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Abstract

Objective

To explore risk profiles of the different types of postpartum hemorrhage (PPH >500ml or

severe PPH >1500ml) and their recurrence risks in a subsequent delivery.

Methods

With data from The Medical Birth Registry of Norway and Statistics Norway we performed a

population-based cohort study including all singleton deliveries in Norway from 1967–2017.

Multilevel logistic regression was used to calculate odds ratio (OR), with 95% confidence

interval (CI), with different PPH types (PPH >500ml or PPH >1500ml (severe PPH) com-

bined with retained placenta, uterine atony, obstetric trauma, dystocia, or undefined cause)

as outcomes.

Result

We identified 277 746 PPH cases of a total of 3 003 025 births (9.3%) from 1967 to 2017.

Retained placenta (and/or membranes) was most often registered as severe PPH (29.3%).

Maternal, fetal, and obstetric characteristics showed different associations with the PPH

types. Male sex of the neonate was associated with reduced risk of PPH. This effect was

strongest on PPH due to retained placenta (adjusted OR, (aOR): 0.80, 95% CI 0.78–0.82),

atony (aOR 0.92, 95% CI: 0.90–0.93) and PPH with undefined cause (aOR 0.96, 95% CI:

0.95–0.97). Previous cesarean section showed a strong association with PPH due to dysto-

cia (aOR of 13.2, 95% CI: 12.5–13.9). Recurrence risks were highest for the same type:

PPH associated with dystocia (aOR: 6.8, 95% CI: 6.3–7.4), retained placenta and/or mem-

branes (aOR: 5.9, 95% CI: 5.5–6.4), atony (aOR: 4.0, 95% CI: 3.8–4.2), obstetric trauma

(aOR: 3.9, 95% CI: 3.5–4.3) and PPH of undefined cause (aOR: 2.2, 95% CI: 2.1–2.3).
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Conclusion

Maternal, fetal and obstetric characteristics had differential effects on types of PPH. Recur-

rence differed considerably between PPH types. Retained placenta was most frequently

registered with severe PPH, and showed strongest effect of sex; delivery of a boy was asso-

ciated with lower risk of PPH. Previous cesarean increased the risk of PPH due to dystocia.

Introduction

Postpartum hemorrhage (PPH) is the leading direct cause of maternal mortality worldwide

[1]. Main types of PPH described in literature are PPH associated with uterine atony and

retention of the placenta [2–5]. It is important to disentangle the different types of PPH, in

order to gain insight into the pathophysiological mechanisms, and to find potential clinical

interventions that may reduce occurrence and severity of PPH.

In studies on risk factors of types of PPH, emphasis has usually been placed on two main

causes of PPH; uterine atony [4,6,7] or retained placenta [3,8–11], while important types, like

PPH caused by obstetric trauma or dystocia, are widely ignored. Further, the considerable var-

iation in estimated occurrence rates between populations [2,3,12], exceeds what could be

expected to be caused by environmental and genetic variations.

Studies have reported associations of PPH (in general) with demographic [3,10,13–17], and

pregnancy-related factors [3,10], induction of labor [11], obstetric history, including recur-

rence risk [9–11], and complications related to the fetus, placenta, membranes and umbilical

cord [9,10,18–21], while studies on risk factors of type specific PPH are scarce. Thus, we aimed

to explore risk profiles of different PPH types through our specific objectives: to calculate the

effects of demographic and pregnancy-related factors, obstetric history and complications

related to the fetus, placenta, membranes and umbilical cord, and to investigate the recurrence

risk of the different types of PPH in the Norwegian population.

Material and methods

Data sources

The Medical Birth Registry of Norway (MBRN), established in 1967, is a mandatory register

containing information of all births in Norway [22]. For our main analyses we identified sin-

gleton births in the MBRN from 1967 to 2017 with gestational age at birth of�22 weeks and

spontaneous onset or induction of labor. This selection excluded planned cesarean sections,

but included cesareans after onset or induction of labor. Gestational age was estimated from

the last menstrual period and based on ultrasonography when data for the last menstrual

period were lacking. Information on the parental education level and country of birth was pro-

vided by Statistics Norway and linked with the birth registry using the unique national identifi-

cation number of each parent.

Record linkage

During the period from 1967 to 2017, 3 003 025 births were registered. Using the national

identification number, we linked the first two births in women who gave their first birth in

1967 or later, to assess the risk of PPH types according to pregnancy- and birth-related factors

and obstetric history, including recurrence risk.
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Ethics statement/approval

The study was approved by the Regional Committee for Medical and Health Research Ethics

(2013/1484) and the registry owners (the Medical Birth Registry of Norway, the Norwegian

Institute of Public Health, Statistics Norway and the Norwegian Tax Administration).

Outcome variables

The main outcome variables were PPH defined as the loss of more than 500ml of blood during

labor or within 24 hours postpartum (hereafter referred to as PPH) in combination with one

of seven predefined types of PPH described below. The PPH types were not mutually exclusive

as more than one PPH type could be recorded in the same delivery.

Before 1999 bleeding volume during labor was registered to MBRN as free text and catego-

rized as PPH if the volume was more than 500ml. In 1999, the notification form was upgraded

with new, predominantly categorical, variables: PPH 500ml to 1500ml: Blood loss from 500ml

to 1500ml during labor or within the first 24 hours after labor; and PPH >1500 ml: blood loss

of more than 1500ml during or within 24 hours after labor or the need for blood transfusion

(regardless of bleeding volume) (hereafter referred to as severe PPH) [22–24].

PPH types were defined as PPH combined with each of the following complications:

1 Retained placenta and/or membranes. Defined as lack of expulsion of the placenta

within 30 minutes of delivery [25], or retention of membranes. This was notified to the MBRN

by plain text before 1999 and by check box from 1999, or by plain text as manual removal of

the placenta, postpartum uterine curettage or abnormally invasive placenta from 1967 to 2017.

2 Uterine atony. Failure of the uterus to contract adequately following delivery [26], noti-

fied in the MBRN by plain text before 1999 and by check box from 1999.

3 Obstetric trauma. Notified in the MBRN as perineal laceration (1st to 4th degree) (by

plain text before 1999 and by check boxes from 1999) or notified by plain text as other obstetric

trauma (e.g., cervical or vaginal trauma) or inversio uteri from 1967.

4 Dystocia. Duration of labor with spontaneous onset extends beyond the normal dura-

tion defined by the World Health Organization, (based on observational studies from 1973–

2018) [27]. First stage (time from five centimeters to full cervical dilatation) 12 and 10 hours in

first and subsequent labors, respectively. Second stage (time from full cervical dilatation to

birth) three and two hours in first and subsequent labors, respectively. Protracted labor or

cephalopelvic disproportion has been notified in the MBRN by plain text before 1999 and

from 1999 by check box.

5 Undefined PPH cause. PPH without recorded cause.

6 Placental abruption. Notified in the MBRN before 1999 by plain text, and from 1999 by

check box.

7 Placenta previa. Notified in the MBRN before 1999 by plain text, and from 1999 by

check box.

Independent variables

Independent variables were demographic characteristics (maternal age, country of origin,

marital status, education), obstetric history, pregnancy and fetal complications, and character-

istics of the placenta, membranes, or umbilical cord. Independent variables also included a his-

tory of PPH (including the type of PPH) in the first delivery, inter-delivery interval, change of

father between pregnancies, and previous cesarean section. Our analyses included possible

confounding factors: maternal age (in five categories), parity, marital status, inter-delivery

interval, mother’s country of birth, level of education, and the period of birth divided into five
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groups of approximately equal length (1967–1977, 1978–1987, 1988–1997, 1998–2007 and

2008–2017). (S1 File) includes additional details.

Statistical analysis

We used multilevel logistic regression analyses to calculate odds ratios (ORs) with 95% confi-

dence intervals (CIs) for PPH types as outcomes, and variables related to demographic charac-

teristics, obstetric history, pregnancy, and fetal complications, and characteristics of the

placenta, membranes, and umbilical cord as exposures. We also calculated ORs for PPH types

in the actual birth as the outcomes and previous PPH types as exposure variables.

We used sensitivity analyses to assess if the associations studied persisted after adjusting for

unmeasured confounders and to indicate potentially false positive associations by chance con-

ducting multiple analyses. (S1 File) includes additional details.

The statistical analyses were performed using SPSS (version 25) and MLwiN (version 3.05).

Results

Table 1 and Fig 1 shows occurrence of type specific PPH among singleton pregnancies with

gestational age at birth of�22 weeks of gestation. The distribution of PPH types, in decreasing

order of group size, included 42.0% (n = 131 170) without specified cause of PPH, 23.4%

(n = 73 284) due to atony, 12.0% (n = 37 597) dystocia, 11.4% (n = 35 664) retained placenta

and/or membranes, and 9.2% (n = 28 673) obstetric trauma. Placental abruption and placenta

previa were registered as cause of PPH in 1.2% (n = 3598) and 0.8% (n = 2542), respectively.

The total number of PPH registrations (n = 312 528) exceeded the total number of births with

PPH (n = 277 746), since more than one PPH type could be recorded in the same birth.

Severe PPH (registered after 1999, 28 149 type specific cases) showed a different distribu-

tion with 25.8% (n = 7276) caused by atony and 25.7% (n = 7229) by retained placenta, fol-

lowed in decreasing order: undefined bleeding cause 21.5% (n = 6055), dystocia 14.1%

(n = 3980), obstetric trauma 9.2% (n = 2586), placenta previa 1.8% (n = 517) and placental

abruption 1.8% (n = 503) (Table 1).

Women who had PPH caused by retained placenta were more often registered with severe

PPH (29.3%) compared with other categories of PPH (Table 1, Fig 2), while only 6.4% of those

with undefined cause of PPH were severe PPH cases.

Table 2 shows the distribution of maternal, pregnancy and birth characteristics in types of

PPH.

Young women were more often registered with PPH due to obstetric trauma, and women

with PPH caused by dystocia and obstetric trauma were more often nulliparous.

Smoking was more common in PPH associated with placenta previa and placental

abruption.

Diabetes mellitus was more common in PPH associated with dystocia (4.2%), while pre-

eclampsia was more common in PPH associated with placental abruption (8.0%).

High birthweight was commonly found in PPH caused by dystocia, atony and obstetric

trauma.

A history of first trimester bleeding was more common in women with PPH due to placenta

previa (6.1%) and retained placenta (4.8%), while the opposite was the case for PPH caused by

obstetric trauma (1.9%).

Women who experienced PPH due to retained placenta or atony were more likely deliver-

ing girls than boys, while those with PPH caused by dystocia, obstetric trauma and undefined

bleeding cause were more often delivering boys.
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Placenta was defined as “normal” (tic box) in most deliveries with PPH without defined

cause, in PPH due to obstetric trauma, and due to dystocia (75–85%). The opposite was found

for PPH caused by retained placenta, where 26% of the placentas were defined as normal.

Table 3 shows risks of PPH types according to maternal, pregnancy and birth characteris-

tics. We selected deliveries that were induced or had spontaneous onset, and found that PPH

due to placental abruption and placenta previa represented a small proportion (2%) of all PPH

registrations, and these were therefore not included in Tables 3–5. The risk of PPH increased

with maternal age, and the association was strongest for PPH due to dystocia, followed by

retained placenta, undefined bleeding cause and obstetric trauma. The effects were attenuated

by adjustment for year of birth, while including parity in the model strengthened the associa-

tions. The risk of PPH was highest in primiparas, regardless of PPH type, especially with PPH

caused by dystocia and obstetric trauma. By including maternal age to the models these associ-

ations were strengthened.

First trimester bleeding was associated with a doubled risk of PPH due to retained placenta

and had weaker association with PPH due to atony and without defined cause.

The risks of PPH types included in Table 3 increased with birthweight, especially PPH due

to dystocia, obstetric trauma and atony. Including parity, maternal age and year of delivery in

the models strengthened the associations, mainly for PPH due to dystocia and obstetric

trauma. In term but not preterm deliveries, low birthweight (<2500g) was associated with

PPH due to retained placenta and/or membranes.

Exploring the effect of fetal sex on the PPH types, we found that the risk of PPH was lower

if the newborn was a boy. This association was strongest for PPH due to retained placenta

(aOR: 0.80, 95% CI 0.78–0.82), followed by atony (aOR 0.92, 95% CI: 0.90–0.93) and unde-

fined cause of PPH (aOR 0.96, 95% CI: 0.95–0.97). These associations were similar in strata of

birthweight (<2500g, 2500–2999g, 3000–3499g, 3500–4000g, 4000–4499g, 4500–4999 g,

�5000g). Adjusted OR for PPH due to obstetric trauma was also lower for deliveries of a boy,

but this effect was only significant in weight groups between 3000 and 4499g. However, if the

newborn was a boy, there was increased risk of PPH due to dystocia, but this association disap-

peared after stratification according to birthweight.

Fig 1. Occurrence of type specific postpartum hemorrhage (>500ml) (1967–2017); singleton births,�22 weeks of

gestation.

https://doi.org/10.1371/journal.pone.0275879.g001
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The association between placenta weight categories and the specific causes of PPH generally

showed a pattern like that of birthweight.

Velamentous and marginal umbilical placental cord insertion were strongest associated

with PPH due to retained placenta. This effect was significantly stronger for velamentous-

(aOR: 3.1, 95% CI: 2.9–3.4) than marginal cord insertion (aOR: 1.3, 95% CI: 1.2–1.3).

Table 4 shows the risk of PPH types in the second delivery (except for PPH caused by pla-

cental abruption and placenta previa) according to PPH types in the first delivery and preg-

nancy and birth related factors.

The risk of recurrent PPH was strongest for the same type. PPH associated with dystocia

had highest risk of recurrence (aOR: 6.8, 95% CI: 6.3–7.4), followed by PPH due to retained

placenta and/or membranes (aOR: 5.9, 95% CI: 5.5–6.4), atony (aOR: 4.0, 95% CI: 3.8–4.2)

and obstetric trauma (aOR: 3.9, 95% CI: 3.5–4.3), while PPH of undefined cause had lowest

risk of recurrence (aOR: 2.2, 95% CI: 2.1–2.3) (Table 4).

Exploring effects of pregnancy related factors on the PPH types in the second delivery, we

found that inter-delivery interval had no significant effect on the PPH risk in second delivery,

except for PPH due to retained placenta where a short inter-delivery interval (less than one

year) was associated with a doubled risk (aOR: 2.0, 95% CI: 1.5–2.6).

Fig 2. Proportions of severe postpartum hemorrhage (>1500ml) within type specific postpartum hemorrhage (1999–2017); singleton births,�22

weeks of gestation.

https://doi.org/10.1371/journal.pone.0275879.g002
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Table 2. Distribution of maternal, pregnancy and birth characteristics in types of postpartum hemorrhage (PPH>500ml); singleton births,�22 weeks of

gestation.

All types Retained

placenta

Atony Trauma or

laceration

Placental

abruption

Placenta

previa

Dystocia Undefined

bleeding

cause

(n) % (n) % (n) % (n) % (n) % (n) % (n) % (n) %

Maternal age (years) <20 9332 3.0 863 2.4 2523 3.4 1054 3.7 106 2.9 13 0.5 801 2.1 3972 3.0

20–24 55452 17.7 5711 16.0 14388 19.6 6045 21.1 576 16.0 136 5.4 5829 15.5 22767 17.4

25–29 103710 33.2 11198 31.4 25115 34.3 10641 37.1 1098 30.5 513 20.2 13315 35.4 41830 31.9

30–34 92251 29.5 11223 31.5 20744 28.3 7685 26.8 1086 30.2 922 36.4 11806 31.4 38785 29.6

35–39 42678 13.7 5494 15.4 8802 12.0 2807 9.8 578 16.1 746 29.3 4914 13.1 19337 14.7

40–44 8595 2.8 1112 3.1 1621 2.2 414 1.4 148 4.1 200 7.9 884 2.4 4216 3.2

�45 510 0.2 63 0.2 91 0.1 27 0.1 6 0.2 12 0.5 48 0.1 263 0.2

Parity 0 157617 50.4 16033 45.0 34849 47.6 18661 65.1 1290 35.9 739 29.1 28690 76.3 57355 43.7

1 99371 31.8 12316 34.5 24554 33.5 7485 26.1 1217 33.8 1032 40.6 6838 18.2 45929 35.0

2 38856 12.4 5204 14.6 9792 13.4 1931 6.7 668 18.6 469 18.5 1511 4.0 19281 14.7

3 10994 3.5 1421 4.0 2731 3.7 416 1.5 240 6.7 203 8.0 372 1.0 5611 4.3

4 3983 1.3 463 1.3 928 1.3 140 0.5 128 3.6 71 2.8 135 0.4 2118 1.6

�5 1707 0.5 227 0.6 430 0.6 40 0.1 55 1.5 28 1.1 51 0.1 876 0.7

Year of delivery 1967–1969 9042 2.9 779 2.2 2268 3.1 430 1.5 155 4.3 36 1.4 182 0.5 5192 4.0

1970–1979 24384 7.8 2718 7.6 6836 9.3 1701 5.9 318 8.8 61 2.4 853 2.3 11897 9.1

1980–1989 25760 8.2 3510 9.8 8007 10.9 3108 10.8 384 10.7 99 3.9 2157 5.7 8495 6.5

1990–1999 40825 13.1 4990 14.0 11430 15.6 4559 15.9 543 15.1 230 9.0 4669 12.4 14404 11.0

2000–2009 96120 30.8 12294 34.5 22990 31.4 7858 27.4 1179 32.8 1003 39.5 12572 33.4 38224 29.1

2010–2017 116397 37.2 11373 31.9 21753 29.7 11017 38.4 1019 28.3 1113 43.8 17164 45.7 52958 40.4

Previous 1st trimester spontaneous

abortiona
No 177174 80.4 19011 76.8 37367 80.5 16185 83.6 1759 76.5 1570 72.5 25314 82.5 75968 80.3

Yes 43142 19.6 5737 23.2 9046 19.5 3181 16.4 539 23.5 597 27.5 5362 17.5 18680 19.7

1st trimester bleeding No 303194 97.0 33940 95.2 71180 97.1 28130 98.1 3473 96.5 2386 93.9 36477 97.0 127608 97.3

Yes 9334 3.0 1724 4.8 2104 2.9 543 1.9 125 3.5 156 6.1 1120 3.0 3562 2.7

Previous cesarean section No 279188 89.3 32597 91.4 68194 93.1 25881 90.3 3119 86.7 2050 80.6 33216 88.3 114131 87.0

Yes 33340 10.7 3067 8.6 5090 6.9 2792 9.7 479 13.3 492 19.4 4381 11.7 17039 13.0

Preeclampsia No 299179 95.7 34182 95.8 70433 96.1 27615 96.3 3310 92.0 2502 98.4 35943 95.6 125194 95.4

Yes 13349 4.3 1482 4.2 2851 3.9 1058 3.7 288 8.0 40 1.6 1654 4.4 5976 4.6

Smoking in start of pregnancya No 165227 89.1 18531 86.7 36750 89.6 15846 91.1 1491 79.1 158 43.3 23531 90.3 68920 89.2

Occasionally 2880 1.6 333 1.6 604 1.5 258 1.5 52 2.8 28 7.7 405 1.6 1200 1.6

Yes 17275 9.3 2509 11.7 3680 9.0 1288 7.4 341 18.1 179 49.0 2117 8.1 7161 9.3

Gestational or pregestational

diabetes mellitus

No 302981 96.9 34768 97.5 71523 97.6 28001 97.7 3510 97.6 2459 96.7 36002 95.8 126718 96.6

Yes 9547 3.1 896 2.5 1761 2.4 672 2.3 88 2.4 83 3.3 1595 4.2 4452 3.4

Start of delivery Spontaneous 216838 69.4 26006 72.9 54963 75.0 22129 77.2 1946 54.1 624 24.5 26318 70.0 84852 64.7

Induction 66721 21.3 7342 20.6 15513 21.2 6337 22.1 815 22.7 148 5.8 11279 30.0 25287 19.3

Cesarean

section

28969 9.3 2316 6.5 2808 3.8 207 0.7 837 23.3 1770 69.6 0 0.0 21031 16.0

Birthweight (grams) <4000 222509 71.2 26665 74.8 49843 68.0 19593 68.3 3327 92.5 2404 94.6 23258 61.9 97419 74.3

4000–4499 68414 21.9 6928 19.4 17788 24.3 6956 24.3 222 6.2 118 4.6 10539 28.0 25863 19.7

4500–4999 18621 6.0 1803 5.1 4911 6.7 1851 6.5 41 1.1 18 0.7 3245 8.6 6752 5.1

�5000 2984 1.0 268 0.8 742 1.0 273 1.0 8 0.2 2 0.1 555 1.5 1136 0.9

Fetal sexb Girl 154394 49.4 19241 54.0 37118 50.7 14021 48.9 1601 44.5 1184 46.6 16634 44.2 64595 49.2

Boy 158114 50.6 16414 46.0 36163 49.3 14652 51.1 1997 55.5 1358 53.4 20962 55.8 66568 50.8

Cesarean section (irrespective of

start)

No 237468 76.0 30622 85.9 65379 89.2 27751 96.8 1176 32.7 119 4.7 20995 55.8 91426 69.7

Yes 75060 24.0 5042 14.1 7905 10.8 922 3.2 2422 67.3 2423 95.3 16602 44.2 39744 30.3

(Continued)
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Change of father slightly decreased ORs of PPH due to obstetric trauma, atony and unde-

fined bleeding cause. Additional adjustment for inter-delivery interval did not influence the

associations.

A previous cesarean delivery was associated with a marked increased risk of PPH due to

dystocia, (aOR of 13.2, 95% CI: 12.5–13.9), and a weaker association with PPH caused by

obstetric trauma (aOR: 4.0, 95% CI: 3.8–4.2), undefined PPH, retained placenta and atony

(aORs between 1.3 and 1.8). In additional analyses we compared risks of PPH associated with

dystocia in three groups: second deliveries without previous cesarean section (reference), sec-

ond deliveries with previous cesarean section, and first deliveries (Table 5). We found that the

risk of PPH due to dystocia was higher in women with a previous cesarean (vaginal primipa-

ras) than in primiparas.

Our sensitivity analyses (S1 File) indicated that the associations described in Tables 3 and 4

persisted after adjusting for potential unmeasured confounders, and that false positive associa-

tions due to multiple testing were not present.

Discussion

Main findings

We found that maternal, fetal and obstetric characteristics had differential effects on the types

of PPH. The risk of recurrence differed considerably between the PPH types; the strongest

recurrence risks were found for PPH caused by dystocia, retained placenta and atony. PPH

due to retained placenta was most prone to develop into severe PPH.

Table 2. (Continued)

All types Retained

placenta

Atony Trauma or

laceration

Placental

abruption

Placenta

previa

Dystocia Undefined

bleeding

cause

(n) % (n) % (n) % (n) % (n) % (n) % (n) % (n) %

Vacuum delivery No 275186 88.1 32333 90.7 66115 90.2 23458 81.8 3494 97.1 2537 99.8 22347 59.4 124902 95.2

Yes 37342 11.9 3331 9.3 7169 9.8 5215 18.2 104 2.9 5 0.2 15250 40.6 6268 4.8

Forceps delivery No 302559 96.8 34869 97.8 71598 97.7 26663 93.0 3547 98.6 2536 99.8 33700 89.6 129646 98.8

Yes 9969 3.2 795 2.2 1686 2.3 2010 7.0 51 1.4 6 0.2 3897 10.4 1524 1.2

Shoulder dystocia No 307711 98.5 35177 98.6 72058 98.3 27989 97.6 3586 99.7 2540 99.9 36558 97.2 129803 99.0

Yes 4817 1.5 487 1.4 1226 1.7 684 2.4 12 0.3 2 0.1 1039 2.8 1367 1.0

Episiotomyc No 171611 77.9 19634 79.3 35045 75.5 13164 68.0 2218 96.5 2149 99.2 19842 64.7 79559 84.1

Yes 48705 22.1 5114 20.7 11368 24.5 6202 32.0 80 3.5 18 0.8 10834 35.3 15089 15.9

Epidural anasthesia No 217383 69.6 26376 74.0 54188 73.9 19013 66.3 3101 86.2 2268 89.2 13166 35.0 99271 75.7

Yes 95145 30.4 9288 26.0 19096 26.1 9660 33.7 497 13.8 274 10.8 24431 65.0 31899 24.3

Placenta defined as normalc No 54383 24.7 18208 73.6 10490 22.6 3003 15.5 1050 45.7 714 32.9 6677 21.8 14241 15.0

Yes 165933 75.3 6540 26.4 35923 77.4 16363 84.5 1248 54.3 1453 67.1 23999 78.2 80407 85.0

Velamentous umbilical cord

incertionc
No 215432 97.8 23625 95.5 45476 98.0 19002 98.1 2205 96.0 2052 94.7 30159 98.3 92913 98.2

Yes 4884 2.2 1123 4.5 937 2.0 364 1.9 93 4.0 115 5.3 517 1.7 1735 1.8

Marginal umbilical cord incertionc No 206851 93.9 23027 93.0 43267 93.2 18090 93.4 2093 91.1 1949 89.9 28818 93.9 89607 94.7

Yes 13465 6.1 1721 7.0 3146 6.8 1276 6.6 205 8.9 218 10.1 1858 6.1 5041 5.3

Incidences according to maternal, pregnancy and birth characteristics are given in Table 3.
a 1999–2017, smoking status available in 163731 deliveries with PPH.
b 18 newborns with unknown sex.
c 1999–2017.

https://doi.org/10.1371/journal.pone.0275879.t002
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Strengths and limitations

A main strength of the study was the long study period with mandatory registration of all

births in the country, and with almost complete record linkage, which made it possible to do

comprehensive sub-analyses. We also consider it a strength that it has been possible to classify

clinically relevant causes of PPH since the inception of the registry. The population-based

design and prospective collection of data attenuate selection and recall bias. Ethically, this is

the study design of choice as we investigate a potentially life-threatening outcome [28]. Fur-

thermore, the PPH-variable has been validated and found to be of adequate quality for epide-

miological studies [29]. The robustness of our results for potentially unknown confounding

variables, assessed in the sensitivity analyses, is reassuring.

The introduction of activity-based financing and update of the MBRN registration form in

1999 may have improved the registration and contributed to the increased occurrence of PPH

without specified cause after 1999, representing 29.2 percent of all registered PPH cases in the

total study period.

It is possible that misclassification between types of PPH occurs, for example between

retained placenta and atony. We expect that such misclassification to be non-differential and

would therefore not affect the ORs. Coexistence of more than one PPH type in a delivery, for

example atony and obstetric trauma caused by macrosomia is plausible, and there was no

upper limit for registration of types of PPH in each delivery.

Previous studies

International variation and demographic factors. In contrast to the situation worldwide,

the maternal mortality rate of PPH in Norway is low [1,30], which may limit the generalizabil-

ity of our results. However, in other settings we assume that proportions of severe bleeding in

the different types of PPH may show similar pattern.

There are considerable differences in the reported proportions of PPH types in the litera-

ture, especially for PPH caused by atony and retained placenta. Bateman et al. [12] and Wid-

mer et al. [2] reported that 79% and 62% of all registered PPH cases (>500ml and refractory

PPH, respectively) were accounted for by atony, which is in contrast with our findings (23%

PPH due to atony) (Table 1). Our result is more in line with the 41% due to atony in a Swedish

study (>1000ml) [3]. The proportion of PPH due to retained placenta in our study (11.4%) is

in line with other studies [5,12]. Oberg et al. reported that 33.5% of PPH cases were due to

retained placenta, which is comparable to our results in severe PPH (25.7% due to retained pla-

centa) [3]. Additionally, a Danish study found higher proportions of retained placenta in

severe PPH, compared to milder PPH [5], and a Turkish study found retained placenta to be

associated with severe PPH [31]. These results agree with our results that PPH due to retained

placenta most often caused severe PPH (Table 1).

Table 5. Risk of postpartum hemorrhage (PPH>500ml) due to dystocia in second deliveries without previous

cesarean section (CS) (reference), second deliveries with previous CS, and first deliveries; singleton births,�22

weeks of gestation and spontaneous onset or induction of labor.

Total Dystocia related PPH

Groups (n) (n) % aOR 95% CI

2nd delivery without previous CS 864751 3146 0.4 1 Ref

2nd delivery with previous CS 71240 3692 5.2 18.85 17.84 19.92

1st delivery 1124388 28690 2.6 9.10 8.72 9.48

CI confidence interval, aOR OR adjusted for maternal age and period (1967–1977, 1978–1987, 1988–1997, 1998–

2007 and 2008–2017).

https://doi.org/10.1371/journal.pone.0275879.t005
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These inter-study variations may be caused by differences in code availability or definitions

of excessive bleeding, although it cannot be ruled out that variations of population genetic

and/or environmental properties, or medical culture, may also play a role.

Our results confirm that maternal age was associated with all types of PPH (with the stron-

gest association for PPH caused by dystocia). The effect of maternal age on PPH caused by

atony are in line with existing knowledge [2,4,6,7,32]. Studies on associations between mater-

nal age and other types of PPH are scarce, but an association with retained placenta in general

has been reported [32]. Parity had strongest effect on PPH due to dystocia; 76% of the cases

were primiparas, which agrees with the higher risk of dystocia in nulliparas [33].

As dystocia may result in uterine fatigue and atony, PPH due to dystocia may have been

classified as atony in studies where dystocia is not recorded in the databases. This may, at least

in part, explain the very high proportion of PPH due to atony found in some studies [12].

Pregnancy-related factors. We found a slightly reduced risk of recurrent PPH (caused by

obstetric trauma and atony and undefined bleeding cause) in mothers who had changed part-

ner, also after adjusting for inter-delivery interval. This fits with our previous findings of a

weak but significant paternal effect on recurrent PPH [10]. In the present study there was a sig-

nificantly increased risk of PPH due to retained placenta when the inter-delivery interval was

short (less than one year). This contrast findings regarding PPH in general, where inter-deliv-

ery interval had a negligible effect on recurrence [10].

The association of first trimester bleeding and PPH caused by retained placenta is consis-

tent with results from previous studies that retained placenta [34] and PPH in general [35] are

associated with threatened abortion.

Obstetric history (including recurrence). Recurrence risk of PPH due to retained pla-

centa [3,5,8,11], atony and laceration [3], and increased duration and pushing time of the sec-

ond stage of labor have been associated with PPH [36], which is in line with our results.

However, we found that PPH caused by dystocia was the PPH type most prone to recur, which

to our knowledge has not been reported before.

A history of cesarean section has been linked to risk of retained placenta in general

[6,13,16] and atonic PPH [12], but not consistently [8,37]. In our population women with a

previous cesarean carried increased risk of all causes of PPH, but the strongest association was

found with dystocia PPH (Table 4).

Complications related to the fetus, placenta, membranes and umbilical cord. The find-

ing that birthweight has a strong association to PPH (Table 3) is in line with previous findings

[10,38,39]. However, a new finding was that the strength of associations markedly varied with

type of PPH, and that birthweight had the strongest association with PPH due to dystocia.

Sex differences in properties of placenta, umbilical cord and birthweight are well known

[40–44]. We found a strong effect of fetal sex on most types of PPH and especially for PPH

caused by retained placenta. This was a new finding and is consistent with previous findings

that delivery of girls carries higher risk of retained placenta in general [8,13] and PPH due to

atony [45].

As expected, PPH without specific cause was dominated by mild cases. Its low risk of recur-

rence is in line with the concept that a mild phenotype of a polygenic trait or disease is gener-

ally less prone to recur than a severe phenotype [46]. This suggests that most of these cases

were correctly assigned to the group.

Interpretation

Risk factors for dystocia, with and without PPH, have previously been reported [36,47–49],

but the strong recurrence risk of PPH due to dystocia has to our knowledge not been studied
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before. As dystocia may be an indication for operative delivery, this may result in PPH due to

trauma to the birth canal. The recurrence risk of PPH due to dystocia may be caused by sus-

tained or recurrent factors associated with PPH or indicative of operative delivery, such as ten-

dency to deliver large babies and fetopelvic disproportion. Further, dystocia may lead to atonic

PPH through exhausting workload on the uterus without adequate progression of labor.

It is reasonable to assume that the placenta accreta spectrum constitutes some of the cases

of severe PPH in the retained placenta group. However, we do not have exact information on

the occurrence of placenta accreta spectrum in our population, and this was beyond the scope

of our study. Another possible explanation for the higher occurrence of severe PPH among

women with PPH due to retained placenta is the lack of effective initial medical treatment,

along with the need of surgical intervention which may be delayed. In contrast, atony often is

sufficiently treated with medications.

A previous cesarean was strongly associated with PPH due to dystocia in the second deliv-

ery, and we also found associations with PPH due to obstetric trauma, retained placenta and

atony. The risk of PPH due to dystocia was higher than in nulliparas. A possible explanation

for the association of previous cesarean section with PPH due to dystocia may be ineffective

labor contractions due to the uterine scar, and that no previous vaginal delivery may mimic a

primipara, with increased risk of delayed progression in labor and exhaustion of uterine con-

tractility. One may speculate that the association of previous cesarean section with PPH due to

retained placenta is associated with an early stage of abnormally invasive placenta, consistent

with the increased risk of abnormally invasive placenta in women with previous cesarean sec-

tion [50].

We found that birthweight was associated with all types of PPH, but especially PPH due to

dystocia, birth canal lacerations and uterine atony. This was expected, as macrosomia is associ-

ated with PPH through distention of the uterus and large utero-placental wound surface

[2,10,14,51]. In addition, macrosomia may increase tension on maternal tissue during labor

leading to increased risk of obstetric trauma [52]. Another explanatory mechanism is that fetal

macrosomia, dystocia and atony may be indications for operative vaginal delivery and result in

surgical bleeding.

A possible explanation for the reduced risk of PPH due to retained placenta if the newborn

was a boy (Table 3) may be the more inadequate transformation of the uterine spiral arteries

in pregnancies with male fetus [53–55]. This agrees with the fetal sex preponderance in com-

plications of the placenta, like placental abruption [45] and preeclampsia [56], although not

consistently for the latter [45].

To increase the relevance for clinical practice we analyzed deliveries with spontaneous

onset or induction of labor, thus excluding cesarean sections before the onset of labor. Deliver-

ies with PPH due to placenta previa or placental abruption are underrepresented in our mate-

rial (only 2% of PPH cases) since they primarily are delivered by cesarean section before labor

and were therefore not included in the main analyses.

The substantial variation of reported incidence of causes of PPH among populations call

for initiatives to unite the international definitions and improve the understanding of PPH

pathophysiological mechanism.

We have already addressed the need of alertness when a delivering woman or her relatives

has experienced PPH [9,10]. Based on our present results, we encourage special attention con-

cerning PPH due to retention of placenta or membranes, as its recurrence risk is high, and that

a retained placenta carried the highest risk of severe PPH.

PPH due to retention of placenta or membranes was related to velamentous and marginal

umbilical cord insertion in a dose-response-pattern with strongest association to velamentous

insertion. Both conditions are possible to diagnose by ultrasonography during pregnancy [57].
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Thus, prenatal identification of an abnormal cord insertion may serve to alert clinicians and

enhance their preparedness.

We found a strong association between previous cesarean section and PPH due to dystocia,

and that it was likely to recur from the first to the second delivery. Dystocia is widely ignored

as a cause of PPH in the literature, but our study indicates that a history of PPH due to dystocia

should be included in risk assessment for PPH.

Conclusions

In this large population-based study we found that maternal, fetal and obstetric characteristics

had differential effects on types of PPH. Recurrence differed considerably between PPH types.

Retained placenta was most frequently registered with severe PPH, and showed strongest effect

of sex; delivery of a boy was associated with lower risk of PPH. Previous cesarean increased the

risk of PPH due to dystocia.

Our research adds to the understanding of recurrence risk of PPH and suggests that PPH

can be inherited. In future studies genetic influence on specific types of PPH needs to be disen-

tangled from environmental influence.
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