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Abstract
Objectives After recurrent implantation failure (RIF),
empirical Wgures on further prospects are essential for
counselling but diYcult to estimate within single IVF cen-
tres due to high drop-out rates. Alternatively, couples
referred to a tertiary unit for RIF were evaluated.
Materials and methods Multi-centre 2-year observa-
tional trial of 1,174 eligible couples treated consecutively
with adjuvant lymphocyte immunotherapy (LIT) in a uni-
versity immunological department from 1999 to 2002 after
three or more unsuccessful fresh embryo transfers. Acquisi-
tion of data was completed in 2005.
Results With another 1.5 oocyte retrievals, delivery rate
per couple depended on age (39.3% at <30 years, 16.9% at
>39 years, P < 0.005). Prognosis was favourable when fro-
zen embryo transfers had been conducted before (34.4 vs.
25.8%, P < 0.005). The outcome was slightly better in ICSI
couples as compared to conventional IVF (31.0 vs. 24.8%,

P < 0.05). Birth rates per fresh embryo transfer from the
fourth to eighth retrieval were 17.4–18.3–15.0–12.9–12.9%
(decline not signiWcant). Apart from LIT, further addi-
tional interventions were given more often to couples who
had had frozen embryo transfers before (49 vs. 40%,
P < 0.005).
Conclusions Female age and ovarian response are crucial
for further IVF prognosis. Previous frozen embryo transfers
indicate better chances. Couples with male factor infertility
may beneWt from intracytoplasmatic sperm injection (ICSI)
because underlying female factors are less prevalent. Cycle
rank had comparatively little impact. Additional interven-
tions are preferentially oVered to couples who have a
favourable prognosis anyway. Their multiple use is
common practice in RIF, but its value should be considered
limited.

Keywords Delivery rate · German embryo protection law · 
Embryo cryopreservation · Intracytoplasmatic sperm 
injection (ICSI) · Immunotherapy

Introduction

Recurrent implantation failure (RIF) is a distressing situ-
ation in the in vitro fertilization (IVF) programme which
is diYcult to relieve. Realistic Wgures on the long-term
prognosis are necessary for counselling but diYcult to
establish in single IVF centres due to high drop-out rates.
After the third IVF treatment cycle, drop-out rates
between 22 and 50% are reported with a tendency to
increase with each consecutive cycle [14, 17, 18, 24].
Statistical extrapolation is recognised to create Wgures
which may overestimate success rates [2]. National IVF
registries are based on evaluation of treatment cycles,
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but as a disadvantage they are not centred on patient
courses.

In this study, RIF couples treated consecutively at the
Institute of Immunology at the Kiel University Hospital
between 1999 and 2002, were followed up for another
2 years. The outcome of pregnancies was registered until
summer 2005. The patients had been referred for supportive
lymphocyte immunotherapy (LIT) after three or more
unsuccessful fresh embryo transfers from 47 national IVF
centres, that is 40% of the 113 centres registered in Ger-
many in 2002. Cross-sectional empirical data on ongoing
IVF therapy were obtained prospectively and analysed in
order to illustrate the inXuence of prognostic factors
derived from the past IVF history.

Materials and methods

Lymphocyte immunotherapy (LIT)

At the Kiel Institute of Immunology, the treatment is intro-
duced for patients with RIF and recurrent miscarriages after
exclusion diagnosis [7] and is covered by the national
health insurance carriers. A small proportion (approxi-
mately 5%) referred for immunological treatment were pre-
cluded for other non-gynaecological causes, e.g. infectious
or malignant disease of the male partner, HLA identical
partners, female diabetes, systemic lupus erythematosus, or
antiphospholipid syndrome, as described in detail else-
where [9, 10].

Questionnaires

From 1999 to 2002, 1,700 women underwent LIT after three
or more fresh IVF cycles and consented to be interviewed
2 years later. In October 2002, all couples treated from 1999
to 2000, and in October 2003 those treated in 2001 and 2002
received a questionnaire. The referring gynaecologists got
questionnaires on the IVF outcome 3 months later. The cou-
ples were referred to us by 47 of 113 IVF centers registered
in Germany in 2002. In 36 cases, the couples were referred
by their general gynaecologists.

The couples and practitioners were interviewed on the
course of infertility treatment with the same partner, deliv-
eries beyond the 23rd gestational week, and adjuvant thera-
pies apart from LIT. We received informative feedback
from 1,435 of 1,700 couples (84.4%), that is 1,078 couples
(63.4%) by questionnaire (935) and/or telephone (143).
Another 357 cases (21.0%) were reported by the gynaecol-
ogists (and for 287 of them, we had double responses). The
concept of the questionnaire was approved by the univer-
sity’s data protection registrar; approval of the ethics com-
mittee was not required.

IVF history and deWnition of RIF

The term RIF referred to couples who had at least three
fresh embryo transfers in the past, and the reference date
for female age at all further treatments was the Wrst LIT.
IVF (in vitro fertilisation) had been initiated for tubal,
mild andrologic, and idiopathic causes of infertility,
endometriosis, polycystic ovary syndrome, and anovula-
tion. ICSI (intracytoplasmatic sperm injection) had been
started in markedly reduced sperm counts, reduced fertil-
isation rate, low responders, or lack of fertilisation in an
IVF attempt. Those oocyte retrievals which led to trans-
fers of fresh and cryopreserved embryos were considered
for evaluation. Additional frozen embryo transfers were
included into the calculation of birth rates per oocyte
retrieval. Since there were no reports of severe overhy-
dration-hyperstimulation syndrome (OHSS) which pre-
vented fresh transfer, the number of evaluated oocyte
retrievals equal the number of fresh embryo transfers.
The evaluation ended at the Wrst delivery after embryo
transfer or with the status of the questionnaire if the couple
did not conceive.

According to the guidelines of the German Medical
Association published in 1998, two embryos were recom-
mended for cultivation for women up to 35 years and three
embryos for elder women.

According to the German IVF registry, in the years
2000–2004, 83–85% of all started stimulation cycles and
88–90% of oocyte retrievals led to embryo transfer. From
2001 on, the short stimulation protocol with GnRH agonists
was used in 12–13%, the long protocol in 62–65%, antago-
nists in 20–25%, none in 1–2% of all treatments, recombi-
nant FSH being the prevalent gonadotropin in Germany
(63% of stimulation cycles).

German embryo protection law and health insurance 
modalities

A maximum of three embryos can be selected for cultiva-
tion at the pronucleus stage for transfer after up to 5 days.
Additional pronuclei can be cryopreserved. Embryo selec-
tion beyond the pronucleus stage, surrogacy, and oocyte
donation are prohibited. Up to four IVF/ICSI cycles were
paid for by the health insurance companies until the end of
2003.

Statistics

Means, standard deviation, odds ratio, and range are given
for female age, delivery rate, embryo transfers, and oocyte
retrievals in descriptive intention. �2 test was also applied
for diVerences of the characteristics of patient subgroups.
The Cochran trend test was used for delivery rates related
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to female age. For all statistics a value of P < 0.05 was con-
sidered signiWcant.

Results

Characteristics of RIF couples

Of 1700 couples, 265 were lost to follow-up and 1,435
were informative. One hundred and eighty-three of these
reported that they did not have any more transfers. In the
group of 265 couples lost to follow-up, 46% had had at
least four oocyte retrievals, and the loss of follow-up rate
increased with female age. Thus Wnancial constraints and
individual factors related to advanced age may have led to
discontinuation of IVF therapy. As judged by the women’s
name, 23% in this group (62/265 patients) probably had lin-
guistic problems and may have preferred to continue IVF in
their home country [8]. In contrast, this applied for 11% in
the informative group (163/1435 patients, p < 0.001).

After LIT, 1,252 couples continued IVF therapy in Ger-
man centres. Of these, 78 had transfers of frozen-thawed
embryos derived from the previous cycles only, and were
excluded from evaluation.

Thus 1,174 couples were eligible. Mean female age at
LIT was 34.2 § 2.9 years (range 21–43), duration of infer-
tility 5.8 § 2.3 years (range 1–20). On average, prior to
LIT 3.7 § 0.8 fresh cycles (3–21) and 4.2 § 1.2 embryo
transfers (fresh and frozen, 3–21) had been conducted. The
majority (701 couples, 60%) had three oocyte retrievals,
306 couples (26%) had four retrievals, 92 (8%) Wve retri-
evals, 42 (3%) six retrievals, and 33 (3%) had 7–21 retri-
evals. Prior and post LIT, on average 2.5 embryos per
transfer were given. Male factor infertility was an underly-
ing cause in 728 couples, and in 473 (40%), it was the only
factor. Tubal occlusion was found in 371 patients, and in
171 (15%) it was the single cause. Endometriosis was reported
in 135 women, other causes in 231 women, contributing to
mixed etiologies in 398 couples (34%). Thirty-three
couples (3%) were deWned to have idiopathic infertility.
Ninty-four cases (8%) were unspeciWed. Of 1,174 couples,
531 (45%) were treated by ICSI from the beginning. In 68
of them, ICSI had been performed with sperm obtained
from testicular extraction (TESE) or microepididymal aspi-
ration (MESA). Three hundred and seventy-one couples
(32%) had conventional IVF only. The remaining 272
couples (23%) had IVF as well as ICSI cycles.

Within 2 years after LIT, 1174 IVF couples had another
1.5 § 0.7 (1–8) retrievals and 1.7 § 0.8 (1–10) transfers. In
summary, the whole IVF treatment comprised 5.2 § 1.1 (4–
23) oocyte retrievals and 6.0 § 1.5 (4–23) transfers per cou-
ple. The highest overall amount of oocyte retrievals leading
to birth was 14, and the highest number of transfers was 17.

Prognostic factors after recurrent implantation failure

Cycle rank

Within 2 years, birth rates per fresh embryo transfers and
per couples showed a tendency to decline after the third to
the seventh unsuccessful oocyte retrieval. This trend was
not statistically signiWcant (Fig. 1). When frozen embryo
transfers had been possible during the preceding cycles, the
delivery rate per oocyte retrieval stayed as high as 20%
(data not shown).

Female age

After 1.5 additional fresh transfers, 333 of 1,174 women
delivered (28.4%, Table 1). The average birth rate per fresh
embryo transfer was 17.3%, per frozen transfer 8.2%, and
18.6% per oocyte retrieval cumulating fresh and frozen
transfers. As expected, delivery rates were highly depen-
dent on female age (Fig. 2). Women below 30 years
reached a 2-year delivery rate of 39%, from 30 to 39 years
it was 30–25%, and at age 40 years and older 17%. The
eldest mother was 42 years old at LIT.

Embryo cryopreservation

Overall 310 of 333 deliveries (93%) originated from fresh
IVF cycles (conventional IVF 102, ICSI 208), and 23 (7%)
from transfer of frozen-thawed embryos.The prognosis was
favourable when frozen embryo transfers had been possible
in the past, as compared to couples without cryopreserva-
tion cycles (Table 1, Fig. 3). After LIT, both groups used
embryo cryopreservation, but the proportion of frozen
embryo transfers was twice as high in those who had had
cryopreservation before LIT (18.7 vs. 9.9%, p << 0.0001).
This was combined with a better outcome per oocyte
retrieval as well as per fresh embryo transfer. When the
number of previous frozen embryo transfers was taken as a

Fig. 1 Number of couples with three to seven unsuccessful retrievals:
701–306–42–17, female age 33.7 § 2.9, 34.5 § 2.9, 35.1 § 3.0,
35.7 § 2.6, 35.8 § 2.6 years. Decline in birth rates not signiWcant
(Cochran trend test)
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marker for ovarian response, the correlation was also sig-
niWcantly positive (Fig. 4).

Male factor infertility

When the mode of fertilisation over the whole course of
IVF treatment is evaluated, RIF couples treated with ICSI
from the beginning had a better outcome than those treated
with conventional IVF (Table 2). Of those who had had
cycles with as well as without ICSI, most switched from
conventional IVF to ICSI at some stage of the treatment.
They achieved intermediate birth rates. Characteristics like

female age and rate of cryopreservation were similar in all
three groups.

Additional interventions

Various adjuvant measures which are thought to improve
implantation by inXuencing immune function, endometrial
haemostaseology, or embryonic capacities to implant were
combined and given at various stages of IVF therapy addi-
tionally to LIT. Examples are corticosteroids, immunoglob-
ulins, LeukoNorm CytoChemia®, SildenaWl (vaginally),
Pentoxifylline, and polar body biopsy. Most often aspirin,
low dose heparin, and laser-assisted hatching were men-
tioned. In some cases low dose heparin was prescribed for
thromboprophylaxis in ovarian hyperstimulation syndrome
(OHSS) or hereditary coagulation defects. In the cycles fol-
lowing LIT, 499 patients (43%) were treated additionally,
while 275 (23%) were not. In 401 (34%) no information was
given so that the number of unreported cases may be high.

Couples who had had cryopreservation before received
additional interventions signiWcantly more often than cou-
ples who did not have cryopreservation: 49 versus 40%
(170/346 couples vs. 328/828 couples, P < 0.005).

Discussion

Our evaluation of a large RIF group treated in Germany
showed a mean delivery rate of 18.6% per successful oocyte

Fig. 2 Delivery rates per oocyte retrievals include fresh and frozen
embryo transfers. Number of women below 30 years: n = 112, 30–
34 years: n = 537, 35–39 years: n = 473, over 39 years: n = 71. Decline
of delivery rates with advancing female age is statistically signiWcant
(Cochran trend test)
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retrieval where frozen embryo transfers are included, 17.3%
per fresh embryo transfer, and 8.2% per frozen embryo
transfer. Since 84% of stimulation cycles lead to embryo
transfer according to the German IVF registry, the delivery
rate per started cycle is estimated to be 15.6%.

Bias caused by preselection of the practitioners referring
to our institute and by LIT (see “Materials and methods”)
cannot be totally excluded. Since patients were accepted irre-
spective of the embryonic quality in their previous cycles,
and exclusion criteria for LIT were non-gynaecological and
applied rarely (see “Materials and methods”), we assume that
the bias was small. According to the data evaluated by the
German IVF registry, the overall birth rates per fresh embryo
transfer in 2001 were 18.4% after IVF cycles, 18.8% after
ICSI cycles, and 10.2% after frozen embryo transfer [1].
Thus the results presented here appear to be plausible.

Several studies have shown that the birth rate per
embryo transfer is optimal over the Wrst three stimulation
cycles and somewhat declines thereafter [13, 18, 20, 24].
The estimations of cumulative birth rates suggest that the
chances to conceive are reduced but stable up to the sixth to
eighth cycle [25]. In our cohort, diVerentiation for cycle
rank did not reveal a signiWcant correlation with the number
of preceding unsuccessful retrievals, either (Fig. 1).
Although the German legislation is unique for prohibiting
embryo selection after the pronucleus stage, the outcomes
per cycle in our cohort are in line with international Wgures
available for RIF (Table 3).

Female age and embryo cryopreservation

Female age and the response to ovarian stimulation are sig-
niWcant prognostic factors of further outcome. An indicator

of the ovarian reserve is the number of well developed
oocytes per stimulation cycle [18] and of the embryos
gained consecutively [4]. Here additional frozen embryo
transfers were taken as a marker of ovarian reserve. If
frozen embryo transfers had been possible in the Wrst
cycles, women in their thirties can be regarded younger
biologically. They did not only retain a better ovarian
response and thus gained more transfers, but also had a
signiWcantly higher chance to conceive per fresh embryo
transfer.

Frozen embryo transfers are less successful, and the
procedure of cryopreservation and storage produces extra
costs for the patients. Therefore the method was not uni-
formly encouraged by the referring IVF centres. If the
policy had been standardized in favour of cryopreserva-
tion, the diVerence between the groups who had or did not
have frozen embryo transfers in their Wrst cycles would
possibly have been even more accentuated than in the
present evaluation.

Selection of cultivated embryos by morphological crite-
ria or preimplantation genetic diagnosis (PGD) is seen as an
approach to increase the success rates per embryo transfer.
However, it cannot be oVered to couples who have no
embryos in excess although this group may be at a higher
risk for embryonic disturbances. On the other hand, women
with excess embryos may beneWt from their generally
higher embryonic quality and not only from embryo selec-
tion [3].

Other factors

Where ICSI is applied for male infertility as in our cohort,
the basic diVerence between those who were treated by

Table 2 Two-year outcome 
after conventional IVF or ICSI 
(1,174 couples)

Mode of fertilisation 
from the Wrst cycle on

ICSI Conventional 
IVF

IVF and 
ICSI cycles

Couples 531 371 272

Characteristics

Female age at LIT (years) 33.9 § 2.8 34.3 § 3.1 34.6 § 3.0

Fresh embryo transfers before 
LIT (per couple)

1,928 (3.6) 1,346 (3.6) 1050 (3.9)

Fresh embryo transfers after 
LIT (mean per couple)

802 (1.5) 566 (1.5) 421 (1.5)

Frozen embryo transfers 
(% of all transfers after LIT)

121 (13.1%) 76 (11.8%) 63 (13.0%)

Deliveries 165 92 76

After fresh embryo transfer 153 86 71

After frozen embryo transfer 12 6 5

Birth rates

Per couple (%) 31.0* 24.8* 27.9

Per oocyte retrieval (%) 20.6* 16.3* 18.1

Per fresh embryo transfer (%) 19.1 15.2 16.9

The characteristics are similar in 
all subgroups

* SigniWcant diVerences are only 
noted for birth rates per couple 
(P < 0.05) and per oocyte 
retrieval (P < 0.05) between 
the ICSI and conventional IVF 
subgroups
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ICSI and those who received conventional IVF are underly-
ing female factors of infertility. Stage III/IV endometriosis
[12], sactosalpinges or other tubal disease [15], uterine
Wbroids [6], and reduced endometrial responsiveness [16]
lead to impaired oocyte quality or uterine function. This
may be the main reason why the birth rate is somewhat
higher in ICSI cycles. When ICSI is applied in non-male
infertility, there is no signiWcant diVerence to conventional
IVF [23].

Notably, lifestyle factors like smoking and female obes-
ity have been shown to impair the chances to conceive
[11, 26] and with some support can actively be modiWed by
the patients themselves.

Additional interventions

With good ovarian response, the chances in further IVF or
ICSI treatment remain favourable, although not only fresh
embryo cycles, but also frozen embryo transfers may have
failed. This circumstance is diYcult to explain to couples
with RIF. Therefore additional diagnostic or therapeutic
measures are frequently demanded [21, 22]. Two-thirds of
the IVF centres in Britain oVer various immunological and
non-immunological interventions whose eYcacy is under
discussion [19]. In the USA, at least 78% of patients with
reproductive failure were oVered diVerent therapies includ-
ing aspirin, heparin, and/or steroids [5]. Multiple interven-
tions seem to be common practice in RIF. Nevertheless, our
data indicate that they were preferentially oVered to couples
who had a favourable prognosis anyway. This can lead to
the erroneous conclusion that the beneWt was due to addi-
tional therapies. When planning a trial on additional inter-
ventions in RIF, randomisation is necessary for female age
and for the ovarian response. IVF and ICSI indications
should be diVerentiated. The least important factor is the
number of previous cycles from the fourth on.

Conclusions

The evaluation conWrms that signiWcant prognostic fac-
tors are female age, the ovarian response to controlled
hyperstimulation, and to a lesser extent, the underlying
disorder of infertility. Couples who are treated with ICSI
due to male factor infertility have a slightly better progno-
sis than those who are treated with conventional IVF
because underlying female factors are less prevalent. A
signiWcant inXuence of cycle rank was not detectable in
our cohort.

Concomitant interventions have been used to support
implantation, but the value of their multiple use may be
limited. They may be inferior to the option to modify life-
style habits.T
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