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The value of coagulation index
in thromboelastography for
predicting early pregnancy loss
in in vitro fertilization (IVF)/
Intracytoplasmic sperm injection
(ICSI) cycles

Yanwei Zheng™*, Xiaohong Shi%*, Na Wang?"* & Minfang Tao>"*

This study investigated whether thromboelastography (TEG) parameters on the day of embryo
transfer, alone or combined with other clinical indicators, could predict early pregnancy loss in in vitro
fertilization (IVF)/intracytoplasmic sperm injection (ICSI) cycles. This study included 463 women who
underwent IVF/ICSI cycles at the reproductive medicine center from May 2024 to May 2025. According
to the occurrence of early pregnancy loss (EPL), the participants were divided into the EPL group and
the non-EPL group (129 vs. 334). All these women underwent TEG on the day of embryo transfer, and
their pregnancy outcomes were continuously followed up. For risk variables, we performed LASSO
analysis. To analyze the risk factors associated with EPL, we employed univariate and multivariate
logistic regression analyses. A nomogram was constructed for risk scoring and prediction. The

area under the curve (AUC) was compared among different factors using the receiver operating
characteristic (ROC) curve. Among 463 women with clinical pregnancy, 129 (27.86%) experienced early
pregnancy loss (<12 weeks). There were significant differences in reaction time (R time), maximum
amplitude (MA), estimated percent lysis, and coagulation index (Cl) between women in the EPL group
and those in the non-EPL group (P <0.05). Multivariate logistic regression analysis showed that parity
(OR=1.614, 95% Cl 1.004-2.571), thyroid and endocrine disorders (OR=2.202, 95% Cl 1.152-4.167),
ovulatory dysfunction (OR =4.408, 95% Cl 1.992-10.01), and Cl (OR=1.222, 95% Cl 1.077-1.397) were
influencing factors for EPL in IVF/ICSI cycles. ROC curve analysis demonstrated that the optimal cutoff
value of Cl for predicting EPL was 0.75. The AUC for the combination of all five factors was 0.672,

with a sensitivity of 71.3%, a specificity of 43.4%, a positive predictive value (PPV) of 32.73%, and a
negative predictive value (NPV) of 79.66%, which was better than that of any single factor. Cl on the
day of embryo transfer is a valuable predictor for early pregnancy loss in women undergoing IVF/ICSI.
However, this single-center study with a moderate sample size has some limitations.

Keywords Coagulation index, Early pregnancy loss, In vitro fertilization, Intracytoplasmic sperm injection,
Thromboelastography

Early pregnancy loss (EPL) is defined as spontaneous abortion before 12 weeks’ gestation. The prevalence of EPL
in natural pregnancies is about 12.5%-18.7%, while in assisted reproductive technology (ART) cycles, it can be
as high as 20%, with some studies reporting even higher rates!. EPL causes not only physical complications such
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as infection and bleeding, but also severe psychological and economic burdens to patients. Therefore, identifying
risk factors for EPL is critical to improving live birth rates and prognosis in ART>~.

According to the Global Burden of Disease (GBD) study, the global age-standardized prevalence rate of
infertility increased by 0.49% in men and 0.68% in women between 1990 and 2021°. With the development of
in vitro fertilization (IVF), intracytoplasmic sperm injection (ICSI), and frozen-thawed embryo transfer, ART
has become the main treatment for infertility. Although clinical pregnancy rates have improved greatly, the high
incidence of EPL remains an important obstacle’. Embryonic chromosomal abnormalities account for 60%-70%
of EPL, but the post-implantation loss rate of preimplantation genetic testing (PGT-A) screened diploid embryos
is still 15%-20%, suggesting that non-genetic factors also play an important role®-!!,

Increasing evidence shows that thrombophilia and hypercoagulable states are closely related to adverse
pregnancy outcomes. Pregnancy itself is a physiological hypercoagulable state, but the role of routine coagulation
screening in ART remains controversial'?. Some researchers recommend screening all patients with recurrent
miscarriage or repeated implantation failure for thrombotic tendency. However, there are studies that take
the opposite view"!3-15. In patients with thrombophilia, placental microthrombosis may lead to trophoblast
apoptosis, impaired placental development, and eventually EPL!®. Conventional coagulation markers such
as prothrombin time (PT), activated partial thromboplastin time (APTT), fibrinogen (FIB), and D-dimer
reflect only part of the coagulation-fibrinolysis balance. By contrast, thromboelastography (TEG) dynamically
assesses the entire coagulation process, including reaction time, K time, alpha angle, maximum amplitude, and
coagulation index (CI)".

This study aimed to explore the association between TEG parameters on the day of embryo transfer and EPL
after IVF/ICSI, in order to identify high-risk populations and provide a theoretical basis for optimizing ART
strategies.

Materials and methods
This study was a prospective analysis of data from participants treated at the Department of Reproductive
Medicine, Shanghai Sixth People’s Hospital Affiliated to Shanghai Jiao Tong University School of Medicine
(Shanghai, China) between 2024 and 2025. The study was approved by the Ethics Committee of Shanghai Sixth
People’s Hospital Affiliated to Shanghai Jiao Tong University School of Medicine (No. 2018-R09). All methods
were performed in accordance with the Declaration of Helsinki and relevant guidelines and regulations. All
participants provided written informed consent. The purpose, methods of data collection, usage, and privacy
protection were explained in detail. To protect privacy, all participants were anonymized during the study, and
data were stored securely using encryption and access control techniques.

Sample size calculation: early pregnancy loss rate (P) =~ 25% (0.25); allowable error (8) = 5% (0.05); significance
level (a) = 0.05; power = 0.8 (two-tailed, Za/2 = 1.96). The minimum required sample size was determined to be
288. A 10% buffer was added for potential data loss, resulting in a final sample size of 317.

Participants and data collection

The participants were undergoing assisted reproductive technology (ART) at the Department of Reproductive
Medicine. All participants underwent the necessary clinical laboratory tests and evaluations during in vitro
fertilization and embryo transfer (IVF-ET) procedures according to standard medical protocols. We performed
TEG testing and collected the data on the day of IVF-ET. Additional information was obtained from the
Hospital Information System (HIS), which mainly included sociodemographic and clinical information such
as age, education level, spouses’ age, gravidity, parity, history of abortion, number of living children, body mass
index (BMI), indications for ART, medical history, comorbidities, and fertilization method. Endocrine and
thyroid disorders included current or past endocrine and metabolic abnormalities, all diagnosed by specialists.
These conditions were grouped for analysis due to small sample sizes. The ovarian stimulation protocol was
the gonadotropin-releasing hormone antagonist protocol (GnRH-ant protocol). All included cycles were frozen
embryo transfer cycles. Embryo quality was graded using the Gardner scoring system and only grade I/II
embryos were included for transfer. All patients were followed up from the day of embryo transfer until delivery.

Thromboelastography (TEG)
Thromboelastography (TEG)'® was performed usinga TEG 5000 thromboelastograph (Haemonetics Corporation,
USA). TEG is a blood test that provides a comprehensive assessment of the entire clotting process in vitro (in a
test cup). Unlike standard coagulation tests (e.g., prothrombin time (PT), activated partial thromboplastin time
(aPTT), platelet count) that analyze isolated parts of hemostasis, TEG measures the viscoelastic properties of
a blood clot as it forms, strengthens, and eventually breaks down (fibrinolysis). The key parameters measured
from this tracing are:

Reaction time (R Time): The time from the start of the test until the first evidence of a clot forms (amplitude
reached 2 mm).

Kinetics time (K Time): The time from the end of R until the clot reaches a fixed strength (amplitude of 20
mm is reached). It reflects the speed of clot formation.

Alpha angle (a-angle): The angle between the line in the middle of the tracing and the tangent to the
developing curve. It also measures the rate of fibrin buildup and cross-linking.

Maximum amplitude (MA): The maximum strength/stiffness of the clot.

Lysis at 30 minutes (LY30): The percentage of clot dissolution 30 min after the MA is reached.

Coagulation index (CI): A composite index that represents the global coagulation status of the patient.

Estimated percent lysis: Estimated percentage lysis was determined by TEG. It represents the estimated
percentage of clot lysis during the observation period, reflecting the status of fibrinolysis.
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Inclusion criteria

(1) Women have reached the legal marriage age and obtained a marriage certificate.

(2) Women have a clear indication for IVF and intracytoplasmic sperm injection (ICSI) in accordance with
medical norms and undergo embryo transfer at our center.

(3) Women undergo blastocyst transfer (on day 5).

(4) Women undergo either conventional IVF or ICSI.

(5) Women have a singleton pregnancy.

Exclusion criteria

(1) Women have incomplete medical history information or missing TEG data.

(2) Women or their spouses have chromosomal abnormalities or are balanced translocation carriers.
(3) Women are diagnosed with an ectopic pregnancy following IVF-ET.

(4) Women have concomitant uterine malformations.

Statistical analysis

Statistical analyses were performed using SPSS 27.0 and R software (version 4.2.2). Normality of continuous
variables was tested via Shapiro-Wilk test (sample size <500) or Kolmogorov-Smirnov test (sample size > 500).
Normally distributed continuous variables were expressed as mean+SD, with between-group differences
analyzed by independent-samples t-test; non-normally distributed ones were presented as median (25th, 75th
percentiles) and compared using Mann-Whitney U-test. Categorical variables were expressed as n (%), with
Chi-square test for expected frequencies >5 and Fisher’s exact test for any expected frequency <5.

Univariate logistic regression assessed associations between early pregnancy loss (EPL) and potential
influencing factors. LASSO regression (glmnet package) with tenfold cross-validation was used for variable
selection; the tuning parameter A was determined by minimizing MSE, retaining 6 predictors. These variables
were incorporated into multivariate logistic regression via backward stepwise method (glm function, stats
package) to identify independent risk factors.

ROC curve analysis (pROC, ROCR, ggROC, fbroc packages) evaluated the predictive value of indicators
for EPL (< 12 weeks), with optimal cutoff values determined by Youden index. A P value <0.05 was statistically
significant.

Results

Clinical characteristics of the participants

During the entire study period, 1136 women underwent embryo transfer; 974 women met the inclusion criteria,
of whom 463 became pregnant after transfer. The screening process is shown in Fig. 1. Of these 463 women, 129
(27.86%) experienced early pregnancy loss (EPL), while 334 (72.14%) achieved successful delivery, resulting in
a live birth rate of 34.29% (334/974) among the total enrolled cohort. Comparative analysis revealed statistically
significant differences between the two groups (EPL group vs. non-EPL group) in age, parity, number of
children, ovulatory dysfunction, thyroid and endocrine disorders, coagulation index (CI), maximum amplitude
(MA), reaction time (R), and estimated percent lysis (all P<0.05, Table 1). As shown in Table 1, there were no
significant differences in baseline characteristics related to reproductive function, including antral follicle count,
number of retrieved oocytes, number of metaphase-II oocytes, and fertilization rate, between the two groups
(all P>0.05).

Univariable logistic regression analysis of EPL for in vitro fertilization (IVF)/intracytoplasmic
sperm injection (ICSI)

Building on the above comparative findings, univariable logistic regression analysis was performed, and Table
2 shows that among the 26 variables included in the analysis, age, parity, ovulatory dysfunction, thyroid and
endocrine disorders, and thromboelastography (TEG) parameters (R, K, MA, CI, and a-angle) were significantly
associated with early pregnancy loss in in vitro fertilization and embryo transfer (IVF-ET) (all P<0.05). To
further screen for predictors of EPL, tenfold cross-validated LASSO regression was conducted on the 26
candidate variables. At the optimal penalty value (A\1se=0.051204), the final model retained 6 influential factors
(Fig. 2), specifically: maternal age, parity, comorbid thyroid and endocrine disorders, ovulatory dysfunction,
reaction time (R), and coagulation index (CI).

Multivariate logistic regression analysis and nomogram development of early pregnancy loss
in IVF-ET
Backward stepwise regression was performed using the likelihood ratio test with a removal threshold of P>0.10.
A multivariate logistic regression model was constructed (Table 3) incorporating 5 variables. The final model
exhibited good calibration (Hosmer-Lemeshow test, P=0.516), and all variance inflation factors (VIF) were
< L.1. The five influencing factors ultimately included in the multivariate regression equation were as follows:
logit(P(y=1))=  -2.89944+0.04785*Age  +0.47913*Parity +0.78974*Thyroid = and  endocrine
disorders + 1.48359*Ovulatory dysfunction +2.0086*CI
For example, assuming an individual with the following variables: Age=35, Parity=2, Thyroid /endocrine
disorders=1 (YES), Ovulatory dysfunction=0 (NO), CI=5, the calculated logit(P(y=1))=1.52761,
corresponding to a predicted probability of 0.822. The calculations are as follows:
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Fig. 1. Flowchart of study design.
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Non- Early Pregnancy loss | Early Pregnancy loss

Characteristics N=334 N=129 P
Age 31.00 [29.00,34.00] 32.00 [29.00,36.00] 0.047*
Education level 0.620
Junior high school or below 68 (20.36%) 32 (24.81%)
High school 48 (14.37%) 20 (15.50%)
College 198 (59.28%) 68 (52.71%)
Postgraduate or above 20 (5.99%) 9 (6.98%)
Spouses’ age 33.00 [30.00,36.00] 34.00 [30.00,38.00] 0.157
Menarcheal age 13.00 [13.00,14.00] 13.00 [13.00,14.00] 0.467
Body mass index(BMI) 21.93 [20.19,24.41] 22.66 [21.03,24.09] 0.087
Gravidity 0.756
0 179(53.59%) 69(53.49%)
1 87(26.05%) 28(21.71%)
2 38(11.38%) 16(12.40%)
3 17(5.09%) 9(6.98%)
4 13(3.90%) 7(5.43%)
Parity 0.021*
0 288 (86.23%) 98 (75.97%)
1 40 (11.98%) 28 (21.71%)
2 6 (1.80%) 3(2.33%)
Number of abortions 0.573
0 224 (67.07%) 89 (68.99%)
1 73 (21.86%) 24 (18.60%)
2 24 (7.19%) 13 (10.08%)
3 13 (3.89%) 3 (2.33%)
Number of spontaneous abortion 0.410
0 290 (86.83%) 118 (90.77%)
1 35 (10.48%) 11 (8.46%)
2 9 (2.69%) 1(0.77%)
Number of children 0.038 %
0 288 (86.23%) 99 (76.74%)
1 42 (12.57%) 28 (21.71%)
2 4(1.20%) 2 (1.55%)
Endometriosis 1.000
NO 322 (96.41%) 125 (96.90%)
YES 12 (3.59%) 4(3.10%)
Polycystic ovary syndrome (PCOS) 0.148
NO 278 (83.23%) 115 (89.15%)
YES 56 (16.77%) 14 (10.85%)
Tubal factor 0.572
NO 104 (31.14%) 36 (27.91%)
YES 230 (68.86%) 93 (72.09%)
Ovulatory dysfunction 0.001 *
NO 322 (96.41%) 113 (87.60%)
YES 12 (3.59%) 16 (12.40%)
Unexplained infertility 0.378
NO 325(97.31%) 123 (95.35%)
YES 9 (2.69%) 6 (4.65%)
Male factor 0.524
NO 112 (33.53%) 48 (37.21%)
YES 222 (66.47%) 81 (62.79%)
Medical history &comorbidities
Thyroid & endocrine disorders 0.015%
NO 307 (91.92%) 108 (83.72%)
YES 27 (8.08%) 21 (16.28%)
Recurrent pregnancy loss 0.530
Continued
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Non- Early Pregnancy loss | Early Pregnancy loss
Characteristics N=334 N=129 P
NO 323 (96.71%) 127 (98.45%)
YES 11 (3.29%) 2 (1.55%)
Antral follicle count 181223 171322 0.968
Number of retrieved oocytes 13818 12816 0.458
Number of metaphase-1I oocytes 12818 12816 0.397
Fertilization methods in assisted reproductive technology (ART) 0.750
In vitro fertilization (IVF) 287 (85.93%) 113 (87.60%)
Intracytoplasmic sperm injection (ICSI) 47 (14.07%) 16 (12.40%)
Number of transferred embryos 0.471
1 173(51.8%) 62(48.1%)
2 161(48.2%) 67(51.9)
Fertilization rate * 0.70 [0.56,0.83] 0.67 [0.59,0.80] 0.593
TEG
Reaction time (R ) 60.25 [55.90,64.68] 5.40 [4.80,6.40] 0.004 *
Maximum amplitude (MA) 5.70 [5.00,6.50] 62.90 [57.40,66.20] 0.012*
Lysis at 30 min (LY30) 1.50 [1.20,1.80] 0.10 [0.10,0.10] 0.054
Kinetics time (K') 0.10 [0.10,0.30] 1.40 [1.20,1.70] 0.123
Estimated percent lysis 0.50 [-0.58,1.50] 0.10 [0.10,0.90] 0.002 *
Coagulation index (CI) 69.10 [64.82,72.30] 1.00 [-0.20,2.00] 0.030 *
Alpha angle (a-angle) 0.10 [0.10,0.10] 69.90 [66.80,73.40] 0.094

Table 1. Clinical characteristics and thromboelastography (TEG) parameters of the participants. #:
Fertilization rate = number of 2PN zygotes / number of metaphase II (MII) oocytes. *P<0.05 was considered
statistically significant.

1 1
Ply=1)= 1+ e—1.52761 ~ 1+0.217

~ 0.822

Multivariable logistic regression analysis showed that ovulatory dysfunction (OR=4.408, 95% CI 1.992-10.01),
thyroid and endocrine disorders (OR =2.202, 95% CI 1.152-4.167), parity (OR=1.614, 95% CI 1.004-2.571),
and CI (OR=1.222, 95% CI 1.077-1.397) were risk factors for early pregnancy loss (all P<0.05). Multivariable
analysis showed that each additional parity was associated with a 61.4% increased risk of EPL. Pregnant
women with thyroid and endocrine disorders had 2.202 times theodds of EPL compared to those without these
conditions. Women with ovulatory dysfunction showed 4.408 times greater odds of pregnancy loss than those
without ovulatory dysfunction. Each unit increase in CI was associated with a 22.2% elevated risk of EPL. The
association between age and EPL did not reach statistical significance (P=0.059).

We also constructed a nomogram (Fig. 3) based on the results of the multivariable logistic regression analysis.
The nomogram serves as a predictive tool for EPL in IVF/ICSI cycles, enabling risk assessment on the day
of embryo transfer. Each predictive parameter is assigned a specific score, and the total score determines the
probability of EPL occurrence.

Receiver operating characteristic (ROC) curve analysis for early pregnancy loss in IVF-ET

ROC curve analysis showed that the coagulation index (CI) in thromboelastography (TEG) predicted early
pregnancy loss with a sensitivity of 61.2% and a specificity of 56.9%. The optimal cutoff value for CI was
determined to be 0.75, corresponding to the aforementioned sensitivity and specificity. The predictive value of
other individual risk factors for EPL was inferior to that of CI (as previously noted, the area under the curve
(AUC) of CI=0.592): maternal age (AUC=0.559), parity (AUC=0.551), thyroid and endocrine disorders
(AUC=0.541), and ovulatory dysfunction (AUC=0.544). The AUC for the combination of all five factors was
0.672, with a sensitivity of 71.3%, a specificity of 43.4%, a positive predictive value (PPV) of 32.73%, and a
negative predictive value (NPV) of 79.66% — a performance superior to that of any individual factor (Figs. 4).

Discussion

In this study, we showed that the coagulation index (CI) on thromboelastography, thyroid and endocrine
disorders, ovulatory dysfunction, and parity were significantly associated with early pregnancy loss (EPL)
in in vitro fertilization (IVF)/intracytoplasmic sperm injection (ICSI) cycles. In addition, the area under the
curve (AUC) value of CI in predicting EPL was superior to that of other risk factors. This study demonstrates
that the integrated evaluation of all variables in our prediction model yielded optimal predictive performance
(AUC=0.672). Most importantly, through a prospective investigation, we established the critical threshold for CI
at 0.75. A CI value >0.75 was significantly associated with an increased risk of EPL in IVF/ICSI cycles (P=0.002).
To the best of our knowledge, this study provides a well-defined predictive threshold for coagulation function in
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Characteristics B SE OR(95%CI) P

Age 0.054 | 0.024 | 1.056(1.008-1.106) 0.022 *
Education level -0.111 | 0.114 | 0.895(0.716-1.122) 0.332
Spouses’ age 0.028 | 0.018 | 1.028(0.992-1.066) 0.129
Menarcheal age -0.078 | 0.099 | 0.925(0.759-1.119) 0.427
Gravidity 0.075 | 0.091 | 1.078(0.899-1.287) 0.410
Parity 0.551 | 0.225 | 1.735(1.111-2.697) 0.014%
Number of abortions —0.036 | 0.133 | 0.965(0.737-1.246) 0.790
Number of Spontaneous abortion | —0.397 | 0.286 | 0.673(0.365-1.135) 0.166
Number of children 0.528 | 0.234 | 1.695(1.066-2.679) 0.024*
BMI 0.043 | 0.031 | 1.044(0.981-1.11) 0.170
Fertilization methods in ART -0.145 | 0.310 | 0.865(0.459-1.557) 0.639
Recurrent pregnancy loss -0.771 | 0.776 | 0.462(0.071-1.753) 0.320
Male factor —0.161 | 0.216 | 0.851(0.559-1.305) 0.456
Unexplained infertility 0.566 | 0.538 | 1.762(0.58-4.988) 0.292
Ovulatory dysfunction 1.335 | 0.397 | 3.799(1.753-8.45) 0.001%
Thyroid & endocrine disorders 0.793 | 0.312 | 2.211(1.19-4.064) 0.011%
Tubal factor 0.155 | 0.229 | 1.168(0.75-1.845) 0.498
PCOS -0.504 | 0.319 | 0.604(0.313-1.1.313.1) | 0.114
Endometriosis —0.152 | 0.587 | 0.859(0.237-2.518) 0.795
Antral follicle count 0.000 | 0.013 | 1.000(0.975-1.025) 0.970
Number of retrieved oocytes —0.014 | 0.014 | 0.987(0.959-1.014) 0.340
Number of metaphase-II oocytes | —0.017 | 0.018 | 0.983(0.950-1.018) 0.333
Number of transferred embryos 0.149 | 0.207 | 1.161(0.773-1.744) 0.471
Fertilization rate —-0.602 | 0.488 | 0.548(0.210-1.427) 0.218
R —-0.273 | 0.094 | 0.761(0.63-0.911) 0.004%
LY30 -0.13 | 0.088 | 0.878(0.709-1.013) 0.141
K -0.309 | 0.177 | 0.734(0.509-1.022) 0.080
Estimated percent lysis -0.026 | 0.023 | 0.974(0.927-1.016) 0.261
MA1 0.044 | 0.018 | 1.045(1.01-1.082) 0.013*
CI 0.194 | 0.063 | 1.214(1.076-1.379) 0.002%
Angle 0.033 | 0.016 | 1.034(1.002-1.069) 0.041%

Table 2. Univariable logistic regression analysis of the influencing factors for early pregnancy loss in IVF/ICSI
cycles. #: A p-value <0.05 was considered statistically significant.

assisted reproduction, helping to address the current gap in establishing quantitative standards for coagulation
parameters associated with early pregnancy loss.

Previous studies primarily associated EPL with embryonic chromosomal abnormalities. However, subsequent
research has demonstrated the multifactorial etiology of EPL, encompassing maternal age, endometrial tolerance,
coagulation abnormalities, abnormalities in circulating natural killer (NK) cells and other immune cells, low
hCG levels, and obesity'*?’. However, most existing studies lack specific quantitative indicators to assess the
probability of EPL in IVF/ICSI cycles. In this study, we developed a predictive nomogram that integrates the CI
on embryo transfer day to quantify the individualized risk of EPL occurrence. This nomogram aims to enable
earlier intervention and improve live birth rates in IVF/ICSI cycles. Therefore, we can take necessary measures
to prevent EPL as much as possible after confirmation of intrauterine pregnancy. For high-risk patients (CI >
0.75), we suggest more frequent follow-up and enhance comorbidity management. For patients with excessively
high CI values, low-molecular-weight heparin (LMWH) may be used for prophylaxis when necessary. Studies
have shown that LMWH can prevent thrombosis, and for pregnant women with a tendency to thrombosis, it can
also improve placental blood flow?"?2. However, there is conflicting evidence: LMWH provides no significant
benefit to patients without coagulation abnormalities and LMWH did not improve IVF pregnancy outcomes?>.

In addition to the physiological risk factors and intervention measures, the psychological impact caused
by early pregnancy loss (EPL) cannot be ignored either. Evidence indicates that guilt, depression, loneliness,
and suicidal ideation are strongly associated with pregnancy loss?*?*. A multicenter prospective cohort study
conducted in London revealed that the prevalence of post-traumatic stress disorder (PTSD) among women
after pregnancy loss was 34% at 1 month post-loss, 26% at 3 months post-loss, and 21% at 9 months post-
loss, respectively. The corresponding prevalence of moderate-to-severe depression was 10%, 8%, and 7%2°. Most
concerning is that these psychological traumas often present with few or no outward physical manifestations,
making them likely to go unrecognized by healthcare professionals, family members, and friends. Identifying
risk factors for EPL and implementing targeted interventions is significant that extends beyond ensuring a single
successful pregnancy — it represents a crucial contribution to improving long-term maternal and neonatal
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Fig. 2. A LASSO regression model for early pregnancy loss in IVF-ET

health outcomes. A study of 954 IVF/ICSI cycles focusing on EPL showed that a low total antral follicle count
(< 10), estradiol/progesterone ratio < 1.1, and low serum hCG levels were significantly associated with EPL?. In
our study, we found that EPL was significantly associated with CI. The odds of EPL were significantly increased
(OR =1.222, 95% CI 1.077-1.397) in women undergoing IVF/ICSI when the CI on the day of embryo transfer
was > 0.75. Therefore, for women with a CI value > 0.75 on the day of embryo transfer, enhanced follow-up and
closer monitoring should be implemented upon confirmation of an intrauterine pregnancy.

Previous studies have explored the role of thromboelastography (TEG) in pregnancy loss, primarily in
the context of recurrent miscarriage. For instance, a study of 575 women with recurrent miscarriage found
that LY30 — a TEG parameter reflecting fibrinolysis — was associated with fetal loss?®. Another study in
160 patients with unexplained recurrent spontaneous abortion (URSA) identified reaction time(R time), a-
angle, and maximum amplitude(MA) as independent TEG-derived risk factors®. However, these findings
were largely limited to populations with established recurrent loss and did not establish clear, quantitative
thresholds applicable to routine assisted reproductive technology (ART) practice. In contrast, our study focuses
on a broader IVF/ICSI population and demonstrates that the TEG-derived CI — a comprehensive measure of
overall coagulation status — is significantly associated with EPL. Higher CI values reflect a hypercoagulable
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characteristics B SE OR(95%CI) zZ P

Age 0.048 | 0.025 | 1.049 (0.998-1.102) | 1.889 0.059
Parity 0.479 | 0.239 | 1.614 (1.004-2.571) | 2.008 0.045
Thyroid and endocrine disorders | 0.79 | 0.326 | 2.202 (1.152-4.167) | 2.421 0.015
Ovulatory dysfunction 1.484 | 0.408 | 4.408 (1.992-10.01) | 3.636 | <0.001
CI 0.201 | 0.066 | 1.222 (1.077-1.397) | 3.04 0.002

Table 3. Multivariable logistic regression analysis of the influencing factors for early pregnancy loss IVF/

ICSI cycles. The confounding factors for adjustment include: education level, spouses’ age, menarcheal age,
gravidity, number of abortions, BMI, fertilization methods in art, male factor, tubal factor, pcos, endometriosis,
antral follicle count, number of retrieved oocytes, number of metaphase-II oocytes, number of transferred
embryos, fertilization rate.
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Fig. 3. Nomogram for the prediction of EPL in IVF/ICSI cycles. The points of each factor were added to
obtain the total points, and a vertical line was drawn on the total points to obtain the corresponding risk of
EPL.

state, which may compromise pregnancy outcomes through two potential mechanisms: (1) impaired uterine
microcirculation due to reduced spiral artery perfusion, leading to embryonic hypoxia and disrupted embryo-
maternal communication; (2) increased risk of microthrombosis at the implantation site, which can obstruct
local blood supply to the gestational sac and hinder successful implantation or maintenance!>1°.

Importantly, our study has several strengths. First, it is a prospective cohort study with standardized
TEG measurements performed on the day of embryo transfer, minimizing recall and measurement bias.
Second, we provide a well-defined, clinically actionable CI threshold (>0.75) for predicting EPL in IVF/
ICSI cycles — addressing a critical gap in establishing quantitative coagulation standards in ART. Third, our
integrated prediction model combining CI with key clinical variables demonstrates moderate but meaningful
discriminatory performance (AUC=0.672), offering a practical tool for individualized risk stratification and
early intervention.

There are several limitations to the study. Firstly, the sample size was relatively modest. Second, data on key
peripartum hormone levels (e.g., progesterone, estradiol) were not included, which may influence EPL risk.
Third, this was a single-center study, limiting generalizability and lacking external validation. Finally, TEG
measurements were only performed on the day of embryo transfer; serial assessments across multiple timepoints
were not conducted. Despite these limitations, our study identifies a clinically actionable CI threshold of 0.75 on
embryo transfer day as a quantifiable indicator for stratifying EPL risk in IVF/ICSI cycles. This finding suggests
that women with CI>0.75 may benefit from closer monitoring after confirmation of intrauterine pregnancy.
Future studies should expand on these findings by: (1) validating the CI threshold in multicenter and ethnically
diverse IVF/ICSI cohorts; (2) investigating whether interventions guided by CI levels — such as prophylactic
LMWH — may improve live birth outcomes; and (3) implementing longitudinal TEG monitoring at critical
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Fig. 4. The ROC curves analysis for predicting of EPL in IVE-ET cycles. The AUC of CI in TEG predicted
early pregnancy loss. Predictive performance (AUC) of the combined model incorporating CI, ovulatory
dysfunction, thyroid disorders, and parity for EPL in IVF-ET cycles

ART timepoints (e.g., baseline, hCG trigger day, and embryo transfer) to capture dynamic shifts in coagulation
status and enhance the accuracy of EPL prediction models.

Conclusion

This study found that the coagulation index (CI), thyroid and endocrine disorders, ovulatory dysfunction,
and parity were associated with early pregnancy loss (EPL) in women undergoing in vitro fertilization (IVF)/
intracytoplasmic sperm injection (ICSI) cycles. We further identified that a CI>0.75 on the day of embryo
transfer (ET) was significantly associated with an increased risk of EPL, and 0.75 was established as the critical
threshold. Clinically, patients with a CI>0.75 on the day of ET may benefit from more frequent follow-up and
enhanced management of relevant comorbidities. Despite these promising findings, the single-center design
and relatively small sample size represent the main limitations of this study. Further large-scale, multicenter
prospective studies are needed to verify these results.
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