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Abstract

OBJECTIVE: Our goal is to describe the association between total quantitative blood loss (QBL) and risk of obstetric

hemorrhage-related morbidity (OBH-M) in order to assess utility of the current definition of obstetric hemorrhage (OBH).

DESIGN: Retrospective cohort study. SETTING: Urban safety-net hospital in Boston, Massachusetts. POPULATION or

SAMPLE: Deliveries at our institution over a two-year period. METHODS: We categorized deliveries into ten equally sized

deciles based on QBL and compared the proportion with OBH-M in each. Among the two deciles with the highest proportions

of OBH-M, we stratified deliveries into seven groups of ascending intervals of 250cc QBL. Finally, we compared the positive

predictive value (PPV) of the standard definition of OBH (QBL [?] 1000cc) to a definition extrapolated from our stratified

analysis. MAIN OUTCOME MEASURES: The primary outcome was proportion of deliveries within each QBL decile affected

by OBH-M. The secondary outcome was PPV. RESULTS: We found a significant increase in OBH-M from decile 9 (895-1201cc

QBL) to decile 10 (1205-8325cc QBL) (p<0.001). In our stratified analysis, we found QBL of 1500cc to be an inflection point

for an increased proportion of OBH-M. Our secondary analysis showed an increased PPV for OBH-M using QBL of 1500cc

(20.5%) compared to that of QBL 1000cc (9.8%). CONCLUSIONS: Our findings suggest that a higher QBL threshold than

the currently accepted definition of OBH is more predictive of OBH-M.
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ABSTRACT [Word Count: 226]

OBJECTIVE: Our goal is to describe the association between total quantitative blood loss (QBL) and
risk of obstetric hemorrhage-related morbidity (OBH-M) in order to assess utility of the current definition
of obstetric hemorrhage (OBH).

DESIGN: Retrospective cohort study.

SETTING: Urban safety-net hospital in Boston, Massachusetts.

POPULATION or SAMPLE: Deliveries at our institution over a two-year period.

METHODS: We categorized deliveries into ten equally sized deciles based on QBL and compared the
proportion with OBH-M in each. Among the two deciles with the highest proportions of OBH-M, we
stratified deliveries into seven groups of ascending intervals of 250cc QBL. Finally, we compared the positive
predictive value (PPV) of the standard definition of OBH (QBL [?] 1000cc) to a definition extrapolated
from our stratified analysis.

MAIN OUTCOME MEASURES: The primary outcome was proportion of deliveries within each QBL
decile affected by OBH-M. The secondary outcome was PPV.

RESULTS: We found a significant increase in OBH-M from decile 9 (895-1201cc QBL) to decile 10 (1205-
8325cc QBL) (p<0.001). In our stratified analysis, we found QBL of 1500cc to be an inflection point for an
increased proportion of OBH-M. Our secondary analysis showed an increased PPV for OBH-M using QBL
of 1500cc (20.5%) compared to that of QBL 1000cc (9.8%).

CONCLUSIONS: Our findings suggest that a higher QBL threshold than the currently accepted definition
of OBH is more predictive of OBH-M.
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TWEETABLE ABSTRACT (110 CHARACTERS) : The QBL associated with severe morbidity may
be higher than the currently accepted definition of OBH.
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The goal of defining a blood loss threshold that defines a significant obstetrical hemorrhage (OBH) is to find
a sensitive and specific quantity of obstetrical bleeding that should trigger closer monitoring or interventions
to prevent perinatal morbidity and mortality.1 Historical definitions of obstetric hemorrhage have primarily
been based in expert-opinion rather than evidence-based thresholds of morbidity or mortality.2

The first proposed definition of postpartum hemorrhage traces back to a report published after an informal
meeting of experts in 1989 at the World Health Organization, which defined PPH as “greater than 500mL
blood loss from the genital tract after the delivery of a baby” but also acknowledged this as an “arbitrary
figure” and “not always of great clinical significance.”2,3 In 2014, as part of the “reVITALize” initiative,
the American College of Obstetricians and Gynecologists (ACOG) established a new definition of OBH as
1,000cc of cumulative blood loss regardless of route of delivery or specific vital sign changes associated with
blood loss.4 This initiative focused on decreasing morbidity and mortality by standardizing the obstetrical
definitions and approaches utilized by providers in the United States in the care of birthing people in labor.
However, while a small cohort of historical data from Pritchard et al., which followed peripartum patients
using 51 chromium labeled red cells, demonstrated mean losses to be around 500mL in vaginal deliveries
and around 1000mL in cesarean deliveries, there is little contemporary data that demonstrates a specific
association between obstetric blood loss of 1,000cc and clinically significant adverse perinatal outcomes.5

To address this “arbitrary” definition of OBH, we investigate the cumulative quantitative blood loss (QBL)
associated with increased risk of severe obstetric hemorrhage-related morbidity (OBH-M). We also seek to
compare the predictiveness for OBH-M of the current definition of OBH to an alternate definition derived
from our cohort.

METHODS

We performed a retrospective cohort study of all deliveries with a documented QBL from January 1, 2018, to
January 1, 2020. Institutional review board approval was obtained from Boston Medical Center and Boston
University School of Medicine.

At our institution, an interdisciplinary team implemented a postpartum hemorrhage bundle protocol in
2016 [Appendix S1]. It includes but is not limited to the following: unit preparation for obstetric hemor-
rhage, including simulations, hemorrhage risk assessment on admission [Appendix S2] and throughout the
intrapartum course, quantitative blood loss (QBL) for all deliveries, and a staged response to the QBL.

Information was gathered from department birth logs that are abstracted daily from the electronic medical
record for all deliveries. This includes information about maternal demographics, maternal medical and
obstetric history, antenatal course, intrapartum course, anesthesia type if any, and QBL. Additional infor-
mation was abstracted by trained chart abstractors into a standardized chart abstraction form using a secure
database.

We created an OBH-M composite of all cases associated with any of the following: (i) transfusion of any
blood products, (ii) intensive care unit admission, (iii) clinical, laboratory, or radiologic evidence of end-organ
damage (iv) hysterectomy, (v) operative intervention in the immediate postpartum period, (vi) uterine artery
embolization or (vii) maternal death. Individual deliveries were categorized into ten equally sized deciles
based on the total QBL. We then compared the proportion of obstetric-hemorrhage related morbidity within
each decile. Among the deciles with the highest proportions of OBH-M, we stratified deliveries into seven
groups with ascending intervals of 250cc QBL to interrogate a threshold of QBL associated with an increase
in association with a composite of obstetric hemorrhage-related morbidity (OBH-M). A significant point
in change of risk for OBH-M was established by sequentially conducting the ranked analysis and stratified
QBL-based analysis.

We then compared the standard definition of OBH ([?]1000cc) to the new definition extrapolated from our
stratified analysis ([?]1500cc). These tests included positive predictive value (PPV), negative predictive value
(NPV), sensitivity, specificity, and positive likelihood ratios (+LR). We utilized a McNemar test to compare
sensitivity and specificity and calculated a post-test probability calculation based on the +LR values. We
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also calculated an area under the ROC curve (AUC) for each definition and compared the AUCs with the
DeLong test.6 An alpha level of 0.05 was used to determine significance. All analyses were completed using
STATA MP, version 17 or IBM SPSS Statistics 27. 7,8

RESULTS

There were 5243 deliveries in 2018-2019 with a documented quantitative blood loss. Our patient cohort
characteristics are described in Table 1 (Table 1).

From our primary ranked analysis, we found that while there was a relatively stable low OBH-M frequency
in deciles 1 through 8, there was a sharp increase from a mean frequency of OBH-M of three percent in decile
9 (895-1201cc QBL) to thirteen percent in decile 10 (1205-8325cc QBL) (Figure 1). The difference between
decile 9 and 10 was found to be statistically significant (p<0.001).

As the range of significant inflection in OBH-M appeared to be contained within deciles 9 and 10, we then
compared OBH-M incidence of deliveries with a QBL greater than 750cc based on increments of 250cc QBL
(Table 2). We found that deliveries with a QBL from 750-1000cc had a 2.4 percent rate of OBH-M with only
a small increase to 3.7 percent for QBL ranging between 1001-1500cc (Table 2). There was a demonstrable
inflection where the rate of OBH-M roughly doubled with every 250cc QBL interval: 7.2 percent OBH-M for
QBL 1501-1750cc, 12.5 percent OBH-M for QBL 1751-2000cc, 25.0 percent OBH-M for QBL 2001-2250cc
and 84 percent OBH-M for QBL >2250cc.

We then compared this to the accepted definition of 1000cc for hemorrhage to the threshold of 1500cc. The
PPV for 1500cc was 20.5%, compared to 9.8% for 1000cc (Table 3). With a sample prevalence of 2.0% for
OBH-M within our cohort, there was an increased post-test probability of association of blood loss with
OBH-M by 12% after increasing the threshold for hemorrhage to 1500cc. While there was no statistical
significance when the AUC of each definition was compared with the DeLong test (p=0.104) (Table 3), the
“new” definition is clearly associated with an improved specificity at the cost of poorer sensitivity compared
to the standard definition [Appendix S3].

DICSCUSSION

Main Findings

Our findings suggest that the QBL threshold that constitutes a clinically significant inflection point for
increased association with OBH-M may be higher than suggested by currently accepted definitions of OBH.

Strengths and Limitations

A strength of our study was the use of equally sized decile groups for the analysis within our initial cohort
analysis as opposed to comparing groups by various QBL cutoffs. This allowed us to find an initial inflection
range of clinical significance in a less statistically arbitrary manner. Furthermore, as a hospital that was an
early participant in the implementation of obstetric hemorrhage bundles, we are able to assess QBL results
versus clinically important morbidities in a system with a standardized hemorrhage response. Finally, a
strength of our study was the use of data measured using quantitative blood loss methods; most prior
existing data informing clinical practices used blood loss quantified by visual estimation, which has been
shown to significantly underestimate large volume blood loss by as much as 33-50% when compared to direct
or quantitative measurement.9-12 Visually estimated blood loss is thus a poorly defined, inaccurate, and
unreliable means of measuring morbidity associated with obstetrical bleeding.

Our study also has limitations. We did not create any adjusted models that would account for possible
confounding factors that may impact either total blood loss or baseline risk for morbid outcomes. Future
studies should consider stratifying results by factors such as delivery mode and underlying co-morbidities.
We were also limited by only two years of data analyzed from a single institution with a population that
may not have outcomes that are generalizable to all birthing people. However, as other institutions start to
incorporate the use of postpartum hemorrhage bundle protocols that include the utilization of QBL, there
is a great opportunity to replicate this data in the future with larger multi-site cohorts.

4
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Interpretation

What is the purpose of defining obstetric hemorrhage? The primary goals are: 1) to establish a sensitive
blood loss threshold that triggers heightened clinical vigilance and 2) to establish aspecific indicator of severe
perinatal morbidity and mortality. Perhaps a QBL of 1000mL still functions well as a threshold that answers
to the first goal; it is sensitive and inclusive, and triggers heightened clinical vigilance and the consideration
of uterotonics or other interventions. At 1500 QBL, however, the incidence of OBH-M is up to 7%, which
is over three times the incidence of morbidity in the cohort at large and thus a more specific indicator for a
severe morbidity event. Establishing a tiered threshold of and a corresponding staged response to obstetric
hemorrhage may be a place to start in decreasing risk of and having accurate indicators for severe maternal
morbidities. Using QBL of 1500cc may also be a helpful criterion to use in future research studies regarding
OBH prevention and treatment.

CONCLUSION

Our study challenges the utility of the current accepted definition of obstetric hemorrhage and further demon-
strates that perhaps a single definition of obstetric hemorrhage is not enough.1Researchers and clinicians
should utilize the ample morbidity and blood loss data accessible to state or region-based perinatal quality
collaboratives and consortiums and international resources such as the World Health Organization Working
Group on Maternal Mortality and Morbidity to continue to more accurately describe blood loss thresholds
and confirm or update definitions to have the most optimum clinical utility.
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TABLES AND FIGURES CAPTION LIST

Figure 1. Frequency of Hemorrhage-Related Morbidity by QBL Deciles

Figure Caption: When the proportion of deliveries associated with obstetric hemorrhage-morbidity in the
9th decile (2.34% OBH-M) and 10thdecile (12.76% OBH-M) were compared, the p-value was found to be
<0.0001.

Table 1. Study Population Demographics

Table Caption :

Data are formatted n (%)

*Unanswered for 1410 patients

+Unknown for 17 patients

++Unanswered for 38 patients

Table 2. Hemorrhage-Related Morbidity for Deliveries with a QBL > 750cc

Table Caption: N/A

Table 3. Table 3. Accuracy of Definitions of Hemorrhage Based on Blood Loss Threshold

Table Caption :

*P value for both sensitivity and specificity were found to be <0.0001 using the McNemar test.
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+P value comparing AUC values was found to be 0.1042 by DeLong test

Supporting Information

Appendix S1. Boston Medical Center Obstetric Hemorrhage Bundle Components

Appendix Caption:

Outline of Boston Medical Center Institutional Bundle structure modeled from the following resources:

California Maternal Quality Care Collaborative Hemorrhage Toolkit in National Partnership for Maternal
Safety Hemorrhage Bundle Sections

Council on Patient Safety in Women’s Health Care’s Obstetric Hemorrhage Patient Safety Bundle

Appendix S2. Boston Medical Center Obstetric Hemorrhage Risk Assessment Tool

Appendix Caption: N/A

Appendix S3. Area Under the Curve of Two Definitions of Obstetric Hemorrhage

Appendix Caption: When the area under the ROC curve (AUCs) were compared using the DeLong test,
the P value was found to be 0.1042.
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