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Abstract In 1–5 % of patients during childbearing years

recurrent miscarriages (RM) occur. There are established

risk factors like anatomical, endocrine and hemostatic

disorders as well as immunological changes in the maternal

immune system. Nevertheless, further elucidation of the

pathogenesis remains a matter of debate. In addition, there

are no standardized immunological treatment strategies.

Recent studies indicate possible effects of tumor necrosis

factor a blocker and granulocyte-colony stimulating factor

(G-CSF) concerning live birth rate (LBR) in RM patients.

Therefore, we performed a retrospective cohort study in

patients undergoing assisted reproductive treatment (ART)

with known RM analysing the possible benefits of G-CSF

application. From January 2002 to December 2010, 127

patients (199 cylces) with RM (at least 2 early miscar-

riages) 49 (72 cycles) receiving G-CSF and 78 (127 cycles)

controls receiving either no medication (subgroup 1) or

Cortisone, intravenous immunoglobulins or low molecular

weight heparin (subgroup 2) undergoing ART for in vitro

fertilisation/intracytoplasmic sperm injection were ana-

lysed. G-CSF was administered weekly once (34 Mill) in

11 patients, 38 patients received 2 9 13 Mill G-CSF per

week until the 12th week of gestation. Statistical analysis

was performed with SPSS for Windows (19.0), p \ 0.05

significant. The mean age of the study population was

37.3 ± 4.4 years (mean ± standard deviation) and dif-

fered not significantly between patients and subgroups.

However, the number of early miscarriages was signifi-

cantly higher in the G-CSF group as compared to the

subgroups (G-CSF 2.67 ± 1.27, subgroup 1 0.85 ± 0.91,

subgroup 2 0.64 ± 0.74) and RM patients receiving G-CSF

had significantly more often a late embryo transfer (day 5)

(G-CSF 36.7 %, subgroup 1 12.1 %, subgroup 2 8.9 %).

The LBR of patients and the subgroups differed signifi-

cantly (G-CSF 32 %, subgroup 1 13 %, subgroup 2 14 %).

Side effects were present in less than 10 % of patients,

consisting of irritation at the injection side, slight leuko-

cytosis, rise of the temperature (\38 �C), mild bone pain

and hyperemesis gravidarum. None of the newborn showed

any kind of malformations. According to our data, G-CSF

seems to be a safe and promising immunological treatment

option for RM patients. However, with regard to the ret-

rospective setting and the possible bias of a higher rate of

late embryo transfers in the G-CSF group additional studies

are needed to further strengthen our results.
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Introduction

Recurrent miscarriage (RM) is defined as more than three

miscarriages by the World Health Organization (WHO)

(Stirrat 1990). The American Society for Reproductive

Medicine defines it as two or more consecutive pregnancy
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losses documented by ultrasound or histopathologic

examination (2013). It affects approximately 1–5 % of

couples trying to conceive and remains unexplained in

about 50 % (Faridi and Agrawal 2011; Toth et al. 2010b).

Immunologic processes play a main part during implanta-

tion and embryo as well as fetal development (Yang et al.

2010). Most recently, several authors published data on

alterations in the humoral and adaptive immune system in

RM patients and controls (Hiby et al. 2010; Jin et al. 2011;

Toth et al. 2010a; Wang et al. 2010; Yang et al. 2010).

Since the discovery of regulatory T cells (Tregs), the

Th1/Th2 paradigm (Jin et al. 2011; Mosmann and Coffman

1989) was challenged towards a more complex model

(Kumar et al. 2011; Wang et al. 2010) also including

dendritic cells. Dendritic cells present affiliated antigens

and are able to induce a switch in the immune answer.

Being in the immuntolerant ‘‘steady state’’, they support

the physiologic immunoarchitecture of the placenta. When

they are exposed to inflammatory stress, they promote

effector cells like cytotoxic T cells to expand and therefore

highly contribute to a cytotoxic reaction (Scholz et al.

2008; Segerer et al. 2012).

Focussing on the Tregs and Th17 interaction, some

aberrations seem to be present in RM patients. Tregs are

immunmodulating cells suppressing lymphocytes and are

able to produce transforming growth factor b and inter-

leukin 10. There is evidence that Treg levels are reduced in

RM patients and that a high level of Tregs in the peripheral

blood correlates with implantation success after in vitro

fertilisation (IVF) (Lee et al. 2012; Zhou et al. 2012). In

addition, low circulating CD4?CD25?Foxp3? Treg cells

seem to predict miscarriage in pregnant women with a

history of failure (Winger et al. 2009). T cell subsets like

Th17 promote a pro-inflammatory immune reaction and are

negatively controlled by Tregs (D’Addio et al. 2011). In

the peripheral blood of patients with idiopathic RM, the

expression of Th17-positive cells seems to be significantly

increased when compared to women with healthy preg-

nancies (Wang et al. 2010). In addition, the suppressive

activity of Tregs towards Th17-positive cells was

decreased in RM patients (Wang et al. 2010).

However, the ‘‘bench to bedside’’ process is not finished

as there are no standardized procedures to detect immu-

nological disorders in RM patients and accordingly no

standardized treatment options to rule out and treat RM

patients with immunologic disorders. Even though altera-

tions in natural killer (NK) cells, lymphocytes, T cells or

intereleukins can be detected in detail, no gold standards

for medical interventions do exist.

So far, immunmodulatory therapies in RM patients

include paternal immunization, intravenous immunoglob-

ulins (ivIgG) as well as Cortisone administration. Recent

studies indicate a possible role of tumor necrosis factor

(TNF)-a blockers and granulocyte-colony stimulating fac-

tor (G-CSF) in RM patients (Scarpellini and Sbracia 2009;

Winger et al. 2009).

TNF-a is a pro-inflammatory Th1 cytokine and the ratio

of TNF-a producing T cells seems to be significantly higher

in patients with recurrent implantation failure (RIF) and RM

patients than in fertile controls (Kwak-Kim et al. 2003; Ng

et al. 2002) making it a new treatment target for RM

patients. Winger et al. (2009) administered TNF-a inhibi-

tors and ivIgGs in combination with low molecular weight

heparin (LMWH) in RM patients, which elevated the live

birth rate (LBR).

G-CSF is synthesized by immune and endometrial cells

(Makinoda et al. 2008). Recently, a few studies indicated

possible benefits of G-CSF administration in RIF and RM

patients (Scarpellini and Sbracia 2009; Wurfel et al. 2010).

Scarpellini and Sbracia (2009) investigated G-CSF

administration in patients with idiopathic RM and reached

a LBR of 82.8 % in the treatment group compared to

48.5 % in the control group.

Within our study, we investigated G-CSF application in

RM patients undergoing assisted reproductive therapy

(ART) and compared the LBR with RM patients receiving

no medication or LMWH, Cortisone or ivIgG. The study

population consisted of 127 patients and 78 controls

undergoing 199 and 127 in vitro fertilisation/intracyto-

plasmic sperm injection (IVF/ICSI) cycles, respectively.

Materials and Methods

Since 2002, RM patients who underwent ART at the Kin-

derwunsch Centrum Munich (KCM, Germany) were offered

G-CSF treatment. In total, 7,410 were treated at the KCM

during this period, including 649 RM patients. All patients

underwent IVF/ICSI. The data were evaluated according to

the following inclusion and exclusion criteria: at least two

early miscarriages (excluding RM patients with biochemical

pregnancies), no maternal or paternal chromosomal aberra-

tions, no ART with heterologous oocytes or sperms, no

immunmodulatory treatments like TNF-a blocker or donor

leukocytes. In addition, patients were all negative for rele-

vant uterine anomalies, infections and endocrine

dysfunctions (like congenital adrenal hyperplasia or Base-

dow disease). The thyroid-stimulating hormone (TSH) level

of patients with Hashimoto thyroiditis was adjusted by thy-

roid hormones to values \2.5 IU/ml. In cases with

coagulation disorders, like mutations in the factor V Leiden

or prothrombin gene, LMWH was administered daily,

patients with anti-phospholipid antibodies were treated with

LMWH and acetylsalicylic acid (Aspirin).

According to the guidelines of the German Society for

Gynecology and Obstetrics the following investigations
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were performed: anti-phospholipid antibodies, such as anti-car-

diolipin antibodies, lupus-anticoagulants and b2-glycoproteins.

In patients strongly suspected of having anti-phospholipid

syndrome with a negative test result non-established anti-

phospholipid-antibodies such as phophatidylserin as well

as inositol and annexin V levels were tested. To exclude

autoimmune thyroid disease we measured basal TSH and

anti-TPO antibodies in all patients. In case of suspected

intestinal diseases, such as celiac disease, we examined

transglutaminase antibodies. In addition, we investigated

NK cell levels and the Th1/Th2 ratio in the peripheral

blood of all patients. Furthermore, we performed a cross-

match-test and HLA typing of both partners. Since 2006,

killer-cell immunglobulin-like receptor (KIR)-typing, and

more recently, regulatory T cells were additionally part of

our routine set up.

Only 127 RM patients (199 treatment cycles) fulfilled the

inclusion criteria. In total, n = 49 patients received G-CSF,

11 patients 1 9 34 Mill IU per week and 38 patients

2 9 13 Mill IU G-CSF/week starting at the day of embryo

transfer until the 12th week of pregnancy. The subgroup 1,

n = 33 patients (n = 46 cycles), did not receive any med-

ication, the subgroup 2 consisted of n = 45 patients

(n = 81 cycles) with other medicaments like LMWH en-

oxaparin-natrium 40 mg subcutaneously once daily,

acetylsalicylic acid (100 mg), folic acid (5 mg) or Predni-

sone/Dexamethasone (2.5–5.0 mg/0.5 mg) starting in the

middle of the previous cycle until the evidence of an

embryonic heart beat and Doxycycline (1 9 100 mg for

5 days) beginning at the day of the embryo transfer. All

study patients received folic acid (0.5 mg) and progesterone

vaginally (3 9 200 mg in the luteal phase until 12th week

of pregnancy).

All patients underwent ART, 80 % with a long stimu-

lation protocol and the others with an antagonist protocol.

Patients with regular cycles started with gonadotropin-

releasing hormone agonist on day 24 of the preceding

cycle. Additionally, daily recombinant follicle-stimulating

hormone (FSH) and/or human menopausal gonadotropin

(HMG; 125–200 IU) injection were administered from the

third day of the menstrual cycle. Patients were closely

monitored (vaginal ultrasound, taking into account the

number and medium size of follicles of both ovaries and

the endometrial thickness as well as concentrations of

estradiol, progesterone and luteinizing hormone). The FSH/

HMG dose was adjusted according to the individual

ovarian response. Ovulation was induced with 10,000 IU

hCG when at least three follicles [17 mm were present

36–38 h before oocyte pick up. Depending on the sperm

parameters according to the WHO guidelines, an IVF/ICSI

treatment was performed. The embryonal development was

closely monitored and an ultrasound-guided embryo

transfer was performed on day 1–3 (75.6 %), day 4 (3.9 %)

or day 5 (20.5 %) after oocyte pick up.

Data were analyzed with SPSS for Windows, release

19.0 (SPSS; Chicago, IL, USA). Results are given as

mean ± standard deviation (minimum–maximum), unless

stated otherwise. Differences between the groups were

analysed by the non-parametric Mann–Whitney test and the

v2 test, p \ 0.05 were regarded as statistically significant.

Results

Study Population

Mean age was 37.3 ± 4.4 years (26–45). Patients receiving

G-CSF had undergone significantly more early (p \ 0.001)

and late miscarriages (p \ 0.001) as compared to the sub-

group 1 and 2. In general, 6.02 ± 3.8 (0–17) ART cycles were

performed before G-CSF treatment administration. 8.9 ± 5.1

(1–23) oocytes were reached during oocyte pick up of which

5.2 ± 3.5 (1–13) could be fertilized. Most embryo transfers

were performed with 2 ± 0.6 (1–3) embryos and embryo

transfer took place at day 5 in 37 % of the patients receiving

G-CSF compared to 12 % in the controls without any

Table 1 Study population

G-CSF (N = 49) No medication (subgroup 1)

(N = 33)

Other medication (subgroup 2)

(N = 45)

Age (years) 37.63 ± 3.97 (27–44) 37.61 ± 4.41 (26–44), p = 0.73 37.61 ± 4.41 (26–44), p = 0.48

Number of cycles undergone before treatment 6.53 ± 3.99 (1–16) 5.27 ± 2.98 (0–12), p = 0.22 6.02 ± 4.1 (0–17), p = 0.56

Number of oocytes 9.41 ± 5.59 (1–23) 9.58 ± 5.04 (1–23), p = 0.65 7.84 ± 4.47 (1–18), p = 0.17

Number of fertilized oocytes 5.69 ± 3.92 (1–13) 4.97 ± 3.04 (1–12), p = 0.78 4.91 ± 3.43 (1–13), p = 0.38

Number of transferred embryos 2.14 ± 0.68 (1–3) 2.45 ± 0.67 (1–3), p = 0.04 2.36 ± 0.57 (1–3), p = 0.13

Number of early miscarriages (anamnestic) 2.67 ± 1.27 (1–6) 0.85 ± 0.91 (0–3), p \ 0.001 0.64 ± 0.74 (0–3), p \ 0.001

Number of late miscarriages (anamnestic) 0.2 ± 0 (0–1) 1.82 ± 1.04 (0–4), p \ 0.001 1.78 ± 1.02 (0–4), p \ 0.001

Values are given as mean ± SD (minimum–maximum), patients receiving G-CSF or no medication at all (subgroup 1) or other medications like

LMWH, ASS 100, folic acid, Prednisone/Dexamethasone or Doxycycline (subgroup 2)
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medication (p = 0.05) and 9 % in the controls receiving

additional medications (p = 0.005) (Table 1).

In total, 71.36 % patients received good quality

embryos, 73.61 % with G-CSF treatment, 62.22 % in

subgroup 1 and 76.25 % in subgroup 2. Good quality of an

embryo was defined as an adequate morphology on the

specific day of transfer according to the most recently

published Istanbul criteria (2011).

G-CSF Treatment

Significant differences were present between RM patients

receiving G-CSF and subgroups without G-CSF consider-

ing pregnancy rate (PR) and LBR. A PR of 47 % and a

LBR of 32 % were achieved after G-CSF administration.

In comparison to the G-CSF group, the subgroup of RM

patients with some other medication (subgroup 2; Fig. 1)

showed a PR of 27 %, p = 0.016, and a LBR of 14 %,

p = 0.006, while the subgroup with no medication reached

a PR of 24 %, p = 0.016, and a LBR of 13 %, p = 0.016

(subgroup 1; Figs. 1 and 2).

Focussing on the subgroup of RM patients with G-CSF

treatment, more patients receiving 1 9 34 Mill IU G-CSF

(72 %) delivered a healthy baby compared to 21 % patients

receiving 2 9 13 Mill IU G-CSF, p = 0.001.

Considering the occurrence of twin pregnancies, 4 %

(2/49) of patients receiving G-CSF delivered a multiple

pregnancy, compared to 0 % of patients without G-CSF

(subgroup 2) and 6 % (2/33) of patients without G-CSF or

any other medication (subgroup 1).

Side effects were present in less than 10 % of patients,

consisting of irritation at the injection side, slight leuko-

cytosis, rise in the temperature (\38 �C), mild bone pain

and hyperemesis gravidarum. None of the newborn showed

any kind of malformations.

Discussion

Within our retrospective cohort study, PR and LBR of RM

patients with G-CSF treatment were compared to patients

receiving other relevant medications like LMWH and

Aspirin, folic acid, Cortisone or Doxycyclin and a sub-

group of patients without any medication. There were

significant differences, concerning PR and LBR between

the subgroups: a PR of 47 % was achieved after G-CSF

administration, of 27 % in RM patients with alternative

medications and 24 % in cycles without medication.

However, we had some bias in our study: First of all,

patients receiving G-CSF had significantly more often a

day 5 embryo transfer as compared to the other patients. Of

course, this ‘‘benefit’’ was counteracted due to the fact that

G-CSF patients have undergone more early and late mis-

carriages, thus being a more severely affected RM

subgroup. Another bias might be that the subgroup 2,

which received a wide range of medical treatments for

different indications, was a heterogeneous population.

Thus, it is complicated to reconcile and compare these

patients. This could be one of the reasons for the low rates

of pregnancy success.

So far, there are no treatment options in patients with

unexplained RM which are established and distinctly jus-

tified. According to a recent literature review, even the

application of LMWH could not be proven to be com-

pletely safe and generally be of beneficial impact in

patients undergoing ART (Bohlmann 2011).

By now, the only randomised controlled trial concerning

G-CSF treatment in RM patients was the one by Scarpellini

et al. (2009). Altogether, 68 women with primary unex-

plained RM, all with at least four consecutive miscarriages,

were divided in a study (n = 35) and a placebo (n = 33)

group. In contrast to our study, the patients were all

Fig. 1 Pregnancy rates of patients receiving either G-CSF, no

medication at all (subgroup 1) or other medications like LMWH, ASS

100, folic acid, Prednisone/Dexamethasone or Doxycycline (subgroup

2). *p \ 0.05

Live birth rate
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Fig. 2 Live birth rate of patients receiving either G-CSF, no

medication at all (subgroup 1) or other medications like LMWH, ASS

100, folic acid, Prednisone/Dexamethasone or Doxycycline (subgroup

2). *p \ 0.05; **p \ 0.01
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younger than 39 years, did not undergo ART and received

a G-CSF dosage which was 1 lg (100,000 IU)/kg/day

starting at the sixth day after ovulation. In addition, we did

not adjust our G-CSF dosage due to patients weight and did

not administer G-CSF daily. Taking an example of a 70 kg

patient, the dosage per week of Scarpellini would be much

higher than ours (49 Mill IU vs. 26, respectively, 34 Mill IU).

Although our study population was slightly larger, we did

not have the opportunity to form a placebo group consid-

ering the strict laws of the German Ethical committees.

Scarpellini and Sbracia (2009) did not report on significant

side effects of G-CSF application except a mild skin rash

and slight leukocyte elevation which corresponds to our

data.

G-CSF has multiple effects on the immune system like

induction of the Th2 answer (Pan et al. 1995) and inhibi-

tion of NK cells (Schlahsa et al. 2011) and blood

mononuclear cells (Kitabayashi et al. 1995; Sugita et al.

2003). Moreover, experiments on animals and cell lines

have proven a protective impact on fetuses (Novales et al.

1993) and trophoblast cells (Marino and Roguin 2008).

Presuming that an immunologic disorder might be one

of the main reasons for RM, these patients could benefit

concerning the immunmodulatory functions of G-CSF.

Furthermore, in vitro G-CSF application seems to be

favourable on the decidualization process of endometrial

stromal cells (Tanaka et al. 2000). However, its specific

effects on the endometrium as well as the feto-maternal

interphase are not fully understood yet.

As RM is a very heterogeneous pathology, the main

problem which we are facing is to specify the subgroup of

RM patients, which benefits from G-CSF treatment. This

could be a surrogate immunological marker which we were

not able to identify yet. Scarpellini and Sbracia (2009) only

selected patients with idiopathic RM. Winger et al. (2009),

who administered Humira, chose patients with a significant

Th1/Th2 bias.

Our data suggest that RM patients might benefit from

G-CSF treatment, but a placebo-controlled clinical trial

including more RM patients is needed as well as the

ongoing analysis of relevant immunological markers in

order to further specify which RM patient will benefit from

immunmodulatory treatments.
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