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Objective: This study investigates the thromboelastography (TEG) changes in patients with unexplained recurrent spontaneous
abortion (URSA) to identify effective diagnostic markers for URSA.

Methods: We retrospectively analyzed 160 URSA patients from the Gynecology Department of the First People’s Hospital of
Lianyungang (June 2017 - June 2020) and compared them with 190 healthy, fertile women without adverse pregnancy histories
(control group). TEG parameters were assessed using logistic regression, applying stepwise selection for model optimization. Model
performance was evaluated using Receiver Operating Characteristic (ROC) curves, determining sensitivity and specificity. The Youden
index identified optimal cut points for predictive probabilities.

Results: Significant differences were observed between the URSA and control groups in coagulation reaction time (R), clot formation
time (K), clot formation rate (Angle-a), and maximum clot strength (MA) (P<0.05). Multivariable logistic regression identified R,
Angle-o, and MA as independent URSA risk factors. The model demonstrated excellent discrimination (AUC: 0.940; 95% CI:
0.918-0.962). The optimal cut point of predictive probability (Youden index) was P=0.355, yielding a sensitivity of 0.925 and
specificity of 0.795.

Conclusion: URSA patients exhibit a hypercoagulable state even when not pregnant. More research is needed to validate our findings
and explore the potential clinical implications of anticoagulants in treating URSA.
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Introduction

The Practice Committee of the American Society for Reproductive Medicine (ASRM) characterizes recurrent sponta-
neous abortion (RSA) as the loss of two or more pregnancies.’ Globally, the criteria for RSA diverge, primarily
depending on the count of miscarriages, yet there is a universal emphasis on the urgency of advancing research for
RSA prevention. Recurrent miscarriages not only jeopardize the health of expecting mothers but also place a substantial
emotional and financial strain on their families.”> For approximately 40-50% of RSA patients, the precise cause and
disease mechanism remain elusive, leading to a categorization of these cases as unexplained recurrent spontaneous
abortion (URSA).> As the number of miscarriages escalates, the recurrence rate of URSA correspondingly rises, reaching
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an alarming risk level of 40% following three successive miscarriages. The prognosis deteriorates with advancing
maternal age.* The multifaceted pathogenesis of URSA and the diverse clinical presentations significantly stymie
research progress in its prediction and prevention. Consequently, it is of critical importance to identify clinically
significant URSA predictive indicators, enabling the implementation of early, targeted preventive strategies, and thereby
ameliorating the prognosis for pregnant women.

The prethrombotic state (PTS) denotes a condition characterized by heightened blood coagulation, leading to systemic
hemodynamic changes and a propensity for thrombus formation. During pregnancy, pathological hypercoagulability can
result in local microthrombi within the placenta, fostering the formation of fibrotic deposits and infarctions. Such
phenomena can induce fetal ischemia and hypoxia, precipitating adverse pregnancy outcomes. This is identified as
a principal cause of RSA.’ Studies have indicated that abnormalities in coagulation and blood rheology are present before
pregnancy in patients with URSA.® In early pregnancy, when there is an inclination towards thrombus formation,
proactive anticoagulant therapy is recommended, which can enhance the pregnancy outcomes for women experiencing
recurrent miscarriages.” Traditional coagulation routines and D-dimer tests may not fully reveal a patient’s coagulation
status and lack the timeliness required to detect initial coagulation abnormalities, thereby displaying latency.
Thromboelastography (TEG), however, can dynamically monitor and extensively evaluate a patient’s coagulation
cascade response, platelet functionality, and fibrinolysis, exhibiting higher sensitivity and accuracy.® TEG has demon-
strated promising results in dynamic coagulation monitoring in the context of interventional surgery and tissue

transplantation patients,”'’

yet its use in obstetrics and gynecology research remains limited. This study aims to
juxtapose the elastographic parameters between URSA patients and healthy women of reproductive age, assess the
clinical value of thromboelastography in forecasting URSA, and explore appropriate clinical PTS detection strategies.

Prompt detection of PTS in URSA is crucial for understanding its etiology and facilitating early preventative treatments.

Methods

Study Participants

We recruited 160 patients diagnosed with URSA from the Department of Gynecology at the First People’s Hospital of
Lianyungang, spanning the period from June 2017 to June 2020, to form the research group (URSA group). To be eligible for
the study, the following criteria were applied: 1) the patient fulfilled the diagnostic criteria outlined in the “Expert Consensus
on the Diagnosis and Treatment of Recurrent Miscarriage™'' 2) more than 3 months had elapsed since the patient’s last
miscarriage; and 3) the patient was not pregnant at the time of the visit. Patients were excluded from the study if they: 1) were
aged under 18 or over 40; 2) had major organ diseases or autoimmune conditions; 3) were diagnosed with endocrine disorders,
such as diabetes or thyroid irregularities; 4) suffered from obesity, hyperlipidemia, or cardiovascular diseases; or 5) had taken
hormonal drugs, anticoagulants, antiplatelet, or fibrinolytic medications within the last three months.

From June 2017 to June 2020, a total of 526 URSA patients were treated at the Department of Gynecology at the First
People’s Hospital of Lianyungang City. According to the inclusion and exclusion criteria, 366 patients were excluded:
63 had miscarriage within the prior 3 months, 72 did not meet the age requirements, 65 were pregnant at the time of
consultation, 58 had significant organ or autoimmune diseases, 66 had endocrine disorders, and 42 had been treated with
hormone drugs, anticoagulants, antiplatelet, or fibrinolytic medications within the last three months. As a result, 160
eligible URSA patients were included in the study. Additionally, 190 healthy, non-pregnant women of childbearing age
with no adverse obstetric history were randomly selected as the control group during the same period (Figure 1). The
exclusion criteria for the control group mirrored those of the URSA group.

Laboratory Test Procedure

Venous blood of 2 mL was collected from a patient’s elbow after a 10-hour overnight fast. The sample was then injected
into an anticoagulant tube containing a 3.2% concentration of sodium citrate to inhibit clotting. The blood sample was
incubated with a Kaolin reagent for a minimum of 10 minutes. Following this, 1000-ul whole blood was extracted from
the anticoagulant tube using a pipette and transferred into a tube containing a Kaolin activator. The tube was then
securely capped and inverted five times to ensure the blood mixed completely with the reagent and flowed appropriately.
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Figure | Flowchart of selection of the study participants.
Abbreviation: URSA, unexplained recurrent spontaneous abortion.

The mixture was subsequently left undisturbed for 3 to 5 minutes to allow the Kaolin to fully activate the blood sample.
A cup was prepared, and 20-ul calcium chloride was added to the bottom, followed by an additional mixing. Thereafter,
a 340-ul Kaolin-activated blood sample was slowly drawn and gently injected along the cup’s inner wall. The cup was
then raised, and the test was completed using a TEG analyzer to obtain all the key TEG parameters. The TEG analysis
was conducted using a TEG5000 coagulation analyzer from the Haemoscope Corporation in conjunction with its
compatible reagents and software systems. Briefly, the TEG5000 utilizes an electromechanical transducer connected to
a pin, suspended by a torsion wire, to measure whole blood viscoelasticity. This pin, inserted into a cuvette or cup, rotates
at an angle of 4° to 45°. As fibrin strands form within the cup, the resulting impeded movement is transmitted through the
pin and torsion wire to a tracking device. The pin’s movement, influenced by the clot’s shear force, is recorded on
thermosensitive paper, displaying clot formation time, clot strength, and fibrinolysis time. All procedures were strictly
adhered to as per the provided instructions. The test was conducted by the Laboratory Department of the First People’s
Hospital of Lianyungang City, Jiangsu Province.

In this study, we focused on four coagulation factors in their association with URSA. 1) coagulation reaction time (R):
This term refers to the duration (in minutes) from the onset of coagulation to the creation of the first fibrin clot, as
indicated when the plotted graph reaches 2 mm. This measure demonstrates the cumulative effect of all clotting factors
participating in the coagulation process, inclusive of intrinsic, extrinsic, and common pathways; 2) clot formation time
(K): This is the time span (in minutes) needed from the conclusion of the R time until the plotted graph reaches 20 mm. It
embodies the combined contribution of fibrin and platelets at the commencement of clot formation, effectively signifying
the rate of clot formation; 3) clot formation rate (Angle-a): This is the angle formed by a tangent line drawn from the clot
formation point to the peak arc of the plotted graph with the horizontal line. It represents the cooperative interaction of
fibrin and platelets at the onset of clot formation, ie, the rate of clot formation. In instances of severe hypocoagulability
where the clot amplitude does not reach 20 mm, the K value cannot be determined. Under such circumstances, the Angle-
o measurement proves to be more significant; and 4) maximum clot strength (MA): This denotes the peak amplitude and
maximum shear stress coefficient (in millimeters) represented on the TEG graph. It characterizes the highest strength of
the clot being formed and the stability of clot formation.
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Statistical Analysis

The collected data were expressed as mean + standard deviation, and the differences between the URSA group and the control
group were analyzed using the f-test. Factors identified with statistically significant differences in univariable logistic regression
served as the candidate variables in a multivariate stepwise regression analysis, with important predictors selected by employing
the stepwise method. The receiver operating characteristic (ROC) curve was subsequently plotted and the area under the curve
(AUC) was computed. The AUC acted as the principal criterion for assessing clinical diagnostic value: an AUC above 0.5
suggested some predictive value, above 0.7 signified moderate predictive value, and above 0.9 implied high predictive value. The
optimal cut-off value was determined using the Youden index, with the corresponding sensitivity (SE) and specificity (SP)
calculated.'? All data processing and statistical analyses were performed using SPSS 22.0 (IBM Corp, Armonk, NY, USA) and
R version 4.3.1 (https://www.r-project.org/), with a P-value below 0.05 denoting statistical significance.

Results

Comparison between the URSA group and the control group revealed several differences: URSA patients exhibited
a lower R-value (5.37£0.50 vs 6.41%0.70) and K-value (1.55+0.94 vs 1.99+0.35) but a higher Angle-a (71.36+1.42 vs
68.98+3.11) and MA (62.24+4.22 vs 59.74+3.46) than the control group (all Ps<0.05). However, there was no significant
difference in age between the two groups (P>0.05; Table 1).

Univariable logistic regression revealed that all four factors are associated with the risk of URSA. Specifically, R-value
(OR: 0.033, 95% confidence interval [CI]: 0.016-0.066, P<0.001) and K-value (OR: 0.021, 95% CI: 0.008-0.054, P<0.001)
were associated with a decreased risk of URSA, while Angle-a (OR: 1.662, 95% CI: 1.448-1.908, P<0.001) and MA (OR:
1.183, 95% CI: 1.115-1.255, P<0.001) were associated with an increased risk of URSA (Table 2). Although K-value did
not show a significant association (OR: 0.600, 95% CI: 0.199-0.910, P=0.114), all four factors were also selected as
important predictors of URSA by the stepwise variable selection using AIC (Table 2).

Table | Characteristics of the Study Participants

Variables URSA Group | Control Group t P
(N=160) (N=190)

Age (years) 30.16%3.71 30.36+4.75 0.457 0.648

R (min) 5.37£0.50 6.41£0.70 16.301 | <0.001*

K (min) 1.55+0.94 1.99+0.35 5.939 | <0.001*

Angle-a (deg) 71.36x1.42 68.98+3.11 9.405 | <0.001*

MA (mm) 62.24+4.22 59.74+3.46 5.983 | <0.001*

Notes: Data were presented as meanzstandard deviation. *Indicate significant difference
(P<0.05).

Abbreviations: URSA, unexplained recurrent spontaneous abortion; R, reaction time; K,
clot kinetics; Angle-a, alpha angle; MA, maximum amplitude.

Table 2 Logistic Regression Analysis of URSA-Related Factors

Variables Univariable Analysis Multivariable Analysis
OR (95% CI) P OR (95% CI) P

R (min) 0.033 (0.016-0.066) | 0.001* | 0.021 (0.008-0.048) | 0.001*

K (min) 0.021 (0.008-0.054) | 0.001* | 0.600 (0.199-0.91) 0.114

Angle-a (deg) (deg) | 1.662 (1.448-1.908) | 0.001* | 1.264 (1.051-1.531) | 0.013*

MA (mm) 1.183 (1.115-1.255) | 0.001* | 1.248 (1.132-1.386) | 0.00I*

Note: *Indicate significant difference (P<0.05).
Abbreviations: URSA, unexplained recurrent spontaneous abortion; OR, odds ratio; Cl, confidence
interval; R, reaction time; K, clot kinetics; Angle-a, alpha angle; MA, maximum amplitude.
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Figure 2 Receiver operating characteristic curves of TEG parameters for predicting URSA. The corresponding area under the ROC curve (AUC) is 0.940, and the optimal
cut point of the predicted probabilities, as determined by the Youden index, was 0.355, which led to a sensitivity of 0.795 and a specificity of 0.925.
Abbreviations: ROC, receiver operating characteristic; AUC, under the ROC curve; URSA, unexplained recurrent spontaneous abortion.

The multivariate logistic regression showed an AUC of 0.940 (95% CI: 0.918-0.962), indicating that the built
regression model has a good discrimination ability. The optimal cut point of the predicted probabilities as determined by
the Youden index was P=0.355, which led to a sensitivity of 0.925 and a specificity of 0.795 (Figure 2). The model also
demonstrated good calibration: the calibration intercept was 0 (95% CI: —0.34 to 0.34), and the calibration slope was 1.00
(95% CI: 0.78 to 1.22; Figure 3).

Discussion
In this study, we examined TEG parameters in URSA patients and compared them to those of healthy non-pregnant
women of childbearing age without any history of adverse pregnancies, delving into their clinical implications. Our
findings revealed that URSA patients exhibited lower R and K values than their healthy counterparts, whereas their
Angle-o and MA values were notably higher. This suggests that even when not pregnant, URSA patients exhibit
a hypercoagulable state, potentially accompanied by abnormalities in clotting factors, fibrinogen, and platelet function.
Through multivariable logistic regression analysis, both Angle-o and MA emerged as independent risk factors for URSA.
The developed model demonstrated robust discriminatory power. Consequently, our data underscores the potential of
early TEG evaluation for URSA patients, enabling timely interventions to mitigate adverse pregnancy outcomes.

In our study, we observed that R levels in the URSA group were notably lower than in the control group, with
a discernible negative correlation between R and URSA risk. The R-value symbolizes the duration needed for clotting
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Figure 3 Calibration plot of the prediction model. The solid diagonal line represents the line of perfect calibration. The x-axis represents the predicted probabilities, and the
y-axis represents the observed proportions. The subjects were divided into 10 groups by using deciles of the predicted probability. The dots represent the observed
proportion of URSA, and the vertical lines represent the 95% confidence interval for the proportion of URSA within the deciles.

Abbreviation: URSA, unexplained recurrent spontaneous abortion.

factors to activate and subsequently form fibrin, serving as an indicator of clotting factor activity. An attenuated R-value is
suggestive of a hypercoagulable state.'*> Consistent with our findings, prior research has established that individuals with
recurrent miscarriage histories exhibit diminished thromboelastogram R-values when juxtaposed against pregnant women
with uneventful pregnancies or those devoid of successive miscarriage histories.'* Thromboelastography has proven
instrumental in forecasting the propensity for recurrent miscarriages and assessing fetal prognosis in such populations.'’
The aberrant activity of clotting factors has a pivotal role in the genesis of PTS. Earlier investigations identified clotting
factor V anomaly as the predominant genetic predisposition towards thrombus formation.'® Both Protein C and Protein S are
contingent upon vitamin K. Their synergistic interaction aids in activating clotting factors while concurrently curtailing blood
coagulation. Notably, deficiencies in Protein S and Protein C frequently underpin the emergence of PTS in RSA sufferers.'’
Intriguingly, the odds of experiencing RSA are magnified by approximately 3.45 times in individuals deficient in Protein
S relative to the wider population.'® Given the R-value’s acute sensitivity in mirroring clotting factor activity, leveraging it
for a timely appraisal of URSA patients’ coagulation profile is of paramount clinical pertinence.

Our study indicates that the URSA group exhibited elevated levels of Angle-a and MA in comparison to the control
group. Angle-a serves as an indicator of blood clot formation speed, with a greater angle denoting quicker clot formation."
MA, on the other hand, measures platelet aggregation functionality: an increased MA suggests an elevated risk of micro-
vascular thrombus development.”* An abnormal elevation in MA signals the need to enhance the potency of antithrombotic
medications, prompting adjustments in dosage and drug type based on MA values.?' It is noteworthy that patients with URSA
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exhibit increased platelet aggregation even before pregnancy. Studies have confirmed the presence of thrombosis in the
decidual vessels and procoagulant microparticles in women with recurrent miscarriage.”> Thrombosis may still occur during
pregnancy in patients without obvious triggers, and routine thrombophilia screening is often insufficiently sensitive.
Therefore, additional diagnostic tests are required to comprehensively assess the thrombosis risk in these patients.?*=*
TEG stands out as a singular methodology that encapsulates the interplay between clotting factors, platelets, and fibrinogen,
offering a visual depiction of clotting kinetics. It furnishes a more immediate and thorough assessment of a patient’s
coagulative state than conventional markers. As a complementary tool to traditional coagulation assessments, TEG’s
precision and lucidity are commendable.®® Existing research corroborates its pivotal clinical role in steering anticoagulant
regimens, moderating heparin dosages,”® gauging the suppressive action of aspirin on platelets, and bolstering pharmaceutical
safety.”’” In the context of diagnosing and treating URSA patients, the potential of TEG appears to be promising.

Our research has certain limitations. Primarily, it is a single-center study with a constrained sample size. Future investiga-
tions could greatly benefit from multi-center collaborations, which would allow for the standardization of criteria and the
inclusion of a more diverse subject pool, along with extensive clinical data. Our study is retrospective. Our findings need to be
validated by prospective research with larger sample sizes. Additionally, randomized controlled trials (RCTs) are essential to
explore the clinical effects of anticoagulants in treating URSA. Future studies should consider incorporating a broader range of
factors and systematically screening for thrombophilia to potentially improve the accuracy of predictive models. Moreover, this
study predominantly concentrates on female participants. To gain a more holistic understanding, future research should include
male participants, focusing on both partners for a comprehensive analysis. A significant limitation of our current approach is the
lack of long-term follow-up on patients’ clinical outcomes. Longitudinal studies would be particularly valuable in offering
deeper insights into the enduring risks of thrombosis, the trajectory of pregnancy outcomes, and fetal health.

In summary, this study contrasted the TEG parameter differences between URSA patients and healthy, non-pregnant
women of childbearing age with no adverse pregnancy history. Our findings suggest that URSA patients may exhibit
abnormalities in coagulation factors, fibrinogen, and platelet function even when not pregnant. More research is needed
to validate our findings and explore the potential clinical implications of anticoagulants in treating URSA.
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