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A B S T R A C T

Objective: Thromboelastography (TEG) is a viscoelastic test of hemostasis which allows measurement of
the processes of clot initiation, propagation, stabilization, and dissolution in real time. In this study we
aimed to evaluate the alterations in coagulation as measured by TEG during In Vitro Fertilization (IVF)
stimulation cycles and to investigate whether final oocyte maturation with recombinant hCG (rhCG)
versus GnRH agonist results in a different coagulation state.
Study design: This is a prospective observational study which included fifty-three normogonadotrophic
women. All the patients received an antagonist IVF treatment protocol. Final oocyte maturation was
triggered with either rhCG (n = 25) or GnRH agonist (n = 26). Two patients did not complete the study due
to poor response. Venous blood was drawn in the early and late follicular phase and on the day of ovum
pickup. The TEG parameters assessed were R (time to first clot formation), K (time until the clot reaches a
fixed strength), alpha angle (the rate of clot formation), MA (reflects maximum strength of the platelet-
fibrin clot), LY30 (percent of clot lysis at 30 min after MA is reached) and the CI (the overall coagulability).
Results: The overall coagulation index of the entire study population was significantly increased on the
day of ovum pickup as compared to the early follicular phase. This increase in the coagulation index was
also significant in a subanalysis of patients triggered with rhCG. Contrarily, there was no significant
increase in the coagulation index in the subgroup of patients triggered with GnRH agonist.
Conclusion: Our results demonstrate a procoagulable state in patients after ovulation induction. Final
triggering with GnRH agonist rather than rhCG, might lower this hypercoagulability pattern.

© 2018 Elsevier B.V. All rights reserved.
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Introduction

Infertility affects an estimated 80 million individuals world-
wide, many of whom are treated with gonadotrophic hormones
and assisted reproductive technology (ART) [1]. It is well known
that ovarian stimulation procedures confer a risk of venous
thromboembolism and an increased risk of arterial thrombosis
also has been reported” [2]. The prothrombotic state is explained
by alterations of both coagulation and fibrinolysis pathways [3],
although the exact mechanism by which it is created has never
been elucidated [4].
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Thromboelastography (TEG) (TEGVR; Haemonetics,Braintree,
MA) is a viscoelastic test of hemostasis in whole blood, which
allows measurement of the processes of clot initiation, propaga-
tion, stabilization, and dissolution in real time. In addition, it is
possible to separate the effects of platelets and fibrinogen on
overall clot strength [5]. Initially, TEG has been used to guide
transfusion strategy for bleeding patients, but recently it was
demonstrated that TEG can also sensitively identify patients with a
hypercoagulable state [6].

Only few studies have evaluated the alterations in coagulation
and fibrinolysis as measured by TEG during ovarian stimulation.
Harnett et al. reported that although significant changes were
noted in both the clot formation time and the coagulation index, all
TEG values remained within the normal range [7]. Recently, a
significant difference was found in TEG parameters between the
early and late follicular phase as well as between the early follicular
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Table 1
Demographic, baseline and stimulation data.

Variable Study population hCG trigger GnRHa trigger

Patients, (n) 51 25 26
Age (y) 29.6 � 5.4 29.7 � 5.1 29.4 � 5.7
Body mass index (Kg) 25.6 � 5.9 26.2 � 6.5 25.2 � 5.4
Basal FSH (IU/L) 7.3 � 2.8 7.47 � 3.2 7.2 � 2.3
Infertility duration (y) 2.8 � 1.9 2.4 � 1.6 3.2 � 2.1
Total dose of FSH (IU) 1843.1 � 1143.8 1884 � 1481.7 1803.8 � 711
Maximal E2*(pg/ml) 1404.3 � 742.8 1267.8 � 738 1535.6 � 737.6
Oocytes aspirated (n) 9.9 � 6.8 8.1 � 5.7 11.8 � 7.4

Data presented as mean � SD.
* E2 � Estradiol.
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and late luteal phase of an IVF stimulation cycle, indicating a
hypercoagulable state [8,9]. Additionally it was reported that TEG
can be used to depict a hypercoagulable state in women with
severe ovarian hyperstimulation syndrome (OHSS) [10].

The aim of this study was to evaluate the alterations in
coagulation as measured by TEG during the early and late follicular
phase and on the day of ovum pickup. Additionally, we aimed to
investigate whether final oocyte maturation with either recombi-
nant hCG (rhCG) or GnRH agonist results in a different coagulation
state.

Materials and methods

Population

This was a prospective study which included normogonado-
trophic women undergoing ART with an antagonist protocol.
Patients were recruited prior to the treatment cycle. Each patient
contributed only one cycle. Fifty-three patients were recruited.

Intervention

Gonadotropin stimulation was started on day three of the
menstrual cycle. Stimulation doses were based on the patient’s
expected ovarian response according to prior treatments, age,
weight, baseline follicle stimulating hormone (FSH) and antral
follicle count. The choice of gonadotropin utilized varied and took
into account the patient’s preference, insurance coverage, cost and
compliance. GnRH antagonists were administered when the
leading follicle reached 14 mm and were continued daily up to
oocyte maturation triggering. The antagonist used was either
Cetrorelix (as acetate) 0.25 mg (Cetrotide, Merck Serono S.A.,
Switzerland) or Ganirelix 0.25 mg (Orgalutran, N.V. Organon,
Netherlands). Patients were monitored for follicle growth and
endometrial thickness. Ovulation trigger was administered when
at least three follicles reached 17 mm. Patients were triggered
either using 0.2 mg triptorelin acetate (Decapeptyl, Ferring
Pharmaceuticals Israel) or by Choriogonadotropin alfa (250 mcg,
Ovitrelle, Serono S.A.). Oocyte pickup (OPU) was scheduled 35–
37 h after the trigger.

Outcome measure

Venous blood for estrogen and progesterone levels as well as
clot kinetics was drawn within the first three days of the cycle prior
to treatment with gonadotropins (early follicular phase), on the
day of ovulation triggering or one day before (late follicular phase)
and on the day of ovum pickup.

The TEG variables collected from each sample included:
The reaction time R (time to first clot formation), clotting time K

(the time until a 20 mm amplitude is achieved on the graph), alpha
angle (the rate of clot formation), the maximum amplitude MA
(reflects maximum strength of the platelet-fibrin clot), LY30
(percent of clot lysis at 30 min after MA is reached) and the overall
coagulation index (CI) which represents the overall coagulability.

Statistical analyses

The statistical analyses and data management were performed
using SAS 9.4 software (SAS Institute Inc., Cary, NC, USA). Statistical
significance was determined if P < 0.05. Continuous variables were
presented with mean � standard deviation (for parametric analy-
ses) or median and interquartile range (for non-parametric
analyses). Each marker was measured 3 times. The change
(difference) was calculated by subtracting the marker's value at
each pair time points (1–2, 1–3 and –3, overall three change
variables). The difference in TEG variables between the three
phases (i.e. early follicular phase, late follicular phase and ovum
pickup day) were analyzed with the non-parametric Friedman test
for repeated measures. Pairwise comparisons were performed
using Wilcoxon sign-rank test with Bonferroni correction. The
differences in outcome measures at TEG 3 between women who
received GnRH agonist and those who received rhCG were
analyzed with the Wilcoxon two sample test. The association
between estradiol levels, the age of the patient and TEG parameters
was estimated using the Spearman correlation.

Ethical approval

The study was approved by the local ethical committee. Using
GnRH agonist for final oocyte maturation in normal responders
was registered in the clinical trial protocol registration system
(NCT01638026). A signed written informed consent was obtained
from all participants in the study.

Results

Fifty-three patients were enrolled. The ovum pick up was
cancelled in two patients due to low ovarian response. Ovulation
induction was achieved with rhCG in 25 patients and with GnRH
agonist in 26. Basic characteristics of the investigated subjects are
presented in Table 1. No significant differences regarding these
basic characteristics were found between the rhCG and the GnRH
agonist groups.

Complete TEG parameters at all the three time points were
available for 38 patients.

Estradiol and progesterone levels, as well as TEG values during
the early and late follicular phase and on the day of ovum pickup
are listed in Table 2. Most of the TEG measurements were within
normal range (Table 2). The time interval from the beginning of the
test until initial fibrin formation (R) and until the clot reached a
fixed strength (K) were significantly shorter on the day of ovum
pickup as compared to the early follicular phase (P = 0.001,
P = 0.02), and the overall coagulation index (CI) was significantly
higher (P = 0.0003). The differences in R and CI were also
significant when comparing the day of ovum pickup with the
late follicular phase (P = 0.0027, P = 0.015).

In patients who were administered rhCG for final oocyte
maturation, R was significantly shorter (P = 0.005) and CI was
significantly increased (P = 0.0018) at the ovum pickup day as
compared to the early follicular phase. These changes reflecting a
shift towards a procoagulative state were not significant in the
GnRH agonist group. Despite this, a significant increase in the
maximal strength of the platelet-fibrin clot (as reflected by the MA)
was observed in this group on the day of ovum pickup.

R on the day of ovum pickup was significantly shorter in the
rhCG triggered group as compared to the GnRH agonist triggered
group (P = 0.04) (Table 3).



Table 2
Serum hormones levels and TEG parameters during IVF treatment.

Early follicular phase Late follicular phase Ovum pickup day Normal range

Patients, (n) 51 43 43
E2 (pg/ml) 61.6 � 93a,b 1404.3 � 742.8c 960.6 � 500
Progesterone (ng/ml) 0.7 � 0.3a,b 0.9 � 0.4c 4.9 � 3
R (minutes) 5.3 (4.6–6.3)a 5.2 (4.7–6)c 4.6 (3.7–5.2) 4–8
K (minutes) 1.2 (1.1–1.6)a 1.2 (1–1.6) 1.2 (0.9–1.4) 1–4
Alpha angle (degree) 70.2 (66.7–73.1) 71.4 (66.2–74.8) 71.4 (67.5–75.2) 47–74
MA (mm) 68.5 (64.9–73) 69.3 (66.9–73.4) 70.1 (67.5–74) 55–73
LY30 (%) 0.6 (0.2–2.2) 0.7 (0.2–1.8) 0.7 (0.3–1.6) 0–8
CI (AU) 2 (0.9–2.9)a 2.4 (0.9–2.8)c 2.8 (1.7–3.8) �3–3

Data presented as mean � standard deviation for parametric tests and median (interquartile range) for non-parametric tests.
a Significant difference between late and early follicular phase.
b Significant difference between ovum pickup day and early follicular phase.
c Significant difference between ovum pickup day and late follicular phase.

Table 3
TEG parameters at ovum pick up (TEG 3) and the differences between the early follicular phase (TEG 1) and these parameters, presented independently according to the
trigger agent.

hCG GnRH agonist

Early follicular
phase

Ovum pickup
day

The dynamic between TEG1
& TEG3

P Early follicular
phase

Ovum pickup
day

The dynamic between TEG1
& TEG3

P

R (minutes) 5.45
(4.6–6.3)

4
(3.7–4.8)*

1.3
(0.5–1.9)

0.005 5.3
(4.7–6.5)

4.9
(4.3–5.2)*

0.5
(�0.45–1.55)

NS

K (minutes) 1.2
(1.05–1.4)

1.15
(0.8–1.4)

0.1
(0–0.3)

NS 1.4
(1.2–1.6)

1.2
(1–1.5)

0.1
(0–0.3)

NS

Alpha angle
(degree)

72
(66.05–73.45)

70.2
(67–76.2)

�0.1
(�4.4–3.4)

NS 69.7
(67–72)

71.9
(68.3–74.9)

�1.3
(�5.35–3.1)

NS

MA (mm) 71
(65.8–73.8)

70.55
(68.9–74.8)

�0.3
(�2.7–1.9)

NS 67.8
(63.5–69.1)

69.8
(66.7–72.8)

�1.75
(�4.15–0.2)

0.015

LY30 (%) 0.55
(0–1.95)

0.75
(0.4–1.2)

�0.1
(�1.1–0.8)

NS 0.6
(0.3–2.5)

0.7
(0.2–2)

0.1
(�0.5–0.85)

NS

CI (AU) 2.3
(0.65–3)

2.9
(2.1–3.8)

�0.95
(�1.7–0.05)

0.0018 1.6
(0.9–2.6)

2.7
(1.5–3.4)

�0.65
(�1.5–0.4)

NS

Data presented as median (interquartile range).
For each measure, the difference between TEG1 and TEG3 was calculated. Wilcoxon sign-rank test was used to examine the significance of the difference.

* Significant statistical difference in R time at ovum pickup day between hCG and GnRH agonist triggered patients (P < 0.05).
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No correlation was found between the estradiol levels or the
patient's age and the TEG parameters.

Comment

This study investigated the TEG changes occurring during the
IVF cycle. The coagulation parameters were obtained at three-time
points: at the beginning of the cycle (lowest levels of estradiol),
around ovulation triggering (maximal estradiol levels) and on the
day of ovum pickup. Additionally, we inquired whether a
difference in coagulation exists between patients who were
triggered with rhCG versus those who received GnRH agonist.

The association between hormonal stimulation and thrombo-
embolic disorders is well known. Women conceiving through IVF
have a 10 times higher risk for venous thromboembolism (VTE)
during the first trimester compared with women conceiving
spontaneously [11]. Previous studies demonstrate that ovarian
stimulation may induce a procoagulable state due to an increase in
coagulation factors and a reduction in anticoagulation factors [11–
14]. The increased coagulation factors include vonWillebrand
factor, factor VIII, factor V and fibrinogen and the reduced
anticoagulation factors including antithrombin, protein C and
protein S. The clot formation time and platelet function are
unchanged according to other studies [4]. Most of the reported
changes are modest and remain within the normal range [4,11].

Our findings demonstrate that as compared to the early
follicular phase, after ovulation triggering there is an increase in
coagulation parameters. These changes in coagulation are reflected
by a significant reduction in the time R, an indicator of faster clot
formation and in the time K, an indicator of faster polymerization.
In addition, a highly statistically significant increase in the CI,
represents increased overall coagulability. Increased coagulation
was also demonstrated when comparing the late follicular phase
with the ovum pickup day, although only R and CI reached
statistical significance.

Three previous studies used TEG to evaluate the coagulation
process during in vitro fertilization. Harnett et al. found that R was
significantly shorter and CI was significantly increased at oocyte
retrieval when compared with baseline [7]. Orbach-Zinger
compared values between the early and late follicular phase and
found differences in all the parameters reflecting clot formation (R,
K, Angle, MA, and CI) but not clot lysis (LY 30) [8]. Cohen et al. found
a significant increase only in CI before ovulation triggering, while 2
weeks after the ovum pick up a significant difference was
demonstrated also in R, K, Alpha and MA (but not in LY30) [9].
The same group also demonstrated alterations in all clot formation
parameters in patients who developed ovarian hyperstimulation
syndrome [10].

In our study, no correlation was found between the estradiol
levels and the TEG parameters. The time of maximal procoagu-
lative state according to the TEG parameters was on the day of
ovum pickup, and not on the day of maximal estradiol levels.
Although Orbach-zinger did report a correlation between estradiol
and TEG parameters, Cohen et al. failed to demonstrate such a
connection. On the contrary, the maximal CI was measured 2
weeks after the ovum pick up, while estradiol levels were at their
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nadir [8,9]. Other researchers also didn't find a correlation between
fibrinogen levels and estrogen concentrations during IVF cycle and
concluded that at E2 peak, there is no significant modification of
hemostasis activation markers [12]. A study investigating throm-
bin generation and hemostatic parameters during a natural
menstrual cycle found that thrombin generation is significantly
higher during the luteal phase compared with the follicular phase
and concluded that it was the progesterone and not the estradiol
that had the greatest influence on hemostasis [15].

The known association between elevated estrogen concen-
trations and thromboembolic complications led researchers to
assume that the supra-physiological levels of estrogens exert direct
effects on hemostatic variables and induce a procoagulable state
[11]. Despite this, most ART related thromboembolic complications
do not occur at the time of peak estradiol levels but 10–40 days
later [4]. The lag between the time of estradiol peak and the time of
thromboembolic complications can imply that additional factors
may play a role in the pathogenesis of thromboembolism in
women undergoing ovarian stimulation. Since ovarian hyperstim-
ulation syndrome and pregnancy are major risk factors for
thromboembolic complications, it was suggested that hCG may
have a role in the procoagulant state in these women [9]. OHSS
rarely develops without exposure to hCG, either exogenous as an
ovulation trigger, luteal phase support or endogenous production
from the trophoblast in pregnancy. Moreover, the elevated hCG rise
accompanying multiple pregnancies can aggravate already existing
OHSS [16]. The connection to thromboembolic complication was
also implied in cases of recurrent thromboembolism in a male
patient treated with hCG for hypogonadism and as a complication
of the “hCG diet” [17,18]. Avoiding hCG is a known strategy to avoid
OHSS (and hence reduce the risk for thromboembolic complica-
tion) [19–21]. In the current study we demonstrated that in
patients who were exposed to hCG, the time until initial fibrin
formation was significantly shorter than in patient who were
triggered with GnRH agonist. However, a significant increase in the
maximal strength of the platelet-fibrin clot was found after GnRH
agonist triggering. A connection between GnRH and platelets has
already been described. It was suggested that GnRH by way of its
effect on the hypophysis and ovary, enhance platelet-activating
factor [22]. Since MA reflects mostly thrombocyte function, this
might explain its significant increase after GnRH agonist trigger.
Nonetheless, we found a significant increase in the coagulation
index after rhCG triggering while after GnRH agonist triggering this
was not the case. As coagulation index represents the overall
coagulability, this strengthens the hypothesis that hCG may have a
significant role in the procoagulative state.

In conclusions TEG parameters suggest a procoagulable state in
patients after ovulation induction. We report for the first time, that
final triggering with GnRH agonist rather than rhCG, might lower
this hypercoagulability pattern. The exact mechanisms and the
clinical manifestation are yet to be investigated.
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