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Editor’s key points

† Risk factors for
haemorrhage-related
morbidity among women
undergoing Caesarean
delivery who develop
refractory uterine atony
are uncertain.

† This retrospective study
investigated these risk
factors exploring a large
US-based database.

† Identified risks were
African-American race,
Hispanic ethnicity,
multiple gestation,
placenta praevia, general
anaesthesia and ASA class
III or IV.

Background. Uterine atony (UA) is recognized as a leading cause of postpartum haemorrhage.
However, knowledge of risk factors of haemorrhage-related morbidity among patients
diagnosed with UA is uncertain. We investigated risk factors for haemorrhage-related
morbidity among patients undergoing Caesarean delivery with UA.

Methods. We conducted a secondary analysis of data sourced from a 4-yr observational
study at 19 US academic centres. Patients with UA were identified based on receiving
methylergonovine or carboprost. Our primary outcome (haemorrhage-related morbidity)
included a composite of intra- or postpartum transfusion; Caesarean hysterectomy; uterine or
hypogastric artery ligation; intensive care admission for: pulmonary oedema, coagulopathy,
adult respiratory distress syndrome, postoperative ventilation, or invasive line monitoring.

Results. Among 57 182 patients who underwent Caesarean delivery, 2294 (4%) patients
developed UA. Haemorrhage-related morbidity occurred in 450 (19.6%) patients with UA. The
risk of haemorrhage-related morbidity was increased among African-Americans [adjusted
odds ratio (aOR)¼2.36; 95% confidence interval (CI)¼1.73–3.23], Hispanics (aOR¼1.4; 95%
CI¼1.04–1.9), women with multiple gestations (aOR¼1.59; 95% CI¼1.06–2.38), placenta
praevia (aOR¼4.89; 95% CI¼3.04–7.87), patients with ASA class III (aOR¼1.4; 95 CI¼1.03–
1.9), or ASA class IV (aOR¼5.88; 95% CI¼2.48–13.9), exposure to general anaesthesia (GA)
(aOR¼2.4; 95% CI¼1.59–3.62) and combined general and regional anaesthesia (aOR¼4.0;
95% CI¼2.62–6.09), and ≥2 prior Caesarean deliveries (aOR¼1.62; 95% CI¼1.1–2.39).

Conclusions. Among patients with UA undergoing Caesarean delivery, the risk of haemorrhage-
related morbidity is increased in African-Americans, Hispanics, patients with multiple gestations,
placenta praevia, ASA class III or IV, ≥2 prior Caesarean deliveries and those undergoing GA.
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Patients undergoing Caesarean delivery are known to be at
increased risk of postpartum haemorrhage (PPH) compared
with patients undergoing vaginal delivery.1 – 3 As rates of
Caesarean delivery in the USA have steadily increased (from
20.7% in 1996 to 32.8% in 2010),4 it is speculated that the in-
creasing Caesarean delivery rate has contributed to increase
in the rate of PPH.5

Uterine atony (UA) is recognized as the leading cause of
PPH.5 – 8 During Caesarean delivery, pharmacological prophy-
laxis with uterotonic agents and manual measures (such as
uterine massage) is routinely performed to initiate adequate
uterine tone and reduce the risk of severe PPH. Despite the in-
corporation of these prophylactic measures into routine

clinical practice, refractory UA may occur during Caesarean
delivery requiring the use of second-line uterotonics (such
as methylergonovine or carboprost) and other surgical or
medical interventions (such as haemostatic brace suturing,
interventional radiology, or hysterectomy).9 10 In the setting
of refractory UA, women can experience major postpartum
bleeding and are at increased risk of severe haemorrhage-
related morbidity resulting from profound anaemia,
organ hypoperfusion, and complications resulting from inva-
sive medical or surgical intervention for haemorrhage
control.11 – 14

Risk factors for haemorrhage-related morbidity among
women who develop refractory UA are uncertain. Identifying
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specific risk factors for severe haemorrhage-related morbidity
may assist obstetricians and anaesthetists in using tailored
interventions and care strategies when managing patients
with refractory UA. The primary aim of this study was to inves-
tigate patient characteristic, obstetric, anaesthetic, and intra-
partum risk factors for severe haemorrhage-related morbidity
among women who experience UA during Caesarean delivery.

Methods
Study design and data sources

We performed a secondary analysis of data (Caesarean Regis-
try) sourced from a 4-yr observational study conducted by
the Eunice Kennedy Shriver National Institute of Child Health
and Development Maternal-Fetal Medicine Units (MFMU)
Network. Conducted between January 1, 1999 and December
31, 2002 at 19 US academic centres, this study investigated
the risk of uterine rupture in women with a prior Caesarean de-
livery undergoing a trial of labour compared with elective
repeat Caesarean delivery; full details of the methodology
and study design have been presented previously.15 This
study was exempt from Stanford University institutional
review board approval as the Caesarean Registry data set
contains de-identified data.

Within the Caesarean Registry, we identified 57 182 patients
who underwent Caesarean delivery. We excluded 13 259
patients who had a vaginal birth after prior Caesarean delivery.
We defined UA using an approach described in a previous
study of UA employing data from the Caesarean Registry.16

UA was determined by: (i) a recorded entry indicating a
clinical diagnosis of UA (recorded as a dichotomous variable)
and (ii) administration of a second-line uterotonic drug: methy-
lergonovine (methergine), carboprost (hemabate), or both
drugs in combination. Figure 1 shows the process of selection
for our study population. All participating centres within the
MFMU network use oxytocin infusion for atony prophylaxis.
Although patient-level data on prophylactic oxytocin dosing
regimens were not collected, standard prophylactic oxytocin
regimens have been described for a number of designated ob-
stetric centres: nine centres used oxytocin concentration¼20 U
litre21 (range¼125–250 ml h21), three centres used 40 U
litre21, and one centre used 10 U litre21.16

We selected surgical procedures and complications that
indicated haemorrhage-related morbidity or that occurred as
a consequence of haemorrhage-related morbidity. This con-
ceptual approach has been previously described in studies
examining indicators of severe maternal morbidity during de-
livery hospitalizations.12 17 In order to determine indicators
for haemorrhage-related morbidity, we reviewed morbidity
studies that included PPH and transfusion as indicators of
severe maternal morbidity12 14 17 and population-wide
studies of PPH that used blood transfusion and procedures to
control bleeding to identify women with severe pregnancy-
related morbidity.8 18 Indicators for haemorrhage-related
morbidity were then determined based on availability of data
within the Caesarean Registry. For our primary outcome,
we applied a composite measure for haemorrhage-related

morbidity, defined by the presence of any of the following:
intraoperative or postpartum red blood cell transfusion; Cae-
sarean hysterectomy; uterine artery ligation; hypogastric
artery ligation; or intensive care unit (ICU) admission for at
least one of the following criteria: pulmonary oedema, coagu-
lopathy, adult respiratory distress syndrome, postoperative
ventilation, presence of an arterial line or central line. The cri-
teria selected for ICU admission were based on studies that
have described interventions or complications linked to haem-
orrhage or transfusion related complications.19 Total esti-
mated blood loss was not reported in the Caesarean Registry.

We selected candidate variables as potential risk factors for
haemorrhage-related morbidity. Candidate variables included:
maternal age, race/ethnicity, BMI, gestational age at the
time of delivery, singleton/multiple gestation, pre-existing dia-
betes mellitus, hypertensive disorders of pregnancy, chor-
ioamnionitis, placental abruption, placenta praevia, number
of prior Caesarean deliveries, presence of labour or attempted
induction, ASA class, and mode of anaesthesia for Caesarean
delivery. In the Caesarean Registry, obstetric patients were
coded as ASA class II, III, or IVonly. Using World Health Organ-
ization (WHO) classification for BMI class,20 women were
grouped into five categories of BMI using height and weight
data taken at or within 2 weeks of delivery: normal weight or
underweight (,25), overweight (25–29.9), obese class I (30–
34.9), obese class II (35–39.9), and obese class III (40 or
more). Induction was defined by the presence of any of the fol-
lowing methods: artificial rupture of membranes, cervidil, foley
bulb, laminaria, misoprostol, oxytocin, or prostaglandin gel. We
classified modes of anaesthesia into five categories: general
and regional (spinal or epidural) anaesthesia, general
without regional anaesthesia, spinal anaesthesia, epidural an-
aesthesia, and spinal plus epidural anaesthesia.

Statistical analysis
Univariate analyses were performed using the x2 test for cat-
egorical data to assess the associations between candidate
variables and the composite outcome. Candidate variables
that were associated with the composite outcome on univari-
ate analysis (P≤0.2) were included as potential covariates in
the initial multiple logistic regression model. We used variance
inflation factor testing to identify collinearity between
independent variables. In order to minimize inequality in
numbers within BMI categories and to more clearly elucidate
whether an increase in risk occurs with a change in BMI cat-
egory, we also constructed quintiles for BMI (,27.06, 27.06–
29.97, 29.98–33.04, 33.05–37.7, .37.7).

Step-wise backward elimination was performed to con-
struct the parsimonious final model; P,0.05 was required for
a variable to be retained in the multivariate model. We con-
structed separate multivariate models for BMI classes using
the WHO criteria and quintiles. Model goodness of fit was eval-
uated using the Hosmer–Lemoshow statistic. We calculated
the area under the receiver-operating characteristic curve
(AUCROC) using standard methods to assess the predictive
performance of each model.
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For internal validation of each model, we used a 10-fold
cross-validation procedure that used the full data set for
model development. This technique divides the study popula-
tion into 10 equal groups by sampling randomly without
replacement. Each group consisted of a training set (compris-
ing 90% of the data) and a test set (comprising the remaining
10%). A multivariate model with backward elimination was
constructed with each training set; a test set was subsequently
input into the model, which culminated in the generation of
a case-specific prediction for each record for variables of
interest. We calculated the AUCROC for the probabilities
calculated by 10-fold cross validation. For patients who had a
multiple gestation, we accounted for mothers who delivered
the first infant in the univariate and multivariate analyses.

It is possible that non-PPH-related maternal and obstetric
morbidities may have resulted in the use of invasive monitor-
ing, mechanical ventilation, coagulopathy, adult respiratory
distress syndrome, or pulmonaryoedema. Fora sensitivityana-
lysis, we constructed a second composite outcome measure
defined by the presence of any of the following: intraoperative
or postpartum red blood cell transfusion; Caesarean hysterec-
tomy; uterine artery ligation; and hypogastric artery ligation.
We constructed a multivariate logistic model using this
second composite outcome and candidate variables identified
in our original analysis. All analyses were conducted using SAS
version 9.2 (SAS Institute, Inc., Cary, NC, USA).

Results
Among all patients who delivered by Caesarean delivery, the
overall prevalence of UA was 4% (2294 of 57 182). Patients
with missing data for UA (n¼189) or who were not diagnosed
with UA (n¼54 699) were excluded from the analysis (Fig. 1).
Among patients who were defined as having UA, 1052

(45.9%) patients received methylergonovine, 843 (36.7%)
patients received carboprost, and 399 (17.4%) patients
received both methylergonovine and carboprost. Using our
composite outcome measure, we identified 450 (19.6%)
patients who had UA and haemorrhage-related morbidity
(Table 1). The most common complication was postpartum
transfusion (13.7%). The rates of pulmonary oedema, coagulo-
pathy, adult respiratory distress syndrome, postoperative ven-
tilation, hypogastric artery ligation, or invasive line placement
(arterial line and central line) were low (0.2–1.7%). In total,
79 patients required ICU admission and there were five mater-
nal deaths. Among patients who underwent general

Women in the Caesarean Registry

n=70 441

Total number of patients who
underwent Caesarean delivery 

n=57 182

Women with uterine atony

n=2294

Women who underwent vaginal
birth after Caesarean delivery

n=13 259

Women without uterine atony

n=54 699

Patients with missing data for
uterine atony  

n=189

Fig 1 Study population.

Table 1 Haemorrhage-related morbidity in women with UA
(n¼450). Data are n (%). ARDS, adult respiratory distress syndrome;
ICU, intensive care unit. As one patient could have .1 condition/
criteria for having haemorrhage-related morbidity, the total
number given in the table is .450. The percentage values
represent the percentage of patients from the entire cohort
(n¼2294) identified with each morbidity

Intraoperative transfusion 184 (8.0%)

Postpartum transfusion 315 (13.7%)

Pulmonary oedema—ICU 15 (0.65%)

Coagulopathy—ICU 21 (0.9%)

ARDS—ICU 5 (0.2%)

Postoperative ventilation—ICU 39 (1.7%)

Caesarean hysterectomy 109 (4.7%)

Uterine artery ligation 117 (5.1%)

Hypogastric artery ligation 7 (0.3%)

Radial artery line—ICU 25 (1.1%)

Central line—ICU 20 (0.9%)

Uterine atony and morbidity BJA

663



anaesthesia (GA), reasons for GA included: failed attempt to
perform regional anaesthesia in 27 (7.1%) patients, inad-
equate surgical anaesthesia after placement of the regional
anaesthetic in 68 (17.9%) patients, high spinal in 3 (0.8%)
patients, planned (elective) decision in 53 (13.9%) patients,
emergency Caesarean delivery in 165 (43.4%) patients, and
other indications in 64 (16.9%) patients.

Maternal, obstetric, anaesthetic, and intrapartum character-
istics forpatientswithmorbidityandwithoutmorbidityaregiven
in Table 2. Based on the initial univariateanalysis, predictors that
were considered for multivariate analyses included: maternal
age, race/ethnicity, maternal BMI (WHO criteria and quintiles),
gestational age, singleton vs multiple gestation, hypertensive
disease of pregnancy, placental abruption, placenta praevia,
number of prior Caesarean deliveries, presence of labour, or
attempted induction, ASA class, and mode of anaesthesia. As
there was evidence of collinearity between dystocia and

Table 2 Characteristics of women with UA during Caesarean
delivery with and without haemorrhage-related morbidity. Data
are n (%). *Bivariate analyses did not account for missing data. GA,
general anaesthesia; CD, Caesarean delivery; HELLP, Hemolysis
Elevated Liver Enzymes and Low Platelets

UA with
morbidity
(n5450)

UA without
morbidity
(n51844)

P-value*

Maternal age (yr)

,20 56 (12.5%) 216 (11.7%) 0.1

20–34 285 (63.3%) 1260 (68.3%)

.34 109 (24.2%) 368 (20%)

Race/ethnicity

African-American 144 (32%) 361 (19.6%) ,0.001

Caucasian 128 (28.4%) 715 (38.8%)

Hispanic 156 (34.7%) 663 (35.9%)

Other 22 (4.9%) 105 (5.7%)

BMI at the time of delivery (kg m22)

≤24.9 54 (12%) 142 (7.7%) 0.007

25–29.9 117 (26%) 546 (29.6%)

30–34.9 131 (29.1%) 523 (28.4%)

35–39.9 66 (14.7%) 287 (15.5%)

≥40 43 (9.5%) 249 (13.5%)

Missing data 39 (8.7%) 97 (5.3%)

BMI at the time of delivery in quintiles (kg m22)

,27.06 99 (22%) 331 (17.9%) 0.08

27.06–29.97 72 (16%) 357 (19.4%)

29.98–33.04 90 (20%) 343 (18.6%)

33.05–37.7 75 (16.6%) 359 (19.5%)

.37.7 75 (16.6%) 357 (19.4%)

Missing data 39 (8.8%) 97 (5.2%)

Gestational age (weeks)

,37 144 (32%) 382 (20.7%) ,0.001

37–41 248 (55.1%) 1197 (64.9%)

.41 56 (12.4%) 261 (14.2%)

Missing data 2 (0.5%) 4 (0.2%)

Type of pregnancy

Singleton
pregnancy

404 (89.8%) 1699 (92.1%) 0.10

Multiple
pregnancy

46 (10.2%) 145 (7.9%)

Pre-existing diabetes

Yes 43 (9.6%) 208 (11.3%) 0.30

No 406 (90.2%) 1635 (88.6%)

Missing data 1 (0.2%) 1 (0.1%)

Hypertensive disease of pregnancy

None 352 (78.2%) 1494 (81%) 0.08

Gestational
Hypertension

20 (4.5%) 80 (4.4%)

Pre-eclampsia 64 (14.2%) 244 (13.2%)

Eclampsia or
HELLP syndrome

14 (3.1%) 26 (1.4%)

Chorioamnionitis

Yes 71 (15.8%) 321 (17.4%) 0.41

No 379 (84.2%) 1523 (82.6%)

Continued

Table 2 Continued

UA with
morbidity
(n5450)

UA without
morbidity
(n51844)

P-value*

Placental abruption

Yes 32 (7.1%) 59 (3.2%) ,0.001

No 418 (92.9%) 1785 (96.8%)

Placenta praevia

Yes 56 (12.4%) 49 (2.7%) ,0.001

No 394 (87.6%) 1795 (97.3%)

Number of prior CDs

0 258 (57.3%) 1139 (61.7%) 0.02

1 117 (26%) 479 (26%)

≥2 72 (16%) 210 (11.4%)

Missing data 3 (0.7%) 16 (0.9%)

Labour or attempted Induction

Yes 264 (58.7%) 1201 (65.1%) 0.01

No 186 (41.3%) 643 (34.9%)

Dystocia

Yes 151 (33.6%) 809 (43.9%) ,0.001

No 299 (66.4%) 1035 (56.1%)

ASA status

Class II 325 (72.2%) 1468 (79.6%) ,0.001

Class III 98 (21.8%) 289 (15.7%)

Class IV 17 (3.8%) 12 (0.6%)

Missing data 10 (2.2%) 75 (4.1%)

Mode of anaesthesia

GA after regional
anaesthesia

72 (16%) 100 (5.4%) ,0.001

GA (no regional
anaesthesia)

85 (18.9%) 123 (6.7%)

Spinal anaesthesia 115 (25.6%) 569 (30.9%)

Epidural
anaesthesia

132 (29.3%) 830 (45%)

Combined
spinal-epidural

45 (10%) 216 (11.7%)

Missing data 1 (0.2%) 6 (0.3%)
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attempted labour or induction of labour, we only included the
presence of labour or attempted induction in the final model.

In the multivariate models, African-American race, Hispanic
ethnicity, multiple gestation, placenta praevia, ASA class III,
ASA class IV, general with and without prior regional
anaesthesia, and two or more prior Caesarean deliveries
were significantly associated with haemorrhage-related mor-
bidity (Table 3). In Model 1, BMI 25–29.9, BMI 35–39.9, and
BMI≥40 were independently associated with a decreased
risk of morbidity compared with patients with BMI,25. In
Model 2, patients in the highest BMI quintile were at decreased
risk of morbidity vs patients in the lowest BMI quintile (Table 3).
Although attempted labour or induction of labour was signifi-
cantly associated with severe morbidity in the crude analysis,
it was not associated with morbidity in the adjusted models.
The AUCROCs for multivariate Model 1 and Model 2 were 0.72
(95% CI¼0.69–0.75) and 0.71 (95% CI¼0.68–0.74), respect-
ively. Using 10-fold cross validation, the AUCROCs for Model 1
and Model 2 were 0.65 and 0.63, respectively, indicating
that these models had only modest ability to discriminate
between atonic patients with haemorrhage-related morbidity
vs those without morbidity.

Using our second composite outcome measure, which
excluded: invasive monitoring, mechanical ventilation, coagu-
lopathy, adult respiratory distress syndrome, or pulmonary
oedema, we identified 443 patients (19.3%) with this second
composite outcome. In the sensitivity analysis in which we
reconstructed Models 1 and 2 using our second composite
outcome, we observed minimal changes in the estimates for
morbidity using predictors from our original models (results
not shown).

Discussion
Although previous population-wide studies have identified UA
as a leading cause of PPH,5 – 8 risk factors for haemorrhage-
related morbidity among patients with UA have been poorly
investigated. Using clinically rich data abstracted from a US
multicentre study of over 57 000 patients, we found that risk
factors for haemorrhage-related morbidity among a cohort
of patients with UA overlap with a number of established risk
factors for severe PPH,3 7 8 21 22 including: African-American
race, Hispanic ethnicity, multiple gestation, placenta praevia,
and GA. Additionally, patients with poor functional status
prior to delivery (ASA class III or IV) were also at increased
risk of haemorrhage-related morbidity, whereas morbidly
obese patients were at decreased risk of morbidity.

In our study, approximately one in five patients with severe
UAwere identified with haemorrhage-related morbidity. This is
in keeping with current knowledge that links PPH to morbidity
during the delivery and the postpartum periods,23 and the in-
creasing incidence of UA as a major contributor to rising
rates of PPH.5 Specific to Caesarean delivery, the risk factors
for morbidity in our study are similar to those reported in
prior studies investigating risk factors for PPH, notably: pla-
centa praevia, GA, and multiple gestation.1 22 24 – 26 However,
risk factors for severe atonic PPH were not reported in these

studies. Our findings that African-American race and Hispanic
ethnicity were independently associated with an increased risk
of haemorrhage-related morbidity are supported by prior work
investigating ethnic/racial disparities for atonic PPH. Using US
administrative data, Bryant and colleagues21 observed that
African-Americans and Hispanics were at increased risk of
atonic PPH and transfusion or hysterectomy compared with a
Caucasian referent group. These findings suggest that racial/
ethnic disparities for haemorrhage-related morbidity may
exist, yet it is unclear whether these associations may be
related to biological differences or to differences in the
quality of hospital care between racial/ethnic groups.

We observed an increased risk of morbidity in women with a
history of two or more Caesarean deliveries compared with
no prior Caesarean deliveries. Our data contrast with those
of other PPH studies of women undergoing Caesarean
delivery.22 24 In these studies, a history of prior Caesarean de-
livery was associated either with no increased risk24 or a
decreased risk22 of PPH. However, these studies did not specif-
ically focus on women with UA and selected predictors for PPH
were not consistent between studies. Other population-wide
studies suggest that a history of prior Caesarean delivery may
be associated with an increased risk of PPH.6 27 Furthermore,
the risk of severe obstetric morbidity, including red blood cell
transfusion ≥4 units, is known to increase progressively with
an increase in the number of prior Caesarean deliveries.28

In our study, GA was a risk factor for haemorrhage-related
morbidity. This finding is in accordance with prior work that
has linked GA to an increased risk of PPH vs regional anaesthe-
sia.22 24 26 29 The most likely mechanism is that inhalation
anaesthetic agents induce a concentration-dependent inhibi-
tory effect on spontaneous myometrial contractility,30 thereby
increasing the riskof UA. We observed that the odds for morbid-
ity were increased two- and four-fold in women who received
only GA and general with regional anaesthesia, respectively.
One possible explanation is that GA combined with regional
anaesthesia may culminate in a greater degree of maternal
hypotension and organ hypoperfusion resulting in increased
obstetric morbidity.

Patients with an ASA class IIIor IVwere independentlyasso-
ciated with an increased risk of haemorrhage-related morbid-
ity compared with ASA class II patients, which suggests that
patients with poor functional status may have reduced physio-
logical reserve for tolerating major postpartum blood loss,
anaemia and hypoperfusion compared with healthier patients.
No ASA I patients were described in the Caesarean Registry. In
the USA, practitioners may modify ASA classification class I–II
in the setting of pregnancy because there is no pregnancy-
specific modifier.31

Women in the highest BMI class (using both WHO criteria
and quintiles) were at significantly reduced risk of haemor-
rhage-related morbidity compared with women in the lowest
BMI class or quintile. There is controversy regarding the asso-
ciations between obesity with UA and atonic PPH. The risk
of atonic PPH has previously been found to be increased by
14, 47, and 114% in obesity classes I, II, and III, respectively
compared with a non-obese group.32 However, in keeping
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with our results, Paglia and colleagues33 reported that women
with a BMI of .30 were associated with a decreased riskof PPH,
and Rouse and colleagues16 observed no differences in BMI at
delivery among patients diagnosed with UA compared with
patients without atony. As obese patients tend to have a
more hypercoagulable state (because of higher fibrinogen,
factor VII, factor VIII, von Willebrand factor, and plasminogen

activator inhibitor levels),34 enhanced maternal hypercoagul-
ability may provide a protective effect against major blood
loss. As previous studies investigating the association
between maternal BMI and PPH have used maternal weight
and height measurements before pregnancy32 and during
pregnancy,33 more prospective research is needed to more
clearly elucidate the direction of the associations between

Table 3 Multivariate analysis of haemorrhage-related morbidity among women with UA undergoing Caesarean delivery. OR, odds ratio; CI,
confidence interval; CD, Caesarean delivery; GA, general anaesthesia. Model calibration using the Hosmer–Lemoshow test was good for model 1
(P¼0.14) and model 2 (P¼0.23). Model 1 included pre-delivery BMI categories based on the World Health Organization criteria. Model 2 included
pre-delivery BMI categories based on quintiles of pre-delivery BMI

Variable Model 1 Model 2

OR (95% CI) P-value OR (95% CI) P-value

Race

Caucasian Referent Referent

African-American 2.36 (1.73–3.23) ,0.001 2.37 (1.74–3.24) ,0.001

Hispanic 1.40 (1.04–1.9) 0.03 1.41 (1.04–1.91) 0.02

Other 1.23 (0.71–2.15) 0.46 1.23 (0.70–2.15) 0.46

BMI at the time of delivery (kg m22)

,25 Referent

25–29.9 0.63 (0.42–0.95) 0.03

30–34.9 0.72 (0.48–1.08) 0.11

35–39.9 0.62 (0.4–0.98) 0.04

≥40 0.36 (0.22–0.6) ,0.001

BMI quintiles (kg m22)

,27.06 Referent

27.06–29.97 0.79 (0.55–1.14) 0.2

29.98–33.04 0.94 (0.66–1.34) 0.74

33.05–37.7 0.81 (0.56–1.17) 0.26

.37.7 0.56 (0.38–0.82) 0.005

ASA class

II Referent Referent

III 1.4 (1.03–1.9) 0.03 1.40 (1.03–1.90) 0.03

IV 5.88 (2.48–13.9) ,0.001 5.86 (2.48–13.8) ,0.001

Mode of anaesthesia

Spinal Referent Referent

GA+regional 4.0 (2.62–6.09) ,0.001 3.93 (2.58–5.97) ,0.001

GA (no regional) 2.40 (1.59–3.62) ,0.001 2.43 (1.61–3.67) ,0.001

Epidural 1.02 (0.73–1.42) 0.93 1.01 (0.73–1.42) 0.92

Epidural+spinal 1.0 (0.64–1.54) 0.98 1.01 (0.65–1.57) 0.93

Labour prior to delivery or attempted induction

No Referent Referent

Yes 1.1 (0.81–1.50) 0.56 1.09 (0.80–1.49) 0.53

Placenta praevia

No Referent Referent

Yes 4.89 (3.04–7.87) ,0.001 4.86 (3.02–7.81) ,0.001

Singleton/multiple gestation

Singleton Referent Referent

Multiple gestation 1.59 (1.06–2.38) 0.03 1.57 (1.04–2.36) 0.04

Number of prior CDs

0 Referent Referent

1 1.22 (0.90–1.65) 0.20 1.21 (0.90–1.64) 0.21

≥2 1.62 (1.10–2.39) 0.01 1.62 (1.10–2.39) 0.01
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maternal pre-pregnancy BMIand pre-delivery BMIand PPH and
haemorrhage-related morbidity.

There are a number of limitations to our study. No data were
collected for blood loss or haematological indices immediately
prior to transfusion, which limited our ability to assess PPH
severity and infer decision-making practices for blood transfu-
sions. Although haematological indices influence transfusion
decision-making, time delays often occur because of transport
of blood tubes and laboratory processing of blood samples
during the course of a major PPH. As a result, physicians may
rely upon clinical indications for transfusion such as maternal
vital signs, rate and magnitude of blood loss, and evidence of
organ hypoperfusion. Additionally, no data were available for
specific interventions or therapies for atonic PPH including:
haemostatic (B-lynch) suture placement, intrauterine balloon
tamponade, interventional radiological techniques (such as
uterine artery balloon catheterization and uterine artery
embolization), or pro-thrombotic drugs (such as recombinant
factor VIIa). Although we identified clinical factors associated
with haemorrhage-related morbidity, there may be other
factors linked to haemorrhage-related morbidity that were
not available in the Caesarean Registry (such as the presence
of uterine leimyomata). Missing data were present for a
number of variables that we could not consider in our regres-
sion models, such as: type of uterine incision: 381 (16.6%)
patients; and oxytocin use in labour: 1180 (51.4%) patients.
The association of GA with haemorrhage-related morbidity
may have been overestimated, as it is possible that some
patients underwent pre- or intraoperative conversion from
regional to GA in order to optimize maternal oxygen delivery
and cardiac output after major peripartum bleeding occurred.
It is also possible that some patients who underwent a spinal
anaesthetic may have required conversion to GA if the
duration of surgery became prolonged and outlasted the dur-
ation of the spinal anaesthetic. The Caesarean Registry does
not contain specific drug data for GA or regional anaesthesia,
and therefore, we were not able to determine the influence
of different drugs, doses, or concentrations of anaesthetic
agents on the risk of haemorrhage-related morbidity. Finally,
the values of AURROCs were between 0.63 and 0.72, which
demonstrate limited discrimination.

In conclusion, within a cohort of 2294 patients who had UA
at Caesarean delivery, the risk of atonic haemorrhage-related
morbidity is increased in African-Americans, Hispanics,
patients with multiple gestations, placenta praevia, impaired
pre-delivery ASA functional status, a history of two or more
Caesarean deliveries, and patients undergoing GA. Prospective
clinical studies are needed to further validate these associa-
tions and elucidate other factors that may be linked with
haemorrhage-related morbidity among patients with UA.
Vigilance and early therapeutic intervention are advocated
for patients who undergo Caesarean delivery with patient
characteristic, medical, or clinical risk factors for PPH-related
morbidity related to UA. The use of regional anaesthesia (not
in combination with GA) is recommended for patients who
may have risk factors for UA as an approach to reduce
haemorrhage-related morbidity.
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