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Abstract
Background: Post-partum haemorrhage (PPH) is a leading cause of maternal mortality worldwide. Maternal anaemia greatly
increases the risk of PPH and over a third of all pregnant women are anaemic. Because anaemia reduces the oxygen-
carrying capacity of the blood, anaemic women cannot tolerate the same volume of blood loss as healthy women. Yet the
same blood loss threshold is used to de�ne PPH in all women. The lack of an established PPH de�nition in anaemic women
means the most appropriate outcome measures for use in clinical trials are open to question. We used data from the
WOMAN-2 trial to examine different de�nitions of PPH in anaemic women and consider their appropriateness as clinical
trial outcome measures. 

Main body: The WOMAN-2 trial is assessing tranexamic acid (TXA) for PPH prevention in women with moderate or severe
anaemia at baseline. To obtain an accurate, precise estimate of the treatment effect, outcome measures should be highly
speci�c and reasonably sensitive. Some outcome misclassi�cation is inevitable. Low sensitivity reduces precision, but low
speci�city biases the effect estimate towards the null. Outcomes should also be related to how patients feel, function, or
survive. The primary outcome in the WOMAN-2 trial, a ‘clinical diagnosis of PPH’, is de�ned as estimated blood loss >500 ml
or any blood loss within 24 hours su�cient to compromise haemodynamic stability. To explore the utility of several PPH
outcome measures, we analysed blinded data from 4,521 participants. For each outcome, we assessed its: 1) frequency, 2)
speci�city for signi�cant bleeding de�ned as shock index ≥1.0, and 3) association with fatigue (modi�ed fatigue symptom
inventory [MFSI]), physical endurance (six-minute walk test) and breathlessness. A clinical diagnosis of PPH was su�ciently
frequent (7%), highly speci�c for clinical signs of early shock (95% speci�city for shock index ≥1) and associated with
worse maternal functioning after childbirth.

Conclusion: Outcome measures in clinical trials of interventions for PPH prevention should facilitate valid and precise
estimation of the treatment effect and be important to women. A clinical diagnosis of PPH appears to meet these criteria,
making it an appropriate primary outcome for the WOMAN-2 trial.

Clinical trial registration: ClinicalTrials.gov NCT03475342, registered on 23 March 2018; ISRCTN62396133, registered on 7
December 2017; Pan African Clinical Trial Registry PACTR201909735842379, registered on 18 September 2019.

Background
Post-partum haemorrhage (PPH) is a leading cause of maternal mortality worldwide, responsible for over 70,000 deaths
annually.(1) Maternal anaemia greatly increases the risk of PPH.(2,3)  Over a third of all pregnant women (around 30
million) are anaemic, with a high prevalence in sub-Saharan Africa and South Asia.(4) Because anaemia reduces the
oxygen-carrying capacity of the blood, anaemic women are more vulnerable to tissue hypoxia, morbidity and death after
PPH.(5,6) 

Primary PPH is usually de�ned as blood loss ≥500 ml from the genital tract within 24 hours of a vaginal birth.(7) This
de�nition, proposed by a WHO working group in 1989, uses the same threshold for all women. Despite recognising the need
for an alternative de�nition in anaemic women, no speci�c criteria were proposed.(8) The core outcome set for PPH
prevention trials does not consider anaemia.(9)

Given the lack of an established de�nition of PPH in anaemic women, the most appropriate outcome measures for use in
clinical trials are open to question. We used data from the WOMAN-2 trial to examine different de�nitions of PPH in anaemic
women and consider their appropriateness as clinical trial outcome measures.  

Criteria to assess PPH outcome measures
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The WOMAN-2 trial is examining tranexamic acid (TXA) for PPH prevention in women with moderate (Hb 70-99 g/L,
n=3,714, 82%) or severe (Hb<70 g/L, n=805, 18%) anaemia at baseline. Women are randomly allocated to receive 1g of TXA
or matching placebo as soon as possible after cord clamping. The primary outcome, a ‘clinical diagnosis of PPH’, is de�ned
as estimated blood loss >500 ml or any blood loss within 24 hours su�cient to compromise haemodynamic stability, which
is based on physical signs (blood pressure, heart rate, urine output).(10) 

In a clinical trial, the primary outcome should facilitate valid and precise estimation of the treatment effect and be related to
how patients feel, function or survive.(11,12) Some outcome misclassi�cation is inevitable. Table 1 shows the potential
impact of sensitivity and speci�city on the relative risk (RR) in the WOMAN-2 trial. Assuming 6% of the placebo group have a
PPH and TXA reduces this risk by 25% (RR=0.75), a sample size of 10,000 should provide 90% power.(10) Low sensitivity
(many false negatives) reduces precision but the RR remains the same, whereas low speci�city (many

In a clinical trial, the primary outcome should facilitate valid and precise estimation of the treatment effect and be related to
how patients feel, function or survive.(11,12) Some outcome misclassi�cation is inevitable. Table 1 shows the potential
impact of sensitivity and speci�city on the relative risk (RR)in the WOMAN-2 trial. Assuming 6% of the placebo group have a
PPH and TXA reduces this risk by 25% (RR=0.75), a sample size of 10,000 should provide 90% power.(10) Low sensitivity
(many false negatives) reduces precision but the RR remains the same, whereas low speci�city (many false positives)
biases the RR towards the null.(13) 

To explore the utility of several PPH outcome measures, we analysed blinded data from 4,521 participants recruited to 14th
July 2021. For each outcome, we assessed its: 1) frequency, 2) speci�city for signi�cant bleeding, and 3) importance to
women. To assess speci�city, we used a shock index (postpartum heart rate/systolic blood pressure) ≥1.0 as the ‘gold
standard’ for the cardiovascular impact of bleeding (see Table 2).(14–17) To assess importance to women, we examined
each outcome’s association with fatigue (modi�ed fatigue symptom inventory [MFSI]), physical endurance (six-minute walk
test) and breathlessness (see Table 3). 

Clinical diagnosis of PPH
In this population of anaemic women, 7% had a clinical diagnosis of PPH. When compared against shock index ≥1, this
outcome measure had 95% speci�city, meaning the false positive rate was 5% (see Table 2). Those with a ‘clinical diagnosis
of PPH’ had worse fatigue, reduced ability to exercise and were more breathless after exercise compared to those without
this diagnosis (Table 3). 

Estimated blood loss ≥500ml
Blood loss was estimated to be ≥500ml in 8% of women. When compared against shock index ≥1, this outcome had 93%
speci�city, meaning a false positive rate of 7% (see table 2). Those with blood loss ≥500ml had worse fatigue, reduced
ability to exercise and were more breathless after exercise compared to those with blood loss <500ml (see table 3). 

Proportion of total blood volume lost
Height and weight determine total blood volume. The smaller the woman, the larger the proportion of total blood volume any
given volume of blood loss represents. In pregnancy, blood volume per kilogram (kg) decreases with increasing body mass
index (BMI) because fat tissue is relatively non-vascular.(18) BMI ranged from 13-68 kg/m2 in our study population (mean
26, SD 4; see �gure 1). Based on the Advanced Trauma Life Support classi�cation of hypovolaemic shock, we de�ned PPH
as ≥15% total blood volume lost, which occurred in 3% of women. When compared against shock index ≥1, this outcome
had 98% speci�city, meaning a false positive rate of 2% (see table 2). Women who lost ≥15% of their total blood volume
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had worse fatigue and were more breathless after exercise, with weak evidence of a reduced ability to exercise due to
imprecision (see table 3).  

Peripartum haemoglobin change
Studies suggest that postpartum blood loss ≥500ml confers a Hb drop ≥20g/L, although this may vary between women
and is affected by red blood cell (RBC) transfusion and intravenous (IV) �uids.(19–23) In the WOMAN-2 trial, 25% (n=1,143)
and 44% (n=2,000) of women received a RBC transfusion or IV �uids between randomisation and their postpartum Hb test,
respectively. In a multivariable linear regression model, one unit of RBC increased peripartum Hb by 7.7/L (95% CI 7.0 to 8.3),
while 1L of IV �uids reduced it by 1.5g/L (95% CI -2.2 to -0.8), adjusting for baseline Hb and estimated blood loss. Mean Hb
increment per unit of RBC transfused increased with lower baseline Hb (9 vs 6 g/L for Hb of 30 and 99 g/L). To correct
postpartum Hb for RBC transfusion, we used coe�cients from a predictive model of mean Hb increment
derived from 23,194 patients in US hospitals who received one unit of RBC, which adjusted for possible effect modi�cation
by baseline Hb, BMI and age.(22) To correct for IV �uids, we applied the model coe�cient from the WOMAN-2 data.

After correcting for RBC transfusion and IV �uid, 4% of women had a peripartum Hb drop ≥20g/L. When compared against
shock index ≥1, this outcome had 97% speci�city, or a false positive rate of 2% (see table 2). Because baseline Hb varied
(mean=8.1 g/dL, SD 1.4, range=2.3-9.9; see �gure 1), we analysed a relative Hb drop ≥10%, which occurred in 16% of
women and had 85% speci�city for shock index ≥1 or a 15% false positive rate (see table 2). Women with a Hb drop
≥20g/L or ≥10% had worse fatigue and breathlessness after exercise, with weak evidence of an increased ability to
exercise compared to those with Hb drop <20g/L or <10% (see table 3). 

Calculated blood loss ≥1000ml
Another way to de�ne PPH is using calculated blood loss (estimated total blood volume x proportional change in peripartum
Hb).(24) After correcting postpartum Hb for RBC transfusions and �uid resuscitation, 8% of women had calculated blood
loss ≥1000ml. When compared against shock index ≥1, this outcome had 93% speci�city, or a 7% false positive rate (see
table 2). Women with calculated blood loss ≥1000ml had worse fatigue and breathlessness after exercise, with weak
evidence of an increased ability to exercise compared to those with calculated blood loss <1000ml (see table 3). 

Interventions for blood loss
Blood transfusion, intravenous �uid, TXA and uterotonics are common interventions for postpartum blood loss but are also
routinely given for anaemia, dehydration or PPH prophylaxis. Interventions within 24h after birth are more likely to be for
primary PPH. 25% of women had a blood transfusion within 24 hours after giving birth, which had 76% speci�city for shock
index ≥1 (see table 2). 44% of women received IV �uid within 24h after birth, which had 58% speci�city for shock index ≥1
(see table 2). 6% of women received TXA within 24h after birth, which had 96% speci�city for shock index ≥1 (see table 2).
29% of women received postpartum uterotonics (oxytocin, carbetocin, misoprostol, prostaglandins, and/or ergometrine),
which had 72% speci�city for shock index ≥1 (see table 2). Women who received a blood transfusion had worse fatigue and
a reduced ability to exercise, with weak evidence of increased breathlessness compared to those who did not receive a blood
transfusion, whereas women who received IV �uids, TXA or postpartum uterotonics had worse fatigue, reduced ability to
exercise and worse breathlessness (see table 3).

Discussion
To obtain an accurate, precise estimate of the treatment effect, outcome measures should be highly speci�c and reasonably
sensitive. To ensure that evidence of effectiveness translates into real bene�t for mothers, the outcome should also be
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important to women. A clinical diagnosis of PPH, the primary outcome in the WOMAN-2 trial, appears to meet these criteria -
it was su�ciently frequent, highly speci�c for clinical signs of early shock, and predictive of maternal functioning after birth.
Estimated blood loss and receipt of TXA within 24 h of birth also performed well against our criteria.

High quality data on over 4,500 anaemic pregnant women provided reliable estimates of PPH and its association with
various factors. We were able to assess several PPH de�nitions and discern the sequence of events. Blood loss was
estimated visually rather than measured as it is more practical and no worse at predicting adverse maternal outcomes.(25)
The formula to estimate total blood volume was derived from pregnant women (blood volume = weight (kg) × 95 if BMI < 30,
or 73 if BMI ≥ 30) but we did not collect data on pre-pregnancy weight.(18) Hb was measured with the Haemocue Hb 201
system which has reasonable accuracy.(26) We corrected postpartum Hb for RBC transfusion and IV �uid but not for time to
postpartum Hb test, which had only a small effect (0.03g/L drop in postpartum Hb for 1h increase in time from childbirth to
Hb test).(22, 23) Although unlikely, women could possibly receive a RBC transfusion between their baseline Hb test and
randomisation, which is not recorded in the trial. Shock index is an imperfect physiological marker of postpartum blood loss
with low sensitivity for PPH.(27) Maternal cardiovascular compensatory mechanisms like haemoconcentration and
increased cardiac output after childbirth may obscure early physiologic signs of postpartum bleeding. Shock can be caused
by other conditions like sepsis, although this affected < 1% of trial participants.

By combining clinical judgement, physical signs of haemodynamic instability and estimated blood loss, a clinical diagnosis
of PPH may be more speci�c for signi�cant bleeding than estimated blood loss alone, particularly in anaemic women.(28)
The TRAAP trial of TXA for the prevention of blood loss after vaginal birth found a 17% reduction in blood loss ≥ 500ml with
TXA (RR = 0.83, 95% CI 0.68–1.01) but a 26% reduction in clinically diagnosed PPH (RR = 0.74, 95% CI 0.61–0.91).(29)
Calculated blood loss combines peripartum Hb change and total blood volume. The TRAAP2 trial of TXA for PPH prevention
in Caesarian births found a reduction in calculated blood loss ≥ 1000ml or transfusion (RR = 0.84, 95% CI 0.75–0.94).(24)
However, surrogate measures of PPH based on Hb change may lack value to patients and clinical relevance. Of note, we
found a non-signi�cant increase in ability to exercise among women with PPH de�ned using peripartum Hb change. The
relationship between Hb level and postpartum blood loss is not straightforward.(20) Dehydration during childbirth can
cause haemoconcentration, increasing postpartum Hb.(30) Physiological adaptions of pregnancy like increased plasma
volume and haemodilution may prevent a large drop in Hb with postpartum bleeding.(20, 31) Indeed, few women in the
WOMAN-2 trial experienced a Hb drop ≥ 20g/L.

Blood transfusion, IV �uid and uterotonics had low speci�city, probably because some were given routinely for reasons other
than bleeding or despite blood loss. The WOMAN trial of TXA for PPH showed that early treatment reduces death due to
bleeding (RR = 0·69, 95% CI 0·52 − 0·91) but there was no effect on all-cause mortality or hysterectomy as TXA cannot
in�uence non-bleeding causes of death (29% of all deaths) or hysterectomies planned before randomisation (38% of
hysterectomies for bleeding occurred within an hour).(12, 32) Careful consideration of the mechanism of action of the trial
treatment, the natural history of the disease and potential sources of null bias is vital when selecting primary outcomes for
clinical trials.

The WOMAN-2 trial will provide further insight into outcome measures for PPH research in anaemic women and evidence on
the role of TXA for PPH prevention. Anaemia is a highly prevalent risk factor for PPH which needs more attention if we are to
reduce the burden of PPH and its consequences for anaemic women and their babies.(3, 6) Large high quality randomised
trials are needed to �nd effective interventions for the treatment of anaemia in women of reproductive age.

Conclusions
Outcome measures in clinical trials of interventions for PPH prevention should facilitate valid and precise estimation of the
treatment effect and be important to women. A clinical diagnosis of PPH is highly speci�c for the cardiovascular effects of
signi�cant postpartum bleeding, su�ciently common, and associated with maternal functioning after birth, making it an
appropriate primary outcome for the WOMAN-2 trial.
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Abbreviations
CI = con�dence interval; Hb = haemoglobin; MSFI = modi�ed fatigue symptom inventory; PPH = postpartum haemorrhage;
RR = relative risk/risk ratio; TXA = tranexamic acid; WHO = World Health Organization; WOMAN-2 trial = WOrld Maternal
ANti�brinolytic-2 trial
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Tables
Table 1. Impact of sensitivity and speci�city on the treatment effect estimate in a randomised trial. Hypothetical example
based on the WOMAN-2 trial of 10,000 women (5,000 per arm), assuming a true placebo group event rate of 6% and a true
relative risk of 0.75.

RR = relative risk; CI = con�dence interval; TXA = tranexamic acid

Table 2. Cumulative incidence of PPH outcome measures and their diagnostic accuracy for early shock defined

as shock index ≥1
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definition SI ≥1  SI <1  Total  Sensitivity Specificity
n (%) n (%) N  (%)    

cal diagnosis of PPH           
109 (31) 208 (5) 317 (7) 31% 95%
240 (69) 3956 (95) 4196 (93)    
349 (100) 4164 (100) 4513 (100)    

mated blood loss ≥500ml           
95 (27) 274 (7) 369 (8) 27% 93%
254 (73) 3890 (93) 4144 (92)    
349 (100) 4164 (100) 4513 (100)    

 blood volume lost ≥15%           
48 (14) 69 (2) 117 (3) 14% 98%
301 (86) 4095 (98) 4396 (97)    
349 (100) 4164 (100) 4513 (100)    

partum Hb drop ≥20g/L*           
47 (14) 111 (3) 158 (4) 14% 97%
297 (86) 3990 (97) 4287 (96)    
344 (100) 4101 (100) 4445 (100)    

partum Hb drop ≥10%*           
105 (31) 604 (15) 709 (16) 31% 85%
239 (69) 3497 (85) 3736 (84)    
344 (100) 4101 (100) 4445 (100)    

ulated blood loss ≥1000ml*           
70 (20) 298 (7) 368 (8) 20% 93%
274 (80) 3799 (93) 4073 (92)    
344 (100) 4097 (100) 4441 (100)    

transfusion within 24h after delivery           
119 (34) 1010 (24) 1129 (25) 34% 76%
226 (66) 3121 (76) 3347 (75)    
345 (100) 4131 (100) 4476 (100)    

uid within 24h after delivery                
200 (58) 1716 (42) 1916 (43) 59% 58%
139 (40) 2331 (56) 2470 (55)    
339 (98) 4047 (98) 4386 (98)    

within 24h after delivery                
87 (25) 169 (4) 256 (6) 25% 96%
262 (76) 3994 (97) 4256 (95)    
349 (101) 4163 (101) 4512 (101)    

partum uterotonics                
133 (39) 1174 (28) 1307 (29) 38% 72%
216 (63) 2990 (72) 3206 (72)    
349 (101) 4164 (101) 4513 (101)    

PPH = postpartum haemorrhage; SI = shock index; Hb = haemoglobin; RBC = red blood cell; IV = intravenous; TXA = tranexamic

acid

*Postpartum Hb corrected for RBC transfusions and IV fluids received between randomisation and postpartum Hb test

Table 3. Association of PPH with measures of maternal functioning after birth 
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H definition Fatigue (MSFI score) 6-minute walk test (metres)*
Moderate-extreme
breathlessness

N Mean ±SD Dif. in means
(95% CI)

N Mean ±SD Dif. in
means (95%
CI)

n N (%) RR
(95%
CI)

ical diagnosis of PPH    

304 3.8±20.3 8.0 (5.7-10.4) 291 154.1±85.3
-21.3 (-31.6
to -11.0) 46 281 (16)

1.97
(1.49-
2.62)

4102 -4.2±15.5   3993 175.4±97.7 327 3944 (8)
od loss ≥500ml      

353 2.0±19.9 6.1 (4.0-8.3) 337 158.9±85.5
-16.7 (-26.3
to -7.0) 49 330 (15)

1.79
(1.35-
2.37)

4052 -4.1±15.5   3946 175.3±97.8 323 3894 (8)
al blood volume lost
%      

111 4.4±20.2 8.3 (4.4-12.1) 105 160.2±87.7
-14.2 (-32.9
to 4.6) 16 102 (16)

1.82
(1.15-
2.88)

4294 -3.7±15.8   4178 174.4±97.2 356 3411 (10)
partum Hb drop ≥20g/L

     

150 4.7±22.8 8.7 (5.0-12.4) 147 187.8±104.5
13.8 (-2.2 to
29.8) 27 141 (19)

2.31
(1.62-
3.29)

4211 -4.0±15.5   4093 174.0±97.0 335 4040 (8)
partum Hb drop ≥10%      

687 -0.8±19.7 3.5 (1.9-5.0) 670 180.9±106.4
7.7 (-1.0 to
16.3) 91 655 (14)

1.81
(1.45-
2.26)

3674 -4.3±15.1   3570 173.2±95.5 271 3255 (8)
culated blood loss
00ml                     

353 2.2±21.5 6.4 (4.1-8.7) 347 184.1±108.1
10.6 (-1.3 to
22.4) 51 337 (15)

1.87
(1.42-
2.46)

4004 -4.3±15.2   3889 173.6±96.3   311 3840 (8)  
C transfusion within 24h
r delivery      

1105 0.4±17.7 5.5 (4.4-6.7) 1046 151.1±88.4
-30.6 (-36.9
to -24.2) 105 1032 (10)

1.20
(0.97-
1.49)

3267 -5.1±15.0   3205 181.6±98.6 267 3162 (8)
uid within 24h after
very                    

1863 -0.6±17.3 5.5 (4.5-6.4) 1818 161.0±90.1
-24.0 (-29.8
to -18.2) 211 1785 (12)

1.82
(1.49-
2.22)

2422 -6.1±14.4   2349 185.0±100.3   151 2326 (6)  
A within 24h after delivery                    

245 4.8±20.9 9.0 (6.3-11.7) 240 148.9±83.5
-26.5 (-37.5
to -15.5) 38 230 (17)

1.97
(1.45-
2.68)

4160 -4.2±15.5   4043 175.4±97.6   335 3994 (8)  
tpartum uterotonics                    

1274 -0.5±17.8 4.5 (3.4-5.6) 1157 144.6±92.4
-40.2 (-46.7
to -33.8) 117 1118 (10)

1.27
(1.03-
1.56)

3132 -5.0±15.0   3127 184.9±96.4   256 3107 (8)  
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PPH = postpartum haemorrhage; MFSI = modified fatigue symptom inventory; SD = standard deviation; Dif = difference; CI =

confidence interval; Hb = haemoglobin; RBC = red blood cell; IV = intravenous; TXA = tranexamic acid

* Women who were too ill to do the walk test were coded as 0 metres walked and those who did not complete it for other reasons

were excluded from the analysis. 

 Postpartum Hb corrected for RBC transfusions and IV fluids received between randomisation and postpartum Hb test

Figures

Figure 1

Body mass index and baseline haemoglobin level in the WOMAN-2 trial


