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Background - Postpartum haemorrhage (PPH) is still a leading cause of
maternal morbidity in the US. We aimed to reassess national trends in severe
and non-severe PPH using recent data.

Material and methods - We performed a cross-sectional study using the
2001-2012 Nationwide Inpatient Sample of the Healthcare Cost and Utilization
Project. Delivery-related hospitalisations with PPH were identified using the
International Classification of Diseases (9% revision). Rates were calculated
per 1,000 delivery hospitalisations. All statistical analyses accounted for the
complex sampling design of the data source.

Results - Rates of non-severe PPH did not change significantly from 2001-2002
to 2011-2012 (25.5 and 24.2 per 1,000; p=0.058). The rates of PPH requiring
blood transfusions for caesarean deliveries more than doubled in this time
period from 2.0 to 4.8 (p<0.001). The overall rate of PPH with a procedure
other than blood transfusion has risen from 0.9 to 1.9. Specifically, rates of
hysterectomy (0.5 to 0.7; p<0.001), embolisation (0.3 to 0.5; p<0.001), and
uterine tamponade use (0.09 to 0.69; p<0.001) increased over the time period.
Discussion - Population-based surveillance data show an increasing rate of
only severe PPH in the US. Rates of medical/surgical intervention including
hysterectomy, embolisation and uterine tamponade use are also rising.

Keywords: postpartum haemorrhage, blood transfusion, nationwide inpatient sample,
maternal mortality, maternal morbidity.

INTRODUCTION

Postpartum haemorrhage (PPH) is the leading cause of maternal mortality worldwide'. In

the US, PPH increased by 26% from 1994 to 20062. Prior national reports showed increasing
transfusion rates in 2004 among delivery hospitalisations®*.

Postpartum haemorrhage places women at increased risk for significant morbidity and
mortality by a direct effect on the heart, kidneys and liver, plus the indirect consequences
from related interventions. Blood transfusion has associated risks such as anaphylactic
reaction, lung injury, antibody formation for future pregnancy, and risk of infection®.
Other interventions, such as uterotonic agents, uterine tamponade devices, uterine artery
embolisation, antifibrinolytic therapy or peripartum hysterectomy, attempt to address
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the most common categories of aetiology for PPH: uterine
atony and retained placenta or morbidly adherent placenta,
lacerations/incisional extensions or coagulopathy/medical
complications®”.  Uterine artery embolisation and
peripartum hysterectomy complications increase the
risk for thromboembolism or infection. While some risk
factors that place women at increased risk for PPH during
delivery can be identified, severe PPH can often occur in
the absence of identifiable risk factors®.

Ultimately, our study sought to make available current
trends for this important peripartum outcome so the
impact of national/state efforts to reduce maternal
morbidity and mortality could be assessed over time.
Our primary objective was to characterise recent national
trends for PPH from 2000 to 2012 and to determine if the
trend previously seen in published data has continued,
plateaued or decreased. Secondary objectives included
distinguishing the trends separately for severe and
non-severe PPH, as well as understanding rates of

intervention to treat severe PPH.

MATERIALS AND METHODS

Our study was a cross-sectional study design using
the Nationwide Inpatient Sample (NIS) database. The
Healthcare Cost and Utilization Project created NIS as a

database tool to help keep track of national estimates of
inpatient hospital data, by compiling state data from a
20% stratified sample of hospital discharges across US
community hospitals. Hospital stratification is based
on five key factors: ownership, bed size, teaching status,
urban-rural location, and region. As the nation’s largest
all-payer inpatient care database, it includes data from
nearly 8 million hospital discharges and 1,000 hospitals.
Our study used NIS data from 1994 to 2012, but focused
primarily on the years 2000 to 2012.

This study was deemed exempt by the Duke University
Health System Institutional Review Board because these
data are publicly available and there are no personal
identifiers included. NIS data contain safeguards to
protect the privacy of individual patients, physicians,
and hospitals. For the time period we specified, discharge
diagnoses and procedure codes were based on the
International Classification of Diseases, 9" Revision,
Clinical Modifications (ICD-9-CM). All delivery-related
discharge records were defined by inclusion of a delivery
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code. Delivery hospitalisations were also identified by
diagnosis-related group codes. There are no linking codes
between hospitalisations so individuals could not be
followed for multiple admissions (TableI).

Delivery hospitalisations with PPH were identified by
ICD-9-CM codes 666.XX. Severe PPH was defined as
cases of PPH that required interventions such as blood
transfusion, hysterectomy, repair of obstetric laceration,
uterine artery ligation/embolisation, and tamponade
of the uterus or vagina with the respective ICD-9-CM
codes of 99.0X, (683, 683.1, 683.9, 684, 684.1, 684.9, 685,
685.1, 686, 686.1, 686.9, 687, 687.1, 687.9, 689), (75.50, 75.52),
(397.9, 992.9, 682..5, 682.4), and 758. Non-severe PPH was
by default all PPH not categorised as severe PPH. Atonic
PPH was defined using ICD-9-CM code 666.1X and
non-atonic PPH using codes 666.0X, 666.2X, 666.3X.
Induction of labor was defined using ICD-9-CM code 73.4.
We calculated the rates per 1,000 delivery hospitalisations
for severe and non-severe PPH from 2000 to 2012, and
specifically examined the trend of PPH requiring blood
transfusions. We plotted the rates per 1,000 delivery
hospitalisation (by combined overall deliveries, then by
caesarean/vaginal deliveries) for interventions to manage
severe PPH including hysterectomy, repair of obstetric
laceration, and uterine artery ligation/embolisation. A
patient may have had multiple interventions and so was
counted in each group for which they had an intervention.
This grouping was kept consistent in the analysis over
the time periods. We assessed the significance of trends
in rates using previously published methods?. Given that
uterine atony is one of the leading causes of PPH, we
explored the trend of PPH due to atony over this time
period, and also individually focused on this outcome
by delivery type. For the tables, we focused on the time
period that was most relevant from 2000 to 2012; however,

Table I - General obstetric ICD-9-CM and
diagnosis-related group codes***

o Caesarean delivery 74.X, except 74.91

« General delivery V27, 72.X, 73.X and 650-659

e 2000-2007 diagnosis-related group codes 370, 371, 372, 373, 374
and 375

e 2008-2012, diagnosis-related group codes 765 or 766 and 767,
768,774 and 775

ICD-9-CM: International Classification of Diseases, 9™ revision, Clinical
Modifications.
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Postpartum hemorrhage and related interventions

for the figures, we wanted to study a longer time period
(1994-2.012) so that we could more effectively illustrate the
trends.

Estimates in our study are generalisable to the US
population as all counts and proportions were weighted
with the use of the weighting variables in the NIS that
account for the complex sampling design. All analyses
were performed using SAS software (version 9.1; SAS
Institute Inc., Cary, NC, USA) and SUDAAN (version 9.0;
RTI International, Research Triangle, NC, USA).

RESULTS

The total number of deliveries per year was consistent
over the time period studied, with 7,878,870 delivery
hospitalisations from 2001-2002 and 7,437,199 delivery
hospitalisations from 2011-2012. The percentage of
deliveries via caesarean increased from 25.8 to 33.2% over
the 12-year time period. Demographic data are presented
in TableII. As with prior studies?, women in the later time
period were older, had government insurance, multiple
gestations, and more comorbidities such as hypertension
or diabetes mellitus.

The rates of PPH requiring blood transfusions for overall
delivery hospitalisations increased in this time period
from 1.6 in 2001-2002 to 3.8 in 2011-2012 (p<0.00l).
Specifically, for caesarean deliveries, this rate more than
doubled from 2.0in 2001-2002 to 4.8 in 2011-2.012 (p<0.001)
(Figure 1). The overall rate of PPH with a procedure other
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Table II - Demographic data™

Percentage + SE
2001-2002 2011-2012
(n=7,878,870) (n=7,437,199)

Age, years
12-18 6.3(0.1) 5.6 (0.1)
19-25 38.9(0.5) 33.5(0.5)
26-35 48.7(0.4) 49.1(0.4)
36-45 11.0(0.2) 11.5(0.3)
46-55 0.07.(0.004) 0.09 (0.005)
Payer
Medicaid/Medicare 37.1(1.0) 44.4 (0.8)
Private insurance 56.6(1.2) 50.0(0.8)
Self 6.1(0.5) 5.4(0.2)
Mode of delivery
Vaginal 71.6 65.1
Vaginal birth after caesarean 2.7 1.7
Repeat caesarean 10.3 15.3
Primary caesarean 15.5 17.9
Multiple birth 1.6 (0.04) 1.8(0.03)
Hypertensive disorder in 6.9(0.1) 8.5(0.1)
pregnancy (any)
sttt | o700 | 106o

*All demographic variables p<0.001 between two time periods.

than blood transfusion has risen from 0.9 to 1.9 (p<0.001).
Rates of hysterectomy (0.5 to 0.7; p<0.001), embolisation
(03 to 0.5 p<0.001), and uterine tamponade use

2003-2004 2005-2006 2007-2008 2009-2010 2011-2012

B PPH with procedure to control hemorrhage

Figure 1 - Prevalence of postpartum haemorrhage (PPH) per 1,000 caesarean delivery hospitalisations

requiring blood transfusion or procedure for intervention
Grouped into non-severe PPH and severe PPH (requiring either transfusion or additional surgical intervention).
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(0.09 to 0.69; p<0.001) increased over the time period
(Figure 2a). The trends were similar when individually
assessed by examining data according to vaginal and
caesarean delivery (Figure 2b and ¢). In contrast to severe
PPH, there was no significant difference in the rate of
non-severe PPH for all deliveries between the time period
2001-2002 and the time period 2011-2012 (25.5 and 24.2
per 1,000; p=0.058 (Online Supplementary Content, Figure S1a
for overall deliveries and Online Supplementary Content, Figure
S1b for vaginal deliveries only).
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Since uterine atony is one of the most common causes of
severe PPH, we assessed specific trends for PPH due to
atony over this time period. Overall, the trend continued
to increase for rates of PPH due to uterine atony (Figure
3). The rates of PPH caused by uterine atony increased
14.1% from the time period 2001-2002 to the time period
2011-2012 in vaginal deliveries that were induced, but
decreased 18.3% invaginal deliveries that were notinduced
(Table IIT). The cases of PPH caused by uterine atony
increased among all caesarean deliveries by over 60%.
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Figure 2 - Prevalence of procedures to control postpartum haemorrhage (PPH) per 1,000 delivery hospitalisations,

the Nationwide Inpatient Sample, USA

Separated into graphs for overall (2a), vaginal (2b) and caesarean deliveries (2c).
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Figure 3 - Prevalence of PPH per 1,000 overall delivery hospitalisations by atonic versus non-atonic cause of haemorrhage
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Table III - Cases of postpartum haemorrhage by delivery type and uterine atony

Type of delivery Delivery distribution, % (95%CI) Cases of postpartum haemorrhage caused by uterine atony*, n (95%Cl)
2001-2002 2011-2012 2001-2002 2011-2012 Changein cases, n | Change in cases, %
overall 100 100 172,196 175,149 2,953 1.7%
(167,399-176,153) | (171,249-179,536)
Vaginal 74.2 66.7 143,045 127,885 -15,160 -10.6%
(74.6-73.7) (67.1-66.3) (139,369-146,378) | (124,457-131,057)
Induced 135 16.4 33,880 38,678 4.8 14.2%
(12.9-14.2) (16.0-16.8) (32,864-35,022) (37,510-39,969)
Not induced 60.6 50.3 109,165 89,207 -19,958 ~18.3%
(59.9-61.4) (49.8-50.8) (106,793-111,788) (87,165-91,421)
Caesarean 25.8 333 29,151 47,264 18,113 61.1%
(26.3-25.4) (33.7-32.9) (28,699-29,536) (46,253-48,067)
Induced 2.6 4.0 5,475 8,936 3,46 63.2%
(2.5-2.8) (3.9-4.1) (5,344-5,634) (8,712-9,252)
Not induced 23.2 29.3 23,676 38,328 14,652 61.9%
(22.7-23.7) (28.9-29.6) (23,392-24,007) (37,720-39,077)

*All comparisons between two time periods p<0.001 with exception of overall cases of postpartum haemorrhage caused by uterine atony p>0.05.

DISCUSSION

Our findings show that, over the past 10-15 years, the rates
of PPH at the time of delivery across the US have continued
to rise. Specifically, the rates of severe PPH, as defined by
needing transfusion or other surgical intervention, have
been increasing, while non-severe PPH trends appeared
stable. Over the same time period, the rate of caesarean
delivery has increased significantly from 5.5% in 1997 to
32.7% in 20137, With increased caesarean delivery rates
comes increased obstetric interventions and increased
risk for intra-abdominal scar tissue and abnormal
placentation'®. Abnormal placentation risk can be as high
as 40% when a woman has had 3 prior caesarean deliveries
and a placenta previa.

Rates of PPH requiring blood transfusion have also
gone up in Canada and Ireland as evaluated by similar
assessment methods using ICD-9-CM codes®?°. One
of the leading risk factors for severe PPH or morbidity
with delivery includes abnormal placentation®?. The
ability to diagnose potential abnormal placentation has
improved with ultrasonography and magnetic resonance
imaging techniques?*®, but these women still incur
increased morbidity in terms of transfusion and other
interventions. Other international data suggest a trend
towards increasing PPH rates and rates of abnormal

placentation®. Bateman et al.’, examining PPH risk
factors directly related to uterine atony from the NIS
database, found antepartum haemorrhage, retained
placenta, and multiple gestations to be common risk
factors. More broadly, these risk factors overlap with
other studies looking at risk factors for transfusion in the
obstetric population?*?. The ability to accurately predict
risk for severe PPH has been suboptimal, in part due to
the relative rarity of the outcome?. Improved prediction
models that consider both pre-delivery and intrapartum
risk factors are needed.

The importance of prediction for severe PPH is
that it helps with patient counseling, ensures the
preparedness of the clinical teams involved (obstetrics,
anaesthesiology, transfusion medicine), and has the
potential to foresee the need for decision-making
about transfer of care prior to onset of severe PPH
to a tertiary care centre with more equipped staff
and blood management services, including massive
transfusion policies. Our study points to increasing
rates of interventions such as uterine tamponade and
uterine artery embolisation. It is unclear if employing
these strategies either helps mitigate blood transfusion
and further morbidity or delays definitive care and
increases risk for blood transfusion.

All rights reserved - For personal use only 251
No other use without premission



Given the new reVITALize recommendation? to change
the definition of PPH from an estimation of blood loss >500
mL with vaginal delivery and > 1,000 mL with caesarean
delivery to just 1,000 mL with all deliveries, this will
likely affect the trend in PPH we have seen documented
by hospitals and in charts. There will likely be a time
lag until this is widely adopted and used consistently;
however, we should not interpret a decline in rates of
PPH as misclassification. It is also important to note that
clinical providers routinely underestimate clinical blood
loss volume.

Further studies should identify if national trends
in blood utilisation among all inpatients explain
part or all of the trend seen in the obstetric patients
with our data. In attempts to reverse these alarming
trends, newer haemostatic agents and technologies
commonly used in trauma or other surgical fields, such
as antifibrinolytic therapy and viscoelastic testing,
are being explored for their potential role in blood
management in severe PPH?>”2%, Given the findings
of the WOMAN Trial in 2017, and the consideration
made by the American College of Obstetricians and
Gynecologists to use tranexamic acid in haemorrhage
refractory to first-line interventions*?, additional
clinical and translational work using antifibrinolytic
therapyare needed to optimise mode of administration,
dosing, and specific populations who should or should
not receive the therapy. Reliable and accurate methods
of monitoring haemorrhage severity are desperately
needed in obstetrics to improve quality of research for
future epidemiological and clinical studies.

The main strength of our study is the use of a large robust
dataset to reflect national trends in rates and risk factors
related to PPH at delivery. We explored the aetiology of
the increased rates of severe and non-severe PPH, and
did not limit our study to the diagnosis of uterine atony.
Focusing on the related interventions pregnant mothers
undergo related to PPH is important to highlight the
changes in management practices. For example, the
trend over the past 10 years has been one of an increasing
use of uterine tamponade devices and uterine artery
ligation/embolisation.

Our study has limitations. The NIS dataset is limited by
the reliance on billing coding and most often these are
under-reported by providers and staff. Therefore, the
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rates of true PPH are likely underestimated in our study.
Misclassification is possible given not all hospitals in the
dataset use standard definitions for PPH and attributable
risk factorsare notalways reported. Diagnosis of abnormal
placentation is an important clinical variable, but we
were unable to isolate this within the dataset. Finally,
the pre-delivery risk factors such as suspected abnormal
placentation by imaging, antenatal suspected abruption
vs intrapartum abruption, degree of anaemia, duration of
labor, duration of oxytocin use, or estimated foetal weight
by ultrasound measurements are not incorporated as
variables in the NIS.

CONCLUSIONS

Ultimately, the overall increasing trend of PPH will draw
the attention of clinicians, hospitals and industry to the
importance of better understanding this phenomenon.
Specifically, we need to analyse the related risk factors
further at system levels with more granular data to better
identify women at risk for severe haemorrhage. Local,
state and national education efforts, simulations, toolkits,
and quality improvement projects may halt, and ideally
reverse, this trend. Multidisciplinary approaches will help
recognise, aggressively treat, and ideally prevent these

clinical outcomes.
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