcome: 19,703
v' Missing information on maternal race and ethnicity:
N 114,956

Delivery not in the state of residence: 334,777

Not in-hospital birth: 250,094

Mother not residing in the US: 32,346

Missing information on residence county: 9049
Missing information on hospital county: 0

SNENENENAN

12,503,042 birth certificates for vaginal and intrapartum cesarean
deliveries without exclusion criteria

42,485 birth certificates recording blood transfusion or 34.0 per 10,000
(95% CI: 33.7, 34.3)

Figure 1:
Flowchart of the study.

(a) Reasons for exclusion are not mutually exclusive.
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Labor neuraxial analgesia rate according to maternal race and ethnicity (United States 2015-2018).

Table 1:

Page 13

Number of women

Number of women with labor
neuraxial analgesia

Labor neuraxial analgesia rate (95% CI)

All women
Non-Hispanic White
More than 1 race
Asian and Pacific Islander
Non-Hispanic Black
Hispanic

Native American

12,503,042
6,506,786
271,959
851,063
1,801,365
2,971,883
99,986

9,479,291
5,128,373
209,126
650,659
1,354,148
2,074,383
62,602

75.82% (75.79, 75.84)
78.82% (78.78, 78.85)
76.90% (76.74, 77.05)
76.45% (76.36, 76.54)
75.17% (75.11, 75.24)
69.80% (69.75, 69.85)
62.61% (62.31, 62.91)

Abbreviations: Cl: confidence interval.
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Table 4:

Page 20

Adjusted odds ratios of blood transfusion associated with labor neuraxial analgesia using the propensity-score
matching method (United States 2015-2018).

No labor neuraxial analgesia

Labor neuraxial analgesia

No. of No. of blood Incidence No. of No. of blood Incidence Difference Adjusted E-

women transfusion (Per 10,000; women transfusion (Per 10,000; (Per 10,000) | OR (95% value
95% ClI) 95% ClI) c (a) (b)

Vaginal and intrapartum cesarean deliveries

2,589,493 7907 30.5 (29.9, 2,589,493 5225 20.2 (19.6, -10.4 0.87 (0.82, 1.56
31.2) 20.7) 0.91)

Vaginal deliveries

2,378,466 5282 22.2 (21.6, 2,378,466 4039 17.0 (16.5, -5.2 0.93 (0.88, 1.36
22.8) 17.5) 0.98)

Intrapartum cesarean deliveries

211,027 2625 124.4 (119.7, | 211,027 1186 56.2 (53.1, -68.2 0.55 (0.48, 3.04
129.2) 59.5) 0.64)

Abbreviations: Cl: confidence interval; No.: number; OR: odds ratio.

@)

Estimated in propensity score matched data using a conditional logistic regression and further adjustment for 3 variables with a persistent

imbalance after matching: 1) Hospital county number of in-hospital births, 2) Hospital county number of certified registered nurse anesthetists, and

3) Hospital state.
o),

he E-value estimates how strong an unmeasured confounder would need to be to explain away the observed association between labor
neuraxial analgesia and blood transfusion, conditional of the measured covariates. The lowest possible E-value is 1 and indicates that no

unmeasured confounding is needed to explain away the observed association. The higher the E-value, the stronger the confounder association must
be to explain away the observed association.

Apnesthesiology. Author manuscript; available in PMC 2024 December 01.



Page 21

“BunyBiam Jalye PaAISS]O Sem douR[RgLUI ON S|9POW UoIssalBal ansiBo) paiyBiam Buisn parewnsy

®

"0118J SPPO *HO “48qUINU :"ON ‘[eAISIUI BOUSPIUOD D .SUOHEINIGQY

(590 '190) £90 | oz- | (o2 11062 | 8007l | sszoeeT | (65677 00T 6711 | 899€ | 622'61E
SaLIBNBD UBaIESad WnLeaelul
(680 'v80) 980 | se- | (22 '872) 122 | ver'st [ ose'oos9 | (9 '82) 952 | otes | zsel0e
SaLIBAIf3p [UIBEN
(€60 '68°0) 160 | ze- | (oee ‘6ze) e€e | cozee | woeeLs | (v '958) 59 | vese | 1199297
SalLIBAIfSp UBaIESad WinLIedeiul PUE Jeulben

@ 10 (000'0T (10 %56 uolsnjsuedy (10 %56 uoisnjsuesy
2656) HO pasnlpy 18d) 8oualayq ‘00007 48d) 82UapIou| poojq o ‘oN | uswom o ‘oN :000°0T 48d) 92UdpIdU| poojq 4o ‘oN | uswom o ‘oN
e1sebeue [eIxenau Joge] eisebeue [eIxednau Joge| oON

GUGLIELMINOTTI et al.

"0%66 PUR 94T 1e paresuns] pue pazijigels aiam siybiapn poyisw Bunybiam
2109s-Alsuadoud asianul ayy Buisn pajewnss visabjeue [eIXeInau 100e| YIIM PaleIoosse uolisnjsuel) poojq Jo soljel sppo palsnlpe yum sisAjeue A1IARISUSS

‘g 9|geL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Apnesthesiology. Author manuscript; available in PMC 2024 December 01.



1duosnuey Joyiny

GUGLIELMINOTTI et al.

Table 6:

Probabilistic sensitivity analysis to correct for outcome misclassification and the odds ratios of maternal blood

transfusion associated with labor neuraxial analgesia.

Observed OR (95% CI)

Median corrected OR (2.5-97.5t percentile) (8)

Crude data
Vaginal and intrapartum cesarean deliveries | 1.15 (1.12, 1.17)
Vaginal deliveries 1.01 (0.99, 1.04)
Intrapartum cesarean deliveries 0.58 (0.55, 0.60)

1.29 (L.14, 6.79)
1.04 (0.99, 1.61)
0.39 (0.03, 0.56)

Inverse propensity score weighted data
Vaginal and intrapartum cesarean deliveries | 0.91 (0.89, 0.93)
Vaginal deliveries 0.86 (0.84, 0.89)
Intrapartum cesarean deliveries 0.63 (0.61, 0.65)

0.84 (0.21, 0.91)
0.76 (0.14, 0.87)
0.46 (0.04, 0.62)

Abbreviations: Cl: confidence interval; OR: odds ratio.

a ] . - . . I o
()The following assumptions were used: sensitivity of blood transfusion between 10 and 50% (uniform distribution), specificity between 75 and
100% (uniform distribution), and non-differential misclassification of the outcome blood transfusion between women who received labor neuraxial

analgesia and women who did not. Corrected median odds ratio (2.5—97.5th percentile) of blood transfusion associated with labor neuraxial

1duosnuey Joyiny 1duosnuen Joyiny
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analgesia were estimated using 100,000 iterations.
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