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Abstract: Disturbances of the embryo-maternal
interaction, i.e. impaired implantation, are seen
in only a minor fraction of couples. These mal-
functions become evident as recurrent sponta-
neous abortions (RSA), or repetitive implantation
failure (RIF) in cases with IVF or ICSI proce-
dures. The antiphospholidpid syndrom (APL) is
the only consensus-defined syndrome associated
with RSA (anticardiolipin antibodies and/or
lupus anticoagulant plus clinical symptoms).
Since antiphospholipid antibodies directly inter-
fere with hemostasis (increased coagulation), he-
parin is an established treatment option in these
cases resulting in unequivocal benefits. There is
no defined antibody syndrome in RIF even if it
may be assumed that it exists. Conclusive evi-
dence for a benefit of heparin (and aspirin) in this
situation is lacking as well. However, the majori-
ty of investigations including our own experience
indicate that anticoagulation may be useful.
Besides the extensively studied anticardiolipin an-
tibodies, other – by far less thoroughly investigat-
ed – antiphospholid antibodies have been de-
scribed. So far it is unclear if heparin may exert
positive effects in women carrying these antibod-
ies. Autoreactive immune processes may also be-
come apparent by the emergence of further anti-
bodies, such as antinuclear (ANA), thyreoglobu-
lin (TGA) and thyreoperoxidase antibodies
(TPO) etc. However, there is no established defi-
nition of a syndrome associated with these anti-
bodies, TGA and TPO probably being the most
relevant. 

Most studies in this area including our own ex-
perience indicate that heparin may be a useful.
The detection or autoantibodies per se is probably
not of pathophysiological relevance if there is no
ongoing pathological activation of the immune
system. However, an acute autoimmune response
associated with irregular antibodies may represent
the pathophysiological basis of a reproductive au-
toimmune failure syndrome. In these cases, im-
mune-equilibrating interventions appear to be
more appropriate than heparin therapy.

Coagulation disorders, namely thrombophilia,
are a frequent cause of RSA and probabably RIF
as well, the most relevant being antithrombin de-
ficiency, Factor V Leiden and prothrombin muta-
tions. Deficiencies of protein S, protein C and fac-
tor XII and XIII are of minor importance. There

is a varying degree of evidence for a benefit of he-
parin/aspirin in these syndromes. Heparin not
only reduces the abortion rate but also lowers the
risk for developmental retardation, premature
birth and preeclampsia. 

The effects of heparin are not restricted to anti-
coagulation. It is directly or indirectly (e.g. via he-
paran sulfate proteoglycans or heparin-binding
EGF) involved in the adhesion of the blastocyst to
the endometrial epithelium and the subsequent in-
vasion. Actually, prolonged heparin treatment (14
days) resulted in an increased pregnancy rate in
our patient population. Shorter courses of heparin
where not effective.  
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INTRODUCTION

Every year, around 13,000 to 14,000 children in
Germany are born after in vitro fertilization using
assisted reproduction techniques (ART) – an an-
nual rate of approximately 2% of all live births. If
all reproductive medical techniques are consid-
ered, 60,000 to 70,000 children – about 10% of all
live births – are born after medical treatment to
support conception. 

Both in vitro fertilization (IVF) and intracyto-
plasmic sperm cell injection (ICSI) are used to
overcome reproductive impediments such as tubal
dysfunctions or pronounced male subfertility.
However, there is no point in using IVF or ICSI
in cases of dysfunctional interaction of endometri-
um and embryo (i.e. impaired implantation). 

Taking into consideration that around 2.5 mil-
lion couples in Germany are childless against their
will, the relatively small population of couples
with reproductive impediments due to impaired
implantation [8] is of substantial significance to
reproductive medicine. This population includes
patients with recurrent spontaneous abortions
(RSA) or chronic habitual abortions (CHA) as
well as patients failing to conceive despite techni-
cally appropriate IVF or ICSI.

WHY HEPARIN ?

The antiphospholipid syndrome (APL) is the
only syndrome associated with RSA that was de-
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fined in an expert consensus (International State-
ment on Preliminary Criteria for the Classifica-
tion of the Antiphospholipid-Syndrome [70]),
similarly to the clinically apparent systemic lupus
erythematodes [10, 15, 20, 35, 45, 55]. Con-
sidering the pathophysiology of antiphospholipid
antibodies, anticoagulant therapy using heparins
is a rational approach to RSA in these patients
[10, 15, 45, 55, 73], while there is no convincing
evidence of a therapeutic benefit of aspirin, pred-
nisolone or immunoglobulins in this indication
[59]. Therefore, heparins can be used in cases
with repetitive implantation failure following
IVF or ICSI plus concomitant detection of anti-
phospholipid antibodies (IgG, IgM and/or lupus
anticoagulant) [59]. 

ANTIPHOSPHOLIPID SYNDROME AND ART

Antiphospholipid antibodies (APA) display a
wide range of effects. Since they bind to virtually
any cell membrane [68], they may as well interact
with ovarian membranes, follicles, granulosa cells
or spermatozoa [11, 51]. During or after the im-
plantation process, APA may also bind to the syn-
cytiothrophoblast or cytotrophoblast [12, 15, 29,
37]. In addition, APA may directly accelerate
local coagulation, leading to extensive thrombotic
occlusion of small vessels surrounding the site of
implantation [9].

Ghazeeri and Kutteh [25] reviewed a number of
studies on the prevalence of APA in IVF patients
(Table 1) [36, 63].
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Table 1. APA positivity in women undergoing in vitro fertilization versus controls.*

IVF Patients Controls
––––––––––––––––––––– –––––––––––––––––––––

Study N % N %

Sher et al., 1994 429 45 NA
Gleicher, 1994 105 28 NA
Birkenfield, 1994 139 25 NA
Schenk, 1996 90 48 NA
Birdsall, 1996 240 15 NA
Kaider, 1996 42 26.2 42 4.8
Balasch, 1996 49 25 49 0
Kowalik, 1997 525 18
Coulam, 1997 312 22.1 5
Kutteh, 1997 191 18.8 200 5.5
Denis, 1997 793 28 NA
Eldar-Geva, 1999 173 37 NA
Kaider, 1999 122 27.9 105 6
Chilcott, 2000 380 23.4 NA

* N = total number of women tested for APA; % = percent positive (from Ghazeeri and Kutteh, 2002 [25])

Table 2. Pregnancy rates in women with APA after IVF

Study APA+, H/A APA+ APA-

Sher, 1994 82/169 4/25 47/171
Schenk, 1996 18/35 12/40
Birdsall, 1996 14/30 71/172
Denis, 1997 309/470 219/323
Kowalik, 1997 45/78 222/447
Kutteh, 1997 10/20 6/16 72/151
Eldar-Geva, 1999 11/35 17/32
Chilcott, 2000 14/89 57/291
All pregnant 110/244 (49.1%) 403/743 (54.4%) 717/1627 (44.1%)

APA+ = presence of antiphospholipid antibodies, H/A = heparin and aspirin treatment (from: Ghazeeri and Kutteh
[25])



Screening the IVF and ICSI patient population
of our institution (4481 women undergoing a total
of 7910 transfer cycles), we found an APA preva-
lence of only 5 percent (unpublished data). Even
though this was not a systematic survey and we
examined only patients with a history indicating
an autoimmune process, the prevalence in our
population was substantially lower than the fig-
ures observed in other studies (15-45%). 

The relevant studies on heparin/aspirin treat-
ment in patients with APA undergoing IVF pro-
cedures are listed in Table 2. Of note, the preg-
nancy rate is higher in patients with APA. The
benefit of heparin and aspirin in this setting re-
mains unclear, although the pregnancy rate in the
treatment groups is higher than in untreated pa-
tients. Certainly, this assembly of studies does
not provide adequate evidence for a reproductive
benefit of heparin/aspirin in patients with anti-
phospholipid syndrome. However, the question
is raised if heparin/aspirin may promote concep-
tion in ART independent of an antiphospholipid
syndrome. 

All of these studies only discriminate patients
with and without APA [13], However, detection
of APA by itself is not sufficient to diagnose an
antiphospholipid syndrome (see above).

The proper definition of an RIF syndrome in
patients with antiphospholipid antibodies to our
opinion should consider:
• age < 35 years
• normal responder (≥ 8 oocytes in a long GnRH

agonist protocol, following 150 I.E. FSH or
HMG for 10 to 12 days)

• fertilisation rate > 60 %
• transfer of 2-3 embryos of adequate morpholog-

ical quality [43, 72].

No studies have been performed in patients
with definite RIF after IVF or ICSI [64]. The issue
is further complicated by the fact that studies on
the reproductive pathophysiology of APA so far
have been only performed on antibodies targeting
cardiolipin. The clinical relevance of antibodies
against other phospholipids such as phosphatidyl-
serin, phosphatidylinositol, phosphatidyl-glyce-
rol, phosphatidylethanoleamine etc. remains un-
clear [2, 46, 49, 57, 60]. The same holds true for

antibodies against β2 glycoprotein, a  transmem-
brane protein associated with the HLA complex
[3]. There is no consensus whatsoever on the path-
ophysiological role of antibodies directed against
these molecules in general and on their implica-
tion in implantatio failure [4, 5, 14, 18, 24, 31, 52,
53, 56, 66]. Therefore, it comes as no surprise that
standardized assays are available for anti-cardioli-
pin antibodies only [30, 43]. 

After an initial phase of a more liberal approach
to heparin/aspirin therapy in patients positive for
autoantibodies, we recently returned to a more re-
strictive policy. Detection of antiphospholipid
antibodies and/or lupus anticoagulans is no longer
sufficient, and an indication for heparin/aspirin
therapy requires the diagnosis of a RIF syndrome
as defined above. In these cases, we prescribe a
low-molecular heparin plus aspirin (50-100 mg/d)
starting with the embryo transfer. If a stable preg-
nancy is initiated, therapy is continued until week
12, in high-risk patients (e. g. twins) the hepar-
in/aspirin regimen is extended to week 24. The re-
sults are encouraging and did not deteriorate due
to our more restrictive policy. However, anti-
phospholipid syndromes accoring to our defini-
tion (see above) are comparatively rare in ART
patients.

OTHER AUTOANTIBODIES

Other autoantibodies such as antinuclear antibod-
ies (ANA), thyreoglobulin antibodies (TGA), thy-
reoperoxidase antibodies (TPO), and antisperm
antibodies (ASA) have been investigated in pa-
tients with RSA and those participating in IVF
programs. Study results on these issues are listed
in Table 3 and 4.

Clinical RSA or RIF syndromes have nor been
described for these antibodies [23]. Actually, it is
unlikely that ANA or ASA may impede embryo
implantation. Conversely, antithyreoglobulin
antibodies (ATA) may well be of pathophysiologi-
cal relevance, considering the close histological
similarities of thyreoid and syncytiothrophoblast
tissue [48].

Accordingly, the use of heparin/aspirin in pa-
tients positive for these autoantibodies is not suffi-
ciently documented [25, 26]. However, the results
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Table 3. ANA frequency in patients undergoing IVF versus controls.

Study IVF Patients ANA+  (%) Controls ANA+ (%) P value

Geva, 1994 1/21 (4.7) NA NA
Birkenfield, 1994 18/56 (32.1) 0/14 (0) < 0.02
Geva, 1995 11/50 (22) 2/80 (2.5) < 0.05
Cubillos, 1997 16/43 (37.2) 2/35 (5.7) < 0.05
Kaider, 1999 52/122 (42.6) 2/112 (1.8) < 0.05
Lucena, 1999 27/100 (27) 11/62 0.19

NA = not available (from: Ghazeeri and Kutteh, 2002 [25])



published so far support an association of ATA
with RSA and/or RIF. Several studies report on a
benefit of heparin/aspirin in ATA-positive pa-
tients (see [25] for review).

In our institution, we currently tend to a more
restrictive use of heparin/aspirin, because the de-
tection of a single irregular antibody does not nec-
essarily indicate an ongoing pathological situation
requiring treatment. In many cases, the antibodies
listed above merely represent “serological scar-
ring“ (see below).

IS THERE SUCH A THING AS THE “REPRO-
DUCTIVE AUTOIMMUNE FAILURE SYNDROME

(RAFS)” ?

The RAFS was first describes by Gleicher [27].
Since he published his description of the putative

syndrome in 1989, virtually no studies dealing
with RAFS or supporting its existence have ap-
peared. However, quite a number of authors in-
vestigated specific autoantibodies and their poten-
tial role in RSA and RIF (see above).

Conflicting data on the role of in ANA, ASA
und ATA in RIF raise the question if the detec-
tion of autoantibodies by itself is of pathophysio-
logical relevance [28, 33, 34]. The most likely can-
didates for a role in reproductional failure are
APA and ATA. While APA and ATA may well
enhance coagulation causing local clotting of
small vessels, this is very unlikely for other anti-
bodies.

Currently, the crucial question appears to be if
irregular antibodies indeed cause an acute patho-
logical activation of the immune system. After
this issue has been largely neglected in most pub-
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Table 5. Effect of sperm-bound ASA on IVF fertilization.

Oocyte Fertilization Rate
Positive Criteria

Study (Method) Positive ASA Control

Clarke, 1985 ≥ 80% G and A (IBT) 18/66 (27) 47/65(72)
Mandebaum, 1987 ≥ 20% G or A (IBT) 23/33 (70) 224/350 (64)c
De Almeida, 1989 ≥ 70% G or A (IBT) 6/43 (14) 31/52 (60)
Kato, 1990 ≥ 30% G and A (IBT) 9/50 (18) 39/54 (72)
Witkin, 1992 ≥ 65% G or A (IBT) 6/43 (14) 137/34 (56)a
Janssen, 1992 ≥ 50% G and A (IBT) 142/295 (48) 201/344 (58)
Rajah, 1993 ≥ 34% G or A (IBT) 53/105 (51) 93/128 (73)
Lähteenäki, 1993 ≥ 40% G (MAR) 68/283 (24) 30/72 (42)
Acosta, 1994 ≥ 36% G or A (IBT) N/A (42) N/A (73)
Sukcharoen, 1995 ≥ 20% G or A (IBT) 124/165 (75) 974/1412 (69)c
Ford, 1996 ≥ 25% G or A (IBT) 209/544 (38) 380/555 (68)
Vasquez-Levin, 1997 ≥ 20% G (MAR) 46/104 (44) 65/77 (84)
Clarke, 1997 ≥ 80% G or A (IBT) 31/156 (20) 428/685 (62)b
Culligan, 1998 ≥ 15% G or A (IBT) 82/123 (67) 497/792 (63)a, c
Kutteh, 1999 ≥ 50% G or A (IBT) 112/145 (77) 186/252 (74)c
Check, 2000 ≥ 80% G or A (IBT) 11/20 (55) NA

IBT = immunobead test; MAR = mixed agglutination reaction; N/A = not assayed; a = estimated from data present-
ed in paper; b = controls were the same couples treated in a second cycle with ICSI; c = no adverse effect of ASA on
fertilization rate (from: Ghazeeri and Kutteh, 2002 [25]).

Table 4. Antithyroid antibodies in women undergoing embyo implantation after IVF

Outcome Total (%) TG/TPO+ (%) TG/TPO- (%) P value

Biochemical 39 (4.5) 5 (3.5) 34 (4.7) 0.66
Clinical loss 57 (6.5) 9 (6.3) 48 (6.8) 1.00
Delivered 474 (54.3) 78 (54.5) 396 (54.2) 1.00
Not pregnant 303 (34.7) 51 (35.7) 252 (34.5) 0.48
Total 873 143 730 -

(from: Ghazeeri and Kutteh, 2002 [25])



lished studies, some authors recently began to
look more closely at this essential aspect [21, 58].
Besides activation or proliferation of natural killer
cells and endometrial large granular leucocytes,
they also investigated the general balance of the
immune system. Obviously, a general activation
of a Th1 and/or Th2 response (i.e. a cellular im-
mune response) causes quite unfavourable condi-
tions for the implanting embryo and the subse-
quent pregnancy (see Clark [7] and Raghupathy
[54] for reviews).

While a pathological activation of the immune
system does not necessarily require anticoagulant
therapy, the use of heparin may well be indicated
in antibody syndromes affecting blood vessels and
coagulation such as APA and most likely ATA
[32]. 

RSA, RIF AND HYPERCOAGULATION

Syndromes associated with hypercoagulation tend
to cause RSA and presumably RIF. This is well
documented for antithrombin deficiency, factor V
Leiden (APC resistance) and the prothrombin
20210 mutation. Other thrombophilias, such as
protein C or S and FXII or FXIII deficiencies,
may be involved in RSA and RIF as well [47, 61].
These thrombophilias are found at an astonishing-
ly high prevalence of 5-7% in the general popula-
tion [69].

The benefit of heparin/aspirin in these throm-
bophilic syndromes may vary in magnitude al-
though it is generally well documented [40, 42,
74]. Heparin substantially reduces the rate of spon-
tanous abortion, fetal growth retardation, preterm
birth, preeclampsia as well as RIF. The abovemen-
tioned studies did not rule out the presence of
thrombophilias in their patient populations. Consi-
dering their high prevalence, at least 5-7% of all par-
ticipants may have been affected. Since this sub-
population is likely to benefit from heparin thera-
py, this is a plausible explanation for the increased
conception rates in heparin-treated patients.

In our institution, we routinely screen all pa-
tients for thrombophilias. If confirmatory testing
yields positive results, we generally prescribe hep-
arin/aspirin, since thrombophilias may have dele-
terious effects throughout gestation. This notion
is illustrated by the fact, that three of our patients
developed deep vein thrombosis, in one case fol-
lowed by pulmonary embolism, even though they
received prophylaxis with low-molecular weight
heparins (see [47, 61]). 

FURTHER EFFECTS OF HEPARIN

Heparin, as a natural substance, exerts several ef-
fects besides anticoagulation that have been eluci-
dated only recently. Some of them may well be
relevant in reproduction. Some factors interacting
with heparin, such as heparansulfate proteoglycan
(HSPG), heparin-binding EGF-like growth factor
(a member of the EGF family of proteins), and
HIP (heparin interacting protein) [1, 38, 39], may

have a role in reproductional funtions such as
blastocyst adhesion to the endometrial epitheli-
um, subsequent blastocyst invasion and growth
stimulation of certain syncytiothrophoblast cells.
Thus, an extensive body of evidence supports a
physiological role of heparin in some essential
steps of the reproductional process.

A retrospective study (1998-2002) investigating
the effects of a short (five day) course of heparin
in our institution did not provide evidence of any
significant benefit with regard to these effects.
However, a 14-day heparin treatment indeed was,
albeit retrospectively, associated with higher con-
ception rates. Therefore, heparin may positively
affect reproductional success rates due to mecha-
nisms independent of its effects in patients with
autoantibodies and hypercoagulation.

In recent years, reproduction medicine tends to
focus more and more on endometrial receptivity,
which is not only implicated in RIF but in the
age-associated decrease in the rate of successful im-
plantations as well – an effect that is independent
of oocyte and embryonic genetics. Endometrial
receptivity is greatly reduced in nulliparous
women over 40 years of age. Conversely, the re-
ceptivity and therefore the reproductional success
rates positively correlate with the number of pre-
vious pregnancies leading to childbirth. A gradual
decline in HPSG or HB-EGF-like growth factor
levels or their response to activating stimuli may
well be involved in these effects. Actually, an-
other retrospective analysis (1998-2002) of pa-
tients treated in our institution revealed that
women over age 38 did benefit from heparin treat-
ment in terms of increased pregnancy rates while
this effect was not seen in younger women.

SUMMARY

Currently, there is no published consensus on the
effects of heparin on pregnancy rates in women
with autoantibody syndromes undergoing ART.
Positive heparin effects are highly likely in pa-
tients with antiphospholipid syndromes due to
the hypercoagulation induced by these antibodies.
There is a broad consensus on the benefit of hep-
arin in women with RSA associated with an anti-
phospholipid syndrome (or systemic lupus ery-
thematodes). Current investigations tend to focus
on the undelying pathological immune activation
[41, 50, 67] rather than the detection of specific ir-
regular antibodies. 

Heparin may not be the treatment of choice in
cases with predominant immune activation rather
than hypercoagulation. Therefore, retrospective
studies investigated the use of glucocorticoids or
LNCC [17, 25, 62, 65, 71]. While Clark [7] re-
views some of the investigations performed in this
field, he completely ignores the studies by Kutteh
and Ghazeeri  [25, 75, 26, 43-45]. This may relate
to the fact that these authors [75] as well as the
Royal College of Obstetricians and Gynaecologists
[57a] did not find convincing evidence for a thera-
peutic effect of these interventions.
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Finally, we should not ignore the psychosomat-
ic situation of our patients. Many couples present-
ing at a tertiary care reproductive center have un-
successfully undergone all kinds of interventions
beforehand and may have read more on reproduc-
tional techniques and immunology of reproduc-
tion than their attending physicians. It may not be
easy to handle the high expectations of these cou-
ples, and it may be justified to consider therapeu-
tic options outside the range of strictly evidence-
based therapies. In some of these desperate cases,
the prescription of drugs like heparin may even be
successful due to an unexpected placebo effect
(More due to an “eminence based“ than an evi-
dence based effect).

There is a broad consensus on the benefit of
heparin in patients with disorders associated with
hypercoagulation, such as a documented APC re-
sistance or a prothrombin mutation. In the light
of their high prevalence of 5-7% in the general
population, screening for these thrombophilias
certainly merits closer consideration. 

In patients with thrombophilia, heparin should
be administered in therapeutic dosages, since ve-
nous thrombotic events have repeatedly been ob-
served in patients treated with the usual prophy-
lactic regimens.

Further positive effects of heparin on a number
of steps in the reproductional process (e.g. blasto-
cyst adhesion) have been described and document-
ed on the physiological level. The results of retro-
spective studies performed at our institution  ap-
pear to support a clinical benefit. Larger prospec-
tive studies are warranted to investigate this inter-
esting aspect of heparins. 

REFERENCES

1. Armant DR, Wang J, Liu Z (2000) Intracellular sig-
naling in the developing blastocyst as a consequence
of the maternal-embryonic dialogue. Semin Reprod
Med 18: 273-287

2. Bahar AM, Kwak JY, Beer AE, et al. (1993) Anti-
bodies to phospholipids and nuclear antigens in non-
pregnant women with unexplained spontaneous re-
current abortions. J Reprod Immunol 24: 213-222

3. Balasch J, Reverter JC, Creus M, et al. (1999)
Human reproductive failure is not a clinical feature
associated with β2-glycoprotein-1 antibodies in anti-
cardiolipin and lupus anticoagulant seronegative pa-
tients. Human Reprod Immunol 14: 1956-1959

4. Branch DW (1987) Immunologic disease and fetal
death. Clin Obstet Gynecol 30: 295-311

5. Carreras LO, Forastiero RR, Martinuzzo ME (2000)
Which are the best biological markers of the anti-
phospholipid syndrome? J Autoimmun 15: 163-172

6. Chilcott IT, Margara R, Cohen H, Rai R, Skull J,
Pickering W, Regan L (2000) Pregnancy outcome is
not affected by antiphospholipid antibody status in
women referred for in vitro fertilization. Fertil
Steril 73 :526-530

7. Clark DA, Coulam CB, Daya S, et al. (2001) unex-
plained sporadic and recurrent miscarrage in the
new millennium: a critical analysis of immune
mechanisms and treatments. Human Reproduction
Update 7(5): 501-511

8. Clark DA (2003) Is there any evidence for immuno-
logically mediated or immunologically modifiable
early pregnancy failure? J Ass Reprod Genetics 20:
63-72

9. Coulam C. Kaider B. JanowiczP. Roussev R (1997)
Antiphospholipid antibodies associated with im-
plantation failure after IVF/ET. J Assist Reprod
Genet 14: 603-606

10. Cowchok FS. Reece EA. Balaban D. Branch DW.
Plouffe L (1992) Repeated fetal losses associated with
antiphospholipid antibodies: A collaborative ran-
domised trial comparing prednisone with low-dose
heparin treatment. Am J Obstet Gynecol 166:1318-
1323

11. Di Simone N, Ferrazzani S, Castellani R (1997)
Heparin and low-dose aspirin restore placental
humen chorionic gonadotrophin secretion abolished
by antiphospholipid antibody-containing sera. Hum
Reprod 12: 2061-2065

12. Di Simone, Caliandro D, Castellani R, et al. (1999)
Low molecular weight heparin restores in-vitro
trophoblast invasiveness and differentiation in pres-
ence of immunoglobulin G fractions obtained form
patients with antiphospholipid syndrome. Hum
Reprod 14: 489-495

13. Eldar-Geva T. Wood C. Lolatgis N. et al. (1999) Cu-
mulative pregnancy and live birth rates in women
with antiphospholipid antibodies undergoing assist-
ed reproduction. Human Repro 14: 1461-1466

14. El-Roeiy A, Myers SA, Gleicher N (1990) The preva-
lence of autoantibodies and lupus anticoagulant in
healthy pregnant women. Obstet Gynecol 75: 390-396

15. Empson M. Lassere M. Craig JC. Scott JR (2002)
Recurrent pregnancy loss with antiphospholipid
antibody: a systematic review of therapeutic trials.
Obstet-Gynecol 99: 135-144

16. Farquharson RG, Quenby S, Greaves M (2002)
Antiphospholipid syndrome in pregnancy: a ran-
domized, controlled trial of treatment. Obstet
Gynecol 100:408-413

17. Fausett MB, Branch DW (2002) Autoimmune causes
of recurrent pregnancy loss. Infertility Reproductive
medicine. Clinics of North America 13: 159-182

18. Fausett MB, Branch DW (2000) Autoimmunitiy and
pregnancy loss. Semin Reprod Med 18: 379-392

19. Fiedler K, Ludwig M (2003) The use of clomiphene
citrate in in vitro fertilization (IVF) and IVF/intra-
cytoplasmic sperm injection cycles. Fertil Steril 50:
1521-1523

20. Franklin RD, Kutteh WH (2003) Effects of unfrac-
tionated and low molecular weight heparin on anti-
phospholipid antibody binding in vitro. Obstet
Gynecol 101: 455-462

21. Fukui A, Fujii S, Yamaguchi E et al. (1999) Natural
killer cell subpopulations and cytotoxicity for infer-
tile patients undergoning in vitro fertilization. AJRI
41: 413

22. Geva E, Amit A, Lerner-Geva L, et al. (1998) Pre-
vention of early pregnancy loss in autoantibody ser-
opositive women. Lancet 351: 34/35.

23. Geva E, Amit A, Lerner-Geva L, Azem F, Yovel I,
Lessing JB (1995) Autoimmune disorders: another
possible cause for in-vitro fertilization and embryo
transfer failure. Hum Reprod 10: 2560-2563

24. Gharavi AE, Harris EN, Asherson RA, et al. (1987)
Anticardiolipin antibodies: Isotype distribution and
phospholipid specificity. Ann Rheum Dis 46: 1-6

25. Ghazeeri GS, Kutteh WH (2002) Autoimmunity and
assited reproduction. Infertility and reproductive
medicine. Clinics of North America 13: 183-
201

EUROPEAN JOURNAL OF MEDICAL RESEARCH212 April 30, 2004



26. Ghazeeri GS. Kutteh WH (2001) Autoimmune fac-
tors in reproductive failure. Curr Op Obstet
Gynecol 13: 287-291

27. Gleicher N, El Roeity A, Confino E, Friberg J
(1989) Reproductive failure because of autoantibod-
ies: unexplained infertility and pregnancy wastage.
Am J Obstet Gynecol 160: 1307-1385

28. Gleicher N, Vidali A, Karande V (2002) The immu-
nological „War of the Roses:“ disagreements
amongst reproductive immunologists. Human
Reprod 17: 539-542

29. Greaves M (1999) Antiphospholipid antbodies and
thrombosis. Lancet 353: 1348-1353

30. Harris E (1990) The second anticardiolipin standard-
ization workshop/the Kingston antiphospholipid
antibody study group. Am J Clin Pathol 94: 476-
484

31. Harris EN, Spinnato JA (1991) Should anticardioli-
pin tests be performed in otherwise healthy preg-
nant women? AM J Obstet Gynecol 165: 1272-1277

32. Heilmann L, Rath W, von Tempelhoff GF, et al.
(2002) Niedermolekulare Heparine in der Schwan-
gerschaft. Dt Ärzteblatt 7: A424-A430

33. Hill J, Scott R (2000) Immunological tests and and
IVF: “please enough already.” Fertil Steril 74: 439-
442

34. Hornstein M, Davis O, Massey J, Paulson R, Collins
J (2000) Antiphospholipid antibodies and in vitro
fertilization success: a meta-analysis. Fertil Steril 73:
330-333

35. Huong du LT, Wechsler B, Vauthier-Brouzes D,
Duhaut P, Costedoat N, Lefebvre G, Piette JC
(2002) Importance of planning ovulation induction
therapy in systemic lupus erythematosus and anti-
phospholipid syndrome: a single centre retrospec-
tive study of 21 cases and 114 cycles. Semin Arthritis
Rheum 32: 174-188

36. Kaider AS, Kaider BD, Janowicz PB, Rouseev RG
(1999) Immunodiagnostic evaluation in women with
reproductive failure. Am J Reprod Immunol 42: 335-
346

37. Katsuragawa H, Rote NS, Inoue T, Narukawa S,
Kanzaki H, Mori T (1995) Monoclonal antiphos-
phatidylserine antibody reactivity against human
first-trimeste placental trophoblast. Am J Obstet
Gynecol 177: 1592-1597

38. Kimber SJ (2000) Molecular interactions at the ma-
ternal-embryonic interface during the early phase of
implantation. Seminars in Reprod Med 18: 237-
253

39. Kirn-Safran CB, Carson DD (1999) Dynamics of ute-
rine glycoconjugate expression and function.
Seminars in reproductive endocrinology 17: 217-227

40. Krause MM, Homuth V, Schmider A, et al. (2001)
Genetische Grundlagen der schwangerschaftsindu-
zierten Hypertonie. Gynäkologe 6: 503-509

41. Krüssel JS, Polan ML, Simón C (2002) Cytokine and
growth factor network in human endometrium.
Infertility Reproductive medicine. Clinics of North
America 13: 97-112

42. Künzel W, Lang U, Diedrich K, et al. (2001)
Intrauterine Wachstumsretadierung. Aktueller Stand
der Forschung. Gynäkologie 9: 783-792

43. Kutteh WH, Rote NS, Silver R (1999) Anti-
phospholipid antibodies and reproduction: the anti-
phospholipid antibody syndrome. Am J Reprod
Immunol 41: 133-152

44. Kutteh WH, Yetman DL, Chantilis SJ, Crain J
(1997) Effect of antiphospholipid antibodies in
women undergoing in-vitro fertilization: role of
heparin and aspirin. Hum Reprod 12: 1171-1175

45. Kutteh WH (1996) Antiphospholipid antibody-asso-
ciated recurrent pregnancy loss: Treatment with
heparin and low dose aspirin is superior to low dose
aspirin. Am J Obstet Gynecol 174: 1584-1589

46. Kwak JY, Gilman-Sachs A, Meaman KD, et al.
(1992) Reproductive outcome in women with recur-
rent spontaneous abortions of alloimmune and auto-
immune cuses: Preconception versus postconseption
treatment. AM J Obstet Gynecol 166: 1787-1795;
discussion 1795-1788

47. Lockwood CJ, Krikun G, Schatz F (1999) The decid-
ua regulates hemostasis in human endometrium.
Semin Reprod Endocrino 17: 45-51 

48. Mardesic T, Ulcova-Gallova Z, Huttelova R. et al.
(2000) The influence of different types of antibodies
on in vitro fertilization results. Am J Reprod
Immunol 43: 1-5

49. Matzner W, Chong P, Xu g, et al. (1994) Characte-
rization of antiphospholipid antibodies in women
with recurrent spontaneous abortions. J Reprod
Med 39: 27-30

50. Mor G (2002) Immunology of Implantation.
Infertility Reproductive medicine. Clinics of North
America 13: 113-128

51. Nikas G (2000) Endometrial Receptivity: Changes
in cell-surface morphology. Seminars in reproduc-
tive medicine 18: 229-235

52. Ober C, Karrison T, Harlow L, et al. (1993)
Autoantibodies and pregnancy history in a healthy
population. Am J Obstet Gynecol 169: 143-
147

53. Qamar T, Levy RA, Sammaritano L, et al. (2003)
Characteristics of high-titer IgG antiphospholipid
antibody in systemic lupus erythematosus patients
with and without fetal death. Arthritis Rheum 33:
501-504

54. Raghupathy R (2001) Pregnancy: success und failure
within the Th1/Th2/Th3 paraddigm. Semin
Immunol 13: 219-227

55. Rai R, Cohen H, Davey M, Regan L (1997)
Randomised controlled trial of aspirin and aspirin
plus heparin in women with recurrent miscarriage
associated with antiphospholipid antibodies. BMJ
314: 253-257

56. Rote NS, Dostal-Johnson D, Branch DW (1990)
Antiphospholipid antibodies and recurrent pregnan-
cy loss: Correlation between the activated partial
thromboplastin time and antibodies against phos-
phatidylserine and cardiolipin. AM J Obstet
Gynecol 163: 575-584

57. Ruiz JE, Cubillos J, Mendoza JC, et al. (1995)
Autoantibodies to phospholipids and nuclear anti-
gens in non-pregnant and pregnant Colombian
women with recurrent spontaneous abortions. J
Reprod Immunol 28: 41-51

57a.Scientific Advisory Committee Opinion Paper of
the Royal College, October 2003

58. Sher G, Fisch JD, Maasarani G, et al. (2000) Anti-
bodies to phosphatidylehanolamine and phosphati-
dylserine are associated with increased natural killer
cell activity in nonmale factor infertilitty patients.
Hum Reprod 15: 1932-1936

59. Sher G, Feinman M, Zouves C (1994) High fecun-
dity rates following in-vitro fertilization and em-
bryo transfer in  seropositive women treated with
heparin and aspirin. Hum Reprod 9: 2278-2283

60. Sher G, Fisch JD, Maassarani G. et al. (2000) Anti-
bodies to Phosphtidylethanolamine and phosphti-
dylserine are associated with increased natural killer
cells activity in non-male factor infertility patients.
Hum Reprod 15: 1932-1936

EUROPEAN JOURNAL OF MEDICAL RESEARCHApril 30, 2004 213



61. Starzyk KA, Pijenborg R, Salfin C (1999) Decidual
and vascular pathophysiolgy in pregnancy comprim-
ise. Seminars in reproductive endocrinology 17: 63-
72

62. Stephenson MD, Ensom MHH (2002) The role of
immuntherapy in reproductiv failure. Infertility
Reproductive medicine. Clinics of North America
13: 203-220

63. Stern C, Chamley L, Hale L, Kloss M, Speirs A,
Baker HWG, et al. (1998) Antibodies of  β2-glyco-
protein-1 are associated with in vitro fertilization
implantation failure as well as recurrent miscarriage:
results of a prevalence study. Fertil Steril 70: 938-944

64. Stern C, Chamley L, Norris H, Hale L, Baker HWG
( 2003) A randomised, double-blind, placebo-con-
trolled trial of heparin and aspirin for women with
in vitro fertilization implantation failure and anti-
phospholipid or antinuclear antibodies. Fertil Steril
80: 376-383

65. Taylor RN, Hornung D, Mueller MD, et al. (2002)
Immunology of Endometriosis. Infertility Reproduc-
tive medicine. Clinics of North America 13: 145-157

66. Viard JP, Amoura Z, Bach JF (1992) Association of
anti-beta 2 glycoprotein I antibodies with lupus-type
circulating anticoagulant and thrombosis in systemic
lupus erythematosus. Am J med 93: 181-186

67. Vince GS, Christmas SE, Johnson PM (2002) Under-
standing cellular and humoral immunitiy. Infertility
Reproductive medicine. Clinics of North America
13: 1- 17

68. Ware Branch D, Hatasaka HH (1998) Antiphospholi-
pid antibodies: fact ore fallacy. Lupus 7(Supp 2): 90-
94

69. Willeke A, Gerdsen F, Bauersach RM, et al. (2002)
Rationelle Thrombophiliediagnostik. Dt Ärzteblatt
31-32: A2111-A2118

70. Wilson WA. Gharavi AE. Koike T. et al. (1999)
International consensus statement on preliminary
classification criteria for definite antiphospholipid
syndrome. Arthritis Rheum 42: 1309-1311

71. Würfel W, Fiedler K, Krüsmann G, et al. (2001)
Verbesserung der Behandlugnsergebnisse durch
LeukoNorm Cytochemia® bei Patientinnen mit
mehrfachen, frustranen IVF- oder ICSI-Behand-
lungszyklen. Zentralbl Gynäkol 123: 361-365

72. Würfel W (2003) Immuntherapie bei ART Ver-
sagern. Reproduktionsmedizin 19(2): 108 ff

73. Würfel W ( 2003) Immuntherapie bei wiederholten
Aborten und ART-Versagern. medifact-publishing

74. Zygmunt M, Münstedt K, Lang U (2001) Die Rolle
der Vaskulo- und Angiogenese in der embryonalen
und fetalen Entwicklung. Eine kurze Übersicht.
Gynäkologe 9: 812-819

75. Ghazeeri GS, Kutteh WH (2001) Autoimmune fac-
tors in reproductive failure. Curr Op Obstet
Gynecol 13: 287-291

Received: February 4, 2004 / Accepted:  April 15, 2004

Address for correspondence:
Dr. med. Klaus Fiedler
Kinderwunsch-Centrum München
Former at the Frauenklinik Dr. Wilhelm Krüsmann
Lorzingstr. 26
D-81241 München, Germany
E-mail: info@ivf-muenchen.de

EUROPEAN JOURNAL OF MEDICAL RESEARCH214 April 30, 2004


