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Single dose v two- dose antenatal anti- D prophylaxis:  
a randomised controlled trial
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Rhesus D (Rh(D)) isoimmunisation occurs when an Rh(D)- 
negative mother forms Rh(D)- immunoglobulin antibodies 
(anti- D) in response to exposure to Rh(D)- positive fetal 

red blood cells; these antibodies can cross the placenta during 
a subsequent pregnancy with an Rh(D)- positive fetus and initi-
ate immune- mediated haemolysis. Maternal sensitisation most 
commonly follows exposure to fetal erythrocytes during la-
bour, but may also occur antenatally as the result of antepartum 
haemorrhage, invasive fetal procedures, or asymptomatic feto- 
maternal haemorrhage.1

During the 1960s and 1970s, administering prophylactic Rh(D)- 
immunoglobulin (anti- D) to Rh(D)- negative mothers after de-
livery of a Rh(D)- positive fetus and after potentially sensitising 
antenatal events was found to reduce the rate of sensitisation of 
Rh(D)- negative mothers from 7–10% to 1–2%  Box 1.2–4 A large 
proportion of the instances of sensitisation despite prophylaxis 
are attributed to silent antenatal feto- maternal haemorrhage 
events.1 Routine antenatal anti- D prophylaxis (RAADP) was in-
troduced to protect against such events and further reduced the 
rate of sensitisation to fewer than 0.4% of Rh(D)- negative women 
who delivered Rh(D)- positive fetuses.5–10

Anti- D prophylaxis has dramatically reduced the incidence of 
Rh(D) disease in Australia since its introduction in the 1960s.11 
RAADP is now recommended for all non- sensitised Rh(D)- 
negative pregnant women12,13 and for those not predicted to be 
carrying Rh(D)- negative fetuses by non- invasive cell- free fetal 
DNA RHD genotyping.14 RAADP regimens vary between coun-
tries, ranging from two doses of anti- D of at least 500 IU each 
at 28 and 34 weeks of pregnancy to a single 1500 IU dose at 28 
weeks.15 The current Australian recommendation is two 625 IU 
doses at 28 and 34 weeks.12

In contrast to the two- dose regimen, single dose regimens have 
been associated with lower rates of anti- D detectability in ma-
ternal blood at the time of delivery (22% v 61%).16 This reduction 
in the proportion of women with detectable anti- D is signifi-
cant because anti- D levels below the detection threshold are 

insufficient for protecting against sensitisation following 0.6 mL 
feto- maternal haemorrhages, which occur in about 1% of women 
during the late third trimester.1 This suggests that the two- dose 
regimen may be preferable for reducing the rate of antenatal 
sensitisation.

On the other hand, compliance with single dose regimens is sig-
nificantly higher than for two- dose courses in terms of receiving 
all doses during the recommended windows (78% v 67% in one 
study).17 Other advantages of a single dose regimen include its 
convenience and cost efficiency.18

The efficacy of the recommended Australian regimen for main-
taining adequate circulating anti- D levels until delivery has 
not been assessed; earlier studies have assessed the effective-
ness of other anti- D doses, ranging from 250 IU to 1500 IU.6–9,19 
Further, data on compliance with the recommended regimen 
in a clinical setting have not been published. Given the poten-
tial benefits for compliance, convenience and cost of adopting 
a single dose RAADP regimen, our study compared the effec-
tiveness of two- dose RAADP (as recommended in Australia) 
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Abstract
Objective: To compare rates of detectability of circulating  
Rh(D)- immunoglobulin (anti- D) at delivery with single and two- 
dose antenatal anti- D prophylaxis (RAADP) regimens; to compare 
compliance with the two regimens.
Design: Open label, randomised controlled trial between May 2013 
and November 2015.
Setting, participants: 277 women who attended a tertiary 
obstetric referral hospital in Perth for antenatal care and were 
at least 18 years of age, less than 30 weeks pregnant and yet to 
receive RAADP, Rh(D)- negative (negative antibody screen), and 
who intended to deliver their baby at the hospital. Exclusion criteria 
were prior anti- D sensitisation, any contraindication of anti- D 
administration, and a history of isolated IgA deficiency.
Interventions: One 1500 IU anti- D dose at 28 weeks of pregnancy 
(single dose regimen); two doses of 625 IU each at 28 and 34 weeks 
of pregnancy (two- dose regimen).
Main outcome measures: The primary outcome was the 
proportion of women with detectable anti- D levels at delivery; the 
secondary outcome was compliance with the allocated RAADP 
regimen.
Results: Circulating anti- D was detectable at delivery in a greater 
proportion of women in the two- dose group (111 of 129, 86%) than 
in the single dose group (70 of 125, 56%; P < 0.001). Compliance was 
not significantly different between the single dose (86 of 138, 61%) 
and two- dose groups (70 of 139, 50%; P = 0.06).
Conclusions: The two- dose RAADP schedule currently 
recommended in Australia provides better protection against Rh(D) 
sensitisation than a one- dose regimen.
Trial registration: Australian and New Zealand Clinical Trials 
Registry (ACTRN12613000661774).

The known: Routine antenatal anti- D prophylaxis reduces the risk 
of Rh(D) sensitisation of pregnant women. It is unclear whether 
the two- dose regimen recommended in Australia is superior to the 
single dose regimen recommended in some countries.
The new: The proportion of women with detectable circulating 
anti- D at delivery was greater for those who had received 
antenatal anti- D prophylaxis as two separate doses than for 
women who received it as a single dose.
The implications: The current Australian recommendation of 
two- dose antenatal anti- D prophylaxis should be maintained, but 
strategies for increasing compliance are needed to better protect 
Rh(D)- negative mothers.
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with that of a one- dose regimen (recommended in the United 
Kingdom). The primary outcome was detectable anti- D levels 
in the maternal circulation at delivery; the secondary outcome 
was compliance with the regimen according to the recom-
mended schedule.

Methods

The study was an open label, randomised controlled trial be-
tween May 2013 and November 2015. The participants were 
women who attended a Western Australian tertiary maternity 
hospital (King Edward Memorial Hospital for Women, Perth) 
for antenatal care and were at least 18 years of age, less than 
30 weeks pregnant at the time of enrolment and yet to receive 
RAADP, were Rh(D)- negative (negative antibody screen), and 
intended to deliver their baby at the hospital. Exclusion criteria 
were prior anti- D sensitisation, any contraindication of anti- D 
administration, and a history of isolated IgA deficiency. Eligible 
women were approached by a medical student (author JC) or re-
search assistant (author BPV) not involved in their clinical care. 
Consenting participants were randomised 1:1 by sealed envelope 
in blocks of ten to receiving either standard RAADP (intramus-
cular injections of 625 IU anti- D at both 28–30 and 34–36 weeks’ 
gestation) or one intramuscular injection of 1500 IU anti- D (two 
625 IU ampoules and one 250 IU ampoule combined as a single 
injection) at 28–30 weeks. Neither the participants nor the clini-
cians and researchers were blinded to treatment allocation. All 
other aspects of clinical care followed routine hospital guide-
lines; in particular, further doses of anti- D were to be admin-
istered after potentially sensitising events, such as antepartum 
haemorrhage, external cephalic version, or invasive fetal diag-
nostic or therapeutic procedures.

Maternal blood was collected during labour or in the week 
preceding a planned caesarean delivery. Antibody screens 
were performed with the Ortho BioVue column agglutination 
technique (Ortho Clinical Diagnostics). Routine cord blood 
samples were used for neonatal blood typing. Postnatal anti- D 
prophylaxis was administered to all mothers of Rh(D)- positive 
neonates, with the dose determined by Kleihauer testing (min-
imum, 625 IU).

Compliance was defined as receiving each dose of a regimen 
during the recommended 2- week intervals (28–30 weeks or 
34–36 weeks). Women who did not receive any anti- D, received 
a routine dose outside the recommended interval, or received 
the incorrect dose were deemed non- compliant. Women in the 
two- dose group whose pregnancy ended before the end of the 

34–36 weeks’ gestation window were deemed compliant if the 
first dose was administered at 28–30 weeks.

Statistical analysis
Power calculations based on compliance and anti- D detectability 
data from an earlier study17 indicated that a larger sample size 
was required for the secondary outcome (compliance) than for 
the primary outcome (detectability). A sample size of 284 was 
required to detect (with 90% power, α = 0.05) a reduction in non- 
compliance from 33% to 16% with the single dose regimen, the 
reduction we defined as clinically meaningful. To allow for a 5% 
drop- out rate, the target sample size was 300 women.

Categorical variables and proportions were compared in χ2 tests. 
A sensitivity analysis was restricted to data for women who were 
fully compliant with their allocated study regimen (received all 
doses of anti- D within the recommended 2- week time intervals 
and had an antibody screen at the time of delivery). Factors po-
tentially associated with detectability of anti- D at the time of de-
livery (prophylaxis regimen, maternal weight, interval between 
final dose and birth interval, gestation at birth) were analysed 
by univariate and multivariate logistic regression. Statistical 
analyses were performed with the graphical statistics package 
R 3.2.3 (R Foundation for Statistical Computing). Analyses were 
by intention to treat.

Ethics approval
Approval to conduct the trial was provided by the Human 
Research Ethics Committee of the Women and Newborn Health 
Service at the King Edward Memorial Hospital for Women (ref-
erence, 2013039EW). All participants provided written informed 
consent at the time of enrolment.

Trial registration

The trial was retrospectively registered with the Australian 
and New Zealand Clinical Trials Registry on 17 June 2013 
(ACTRN12613000661774).

Results

Recruitment ceased after 280 women had been recruited, as re-
search assistance support for the trial had been exhausted. After 
three losses to follow- up, 277 eligible participants were ran-
domised to receive either single dose (138 women) or two- dose 
RAADP (139 women) (Box 2). The demographic and birth char-
acteristics of the two groups were similar (Box 3). None of these 
women required antenatal administration of additional anti- D 
for potentially sensitising events after randomisation.

Anti- D detectability at delivery
Antibody screens were performed at the time of their deliveries 
for 125 women in the single dose group (91%) and 129 in the two- 
dose group (93%). Anti- D was detectable in the maternal blood 
of more women in the two- dose group than in the single dose 
group (111 of 129 [86%] v 70 of 125 [56%]; P < 0.001; odds ratio 
[OR], 4.91; 95% confidence interval [CI], 2.67–9.02; P < 0.001). In 
univariate analyses, increasing maternal weight (OR [per kg], 
0.84; 95% CI, 0.76–0.93; P < 0.001) and interval between final dose 
and birth (OR [per day], 0.96; 95% CI, 0.95–0.98; P < 0.001) were 
associated with reduced detectability. After adjusting for these 
two factors, the association between two-dose administration 
and detectability was not significant (adjusted OR, 1.55; 95% CI, 
0.62–3.87; P = 0.35) (Box 4).

1 Timeline of Rh(D) immunoglobulin (anti- D) prophylaxis for 
pregnant women in Australia

Before 1970 From 1970s From 2003

Anti- D prophylaxis None Postnatal only Ante-  and 
postnatal

Risk of sensitisation 
per birth

10%2 1%2 0.2%3–8

Estimated number 
of Australian cases 
per year*

5250 420 84

* Estimated number of cases is based on 350 000 births per year and prevalence among 
pregnant women of Rh(D)- negativity of 15%. Exact numbers are not available, as this 
information is not routinely collected. ◆
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Compliance with RAADP regimen
Compliance with the RAADP regimen was low in both 
groups: 52 women (38%) in the single dose group and 69 
(50%) in the two- dose group did not receive the appropriate 
doses of anti- D at the appropriate time points. The reasons for  
non- compliance were different in the two groups: 
receiving an incorrect dose was more frequent 
in the single dose group (9% v 1%), while miss-
ing a dose was more common in the two- dose 
group (10% v 4%), as were late doses (17% v 6%)  
(Box 5).

Safety
There were no major adverse events related to the 
trial. The greater injection volume (> 5 mL) for the 
single dose group initially made it more painful than 
for the standard regimen; the problem was alleviated 
by using a more concentrated product, delivering 
the same dose in a smaller volume (2  mL). Twelve 
women in the single dose group (9%) received only 
625  IU anti- D at 28–30 weeks; they were therefore 
given a second dose at 34–36 weeks, consistent with 
standard practice, to avoid potential late antenatal 
sensitisation.

Sensitivity analysis
A sensitivity analysis restricted to data for fully 
compliant participants assessed the effect of non- 
compliance on the primary outcome. In this analy-
sis, detection rates of anti- D at delivery were 88% 

(57 of 65 screened women) in the two- dose group 
and 56% (42 of 75 screened women) for the single 
dose group; that is, the rates were similar to those 
in the full analysis.

Discussion

Circulating anti- D levels were too low for detec-
tion at delivery in significantly more women who 
received RAADP as a single dose rather than in 
women who received the standard two doses. 
Undetectably low levels leave women vulnerable 
to sensitisation in the event of asymptomatic feto- 
maternal haemorrhages of 0.6  mL, which occur 
in 1% of pregnant women during their third tri-
mester. Although the two- dose RAADP regimen, 
standard in Australia, thus seems superior to a 
single dose approach, the absolute risk of sensiti-
sation is likely to be small. The number needed to 
treat with two- dose RAADP to prevent one case 
of undetectable anti- D at birth is 3.1 based on the 
observed absolute risk reduction of 32%. However, 
only 1% of women with undetectable anti- D levels 
at delivery are likely to be sensitised, so that one 
case of sensitisation could be prevented for about 
every 300 women by using two- dose rather than 
single dose RAADP.

A longer time interval between women receiving 
their final dose of antenatal anti- D and delivery 
was associated with increased risk of anti- D not 
being detectable at delivery. It would be expected 
that the 1500 IU dose of the single dose regimen 
would produce a higher peak anti- D level in the 
maternal circulation than the standard 625  IU 

dose, but its level may decline too rapidly to maintain ade-
quate protection. The second dose of the two- dose regimen 
is required to boost the circulating level of anti- D, provid-
ing protection until term. The larger proportion of women 
with detectable anti- D at delivery in the two- dose group is 

2 CONSORT diagram of the selection of participants for our randomised 
controlled trial of Rh(D) immunoglobulin (anti- D) prophylaxis

3 Demographic and birth characteristics of the participants, by allocated 
Rh(D) immunoglobulin (anti- D) prophylaxis regimen

Anti- D prophylaxis regimen

Single dose Two- dose

Number of women 138 139

Age (years), mean (SD) 30.9 (5.0) 31.2 (5.0)

Body mass index (kg/m2), median (IQR) 26.2 (23.1–34.1) 24.3 (21.8–29.4)

Weight (kg), median (IQR) 70.0 (60.4–88.8) 66.0 (60.0–81.9)

Multiple pregnancy 3 (2%) 4 (3%)

Invasive fetal procedure 4 (3%) 4 (3%)

Bleeding before 20th week of pregnancy 7 (5%) 15 (11%)

Antepartum haemorrhage 6 (4%) 6 (4%)

Spontaneous vaginal birth 80 (58%) 93 (67%)

Instrumental birth 15 (11%) 17 (12%)

Caesarean delivery 37 (27%) 43 (31%)

Gestation at birth (weeks), median (IQR) 39.0 (37.9–40.0) 39.4 (37.9–40.6)

IQR = interquartile range; SD = standard deviation. ◆
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probably related more to the shorter interval between admin-
istration of the final dose and delivery than to the regimen 
itself. A single 625 IU dose at 34 weeks may be as effective as 
two doses for providing detectable anti- D levels at term, but 
this approach would leave women vulnerable to sensitisation 
by asymptomatic feto- maternal haemorrhage events before 34 
weeks.

Greater maternal weight was associated with a higher risk of 
 anti- D not being detectable at delivery, and the median weight 
of the women in the single dose group was greater than that for 
the two- dose group. Despite the increased volume of distribu-
tion of administered anti- D in heavier women and the conse-
quently lower circulating levels achieved with equivalent doses, 
protection against sensitisation depends on the total amount of 
anti- D, not its blood concentration; heavier women should not 
be at greater risk of sensitisation, as the concentration of fetal red 
blood cells in maternal blood will also be reduced. This inter-
pretation is supported by the results of a case–control study (42 
cases, 339 controls) that found no association between weight 
and sensitisation.20

Compliance with the allocated RAADP regimen was 
relatively low in both groups. The higher level among 
women in the single dose group (similar to the differ-
ence in an earlier study17) was not significantly dif-
ferent from that of the two- dose group and was not 
associated with an improved rate of detectable anti- D at 
delivery. As this was a pragmatic trial, clinicians were 
responsible for administering RAADP. It was antici-
pated that the Hawthorne effect (behavioural change 
caused by unconcealed observation) might improve 
clinician awareness and compliance with the treatment 
schedule, but compliance was poor in both groups, in-
dicating that systematic improvements are required to 
ensure that RAADP is administered as recommended. 
A sensitivity analysis found that, even with optimal 
compliance, the anti- D detectability rate at delivery was 
lower with the single dose regimen. Further, adminis-

tering a second dose to the 12 women in the single dose group 
who had received only 625 IU at 28 weeks and the late administra-
tion of the 1500 IU dose to eight women would each be expected 
to increase the proportion of women in the single dose group with 
detectable anti- D levels. Improving compliance with the single 
dose regimen would therefore not optimise protection of women 
against Rh(D) sensitisation; high anti- D levels at delivery are more 
reliably provided by the two- dose regimen if compliance is high.

Limitations

This study is limited by the relatively high incidence of protocol 
violations regarding anti- D administration and the performance 
of antibody screens at the time of delivery. However, a sensitivity 
analysis suggests that this did not significantly influence the pri-
mary outcome. Compliance may vary according to the model of 
antenatal care employed, which may limit the applicability of our 
results to other care settings. Further, a considerable proportion 
of participants (7%) were not screened for antibody at the time of 
delivery, but the proportion was similar in the two groups.

Conclusion

Our trial provides indirect evidence for greater protection 
against Rh(D) sensitisation by the RAADP regimen recom-
mended by Australian guidelines than by the single dose regi-
men used in some other countries. Systematic improvements 
that facilitate improved compliance with the current recommen-
dations are needed to minimise the risk of isoimmunisation in 
Rh(D)- negative women.
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4 Detectability of Rh(D) immunoglobulin (anti- D) in maternal blood at the 
time of delivery: multivariate analysis

Variable

Univariate analysis Multivariate analysis

Odds ratio  
(95% CI) P

Adjusted odds 
ratio* (95% CI) P

Two- dose regimen 4.91 (2.67–9.02) < 0.001 1.55 (0.62–3.87) 0.35

Maternal weight 
(per kg)

0.84 (0.76–0.93) < 0.001 0.80 (0.71–0.92) 0.001

Interval: final dose 
to birth (per day)

0.96 (0.95–0.98) < 0.001 0.97 (0.95–0.98) < 0.001

Gestation at birth 
(per day)

0.99 (0.97–1.01) 0.20 — —

* Adjusted for regimen, maternal weight and final dose to birth interval. ◆

5 Non- compliance with Rh(D) immunoglobulin (anti- D) 
prophylaxis regimen, by allocated regimen

Anti- D prophylaxis regimen

PSingle dose Two doses

Number of women 138 139

Non- compliant 52 (39%) 69 (50%) 0.06

Dose omitted 5 (4%) 14 (10%) 0.037

Dose early 27 (20%) 31 (22%) 0.62

Dose late 8 (6%) 23 (17%) 0.005

Dose incorrect 12 (9%) 1 (1%) 0.002
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