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Abstract

BACKGROUND: Eliminating persistent racial/ethnic disparities in maternal mortality and 

morbidity is a public health priority. National strategies to improve maternal outcomes are 

increasingly focused on quality improvement collaboratives. However, the effectiveness of quality 

collaboratives for reducing racial disparities in maternity care is understudied.

OBJECTIVE: To evaluate the impact of a hemorrhage quality-improvement collaborative on 

racial disparities in severe maternal morbidity from hemorrhage.

STUDY DESIGN: We conducted a cross-sectional study from 2011 to 2016 among 99 hospitals 

that participated in a hemorrhage quality improvement collaborative in California. The focus 

of the quality collaborative was to implement the national maternal hemorrhage safety bundle 
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consisting of 17 evidence-based recommendations for practice and care processes known to 

improve outcomes. This analysis included 54,311 women from the baseline period (January 2011 

through December 2014) and 19,165 women from the postintervention period (October 2015 

through December 2016) with a diagnosis of obstetric hemorrhage during delivery hospitalization. 

We examined whether racial/ethnic-specific severe maternal morbidity rates in these women with 

obstetric hemorrhage were reduced from the baseline to the postintervention period. In addition, 

we conducted Poisson Generalized Estimating Equation models to estimate relative risks and 95% 

confidence intervals for severe maternal morbidity comparing each racial/ethnic group with white.

RESULTS: During the baseline period, the rate of severe maternal morbidity among women 

with hemorrhage was 22.1% (12,002/54,311) with the greatest rate observed among black 

women (28.6%, 973/3404), and the lowest among white women (19.8%, 3124/15,775). The 

overall rate fell to 18.5% (3553/19,165) in the postintervention period. Both black and white 

mothers benefited from the intervention, but the benefit among black women exceeded that 

of white women (9.0% vs 2.1% absolute rate reduction). The baseline risk of severe maternal 

morbidity was 1.34 times greater among black mothers compared with white mothers (relative 

risk, 1.34; 95% confidence interval, 1.27–1.42), and it was reduced to 1.22 (1.05–1.40) in the 

postintervention period. Sociodemographic and clinical factors explained a part of the black–

white differences. After controlling for these factors, the black–white relative risk was 1.22 

(95% confidence interval, 1.15–1.30) at baseline and narrowed to 1.07 (1.92–1.24) in the 

postintervention period. Results were similar when excluding severe maternal morbidity cases 

with transfusion alone. After accounting for maternal risk factors, the black–white relative risk 

for severe maternal morbidity excluding transfusion alone was reduced from a baseline of 1.33 

(95% confidence interval, 1.16–1.52) to 0.99 (0.76–1.29) in the postintervention period. The most 

important clinical risk factor for disparate black rates for both severe maternal morbidity and 

severe maternal morbidity excluding transfusion alone was cesarean delivery, potentially providing 

another opportunity for quality improvement.

CONCLUSION: A large-scale quality improvement collaborative reduced rates of severe 

maternal morbidity due to hemorrhage in all races and reduced the performance gap between black 

and white women. Improving access to highly effective treatments has the potential to decrease 

disparities for care-sensitive acute hospital-focused morbidities.
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Persistent racial/ethnic disparities in maternal mortality and morbidity exist in the United 

States.1–3 Black women continue to be 3–4 times more likely than white women to die 

during childbirth.2 Severe maternal morbidity (SMM) is a composite measure developed 

by the Centers for Disease Control and Prevention that includes diagnosis and procedure 

codes reflecting major complications in childbirth, such as pulmonary edema, renal failure, 

disseminated intravascular coagulation, hysterectomy, and transfusion.4 SMM is 50–100 

times more common than maternal death, affecting nearly 60,000 women each year in the 

United States.5,6 The risk of SMM for black women is twice that of white women, even 

after adjusting for sociodemographic factors and comorbidities.7 It is estimated that more 
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than one half of cases of maternal mortality and morbidity are preventable8–11 and could be 

sensitive to quality of care provided at delivery.12,13 Hemorrhage is the most common major 

complication of childbirth,14–17 the most preventable cause of maternal mortality,8 and by 

far the most frequent cause of SMM.18

Quality-improvement (QI)interventions may reduce disparities only if they improve quality 

of care and simultaneously reduce the performance gap between racial/ethnic groups.19 

Disparity reduction requires that vulnerable groups with a history of worse outcomes either 

receive a greater degree of benefit from the quality intervention or have greater access 

to the intervention. Otherwise, improvement efforts may compound existing disparities by 

preferentially advantaging white populations.20–23 Unfortunately, little is known about the 

impact of QI interventions on racial disparities in maternal outcomes.24

Our previous work25 demonstrated that a large-scale QI collaborative resulted in a 

significant reduction (>20%) in hemorrhage-related SMM following the implementation 

of a national hemorrhage safety bundle,18 whereas a comparison set of hospitals, not 

implementing the hemorrhage safety bundle, remained unchanged. In this report, we 

examine whether the QI collaborative would be able to reduce the gap between black and 

white rates of SMM from hemorrhage.

Materials and Methods

A multihospital quality collaborative focused on improving outcomes from obstetric 

hemorrhage was offered to all California hosptials.25 Ninety-nine hospitals averaging 

250,000 annual births choose to participate. The collaborative, led by the California 

Maternal Quality Care Collaborative (CMQCC), began in January 2015 with intensive 

activities lasting for 18 months. This report includes 6 additional months of collaborative 

data not presented in an earlier report25 and an analysis of results by race and ethnicity.

The emphasis of the quality collaborative was to implement the national maternal 

hemorrhage safety bundle consisting of 17 evidence-based recommendations for practice 

and care processes known to improve outcomes (Table 1).18 The implementation strategy 

was an adaptation of the Institute for Health Care Improvement collaborative model creating 

a community of learning, including 2 participant face-to-face meetings, and monthly check-

in calls. Hospitals were organized into small teams of 6–8 hospitals led by physician and 

nurse mentors who provided QI coaching.26 This involved monthly team support and advice 

for the assessment of barriers and improvement strategies. Baseline outcome data were 

collected for 48 months from January 2011 through December 2014. The postintervention 

period was from October 2015 to December 2016. We compared baseline outcome measures 

with those collected in the postintervention period to examine the effect of the intervention 

on SMM among the racial/ethnic groups.

There were 977,968 deliveries in the 4-year baseline period and 314,750 deliveries in 

the postintervention period, representing one half of all births in California. Obstetric 

hemorrhage was identified in approximately 6% of women in both time periods (56,865 

at baseline and 20,278 during the postintervention period). Obstetric hemorrhage was 
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defined as patients with International Statistical Classification of Diseases, Ninth and Tenth 
Revision diagnosis codes for antepartum or postpartum hemorrhage, placenta previa, and 

abruption placentae. Hemorrhage often is undercoded, which can be largely corrected by the 

addition of procedure codes for transfusion, given the very low rate of transfusion for other 

indications (codes are provided in Supplemental Table 1).

Discharge diagnosis and procedure codes were obtained from the CMQCC California 

Maternal Data Center. CMQCC uses a modified form of a previously published probabilistic 

algorithm to link maternal and newborn hospital discharge records with birth certificates.27 

Linkage rates routinely exceed 98%. The baseline hemorrhage population (56,865) in this 

study was slightly lower than reported in the initial study25 (57,320) after excluding 455 

(0.8%) because of nonlinkage to birth certificates resulting in missing sociodemographic 

factors. Birth certificates were received from the California Department of Public Health 

45 days after the end of each month. Discharge files were received from the Office 

of Statewide Health Planning and Development on a semiannual basis (delayed by 6–9 

months). Institutional review board approval was obtained from Stanford University as the 

study host and the California Committee for the Protection of Human Subjects for the use of 

the state data sets.

Self-reported race and ethnicity were obtained from birth certificates. All women were 

categorized into 1 of 3 ethnic groups (Hispanic, non-Hispanic, and unknown/missing), and 

1 of 7 racial groups (white, black, Asian, Pacific Islander, American Indian, other, and 

unknown). We collapsed the “Pacific Islander” and “American Indian” groups with the 

“other” category and created a 5-category race/ethnicity measure: Hispanic, non-Hispanic 

white (white), non-Hispanic black (black), Asian, and others. In total, 4.8% of women had 

an unknown or missing race or ethnicity and were removed from the analysis. The final 

sample for analysis consisted of 54,311 women in the baseline and 19,165 women in the 

postintervention period.

The main outcome measure was the rate of SMM among women diagnosed with 

hemorrhage. Corresponding International Statistical Classification of Diseases codes for 

SMM are listed on the Centers for Disease Control and Prevention website.4 Transfusion is 

the most common morbidity for SMM. To identify the effect on other morbidities, we also 

evaluated rates of SMM excluding transfusion-only cases. As transfusion is also part of the 

definition for hemorrhage (widely used in all state collaboratives in the AIM project and 

in the prior report),25 the addition of SMM without transfusion in the numerator provides 

additional perspective.

We considered the following risk factors for SMM from obstetric hemorrhage: mother’s 

sociodemographic characteristics (maternal age, education, parity, and insurance status), 

clinical factors (number of prenatal visits, pre-pregnancy body mass index, multiple 

pregnancy, chronic hypertension, gestational diabetes, previous cesarean delivery, labor 

induction, preterm birth), and method of delivery. All of these factors may contribute to 

racial inequalities in SMM among women with obstetric hemorrhage.
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Statistical analysis

We used the χ2 test to examine whether the distributions of maternal social demographic 

and clinical factors are different between race/ethnic groups and whether they are different 

in maternal cohorts in the baseline and postintervention period. We then assessed the risk 

of SMM among women with obstetric hemorrhage by study period and by race/ethnicity. 

Specifically, we constructed Poisson generalized estimating equation models with sandwich 

error estimation to estimate relative risks (RRs) and 95% confidence intervals (CIs) for 

SMM. A estimating equation is a population-average model that accounts for within-hospital 

nonindependence of observations. We calculated relative risk for SMM by race/ethnicity 

using white women as the reference, within each study period.

We constructed an initial unadjusted model and a series of adjusted models. The initial 

unadjusted model included study period (baseline vs postintervention), race/ethnicity, 

and their interaction term. We then developed risk-adjusted models by adding maternal 

sociodemographic and clinical factors. We first adjusted for each covariate separately 

and compared the effect estimates between the unadjusted model and the single-covariate 

adjusted model. We then constructed a fully adjusted model by adding all covariates in the 

following sequence: (1) sociodemographic factors, (2) clinical factors except for the method 

of delivery, and (3) method of delivery. We added method of delivery separately from the 

other clinical factors to the model because all the other characteristics could also affect the 

delivery method and thus further influence SMM. Lastly, we performed sensitivity analysis 

by excluding each covariate one at a time from the fully adjusted model and evaluated the 

changes of the effect estimates. These analytical models were applied for both SMM and 

SMM excluding transfusion-only cases. All statistical analyses were performed using SAS 

9.4 (SAS Institute Inc, Cary, NC).

Results

Participating hospitals were diverse in size, ownership, neonatal intensive care level, the 

volume of deliveries, patient payer mix, and geography and were representative of the state 

as a whole (Table 2). Among the 54,311 women with obstetric hemorrhage at baseline, 

42% were Hispanic, 29% were white, 15% were Asian, 5% were black, and 7% were 

other race/ethnicity. Racial/ethnic distribution in the postintervention period was similar to 

the baseline period. Maternal sociodemographic and clinical factors distributed differently 

across racial/ethnic groups (Table 3).

Overall reduction of SMM

Figure 1 shows the trend and the control chart of the quarterly SMM rate among all women 

with obstetric hemorrhage from 2011–2016. The total SMM rate in the baseline period 

was relatively stable (Figure 1, A). It dropped continuously after the initiation of the QI 

collaborative, and there was evidence of special cause of variation during the intervention 

and the postintervention period as illustrated by 4 consecutive points below the baseline 

lower control limit (3 standard deviations) and 8 consecutive points below the baseline 

average. The mean of the quarterly total SMM rate fell from 22.0% in the baseline to 18.6% 

in the postintervention period. The rate of SMM after excluding cases with transfusion alone 
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also improved (Figure 1, B), with the rate reduced from 6.9% in the baseline to 5.6% in the 

postintervention period.

The reduction of SMM rate was observed in every racial/ethnic group, with absolute risk 

reductions ranged from 1.0% (20.5% baseline to 19.5% postintervention) in Asian women 

to 9.0% (28.6% baseline to 19.6% postintervention) in black women (Figure 2, A). Black 

women in the postintervention period were 23% less likely to have SMM (adjusted RR, 

0.76; 95% CI, 0.65–0.89) as compared with those at baseline after adjusting for maternal 

sociodemographic and clinical factors. The rate of SMM after excluding transfusion-only 

cases also reduced in every racial/ethnic group (Figure 2, B). Although black women 

experienced the largest reduction (2.5% absolute rate reduction), their rate was still the 

greatest among all racial/ethnic groups in the postintervention period (6.9% vs 5.1–5.5%).

Risk adjustment models for comparing racial differences

We then assessed racial differences in the risk of SMM among women with obstetric 

hemorrhage, using white women as the reference. At baseline, black mothers were 

associated with a greater risk of SMM compared with white mothers (RR, 1.34; 95% CI, 

1.26–1.42) (Table 4, model 1). The baseline racial difference was significant even after 

adjusting for all of the sociodemographic and clinical factors (RR, 1.22; 95% CI, 1.15–1.30) 

(Table 4, model 4). In the postintervention period, the black–white RR decreased to 1.22 in 

the unadjusted model, although it remained significant (95% CI, 1.05–1.40) (Table 4, model 

1). However, once clinical factors and especially method of delivery (eg, cesarean) were 

added to the adjustment model, the racial difference were no longer significant (RR, 1.14; 

95% CI, 0.98–1.32) (Table 4, model 3), and (RR, 1.07; 95% CI, 0.92–1.24) (Table 4, model 

4). Among all the covariates, method of delivery influenced the black–white relative risk the 

most (Supplemental Tables 2 and 3).

Results for SMM excluding transfusion-only cases were similar. In this group of women, 

the racial/ethnic inequality between black and white women for SMM decreased from 

baseline (RR, 1.46; 95% CI, 1.30–1.65) to the postintervention period (RR, 1.22; 95% 

CI, 0.98–1.52, (Table 3, model 1). After adjusting for all of the covariates, the significant 

black–white differences at baseline (RR, 1.33; 95% CI, 1.16–1.52) were attenuated in 

the postintervention period (RR, 0.99; 95% CI, 0.76–1.28, (Table 4, model 4). Again, 

results from the single-covariate model and sensitivity analysis suggested that the method of 

delivery was the most influential covariate (Supplemental Tables 4 and 5).

Sensitivity analyses

Because some of the SMM diagnoses may not be directly related to excessive bleeding, 

we performed additional sensitivity analysis restricting our analyses to SMM diagnoses 

that had the strongest relationship to hemorrhage, including transfusion; acute renal failure; 

adult respiratory distress; cardiac arrest; disseminated intravascular coagulation; acute heart 

failure; pulmonary edema; shock; hysterectomy; and ventilation. Almost 99% of SMM cases 

and almost 93% of SMM cases excluding transfusion alone were related to hemorrhage, and 

all results were nearly identical to those presented (Supplemental Tables 6 and 7).
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Comment

Large variations in rates of SMM exist across hospitals in the United States.1 Both 

“within-hospital” and “between-hospital” disparities in SMM have been documented,13 and 

variations in the quality of care delivery have been shown to contribute to racial/ethnic 

disparities in SMM.28 Obstetric hemorrhage is an acute delivery event that accounts for 

approximately one half of SMM. Importantly, maternal deaths and severe complications 

from hemorrhage have been judged to have a high degree of preventability largely due 

to provider improvement opportunities.29 Therefore, reducing variations in clinical care 

processes by implementing standard protocols has the potential to both improve hemorrhage 

outcomes and concurrently reduce racial/ethnic disparities. Obstetric hemorrhage provides 

a useful model to explore the impact of QI efforts on reducing disparities in maternal 

outcomes.

Principal findings

In this cross-sectional study among women with obstetric hemorrhage in the 99 hospitals 

participated in the QI collaborative, we showed that SMM rate was reduced in every racial/

ethnic group after the intervention. Of particular notice, the risk of SMM was no longer 

greater in black women compared with white women in the postintervention period after 

accounting for sociodemographic and clinical factors. The marked improvement in black 

rates of SMM from hemorrhage and the narrowing of black–white difference are important 

findings suggesting QI efforts can be effective in both improving maternal outcomes and 

reducing inequities in care delivery for a specific medical condition.

Clinical implications

Results from adjusted analyses indicated that the remaining racial inequalities in SMM 

could be largely explained by controlled sociodemographic and clinical factors with the 

method of delivery being the most influential factor. Cesarean delivery has been estimated to 

be associated with a larger proportion of SMM than was any other risk factor.30 Currently, 

black women have greater rates of cesarean delivery compared with women in other race/

ethnic groups, but this difference only began in the 1990s.31 Reducing disparity in the 

cesarean rate, where possible, may allow further reduction in black–white difference in 

SMM from hemorrhage.

Blood transfusions are an important driver for SMM cases. The greater transfusion rate 

among black mothers may be partially related to greater rates of anemia among black 

women when presenting for delivery (2–6 times greater than white women).32–34 Anemia, 

in turn, increases the risk of transfusion, particularly in the setting of surgical delivery. 

Improved recognition and treatment of anemia before delivery may be another approach to 

reduce black–white disparity in SMM.

The subset of women with SMM excluding transfusion-only cases represents a group 

of women with potentially more severe diagnoses or procedures including hysterectomy, 

renal or respiratory failure. Among these women, a more pronounced narrowing of black–
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white difference was observed. Again, greater cesarean delivery rates among black women 

appeared to account for a large portion of the remaining difference in this group of women.

Research implications

QI has been suggested as an important approach to address racial/ethnic disparities.35 

However, in practice, QI efforts have been shown to have a variable impact on racial/ethnic 

disparities in outcomes.20–23,36 There is limited experience examining the potential for QI 

to reduce obstetric disparities. Our study provides several insights to better understand the 

application of QI for successful reduction of disparities.

First, QI efforts may have variable effectiveness because the focus of the intervention does 

not sufficiently address the primary sources of racial/ethnic disparities. Social determinants, 

underlying risk factors, structural racism, lack of trust and respect from providers, and 

the quality of the care received all contribute to disparities in maternal outcomes.13 In 

addition, specific causes of mortality and morbidity may be more or less amenable to QI 

efforts. Evaluating the relative contribution of these factors to performance gaps among 

racial/ethnic groups is important in designing effective interventions. We suggest, similar to 

Wise,37 that QI efforts for reducing disparities are the most likely to be successful when 

they (1) target care-sensitive conditions (2) for an acute process (3) where poor access to 

highly effective treatment (4) is the dominant reason for the morbidity. Management of 

obstetric hemorrhage offers such an example. Case reviews of SMM due to hemorrhage 

have consistently identified provider and system-related factors as the dominant contributors 

to adverse outcomes.8,38 At the same time, implementation of systematic approaches to 

management of hemorrhage have been shown to reduce rates of SMM.18,39 For other 

conditions that are less acute, more closely tied to patient risk factors and chronic exposure 

to racism, solutions will need to be more broadly based. We suggest that eliminating racial 

disparities will require appropriate matching between the source of disparity, the causal 

pathway and the intervention(s).

Limitations and strengths

The limitations of our study must be viewed in light of its design. As we were looking 

for population effects, we relied on administrative data for outcomes. However, we took 

extra steps for validation of outcomes including case reviews and outlier checks. The risk 

of coding variation was minimized by following the same hospitals with the same racial 

mix over time. Although we included a broad range of maternal risk factors associated with 

SMM in the adjusted model, we may not have accounted for unmeasured confounders. In 

addition, even with our very large number of mothers, we may have limited sample size for 

detecting statistical interactions.

Our study has several strengths. Self-reported racial/ethnic data were obtained from birth 

certificates, which are generally regarded as the gold standard. Our intervention reached a 

large sample of women and included a broad range of hospital sizes and affiliations that 

collectively care for more than 250,000 births annually. We focused on a defined subset of 

women diagnosed with hemorrhage that allowed us to deploy a clearly defined intervention 

bundle with nationally recognized outcome measures.

Main et al. Page 8

Am J Obstet Gynecol. Author manuscript; available in PMC 2022 March 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Conclusion

Our findings point to opportunities for reduction in black–white disparity for the most 

common maternity complication, hemorrhage, by implementing national safety bundles for 

prevention and response to obstetric hemorrhage. In addition, our data suggest that efforts 

to decrease the greater rate of cesarean deliveries among black women may show added 

benefit. The greater rate of anemia at labor admission in black women also provides a 

prenatal care improvement opportunity that could impact transfusion rates. These clinical 

efforts should be in parallel with efforts to reverse bias and racism in the medical system by 

treating black women with respect and dignity, better understanding their circumstances, and 

listening to and acting on their concerns. All of these approaches are necessary to address 

the persistent disparities that we see in obstetric care.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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AJOG at a Glance

Why was the study conducted?

It was not known whether a large-scale quality improvement collaborative could reduce 

racial disparity in severe maternal complications following obstetric hemorrhage.

Key Findings

In this cross-sectional study that included 73,476 women with obstetric hemorrhage from 

99 hospitals who participated in a hemorrhage quality improvement collaborative, the 

rate of severe maternal morbidity was reduced for all races. The black–white differences 

were no longer significant following case mix adjustment.

What does this add to what is known?

Maternal quality-improvement activities that focus on improving access to highly 

effective treatments have the potential to reduce racial disparities for care-sensitive acute 

hospital-focused morbidities such as hemorrhage.
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FIGURE 1. Control chart of quarterly rates for SMM, 2011–2016
A, SMM. B, SMM excluding cases with transfusion alone, 2011–2016.

SMM, severe maternal morbidity.
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FIGURE 2. Rates of SMM
Rate of A, SMM and B, SMM excluding cases with transfusion alone, by race/ethnicity 

and study period. Poisson generalized estimating equation model included study period, 

race/ethnicity, the interaction term between study period and race/ethnicity, and all of the 

maternal sociodemographic and clinical factors listed in Table 4.

adjRR, adjusted relative risk; CI, confidence interval. N, Number of denominator (women 

with obstetric hemorrhage); SMM, severe maternal morbidity.
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