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Abstract

Background: Pregnancy is a risk factor for venous thromboembolism (VTE) due to increased coagulation factor activity
and decreased protein S activity. However, thrombosis markers for predicting VTE in pregnancy remain controversial. This
study aimed to investigate the relationship between VTE risk and thrombosis markers in pregnant women and to identify
markers related to VTE risk.
Methods: Archived plasma samples from 107 pregnant women were used in this study, and the concentrations of
D-dimer, fibrin monomer complex (FMC), plasmin-plasmin inhibitor complex, prothrombin time, activated partial
thromboplastin time, and fibrinogen were measured. VTE risk was scored according to the Royal College of Obstetricians
and Gynaecologists green-top guidelines and the patients were divided into low- or high-risk groups.
Results: The median (range) of risk score for deep vein thrombosis was 2 (0–8), and we defined the high-risk group
included those with a score ofS3. D-dimer and FMC concentrations were significantly higher in the high-risk group than in
the low-risk group (D-dimer 4.5 vs 2.6 μg/mL, p = 0.008; FMC 14.6 vs 3.4 μg/mL, p < 0.001). Although D-dimer
concentration significantly increased with gestational age (Spearman’s correlation coefficient [rs] = 0.317, p < 0.001), FMC
concentration did not (rs = �0.081, p = 0.409). The area under the receiver operating characteristic curve values of
D-dimer, FMC, and both D-dimer and FMC for the high-risk group were 0.656, 0.713, and 0.738, respectively.
Conclusions: FMC may be a thrombosis marker related to VTE risk in pregnancy and is potentially preferable over
D-dimer concentrations.
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Introduction

The number of patients with venous thromboembolism
(VTE) is increasing annually, and pregnancy is a risk factor
for VTE. Pregnant women are five times more likely to
develop VTE than non-pregnant women.1 Pregnant women
with a history of recurrent VTE, medical comorbidities,
surgery, and emergency caesarean sections, among others,
are particularly at a high risk of VTE.2–5 The Royal College
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of Obstetricians and Gynaecologists (RCOG) guidelines
describe and score VTE risk factors in pregnancy.6

Thrombin-antithrombin complex (TAT) and D-dimer
concentrations are among the tests utilized clinically for
predicting and diagnosing thrombosis and for diagnosing
VTE in pregnancy. However, these thrombosis markers are
not sufficient for VTE diagnosis during pregnancy. Reliable
markers for predicting and diagnosing VTE are required to
appropriately manage pregnant women.

TAT concentration is known to increase with inflam-
mation, diabetes mellitus, inadequate phlebotomy, and
pregnancy.7–9 D-dimer concentration also increases in
various scenarios, including pregnancy, even in the absence
of clinical thrombosis.9 The specificity of these thrombosis
markers is low; therefore, these tests are not appropriate for
VTE diagnosis during pregnancy.

Fibrin monomer complex (FMC) is used to monitor the
proteolytic cleavage of fibrinogen by thrombin and is
therefore used as a marker of thrombin activity. Thrombin
cleaves fibrinopeptides A and B from fibrinogen to create
soluble fibrin monomers (SFMs). These SFMs can combine
with fibrinogen to form non-covalently associated soluble
fibrin monomer complexes (SFMCs). In the final step,
SFMCs polymerize via factor XIIIa crosslinking and a
thrombus is formed. As FMC concentration reflects
thrombin activity and its concentration can be detected
earlier than D-dimer concentration, FMC can be used as an
alternative for assessing thrombosis.10

FMC reportedly enhanced VTE detection in pregnancy
in some studies, while other studies have found that it is not
a useful marker. Thus, the thrombosis markers used to detect
VTE in pregnant women remain controversial. Therefore,
this study aimed to investigate the relationship between
VTE risk and thrombosis markers in pregnant women and to
identify markers related to thrombosis risk.

Materials and methods

Patients and clinical samples

This study included 107 pregnant women who were ad-
mitted to the obstetrics ward and the maternal fetal intensive
care unit of Tottori University Hospital in japan between
September 2019 and December 2021. All samples were
collected using standard venipuncture blood collection
tubes containing one-tenth volume of sodium citrate (3.2%/
0.109 M) to attain a final citrate concentration of 0.32%/
0.0109 M. Platelet-poor plasma was obtained after centri-
fugation of citrated whole blood for 15 min at 1500 g. All
plasma samples were stored at �80°C and thawed at 37°C
immediately prior to the assays. All samples were analysed
within one month. This study was approved by the Ethics
Committee of the Tottori University Faculty of Medicine
(approval number: 19A056).

Risk classification based on RCOG
green-top guidelines

The RCOG green-top guidelines assign 4 points for pre-
vious VTE and 3 points for surgical procedures and medical
comorbidities.6 For those with multiple risks, the risk scores
for each were summed. We performed a risk classification
based on patient information at the sampling date. Surgical
procedures were defined as surgeries performed during
pregnancy, and medical comorbidities were defined as
diseases being treated in other departments. The median
deep vein thrombosis (DVT) risk score of the 107 pregnant
women was 2 (range 0–8), so we defined patients with two
or fewer points as the low-risk group and those with three or
more points as the high-risk group (Table 1).

Measurement of coagulation/
fibrinolysis markers

Prothrombin time (PT); activated partial thromboplastin
time (APTT); and concentrations of FMC, D-dimer, plas-
min alpha 2-plasmin inhibitor complex (PIC), and fibrin-
ogen were measured. FMC concentration was quantitatively
measured using latex immunoturbidimetry assay (LIA)
using an Auto LIA FM Kit (Nissui Pharmaceutical Co.,
Ltd., Tokyo, Japan). When the sample and latex test solution
are allowed to act in the buffer, the complex containing the
fibrin monomer in the sample aggregates due to a specific
antigen-antibody reaction with the anti-fibrin monomer
antibody-bound latex, resulting in turbidity. Because tur-
bidity is proportional to the amount of FMC in the sample,
the amount of FMC in the sample can be measured optically
by assessing the turbidity. D-dimer and PIC concentrations
were also measured using LIA. Fibrinogen concentration,
APTT, and PT were measured using the coagulation time
method. All measurements were performed using the CN-
6000 (Sysmex, Kobe, Japan) (Table 2).

Analyses and statistics

All analyses were performed using EZR software (ver. 1.54,
Saitama Medical Center, Jichi Medical University, Saitama,
Japan), which is a Japanese user interface for R (ver. 4.0.3,
The R Foundation for Statistical Computing, Vienna,
Austria).11 We compared differences in thrombosis markers
using the Mann–Whitney U test. The correlation between
gestational age and thrombolysis markers was calculated
using Spearman’s correlation coefficient. We also investi-
gated whether D-dimer or FMC concentrations were as-
sociated with a high risk for VTE via receiver operating
characteristic (ROC) curve analysis. Cases with missing
values were not excluded and were treated as missing
values.
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Results

The median deep vein thrombosis (DVT) risk score of the
107 pregnant women was 2 (range 0–8). The median
(range) of age and gestational age were 33 (21–45) and
34.4 (8–41.7), respectively. Other clinical characteristics
of the study population (107 pregnancies) are shown in
Table 1. The surgical procedures were as follows: Shir-
odkar operation (n = 6), uterine artery embolization (n =
1), conization (n = 1), and fetal reduction surgery (n = 1).
The medical comorbidities included myelodysplastic
syndrome (n = 3), gestational diabetes (n = 7), hypo-
thyroidism (n = 5), systemic lupus erythematosus (n = 4),
hyperthyroidism (n = 4), and rheumatoid arthritis (n = 2).
Thirty-eight pregnant women (35.5%) underwent lower-
limb echocardiography and none of them developed
thrombosis. The classification of the patient’s gestational
age is before 16 weeks of gestation (n = 1); 16–27 weeks
(n = 10); after 28 weeks (n = 96).

Distributions of FMC and D-dimer concentrations are
shown in Figure 1.

The median (range) concentrations of FMC and
D-dimer were 4.0 μg/mL (0.6–200 μg/mL) and 3.3 μg/mL
(0.7–25 μg/mL), respectively. Our hospital’s standard
values are less than one for D-dimer and less than seven for
FMC. FMC and D-dimer concentrations were significantly
higher in the high-risk group than in the low-risk group (FMC
14.6 vs 3.4 μg/mL, p < 0.001; D-dimer 4.5 vs 2.6 μg/mL,
p = 0.008). Other coagulation/fibrinolysis markers were not
significantly different between two groups (Figure 2).

The relationship between gestational age and thrombosis
markers was evaluated using Spearman’s correlation coef-
ficient. D-dimer and PIC concentrations increased signifi-
cantly throughout pregnancy (D-dimer; rs = 0.317, p < 0.001,
PIC; rs = 0.248, p = 0.01); however, FMC,fibrinogen, PT, and
APTT (FMC; rs = �0.081, p = 0.409, fibrinogen; rs = 0.181,
p = 0.073, PT; rs =�0.031, p = 0.753, APTT; rs = 0.063, p =
0.524) were unaffected by gestational age (Figure 3).

To evaluate the discriminative performance of FMC
and D-dimer, we further applied ROC curve analysis
(Figure 4). ROC analysis was performed with the high-
risk group for VTE as the objective variable to compare

Table 1. Clinical characteristics of patients.

Clinical characteristics All (N = 107) Score <3 (N = 68) Score S3 (N = 39) p value

Score, median (range) 2 (0–7) 1 (0–2) 4 (3–7) <0.001
Age, years (range) 33 (21–45) 33 (21–44) 33 (25–45) 0.277
Gestational age, weeks (range) 34.4 (8.0–41.7) 34.9 (8.0–41.7) 34 (23.9–41.1) 0.549
2BMI, kg/m (range) 25.7 (17.1–36.7) 25.7 (18.6–34.9) 25.7 (17.1–36.7) 0.363
BMI S30, N (%) 21 (19.6) 10 (14.7) 11 (28.2) 0.128
Age >35, N (%) 44 (41.1) 26 (38.2) 18 (46.2) 0.541
Smoking, N (%) 4 (3.7) 0 (0.0) 4 (10.3) 0.016
Parity S3, N (%) 3 (2.8) 2 (2.9) 1 (2.6) 1
Multiple pregnancy, N (%) 31 (29.0) 17 (25.0) 14 (35.9) 0.271
Medical comorbidity, N (%) 25 (23.4) 0 (0.0) 25 (64.1) <0.001
Surgical procedure, N (%) 9 (8.4) 0 (0.0) 9 (23.1) <0.001
Current systemic infection, N (%) 1 (0.9) 1 (1.5) 0 (0.0) 1
ART, N (%) 12 (11.2) 5 (7.4) 7 (17.9) 0.117
Caesarean section in labour, N (%) 5 (4.7) 1 (1.5) 4 (10.3) 0.056
Underwent the ultrasonography of lower limb veins, N (%) 38 (35.5) 19 (27.9) 19 (48.7) 0.037

BMI, body mass index; ART, assisted reproductive technology.

Table 2. Reagents and methodology used for study.

Test Reagent Methodology

Prothrombin time/% Thromborel S Coagulation time
Activated partial thromboplastin time APTT-SLA Coagulation time
Fibrinogen Thrombin reagent LQ Coagulation time
Fibrin monomer complex Auto LIA FM Kit Latex immunoassay
D-dimer LIASAUTO D-dimer NEO Latex immunoassay
Plasmin alpha 2-plasmin inhibitor complex LIASAUTO PIC Latex immunoassay
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D-dimer and FMC. The area under the curve, cut-off
value, sensitivity, and specificity of D-dimer and FMC
were 0.656 (95%CI; 0.546-0.766), 4.4 μg/mL, 0.590, and
0.721 and 0.713 (95%CI; 0.608-0.818), 5.8 μg/mL, 0.692,

and 0.750, respectively.We also performedmultivariate ROC
analysis by combining D-dimer and FMC concentrations.
The area under the curve of the multivariate ROC analysis
was 0.738 (95%CI; 0.641-0.834).

Figure 1. Distributions of fibrin monomer complex (FMC) and D-dimer concentrations in pregnant women. Reference intervals:
D-dimer < 1.0 μg/mL, FMC < 7.0 μg/mL (reference intervals set by our hospital).

Figure 2. Comparisons of thrombosis markers between high-risk and low-risk groups. Reference intervals: FMC < 7.0 μg/mL,
D-dimer < 1.0 μg/mL, PIC < 0.8 μg/mL, PT 70∼130%, APTT 23.3∼38.2sec, Fbg 200∼400 mg/dL (reference intervals set by our
hospital).
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Figure 4. Discriminative performance of D-dimer, FMC, and both for the high-risk group.

Figure 3. The relationship between gestational age and thrombosis markers.
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Discussion

This study demonstrated that D-dimer concentrations in the
high-risk group were significantly higher than those in the
low-risk group and this marker was significantly elevated
during pregnancy. Although the reference value of D-dimer is
often < 1 μg/mL, only four patients in our study had con-
centrations within the reference range. The median D-dimer
concentration in this cohort was 3.3 μg/mL, and D-dimer
concentrations were beyond the reference range in > 95% of
the patients who were at a relatively high risk. Furthermore,
several studies including healthy pregnant women reported an
increase in D-dimer concentrations during late pregnancy.12,13

The RCOG guidelines also advise that D-dimer testing should
not be performed in the investigation of acute VTE in
pregnancy;14 therefore, D-dimer is not recommended for
managing VTE in pregnancy.

The present study also demonstrated that FMC concen-
tration in the high-risk group was significantly higher than
that in the low-risk group. Additionally, it was demonstrated
that in contrast to PIC and D-dimer concentrations, FMC
concentration was unaffected by gestational age. Although
the reference value of FMC used in our hospital is < 7 μg/mL,
sixty-eight patients (63.5%) in our study had concentrations
within the reference range. Compared to DD, most patients
were within the standard values. These findings suggest that
FMC is a thrombosis marker that is preferable over PIC and
D-dimer. There are three types of antibodies that recognize SF
and FMC. IF-43 reacts with most of SF and J2-23 reacts with
most of SF and FM. The F405 we used also reacts with SF,
FM, fibrin degradation products (FMDP) activated by plas-
min on SF and their complexes. Ieko et al.15 reported there
was a significant difference between SF and FMC mea-
surements in DIC patients, but not in hypercoagulable states.
From this, we believe that the results of this study will not
change even if other measurement reagents are used.

None of the patients in this study developed DVT, even
though this study included relatively high-risk pregnancies.
Onishi et al.13 reported the case of a patient who developed
DVT with their FMC concentration increasing significantly
up to 32.4 μg/mL. Subsequently, DVT improved and the
FMC concentration gradually normalized. Since FMC re-
mained relatively stable throughout pregnancy compared to
D-dimer and PIC, FMC could be a specific thrombosis
marker. There have been consistent reports on the usefulness
of FMC measurement in pregnant women.13,16 FMC mea-
surements potentially help in identifying pregnant women
who could be at higher risk for perinatal complications.

This study suggests that it is better to assess FMC and
D-dimer together than to consider either one of them in
isolation. In practice, D-dimer is often used, whereas FMC
is rarely used for managing VTE in pregnant women. The
usefulness of a combination of thrombosis markers is yet to
be investigated.

TAT measurements are often used to manage VTE in
pregnant women. TAT is a good marker of coagulation
activation since it is formed during the inactivation of
thrombin by its inhibitor, antithrombin.7,17,18 However,
there is a report that TAT is not useful in predicting the
thrombosis risk in pregnant women because it does not
correlate with a risk stratification assessed by clinical cri-
teria.7 TATconcentration is non-specifically elevated during
pregnancy, particularly during late pregnancy.13,19 There-
fore, TAT is not suitable for detection of DVT in pregnancy.
FMC, reflecting fibrin formation, is induced when thrombin
generation is high enough to form complexes and is thus
more specific to fibrin formation than TAT.18,20,21

PIC is occasionally used as a marker of thrombosis. PIC
is a fibrinolytic marker and an increase in PIC indicates
fibrinolytic activity by plasmin production, which increases
with endogenous fibrinolytic activation in pathological
conditions in which a thrombus is formed in vivo. However,
this study showed that PIC levels are also elevated sig-
nificantly during pregnancy. Thus, PIC is not a good marker
for VTE detection during pregnancy. It remains unknown
why these markers increase significantly during pregnancy,
whereas FMC concentrations reflecting fibrin formation
remain relatively stable.

This study had some limitations. First, it was a single-center
study with a relatively small number of participants. Second,
none of the participants in this study developedVTE. Thus, we
could not estimate the sensitivity or set a cut-off value for FMC
for diagnosing VTE in pregnancy. Third, the study was ret-
rospective and VTE surveillance was at the obstetrician’s
discretion. A prospective study is required to determine a cut-
off value for FMC, which would clarify the significance of
FMC in VTE management in pregnant women.

In conclusion, we found that FMC was significantly
higher in the high-risk group than in the low-risk group and
was unaffected by gestational age. We also showed that the
combination of FMC with D-dimer might be more asso-
ciated with a high risk for thrombosis than each marker
alone. These findings suggest that FMC is an effective
marker for predicting thrombosis during pregnancy. Despite
some limitations, this is the first report evaluating throm-
bosis markers using score of RCOG guidelines. Although
our study could not set a cut-off value for diagnosing VTE,
the FMC cut-off value determined in this study may be
useful for initiating treatment in patients at high risk of VTE.
Further studies with larger patient populations, including
more cases of DVT, are required to confirm these findings.
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