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In vitro fertilization (IVF) is a well-documented risk factor for thromboembolic complications
[1]. Suspected complications have included jugular venous thrombosis [2], carotid thrombosis
[3], and fatal cerebral infarction [4]. Possible plasma factor compositional reasons for the link
between IVF and thrombotic events include activated protein C resistance [5,6], decreased
protein S [5] and antithrombin (AT) [5,7], and increased fibrinogen [5,7,8] and factor (F) VIII
[9]. These factors could potentiate increased thrombin generation.

Generation of thrombin, a key enzyme in blood coagulation, has been suggested as a potential
marker of risk evaluation [10–12]. Previous studies on citrated plasma using calibrated
automated thrombography showed that women using oral contraceptives have shorter thrombin
generation lag times and higher peak height [13]. In a computational and empirical study,
women on oral contraceptives also had an increased rate and maximum level of thrombin
generation in response to a 5 pM tissue factor (TF) stimulus than women not using oral
contraceptives [14]. In addition, Harnett et al. noticed a significant decrease in clot time in
women undergoing IVF using thrombelastography [15].

In this pilot study, we investigated the effect of high levels of endogenous estrogen on plasma
compositional influence on thrombin generation in seven women receiving follicle stimulating
hormone in preparation for IVF. Blood was drawn on two separate occasions. Baseline studies
were obtained on menstrual cycle day 2 or 3, one month prior to the start of an IVF cycle. A
second blood draw took place on the final day of stimulation when estradiol levels would be
at their peak. Estradiol rose during treatment (29 pg/mL (SD 12) to 2773 pg/mL (SD 2076)
and successful pregnancy occurred in five of seven cases. Factor levels were measured on each
of the individuals before and after stimulation for the coagulation proteins FII, FV, FVII, FVIII,
FIX, FX, AT and total tissue factor pathway inhibitor (TFPI). FII, FV, FVII, FVIII, FIX and
FX were measured by using a Stago STA-R, in which the subjects plasma is added to plasma
deficient in the factor to be measured and the degree of correction of clotting time is determined.
The degree of the correction is compared with that obtained by adding a normal plasma to the
same system. AT is measured using a STA-Stachrom AT Colorimetric assay and total TFPI
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was measured by ELISA (Diagnostica Stago, France). Factor levels expressed as a percent of
normal were translated into molar (M) concentrations using literature values for the mean
plasma concentrations [16]. The Wilcoxon signed rank test was utilized for all comparisons,
where a p-value ≤0.05 was considered significant. All data are presented as the mean (SD).

Studying patients in IVF cycles permits the observation of thrombin generation over a wide
range of estradiol levels. As estradiol rose, protein concentrations were within the normal range.
Significant differences after stimulation in coagulation factor concentrations included
decreases in FV (25 nM (SD 2) to 21 nM (SD 3); p=0.02) and AT (3.6 μM (SD 0.4) to 3.2
μM (SD 0.3); p=0.05). Other non-significant changes were: a decrease in FII (1.5 μM (SD
0.18) to 1.4 μM (SD 0.18); p=0.12) and TFPI (1.8 nM (SD 0.5) to 1.5 nM (SD 0.3); p=0.08)
and an increase in FVIII (1.0 nM (SD 0.2) to 1.2 nM (SD 0.4); p=0.30). Similar levels were
observed in FVII (from 9.2 nM (SD 0.9) to 9.2 nM (SD 1.5); p=1.00), FIX (89 nM (SD 14) to
92 nM (SD 14); p=0.61) and FX (181 nM (SD 22) to 185 nM (SD 22); p=0.59).

We modeled hypothetical TF-induced thrombin generation utilizing a deterministic simulation
system for blood coagulation dynamics [17–19]. Thrombin generation was evaluated by
parameters that reflect the global qualities of the thrombin profile [14] which includes: time to
10 nM thrombin (clot time, CT), maximum level (MaxL) and rate (MaxR) of thrombin
generation and the times at which they are reached, TMaxL and TMaxR, respectively. Before
treatment, the mean simulated thrombin generation profile for the group was shifted in the
hypercoagulable direction relative to a mean profile where all factors are at 100% of the mean
physiologic concentration (Figure 1A). In six of the seven women, the increased hormone
levels coincided with a shift towards a faster and more prominent thrombin generation profile
after IVF.

At high levels of endogenous estradiol, the CT decreased (151 s (SD 26) to 129 s (SD 12);
p=0.03) and the MaxL increased (382 nM (SD 5) to 444 nM (SD 89); p=0.05) with a shortened
TMaxL (394 s (SD 46) to 355 s (SD 34); p=0.02). Likewise, the MaxR increased (2.90 nM/s
(SD 0.66) to 3.76 nM/s (SD 1.03); p=0.03) and the TMaxR decreased (312 s (SD 36) to 281 s
(SD 26); p=0.02). In addition, the concentration of estradiol after treatment was positively
correlated (r2 = 0.86) with the MaxL. Although this is a limited study, the two individuals who
were not successful in becoming pregnant had the highest MaxL and the fastest CT. These
findings are in agreement with Rogolino et al. who observed significantly higher thrombin-
antithrombin levels in ovarian hyperstimulation syndrome patients who did not become
pregnant [20].

The influence of each coagulation protein (or set of proteins) on thrombin generation was
analyzed by systematically running independent thrombin generation simulations [21]. Each
simulation had one (or more) of the proteins set to the level it was prior to gonadotropin
stimulation, while leaving all others at post-stimulation levels. In four of the six women who
had their profile shift in a prothrombotic direction, adjusting the after stimulation levels of
FVIII, AT and TFPI to the levels they were at before stimulation, resulted in near identical
thrombin generation curves to those generated when all proteins were at before stimulation
(Figure 1B). Despite the fact that pre- to post-gonadotropin stimulation differences in FV, FVII,
FIX and FX existed, adjustments of these factors did not affect the thrombin generation curve.
Additionally, adjusting the after gonadotropin stimulation levels of FVIII, TFPI and AT to
their mean physiologic concentrations (while leaving other factors at their after stimulation
level) produces a thrombin generation curve similar to a theoretical control curve where values
are set at mean physiologic concentrations (Figure 1C).

These studies generate hypothetical thrombin generation profiles which do not include the
contribution of the anticoagulant protein C pathway, the contact pathway and the vasculature.
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The numerical model that was used for these studies includes key plasma pro- and anti-
coagulants of the TF pathway to thrombin generation that are evaluated in clinical laboratories.
This model correlates well to empirical models describing the TF pathway [18,22–24].

In conclusion, women receiving IVF treatment in this pilot study who have normal but slightly
prothrombotic thrombin generation profiles responded to high levels of hormones by becoming
more prothrombotic. A systematic analysis of the plasma coagulation factors has isolated
FVIII, AT and TFPI as the components most responsible for the additional procoagulant shift.
This pattern of small concerted changes in the triad of FVIII, AT and TFPI levels may contribute
to the prothrombotic state in some women undergoing IVF.
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Figure 1. The influence of 100-fold rise in estradiol on simulated thrombin generation
A) IVF subjects (n=7) before and after gonadotropin stimulation and a theoretical control
(physiologic mean). The data are shown as mean and SD in gray (+SD for after therapy and
−SD for before stimulation) B) IVF subjects at basal, after stimulation and after stimulation
levels of FVIII, AT and TFPI set back to basal levels (shown as the mean and −SD in gray).
C) IVF subjects after stimulation (mean +SD), a theoretical control (physiologic mean), and
after stimulation levels of FVIII, AT and TFPI set back to theoretical control levels (mean −SD
in gray).
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