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Haemostatic and metabolic abnormalities in women
with unexplained recurrent abortion

A.B.C.Coumansg, P.C.Huijgens!, C.Jakobg, are rather infrequent. Recently, the relationship between coagu-
R.Schatg, J.I.P.de Vriest, M.G.van Pampug and lation abnormalities (Prestoet al., 1996) and metabolic
G.A.Dekker!3 abnormalities (de Vriest al., 1997) has been described. This

i : . o leads to a pro-thrombotic state and an increased risk of fetal
University Hospital Vrije Universiteit andDepartment of | fter 16 ks’ tati Woutest al. (1993) f d
Obstetrics and Gynaecology, Academic Medical Center, OS_S aler wee S gestalion. wou _a. ( ) Ql_m
Amsterdam, The Netherlands evidence for a relation between metabolic abnormalities ang
fetal loss before 16 weeks’ gestation. In this study we tried tg
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y P determine whether or not both underlying haemostatic ang

Obstetrics and Gynecology Free University Hospital, Amsterdam,

The Netherlands metabolic abnormalities are associated with recurrent abortio@
The objective of this study was to establish whether or not g
patients with unexplained recurrent abortion have an Materials and methods =

increased incidence of haemostatic or metabolic abnor-

malities. Fifty-two patients with a history of unexplained In the period between January 1995 and January 1996, 60 consecutife

habitual abortion (two or more spontaneous abortions patients with a h'istory qf recurrent abortion, defined as fetal Iqs@h
before 16 weeks’ gestation) were tested for protein S, befor.e 16 weelfs ge_statlonal age, were screened py the f_oIIovymi
protein C and antithrombin (AT) Ill deficiency, activated tests: en_dometrlum blopsy, IgG and IgM cytomeg_alowrus-ant_lbodlesg
. . ', , karyotyplng .o.f the patleqt and partner, erjdocrlne evgluatlons fog
protein C (aPC) resistance, hyperhomocysteinaemia and |yteq| insufficiency, thyroid dysfunction, diabetes mellitus and a®
anticardiolipin antibodies (ACA). The control group con-  hysterosalpingography. In these 60 patients, we found three patiengs
sisted of 67 healthy women with a history of only uncomplic-  with a uterus bicornis, one woman had a uterus subseptus, one woman
ated pregnancies. Blood samples were taken for measuring was exposed during intrauterine life to diethylstilboestrol (DES)E:
protein S, protein C, AT IIl, ACA and activated protein C another woman had systemic lupus erythematosus and there We@e
resistance and a methionine loading test was performed. two couples with a chromosome translocation. 2
Of the 46 patients tested for protein S deficiency, 8 (17.4%) _ In the remaining 52 women, no abnormalities were discovered ir§
were positive. Of the 43 patients tested, two (4.7%) were thesg tests. These 52 patients with a history of u'nexplalned_ recurreg_t
protein C deficient and none was AT Ill deficient. Of the ~ 2Portion were tested for the presence of protein S, protein C and
42 patients tested for ACA, eight (19.1%) had detectable antithrombin |1l deficiency, activated protein C resistance, hyperhomos'

. . . ) cysteinaemia (HHC) and immunoglobulin (Ig)G and IgM anticardio-&
antibodies. Of the 44 patients tested for aPC resistance, Iigin antibodie(s (AC%)' g (19) g S

two (4.6%) were positive. Finally, 35 patients were tested Of the 52 women tested, 15 had experienced two spontaneoé

for hyperhomocysteinaemia and six (17.1%) were positive. aportions, 18 three, 11 four, four five, two six, one eight and ones
It was concluded that parous women with a history of patient 18 miscarriages. The total number of pregnancies was 186
unexplained recurrent abortion have an increased incidence (average 3.6). Not one of the abortions included in this study was qf
of hyperhomocysteinaemia and a trend of increased incid- the blighted ovum type. Embryo presence had been documented @
ence of ACA can be found. either ultrasound or inspection of the abortion material.

Key wordsanticardiolipin antibodies/hyperhomocysteinaemia/ ©Of the 52 women included in the study, 18 had had a successful
protein C and S deficiency/recurrent abortion pregnancy. Six of these 18 women had consecutive abortions.
As a control group for protein S deficiency, aPC resistance, HHC

and ACA, we used data from our recent study on underlying disorders
in pre-eclampsia (van Pampwet al., 1997). This control group
consisted of 67 healthy women with a normal menstrual cycle and
Introduction an obstetric history of only uncomplicated pregnancies.

Recurrent abortion affects 2-5% of the couples attempting As a reference for the incidence of AT Il and protein C deficiency,
to reproduce (Coulanet al., 1997). The aetiology remains we used the data from the Leiden Thrombophilia Study (Miletich

unresolved in 24-60% of all cases of recurrent abortiorf! 2l 1987; Taietal., 1994). .
The patients and controls did not use oral contraceptives or they

(Wouterset ".""* 1993). L stopped its use at least 8 weeks before testing. None used vitamins,
Although it seems that certain disorders, for example chroknown to influence homocysteine metabolism (van den Rargl.,
mosome abnormalities, corpus luteum insufficiency, congenitai994), within at least a period of 6 months before performing a
malformations of the uterus, systemic hypertension, diabetesethionine loading test. Patients and controls were tested in the
mellitus and hyper- or hypothyroidism may explain recurrentsecond half of a normal menstrual cycle for the presence of protein
pregnancy loss (Helio de Limet al., 1993), these conditions S, protein C and AT Ill deficiency, activated protein C resistance,
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(HHC) and anticardiolipin antibodies. The 52 patients were tested at
least 10 weeks post-abortum. Table I. Underlying disorders in 52 women with a history of unexplained
habitual abortion

Laboratory tests Test Tested (no.) Positive (no.) Positive (%)  Positive
Coagulation tests controP ( %)
Protein C activity was measured with CoanfatéChromogenix, Prot S def 46 8 17.4 ¢
MéIndal, Sweden) protein C in a microplate system. The test wa$rot C def 43 2 4.7 0.1-094
performed according to the guidelines of the manufacturer. According\T Il def 43 0 0.0 0.®

to the manufacturer the levels of protein C activity measured in 93A\CA® 42 8 19.1 7.5
healthy individuals, 53 men and 42 women, aged between 19 and PC-R §g g 1‘;'? ig

years, are in the range of 70-149% (mean 103%, SD 17%) (Vinnazzer
and Pangraz, 1987). The normal value of protein C activity in apProt S def= protein S deficiency; ACA anticardiolipin antibodies 1gG
control group of 30 healthy blood donors in our laboratory is 70-140%and/origM; Prot C def= protein C deficiency; aPC-R: activated protein C

Total protein S antigen was measured by an enzyme-linked immundgsistance; AT Il def= antithrombin 1l deficiency; HHC=

. . f - . hyperhomocysteinaemia.

sorbent assay with the_use of rabbit antihuman ar_wtl-prc_)teln S _fro ontrol, percentage of abnormal findings in normal populations.
Dakopatts (DAKO). This method has been described in detail by ~10 GPL and/or MPL ACA.
Woodhams (1988). The test was performed according to the guideliné®ampus varet al. (1997).
of the manufacturer. The normal range for total protein S antigen i§Miletich et al. (1987).
70-130% according to Woodhams (1988) and DAKO. As an extra it €t al- (1994).
control, every batch of patient samples was measured in parallel with
a sample of pooled plasma (30 healthy blood donors).

In our laboratory the normal value of total protein S antigen is
also 70-130%.

0.} papeojumoqg

formance liquid chromatography with fluorescence detection (Mudcﬁ
et al., 1985; Ubbinket al., 1991).

Antithrombin 11l activit d with ch . bstrat Patients were considered hyperhomocysteinaemic if the homocys§
ntithrombin 111 activity was assayed with chromogenic substrate ;o concentration, measured 6 h after the methionine loading

S-2765 (Chromogenix) in a microplate system (Tollefsen, 1390). Theexceeded the 97.5 percentile in healthy premenopausal voluntee®s
test was performed according to the guidelines of the manufacture{51 1 molll) (van Pampust al., 1997)

wn

p

I

According to the manufacturer the reference values are 18628% E
)

(2 SD,n = 50; male 26, female 24). Statistical analysis D
In our laboratory the normal value of antithrombin Il activity is Data were analysed using Fisher's exact test. A two-siladlue o
14509 : a
5 145 . . . . . < 0.05 was considered to indicate a statistically significant differences
Activated protein C resistance was determined by the technique <
described by Dahllk et al. (1993) and Kostert al. (1993). In =
short, the resistance to activated protein C was determined by thResults =
activated partial thromboplastin time performed in the absence amil-he overall results of the analysis of the 52 patients with EE
presence of activated protein C. The results were expressed as the . . .0
. , . istory of unexplained recurrent abortion are presented iff
ratio of the two values. The normal value of the activated protein Table | =
sensitivity ratio is>2.0. aple 1. =

All patients with an abnormal coagulation test were retested after 1he mean (+SD) level of protein S in the eight patientss
6-12 weeks. They were considered to be positive only if the sam@ith a protein S deficiency was 625 5.15 %. Although the 3
abnormality was found again at that time. incidence of protein S deficiency was higher in patients (17.4%$%
Anticardiolipin antibodies thar_l in the <_:on_tro| popul_atlon (9%), the difference was no§
In the current study ACA were determined by enzyme-linked immuno-Statistically significant, which may be due to small sample sizes
assay according to the directives of Harris (1990). Results were The difference between the incidence of protein C and AT
evaluated spectrophotometrically (at 492 nm) and expressed as Igi deficiency and aPC resistance in the patient populatior®
phospholipid units (GPL) and IgM phospholipid units (MPL). Results versus the control group was not statistically significant. m
were considered abnormal if GPL and/or MBL10. Although there appears to be a marked difference in the
Hyperhomocysteinaemia ACA regarding the patient population (19.1%) and the control
Hyperhomocysteinaemia was assessed both in the fasting state aR@pulation (7.5%) this difference was not statistically signifi-
after methionine loading. After an overnight fast, EDTA blood for cant (P = 0.12) which may also be due to the small sample
determination of the fasting homocysteine concentration was obtainesize. (Typical odds ratio 2.9; 95% CI: 0.88-9.6).
at 0800 h. After 10 min of centrifugation at 18@) plasma was The difference concerning HHC in the overall patient group
stored at —3% until analysis. Subsequently, an oral dose ofyersus the controls just failed to reach statistical significance
_L-_methionine .(O.l g/kg body Weight) was admi_nis_tered in orange(p = 0.059; odds ratio 4.4 and 95% Cl: 1.03—18.8).
juice. The pz_altl.ents ate a stan(_jarfjlzed Iow—methlomne breakfast and Of the 35 women tested for hyperhomocysteinaemia, 14
e Conahi 1472 el prott) 4 e 654 Syer s and 1 were o sarous. 1 16 subgroups, e

incidence of HHC was respectively 28.6% and 9.5%. The

for determination of the post-load homocysteine concentration. All

measurements were performed within 1 week. Total (free plus protein(-zomrOI group consisted of only parous women, so the difference

bound) homocysteine concentrations (disulphide homocysteine plddetween the parous patients (28.6%) and the parous controls
mixed disulphides) were measured with tri-N-butylphosphine used a4.5%) was statistically significant (P 0.015, odds ratio 8.5;

a reducing agent and ammonium 7-fluorobenzo-2-oxa-1,3-diazol®5% Cl: 1.6-43.9).

4sulphonate used as the fluorochromophore, followed by high-per- Of the 52 women, 18 had had one successful pregnancy. Of
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Table Il. The relationship between the number of abortions and the incidence of underlying abnormalities

Number of Number of Fully Abnormality found Abnormality found and

abortions women examined (number of consecutive abortions
patients, %) (number of patients)

2 15 7 2 (28.6) 2

3 18 12 7 (58.3) 7

4 11 8 5 (62.5) 3

5 4 4 3 (75) 1

6 2 2 1 0

8 1 1 1 0
18 1 1 1 0

these 18 women, eight women (44%) had an underlyingf repeated fetal loss (Younist al., 1997). Although the
abnormality. Of the remaining 34 non-parous women, 15pathophysiology of the antiphospholipid syndrome associated
women (44%) had an underlying abnormality, so there was nthrombosis is not well characterized, antithrombotic treatments.
difference between these subgroups. employing the combination of aspirin and heparin have prove@
In 29 (56%) women no abnormality was detected. Howeverio be effective in these women (Reif al., 1997). In another 8
of these patients, only 15 patients had completed the fulstudy, treatment with low-dose aspirin was evaluated (Tulppal
protocol of six tests. et al., 1997). The administration of aspirin caused a deswable
There were three women with a combination of underlyingbiochemical effect but it did not improve pregnancy outcomeB
abnormalities, one patient had hyperhomocysteinaemia arid women with recurrent abortion with or without detectable-o
high-positive ACA, one patient had hyperhomocysteinaemiadACA. Other mechanisms must also be considered. The pos&b@:
and protein S deficiency and the third patient had protein $ty of direct damage to the placenta by these antibodies |5
deficiency and activated protein C resistance. supported by histologic observations of placentae from patlené
The percentages of patients who were fully examined anaivho experienced intrauterine fetal death. The most significarﬁ_
the presence of underlying abnormalities are shown in Table Idifference between placentae from patients with antlphosphole
pid antibodies and patients without these antibodies Was
decreased vasculo-syncytial membranes. Although the effest
on syncytial membranes was attributed to hypoxia secondai®
Recurrent abortion affects 2-5% of the population and becausg thrombosis, a counter hypothesis is that thrombosis occurregi
its aetiology often remains unsolved, it is a tragic event forsecondary to syncytiotrophoblast damage (Rote, 1997).
both partners (Coularat al., 1997). Inherited thrombotic disorders, termed ‘familial thrombophi-
In The Netherlands, recurrent abortion is tradltlonally deflned|a are the result of Spec|f|c defects in the genes for p|asm§i
as three or more consecutive spontaneous abortions before é@agulatlon proteins involved in heparin-antithrombin Il andg
weeks’ gestatlon However, in recent articles, a definition Ofprotem C ant|coagu|ant pathways These are re|at|\/e|y rar\é
two or more spontaneous abortions is frequently used, becauggmilial disorders that are usually inherited as autosoma$
doctors and couples tend to investigate sooner for potentialominant disorders. Resistance to activated protein C is almot
causes. In a previous study, this tendency appeared to Bfways caused by a single point mutation in the factor V gene
justified by the observation of an equal distribution of possibleThis new mutation has been termed factor V Leiden and i&
aetiological factors in couples with a history of two or more also inherited autosomal dominant. Presttral. (1996) has 8
miscarriages and those with three or more (Wouttrsal,  substantiated the association between familial thrombophili&
1993). The results of this study suggest that there is a positivend increased fetal loss, particularly stillbirth. Although in
association between the number of failed pregnancies and thgudies of severe early onset pre-eclampsia the incidence of
chance of revealing haemostatic or metabolic abnormalities. aPC resistance as an underlying abnormality was found to be
Obviously this is not the first study regarding unexplainedincreased (Dekkeet al., 1995) this was not found in this
recurrent abortion and haemostatic and metabolic abnormalistudy on recurrent spontaneous abortion. Also Balaschl.
ies. However, to our knowledge this is the first report wherg1997) found that first-trimester repeated abortion is not
an extended screening on both thrombotic and metaboliassociated with activated protein C resistance. The hypothesis
factors was performed. given by the authors is that the pregnancy-associated develop-
There are various hypotheses concerning the causes nfent of resistance to activated protein C develops mainly after
recurrent spontaneous abortion. There is much controversy4 weeks' gestation and is more evident near term.
concerning the impact of psychological stress upon recurrent Protein S deficiency may also cause thrombo-embolism and
abortion. A study by Berganet al. (1997) showed that thus recurrent abortion. In our study we used precise testing
psychological factors seem to be of subordinate importance asiteria. All patients were tested twice at least 10 weeks post-
a cause for recurrent spontaneous abortion. The detection abortum. They were considered to have protein S deficiency
the antiphospholipid syndrome as an aetiological cause faonly if the protein S antigen level was below 70% on both
recurrent abortion has substantiated the thrombosis theolccasions. The incidence of protein S deficiency in this
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population of patients with unexplained recurrent abortion ighudd, S.H., Skovby, F., Levy, H.Let al. (1985) The natural history of
b . hiah ianifi h in th | hyperhomocysteinuria due to cystathionine-synthase defici@necyd. Hum.

about tyvo times higher (not significant) than in the control Ggnet 37 1-31.

population. Pampus van, M.G., Wolf, H., Buller, H.Rt al. (1997) Underlying disorders

We found that the incidence of hyperhomocysteinaemia in associated with severe pre-eclampsia and HELLP syndrémeJ. Obstet.

. . . . Gynecol.,176, S26.
0, , ’
the patient population (\)NaS about four tlmes. hlgh?r (17'1/0]3reston, F.E., Rosendaal F.R., Walker IdD.al. (1996) Increased fetal loss
than the _Contmls (4-5_A))- Hyperhomocysteinaemia is MOre in women with heritable thrombophilid.ancet, 348, 913-916.
common in parous patients (28.6%) compared to non-parousai, R.S., Cohen, H., Dave, Mt al. (1997) Randomized controlled trial of

patients (9_5%)_ The study of Wouteet al. (1993) also aspirin and aspirin plus heparin in pregnant women with recurrent
showed this discrepancy (33% versus 14%). Besides causing;nézc_%rsr?ge associated with phospholipid antibodist. Med. J., 314,

thrombosis, hyperhomocysteinaemia could also cause recurreRéte, N.S. (1997) Antiphospholipid antibodies and placental development.
abortion because of its embryotoxicity (Unanaeml., 1987). Fet. Matern. Medic. Rev9, 181-197.

A study by Stterlin et al. (1997) evaluated the folate and St(_)ne, M.L., Luhby, A.L., Feldman, Ret al. (1967) Folic acid metabolism
. . . in pregnancyAm. J. Obstet. Gyneco9, 638—648.
cobalamin serum levels in women with recurrent spom"’meou§uterlin, M., Bussen, S., Ruppert, Bt al. (1997) Serum levels of folate and

abortion. The levels showed no significant differences between cobalamin in women with recurrent spontaneous abartitum. Reprod
the patients and the controls. A negative association betweenl2 2292-2296.

. . . . it, R.C., Isobel, D., Walker, &t al. (1994) Prevalence of antithrombin IlI
folate metabolism and parlty has been suggested inthe IlteratuFédeficiency in the healthy populatioBr. J. Haematol.87, 106-112.
(Stoneet al., 1967). In this study we did not measure therojiefsen, D.M. (1990) Laboratory diagnosis of antithrombin and heparin

folate levels. cofactor Il deficiencySemin. Thromb. HemosLg, 162—168.
In three out of 52 women more than one abnormality wadlulppala, M., Marttunen, M., Sterstian-Anttila, V. et al. (1997) Low-

. . L . dose aspirin in prevention of miscarriage in women with unexplained ors
found. There was no difference in the incidence of underlylng autoimmune related recurrent miscarriage: effect on prostacyclin andcr

abnormalities in parous or non-parous women. thromboxane A production.Hum. Reprod.12, 1567-1572. 3
In summary, patients with a history of unexplained recurrentbbink, J.B., Vermaak, W.J.K. and Bissbort, S. (1991) Rapid high-performanc@

: . liquid chromatographic assay for total homocysteine levels in human serung
abqr'qon should be tested.for the presence of prgteln _S 3. Chromatogr, 565, 441446,
deficiency, hyperhomocysteinaemia and anticardiolipin antiynander, A.M., Norberg, R., Hahn, Et al. (1987) Anticardiolipin antibodies

bodies, since these were the most common abnormalities foundand complement in 99 women with habitual abortickm. J. Obstet.

in this patient group. Abnormalities were found in 44% of Gynaecol.156,114-119. _
h tient van den Berg, M., Franken, D.G., Boers, G.Hel.al. (1994) Combined ¢
these patients. vitamin Bg plus folic acid therapy in young patients with arteriosclerosis

Finding these abnormalities may have an impact on general and hyperhomocysteinemia. J. Vasc. Su2g, 933-940.

health and may also influence management of Subseque}ﬁﬂnazzer,‘ H. and Pangraz, U. (1987) Protein C: comparison of differen
assays in normal and abnormal plasma samflesomb. Res.46, 1-8.

01} papeojUMOg
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pregnancies. Woodhams, B.J. (1988) The simultaneous measurement of total and fr%
protein S by ELISA.Thromb. Res.50, 213-220. g
Wouters, M.G.AJ., Boers, G.HJ.,, Blom, HJet al. (1993) ]
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