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Objective To determine clinical predictors of escape red blood cell

(RBC) transfusion in postpartum anaemic women, initially

managed expectantly, and the additional predictive value of

health-related quality of life (HRQoL) measures.

Design Secondary analysis of women after postpartum

haemorrhage, either randomly allocated to, or opting for

expectant management.

Setting Thirty-seven hospitals in the Netherlands.

Population A total of 261 randomised and 362 nonrandomised

women.

Methods We developed prediction models to assess the need for

RBC transfusion: one using clinical variables (model 1), and one

extended with scores on the HRQoL-measures Multidimensional

Fatigue Inventory (MFI) and EuroQol-5D (model 2). Model

performance was assessed by discrimination and calibration.

Models were internally validated with bootstrapping techniques to

correct for overfitting.

Main outcome measures Escape RBC transfusion.

Results Seventy-five women (12%) received escape RBC

transfusion. Independent predictors of escape RBC transfusion

(model 1) were primiparity, multiple pregnancy, total blood loss

during delivery and haemoglobin concentration postpartum.

Maternal age, body mass index, ethnicity, education, medical

indication of pregnancy, mode of delivery, preterm delivery,

placental removal, perineal laceration, Apgar score and

breastfeeding intention had no predictive value. Addition of

HRQoL-scores (model 2), significantly improved the model’s

discriminative ability: c-statistics of model 1 and 2 were 0.65 (95%

CI 0.58–0.72) and 0.72 (95% CI 0.65–0.79), respectively. The
calibration of both models was good.

Conclusions In postpartum anaemic women, several clinical

variables predict the need for escape RBC transfusion. Adding

HRQoL-scores improves model performance. After external

validation, the extended model may be an important tool for

counselling and decision making in clinical practice.
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Introduction

Severe postpartum haemorrhage, defined as peripartum

blood loss of at least 1000 ml,1 is a common obstetric

complication with a worldwide prevalence of 1.9%.2 An

increase in incidence has been described in several devel-

oped countries.3–8 During the acute phase of postpartum

haemorrhage, transfusion of blood components may be

inevitable. After the acute phase, however, anaemia can be

treated by either red blood cell (RBC) transfusion or expec-

tantly, using iron and/or folic acid supplementation.

Recently, we performed a randomised trial comparing

RBC transfusion with expectant management in acute

anaemic women, without severe anaemic complaints, fol-

1789ª 2015 Royal College of Obstetricians and Gynaecologists

DOI: 10.1111/1471-0528.13224

www.bjog.org
General obstetrics



lowing postpartum haemorrhage. This multicentre trial, the

Well-being of Obstetric patients in Minimal Blood transfu-

sions (WOMB) trial, hypothesised noninferiority in physi-

cal fatigue, measured by validated health-related quality of

life (HRQoL) questionnaires, of expectant management

compared with RBC transfusion.9 Although noninferiority

could not be proved, results of this trial demonstrate that

RBC transfusion leads only to a small, probably clinical

irrelevant improvement in physical fatigue. No differences

were found in physical complications. Based on this trial,

expectant management seems justified in an obstetric pop-

ulation and so current standard care is to avoid RBC trans-

fusion. However, 13% of randomised women in the

expectant management arm of the WOMB trial received an

escape RBC transfusion (transfusion on second instance),

mainly for anaemic complaints.10 Averting escape RBC

transfusion would prevent unnecessary burden for the

woman, as this changeable policy leads to commotion and

possible readmission, and avoid higher costs. For these rea-

sons, we believe that identification of those women with a

very high probability of escape RBC transfusion would be

useful and will prevent suboptimal health care in those

women. It could also lead to a uniform policy and less

uncertainty for both patient and physician if formulas

could provide the probability of escape RBC transfusion.

To avert escape RBC transfusion in postpartum anaemic

women, initially treated with expectant management, pre-

dictors need to be identified.

Data of the WOMB trial comprise clinical variables and

scores on the HRQoL measures Multidimensional Fatigue

Inventory (MFI) and EuroQol-5D. We hypothesised that,

besides clinical variables, HRQoL-scores measured 12–
24 hours postpartum have incremental value in the predic-

tion of RBC transfusion. Therefore, two study aims were

formulated: to investigate which combination of variables,

available in daily clinical practice, best predicts escape RBC

transfusion (model 1) and, whether HRQoL-scores have

additional predictive value over these variables (model 2).

Methods

For this study, we used data from the WOMB trial, a mul-

ticentre randomised trial conducted in the Netherlands. In

short, after informed consent, women with acute anaemia

(haemoglobin [Hb] 4.8–7.9 g/dl [3.0–4.9 mmol/l]) follow-

ing postpartum haemorrhage (blood loss of ≥1000 ml and/

or a decrease in Hb concentration of ≥1.9 g/dl [1.2 mmol/

l]) were randomised between RBC transfusion and expec-

tant management. Main outcomes were HRQoL-scores and

physical complications up to 6 weeks postpartum. HRQoL-

scores were measured at inclusion (12–24 hours after deliv-

ery) by two validated questionnaires: the MFI and the Eu-

roQol-5D.11,12 Women who declined randomisation were

asked if they were willing to complete questionnaires. They

were treated by RBC transfusion or expectant management

based on their preference and at the discretion of their

physician. Nonrandomised women were registered and

their follow up was identical to that of the randomised

women. The design and results of the trial are presented

elsewhere.9,10

We used data of all randomised and nonrandomised

women in the expectant management arms. Hence, women

who were initially treated with RBC transfusion were

excluded. For this particular study, a study protocol was

written and is available upon request.

Outcome
The outcome of the study was the need for escape RBC

transfusion, which was defined as RBC transfusion pre-

scribed secondarily within women randomised to expectant

management and nonrandomised women who chose expec-

tant management. As follow-up in the trial lasted up to

6 weeks postpartum, all escape RBC transfusions up to

6 weeks postpartum were analysed.

Candidate predictors
Based on clinical reasoning we selected candidate predictors

that are available 12–24 hours after delivery and are readily

available in daily clinical practice. Candidate predictors for

model 1 were the following: maternal age, preconception

body mass index, non-Western ethnicity, low maternal

education, primiparity, multiple pregnancy, high-risk preg-

nancy, mode of delivery, preterm delivery, placenta

removal, perineal laceration, Apgar score below 7 at 5 min-

utes, total blood loss, Hb concentration (12–24 hours after

delivery) and intention to breastfeed.

Preconception body mass index, determined at first preg-

nancy visit, was defined as the maternal weight in kilo-

grams divided by the maternal height in meters squared.

Non-Western ethnicity was assessed according to the defi-

nition of Statistics Netherlands in which the category ‘Wes-

tern’ consists of persons from Europe (excluding Turkey),

North America, Oceania, Japan and Indonesia (including

the former Dutch East Indies).13 None or preparatory voca-

tional education was considered as low maternal education.

Mode of delivery was registered as vaginal delivery (used as

reference), elective caesarean section or emergency caesar-

ean section. Preterm delivery was defined as gestational age

<37 weeks at delivery. The following categories were analy-

sed: gestational age <34 weeks at delivery, gestational age

of 34–37 weeks and no preterm delivery (gestational age of

≥37 weeks; used as reference). Placenta removal was cate-

gorised as complete (no manual placental removal) or

incomplete (manual placental removal directly postpar-

tum). High-risk pregnancies are characterised by pre-exist-

ing maternal disease, complicated obstetric history,
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pregnancy and delivery.14 Perineal laceration was defined as

episiotomy or at least second-degree perineal rupture.

Additionally, the interaction of Hb concentration (12–
24 hours after delivery) with total blood loss was investi-

gated. On top of the identified candidate predictors of

model 1, the following candidate predictors were consid-

ered for model 2: all subscales of the Multidimensional

Fatigue Inventory, as well as the EurQol-5D index score

and VAS score. See below for a more extensive description

of the HRQoL measures. As both randomised and

nonrandomised women were analysed, the association of

the randomisation status with outcome (escape RBC trans-

fusion) was also investigated in both models.

HRQoL measures
The MFI and EuroQol-5D are validated HRQoL measures.

The MFI is a 20-item self-report instrument designed to

measure fatigue. It covers the following dimensions: Gen-

eral Fatigue, Physical Fatigue, Mental Fatigue, Reduced

Motivation and Reduced Activity. Each dimension is cov-

ered by four questions on a five-item scale. MFI scores

range from 4 to 20 (where 20 represents maximal fati-

gue).11 The MFI was developed as a tool to assess fatigue

in a comprehensive way and provides information on the

nature of the experience, and its intensity.

The EuroQol-5D is a standardised measure of health sta-

tus and provides a simple, generic measure of health for

clinical and economic appraisal. The questionnaire consists

of a short questionnaire and a visual analogue scale (index

score and VAS score, respectively). The index score is based

on five questions on the items Mobility, Self-Care, Usual

Activities, Pain/Discomfort and Anxiety/Depression, with a

three-item scale (no problems, some problems, extreme

problems). The VAS score represents the patients’ value of

their own health state (Score 0–100, the higher the better).

Applicable to a wide range of health conditions and treat-

ments, it provides a simple descriptive profile and a single

index value for health status that can be used in the clinical

and economic evaluation of health care as well as in popu-

lation health surveys.12

The international standard HRQoL measures MFI and

EuroQol-5D have been evaluated in a pilot study; feasibil-

ity, reliability and validity of these measures in a clinical

obstetric setting were established.15

Data analysis
Baseline characteristics were presented as raw data. These

data were analysed using descriptive statistics and pre-

sented as mean with standard deviation (SD) or median

with interquartile range (IQR) for continuous variables

as appropriate, and as numbers and percentages of the

whole population for categorical and dichotomous vari-

ables.

Various candidate predictors had missing values. Because

these are often selectively missing, it is well documented

that a complete case analysis probably yields biased

results.16,17 Hence, we used multiple imputation (ten times)

to handle missing values (see also Supporting information,

Appendix S1). The imputation model included all potential

predictors and the outcome.

Univariable and multivariable logistic regression analyses

were performed with escape RBC transfusion (yes/no) as

outcome measure to determine the association between the

candidate predictors and the outcome. Maternal age, pre-

conception body mass index, Hb concentration (12–
24 hours after delivery), total blood loss, MFI subscale scores

and EuroQol-5D scores were analysed as continuous vari-

ables. For these, we assessed their association with the out-

come (escape RBC transfusion) using cubic spline analyses.18

Variables were transformed (e.g. using a log-transformation)

or categorised when they showed nonlinear association with

escape RBC transfusion. Multivariable models were devel-

oped; a more detailed description of these analyses are pre-

sented in the Supporting information, Appendix S1.

We developed two models. Model 1 was based on vari-

ables available in daily clinical practice (i.e. without

HRQoL-scores). For model 2, the HRQoL-scores, with P-

value <0.10 in univariable analyses, were added to the first

model. Again, the same procedure as described in Appen-

dix S1 was used. With each model development there is a

chance of overfitting, meaning that the model is too

strongly fitted to the data on which it was developed and

consequently may perform poorly when externally vali-

dated. To assess the degree of overfitting or optimism in

this study, we internally validated the model using boot-

strapping techniques. One hundred bootstrap samples were

drawn from the original data set with replacement, allow-

ing for multiple sampling of the same individual. Within

each sample the entire modelling process, described above,

was repeated. This yielded a shrinkage factor, with which

the regression coefficients of the predictors were multiplied

(uniformly shrunken) to correct the model for optimism

and overfitting.18

Model performance was assessed using discrimination

and calibration. Discrimination refers to the ability of the

models to distinguish between those with and without

escape RBC transfusion, and was assessed with the c-statis-

tic. The c-statistic is similar to the area under the Receiver

Operating Characteristic curve.19 The c-statistic ranges from

0.5 (no discrimination) to a theoretical maximum of 1

(perfect discrimination) and models are typically consid-

ered reasonable when the c-statistic is >0.7. Calibration

refers to the agreement between predictions and observa-

tions: for example, in a group of women with an average

70% predicted chance of the outcome, is the average

observed proportion also 70%? In case of perfect calibra-
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tion there is perfect agreement between predicted probabili-

ties and observed proportions (45 degree line).18,20,21

To investigate whether the HRQoL-scores had added

value over the identified candidate predictors in model 1

for the prediction of escape RBC transfusion, we com-

pared the c-statistics of models 1 and 2.22 Additionally,

we investigated whether the second model was able to

better reclassify individuals using the continuous Net

Reclassification Improvement (NRI(>0)).23–25 The NRI

(>0) was used instead of a general NRI, because there are

currently no clearly defined prediction categories to iden-

tify individuals at low, intermediate, or high risk for

escape RBC transfusion.26 This reclassification measure

was investigated only when calibration of the models was

good, as these measures tend to be less reliable when

models calibrate poorly.27 Furthermore, the following

accuracy measures were assessed: sensitivity (or true posi-

tive rate), specificity, positive predictive value, negative

predictive value, and false positive rate. As no clear rele-

vant cut-off value exists, these measures were presented

for different cut-off values based on the deciles of the

predicted probabilities.

Data were analysed using R version 3.0.1 (The R Foun-

dation for Statistical Computing, 2013, http://www.r-pro

ject.org/).

Results

Between May 2004 and February 2011, 624 women entered

the study in the expectant management arms; 262 rando-

mised and 362 nonrandomised (Figure 1). One randomised

woman did not fulfil inclusion criteria and was excluded,

resulting in 623 women being analysed. Baseline character-

istics of all women are presented in the Supporting infor-

mation, Table S1. No significant differences were found

between randomised and nonrandomised women except

for ethnicity (non-Western ethnicity in 24% versus 16%,

respectively, P = 0.037).

Among randomised women, 33 (13%) received escape

RBC transfusion while 42 nonrandomised women (11%)

received escape RBC transfusion. Indications reported were

retained products of conception, secondary postpartum

haemorrhage or infections in 5% while in 14% the cause

was unknown. In about 80% of women who received escape

RBC transfusion anaemic complaints were reported as the

primary cause, while 29% of these women also had another

indication. Escape RBC transfusion was given at a median

of 2 days (interquartile range of 1–3 days) and 95% of

transfusions were prescribed within 14 days after delivery.

Among women with escape RBC transfusion the median

physical fatigue score was 2 points higher (worse) than in

women without escape RBC transfusion (see Supporting

information, Table S1). Results for other MFI subscales

were similar. Likewise, women with escape RBC transfusion

scored worse on the EuroQol-5D.

The cubic spine analyses demonstrated a linear correla-

tion association between the outcome (i.e. escape RBC

transfusion) and Hb concentration (12–24 hours after

delivery), all MFI subscale scores and the EuroQol-5D VAS

score. Nonlinear association with the outcome was found

for the following variables, therefore, these were categor-

ised: maternal age (<36 years, ≥36 years), preconceptional

BMI (≤25 kg/m2, >25 kg/m2), total blood loss (≤1500 ml,

>1500 ml) and the EuroQol-5D index score (<0.88,
≥0.88).28

Univariable and multivariable analyses
Predictors related to the outcome in univariable analysis

were primiparity, multiple pregnancy, complicated obstetric

history, total blood loss >1500 ml, Hb concentration (12–
24 hours after delivery) and MFI subscales general fatigue,

physical fatigue, reduced motivation and mental fatigue

and EuroQol-5D VAS score (see Supporting information,

Table S1).

As no interaction was found for Hb concentration (12–
24 hours after delivery) and total blood loss, this interac-

tion term was not considered a candidate predictor for the

multivariable models.

The multivariable analysis identified four clinical vari-

ables that independently predict escape RBC transfusion

(model 1): primiparity, multiple pregnancy, total blood loss

>1500 ml and Hb concentration (12–24 hours postpartum)

(Table 1).

Addition of HRQoL-scores as predictors to model 1

yielded that, in addition to the predictors revealed in

model 1, the MFI subscales physical fatigue, reduced activ-

ity and reduced motivation, and the EuroQol-5D VAS

score were independent predictors of escape RBC transfu-

sion (model 2) (Table 1).

For model 1, internal validation showed good calibration

(Figure 2) and a moderate discriminative ability with a c-

statistic of 0.65 (95% confidence interval [95% CI] 0.58–
0.72). The predicted probabilities ranged from 4.5 to

59.1%.
Figure 1. Flowchart of the WOMB trial and women included in this

study.
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Model 2 showed good calibration (Figure 3) and an

improved discriminative performance as compared with

model 1 with a c-statistic of 0.72 (95% CI 0.65–0.79;
P = 0.008). The predicted probabilities ranged from 0.9 to

55.7%.

Apart from the statistically significant higher c-statistic, also

the NRI(>0) showed a significant difference in classification

between the two model (0.39, 95% CI 0.15–0.63; P <0.0015).
These results suggest that including HRQoL-scores in the

model led to a significant improvement of model perfor-

mance.

The sensitivity and specificity of both models for differ-

ent cut-off values of the predicted risk are presented in

Table 2.

Implications for daily clinical practice
In expectantly managed women with acute anaemia after

postpartum haemorrhage, the clinical variables primiparity,

multiple pregnancy, total blood loss and Hb concentration

(12–24 hours postpartum) influence the probability of the

need for an escape RBC transfusion. The probability is

enhanced in the case of primiparity, multiple pregnancy

Table 1. Multivariable associations for model 1 (clinical variables) and model 2 (both clinical variables and HRQoL-scores)

Predictor Model 1 Model 2

b* OR (95% CI) b** OR (95% CI)

Intercept 2.15 1.38

Clinical variable

Primiparity 0.48 1.61 (0.95–2.72) 0.43 1.54 (0.90–2.64)

Multiple pregnancy 0.92 2.51 (1.07–5.91) 0.71 2.03 (0.83–4.95)

Total blood loss >1500 ml 0.44 1.55 (0.93–2.58) 0.46 1.58 (0.93–2.67)

Hb concentration 12–24 hours

postpartum (g/dl)

�0.66 0.52 (0.35–0.77) �0.63 0.53 (0.35–0.80)

HRQoL-score

MFI subscale physical fatigue 0.12 1.13 (0.99–1.29)

MFI subscale reduced activity �0.08 0.92 (0.81–1.04)

MFI subscale reduced motivation 0.03 1.03 (0.93–1.14)

EQ-5D VAS score �0.01 0.99 (0.97–1.01)

*Shrunken with an average shrinkage factor of 0.88.

**Shrunken with an average shrinkage factor of 0.82.

Figure 2. Calibration plot of Model 1 with the observed risk of escape

RBC transfusion by predicted probabilities. The dots indicate deciles of

women grouped by similar predicted risk of escape RBC transfusion.

The vertical bars through the dots indicate the 95% confidence interval

of the observed risks for the grouped women.

Figure 3. Calibration plot of Model 2 with the observed risk of escape

RBC transfusion by predicted probabilities. The dots indicate deciles of

women grouped by similar predicted risk of escape RBC transfusion.

The vertical bars through the dots indicate the 95% confidence interval

of the observed risks for the grouped women.
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and total blood loss >1500 ml while a higher Hb concen-

tration reduces this probability.

Addition of the following HRQoL measures improved

the prediction of RBC transfusion in expectantly man-

aged women: MFI subscale physical fatigue, MFI subscale

reduced activity, MFI subscale reduced motivation and

the EuroQol-5D VAS score. In case of higher physical

fatigue and less motivation the probability of escape

RBC transfusion was enhanced while the probability was

diminished in case of a poorer score on reduced activ-

ity and a better EuroQol-5D VAS score (e.g. better

wellbeing).

The predicted chance for escape transfusion using model

1 can be calculated for an anaemic woman after postpar-

tum haemorrhage using the following formula:

Predicted chance ¼ 1=ð1 þ exp ½�f2:15� 0:48
� primiparity þ 0:92
�multiple pregnancy þ 0:44
� total blood loss [ 1500ml� 0:66
�Hb concentrationg�Þ:

This predicted chance for escape transfusion using model

2 can be calculated using the following formula:

Predicted chance ¼ 1=ð1 þ exp ½�f1:38� 0:43
� primiparity þ 0:71
�multiple pregnancy þ 0:46
� total blood loss [ 1500ml� 0:63
�Hb concentrationþ 0:12
�MFI subscale physical fatigue� 0:08
�MFI subscale reduced activity þ 0:03
�MFI subscale reduced motivation
� 0:01 � EurQol VAS scoreg�Þ:

In both formulas, the woman’s value of each continuous

variable (Hb concentration, all MFI subscales and the Eu-

roQol-5D VAS score) can be fulfilled. For the categorical

variables (primiparity [reference: multiparity], multiple

pregnancy [reference: singleton pregnancy] and total blood

loss [reference: ≤1500 ml]), the value ‘0’ should be used if

the woman belongs to the reference category and ‘1’ if she

belongs to the nonreference category.

Discussion

Main findings
In this study, we developed two models to predict the need

for escape RBC transfusion in anaemic women (without

severe anaemic complaints) after postpartum haemorrhage,

treated with expectant management. In model 1, the clini-

cal variables parity, multiple pregnancy, total blood loss

and Hb concentration (12–24 hours after delivery) were

associated with escape RBC transfusion. The predictive

value of HRQoL-scores was evaluated in model 2 by add-

ing these scores to model 1.

Model 2 had significantly better discriminative ability

according to the c-statistic (0.72 for model 2 and 0.65 for

model 1) and NRI(>0), indicating that HRQoL-scores have

additional value over clinical variables in the prediction of

escape RBC transfusion.

Our study aimed to predict the need for escape RBC

transfusion in postpartum anaemic women treated with

expectant management. Predictive variables of (massive)

RBC transfusion were previously identified in trauma

patients29–34 and in patients undergoing orthopaedic sur-

gery,35–38 cardiac surgery,39–42 liver transplantation,43–46 or

liver surgery.47,48 In these studies, identified predictors for

(massive) transfusion included age, gender, weight, heart

rate, blood pressure, preoperative Hb concentration or hae-

matocrit, platelet concentration, creatinine concentration,

base deficit, surgical time and thrombo-elastography, Only

one study has been performed on prediction of RBC trans-

fusion in the obstetric field. This study inventoried RBC

transfusion requirements in women with placenta accreta

undergoing caesarean section and reported no relation

between RBC transfusion requirements and laboratory

Table 2. Accuracy measures (%) for different cut-off values of the

predicted risk

Cut-off value Sens Spec PPV NPV TPR FPR

Model 1

>10% 72.0 50.1 16.5 92.9 72.0 49.9

>20% 30.7 92.0 34.3 90.6 30.7 8.0

>30% 12.0 98.9 60.0 89.1 12.0 1.1

>40% 8.0 99.5 66.7 88.8 8.0 0.5

>50% 2.7 100.0 100.0 88.2 2.7 0.0

>60% NA NA NA NA NA NA

>70% NA NA NA NA NA NA

>80% NA NA NA NA NA NA

>90% NA NA NA NA NA NA

Model 2

>10% 77.1 54.6 18.8 94.6 77.1 45.4

>20% 30.4 90.7 30.9 90.5 30.4 9.3

>30% 16.8 98.4 59.2 89.6 16.8 1.6

>40% 7.1 99.3 58.9 88.6 7.1 0.7

>50% 3.7 99.8 71.8 88.3 3.7 0.2

>60% 0.3 100.0 100.0 88.0 0.3 0.0

>70% NA NA NA NA NA NA

>80% NA NA NA NA NA NA

>90% NA NA NA NA NA NA

FPR, false positive rate; NA, not applicable; NPV, negative predictive

value; PPV, positive predictive value; Sens, sensitivity; Spec,

specificity; TPR, true positive rate (or sensitivity).
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values.49 No previous study investigated predictors of the

need for escape RBC transfusion in anaemic postpartum

women, managed expectantly.

Limitations/strengths
We present predictors for escape RBC transfusion identified

in anaemic postpartum women. Results are based on data

obtained in a randomised trial. As all women allocated to

RBC transfusion in the trial were excluded, allocation sta-

tus was not taken into account. We have demonstrated that

participation status (e.g. whether women were included in

the trial as randomised or nonrandomised) was no predic-

tor for escape RBC transfusion. An advantage of these data

is the prospective collection in 37 hospitals, strengthening

external validation and generalisation of results.

Since we focused on the prediction of escape RBC trans-

fusion using clinical information available at 12–24 hours

after delivery we did not account for all known causes of

escape RBC transfusions. For example, secondary postpar-

tum haemorrhage, infections and retained products of con-

ception are known to be associated with escape RBC

transfusion, but are not available within 12–24 hours after

delivery. Therefore, at the time point 12–24 hours after

delivery, it is impossible to predict all escape RBC transfu-

sions: in this study 14 (19%) of the women who received

escape RBC transfusion were reported to have suffered

from secondary postpartum haemorrhage, (treatment for)

retained products of conception or infections (e.g. endome-

tritis, urinary tract infection or fever without known

cause). Anaemic complaints were reported as only cause in

50 (67%), while the reason for escape RBC transfusion was

unknown in 11 (14%).

The identified predictors were internally validated by

bootstrapping techniques. External validation is needed to

investigate the performance of the models in other popula-

tions before the models can be integrated in daily clinical

practice, especially since postpartum haemorrhage incidences

vary across countries and even across regions.2,50 All vari-

ables of model 1 are readily available in daily clinical practice

in contrast to the HRQoL-scores identified in model 2. As

the predictive value of model 2 was significantly better than

that of model 1, we believe that once the model is externally

validated, use of HRQoL measures in postpartum anaemic

women should be implemented to improve postpartum

healthcare and complement clinical decision making.

We are aware that RBC transfusion rates and protocols

may differ from centre to centre and from provider to pro-

vider, for example, by age, experience and years out of

training. An obvious way to include these differences would

be to account for centres in a multilevel regression model.

Therefore, centre effects were investigated using a logistic

multilevel model of model 2 whereby we fitted a random

intercept per centre. This analysis showed that the random

intercepts of the different centres were not significantly dif-

ferent from zero for all centres, suggesting that there is no

need to account for between-centre differences.

Interpretation
Model 1 demonstrated that escape RBC transfusion is more

likely in primiparous women, after multiple pregnancy, in

case of total blood loss above 1500 ml and less likely in

case of a higher Hb concentration. These findings were

expected: both for primiparous women as well as women

giving birth to multiples, who may experience more diffi-

culties coping with the new situation after giving birth,

possibly altering the need for escape RBC transfusion. Also,

a higher need for escape RBC transfusion could be

expected based on higher total blood loss and lower Hb

concentration (12–24 hours after delivery).

Model 2 showed that escape RBC transfusion is more

likely in women with higher physical fatigue and less moti-

vation while it was less likely in case of a poorer score on

reduced activity and better EuroQol-5D VAS score (e.g.

better wellbeing). Of these findings, results on the subscales

physical fatigue and reduced motivation were expected, in

contrast to findings regarding the MFI subscale reduced

activity and the EuroQol-5D VAS score. In case of higher

reduced activity score (worse HRQoL), the chance to

escape RBC transfusion decreases whereas the opposite was

to be expected. A possible explanation for this finding is

that less active women might experience fewer anaemic

complaints. The EuroQol-5D VAS had a b of �0.01 and

an odds ratio of 0.99, implying low to no clinical relevance.

The estimated probability of escape RBC transfusion ran-

ged from 0.9 to 55.7% for model 2. Given that the inci-

dence of escape RBC transfusion in the entire study

population was 12%, this range of probabilities indicates

that the model may be of great value in daily clinical prac-

tice. Both prediction models provide the ability to make

informed choice for all postpartum anaemic women follow-

ing postpartum haemorrhage, whereas this was previously

not possible. Identification of women with either a very

low or a very high risk of escape RBC transfusion may

greatly improve counselling for these women and clinical

decision making. In daily clinical practice, considering risk

at adverse events and costs, an unnecessarily prescribed

RBC transfusion is worse than an escape RBC transfusion.

While the chance of escape RBC transfusion is 12% in the

case of expectant policy, the clinician wants to be specific

rather than sensitive in the decision to prescribe RBC

transfusion directly postpartum.

Conclusion

Independent clinical predictors of escape RBC transfusion

in women following postpartum haemorrhage, initially
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treated by expectant management, are primiparity, multi-

ple pregnancy, blood loss >1500 ml and lower Hb con-

centration (12–24 hours after delivery). Use of the MFI

subscales physical fatigue, reduced activity and reduced

motivation and the EuroQol-5D VAS score significantly

improve prediction of escape RBC transfusion in these

women.

After external validation and proof of generalisability,

our formulas predicting escape RBC transfusion may be of

great value in obstetric daily clinical practice and use of

HRQoL measures should be implemented.
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