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1 Introduction

Profound alterations in the coagulation and fibri-
nolytic systems occur during pregnancy and these
changes enhanced a state of hypercoagulability in
the Caucasians [6, 32] and ethnic Chinese women
[19]. Fibrinolysis and its inhibitors, plasminogen
activator inhibitor-1/2 (PAI-1/2) were also
increased during pregnancy which reached maxi-
mum levels at the late third trimester or during
labor [3, 8, 9] and in Asians [20, 26]. Low level
intravascular coagulation has been suggested by
some groups to occur from early normal preg-
nancy [19, 32] with an overall increased fibrino-
lysis [20, 32], whilst others found no such effect
[24]. These changes in the coagulation and fibri-
nolysis are thought to be physiological which
protect the mother from increased risk of bleed-
ing during parturition [34]. The enhanced fibri-
nolysis reported during pregnancy, labor and the
puerperium [7, 20] was countered by elevated
PAI-1 and PAI-2 levels [8, 20, 30].

Hydrops fetalis is a state of excessive fluid accu-
mulation in the extravascular compartment of the
fetus, leading to widespread soft tissue edema
and/or collection of fluid in the fetal body cavi-
ties. Hydrops fetalis is a non-specific pathological
state resulting from etiological factors affecting
the feto-placental unit and its causes can be
broadly divided into either immune or non-im-
mune. It is often a lethal condition in association
with homozygous a-thalassaemia-1, cardiac de-
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fects, chromosome abnormalities or of unknown
causes. Hematologic disorders are seen in ap-
proximately 10 % to 27 % of the cases of nonim-
mune hydrops fetalis [5, 15, 28, 33] and anemia
leading to heart failure, edema, ascites and ana-
sarca, the final common finding [1]. Elevated
PAI-1 antigen was seen in the fetal blood of fetal
hydrops pregnancy associated with bad obstetric
outcome [16]. Small for gestational-age fetuses
are frequently seen in general obstetric practice
and although remarkable improvements have
been made in management in this group of condi-
tions, much is still unknown. Lipid studies in in-
trauterine growth retardation (IUGR) pregnancies
showed significantly lower levels of cholesterol
and LDL-cholesterol [31] in contrast to high lipid
levels that play a role in endothelial damage seen
in preeclampsia. Depressed PAI-1 and PAI-2
were seen in the third trimester of IUGR pregnan-
cies [4, 11] together with increased platelet acti-
vation [27]. PAI-2 depression could be due to di-
minished expression of mRNA in placenta [13].
Lower urokinase plasminogen activator (u-PA)
level seen in IUGR pregnancy and in preeclamp-
sia appears to reflect placental function, and both
activity and concentration correlated with placen-
tal and fetal growth [25]. Anemia and associated
thrombocytopenia have been reported in fetal
triploidy [14].

Our study aims to determine whether the coagula-
tion and fibrinolytic variables seen in viable mid-
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trimester pregnancies diagnosed by ultrasound
have any association with the eventual obstetric
outcome of pregnancies with hydrops fetalis,
chromosome anomalies, intrauterine growth re-
tardation compared to uncomplicated pregnancy
with good obstetric outcome.

2 Materials and methods

2.1 Subjects

The study received ethical approval from the
Hospital Ethics Committee. A total of 71 preg-
nant women diagnosed by ultrasound to have un-
complicated normal pregnancy (n 5 22), intra-
uterine growth retardation (IUGR) pregnancy
(n 5 9), pregnancy with non-immune hydrops fe-
talis (n 5 23) and fetal chromosomal anomalies
(n 5 17) were studied for their coagulation, fibri-
nolytic and inhibitor levels with association on
eventual obstetric outcome. The patients had
given their informed consent to take part in the
study and all were with known eventual obstetric
outcome except for pregnancy with fetal chromo-
somal anomalies where eventual outcome could
not be traced in ten pregnancies. Their age, gesta-
tion and eventual outcome with infant weight of
good obstetric outcomes are shown in table I.

Table I. Data of viable pregnancies diagnosed by ultrasound of normal, IUGR, hydrops fetalis, chromosomal
anomalies and their known eventual obstetric outcome, mean (SD) and baby weight (95 % CI) of good obstetric
outcomes

n Normal IUGR Hydrops Hydrops Chromosomeb

Pregnancy Fetalis Fetalis anomalies
(good) (good) (good) (bad)
22 9 8 15 17

Age (years) 31.1 (5.2) 25.4 (3.7) 27.0 (4.6) 27.9 (3.8) 33.4 (4.2)

Gestation (weeks) 23.8 (3.1) 26.7 (4.1) 26.7 (5.8) 25.8 (4.0) 23.5 (3.8)
@ blood sampling

Gestation (weeks) 39.1 (1.2) 38.4 (2.1) 36.8 (1.3) 28.0 (1.1)a 25.9 (6.7)c

@ delivery/outcome

Baby weight (kg) 3.19 (0.4) 2.6 (0.6)* 3.05 (0.5) 2 2
with 95 % C. I. 3.023.4 2.223.1 2.623.5 2 2

* p < .05 compared to normal pregnancy; CI 5 confidence interval; (good)/(bad) 5 eventual outcome of pregnancies
a Barts hydrops pregnancy n 5 7; outcome TOP n 5 7; IUD/stillbirth n 5 7; preterm del 29/52 n 5 1.
b chromosome anomalies (b-Thalassaemia n 5 1; numerical n 5 11; structural n 5 5).
c (aborted n 5 6; term delivery n 5 1; unknown outcome n 5 10).
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2.2 Blood collection

Nine parts of blood from a clean venepuncture
were mixed with one part of 0.129 mol/L trisodium
citrate (Merck) containing 0.21 mol/L HEPES
(Sigma) in cold plastic tubes. The blood was spun
immediately at 2000 g for about 15 minutes in a re-
frigerated centrifuge. For plasma tissue plasmino-
gen activator (t-PA) activity, a 0.5 mL aliquot was
acid-treated as described elsewhere [21]. Acid-
treated and untreated plasma aliquots were stored
at 270 8C until assayed.

2.3 Laboratory assays

The following assays were performed: citrate
whole blood thrombelastography (TEG) [18]
using the Thrombelastograph (Haemoscope,
USA); plasma fibrinogen (Clauss technique) with
an international standard from the National Insti-
tute of Biological Standards and Control
(NIBSC), Hempstead, England; Factor VII (one
stage assay) using deficient plasma from Pacific
Haemostasis USA; antithrombin III (ATIII) activ-
ity (chromogenic substrate assay); plasminogen
(chromogenic substrate assay); prothrombin
fragment112 (F112) (Behringwerke, Marburg,
Germany); D-dimer (Stago, France); t-PA activity
[21]; t-PA antigen (American Diagnostics Inc.,



460 Koh et al, Coagulation and fibrinolysis in mid-trimester pregnancy

USA); urokinase plasminogen activator (u-PA)
activity [23]; PAI-1 activity [22]; uPA antigen
and PAI-1 antigen (Monozyme, Sweden); PAI-2
(Biopool, Sweden), proteins C and S were deter-
mined using Laurell’s rocket method with in-
ternational standards from NIBSC.

2.4 Thromboelastography (TEG)

Computerized TEG (Haemoscope, Skokie. IL,
USA), measures the blood coagulation kinetics in
native or ‘citrated’ blood was performed as de-
scribed elsewhere [18]. The following parameters
were measured, r 5 reaction time, defined as the
time for initial fibrin formation; k 5 coagulation
time, defined as the interval from the end of the
r value until the amplitude of the TEG tracing is
20 mm; mA 5 maximum amplitude is a reflec-
tion of absolute strength of the fibrin clot and de-
pends on platelet function, fibrinogen, and coagu-
lation factor levels.

3 Statistical analysis

The Statistical Package for Social Sciences
(SPSS) was used to perform statistical analysis.
Mann-Whitney and non-parametric 2-indepen-
dent t-test was used to compare the obstetric out-
come of pregnancies with IUGR, hydrops fetalis
and chromosomal anomalies; with uncomplicated
normal pregnancy. A p value of < 0.05 was con-
sidered statistically significant.

4 Results

The baby weights from pregnancies with eventual
good obstetric outcome are shown in table I. Sig-

Table II. Thrombelastography (TEG), fibrinogen, Factor VII, and F112 levels in viable pregnancies diagnosed by
ultrasound and known eventual obstetric outcome compared to normal pregnancy of good obstetric outcome mean
(SD)

TEG Fibrinogen F VII F112

r (min) k (min) mA (mm) (g/L) (%) (nmol/L)

Normal Pregnancy 8.3 (1.4) 3.5 (0.8) 48.9 (3.9) 4.37 (0.8) 174 (29) 2.1 (1.1)
IUGR (good) 8.9 (1.2) 3.3 (0.6) 51.2 (3.0)* 4.76 (0.8) 187 (51) 2.5 (2.0)
H. fetalis (good) 8.0 (1.2) 2.6 (1.6) 50.6 (6.9) 4.54 (0.8) 202 (43) 2.6 (1.6)
H. fetalis (bad) 8.0 (1.2) 3.7 (1.9) 52.3 (5.6)* 4.43 (0.9) 185 (49) 2.8 (1.5)*
Chromosome anomalies 8.5 (1.7) 3.5 (1.1) 51.4 (5.4) 4.12 (0.7) 177 (60) 2.3 (1.7)

* P 5 < 0.05, r 5 reaction time, k 5 clotting time, mA 5 maximum amplitude.
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nificantly lower (P < 0.05) baby weight was seen
in IUGR pregnancy than in normal pregnancy. In
hydrops fetalis pregnancy with eventual good ob-
stetric outcome the baby weight was not signifi-
cantly different when compared to infants born to
mothers with uncomplicated normal pregnancy.
The results of hemostatic parameters studied in
pregnancies with IUGR, non-immune hydrops fe-
talis with good and bad obstetric outcomes, and
in chromosomal anomalies are shown in tables I
to IV.

4.1 TEG, fibrinogen, Factor VII and
prothrombin fragment112 levels
(table II)

Thromboelastography. There were no significant
differences in reaction (r) or clotting times (k) in
the ‘other’ pregnancies studied when compared
with normal pregnancy except that clot elasticity
(mA) was significantly greater (P < 0.05) in
IUGR pregnancy and hydrops fetalis pregnancy
with bad obstetrics outcome.

No significant differences were seen for plasma
fibrinogen and Factor VII levels in ‘other’ preg-
nancies studied compared to normal pregnancy.
However, the mean levels were all above our non-
pregnant normal reference range from our labora-
tory for fibrinogen 3.01 6 0.5 g/L and for Factor
VII 89 6 14 %. Prothrombin fragment (F112)
level was also above our laboratory normal refer-
ence range of mean 0.85 6 0.5 nmol/L and that
only hydrops fetalis pregnancy with bad obstetric
outcome showed significantly (P < 0.05) ele-
vated levels compared to normal pregnancy
(mean 2.8 vs 2.1 nmol/L) respectively (table II).
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4.2 Plasminogen activators (t-PA, u-PA),
plasminogen and D-dimer (table III)

There were no significant differences in t-PA (ac-
tivity and antigen) and plasminogen levels in the
‘complicated’ pregnancies studied compared to
normal pregnancy. The t-PA levels seen were
within our laboratory normal reference mean of
0.63 6 0.2 IU/ml for activity and antigen mean
of 7.0 6 3.6 ng/ml. The plasminogen levels seen
were above our laboratory’s normal reference
mean of 101 6 14.3 %. u-PA antigen was signifi-
cantly elevated (P 5 0.01) together with D-dimer
(P < 0.01) levels in hydrops fetalis pregnancy
with bad obstetric outcome, although increased
mean trends in u-PA antigen and D-dimer levels
were seen in hydrops fetalis pregnancy with good
obstetric outcome. They however, did not reach
statistical significance when compared to normal
pregnancy probably due to the small number of
cases studied. D-dimer and u-PA levels were not
significantly different in IUGR and chromosom-
aly abnormal pregnancies compared to normal
pregnancy except that in fetal chromosomaly ab-
normal pregnancy, decreased u-PA activity
(P < 0.05) was seen (table III). The normal non-
pregnant level from our laboratory reference for
u-PA activity was mean 0.76 6 0.4 IU/ml, and
antigen 1.10 6 0.5 ng/ml; for D-dimer the level
is less than 400 ng/ml of plasma.

4.3 Plasminogen activator inhibitors (PAI-1,
PAI-2), ATIII, proteins C and S (table IV)

No significant differences from normal pregnancy
were seen in ATIII, proteins C and S and PAI-2

Table III. Plasminogen activators (t-PA and u-PA), plasminogen and D-dimer levels in viable pregnancies diag-
nosed by ultrasound and known eventual obstetric outcome compared to normal pregnancy of good obstetric
outcome mean (SD)

t-PA u-PA Plas- D-dimer
minogen

act. (IU/ml) ag (ng/ml) act. (IU/ml) ag (ng/ml) (%) (ng/ml)

Normal pregnancy 0.41 (0.12) 7.4 (3.6) 0.74 (0.5) 0.86 (0.4) 152 (14) 621 (846)
IUGR (good) 0.44 (0.14) 8.4 (4.6) 0.67 (0.4) 1.00 (0.7) 145 (24) 701 (750)
H. fetalis (good) 0.43 (0.22) 11.4 (8.6) 0.61 (0.4) 1.40 (1.0) 155 (27) 1007 (1486)
H. fetalis 0.42 (0.18) 9.7 (5.7) 0.66 (0.3) 1.5 (0.9)** 156 (25) 1708 (1437)**
Chromo. anomalies 0.52 (0.29) 6.2 (2.8) 0.48 (0.1)* 0.76 (0.3) 153 (22) 409 (269)

* P 5 < 0.05; ** P 5 0.01. act 5 activity; ag 5 antigen.
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levels of the ‘complicated’ pregnancies studied.
Elevated PAI-1 activity (P < 0.001) and antigen
(P < 0.01) levels were seen in hydrops fetalis
pregnancy with bad obstetric outcome and only
elevated PAI-1 activity (P < 0.05) seen hydrops
fetalis pregnancy with good obstetric outcome
whilst the other ‘complicated’ pregnancies
showed no significant differences from normal
pregnancy (table IV). Our laboratory’s reference
mean for PAI-1 activity was mean 10.8 6
3.3 AU/ml and antigen 9.6 6 6.8 ng/ml and PAI-
2 was not detectable in non-pregnant women. The
proteins C and S antigen levels studied were not
significantly different from normal pregnancy
and they were within our laboratory’s reference
mean of 0.93 6 0.15 IU/ml for protein C and
mean 0.85 6 0.13 IU/ml for protein S antigen.

5 Discussion

The changes in coagulation and fibrinolysis dur-
ing normal pregnancy progresses to a hyperco-
agulable state and by late pregnancy maximum
haemostatic changes were seen [6, 9, 32]. Fibri-
nolysis and its inhibitors PAI-1 and PAI-2 also
reached maximum levels at late stage of preg-
nancy or during labour [3, 8, 9, 20, 26]. The pla-
centa is the main source of PAI-1 and PAI-2 dur-
ing pregnancy [29] with a high concentration of
u-PA [2]. In our study of late mid-term viable
pregnancy, higher mean levels of fibrinogen,
factor VII with enhanced prethrombin activation
(F112) and increased clot elasticity (mA) than in
non-pregnant reference level suggests a hyper-
coagulable state. However, in hydrops fetalis
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Table IV. PAI-1 and PAI-2, ATIII and proteins C and S levels in viable pregnancies diagnosed by ultrasound and
known eventual obstetric outcome compared to normal pregnancy of good obstetric outcome mean (SD)

PAI-1 PAI-2 ATIII Prot C Prot S

act (AU/ml) ag (ng/ml) (ng/ml) % (IU/ml) (IU/ml)

Normal pregnancy 20.6 (6.4) 20.6 (6.2) 96.5 (35.3) 97 (9) 1.04 (0.2) 0.76 (0.17)
IUGR (good) 21.6 (10.0) 20.4 (8.3) 112.8 (47.2) 98 (13) 0.97 (0.2) 0.73 (0.14)
H. fetalis (good) 31.6 (11.6)* 23.3 (7.9) 117.3 (71.7) 98 (15) 1.17 (0.2) 0.76 (0.14)
H. fetalis (bad) 38.4 (16)*** 32.1 (13)** 138.9 (76.1) 97 (15) 0.96 (0.2) 0.75 (0.15)
Chromosomal anomalies 24.6 (9.5) 21.6 (6.7) 98.6 (46.0) 95 (12) 0.97 (0.2) 0.75 (0.14)

* P 5 < 0.05; ** P 5 0.01; *** P 5 0.001; act 5 activity, ag 5 antigen.

pregnancy, a significantly higher prethrombin ac-
tivation and clot elasticity especially in bad ob-
stetric outcome suggest an abnormally enhanced
hypercoagulable state at this stage of late mid-
trimester pregnancy. The significantly higher D-
dimer, u-PA antigen and PAI-1 levels would also
suggest an abnormally enhanced fibrinolytic/in-
hibitor state associated with bad obstetric out-
come in hydrops fetalis pregnancy even though
the systemic t-PA levels were not significantly
raised. In hydrops fetalis pregnancy with eventual
good obstetric outcome, higher mean PAI-1 activ-
ity was seen and similar trend with bad outcome
in other haemostatic parameters studied was seen,
but it did not reach statistical significance when
compared with normal pregnancy probably due to
the wide variations in results and the small
number of subjects studied. No significant differ-
ences in the haemostatic parameters studied ex-
cept for enhanced clot elasticity could be ob-
served in IUGR pregnancy with eventual good
obstetric outcome compared to normal pregnancy
at this late mid-trimester pregnancy even though
the infant weight at birth was significantly lower
than observed in normal pregnancy. Similarly, no
significant differences in haemostatic parameters
studied could be seen in pregnancy with fetal
chromosomal anomalies at this stage of preg-
nancy. Depressed PAI-2 levels in IUGR at third
trimester have been reported [4, 11], and hyperfi-
brinolytic compensatory mechanisms was sug-
gested [4]. Depressed u-PA antigen during labour
was reported in IUGR [25] and appeared to corre-
late with placental and fetal growth. The higher
mean levels of PAI-2 and u-PA antigen observed
in IUGR and hydrops fetalis pregnancies in this
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study would suggest that the placental function in
synthesizing these proteins was not affected at
least at this late mid-trimester pregnancy in con-
trast to preeclampsia where depressed levels were
seen [10, 12, 17]. From these findings, it appears
that in IUGR pregnancy the occurrence of onset
of changes in placental growth and function asso-
ciated with depressed fibrinolytic and inhibitor
synthesis is evident at the third trimester or late
pregnancy. Protein C which has anticoagulant
properties and its cofactor protein S levels from
the ‘complicated’ pregnancies were not signifi-
cantly different from normal pregnancy at mid-
trimester nor from our laboratory’ reference for
non-pregnant women except that lower level of
mean protein S was seen during pregnancies.

In conclusion, a hypercoagulable state is present
in late mid-trimester of normal, hydrops fetalis,
IUGR including pregnancy with chromosomal
anomalies. Further enhanced hypercoagulable and
fibrinolytic/inhibitor state compared to normal
pregnancy was associated with eventual bad ob-
stetric outcome whilst PAI-1 activity was only
further enhanced in those with eventual good out-
come in hydrops fetalis pregnancies. In IUGR
pregnancy, although higher clot elasticity (mA)
and higher mean trends in coagulation and fibri-
nolytic parameters studied were seen, but they
did not reach statistical significance similarly in
pregnancy with chromosomal anomalies when
compared to uncomplicated normal pregnancy.
Our study suggests that in hydrops fetalis preg-
nancy, further enhanced prothrombin formation
and fibrinolysis/inhibitor at late mid-trimester is
associated with a poor obstetric outcome.
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Abstract

A total of 71 pregnant women diagnosed by ultrasound
to have viable fetus in late mid- trimester pregnancies
of normal, IUGR, hydrops fetalis and chromosomal
anomalies were studied for their coagulation, fibrino-
lytic and inhibitor levels with association on eventual
obstetrics outcome. A hypercoagulable state was ob-
served in all the pregnancies studied. However, higher
hypercoagulation evidenced by significantly raised
prothrombin formation and clot elasticity together with
higher levels of D-dimer, uPA antigen and PAI-1 than
observed in normal pregnancy suggests a hyperfibrino-

Key words: Coagulation, fibrinolysis, obstetric outcome.
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