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Abstract: 1 

Background and objectives: Obstetric haemorrhage is associated with increased blood transfusion, 2 

morbidity and health service usage in women. While the use of transfusion in actively bleeding patients 3 

is supported, there is little evidence for the use of blood as treatment in the non-bleeding patient 4 

following obstetric haemorrhage. Transfusion may expose women to increased morbidity. This study 5 

aims to compare outcomes between low-risk women receiving no or 1-2 units of blood in the context of 6 

obstetric haemorrhage. 7 

Materials and methods: The study population included women giving birth in hospital in New South 8 

Wales, Australia, between July 2006 and December 2010, with a diagnosis of obstetric haemorrhage. 9 

Women with medical or obstetric conditions making them high risk were excluded, as were women 10 

receiving more than 2 units of blood. Data were obtained from linked hospital, birth and blood bank 11 

databases. Propensity score matching was used to compare outcomes between transfused and non-12 

transfused women in order to estimate the impact of the transfusion itself on outcomes. 13 

Results: There were 14989 women with obstetric haemorrhage, of whom, 1702 received a transfusion, 14 

including 1069 receiving a transfusion of 1-2 units. Women receiving transfusion were more likely to 15 

experience severe maternal morbidity (relative risk 7.0, 95% Confidence interval (2.8,17.8)), be admitted 16 

to intensive care (RR 2.1  95% CI(1.2,3.8)), and have a length of stay >5 days (RR 2.0, 95% CI (1.6,2.5)). 17 

Conclusions: Small volume transfusion in the context of obstetric haemorrhage among low-risk women 18 

is associated with poorer maternal outcomes and increased healthcare utilisation.   19 

  20 
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 1 

Excessive bleeding around the time of childbirth (including antepartum, intrapartum and postpartum 2 

haemorrhage, termed obstetric haemorrhage) is associated with increased morbidity and longer 3 

hospital stays compared to women without haemorrhage. Rates of postpartum haemorrhage (5-15% of 4 

births) [1], the main contributor to obstetric haemorrhage,  are increasing in the United States, Canada, 5 

Australia, and elsewhere.[2-5]. Rates of red blood cell (RBC) transfusion in pregnancy and postpartum 6 

range from 0.1-2%,[6, 7] however these have also been increasing.[8] There is little evidence guiding 7 

transfusion in obstetric patients, with current guidelines based around expert opinion and trials in non-8 

pregnant patients. [9]  9 

There is growing concern that transfused patients have poorer outcomes compared with similar patients 10 

not receiving transfusions. Observational studies and randomised trials have found transfusion to be 11 

associated with adverse outcomes including increased mortality, wound infection, sepsis, pneumonia, 12 

organ failure, and mechanical ventilation. [10-15]  However, a Cochrane review of randomised trials 13 

comparing liberal and restrictive transfusion strategies reports no difference in mortality and 14 

morbidity[16].These findings, in combination with concerns about the decreasing donor base [17] and 15 

increasing costs of supplying blood, [17] have led to calls to reduce transfusion, including in obstetrics. It 16 

is not clear to what extent findings of studies conducted in surgical, critical care and cardiac patients  17 

apply to the generally younger and otherwise healthy obstetric population.  18 

While large volume transfusions reflect management of a massive haemorrhage, small volume 19 

transfusions may reflect discretionary transfusions used to treat anaemia and/or symptoms that may be 20 

managed conservatively without resorting to blood products. Postpartum anaemia is associated with 21 

fatigue, postnatal depression, [18, 19] lower rates of breastfeeding, [20] impaired cognition [21] and 22 

poorer maternal-infant bonding [22]. Although transfusion is a common treatment for postpartum 23 

anaemia, there is little evidence to support this practice. One trial of restrictive transfusion strategies in 24 

obstetric patients, found no clinically relevant difference in fatigue between those transfused and 25 

women assigned to non-intervention, and no difference in infection complications and 26 

breastfeeding.[23] Current guidelines support the use of transfusion in the actively bleeding obstetric 27 

patient and a restrictive approach to transfusion otherwise [9, 24] however the benefits and risks of 28 

transfusion following obstetric haemorrhage are largely unknown [9]. Routinely collected administrative 29 

data can be used to examine outcomes associated with transfusion, however hospital data usually does 30 

not contain detail on number of packs transfused. Linkage to blood issue data provided us an 31 

opportunity to examine outcomes following small volume transfusions. This study aimed to compare 32 

health and health service utilisation outcomes between low-risk non-transfused women and those 33 

receiving 1-2 units of blood in the context of obstetric haemorrhage.  34 
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Methods: 1 

Study Population and Data Collection 2 

The study population included all low-risk women giving birth to a singleton infant at term in New South 3 

Wales (NSW) hospitals between July 2006 and December 2010, where a diagnosis of obstetric 4 

haemorrhage (including antenatal, intrapartum and postpartum haemorrhage) was recorded in 5 

hospitalisation data. Postpartum haemorrhage is defined as blood loss of >500mL following vaginal birth 6 

and >750mL following Caesarean section. The study population was limited to women receiving no or 1-7 

2 transfusions of RBC, to minimise confounding by indication (i.e. poor outcomes because of the reason 8 

or “indication” for the massive transfusion, as opposed to the transfusion itself). Ideally, the study 9 

population would have further been restricted to women with anaemia without evidence of active 10 

bleeding, however anaemia and timing of bleeding are not well collected. Women with a hospital 11 

diagnosis of placental abruption, placenta praevia, morbidly adherent placenta, bleeding or platelet 12 

disorders, hypertension, diabetes, other chronic conditions, and those who required a transfusion 13 

during pregnancy were considered high risk of adverse outcomes and so excluded. Women receiving 14 

other blood products (including platelets and fresh frozen plasma) in addition to RBC were also 15 

excluded, as this generally indicates management of a more severe haemorrhage. 16 

This was a retrospective observational study using routinely collected data. Data on maternal 17 

characteristics and pregnancy history were obtained from the Perinatal Data Collection, and data on 18 

medical diagnoses and procedures, including transfusion, from the Admitted Patients Data Collection. 19 

The Perinatal Data Collection is a statutory collection of pregnancy and birth information on all livebirths 20 

and stillbirths of at least 400g birthweight or 20 weeks gestation in NSW. The Admitted Patients Data 21 

Collection contains data on all NSW hospital admissions, and includes diagnoses coded according to the 22 

International Statistical Classification of Diseases 10th Revision-Australian Modification, and procedures 23 

coded according to the Australian Classification of Health Interventions. Data on number of transfusions 24 

received, and associated pathology tests were obtained from the NSW Clinical Excellence Commission 25 

“BloodWatch” Red Cell Utilisation database, and from the Red Cross Blood Bank databases (‘Red cell 26 

data’). The Red Cell Utilisation database records information on each red cell unit issued to patients in 27 

NSW public hospitals, however data were not available for all hospitals for the whole time period. 28 

Haemoglobin testing information was available in this database for some women. The Red Cross Blood 29 

Bank database contains information on each unit of RBC distributed to NSW hospitals. Registry of Births, 30 

Deaths and Marriages data was used to identify out of hospital deaths. 31 

The Centre for Health Record Linkage (CHeReL) undertook probabilistic linkage to link the databases 32 

based on personal identifiers. [25] Deidentified data were provided to the researchers. Red cell data 33 

were used to identify women with obstetric haemorrhage who received a transfusion of 1-2 units of 34 

blood during the hospital admission in which they gave birth; all women birthing in that hospital during 35 

the same month who experienced obstetric haemorrhage but did not receive a transfusion were 36 

selected for comparison. 37 

  38 
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Exposure and Outcomes 1 

The exposure of interest was transfusion of 1-2 units of RBC during the birth admission (either prior to 2 

or following birth). The primary outcome was severe maternal morbidity, measured by a composite 3 

indicator including diagnoses and procedures indicative of severe morbidity (eg cerebral oedema or 4 

coma, cardiac arrest, acute renal failure, mechanical ventilation for >8 hours and dialysis).[26] 5 

Transfusion-related indicators of morbidity, uterine rupture and procedures known to occur post birth 6 

(such as hysterectomy, repair of bladder/intestine) were removed from the original indicator. Secondary 7 

outcomes were length of stay >5 days, intensive care unit (ICU) admission, readmission for any reason 8 

(within the first 6 weeks), breastfeeding at discharge from the birth admission (any vs none) and all-9 

cause mortality (at 6 weeks and 12 months). Information on potential confounders (listed in Table 1) 10 

was obtained from the birth and hospital data, where they are reliably reported. Women were 11 

considered at increased PPH risk if they had experienced a PPH or caesarean section in a previous 12 

pregnancy. Reason for readmission was determined from the primary diagnosis at readmission. 13 

Pre-transfusion haemoglobin was calculated as the minimum haemoglobin recorded on or in the two 14 

days prior to the transfusion. Post-transfusion haemoglobin was the maximum haemoglobin in the two 15 

days following transfusion. The percentage change in haemoglobin was calculated where both pre-and 16 

post-transfusion measures were available.  17 

Statistical Analysis 18 

Unadjusted comparisons between transfused and non-transfused women were made using Chi-square 19 

tests and relative risks for categorical variables, and the Wilcoxon test for length of stay. To try to isolate 20 

the effect of transfusion on adverse outcomes, propensity score matching was used to create two 21 

groups of women with similar characteristics and risk factors, who differed on whether they received a 22 

transfusion. A logistic regression model was built using the maternal and pregnancy characteristics listed 23 

in Table 1 to predict the probability of transfusion. Nearest neighbour propensity score matching with 24 

exact matching on hospital type, and a caliper of 0.1 standard deviations of the logit of the propensity 25 

score was then used to find non-transfused women who most closely resembled the transfused women 26 

across all characteristics considered. The average standardised absolute mean distance was used as a 27 

measure of balance between the two groups. Modified Poisson regression models were then used to 28 

determine the relationship between each adverse outcome and transfusion within the matched sample, 29 

additionally adjusting for the propensity score. [27]  30 

As haemoglobin results were only available for transfused women, and haemoglobin levels were the 31 

only reliable measure of anaemia, it was not possible to adjust for anaemia. To assess the potential 32 

effect of anaemia, a probabilistic bias analysis was performed.[28] Probabilistic bias analysis gives an 33 

indication of the expected change in risk associated with transfusion, had we been able to additionally 34 

adjust for anaemia. For this analysis a prevalence of 80% (range 70%-90%) for anaemia in transfused 35 

women (based on available data) and 30% in non-transfused women (range 5%-60%) was used. The rate 36 

in non-transfused women was selected to reflect rates reported in other studies, which ranged from 37 

13%[29] to around 50%.[30] The risk of severe morbidity associated with anaemia in a postpartum 38 
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population is unknown, however a review by Shander et al reports relative risks of around 1.5 to 2.5 1 

across a range of patient populations, [31] so a relative risk of 2.5 was used as a conservative estimate 2 

(range 1.2-3.0).   3 

To address the concern that women receiving blood were a sicker or more anaemic population, a 4 

sensitivity analysis was performed comparing women with a pre-transfusion haemoglobin ≥70g/L to 5 

non-transfused women. 6 

This study was approved by the NSW Population and Health Services Research Ethics Committee. 7 

Analyses were performed in SAS 9.4 and R 3.3.1. Probabilistic bias analysis was conducted in Microsoft 8 

Excel.  9 

Results 10 

There were 218,324 births in participating hospitals, of which 165,529 (75.8%) were to women 11 

considered low-risk. Among the low-risk women, the obstetric haemorrhage rate was 9.1% (N=14989), 12 

and 1702 (1.1%) were transfused (1-2 units N=1069, 3+ units N=633). Ninety-five women received a 13 

single unit of blood. Women with obstetric haemorrhage receiving no or 1-2 units of blood were 14 

retained for analysis (N=14356) (Supp Figure 1). 15 

Transfused women were more likely to be primiparous, have an instrumental delivery and give birth 16 

outside of a tertiary centre (Table 1). In unadjusted analysis, transfused women were more likely to 17 

experience severe morbidity, ICU admission, organ failure, readmission and longer hospital stays. Their 18 

infants were less likely to be receiving any breastmilk on hospital discharge (Table 2). There were 575 19 

(4%) women readmitted within 6 weeks. The primary reason for readmission in both transfused and 20 

non-transfused women was bleeding related (including delayed post-partum haemorrhage and retained 21 

placenta), with higher rates amongst transfused women (Table 3). 22 

The median pre-transfusion haemoglobin was 76g/L (Interquartile range 69,90, n=720), and 527 (73%) 23 

had a pre-transfusion haemoglobin ≥ 70g/L. The median post-transfusion haemoglobin was 89 g/L (IQR 24 

83,96, n=651). Among the 631 (59%) transfused women with pre- and post-transfusion haemoglobin 25 

measures 387 (61%) experienced an increase in haemoglobin of >10%.  26 

After excluding women with missing data, 14257 (99.3%) women were included in the propensity score 27 

analysis. 1065 women receiving 1-2 units of RBC were matched to 1065 non-transfused women (Supp. 28 

Table 1). Within the matched sample, transfused women were more likely to experience severe 29 

morbidity (Relative risk 7.0, 95% CI(2.8,17.8)) and to experience long hospital stays (Table 2). Transfused 30 

women were less likely to be breastfeeding on hospital discharge. There were insufficient deaths (<5) 31 

available for analysis. 32 

After probabilistic bias analysis to estimate the potential effect of anaemia on the relationship between 33 

transfusion and morbidity, the relative risk of severe morbidity was attenuated, but remained significant 34 

(RR 5.0 95% CI(1.9,13.4)). The results of the sensitivity analysis amongst those transfused having a pre-35 
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transfusion haemoglobin ≥70 compared with non-transfused women were consistent with the primary 1 

analysis, with the transfused group experiencing higher rates of severe morbidity. 2 

Discussion 3 

Within this population of low-risk women, almost 1 in 10 had an obstetric haemorrhage, and of those 4 

women 1 in 10 received a transfusion, with the majority receiving 1-2 units of blood. Among those 5 

receiving no transfusion or 1-2 units, serious maternal morbidity was experienced by around 1%, with 6 

higher rates experienced by transfused women, even after accounting for differences in patient 7 

characteristics.  8 

The transfusion rate found in this population is comparable but slightly higher than transfusion rates of 9 

7.8-9.5% for PPH reported in other developed countries;[5, 32, 33] however differences exist in 10 

definition and ascertainment of obstetric haemorrhage between countries.[3] 11 

Unadjusted analyses also showed that health service utilisation was higher in transfused women, with 12 

longer hospitalisations for delivery, and higher rates of readmission. Length of stay in transfused women 13 

was around 1 day longer than non-transfused women. This finding is different to that of two studies in 14 

moderately anaemic parturients where no difference in length of stay was found.[23, 34] This may 15 

reflect differences in clinical practice between countries, as in one of these studies, the median length of 16 

stay was 5 days,[34] which is longer than both transfused and non-transfused women in the current 17 

study. In the current study, around 4% of non-transfused women were readmitted within 6 weeks of 18 

giving birth, which is similar to the rate reported in a systematic review of outcomes following PPH,[35] 19 

but is approximately double readmission rates reported in the general obstetric population.[36, 37] In 20 

accordance with the principles of patient blood management[38] the ongoing risk of readmission among 21 

transfused women could be addressed by strategies to monitor and prevent anaemia during pregnancy 22 

and postnatally,[30, 39] including the use of oral iron supplementation or intravenous iron to provide 23 

women with greater haemopoietic reserve should they experience bleeding. [40, 41] 24 

After using propensity score analysis to account for differences in patient factors which might 25 

predispose certain women to both transfusion and worse outcomes, the strength of the risk of 26 

morbidity associated with transfusion was attenuated but not removed. Transfusion was associated with 27 

increased rates of severe morbidity, ICU admission, prolonged hospital stay and readmission , as well as 28 

reduced breastfeeding rates. The residual effect of transfusion on outcomes after accounting for 29 

maternal condition suggests that  transfusion of even 1-2 units of blood may convey an increased risk of 30 

morbidity, as suggested in other disciplines.[13, 42-44] The propensity score methods utilised in this 31 

study assume that data are available on all relevant confounders,[45] so that differences found between 32 

groups can be attributed to the treatment received. [27, 45] A large range of possible confounders was 33 

used in this study, however measures of anaemia were not available for all patients. Anaemia in 34 

pregnancy is known to increase risks to both the mother and the baby,[40, 41] and to increase the risk 35 

of transfusion. [39] Probabilistic bias analysis was used to estimate the possible range of effects of 36 

anaemia on morbidity, and transfusion remained an independent risk factor for severe morbidity. 37 
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Recent obstetric and other specialty guidelines suggest that in the absence of active bleeding, 1 

transfusion when the haemoglobin is >70g/L is not associated with improved patient outcomes. [9, 40, 2 

46-48] Almost three-quarters of transfusions in this study were given to women with a pre-transfusion 3 

haemoglobin >70g/L, however it is not known whether this was in the presence of active bleeding. In an 4 

audit of obstetric transfusions at a tertiary hospital in the United Kingdom, Parker et al found that 31% 5 

of transfusions were given to women with a haemoglobin >70 g/L in the absence of symptoms or 6 

ongoing bleeding. [49] A French study however, found evidence of under-transfusion, with only half the 7 

women with clinically diagnosed PPH and having a haemoglobin <70 g/L receiving a transfusion. [32] In 8 

the current study, although more than half the women experienced a clinically significant increase in 9 

haemoglobin post transfusion, clinical outcomes following transfusion were not improved. Recent 10 

Australian guidelines for patient blood management in obstetric patients, published after the study 11 

period, specify that in the absence of active bleeding, non-transfusion therapies should be considered 12 

rather than transfusion, depending on the clinical situation. [9]  13 

The strengths of this study include the large number of women included across a variety of hospital 14 

types which enabled the detection of rare outcomes, the use of a validated composite measure of 15 

morbidity,[26] and the restriction of the population to a homogenous group of low-risk women receiving 16 

small volumes of blood. We did not consider the age of blood as a confounder, as it has not been shown 17 

to increase adverse outcomes in obstetric[50] and other populations. [51] This is an observational study 18 

and as such transfusion was given based on clinical judgement, not randomly allocated. Although a large 19 

range of clinical and maternal characteristics were adjusted for within a restricted low-risk population, 20 

and the possible effect of anaemia on morbidity was assessed, there remains the possibility that another 21 

unmeasured confounder may be responsible for the observed association of transfusion with adverse 22 

outcomes. A limitation of the data is that information was not available on the timing of the transfusion, 23 

or estimated blood loss, however the study population was restricted to women receiving small volume 24 

transfusions, without other blood products, making it likely the transfusion was given in the absence of 25 

massive bleeding. The small number of women receiving single unit transfusions precluded a sensitivity 26 

analysis on this group. Despite limiting the study population to low-risk women having small volume 27 

transfusions and using propensity score analysis to match women, it may be that some of the identified 28 

morbidity is related to the amount of blood lost rather than the transfusion itself.  29 

The decision to transfuse involves a trade-off between the concern for a mother’s ability to care for a 30 

new baby and concerns about adverse effects of the transfusion. [52] Treatment of anaemia in these 31 

women may improve wellbeing in the short term,[53] however must be weighed against the risks 32 

associated with transfusion. Although the risk of transfusion transmitted infections and reactions is 33 

low,[54] this study suggests that even in a low-risk population, transfusion is associated with increased 34 

morbidity and healthcare use. While our findings support restrictive use of transfusion in obstetrics, we 35 

cannot rule out that at least some of the adverse outcomes demonstrated may be driven by the 36 

indication for transfusion, rather than the transfusion itself. Increased risks of readmission, even among 37 

low-risk women experiencing haemorrhage suggest the need for ongoing monitoring in and beyond the 38 

postpartum period.  39 
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Table 1: Maternal and pregnancy characteristics of low-risk women with obstetric haemorrhage in NSW, 1 

2006-2010. 2 

 0 Units 1-2 Units 

Total 13286 (100.0) 1069 (100.0) 

Age     

Under 20 542 ( 4.1) 54 ( 5.1) 

20-34 10311 ( 77.6) 843 ( 78.9) 

35+ 2432 ( 18.3) 172 ( 16.1) 

     

Private patient 1560 ( 11.7) 117 ( 10.9) 

Maternal country of birth-Australia 8198 ( 61.7) 678 ( 63.4) 

Low Socioeconomic status 3052 ( 23.0) 274 ( 25.6) 

Smoker 1602 ( 12.1) 137 ( 12.8) 

Primiparous 6358 ( 47.9) 571 ( 53.4)** 

Mode of birth     

NVD 8772 ( 66.0) 647 ( 60.5)** 

Prelabour Caesarean 785 ( 5.9) 41 ( 3.8)* 

Intrapartum Caesarean 1488 ( 11.2) 134 ( 12.5) 

Instrumental delivery 2336 ( 17.6) 256 ( 23.9)** 

Induction 4137 ( 31.1) 351 ( 32.8) 

Birthweight     

SGA (<10%) 930 ( 7.0) 69 ( 6.5) 

AGA 10457 ( 78.7) 847 ( 79.2) 

LGA (>10%) 1899 ( 14.3) 153 ( 14.3) 

PPH risk factors     

Antepartum 1633 ( 12.3) 139 ( 13.0) 

Hospital Type     

Tertiary 9259 ( 69.7) 672 ( 62.9)** 

Regional 1933 ( 14.5) 199 ( 18.6) 

Urban/other 2094 ( 15.8) 198 ( 18.5) 

* p<0.01, **p<0.001 3 

NVD: Normal Vaginal Delivery, SGA: small for gestational age, AGA: appropriate for gestational age, LGA: 4 

large for gestational age 5 
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 1 

Table 2: Unadjusted and adjusted risk of adverse outcomes in women with obstetric haemorrhage in 2 

NSW, 2006-2010 3 

Variable Transfused 
N (%) 

Non Transfused 
N (%) 

Unadjusted 
Relative risk  

(95% CI) 

 Relative risk b 
(95% CI) 

All 
 

Matched a 

Maternal morbidity 35 ( 3.3) 65 ( 0.5) 5 ( 0.5) 6.7( 4.5, 10.1) 7.0 ( 2.8, 17.8) 

      

Intensive care 
admission 

36 ( 3.4) 288 ( 2.2) 17 ( 1.6) 1.6 ( 1.1, 2.2) 2.1 ( 1.2, 3.8) 

Length of stay >5 days 205 ( 19.2) 1187 ( 8.9) 102 ( 9.6) 2.2 ( 1.9, 2.5) 2.0 ( 1.6, 2.5) 

Length of stay (days) 
Median (IQR) 

4 (3,5) 3 (2,4) 3 (2,4) <0.001c <0.001 c 

Any breastmilk feeding 830 ( 77.9) 10716 ( 
80.7) 

858 ( 80.6) 0.9 ( 0.9, 1.0) 0.9 ( 0.9, 1.0) 

Readmission (6 week) 63 ( 5.9) 512 ( 3.9) 34 ( 3.2) 1.5 ( 1.2, 2.0) 1.9 ( 1.2, 2.8) 

Readmission (6 week) 
involving blood 
transfusion 

5 ( 0.5) 36 ( 0.3) <5 ( 0.5) 1.7 ( 0.7, 4.4) 2.5 ( 0.5, 12.9) 

Readmission (6 weeks, 
lactation related) 

7 ( 0.7) 112 ( 0.8) 7 ( 0.7) 0.8 ( 0.4, 1.7) 1.0 ( 0.4, 2.8) 

      

 4 

a propensity score matched women 5 

b in the propensity score matched cohort 6 

c Wilcoxon test 7 
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Table 3- Reasons for readmission within 6 weeks for low-risk women with obstetric haemorrhage, NSW, 1 

2006-2010 2 

 0 Units (N 
%) 

1-2 Units (N 
%) 

Total readmitted 512 (100.0) 63 (100.0) 

Bleeding 122 ( 23.8) 26 ( 41.3) 

Infection 92 ( 18.0) 10 ( 15.9) 

Wound disruption 15 ( 2.9) <5 a 

Lactation 62 ( 12.1) <5a 

Other obstetric 114 ( 22.3) 12 ( 19.0) 

Other 107 ( 20.9) 9 ( 14.3) 
aFewer than 5  3 

  4 



13 
 

References 1 

 2 

1 Dahlke JD, Mendez-Figueroa H, Maggio L, et al.: Prevention and management of postpartum 3 
hemorrhage: a comparison of 4 national guidelines. Am J Obstet Gynecol 2015; 213: 76.e1-10. 4 

2 Ford JB, Patterson JA, Seeho SK, et al.: Trends and outcomes of postpartum haemorrhage, 2003-5 
2011. BMC Pregnancy Childbirth 2015; 15: 334. 6 

3 Knight M, Callaghan WM, Berg C, et al.: Trends in postpartum hemorrhage in high resource 7 
countries: a review and recommendations from the International Postpartum Hemorrhage 8 
Collaborative Group. BMC Pregnancy Childbirth 2009; 9: 55. 9 

4 Mehrabadi A, Hutcheon JA, Lee L, et al.: Trends in postpartum hemorrhage from 2000 to 2009: a 10 
population-based study. BMC Pregnancy Childbirth 2012; 12: 108. 11 

5 Kramer MS, Berg C, Abenhaim H, et al.: Incidence, risk factors, and temporal trends in severe 12 
postpartum hemorrhage. Am J Obstet Gynecol 2013; 209: 449 e1-7. 13 

6 Holm C, Langhoff-Roos J, Petersen KB, et al.: Severe postpartum haemorrhage and mode of 14 
delivery: a retrospective cohort study. BJOG 2012; 119: 596-604. 15 

7 Lutomski JE, Greene RA, Byrne BM: Severe maternal morbidity during childbirth hospitalisation: 16 
a comparative analysis between the Republic of Ireland and Australia. Eur J Obstet Gynecol 17 
Reprod Biol 2012; 163: 148-53. 18 

8 Patterson JA, Roberts CL, Bowen JR, et al.: Blood transfusion during pregnancy, birth, and the 19 
postnatal period. Obstet Gynecol 2014; 123: 126-33. 20 

9 National Blood Authority: Patient Blood Management Guidelines: Module 5 - Obstetrics and 21 
Maternity. Canberra, Australia, 2015. 22 

10 Carson JL, Terrin ML, Noveck H, et al.: Liberal or restrictive transfusion in high-risk patients after 23 
hip surgery. N Engl J Med 2011; 365: 2453-62. 24 

11 Koch CG, Li L, Duncan AI, et al.: Morbidity and mortality risk associated with red blood cell and 25 
blood-component transfusion in isolated coronary artery bypass grafting. Crit Care Med 2006; 26 
34: 1608-16. 27 

12 Murphy GJ, Reeves BC, Rogers CA, et al.: Increased mortality, postoperative morbidity, and cost 28 
after red blood cell transfusion in patients having cardiac surgery. Circulation 2007; 116: 2544-29 
52. 30 

13 Paone G, Likosky DS, Brewer R, et al.: Transfusion of 1 and 2 units of red blood cells is associated 31 
with increased morbidity and mortality. Ann Thorac Surg 2014; 97: 87-93; discussion -4. 32 

14 Rohde JM, Dimcheff DE, Blumberg N, et al.: Health care-associated infection after red blood cell 33 
transfusion: a systematic review and meta-analysis. JAMA 2014; 311: 1317-26. 34 

15 Al-Refaie WB, Parsons HM, Markin A, et al.: Blood transfusion and cancer surgery outcomes: a 35 
continued reason for concern. Surgery 2012; 152: 344-54. 36 

16 Carson JL, Stanworth SJ, Roubinian N, et al.: Transfusion thresholds and other strategies for 37 
guiding allogeneic red blood cell transfusion. Cochrane Database Syst Rev 2016; 10: CD002042. 38 

17 Thomson A, Farmer S, Hofmann A, et al.: Patient blood management - a new paradigm for 39 
transfusion medicine? ISBT Science Series 2009; 4: 423-35. 40 

18 Corwin EJ, Murray-Kolb LE, Beard JL: Low hemoglobin level is a risk factor for postpartum 41 
depression. J Nutr 2003; 133: 4139-42. 42 

19 Eckerdal P, Kollia N, Lofblad J, et al.: Delineating the Association between Heavy Postpartum 43 
Haemorrhage and Postpartum Depression. PLoS One 2016; 11: e0144274. 44 

20 Rioux FM, Savoie N, Allard J: Is there a link between postpartum anemia and discontinuation of 45 
breastfeeding? Can J Diet Pract Res 2006; 67: 72-6. 46 



14 
 

21 Beard JL, Hendricks MK, Perez EM, et al.: Maternal iron deficiency anemia affects postpartum 1 
emotions and cognition. J Nutr 2005; 135: 267-72. 2 

22 Perez EM, Hendricks MK, Beard JL, et al.: Mother-infant interactions and infant development are 3 
altered by maternal iron deficiency anemia. J Nutr 2005; 135: 850-5. 4 

23 Prick BW, Jansen AJ, Steegers EA, et al.: Transfusion policy after severe postpartum 5 
haemorrhage: a randomised non-inferiority trial. BJOG 2014; 121: 1005-14. 6 

24 Shaylor R, Weiniger CF, Austin N, et al.: National and International Guidelines for Patient Blood 7 
Management in Obstetrics: A Qualitative Review. Anesth Analg 2017; 124: 216-32. 8 

25 Linkage CfHR: Quality Assurance. 2018. http://www.cherel.org.au/quality-assurance (Last 9 
accessed March, 2018. 10 

26 Roberts CL, Cameron CA, Bell JC, et al.: Measuring maternal morbidity in routinely collected 11 
health data: development and validation of a maternal morbidity outcome indicator. Med Care 12 
2008; 46: 786-94. 13 

27 Stuart EA: Matching methods for causal inference: A review and a look forward. Stat Sci 2010; 14 
25: 1-21. 15 

28 Lash TL, Fink AK, Fox MP: Probabilistic Bias Analysis;  Applying Quantitative Bias Analysis to 16 
Epidemiologic Data. Statistics for Biology and Health. New York, NY, Springer New York, 2009: p. 17 
117-50. 18 

29 Bergmann RL, Richter R, Bergmann KE, et al.: Prevalence and risk factors for early postpartum 19 
anemia. Eur J Obstet Gynecol Reprod Biol 2010; 150: 126-31. 20 

30 Barroso F, Allard S, Kahan BC, et al.: Prevalence of maternal anaemia and its predictors: a multi-21 
centre study. Eur J Obstet Gynecol Reprod Biol 2011; 159: 99-105. 22 

31 Shander A, Javidroozi M, Ozawa S, et al.: What is really dangerous: anaemia or transfusion? Br J 23 
Anaesth 2011; 107 Suppl 1: i41-59. 24 

32 Bonnet MP, Deneux-Tharaux C, Dupont C, et al.: Transfusion practices in postpartum 25 
hemorrhage: a population-based study. Acta Obstet Gynecol Scand 2013; 92: 404-13. 26 

33 Mehrabadi A, Liu S, Bartholomew S, et al.: Temporal trends in postpartum hemorrhage and 27 
severe postpartum hemorrhage in Canada from 2003 to 2010. J Obstet Gynaecol Can 2014; 36: 28 
21-33. 29 

34 Palo R, Ahonen J, Salo H, et al.: Transfusion of red blood cells: no impact on length of hospital 30 
stay in moderately anaemic parturients. Acta Anaesthesiol Scand 2007; 51: 565-9. 31 

35 Carroll M, Daly D, Begley CM: The prevalence of women's emotional and physical health 32 
problems following a postpartum haemorrhage: a systematic review. BMC Pregnancy Childbirth 33 
2016; 16: 261. 34 

36 Ade-Conde JA, Alabi O, Higgins S, et al.: Maternal post natal hospital readmission-trends and 35 
association with mode of delivery. Ir Med J 2011; 104: 17-20. 36 

37 Liu SL, Heaman M, Kramer MS, et al.: Length of hospital stay, obstetric conditions at childbirth, 37 
and maternal readmission: A population-based cohort study. Am J Obstet Gynecol 2002; 187: 38 
681-7. 39 

38 Isbister J: The three-pillar matrix of patient blood management. ISBT Science Series 2015; 10: 40 
286–94. 41 

39 James AH, Patel ST, Watson W, et al.: An assessment of medical resource utilization and 42 
hospitalization cost associated with a diagnosis of anemia in women with obstetrical bleeding in 43 
the United States. J Womens Health (Larchmt) 2008; 17: 1279-84. 44 

40 Pavord S. MB, Robinson S., Allard S., Strong J., Oppenheimer C.,: UK guidelines on the 45 
management of iron deficiency in pregnancy. London, British Committee for Standards in 46 
Haematology, 2011. 47 

http://www.cherel.org.au/quality-assurance


15 
 

41 Parker JA, Barroso F, Stanworth SJ, et al.: Gaps in the evidence for prevention and treatment of 1 
maternal anaemia: a review of systematic reviews. BMC Pregnancy Childbirth 2012; 12: 56. 2 

42 Ferraris VA, Davenport DL, Saha SP, et al.: Intraoperative transfusion of small amounts of blood 3 
heralds worse postoperative outcome in patients having noncardiac thoracic operations. Ann 4 
Thorac Surg 2011; 91: 1674-80; discussion 80. 5 

43 Yu PJ, Cassiere HA, Dellis SL, et al.: Dose-dependent effects of intraoperative low volume red 6 
blood cell transfusions on postoperative outcomes in cardiac surgery patients. J Cardiothorac 7 
Vasc Anesth 2014; 28: 1545-9. 8 

44 Zilberberg MD, Carter C, Lefebvre P, et al.: Red blood cell transfusions and the risk of acute 9 
respiratory distress syndrome among the critically ill: a cohort study. Crit Care 2007; 11: R63. 10 

45 Rosenbaum PR, Rubin DB: The Central Role of the Propensity Score in Observational Studies for 11 
Causal Effects. Biometrika 1983; 70: 41-55. 12 

46 National Blood Authority: Patient Blood Management Guidelines: Module 1 - Critical 13 
bleeding/massive transfusion. Canberra, Australia, 2011. 14 

47 Carson JL, Grossman BJ, Kleinman S, et al.: Red blood cell transfusion: a clinical practice 15 
guideline from the AABB*. Ann Intern Med 2012; 157: 49-58. 16 

48 Royal College of Obstetricians and Gynaecologists: Blood transfusion in obstetrics. Green-top 17 
Guideline No. 47. Royal College of Obstetricians and Gynaecologists,. 2007. 18 

49 Parker J, Thompson J, Stanworth S: A retrospective one-year single-centre survey of obstetric 19 
red cell transfusions. Int J Obstet Anesth 2009; 18: 309-13. 20 

50 Patterson JA, Irving DO, Isbister JP, et al.: Age of blood and adverse outcomes in a maternity 21 
population. Transfusion (Paris) 2015; 55: 2730-7. 22 

51 Alexander PE, Barty R, Fei Y, et al.: Transfusion of fresher vs older red blood cells in hospitalized 23 
patients: a systematic review and meta-analysis. Blood 2016; 127: 400-10. 24 

52 Mayson E, Shand AW, Ford JB: Single-unit transfusions in the obstetric setting: a qualitative 25 
study. Transfusion (Paris) 2016; 56: 1716-22. 26 

53 Jansen AJ, Essink-Bot ML, Duvekot JJ, et al.: Psychometric evaluation of health-related quality of 27 
life measures in women after different types of delivery. J Psychosom Res 2007; 63: 275-81. 28 

54 Australian Red Cross Blood Service: Residual risk estimates for transfusion-transmitted 29 
infections. 9 October 2014. www.transfusion.com.au (Last accessed. 30 

 31 

  32 

www.transfusion.com.au


16 
 

Supplementary figure 1: Study flowchart of low-risk women with obstetric haemorrhage in NSW, 2006-1 
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 1 

Supplementary Table 1: Balance in covariate parameters between transfused and non-transfused 2 

women after propensity score matching. 3 

 4 

Variable Code Total Case Control 

Total  2130 (100.0) 1065 (100.0) 1065 (100.0) 

Maternal Age Under 20 113 ( 5.3) 54 ( 5.1) 59 ( 5.4) 

 20-34 1687 ( 79.2) 839 ( 78.8) 848 ( 79.6) 

 35+ 330 ( 15.5) 172 ( 16.2) 158 ( 14.8) 

Private patient Yes 244 ( 11.5) 116 ( 10.9) 128 ( 12.0) 

Smoker Yes 280 ( 13.1) 136 ( 12.8) 144 ( 13.5) 

Low SES Yes 551 ( 25.9) 274 ( 25.7) 277 ( 26.0) 

Australian Born Yes 1356 ( 63.7) 676 ( 63.5) 680 ( 63.8) 

Primiparous Yes 1148 ( 53.9) 570 ( 53.5) 578 ( 54.3) 

Previous CS Yes 191 ( 9.0) 95 ( 8.9) 96 ( 9.0) 

NVD Yes 1296 ( 60.8) 644 ( 60.5) 652 ( 61.2) 

Prelabour CS Yes 80 ( 3.8) 41 ( 3.8) 39 ( 3.7) 

Intrapartum CS Yes 278 ( 13.1) 134 ( 12.6) 144 ( 13.5) 

Instrumental Delivery Yes 498 ( 23.4) 255 ( 23.9) 243 ( 22.8) 

Induction Yes 689 ( 32.3) 350 ( 32.9) 339 ( 31.8) 

Birthweight SGA 128 ( 6.0) 69 ( 6.5) 59 ( 5.5) 

 AGA 1696 ( 79.6) 844 ( 79.2) 852 ( 80.0) 

 LGA 306 ( 14.4) 152 ( 14.3) 154 ( 14.5) 

PPH Risk factors Antepartum 277 ( 13.0) 137 ( 12.9) 140 ( 13.1) 

Hospital Tertiary 1340 ( 62.9) 670 ( 62.9) 670 ( 62.9) 

 Regional 396 ( 18.6) 198 ( 18.6) 198 ( 18.6) 

 Urban/Other 394 ( 18.5) 197 ( 18.5) 197 ( 18.5) 

 5 

 6 

 7 

 8 


