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OBJECTIVE: To identify and quantify risk factors for
atonic postpartum hemorrhage.

DATA SOURCES: PubMed, CINAHL, EMBASE, Web of
Science, and and ClinicalTrials.gov databases were
searched for English language studies with no restrictions
on date or location. Studies included randomized trials,
prospective or retrospective cohort studies, and case—
control studies of pregnant patients who developed
atonic postpartum hemorrhage and reported at least one
risk factor.

METHODS OF STUDY SELECTION: Title, abstract, and
full-text screening were performed using the Raayan web
application. Of 1,239 records screened, 27 studies were
included in this review. Adjusted or unadjusted odds
ratios (ORs), relative risks, or rate ratios were recorded
or calculated. For each risk factor, a qualitative synthesis
of low and moderate risk of bias studies classifies the risk
factor as definite, likely, unclear, or not a risk factor. For
risk factors with sufficiently homogeneous definitions
and reference ranges, a quantitative meta-analysis of low
and moderate risk of bias studies was implemented to
estimate a combined OR.
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TABULATION, INTEGRATION, AND RESULTS: Forty-
seven potential risk factors for atonic postpartum hemor-
rhage were identified in this review, of which 15 were
judged definite or likely risk factors. The remaining 32
assessed risk factors showed no association with atonic
postpartum hemorrhage or had conflicting or unclear
evidence.

CONCLUSION: A substantial proportion of postpartum
hemorrhage occurs in the absence of recognized risk factors.
Many risk factors for atonic hemorrhage included in current
risk-assessment tools were confirmed, with the greatest risk
conferred by prior postpartum hemorrhage of any etiology,
placenta previa, placental abruption, uterine rupture, and
multiple gestation. Novel risk factors not currently included in
risk-assessment tools included hypertension, diabetes, and
ethnicity. Obesity and magnesium were not associated with
atonic postpartum hemorrhage in this review.

SYSTEMATIC REVIEW  REGISTRATION: PROSPERO,
CRD42020157521.

(Obstet Gynecol 2021;137:305-23)

DOI: 10.1097/A0G.0000000000004228

P ostpartum hemorrhage affects 3-10% of deliveries
and accounts for nearly 20% of maternal deaths
worldwide.!? Although there are many etiologies, uter-
ine atony is the most common and accounts for nearly
70% of cases. Patients who experience postpartum hem-
orrhage can have increased morbidity and mortality,
which can be attenuated by identifying patients at risk,
early preparation, and increased vigilance.!* Risk strati-
fication for postpartum hemorrhage is commonly per-
formed using an assessment tool from one of several
organizations, such as the California Maternal Quality
Care Collaborative, Association of Women’s Health,
Obstetric and Neonatal Nurses, or the American College
of Obstetricians and Gynecologists.”~” Although these
risk-assessment tools have the support of major medical
societies, recent evidence suggests that the tools have
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only moderate predictive value for severe hemorrhage in
the highest risk groups and that a significant portion of
hemorrhages (up to 43%) occur in those deemed low
risk.2 This limitation may be partly due to the tools’
development via expert consensus opinion and a lack
of systematically reviewed evidence to support or refute
the included risk factors. A recently published meta-
analysis that evaluated the association between maternal
demographics and comorbidities, and postpartum hem-
orrhage evaluated only four potential risk factors and
found body mass index, nulliparity, and hypertensive
disorders to confer risk of postpartum hemorrhage.!!
Additionally, existing tools assess the risk of all postpar-
tum hemorrhage etiologies simultaneously, which may
confound attempts at risk prediction because each etiol-
ogy of postpartum hemorrhage is likely associated with
different risk factors. Furthermore, current tools fail to
account for the relative contribution of each risk factor or
to provide mechanisms to quantify risk for a given
patient when more than one risk factor is present.
Because each etiology of postpartum hemorrhage likely
has a unique set of risk factors, evaluating each etiology
separately may improve the ability to delineate individ-
ual patient risk. The systematic identification and quan-
tification of risk factors for atonic postpartum
hemorrhage may allow the development of more reli-
able, weighted risk-stratification tools. Thus, this system-
atic review aimed to identify risk factors that increase the
odds of a patient developing postpartum hemorrhage
due only to uterine atony after vaginal or cesarean deliv-

ery.

SOURCES

This review follows the PRISMA (Preferred Report-
ing Items for Systematic Reviews and Meta-analyses)
statement!! and was registered with the PROSPERO
International Prospective Register for Systematic
Reviews (registration number CRD42020157521).

The PubMed (National Library of Medicine), CI-
NAHL (EBSCO), EMBASE (Ovid), Web of Science
(Clarivate), and ClinicalTrials.gov (National Institutes of
Health) databases were searched in November 2018 for
English language studies with no restrictions on date or
geographic location. PubMed MeSH headings included,
but were not limited to, postpartum hemorrhage; uterine
hemorrhage; uterine inertia; causality; epidemiology;
incidence; methylergonovine; misoprostol; oxytocin;
prevalence; probability; risk assessment; risk factors;
and risk, in addition to corresponding keywords (full
search strategies are shown in Appendix 1, available on-
line at http://links.Iww.com/AOG/C163). The PubMed
search was translated for CINAHL, EMBASE, Web of
Science, and clinicaltrials.gov.
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STUDY SELECTION

Eligibility for inclusion was limited to randomized
clinical trials, prospective or retrospective cohort studies,
and case—control studies written in the English language
with pregnant patients who developed postpartum
uterine atony or atonic postpartum hemorrhage. Defi-
nitions of atonic postpartum hemorrhage varied by
study and included some combination of clinical diag-
noses, second-line uterotonic administration, estimated
blood loss, need for transfusion, or International Classi-
fication of Diseases codes (Table 1). Studies were
excluded if they reported postpartum hemorrhage data
without specifying etiology or if they did not report the
incidence of at least one risk factor for postpartum hem-
orrhage in a uterine atony subgroup. Case reports, case
series, and unpublished meeting abstracts were
excluded. Two blinded authors screened abstracts, and
a third blinded author resolved conflicts. Full-text arti-
cles were obtained for all included abstracts. Full-text
article review was conducted by the same two blinded
authors, with conflicts resolved in the same manner.
Title, abstract, and full-text screening were performed
using the Raayan web application.!?

The risk of bias for each included study was assessed
using the Risk of Bias Assessment Tool for Nonrandom-
ized Studies.!3 This tool was chosen because of the non-
randomized nature of all included studies as well as its
scope in assessing multiple sources of bias, including
those related to selection, performance, detection, attri-
tion, and reporting. Six domains of risk of bias were
assessed, including: 1) selection of participants, 2) con-
founding variables, 3) measurement of exposure, 4)
blinding of outcome assessments, 5) incomplete outcome
data, and 6) selective outcome reporting. Bias scoring
proceeded after training each scorer on the assessment
tool to ensure good inter-rater reliability correlation. Two
authors (D.H.C., H.B.E.) independently assessed the risk
of bias for each study, with disagreements resolved by a
third blinded author (J.R.B.). Studies were found to have
a low risk of bias if they attained a low-risk classification
in all six evaluated domains. Studies were considered a
moderate risk of bias if at least one domain was rated
unclear risk (but no domains were rated high risk).
Finally, studies were found to have a high risk of bias
if at least one domain was rated high risk.

All data were collected independently by co-
investigators into a study spreadsheet and verified by a
separate author. In addition to baseline study character-
istics including country of origin, study design, the
number of patients, and inclusion and exclusion criteria,
data were collected on all risk factors for atonic post-
partum hemorrhage reported in the study. For each risk
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factor, adjusted or unadjusted odds ratios (aOR, uOR),
relative risks (aRR, uRR), or rate ratios (arr, urr) were
recorded when available. If not explicitly reported, uOR
and 95% CI were calculated with a 2X2 table using the
number of patients with and without a given risk factor
who developed atonic postpartum hemorrhage.!* The
primary outcome assessed in all studies was the OR,
RR, or rr of risk factors associated with atonic postpar-
tum hemorrhage. For each identified risk factor, low and
moderate risk of bias studies were synthesized qualita-
tively to label each risk factor as definite, likely, unclear,
or not a risk factor based on the number of total studies
evaluating the factor and percentage of studies showing a
positive association (Box 1). For risk factors with suffi-
ciently homogeneous definitions and reference ranges, a
quantitative meta-analysis of low and moderate risk of
bias studies was implemented to estimate a combined
OR. The inverse variance random effects method was
used for meta-analysis.!®> This method requires only
effect estimates (ie, OR or risk ratios) and their SEs.
The SEs were estimated by backtransforming the 95%
confidence limits using the standard normal distribution.
The DerSimonian-Laird estimator was used to estimate
the between-study variance in effects.!® Owing to the
rarity of uterine atony (and, thus, the near-equivalence
of the OR and RR), studies that reported a risk ratio were
included. Adjusted and unadjusted risk ratios and ORs
were included. The I? statistic and a Pvalue against the
null hypothesis (ie, I?=0) are reported for each subgroup.
The I? statistic represents the percentage of variability in
the effect estimates that is attributable to study heteroge-
neity (compared with sampling heterogeneity). Meta-
analysis was implemented in R 3.6.3 (https://www.r-pro-
ject.org), using the “metafor” 2.4 add-on package.

RESULTS

The database search revealed 1,977 total records, and
1,239 records were screened after removing duplicates.
After excluding 871 records based on title and abstract
review, 368 full-text articles were assessed for eligibility
(Fig. 1). Twenty-seven studies reported data for at least
one risk factor for atonic postpartum hemorrhage and
were included in the narrative summary. Of those, 19
studies contributed data to the qualitative synthesis and
13 to the meta-analysis. Table 1 summarizes the study
design, patient population, study definitions of postpar-
tum hemorrhage and uterine atony, and the risk factors
assessed in the included studies. The scoring for risk of
bias for each study is reported in Figure 2.

A total of 47 unique risk factors were identified in
the search: 15 relating to maternal history or demo-
graphics, 11 to maternal comorbidities, six pregnancy-
related factors, eight laborrelated factors, and seven
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delivery-related factors. For qualitative comparison, the
authors characterized each risk factor as definite, likely,
unclear, or not a risk factor based on the number of low
and moderate risk of bias studies that showed statistically
significant evidence that the risk factor was associated
with atony (Box 1).

Six variables were found to be definite risk factors for

atonic postpartum hemorrhage, based on either all low

and moderate risk of bias studies showing a positive
association (if at least three studies) or the majority of low

and moderate risk of bias studies showing a positive
association (if at least five studies). Definite risk factors

included being of Asian race, a history of prior post-
partum hemorrhage of any etiology in a previous
pregnancy, preexisting or gestational diabetes mellitus,
placental disorders (including retained placenta, placenta
previa, vasa previa, and placental abruption, but excluding
abnormal placentation), prolonged labor (as defined in
each study and presented in Appendix 2, available online

at _http://links.lww.com/AOG/C163), and genital tract
trauma sustained during delivery. An additional nine var-

iables were deemed likely associated with atonic postpar-
tum hemorrhage, and these included being of Hispanic
ethnicity, nulliparity, hypertensive diseases of pregnancy,
multiple gestation, chorioamnionitis, uterine rupture, pre-
delivery oxytocin exposure, induction of labor, and instru-
mented vaginal delivery. Some variables that are
traditionally considered risk factors for postpartum hem-
orrhage were not found to be associated specifically with
atonic postpartum hemorrhage in this review but may
confer risk for hemorrhage due to other etiologies.
These included maternal obesity, leiomyomas, polyhy-
dramnios, prolonged second stage of labor, magnesium
exposure, and cesarean delivery. Meta-analysis was im-
plemented for 24 risk factors with at least two low or
moderate risk of bias studies demonstrating homoge-
neous risk factor definitions and reference ranges (Figs.
3-7). Table 2 displays a summary of qualitative and
quantitative (where applicable) results for each risk fac-
tor. Appendix 2 (http://links.lww.com/AOG/C163),
includes a complete list of articles that report on each
risk factor and the statistical associations reported,
therein. A narrative summary of all risk factors, with
the explanations of qualitative and quantitative synthesis
results for each factor can be found in Appendix 3,
available online at http://links.lww.com/AOG/C163.
Further details on studies reporting on race or ethnicity
as risk factors for atonic postpartum hemorrhage, includ-
ing who classified each patient’s race, classifications
used, and data on missing data and “other” classifica-
tions, can be found in Appendix 4, available online at
http://links.lww.com/AOG/C163.
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Table 1. Summary of Article Characteristics

Author Study Rate of Atonic Mode of
and Year  Country Study Design Study Years No. of Patients PPH n (%) Delivery
Bateman et United Retrospective cohort 1995-2004 (2004 data 876,641 Atonic PPH: 20,353 VD

al, 2010" States for risk factor (2.3) CD

analysis)

Bateman et United Retrospective cohort 2000-2007 9,750 Atonic PPH: 201 VD

al, 201336 States Calcium channel 2.1 CD

blocker: 1,226

Bekabil et Ethiopia Prospective cohort 2012-2013 432 Atony: 16 (3.7) VD

al, 201537 Twin: 144 CD
Bryant* etal, United Retrospective cohort 2005-2008 2,488,974 Atonic PPH: 53,266 VD

201238 States (2.1 CD
Callaghan et United Retrospective cohort 1994-2006 10,481,197 Atonic PPH: 212, VD

al, 20103 States 00 (2) CD
Chalouhi* et United Retrospective cohort 2009-2012 1,062 Atony: 87 (8.2) VD

al, 201540 States
Driessen et France Prospective cohort 2004-2006 146,876 Atonic PPH: 4,550 VD

al, 20114 (3.1)
Feerasta et Pakistan Retrospective case— 1987-1997 332 NA (case—control) VD

al, 200042 control Case: 112, Control:

220

Foley et al,  United Retrospective cohort 2015 402 Atony: 195 (48.5) Cb

20184 States

(continued)
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Definition of
Atonic PPH

Risk Factors Assessed

Covariates Adjusted For

Exclusion Criteria

ICD code

ICD code

PPH: undefined
Atony: undefined
ICD code

ICD code

PPH: EBL

Atony: uterotonic*

PPH: EBL or Hgb drop
of more than 2 g per
dL

Atony: uterotonic’ or
other intervention,*
case report form to
elucidate etiology

PPH: undefined
Atony: undefined

PPH: EBL, Hgb drop,
transfusion
Atony: uterotonic

Age, mode of delivery, HDP,

diabetes, uterine leiomyoma, prior

CD, polyhydramnios,
chorioamnionitis, precipitous
delivery, long labor, medical
induction of labor, multiple

Logistic regression included all

risk factors assessed

Missing data on maternal age

gestation, stillbirth, antepartum
hemorrhage, retained placenta
Calcium channel blocker

Age, race, ethnicity, HDP, Preterm labor or preterm delivery,

administration

diabetes, obesity, renal disease,
leiomyomas, prior CD,
placenta previa, multiple
gestation, mode of delivery,
induction of labor

migraine, arrhythmia, angina,
Raynaud, exposure to multiple
antihypertensives, out of
hospital delivery, no diagnosis
of pre-existing or gestational

Multiple gestation

Race and ethnicity (African
American, Hispanic, Asian or
Pacific Islander)

Mode of delivery
Ethnicity (Native American)

Maternal age, BMI, prior PPH,
fibroma, hydramnios, parity,
multiple gestation, type of onset of
labor, epidural analgesia,
prolonged labor, oxytocin during
labor, prolonged expulsive efforts,
gestational age, instrumented VD,
prophylactic uterotonics, birth
weight

Parity, stillbirth or neonatal death,
prior PPH, prior CD, HDP,
antenatal anemia, multiple
gestation, history of preterm labor,
use of tocolytics, diabetes,
polyhydramnios, amnionitis,
uterine leiomyomas, induced
labor, augmented labor, prolonged
labor, mode of delivery,
precipitous delivery, epidural,
macrosomia

Predelivery oxytocin exposure

hypertension
None None

Induction of labor, multiple
gestation, polyhydramnios,
diabetes, chorioamnionitis,
stillbirth, grand multiparity,
preeclampsia, obesity,
leiomyomas, placental
abruption, placenta previa,
previous CD, chronic anemia,
retained placenta, prolonged

Race or ethnicity data missing or
coded as a category not
included in the study

labor
Age None
None Multiple gestation, preterm

delivery, coagulopathy
Incomplete data, CD, PPH of
etiology other than atony

Logistic regression included all
risk factors assessed

Logistic regression included all None
risk factors assessed

Nulliparity, hypertension,
diabetes, multiple gestation,
polyhydramnios, premature
rupture of membranes, preterm
rupture of membranes,
prolonged rupture of
membranes, placenta previa,
placental abruption,
chorioamnionitis, macrosomia

General anesthesia, postpartum
oxytocin dose not charted
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Table 1. Summary of Article Characteristics (continued)

Author Study Rate of Atonic Mode of
and Year  Country Study Design Study Years No. of Patients PPH n (%) Delivery
Grotegut* et United Retrospective case— 2000-2004 108 NA (case—control) VD
al, 201144 States control Case: 54, control: CD
54
Guillaume  France Retrospective cohort 2011-2013 7,810 Atonic PPH: 202 VD
et al, (2.6)
20154
Harvey* et United Retrospective cohort 1995-2013 243,693 Atonic PPH: 8,962 VD
al, 201746 States (3.7) CD
Joseph et al, Canada Retrospective case— 1998-2009 138,704 NA (case—control) VD
20154 control Case: 6,378, CD

control: 31,795

Kahr et al, Switzerland Prospective cohort 2015-2016 1,487 Atony: 71 (4.8) VD

201848 CD
Kovacheva  United Retrospective cohort 2009 345 Atony: 35 (10) Cb

et al, States

201349
Lao et al, Hong Kong  Retrospective cohort 1998-2008 64,886 Atonic PPH: 1,194 VD

201450 (1.8) CD
Looft et al,  Sweden Retrospective cohort 2008-2014 57,267 Atonic PPH: 2,659 VD

2017°1 (4.6)

(continued)
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Definition of
Atonic PPH

Risk Factors Assessed

Covariates Adjusted For

Exclusion Criteria

PPH: ICD+chart
review for
transfusion

Atony: uterotonic’ or
other intervention®

PPH: EBL

Atony: medical team
diagnosis

ICD code

ICD code

PPH: EBL or Hgb drop
Atony: undefined

PPH: Difference
between
preoperative and
postoperative
hematocrit

Atony: uterotonic®

PPH: EBL
Atony: undefined

ICD code

Predelivery oxytocin exposure, race,
BMI, admission hematocrit,
induction status, preeclampsia,
magnesium therapy,
chorioamnionitis

Cord blood collection

Ethnicity (Native Hawaiians and
Other Pacific Islanders, Asian,
White)

Maternal medication use
(antidepressants, aspirin,
nonsteroidal antiinflammatory
drugs, beta-agonists, and
antihistamines), multiple
pregnancies, placenta previa or
abruption, polyhydramnios,
prolonged labor, preeclampsia or
eclampsia, epidural, labor
induction, perineal trauma, uterine
rupture, mode of delivery,
chorioamnionitis, alcohol use
disorder, liver disease,
thrombocytopenia, asthma

Blood group O

Serum uric acid level

Maternal age

Length of the second stage
Length of pushing

Race, BMI, admission hematocrit,
induction status, magnesium
treatment, chorioamnionitis

Age, grand multiparity, diabetes,
induction of labor, long labor,
oxytocin augmentation,
prophylactic postpartum
oxytocin, instrumented
delivery, birth weight, vaginal
tearing, placental retention

Age, delivery type, prior CD,
smoking, obesity, substance
abuse, multiple gestation,
multiparity, HDP, diabetes,
labor induction,
polyhydramnios,
chorioamnionitis, placental
abruption, placenta previa,
prolonged labor

Age, welfare status, rural vs urban
residence, prior CD,
alcoholism, liver disease,
thrombocytopenia, multiple
gestation, preeclampsia,
polyhydramnios, placenta
previa, placental abruption,
epidural analgesia, labor
induction, prolonged first
stage, prolonged second stage,
mode of delivery, uterine
rupture, cervical laceration,
severe perineal tear,
chorioamnionitis

None

Uric acid level, use of
magnesium, duration of
oxytocin, polyhydramnios,
oligohydramnios,
chorioamnionitis, abnormal
placentation, gestational age,
birth weight

None

Age, height, BMI, smoking,
induction of labor, oxytocin
use during first stage of labor,
gestational age, birth weight

None

Multiple gestation, gestational
age less than 37 wk

Non-Hawaii residents, records
lacking race-ethnicity data,
race-ethnicity other than
Native Hawaiians and Other
Pacific Islanders, Asian, or
White

None

Gestational age less than 22 wk,
primary coagulopathy or
blood-clotting disorder, no
informed consent, maternal
age younger than 18 y

Multiple gestation, no serum uric
acid measured within 24 hours
of CD, incomplete medical
records, general anesthesia,
pre-existing coagulation
abnormalities, hyperuricemia
before pregnancy

Maternal age younger than 20 vy,
gestational age less than 24
wk, multiple gestation,
spontaneous miscarriage,
therapeutic abortion,
incomplete data

Noncephalic presentation, CD,
missing data
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Table 1. Summary of Article Characteristics (continued)

Author Study Rate of Atonic Mode of
and Year  Country Study Design Study Years No. of Patients PPH n (%) Delivery
Lutomski et Ireland Retrospective cohort 1999-2009 649,019 Atonic PPH: 12,800 VD
al, 201252 (2.0) CD
Marshall* et United Retrospective cohort 2012-2013 1,352,691 Atonic PPH: 31,549 VD
al, 201753 States (2.3) CD
Mehrabadi ~ Canada Retrospective cohort 2001-2010 371,193 Atonic PPH: Total VD
et al, number not CD
2013°4 reported
Oberg et al, Sweden Retrospective cohort 1997-2009 538,332 women, Atonic PPH: 17,818 VD (atonic PPH data
201455 914,939 (1.9) analyzed VD
pregnancies only)
Regalia etal, ltaly Retrospective cohort 1995-1999 10,756 Atony: 427 (4.0) VD
2001°°
Siddiqui* et United Retrospective cohort 2002-2013 21,898,501 Atonic PPH: VD
al, 201757 States 499,189 (2.3) CD
Tran et al, Canada Retrospective cohort 2013-2015 490 Atonic PPH: 80 (16) CD
2017°8
Vendittelli et France Prospective cohort 2011 129,110 Atonic PPH: 2,490 VD
al, 20169 (1.9) CD
Waheed et Pakistan Retrospective cohort 2006-2009 8,713 Atonic PPH: 93 VD
al, 201360 (1.1) CD
(continued)
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Definition of

Atonic PPH Risk Factors Assessed Covariates Adjusted For Exclusion Criteria
ICD code Maternal age, hypertension, diabetes, Age, marital status, None
mode of delivery, multiple socioeconomic status,
gestation, large fetus, episiotomy, hypertension, diabetes, mode
genital tract trauma, prolonged first of delivery, induction of labor,
stage, prolonged second stage, multiple gestation,
placental disorders, amniotic macrosomia, episiotomy,
cavity infection, polyhydramnios genital tract trauma, prolonged
labor, placenta previa, vasa
previa, placental abruption,
chorioamnionitis,
polyhydramnios
ICD code Race, parity None Incomplete data
ICD code Maternal age, parity, birthweight, Logistic regression included all Incomplete data
BMI, gestational age, smoking risk factors assessed
status, multiple gestation, mode of
delivery, prior CD, epidural
analgesia, induction, oxytocin
augmentation, uterine rupture,
third or fourth degree perineal tear,
high vaginal laceration, cervical
laceration, placenta previa,
placental abruption, breech,
transverse lie, polyhydramnios,
prolonged first stage, prolonged
second stage, preeclampsia,
chorioamnionitis, forceps,
vacuum, forceps and vacuum
ICD code History of PPH according to type Year of birth, age, civil status, Multiple gestation

PPH: undefined
Atony: undefined

ICD code

PPH: EBL and drop in

hct

Maternal age, BMI, gestational age,
parity, fetal weight, prior atony,
prior CD or uterine scar, uterine
leiomyomas, preeclampsia, fever
in labor, hydramnios, labor
induction, labor velocity of
progress, use of Kristeller
maneuvers, nonvertex cephalic
presentation

Ethnicity

Length of the oxytocin recovery
period, BMI

Atony: uterotonic’ or
other intervention*

PPH: EBL
Atony: undefined

PPH: EBL or change in

vital signs

Mode of delivery

Mode of delivery

Atony: medical team

diagnosis, uterine
massage,
uterotonic?

country of origin, chronic
hypertension, diabetes,
coagulopathy, leiomyomas

Logistic regression included all
risk factors assessed

None

Preeclampsia, chorioamnionitis,
morbid obesity, macrosomia,
multiple gestation,
polyhydramnios, oxytocin
induction, dose and duration of
oxytocin augmentation

None

None

Multiple gestation, placental risk
factors for PPH, gestational age
less than 35 wk, CD,
incomplete data

Ethnicity other than Caucasian or
Asian American and Pacific
Islander

Any mode of delivery other than
intrapartum CD for labor
arrest, women not receiving 2
h or more of oxytocin
augmentation during labor,
gestational age less than 37 or
more than 41 wk, PPH cause
other than atony, incomplete
data, general anesthesia

None

None
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Table 1. Summary of Article Characteristics (continued)

Author Study Rate of Atonic Mode of
and Year  Country Study Design Study Years No. of Patients PPH n (%) Delivery
Wetta* et al, United Secondary analysis of 2008-2010 1,798 Atony: 118 (6.6) VD

201361 randomized controlled

trial

States

PPH, postpartum hemorrhage; VD, vaginal delivery; CD, cesarean delivery; ICD, International Classification of Diseases; HDP, hypertensive
disorders of pregnancy; EBL, estimated blood loss; Hgb, hemoglobin; BMI, body mass index; hct, hematocrit; NA, not applicable.

" Article evaluates race or ethnicity as risk factor for atonic postpartum hemorrhage. Additional information regarding classifications of race
or ethnicity used, who classified patients, whether options were defined by participants or investigators, reasons race or ethnicity were
assessed, missing data, and “other” categories is presented in Appendix 4, http://links.lww.com/AOG/C163.

 Uterotonic administration was in addition to standard oxytocin therapy.

* “Other interventions” included the use of a Bakri balloon, uterine massage, uterine artery embolization, or surgical interventions.

DISCUSSION

This systematic review highlights several previously
unrecognized risk factors for atonic postpartum hemor-
rhage that are not included in current risk-assessment
tools, and it questions whether other risk factors used in
current tools are, in fact, supported by published
evidence. This review also provides further evidence
supporting the validity of many risk factors already
included in risk-stratification tools and provides quanti-
tative estimates of their contribution to atonic post-
partum hemorrhage risk. Although some risk factors
presented may cause postpartum hemorrhage indepen-
dently, for example genital tract trauma or abnormal
placentation, these factors also appear to contribute to
uterine atony, and, thus, are captured in this review.
Perhaps most importantly, current risk-assessment
tools fail to include some definite or likely risk factors
that appear to be well-established in the literature.
Hispanic ethnicity (OR 1.23, 95% CI 1.20-1.25) and
Asian race (OR 1.39, 95% 1.33-1.46) were associated
with atonic postpartum hemorrhage in this review and
are missing from current risk-assessment tools. The ORs
for ethnicity and race are comparable with those for
commonly cited risk factors, including induction of labor
(OR 1.23, 95% 1.10-1.39) and macrosomia (OR 1.46,
95% 1.35-1.57). Given the mounting evidence of dispar-
ities in the care of minority women, we may be failing to
anticipate the increased risk of postpartum hemorrhage
in these populations.!” These associations do not imply
causation, and it is unclear whether the underlying mech-
anism of these relationships are biological, social, or a
byproduct of disparities or systematic racism.'® Specific
attention must be paid when including race or ethnicity
in risk-prediction systems, because recent evidence sug-
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gests that these algorithms may perpetuate health care
disparities. 1920

Hypertensive disease (OR 1.84, 95% 1.45-2.33) and
diabetes mellitus (OR 1.22, 95% 1.08-1.39), both of
which are known to be associated with vascular and
perfusion abnormalities, also emerged as previously
underappreciated risk factors for atonic postpartum
hemorrhage.?!23 We hypothesize that the vascular path-
ophysiology of these diseases may contribute directly to
the development of atony and hemorrhage; however,
genetic susceptibility to both atony and hypertension
or diabetes in specific patient populations may also
explain this association and certainly warrants further
investigation.?#?> Interestingly, high vaginal lacerations
and cervical trauma are not included in current risk-
assessment tools. However, high vaginal and cervical
lacerations demonstrated higher OR than either instru-
mented delivery or perineal trauma, both of which are
included in the Association of Women’s Health, Obstet-
ric and Neonatal Nurses’ risk-stratification tool.®
Although nulliparity and prolonged first stage of labor
were found to be associated with atonic postpartum hem-
orthage and are not included in the current risk-
assessment tools, they may be associated with other risk
factors that are included, such as induction of labor, oxy-
tocin use, and chorioamnionitis. Of these factors,_cho-
rioamnionitis demonstrated the highest OR of 1.93
(95% CI 1.56-2.39) and may contribute significantly to
an increased risk associated with nulliparity or prolonged
first stage of labor. Finally, uterine rupture was found to
be associated with atonic postpartum hemorrhage.
Although not specifically described in the studies that
reported this association, hemorrhage attributable to
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Definition of

Atonic PPH Risk Factors Assessed Covariates Adjusted For Exclusion Criteria

PPH: EBL Age, oxytocin dose, BMI, ethnicity, Logistic regression included all Gestational age less than 24 wk,

Atony: medical team race, augmentation, induction, risk factors assessed CD, fetal demise, pulmonary
diagnosis birthweight, parity, preeclampsia, edema, coagulopathy,

magnesium use, twin gestation,
chorioamnionitis, hydramnios,
amnioinfusion, epidural
anesthesia, breastfeeding, artificial
rupture of membranes

cardiomyopathy

uterine atony presumably occurred after repair of the
uterine defect.

Additionally, some risk factors currently included in
risk-assessment tools are not supported by this literature
review of atonic postpartum hemorrhage, although an
association with other etiologies of postpartum hemor-
rhage would not be captured by this study. Prolonged
second stage of labor (which is included in nearly all risk-
assessment tools) did not emerge as a definite risk factor
for atonic postpartum hemorrhage in our systematic
review and meta-analysis, with combined OR 1.10 (95%
CI 0.82-1.48). Polyhydramnios did not emerge as a risk
factor for atonic postpartum hemorrhage in quantitative
analysis, with combined OR 1.29 (95% CI 0.94-1.76),
despite the historical identification of polyhydramnios as
a cause of atonic postpartum hemorrhage due to uterine

overdistention. Macrosomia and multiple gestation, which

Box 1. Defining the Strength of a Risk Factor

Definite
All' low and moderate risk of bias studies positive
(at least three studies)
Majority (more than 50%) low and moderate risk
of bias studies positive (at least five studies)
Likely
All low and moderate risk of bias studies positive
(two studies)
Majority (more than 50%) low and moderate risk
of bias studies positive (2—4 studies)
Unclear
All low and moderate risk of bias studies positive
(one study)
Low and moderate risk of bias studies show mixed
or conflicting results
A majority (more than 50%) of studies negative
but at least one low or moderate risk of bias
study positive
Not a risk factor
No low or moderate risk of bias studies positive
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are implicated by a similar mechanism, did demonstrate
increased risk with combined OR of 1.46 (95% CI 1.35-

1.57) and 2.16 (95% CI 1.53-3.06), respectively. Uterine
overdistention alone, however, may not fully explain the

Records identified
through database searching
(n=1,977)

Excluded duplicates
(n=738)

v

v
Records screened
(n=1,239)

Records excluded based
p|  on title and/or abstract
(n=871)

N

Full-text articles assessed
for eligibility
(n=368)

Full-text articles excluded
(n=341)

v

v

Studies included in
narrative reporting
(n=27)

Studies assessed as high
risk of bias and not included
in qualitative or
quantitative synthesis
(n=8)

v

v

Studies included in
qualitative synthesis
(n=19)

Studies with data too
heterogenous for
quantitative synthesis

v (n=6)
Studies included in
quantitative synthesis
(meta-analysis)
(n=13)

v

Fig. 1. Flow diagram of studies identified for systematic review.
Ende. Atonic Hemorrhage Risk Systematic Review. Obstet Gynecol 2021.
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Fig. 2. Risk of bias assessment. Risk of bias assessments were performed using the Risk of Bias Assessment Tool for Non-
randomized Studies.'® Green (+) indicates low risk of bias, blue (?) indicates unclear risk of bias, and red (X) indicates high
risk of bias. For the summary of risk of bias, studies were considered overall low risk of bias (green +) if they were classified
as low risk in all six domains. Studies were considered a moderate risk of bias (yellow —) if at least one domain was rated
unclear risk (but no domains were rated high risk) and high risk (red X) if at least one domain was rated high risk.
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variability in the risk of atony that is observed between
these three conditions. For example, multiple gestation
pregnancies are frequently due to in vitro fertilization,
which has been associated with increased risk of postpar-

tum hemorrhage possibly due to abnormalities of placen-
tal implantation and endometrial function.?® Additionally,
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there may be some underlying immunologic, vascular, or
genetic pathophysiology that overlaps with infertility and
atonic postpartum hemorrhage.?’-30

Obesity and magnesium exposure are additional
factors included in most risk-assessment tools; however,
neither showed associations with atonic postpartum
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>=72%, p = 0.03

hemorrhage in this review. It is possible that the
underlying conditions (ie, diabetes mellitus, hyperten-
sion) are the real risk factors, as discussed above, leaving
the clinical impression that obesity and magnesium
increase postpartum hemorrhage risk and leading some
studies to find a positive effect. Given the retrospective
nature of most included studies, however, magnesium
exposure and dosing may have been inadequately
captured, hindering the ability to demonstrate an asso-

ciation with atonic postpartum hemorrhage.
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Cesarean delivery and uterine leiomyomas are
included in the risk-assessment tools but were not found
to be associated with atonic postpartum hemorrhage by
either qualitative or quantitative analysis. Because intra-
partum cesarean delivery is associated with factors (eg,
prolonged labor and oxytocin exposure) shown to
increase the risk of atonic postpartum hemorrhage, this
may contribute to a positive association in studies or a
clinical impression that cesarean delivery is significantly
associated with atonic postpartum hemorrhage. The
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Fig. 6. Meta-analysis of labor-related risk factors. Forest plots of odds ratios (ORs) that were included in the quantitative
meta-analysis and the associated overall ORs. For each OR, the size of the gray square region is proportional to the cor-
responding study weight. Diamond-shaped intervals represent the overall ORs. I? represents the fraction of variability among
the individual ORs that cannot be explained by sampling variability. aOR, adjusted odds ratio; uOR, unadjusted odds ratio;
aRR, adjusted relative risk; uRR, unadjusted relative risk.
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occurrence of leiomyomas varies significantly in size,
location, vascularity, and previous surgical interven-
tions, which may influence the ability to determine the
significance of leiomyomas as a risk factor in published
studies.

Finally, many risk factors already included in
widely adopted risk-assessment tools are further con-
firmed in this systematic review as associated with
atonic postpartum hemorrhage—prior postpartum hem-
orrhage, multiple gestation, placental disorders (previa
or abruption), chorioamnionitis, predelivery oxytocin
exposure, induction of labor, prolonged labor, perineal
trauma, and instrumented vaginal delivery. Although
some of these factors (eg, abnormal placentation, birth
canal trauma) are etiologies for postpartum hemor-
rhage themselves, the evidence presented here suggests
that they are additionally associated with the develop-
ment of uterine atony. This evidence further supports
the inclusion of these factors when stratifying risk, and
our data may help health care professionals improve
tools by assigning a quantitative weight to risk factors
with a stronger association with atonic postpartum
hemorrhage. Additionally, current tools likely can be
further improved by more nuanced definitions of some
factors shown to have a robust association with atonic
postpartum hemorrhage. For example, further delinea-
tion of genital tract trauma may be warranted; although
episiotomy or perineal tear (OR 1.67, 95% 1.28-2.18)
is included in some current risk-assessment tools, high
vaginal laceration and cervical laceration are not (OR
2.19, 95% 1.13-4.24, and 5.70, 95% 2.56-12.67,
respectively).

The data for oxytocin exposure, which also are
already included in current risk-assessment tools, pre-
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sented the most significant challenge in the interpretation
of results for this systematic review. Although qualitative
synthesis suggested an association between predelivery
oxytocin exposure and atonic postpartum hemorrhage,
the meta-analysis failed to confirm the association (com-
bined OR 1.15, 95% 0.95-1.40). Importantly, two low risk
of bias studies were not included in the meta-analysis
because of heterogeneity in defining the exposure and
reference ranges (eg, evaluating oxytocin per unit dose).
With conflicting results, it is essential also to consider the
mechanism by which oxytocin likely contributes to atonic
postpartum hemorrhage, namely that tachyphylaxis to
oxytocin occurs during labor, thereby decreasing efficacy
of the primary drug used for the active management the
third stage of labor.3!-32 Further investigation is needed to
determine the cut-offs for the amount or duration of oxy-
tocin that leads to an increased risk of atony.

Although the risk-assessment tools may be refined
by adding, keeping or removing risk factors, the
individual weights and whether each individually or in
combination defines an individual patient’s postpartum
hemorrhage risk as moderate or high remains undeter-
mined. When preparing and allocating resources for
potential postpartum hemorrhage, the use of risk scores
that weigh the variable contribution of risk factors may
be preferable to the use of tools that merely collate a list
of diagnoses with many associated or overlapping risk
factors. To this end, recent headway has been made in
using statistical modeling and machine learning to pre-
dict postpartum hemorrhage.3* Notably, however, a sub-
stantial proportion of postpartum hemorrhage occurs in
the absence of recognized risk factors.

The strengths of this systematic review include
the systematic approach to identifying all publications
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Table 2. Summary of Qualitative and Quantitative Results for Assessed Risk Factors

Risk Factors Qualitative Synthesis Result Meta-Analysis Result [OR (95% CI)]
History and demographic

Young age Unclear Not applicable

Old age Unclear Not applicable

Hispanic Likely 1.23 (1.20-1.25)

Asian Definite 1.39 (1.33-1.46)

Native American Not Not applicable

Black or African American Unclear 1.00 (0.78-1.29)

Nulliparity Likely Not applicable

Prior postpartum hemorrhage Definite 2.25 (1.02-4.96)

Prior cesarean delivery Unclear 1.12 (0.96-1.32)

Blood group O Not Not applicable

Calcium channel blocker exposure Not Not applicable

Antidepressant exposure Unclear Not applicable

Aspirin exposure Not Not applicable

Nonsteroidal antiinflammatory drug exposure ~ Not Not applicable

Doxylamine exposure Not Not applicable
Maternal comorbidity

Hypertension Likely 1.84 (1.45-2.33)

Diabetes Definite 1.22 (1.08-1.39)

Anemia Unclear Not applicable

Obesity Not Not applicable

Leiomyomas Unclear 1.31 (0.55-3.10)

Liver disease Not Not applicable

Thrombocytopenia Not Not applicable

Asthma Not Not applicable

Elevated uric acid Unclear Not applicable

Alcohol use disorder Not Not applicable

Smoking Not Not applicable
Pregnancy-related

Polyhydramnios Unclear 1.29 (0.94-1.76)

Multiple gestation Likely 2.16 (1.53-3.06)

Malpresentation Unclear Not applicable

Macrosomia Unclear 1.46 (1.35-1.57) (more than 4,000 g)

Placental disorders (previa or abruption) Definite 2.74 (1.57-4.79)

Antepartum hemorrhage Unclear Not applicable

Stillbirth Unclear Not applicable
Labor-related

Chorioamnionitis Likely 1.93 (1.56-2.39)

Uterine rupture Likely 2.35 (1.65-3.35)

Predelivery oxytocin exposure Likely 1.15 (0.95-1.40)

Induction of labor Likely 1.23 (1.10-1.39)

Prolonged labor Definite 1.76 (1.53-2.03) (all labor)

1.31 (1.24-1.38) (1st stage)
1.10 (0.82-1.48) (2nd stage)

Epidural Unclear 0.94 (0.72-1.23)

Magnesium exposure Not Not applicable

Tocolytic exposure Not Not applicable
Delivery-related

Gestational age Not Not applicable

Genital tract trauma Definite 1.67 (1.28-2.18) (perineal laceration)

2.19 (1.13-4.24) (high vaginal laceration)
5.70 (2.56-12.67) (cervical laceration)

Instrumented vaginal delivery Likely 1.67 (1.40-2.00)
Cesarean delivery Unclear Not applicable
Cord blood collection Not Not applicable
Breastfeeding Not Not applicable

OR, odds ratio.
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that included risk factors for atonic postpartum
hemorrhage and the division of risk factors into
maternal, pregnancy-related, labor-related, and
delivery-related conditions to provide a logical pro-
gression of possible etiologies of atonic postpartum
hemorrhage. Finally, we evaluated each variable, both
qualitatively and quantitatively, to summarize a large
number of studies in a comprehensive review. The
results of this systematic review and meta-analysis,
however, must be considered in the context of several
limitations. First, we had to accept the authors’ defini-
tions of atonic postpartum hemorrhage, which varied
from study to study. The most common definitions in
large database studies were rather consistent, using
International Classification of Diseases codes for post-
partum hemorrhage due to atony. The variability
occurred primarily in the smaller studies, which used
definitions of postpartum hemorrhage that included
estimated blood loss, postpartum hemoglobin or
hematocrit drop, and clinical diagnosis, with addi-
tional definitions for the diagnosis of atony including
uterotonic administration, medical team diagnosis, or
other surgical interventions. These definitions repre-
sent a spectrum of pathology, and each study’s defini-
tion may have affected the magnitude of associations
of any given risk factor. Second, because all authors
were fluent only in English, we restricted our search to
English-language studies, which contributed to publi-
cation bias. Third, for thoroughness we did include in
the narrative summary studies with a high risk of bias;
however, we included only studies with a low or mod-
erate risk of bias when evaluating each risk factor,
both qualitatively and quantitatively. Fourth, the types
of effect estimates reported and the factors used to
adjust for potential confounding were heterogeneous
across studies. Additionally, nearly all reported ORs
and RRs reflect weak associations (range 1-2), which
are likely below the discriminatory ability of the
included cohort and case—control studies. These
observations may result from unmeasured bias or
confounding.?> Lastly, to summarize risk factors
qualitatively, we had to provide a unique definition to
categorize a risk factor as definite, likely, or unclear.
Although these definitions were created de novo for
this review, a post hoc evaluation revealed that for
those variables designated definite risk factors, all (six
of six) showed statistically significant combined OR.
Of the variables designated likely, eight of nine were
amenable to meta-analysis, and seven showed statisti-
cally significant increased odds of atonic postpartum
hemorrhage. Finally, 15 variables were classified as
unclear risk factors, with only six of those demonstrat-
ing data homogeneous enough for meta-analysis, and
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of those, only one (macrosomia) demonstrated a sta-
tistically significant OR.

In summary, this systematic review and meta-analysis
of risk factors for postpartum hemorrhage due to uterine
atony provides critical insights to help guide future
obstetric care. By more narrowly defining our focus to
only atonic postpartum hemorrhage, we aimed to provide
more definitive evidence supporting or refuting presumed
risk factors, given that each etiology of postpartum
hemorrhage likely has a unique set of contributing factors.
These findings should lead researchers and clinicians to
refine current risk-assessment tools further. Future tools
should include weighted values for risk factors or
modeling risk levels by the etiology of postpartum
hemorrhage. Finally, the genetic basis for postpartum

hemorrhage warrants further investigation and eventual
inclusion into risk-assessment tools.
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