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Abstract

Background Over the past two decades several high-income countries have reported increased rates of postpartum
haemorrhage (PPH). Many of the studies are registry studies with limited access to detailed information. We aimed

to explore trends of severe PPH in the largest labour ward in Norway during a 10-year period with a hospital based
study. Our population constituted all women who gave birth after week 22 at Oslo University Hospital between 2008
and 2017.The main outcome measure was severe PPH, defined as registered blood loss greater than 1500 ml, or
transfusion of blood products due to PPH.

Methods We estimated the incidence of severe PPH and blood transfusions, and performed temporal trend analysis.
We performed Poisson regression analysis to investigate associations between pregnancy characteristics and severe
PPH, presented using crude incidence rate ratios (IRR) with 95% confidence intervals (Cl)s. We also estimated annual
percentage change of the linear trends.

Results Among 96 313 deliveries during the 10-year study period, 2621 (2.7%) were diagnosed with severe PPH. The
incidence rate doubled from 17.1/1000 to 2008 to 34.2/1000 in 2017. We also observed an increased rate of women
receiving blood transfusion due to PPH, from 12.2/1000 to 2008 to 27.5/1000 in 2017. The rates of invasive procedures
to manage severe PPH did not increase, and we did not observe a significant increase in the number of women
defined with maternal near miss or massive transfusions. No women died due to PPH during the study period.

Conclusion We found a significant increasing trend of severe PPH and related blood transfusions during the 10-year
study period. We did not find an increase in massive PPH, or in invasive management, and we suspect that the rise
can be at least partly explained by increased awareness and early intervention contributing to improved registration
of severe PPH.

Keywords Postpartum haemorrhage, Trends, Maternal near miss, Blood transfusion, Mode of delivery

*Correspondence:

Silje Pettersen

sipett@ous-hf.no

'Norwegian Research Centre for Women’s Health, Oslo University
Hospital, Box 4959, Nydalen, Oslo 0424, Norway

?|nstitute of Clinical Medicine, University of Oslo, Oslo, Norway

30slo Centre for Biostatistics and Epidemiology, Oslo University Hospital,
Oslo, Norway

“Department of Obstetrics, Drammen Hospital, Drammen, Norway

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12884-023-05702-6&domain=pdf&date_stamp=2023-5-18

Pettersen et al. BMC Pregnancy and Childbirth (2023) 23:363

Background
Postpartum haemorrhage (PPH) is a major cause of
maternal mortality and morbidity, and is estimated to
cause 27% of maternal deaths worldwide, and 16% in
high-resource countries [1]. Notably, in high-resource
countries, overall maternal mortality is low, and deaths
due to PPH are rare [2]. However, over the last 20 years,
increased PPH incidence rates have been described
in several high-income countries [3-5], as well as an
increased rate of blood transfusions [6]. Some stud-
ies have also demonstrated an increased rate of massive
transfusions [7], while a recent Swedish study found a
decreasing rate of transfusions of three units or more [8].
The cause of this rise in PPH is unclear [4, 9], although
studies have described increasing rates of risk factors,
including both maternal characteristics and obstetrical
factors [5, 10, 11]. Among the known PPH risk factors,
some are related to maternal characteristics (e.g. age,
parity, and previous caesarean section), some are intro-
duced in pregnancy (e.g. placenta previa, assisted repro-
duction, and multiple pregnancies), and others emerge
as the pregnancy culminates (e.g. obstetrical interven-
tions, such as induction of labour and operative vaginal
delivery) [11-15]. The definition of PPH may also influ-
ence the incidence and trends. Comparisons between
countries and regions are challenging due to the lack of
a global consensus on the definition, variations in acces-
sible prevention and management strategies, and dif-
ference in guidelines [16-18]. First-line prevention and
management include uterine contractive medication, like
oxytocin. Haemorrhage can be further managed using
other pharmaceuticals, blood transfusion, and invasive
surgical procedures. To explore trends of severe PPH,
we must investigate associated risk factors, how PPH is
defined, and related management techniques. Knowledge
about the rates of severe PPH, case management, and
outcomes may help evaluate the quality of obstetric care.
In this study, we aimed to describe the incidence and
temporal trends of severe PPH, according to estimated
blood loss and units of blood transfusions administered
in a hospital setting. Furthermore, we stratified the rates
of severe PPH by age, parity, previous caesarean section,
and mode of delivery, and estimated the frequency of
related invasive management.

Methods

Study design, definitions, and inclusion

This hospital-based cohort study included women who
delivered at Oslo University Hospital, after gestational
week 23+0, during a 10-year period from 2008 to 2017.
Oslo University Hospital is the largest labour ward in
Norway, and consists of both low- and high risk units. It
is a referral hospital for foetal congenital malformations
and extreme prematurity, as well as for maternal heart
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diseases. Adjacent hospitals sometimes refer women with
suspected placenta accreta spectrum disorders, but Oslo
University Hospital is not an official referral hospital for
this condition. From the hospital database, we identified
women registered with postpartum haemorrhage of 1500
ml or more, or who received a blood transfusion after
delivery. This is also the definition of severe PPH used
by the Norwegian Medical Birth Register. Women with a
registered blood loss of 1500 ml or more were identified
from the labour ward’s handwritten protocol book or
electronic database. Women with blood transfusion after
delivery were identified from a registered code of blood
transfusion in the hospital records. To confirm cases and
collect variables, the medical records were reviewed by
two investigators (LTN and SP). Only women with a con-
firmed severe PPH, and without obvious plotting errors
in the hospital records, were included. We excluded
women who received a blood transfusion due to anae-
mia and had no evidence of severe PPH. Blood loss was
estimated and registered in the hospital database by an
obstetrician or midwife, either by visual estimation or by
using graduated drapes or weighing the cumulative blood
loss postdelivery.

Blood transfusions included units of plasma and red
blood cells. When six or more units of red blood cells
were transfused, plasma and red blood cells were reg-
istered separately. During the last six years of the study
period, all bags of plasma and red blood cells were reg-
istered separately. Maternal near miss was defined as
receiving six or more bags of red blood cells, or requir-
ing hysterectomy or embolization of pelvic arteries. To
ensure data quality, all hospital records were reviewed,
and data entered manually into a database built in Epi-
Data Version 4.4.2.6., by the two main investigators, LTN
and SP. After completed registration, we cleaned the
database, and checked outliers and categorization errors
against the medical records.

The background population consisted of all deliveries
at Oslo University Hospital, and included all the cases.
Deidentified aggregated combined data on the back-
ground population relevant to the analysis were provided
by the Norwegian Medical Birth Register.

The main outcome was severe PPH. At the time the
study was designed, there was no global consensus on
the definition of severe PPH, or on determined out-
come in studies of PPH. In 2019, an international Delphi
consensus study agreed on a core outcome set for stud-
ies of the prevention and treatment of PPH and mater-
nal morbidity [19, 20], which will facilitate comparison
between studies in the future. In our study, blood loss
was reported in ml after the birth of the baby, and blood
transfusions as the number of units (plasma or red blood
cells). Other outcomes included invasive management
(curettage, intrauterine balloon compression, uterine
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compression sutures, embolization of pelvic arteries, aor-
tic balloon occlusion, and hysterectomy) and maternal
death. Available covariates were age, parity, previous cae-
sarean section, multiple pregnancy, gestational age, and
placenta previa.

Guidelines and simulation training to manage postpartum
haemorrhage

The National guideline on PPH were updated in the same
year as the study started (2008) and again in 2014. The
guideline became more detailed in 2014, and the inac-
curacy of visual estimation were underlined. However,
there were no recommendations on how to estimate
blood loss. Furthermore, tranexamic acid as a prophy-
laxis in women with an increased risk of PPH and deliv-
ered with a caesarean section, a time limit for managing
retained placenta, and a specific haemoglobin target for
blood transfusions were introduced. Advanced Life Sup-
port in Obstetrics trainings, ALSO, was first introduced
in Norway in 2003, becoming increasingly popular in
the following years. In 2008, Oslo University Hospi-
tal started systematic simulation trainings on obstetric
complications, including management of postpartum
haemorrhage, for all midwives and attending physicians.
Although there has been minimal changes to the guide-
lines in the study period, the awareness of severe PPH
probably increased, reflected in a more detailed guideline
and systematic simulation trainings.

Ethical considerations

This retrospective study was granted a waiver of individ-
ual informed consent by the South-East Regional Ethics
Committee to ensure the inclusion of important groups
of women, and because the waiver would not affect the
rights and welfare of the included women. The study was
also considered beneficial to labouring women. The ref-
erence number is 2010/109a. An updated approval was
given 2018. We de-identified all information obtained
from the women’s medical records prior to statistical
analysis, and observed strict confidentiality in all stages
of the study. We also had a particular awareness about
recognisability in publication of results.

Statistical analysis

Maternal and obstetric characteristics are presented as
frequencies and proportions. The included character-
istics were age at delivery, parity, multiple pregnancy,
mode of delivery, previous caesarean section, placenta
previa, and year of delivery. We estimated the rates
of severe PPH per 1000 deliveries for the whole study
period, and for each year. The exact Poisson method was
used to calculate 95% confidence intervals (CI). Associa-
tions with a significance level of <0.05 were considered
statistically significant. We used Stata (version 17) to
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perform statistical analyses (StataCorp. 2021. Stata Sta-
tistical Software: Release 17. College Station, TX: Stata-
Corp LLC).

We performed Poisson regression analysis to inves-
tigate associations between pregnancy characteristics
and severe PPH, presented using crude incidence rate
ratios (IRR) with 95% CIs. The estimated annual per-
centage change was calculated as 100 (e™ — 1), where m
was the coefficient of the variable ‘year’ when considered
as a continuous variable. The 95% CI for yearly change
was estimated from the standard error of m, which was
obtained from the Poisson regression analysis. Adjust-
ment for age was performed by including age in the
model as a categorical variable (<30, 30-39, 40+years).

We graphically presented the temporal trends in the
incidence of severe PPH, blood transfusions, units of
blood products, and maternal near miss. Invasive proce-
dure were graphically visualized according to deliveries
with severe PPH. We also graphically presented the rates
of severe PPH, stratified and adjusted by age, parity, pre-
vious caesarean section, and mode of delivery.

Results

During the study period (2008—2017), there were 96 313
deliveries at Oslo University Hospital. Almost 50% were
nulliparous, increasing from 48 to 51% throughout the
period. In the background population, the proportion of
women with a previous caesarean section was stable at
around 10%, while the proportion of women who deliv-
ered by caesarean section decreased from 21 to 18%.
Among all deliveries, 2.7% were diagnosed with severe
PPH (n=2621). Table 1 presents the maternal and obstet-
rical characteristics with corresponding rates of severe
PPH/1000 deliveries, and crude IRRs. Factors associated
with an increased crude risk of severe PPH were maternal
age>40 years, nulliparity, multiple pregnancy, previous
caesarean section, operative vaginal delivery, caesarean
delivery, and placenta previa.

The incidence of severe PPH among all deliveries at
Oslo University Hospital doubled from 17.1/1000 to 2008
to 34.2/1000 in 2017 (Table 1). The trend in incidence
of severe PPH was approximately linear (Fig. 1), with
an estimated annual percentage change of 6.0% (95% CI
4.6-7.5%, P<0.001). Adjustment for maternal age did not
change this estimate (5.9%, 95% CI 4.4-7.4%, P<0.001)
(Table 2).

A total of 2034 women received transfusion of blood
products due to PPH (21/1000). The rate of blood prod-
uct transfusion increased from 12.2/1000 to 2008 to
27.5/1000 in 2017, yielding a yearly increase of 6.3% (95%
CI 4.7-8.0%, P<0.001), which was also minimally altered
by adjustment for maternal age (Table 2). The incidence
of women receiving between one and four units of blood
products more than doubled from 9.3/1000 to 2008 to
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Table 1 Characteristics and rates of severe PPH among women delivering at Oslo University Hospital between 2008-2017

Rate of severe PPH per 1000 deliveries

(95% ClI)

IRR (95% CI)

Severe PPH Deliveries'
n (%) n (%)
Total 2621 96313
Age at delivery®
<30 years 747 (28.5) 29315 (304)
30-39 years 1642 (62.6) 61762 (64.1)
>40 years 232(8.9) 5235 (5.5)
Parity
Nulliparous 1569 (59.9) 47 682 (49.5)
Para 1 727 (27.7) 33549 (34.8)
Para 2 + 325(124) 15082 (15.7)
Multiple pregnancy
No 2406 (91.8) 94162 (97.8)
Yes 215(8.2) 2151 (2.2)
Previous caesarean section
No 2282 (87.1) 86779 (90.1)
Yes 339(12.9) 9534 (9.9)
Mode of delivery
Vaginal delivery 1272 (48.5) 65 548 (68.1)
Operative Vaginal delivery 595 (22.7) 11490 (11.9)
Caesarean section 754 (28.8) 19275 (20.0)
-elective 214 (8.2%)
-in-labor 540 (20.6%)

Placenta previa

No 2503 (95.5) 95942 (99.6)
Yes 118 (4.5) 371(04)
Year of delivery

2008 159 9270
2009 200 9444
2010 249 9533
2011 225 9297
2012 277 9848
2013 299 9956
2014 294 9898
2015 271 9695
2016 315 9817
2017 332 9555

27.2(26.2-283)

25.5(23.7-27-4)
26.6 (25.3-27.9)
44.3 (38.8-50.4)

329 (31.3-34.6)
21.7(20.1-233)
21.6(19.3-24.0)

25.6 (24.5-26.59)
10.0 (87.0-114.2)

263(25.2-274)
35.6(31.9-39.6)

19.4 (18.4-20.5)

51.8 (47.7-65.1)
39.1 (36.4-42.0)

25.8 (24.8-26.9)

318.1 (263.3-380.9)

17.1 (14.6-20.0)
21.2(18.3-24.3)
26.1 (23.0-29.6)
242 (21.1-27.6)
28.1(24.9-31.6)
30.3 (26.7-33.6)
29.7 (26.4-33.3)
28.0(24.7-31.5)
31.8(28.4-35.5)
34.2 (30.7-38.1)

1.0 (ref)
1.04 (0.96-1.14)
1.74 (1.5-2.02)

1.52(1.39-1.66)
1.0 (ref)
0.99 (0.87-1.13)

1.0 (ref)
3.91(3.43-4.47)

1.0 (ref)
1.34(1.2-1.51)

1.0 (ref)
2.71(2.46-2.99)
2.02(1.85-2.21)

1.0 (ref)
12.2(9.95-14.9)

1.0 (ref)

1.23 (1.00-1.52)
1.52(1.25-1.86)
1.41(1.15-1.73)
1.64(1.35-1.99)
1.75(1.44-2.12)
1.73(1.43-2.12)
1.63(1.34-1.98)
1.87(1.55-2.26)
2.03(1.68-2.45)

Bold text indicates statistically significant results (P<0.05)

PPH, postpartum haemorrhage; Cl, confidence interval; IRR, crude incidence rate ratio

"Number of deliveries at Oslo University Hospital provided from the Medical Birth Registry of Norway

?One women with missing information from total number of deliveries

21.9/1000 in 2017. The number of women receiving four
units or more also significantly increased during the ten-
year period, with an unadjusted yearly increase of 8.4%
(95% CI 5.5-11.3%, P<0.005) (Fig. 1). The incidence of
transfusion of six or more units of red blood cells was
1.9/1000 deliveries, and did not significantly increase
throughout the study period (4.5%, 95% CI 0.8—10.0%,
P=0.10). The highest total number of units administered
to one woman was 80 (35 bags of red blood cells and 45
bags of plasma). Among the 2034 women who received
a blood transfusion, the mean number of units adminis-
tered was 3.9. Over half of the women received two units

(1168/2034), and almost 14% received four units. Massive
transfusions, defined as transfusion of 10 or more units
of red blood cells, occurred in 52 women, yielding a rate
of 0.54/1000 deliveries, and these cases were evenly dis-
tributed throughout the study period.

Maternal near miss occurred in 211 women, yielding a
rate of 2.2/1000 deliveries, and a non-significant increase
was observed (4.6%, 95% CI 0.3-9.7%, P=0.06). Among
the cases defined as maternal near miss, around 50% were
nulliparous (105/211), 30% had a history of one or more
previous caesarean Sect. (63/211), and 57% delivered by
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Fig. 1 Trends of severe postpartum haemorrhage at Oslo University Hospital (n=96 313 total deliveries)

Table 2 Rates and estimated annual percentage change of severe PPH at Oslo University Hospital (n=96 313 total deliveries)

n Rate per 1000 Estimated annual percent-  Age-adjusted
deliveries age change (95% CI)', P estimated annual
(95% CI) value percentage change
(95% CI)'%, P value
Severe PPH 2621 27.2(26.2-28.3) 6.0 (4.6-7.5), <0.001 59 (4.4-7.4),<0.001
Blood transfusion 2034 21.1(20.2-22.1) 6.3 (4.7-8.0), <0.001 6.2 (4.6-7.8), <0.001
Transfusion >4 units of blood products 679 7.01 (6.5-7.6) 8.4 (5.5-11.3), <0.001 8.0(5.2-10.9),
<0.001
Transfusion > 6 units of red blood cells 181 1.9(1.6-2.2) 4.5(0.8-10.0),0.10 39(1.3-94),0.14
Maternal near miss 211 22(1.9-26) 4.6 (0.3-9.7),0.06 40(0.8-9.1),0.11

PPH, postpartum haemorrhage; Cl, confidence interval

"Estimated annual percentage change, assuming a linear trend based on Poisson regression

2Adjusted for age by including age in the model (<30, 30-39, 40+years)

caesarean section in their index pregnancy (120/211). No
women died due to PPH during the study period.

Figure 2 presents the year-by-year frequencies of inva-
sive management among women with severe PPH. In
2008, 43% of women with severe PPH underwent a curet-
tage of the uterine cavity, in contrast to 28% in 2017.
Intrauterine tamponade, mostly by Bakri balloons, also
slightly decreased in frequency during the study period.

On the other hand, the rates of uterine compression
sutures, embolization of pelvic arteries, and hysterec-
tomies remained stable throughout the time period.
Among women with severe PPH, 2.8% (56/2621) under-
went embolization of pelvic arteries, yielding a rate of
0.6/1000 deliveries (95% CI 0.46—0.78). The rate of hys-
terectomy was similar, at 0.51/1000 deliveries (95% CI
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Fig. 2 Invasive procedures among women with severe postpartum haemorrhage

0.38-0.67), comprising 1.9% of women with severe PPH
(49/2621).

A higher rate of PPH was associated with maternal
age of 240 years old, compared to women of younger
age (<30 years) (Table 1). When we explored the trend
of severe PPH according to maternal age, we observed
a significant increase in all age groups (Fig. 3a). The
annual increase was higher among women of <30 years
old (9.4%, 95% CI 6.6—12.2%) and among women of >40
years old (8.5%, 95% CI 3.5-13.6%), compared to women
30-39 years old (4.0%, 95% CI 2.2—5.8%) (Table 3).

In analyses stratified by parity and previous caesarean
section, we observed an increasing trend of severe PPH
in all subgroups during the study period. These findings
were not changed by adjustment for age and mode of
delivery (Fig. 3b). The rates increased almost equally, by
around 5-6% every year (Table 3).

When stratified according to mode of delivery, the rate
of severe PPH exhibited the greatest increase among
women who delivered by caesarean section, more than
doubling from 21.5/1000 to 53.1/1000 during the study
period. Among women with operative vaginal delivery,

the rate of severe PPH doubled from 35.8/1000 to 2008
to 71.9 in 2017. The rate of severe PPH after unassisted
vaginal delivery increased from 12.9/1000 to 23.9/1000.
The increase was adjusted for age, parity, and previous
caesarean section (Fig. 3c). The annual increase of severe
PPH rate was higher among women with caesarean
Sect. (8.5%), than among women with operative vaginal
delivery (5.8%), and among women with unassisted deliv-
eries (5.1%) (Table 3).

Discussion

Main findings

During the 10-year study period, there was a doubling in
the incidence of women diagnosed with severe PPH at
Oslo University Hospital. The rate of blood transfusion
also doubled during the study period. We did not observe
a significant increase in massive transfusions, maternal
near miss, or invasive management.

Strengths and limitations
The main strength of our study was the confirmation of
each woman as a case of severe PPH from the hospital
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Table 3 Rates and estimated annual percentage change, stratified and adjusted by maternal age, parity, pervious caesarean section,

and mode of delivery

Severe PPHn (%) Deliveries' Rate of severe PPH per  Estimated annual P
n (%) 1000 deliveries percentage change value
(95% Cl) (95% CI)?
Maternal age’
<30 years 747 (28.5) 29315 (304) 25.5(23.7-274) 94 (6.6-12.2) <0.001
30-39 years 1642 (62.6) 61762 (64.1) 26.6 (25.3-27.9) 4.0(2.2-5.8) <0.001
>40 years 232(8.9) 5235 (5.5) 44.3 (38.8-50.4) 85(35-136) <0.001
Parity/previous CS
Nulliparous 1569 (59.9) 47 682 329(31.3-34.6) 6.1 (4.1-8.2)* <0.001
Parous without previous CS 713(27.2) 39097 18.2(16.9-19.6) 55(25-8.7)* <0.001
Parous with previous CS 339(12.9) 9534 35.6(31.9-39.6) 5.2 (2.5-7.9)*% <0.001
Mode of delivery
Vaginal delivery 1272 (48.5) 65 548 (68.1) 19.4 (18.4-20.5) 5.1(3.3-7.0)** <0.001
Operative vaginal delivery 595 (22.7) 11490 (11.9) 51.8 (47.7-65.1) 5.8(3.1-8.5)** <0.001
CS 754 (28.8) 19275 (20.0) 39.1 (36.4-42.0) 85(44-128** <0.001

PPH, postpartum haemorrhage; CS, caesarean section; Cl, confidence interval

"Number of deliveries at Oslo University Hospital, provided from the Medical Birth Registry of Norway

One missing from total number of deliveries

3Estimated annual percentage change, assuming a linear trend based on Poisson regression

*Adjusted by age and mode of delivery
**Adjusted by age and parity/previous CS.

database, with detailed information on estimated blood
loss and the amount of blood products transfused. This
enabled us to exclude women who were falsely regis-
tered as experiencing PPH, and to include women who
received large amounts of blood transfusions but were
not registered with blood loss of 21500 ml. We also
extracted exact information about invasive management,
which is often not possible from registry data. Most trend
studies are based on birth registers because they can pro-
vide large samples, but a hospital-based study will con-
tribute as a supplement to these studies. There is a risk
that we missed deliveries that were not registered with a
severe PPH, or were not coded with a blood transfusion;
however, we believe that we managed to include more
cases than would have been included from a registry,
while also excluding women who did not have a severe
PPH but were registered as such.

The limitations of this study are largely related to the
relatively small number of cases, and that it was not a
population-based study. Although Oslo University Hos-
pital is the largest labour department in Norway, the pop-
ulation may differ somewhat from the rest of the country,
with more urban characteristics, like older parturients
and more ethnic diversity. Additionally, since Oslo Uni-
versity Hospital is a referral hospital for the whole coun-
try in cases of certain maternal and foetal conditions, it
might not be completely generalizable to other areas in
a widespread country like Norway. On the other hand,
there are no private labour wards in Norway, and all
labour wards follow the same national guidelines and
provide equal and free healthcare to all pregnant women.

Another shortcoming is that we lack information regard-
ing labour induction and augmentation from the last
6 years of the study, and information about body mass
index. In these last years, we focused on estimated blood
loss, transfusions, and surgical management. The first
four years of this study included information on labour
induction and augmentation, and the analysis of these
data have been presented in a separate paper on risk
factors [14]. The estimation of blood loss was done by a
combination of visual and metric assessment and repre-
sents a limitation in the inclusion of women.

Interpretation

In this study, we demonstrated an increasing trend of
severe PPH and blood transfusion due to PPH dur-
ing a 10-year period, which is in line with the previ-
ously observed rise of PPH in high-income countries [3,
9, 21]. Although this increased trend has yet to be fully
explained, increased risk of PPH is reportedly associated
with changing maternal factors and increased obstetrical
interventions, like caesarean delivery and labour induc-
tion [5, 11]. Moreover, while explanatory factors have not
yet been clearly identified [4, 22, 23], increased awareness
and changing PPH diagnostic practices are suggested to
contribute to the rise [4].

An increased rate of blood transfusion due to PPH has
also been reported in other studies [6, 21, 24]. Medical
record registration of transfusions of blood products are
more accurate compared to estimated blood loss due
to strict rules on blood transfusions and constitutes a
more reliable observation. The increasing rate of blood
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transfusions may support a true increase in the rate of
severe PPH, and in that case, blood transfusions must
be considered an adequate life-saving response to severe
PPH. On the other hand, the increased rate may also in
part be an overuse of an available management. A labour
ward is a dynamic place, influenced by traditions and
personal opinions, and a shift towards a more liberal use
of blood products to manage PPH cannot be excluded,
even though the recommendations in the guidelines did
not change in the study period. If so, we need a reminder
of the possible side-effects of blood transfusions in fer-
tile women, like anaphylactic reactions and potential
immunization complications in future pregnancies [25].
Our present analysis did not demonstrate a significant
increase in transfusions of more than 6 units of red blood
cells. This may be due to the small sample size, but other
studies support our finding [26]. No trends of increasing
blood transfusion were found in a Dutch study [10], and a
Swedish study [8]. Moreover, a French study [6] observed
an increase in blood transfusions, but a stable rate of
maternal near miss due to PPH. The mean rate of massive
transfusions (=10 units of red blood cells) in our study
was 0.54/1000 deliveries, which is comparable to that in a
Swedish study (0.53/1000 deliveries) [7], but higher than
the rate reported from the UK, where 0.23/1000 deliv-
eries involved the administration of eight or more units
of red blood cells [27]. We did not estimate the trend of
transfusions of =10 units due to the low number of cases.

The incidence of severe PPH was considerably higher
in women who underwent operative vaginal delivery
and caesarean section compared to spontaneous vagi-
nal delivery. However, a significant increased rate was
present across all modes of delivery. The increase was
somewhat higher among women delivered by caesarean
section compared to spontaneous and operative vaginal
delivery, but with overlapping CI's. Likewise, a recent
study from Sweden analysed the trend of PPH according
to the Robson ten group classification [23], and revealed
that the rates increased across all modes of delivery,
except in prelabour caesarean deliveries. Previous stud-
ies have demonstrated that induction of labour and aug-
mentation of labour increases the risk of severe PPH [13,
14]. Medicalization of labour care has escalated over the
past decade in Norway [28], and may have played a role
in the increasing trend of severe PPH in our population.
These interventions may increase the risk in themselves,
but the risk may also be increased due to the indications
for the intervention, such as prolonged labour, multiple
pregnancy, gestational diabetes, estimated large fetus,
and maternal age. Unfortunately, we did not have these
variables available for our analysis. Studies have reported
increased risk of PPH in populations with induction of
labour [29] and demonstrated overlapping increased
trends of both induction of labour and PPH [28]. On
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the other hand, a Swedish study that analysed trends of
PPH according to Robson groups [23], demonstrated an
increasing trend of PPH in women both with and without
induction of labour.

The invasive procedures used to manage severe PPH
ranged from less-invasive techniques, such as intrauter-
ine balloon tamponade, to highly-invasive procedures,
like hysterectomy. The frequencies with which these pro-
cedures are used may vary depending on guidelines and
availability, as well as hospital traditions and the obste-
trician’s experience and preferred method. In our local
guideline, a severity trajectory exists for these interven-
tions; PPH is initially managed with a less invasive tech-
nique before resorting to more advanced procedures
as the haemorrhage increases in severity. As a result,
women with severe PPH will often end up with more
than one intervention. The cause of PPH and mode of
delivery will also have an impact on the sequence of pro-
cedures in each case. A French study have demonstrated
variations in invasive procedure application between
countries [30]. Even within our hospital, traditions and
obstetricians’ preferred procedures, may have changed
over time and affected our findings, although we do not
have the possibility to confirm this. For example, the
observed decrease in curettage and intrauterine tampon-
ade among women with severe PPH could reflect a more
aggressive and prompt use of uterotonic drugs. However,
this may also reflect that severe PPH requiring invasive
procedures did not increase, indicating that the most
severe cases of PPH did not increase. Likewise, a study
from the Netherlands reported an increase in PPH, with
a simultaneously decreased incidence of blood transfu-
sions, indicating that only the mildest variants of PPH
had increased [10].

In summary, our finding of an increased rate of severe
PPH and related blood transfusions is in line with previ-
ous reports. However, we did not observe increases in
invasive management or maternal near miss and massive
transfusions in the same cohort. This may suggest that
the rise in severe PPH do not apply to the most severe
cases (maternal near miss). One possible explanation
could be an increased awareness and enhanced early rec-
ognition of PPH, even without any substantial changes
in the guidelines. Another possibility is that an improved
initial management of PPH has reduced the risk of mater-
nal near miss due to severe PPH.

Conclusion

Our present study confirmed that the previously reported
trend of increasing severe PPH and blood transfusions
due to PPH in high-income countries has also occurred
in Norway. The increased rate of blood transfusion may
indicate that the observed increased rate of severe PPH
is true. However, the increase was not associated by
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similar increases in massive transfusions, maternal near
miss, or invasive procedures. Therefore, we may specu-
late that the rise in severe PPH also is partly due to an
improved early recognition and estimation of blood loss
in women with severe PPH, simultaneously contributing
to enhanced management and prevention of life-threat-
ening haemorrhage.

Abbreviations

@] Confidence interval
cs Caesarean section
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