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Recurrent miscarriage (RM) is the occurrence of three or
more consecutive miscarriages before gestational week 20
and is a condition that affects 1–3% of women [1]. RM can
be classified into two categories: primary RM (no prior live
birth) or secondary RM (three or more consecutive miscar-
riages following a live birth). In addition to genetic and ana-
tomical factors causing RM, many studies have suggested
that signs of autoimmunity and dysregulation of natural
killer (NK) cell immunity characterize women with RM.

Approximately 25 years ago, the first pilot studies on the
use of intravenous immunoglobulin (IVIg) for the treat-
ment of RM were conducted and reported a live birth rate
of 80–82% [2,3], which provided support to warrant
further investigation in placebo-controlled trials. In 2006, a
Cochrane review of IVIg treatment for RM in eight
placebo-controlled trials with 303 RM patients was con-
ducted, concluding that IVIg did not increase live birth
rates when compared to placebo [odds ratio (OR) = 0·98;
95% confidence interval (CI) = 0·61–1·58] [4]. However,
this review did not differentiate between primary and sec-
ondary RM patients. Separate analysis of these two subsets
of RM patients may be necessary, as several studies have
observed that secondary RM is a condition dominated by
immunological risk factors when compared to primary RM,
suggesting large heterogeneity between these two sub-
groups.

Tumour necrosis factor (TNF)-α is a cytokine involved in
the immune system’s inflammatory response. Piosik et al.
analysed peripheral blood samples of RM patients taken at
gestational week 5, and found that TNF-α levels were
increased significantly in secondary RM patients comp-
ared to primary RM patients (P = 0·042) [1]. This indicates
that secondary RM is a condition with an increased
proinflammatory response in early pregnancy.

More evidence of the role of immunological factors in
secondary RM has been reported in studies that have
shown associations between secondary RM patients with
specific maternal human leucocyte antigen (HLA)

polymorphisms. Kruse et al. found that there was a signifi-
cantly higher prevalence of the HLA-DRB1*03 allele in
secondary RM patients compared with controls (OR = 1·8;
95% CI = 1·3–2·5) [5], whereas the allele was not increased
in patients with primary RM. A previous pregnancy
with a boy can be a risk factor for secondary RM. In
general, maternal immune recognition of male-specific
minor histocompatibility (HY) antigens expressed in male
fetal and trophoblast cells is well tolerated, resulting in a
live birth. However, pregnancy with a boy may prime the
mother’s HY immunity. Nielsen et al. found that maternal
carriage of HLA class II alleles that restrict anti-HY
antigen responses reduces the chances of a live birth in
secondary RM patients with a firstborn boy compared
with a firstborn girl (OR = 0·17; 95% CI = 0·1–0·4;
P = 0·0001) [6]. In another study, the prevalence of a 14
base pair insertion in exon 8 of the HLA-G gene was
found to be increased significantly in secondary RM
patients, compared with controls. These studies provide
evidence that particular HLA polymorphisms characterize
secondary RM [5–7].

Huge heterogeneity between eight randomized placebo-
controlled trials of IVIg to patients with RM has been
observed, with live birth rates in placebo groups ranging
from 29 to 79% [8–15]. The differences in live birth rates
observed between these studies raises questions as to
whether the patient categories are the same.

Differences in IVIg treatment response in patients further
supports the notion that primary and secondary RM
patients should be investigated separately. Hutton et al., in a
meta-analysis of placebo-controlled trials of IVIg in RM,
found that the OR of achieving a live birth in primary and
secondary RM was 0·66 and 2·71, respectively, suggesting
that IVIg may be effective in secondary RM patients, but
not primary RM patients [16]. A recent meta-analysis
of five placebo-controlled studies (Christiansen et al.,
unpublished data) found that the OR for an unsuccessful
pregnancy in secondary RM patients was 0·74
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(95% CI = 0·53–1·03, P = 0·07), suggesting that IVIg may be
beneficial for this patient subset.

Currently, the efficacy of IVIg treatment in RM has not
been determined conclusively. However, evaluation of
randomized control trials indicates that IVIg may be
a promising treatment for secondary RM. Previously
conducted studies have been small and heterogeneous.
Furthermore, the borderline significance observed in our
meta-analysis indicates that further studies should be
conducted to determine the efficacy of IVIg treatment in
secondary RM.

In addition to the heterogeneity observed in the patient
population studied, IVIg treatment doses and intervals also
varied in different studies, from 20 g every 3 weeks to 55 g
every week [10–12,15]. Furthermore, treatment initiation
varied between studies, with several trials beginning after
gestational week 6/7, when most of the ‘risk time’ had
elapsed. The trials were also very heterogeneous with regard
to the intensity of treatment; in some trials only two infu-
sions of 20 g were given in the first trimester, whereas
in other trials seven infusions of 55 g IVIg were adminis-
tered, which may partly explain the very different results
[10,12]. Larger randomized controlled trials are needed to
provide more definitive conclusions on the efficacy of IVIg
treatment.

The largest double-blind, randomized, placebo-
controlled trial of IVIg (Privigen®) in 82 women with sec-
ondary RM conducted over a period of 5 years will be
published in 2014. Results of this trial and a forthcoming
meta-analysis of all relevant trials will provide more infor-
mation on whether or not IVIg is efficacious in RM. The
meta-analysis may identify clinical subgroups that benefit
the most from IVIg treatment.

The inclusion criteria for this study were as follows: ≥ 4
confirmed early miscarriages, at least three consecutive after
a birth and ≥ 3 miscarriages with present partner. Following
a positive pregnancy test, serum human chorionic gonado-
trophin (s-HCG) was measured twice in 2 days. Treatment
with either IVIg or placebo was initiated if s-HCG increased
by at least 30%. IVIg treatment doses were simplified to
either a high or low dose according to pre-pregnancy
weight. Similar doses of 5% human albumin were used in
the placebo group.

Studies have shown that pregnant and non-pregnant RM
patients may have elevated levels of NK cells [17,18]. Fur-
thermore, there have been a number of studies showing that
NK cells, such as CD56+, decline in RM patients treated
with IVIg [17–22]. Heilmann et al. conducted a study that
showed a correlation between the decline in NK cells and
pregnancy outcomes. The results of this study found that
the number of NK cells (CD3−, CD56+ and CD16+) declined
in women who gave birth after IVIg treatment [23]. In the
future, identifying immune biomarkers that characterize
RM patients who may benefit from IVIg therapy is worth
investigating.

There is evidence from placebo-controlled trials to
suggest that IVIg improves pregnancy outcomes in second-
ary RM. However, large heterogeneity in patient popula-
tions and dosing regimens has been observed in previously
conducted trials in RM. Therefore, our study will hopefully
provide decisive data on the efficacy of IVIg treatment in
secondary RM.

Acknowledgements

O. B. C. thanks Dr Henriette S. Nielsen, Dr Elisabeth C.
Larsen and Dr Pia Egerup for help in the conduction of the
trial of IVIg and performing the meta-analysis. Further
thanks go to Mrs Louise Lunoee, Mrs Lisbeth Egestad and
Mrs Karen Kirchheiner for assisting in performing the trial.
The Danish Council for Independent Research funded the
trial. O. B. C. would also like to thank Meridian
HealthComms Ltd for providing medical writing services.

Disclosures

O. B. C. has no conflicts of interest to disclose.

References

1 Piosik ZM, Goegebeur Y, Klitkou L, Steffensen R, Christiansen

OB. Plasma TNF-alpha levels are higher in early pregnancy in

patients with secondary compared with primary recurrent miscar-

riage. Am J Reprod Immunol 2013; 70:347–58.

2 Christiansen OB, Mathiesen O, Lauritsen JG, Grunnet N. Intrave-

nous immunoglobulin treatment of women with multiple miscar-

riages. Hum Reprod 1992; 7:718–22.

3 Mueller-Eckhardt G, Heine O, Neppert J, Kunzel W, Mueller-

Eckhardt C. Prevention of recurrent spontaneous abortion by

intravenous immunoglobulin. Vox Sang 1989; 56:151–4.

4 Porter TF, LaCoursiere Y, Scott JR. Immunotherapy for recurrent

miscarriage. Cochrane Database Syst Rev 2006; 2:CD000112. doi:

10.1002/14651858.CD000112.pub2.

5 Kruse C, Steffensen R, Varming K, Christiansen OB. A study of

HLA-DR and -DQ alleles in 588 patients and 562 controls con-

firms that HLA-DRB1*03 is associated with recurrent miscarriage.

Hum Reprod 2004; 19:1215–21.

6 Nielsen HS, Steffensen R, Varming K et al. Association of HY-

restricting HLA class II alleles with pregnancy outcome in patients

with recurrent miscarriage subsequent to a firstborn boy. Hum

Mol Genet 2009; 18:1684–91.

7 Christiansen OB, Kolte AM, Dahl M et al. Maternal homozygocity

for a 14 base pair insertion in exon 8 of the HLA-G gene and car-

riage of HLA class II alleles restricting HY immunity predispose to

unexplained secondary recurrent miscarriage and low birth

weight in children born to these patients. Hum Immunol 2012;

73:699–705.

8 Intravenous immunoglobulin in the prevention of recurrent mis-

carriage. The German RSA/IVIG Group. Br J Obstet Gynaecol

1994; 101:1072–7.

9 Christiansen OB, Mathiesen O, Husth M et al. Placebo-controlled

trial of treatment of unexplained secondary recurrent spontane-

ous abortions and recurrent late spontaneous abortions with i.v.

immunoglobulin. Hum Reprod 1995; 10:2690–5.

IVIg advances in recurrent miscarriage

121© 2014 British Society for Immunology, Clinical and Experimental Immunology, 178: 120–122



10 Christiansen OB, Pedersen B, Rosgaard A, Husth M. A

randomized, double-blind, placebo-controlled trial of intravenous

immunoglobulin in the prevention of recurrent miscarriage: evi-

dence for a therapeutic effect in women with secondary recurrent

miscarriage. Hum Reprod 2002; 17:809–16.

11 Coulam CB. Immunotherapy for recurrent spontaneous abortion.

Early Pregnancy 1995; 1:13–26.

12 Jablonowska B, Selbing A, Palfi M, Ernerudh J, Kjellberg S,

Lindton B. Prevention of recurrent spontaneous abortion by

intravenous immunoglobulin: a double-blind placebo-controlled

study. Hum Reprod 1999; 14:838–41.

13 Perino A, Vassiliadis A, Vucetich A et al. Short-term therapy for

recurrent abortion using intravenous immunoglobulins: results of

a double-blind placebo-controlled Italian study. Hum Reprod

1997; 12:2388–92.

14 Stephenson MD, Dreher K, Houlihan E, Wu V. Prevention of

unexplained recurrent spontaneous abortion using intravenous

immunoglobulin: a prospective, randomized, double-blinded,

placebo-controlled trial. Am J Reprod Immunol 1998; 39:82–8.

15 Stephenson MD, Kutteh WH, Purkiss S et al. Intravenous immu-

noglobulin and idiopathic secondary recurrent miscarriage: a

multicentered randomized placebo-controlled trial. Hum Reprod

2010; 25:2203–9.

16 Hutton B, Sharma R, Fergusson D et al. Use of intravenous immu-

noglobulin for treatment of recurrent miscarriage: a systematic

review. Br J Obstet Gynaecol 2007; 114:134–42.

17 Kwak JY, Kwak FM, Ainbinder SW, Ruiz AM, Beer AE. Elevated

peripheral blood natural killer cells are effectively downregulated

by immunoglobulin G infusion in women with recurrent sponta-

neous abortions. Am J Reprod Immunol 1996; 35:363–9.

18 Perricone R, Di Muzio G, Perricone C et al. High levels of periph-

eral blood NK cells in women suffering from recurrent spontane-

ous abortion are reverted from high-dose intravenous

immunoglobulins. Am J Reprod Immunol 2006; 55:232–9.

19 Moraru M, Carbone J, Alecsandru D et al. Intravenous immuno-

globulin treatment increased live birth rate in a Spanish cohort of

women with recurrent reproductive failure and expanded

CD56(+) cells. Am J Reprod Immunol 2012; 68:75–84.

20 Rigal D, Vermot-Desroches C, Heitz S, Bernaud J, Alfonsi F,

Monier JC. Effects of intravenous immunoglobulins (IVIG) on

peripheral blood B, NK, and T cell subpopulations in women

with recurrent spontaneous abortions: specific effects on LFA-1

and CD56 molecules. Clin Immunol Immunopathol 1994;

71:309–14.

21 Roussev RG, Ng SC, Coulam CB. Natural killer cell functional

activity suppression by intravenous immunoglobulin, intralipid

and soluble human leukocyte antigen-G. Am J Reprod Immunol

2007; 57:262–9.

22 Ruiz JE, Kwak JY, Baum L et al. Intravenous immunoglo-

bulin inhibits natural killer cell activity in vivo in women with

recurrent spontaneous abortion. Am J Reprod Immunol 1996;

35:370–5.

23 Heilmann L, Schorsch M, Hahn T. CD3–CD56+CD16+ natural

killer cells and improvement of pregnancy outcome in IVF/ICSI

failure after additional IVIG-treatment. Am J Reprod Immunol

2010; 63:263–5.

O. B. Christiansen

122 © 2014 British Society for Immunology, Clinical and Experimental Immunology, 178: 120–122


