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Abstract 

Background: In vitro fertilization (IVF) 

success rates remain variable, heavily 

influenced by systemic and local 

immunological crosstalk at the maternal-fetal 

interface. While embryonic morphological 

grading has traditionally guided embryo 

selection, immunological markers, 

specifically serum pro-inflammatory and 

anti-inflammatory cytokine profiles, are 

increasingly recognized as key modulators of  

endometrial receptivity, blastocyst 

implantation, and early placentation. 

Objective: To evaluate the predictive value of 

baseline and stimulation-phase serum 

cytokine profiles (including IL-2, IL-6, IL-

10, TNF-alpha, and VEGF) for clinical 

pregnancy and live birth outcomes in patients 

undergoing in vitro fertilization-embryo 

transfer (IVF-ET). 

 

Research Article 
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Methods: This prospective observational 

cohort study evaluated 160 adult women 

(aged 20 to 45 years) undergoing controlled 

ovarian stimulation and fresh or frozen 

embryo transfer at University Medical and 

Dental College. Serum samples were 

collected at baseline (cycle day 2-3), the day 

of human chorionic gonadotropin (hCG) 

administration, and the day of embryo 

transfer. Cytokine concentrations were 

quantified using multiplex bead-based 

immunoassays. The primary endpoint was 

clinical pregnancy, confirmed via 

transvaginal ultrasound visualization of a 

gestational sac with fetal cardiac activity at 6 

weeks gestation. Secondary endpoints 

included biochemical pregnancy loss and live 

birth rate. Bivariate comparisons and 

multivariable logistic regression models were 

developed to identify independent cytokine 

predictors. 

 

Results: Among 160 patients, clinical 

pregnancy was achieved in 88 patients (55.0 

percent), while 72 patients (45.0 percent) 

experienced a non-pregnant cycle or early 

pregnancy loss. Patients who achieved a 

successful clinical pregnancy demonstrated 

significantly lower circulating levels of 

tumor necrosis factor-alpha (TNF-alpha) on 

the day of hCG administration (12.4 +/- 3.6 

vs. 19.8 +/- 5.2 pg/mL, p < 0.001) and 

significantly higher interleukin-10 (IL-10) 

levels (18.6 +/- 4.4 vs. 11.2 +/- 3.1 pg/mL, p 

< 0.001). The ratio of TNF-alpha to IL-10 

was markedly elevated in non-pregnant 

patients (1.8 +/- 0.6 vs. 0.7 +/- 0.3, p < 0.001). 

Multivariable logistic regression revealed 

that a high TNF-alpha/IL-10 ratio on the day 

of hCG administration (adjusted OR = 4.12, 

95 percent CI: 1.88 to 9.03, p < 0.001), 

elevated IL-6 > 15 pg/mL (adjusted OR = 

2.84, 95 percent CI: 1.32 to 6.12, p = 0.008), 

and maternal age > 38 years (adjusted OR = 

3.15, 95 percent CI: 1.38 to 7.18, p = 0.006) 

were independent predictors of IVF cycle 

failure. Conversely, vascular endothelial 

growth factor (VEGF) levels on transfer day 

independently predicted successful 

implantation (adjusted OR = 2.45, 95 percent 

CI: 1.12 to 5.36, p = 0.024). 

 

Conclusion: Systemic immune imbalance, 

characterized by elevated pro-inflammatory 

cytokines (TNF-alpha, IL-6) relative to anti-

inflammatory regulators (IL-10), 

significantly impairs IVF success. Integrating 

serum cytokine profiling into pre-transfer 

evaluation enhances prognostic assessment 

and guides immunomodulatory therapeutic 

strategies. 
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1. Introduction 

In vitro fertilization (IVF) has transformed 

reproductive medicine, offering viable 

family-building pathways for millions of 

couples experiencing infertility. However, 

despite technological advancements in 

embryo culture, pre-implantation genetic 

testing, and single-embryo transfer protocols, 

overall live birth rates per initiated cycle 

plateau around 40 to 50 percent, with 

unexplained implantation failure remaining a 

frustrating clinical hurdle. 1-3 

 

Successful blastocyst implantation requires 

precise synchronization between a competent 

embryo and a receptive endometrium. 

Beyond endocrine regulation via estrogen 

and progesterone, maternal-fetal immune 

cross-talk orchestrates this receptive window. 

The endometrial microenvironment 

undergoes complex immunotolerance 

adjustments, transitioning from a pro-

inflammatory state necessary for ovulation 

and follicular rupture to an anti-

inflammatory, tolerogenic milieu required for 

blastocyst apposition, adhesion, and deep 

trophoblast invasion. 

 

Systemic and local immune dysregulation, 

manifested as chronic low-grade 

inflammation or dysregulated cytokine 

networks, can disrupt endometrial 

receptivity. Cytokines are small signaling 

proteins secreted by immune cells, 

endometrial stromal cells, and developing 

embryos that act in autocrine, paracrine, and 

endocrine manners:4-5 

 

 

• Pro-Inflammatory Cytokines (TNF-

alpha, IL-2, IL-6, IFN-gamma): 

While essential in physiological 

concentrations for tissue remodeling 

and corpus luteum function, 

excessive circulating or local pro-

inflammatory cytokines induce 

vascular endothelial damage, natural 

killer (NK) cell hyperactivation, and 

localized oxidative stress, leading to 

early embryo rejection or failed 

implantation. 

 

• Anti-Inflammatory and 

Immunoregulatory Cytokines (IL-4, 

IL-10, TGF-beta): These molecules 
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promote T-regulatory (Treg) cell 

expansion, suppress cytotoxic 

cellular immune responses, and 

establish the maternal immunological 

tolerance essential for semi-

allogeneic fetal survival.6-7 

 

• Angiogenic Factors (VEGF): 

Vascular endothelial growth factor 

facilitates endometrial spiral artery 

remodeling, glandular proliferation, 

and microvascular permeability 

necessary for adequate placental 

perfusion. 

 

Although follicular fluid and endometrial 

biopsy cytokine profiles have been studied, 

peripheral blood (serum) cytokine profiling 

offers a non-invasive, highly reproducible, 

and clinically accessible method to evaluate 

systemic immunological status during 

controlled ovarian stimulation.8-10 

 

Therefore, this prospective observational 

cohort study was conducted to evaluate the 

predictive value of serum cytokine profiles 

(TNF-alpha, IL-6, IL-10, IL-2, and VEGF) at 

baseline, hCG trigger day, and embryo 

transfer day for clinical pregnancy and live 

birth outcomes in patients undergoing IVF-

ET. 

 

 

2. Rationale of the Study 

Implantation failure in the presence of 

morphologically excellent embryos points 

toward non-embryonic factors, among which 

uterine immunological rejection or systemic 

inflammatory imbalance plays a prominent 

role. While traditional IVF monitoring tracks 

hormone levels (estradiol, progesterone) and 

follicular growth, routine immunological 

screening is rarely integrated into standard 

protocols. Evaluating whether circulating 

serum cytokine concentrations can predict 

IVF success provides clinicians with an 

objective biomarker panel to identify 

immunological barriers to implantation and 

customize pre-transfer immunomodulatory 

therapies. 

 

 

3. Objectives 

Primary Objective 

To evaluate the predictive accuracy of serum 

cytokine concentrations (TNF-alpha, IL-10, 

IL-6, VEGF) measured on the day of hCG 

administration for clinical pregnancy in 

patients undergoing IVF-ET. 

 

 

Secondary Objectives 
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1. To compare baseline, hCG trigger 

day, and transfer day cytokine 

profiles between patients achieving 

clinical pregnancy and those 

experiencing cycle failure. 

 

2. To determine the predictive value of 

the TNF-alpha to IL-10 pro-/anti-

inflammatory ratio for IVF pregnancy 

outcomes. 

 

3. To evaluate the relationship between 

maternal age, controlled ovarian 

stimulation response parameters, and 

serum inflammatory cytokine levels. 

 

4. To establish a multivariable logistic 

regression model identifying 

independent systemic immunological 

predictors of IVF cycle failure. 

 

4. Materials and Methods 

4.1 Study Design and Setting 

A hospital-based prospective observational 

cohort study was conducted at UMDC. 

 

 

4.2 Study Duration 

The study was conducted over an eight-

month period, encompassing patient 

recruitment, controlled ovarian stimulation 

cycles, serial blood sample collection, 

multiplex immunoassay processing, embryo 

transfer procedures, and clinical follow-up. 

 

 

4.3 Study Population 

Adult women aged 20 to 45 years undergoing 

autologous or donor-oocyte IVF-ET cycles. 

 

 

4.4 Sample Size 

A sample size of 160 female participants was 

enrolled. The sample size was calculated 

using G-Power software based on estimating 

an expected clinical pregnancy rate of 55 

percent, an alpha error level of 0.05, a 

statistical power of 85 percent, and 

accommodating up to 10 multivariable 

regression predictor variables. 

 

 

4.5 Inclusion Criteria 

1. Women aged 20 to 45 years 

undergoing fresh or frozen- thawed 

embryo transfer (FET) cycles. 

 

2. Planned controlled ovarian 

stimulation using standard antagonist 

or agonist protocols. 
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3. Willingness to undergo serial venous 

blood sampling across three specific 

time points of the IVF cycle. 

 

4. Provision of written informed 

consent. 

 

4.6 Exclusion Criteria 

1. Active acute or chronic systemic 

autoimmune diseases (e.g., systemic 

lupus erythematosus, rheumatoid 

arthritis, Hashimoto's thyroiditis with 

active autoantibodies, 

antiphospholipid syndrome). 

 

2. Known untreated uterine cavity 

abnormalities (e.g., submucosal 

fibroids, endometrial polyps, 

intrauterine adhesions, untreated 

hydrosalpinx). 

 

3. Active acute systemic infection, 

pelvic inflammatory disease, or fever 

at the time of cycle monitoring. 

 

4. Severe male factor infertility 

requiring surgical sperm retrieval 

without pre-implantation genetic 

testing. 

 

5. Pregnancy via surrogacy or 

gestational carriers. 

 

4.7 Ovarian Stimulation and Clinical 

Protocol 

Patients underwent controlled ovarian 

stimulation using recombinant FSH/hMG 

under flexible GnRH antagonist or long 

GnRH agonist protocols. Follicular 

maturation was triggered with recombinant 

hCG (250 mcg) or triptorelin when leading 

follicles reached >= 18 mm. Transvaginal 

ultrasound-guided oocyte retrieval was 

performed 35 to 36 hours post-trigger. Fresh 

or vitrified-warmed blastocyst-stage 

embryos were transferred under ultrasound 

guidance on Day 5. Luteal phase support was 

standardized using micronized vaginal 

progesterone. 

 

 

4.8 Serial Serum Sample Collection and 

Cytokine Quantification 

Venous blood samples (5 mL) were drawn 

into sterile EDTA tubes at three protocol-

specified time points: 

 

 

• Timepoint 1 (T1): Baseline on cycle 

day 2 or 3 prior to stimulation. 
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• Timepoint 2 (T2): Morning of hCG 

administration trigger day. 

 

• Timepoint 3 (T3): Morning of 

embryo transfer (Day 5 post-

fertilization). 

 

Samples were centrifuged immediately at 

3000 rpm for 10 minutes, and plasma/serum 

aliquots were stored at -80 degrees Celsius 

until batch analysis. Serum concentrations of 

TNF-alpha, IL-10, IL-6, IL-2, and VEGF 

were quantified using multiplex bead-based 

flow cytometry immunoassays (Luminex 

xMAP technology / Quantikine ELISA kits) 

in accordance with manufacturer 

instructions. Intra-assay and inter-assay 

coefficients of variation (CV) were 

maintained below 8 percent and 12 percent, 

respectively. 

 

 

4.9 Primary and Secondary Clinical 

Endpoints 

• Primary Endpoint: Clinical 

pregnancy, defined as transvaginal 

ultrasound visualization of an 

intrauterine gestational sac with 

positive fetal cardiac activity at 6 to 7 

weeks of gestation. 

 

• Secondary Endpoints: 

 

 

o Biochemical pregnancy loss 

(positive serum beta-hCG 

followed by spontaneous 

decline without ultrasound 

gestational sac visualization). 

 

o Live birth rate (delivery of a 

live infant at >= 24 weeks 

gestation). 

 

4.10 Statistical Analysis 

Data were analyzed using SPSS version 26.0 

(IBM Corp., Armonk, NY). Continuous 

variables were tested for normality using the 

Kolmogorov-Smirnov test and expressed as 

mean +/- standard deviation (SD) or median 

(interquartile range, IQR). Categorical 

variables were presented as absolute numbers 

and percentages (n, percent). 

 

Comparisons between clinical pregnancy and 

cycle failure groups were conducted using 

Student's independent t-test or Mann-

Whitney U test for continuous variables, and 

Pearson's Chi-square test for categorical 

variables. Receiver Operating Characteristic 

(ROC) curve analysis was performed to 

determine optimal cutoff values, sensitivity, 
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specificity, and Area Under the Curve (AUC) 

for trigger-day cytokine ratios. Multivariable 

binary logistic regression models were 

developed to evaluate independent predictors 

of IVF clinical pregnancy failure. Statistical 

significance was defined as a two-sided p-

value < 0.05. 

 

 

5. Results 

5.1 Baseline Demographic and IVF Cycle Characteristics 

The study cohort comprised 160 women undergoing IVF-ET (mean age 34.2 +/- 4.8 years; primary 

infertility in 68.8 percent, secondary infertility in 31.2 percent). Clinical pregnancy was 

successfully achieved in 88 patients (55.0 percent), while 72 patients (45.0 percent) experienced 

cycle failure (comprising 52 non-pregnant cycles and 20 biochemical/early clinical pregnancy 

losses). Baseline and cycle characteristics stratified by pregnancy outcome are summarized in 

Table 1. 

 

Demographic / Cycle 

Parameter 

Clinical 

Pregnancy (n = 

88) 

Cycle 

Failure (n = 

72) 

Total 

Cohort (n = 

160) 

p-

value 

Maternal Age (years) 32.6 +/- 4.2 36.2 +/- 5.1 34.2 +/- 4.8 <0.001 

BMI (kg/m squared) 23.8 +/- 3.4 25.6 +/- 4.1 24.6 +/- 3.8 0.004 

Duration of Infertility 

(years) 
3.6 +/- 1.8 4.4 +/- 2.2 4.0 +/- 2.0 0.012 

Baseline AMH (ng/mL) 3.2 +/- 1.2 2.4 +/- 1.1 2.8 +/- 1.2 <0.001 

Total Oocytes Retrieved 

(n) 
11.4 +/- 4.2 8.6 +/- 3.8 10.1 +/- 4.2 <0.001 
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Demographic / Cycle 

Parameter 

Clinical 

Pregnancy (n = 

88) 

Cycle 

Failure (n = 

72) 

Total 

Cohort (n = 

160) 

p-

value 

Mature M2 Oocytes 

Retrieved (n) 
9.2 +/- 3.4 6.8 +/- 3.1 8.1 +/- 3.4 <0.001 

Top-Quality Blastocysts 

Transferred (n) 
1.3 +/- 0.5 1.1 +/- 0.6 1.2 +/- 0.5 0.078 

Fresh vs. Frozen 

Embryo Transfer (% 

Fresh) 

68.2 percent 65.3 percent 66.9 percent 0.712 

Table 1: Baseline demographic and IVF cycle characteristics stratified by clinical pregnancy 

outcome. 

 

 

5.2 Serum Cytokine Concentrations Across IVF Cycle Timepoints 

Serum cytokine concentrations demonstrated dynamic shifts across cycle timepoints (T1 baseline, 

T2 hCG trigger day, T3 embryo transfer day). Patients achieving a successful clinical pregnancy 

exhibited significantly lower pro-inflammatory cytokine levels (TNF-alpha, IL-6) and 

significantly higher anti-inflammatory IL-10 and angiogenic VEGF levels on the day of hCG 

administration (T2) compared to patients experiencing cycle failure (p < 0.001). 

 

Cytokine Parameter & 

Timepoint 

Clinical Pregnancy 

(n = 88) 

Cycle Failure (n 

= 72) 

p-

value 

TNF-alpha (pg/mL)    

- T1 (Baseline) 8.4 +/- 2.2 9.1 +/- 2.6 0.084 
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Cytokine Parameter & 

Timepoint 

Clinical Pregnancy 

(n = 88) 

Cycle Failure (n 

= 72) 

p-

value 

- T2 (hCG Trigger Day) 12.4 +/- 3.6 19.8 +/- 5.2 <0.001 

- T3 (Embryo Transfer Day) 10.8 +/- 3.1 16.2 +/- 4.8 <0.001 

Interleukin-10 (IL-10, pg/mL)    

- T1 (Baseline) 10.2 +/- 2.8 9.8 +/- 2.6 0.382 

- T2 (hCG Trigger Day) 18.6 +/- 4.4 11.2 +/- 3.1 <0.001 

- T3 (Embryo Transfer Day) 21.4 +/- 5.2 13.8 +/- 3.8 <0.001 

TNF-alpha / IL-10 Ratio (T2 

Trigger Day) 
0.7 +/- 0.3 1.8 +/- 0.6 <0.001 

Interleukin-6 (IL-6, pg/mL, T2 

Day) 
8.2 +/- 2.6 16.4 +/- 4.8 <0.001 

Interleukin-2 (IL-2, pg/mL, T2 

Day) 
4.6 +/- 1.5 6.8 +/- 2.2 <0.001 

VEGF (pg/mL, T3 Transfer 

Day) 
142.6 +/- 32.4 98.4 +/- 26.8 <0.001 

Table 2: Serial serum cytokine concentrations across IVF cycle timepoints. 

 

 

5.3 Correlation Analysis 

Spearman rank correlation analysis revealed significant associations between trigger-day 

inflammatory markers and IVF clinical outcomes. The trigger-day TNF-alpha/IL-10 ratio 

correlated negatively with clinical pregnancy success (r = -0.58, p < 0.001) and total top-quality 
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blastocysts (r = -0.36, p = 0.002). Conversely, transfer-day VEGF correlated positively with 

clinical pregnancy (r = 0.44, p < 0.001). 

 

Variable Pair 
Spearman Correlation 

(r) 

p-

value 

Trigger-Day TNF-alpha/IL-10 Ratio vs. Clinical 

Pregnancy 
-0.58 <0.001 

Trigger-Day IL-6 vs. Mature M2 Oocyte Yield -0.38 <0.001 

Transfer-Day VEGF vs. Clinical Pregnancy 

Success 
0.44 <0.001 

Maternal Age vs. Trigger-Day TNF-alpha Levels 0.42 <0.001 

Baseline AMH vs. Trigger-Day IL-10 Levels 0.35 <0.001 

Table 3: Bivariate correlation matrix linking serum cytokines, age, and cycle metrics. 

 

 

5.4 Multivariable Logistic Regression Analysis 

In multivariable binary logistic regression modeling for IVF clinical pregnancy failure, elevated 

trigger-day TNF-alpha/IL-10 ratio (adjusted OR = 4.12, 95 percent CI: 1.88 to 9.03, p < 0.001), 

trigger-day IL-6 > 15 pg/mL (adjusted OR = 2.84, 95 percent CI: 1.32 to 6.12, p = 0.008), maternal 

age > 38 years (adjusted OR = 3.15, 95 percent CI: 1.38 to 7.18, p = 0.006), and lower transfer-

day VEGF (adjusted OR = 2.45 for VEGF < 110 pg/mL, 95 percent CI: 1.12 to 5.36, p = 0.024) 

were confirmed as independent predictors of cycle failure. 
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Predictor Variable 
Unadjusted OR 

(95% CI) 

p-

value 

Adjusted OR 

(95% CI) 

p-

value 

Trigger-Day TNF-

alpha/IL-10 Ratio > 1.2 
6.84 (3.12–14.98) <0.001 4.12 (1.88–9.03) <0.001 

Maternal Age > 38 Years 4.12 (1.82–9.34) <0.001 3.15 (1.38–7.18) 0.006 

Trigger-Day IL-6 > 15 

pg/mL 
3.92 (1.84–8.34) <0.001 2.84 (1.32–6.12) 0.008 

Transfer-Day VEGF < 

110 pg/mL 
3.48 (1.62–7.46) <0.001 2.45 (1.12–5.36) 0.024 

Baseline AMH < 1.5 

ng/mL 
2.86 (1.34–6.12) 0.007 1.84 (0.82–4.12) 0.138 

Table 4: Multivariable logistic regression modeling independent predictors of IVF cycle failure. 

 

6. Discussion 

This prospective observational cohort study 

evaluated the predictive value of serum 

cytokine profiles for IVF success. The 

primary finding demonstrates that systemic 

immunological balance, specifically the ratio 

of pro-inflammatory TNF-alpha to anti-

inflammatory IL-10 on the day of hCG 

trigger, serves as a strong independent 

predictor of clinical pregnancy outcome, with 

elevated pro-inflammatory cytokines 

significantly impairing implantation 

success.11-13 

 

6.1 Immunological Balance at the 

Maternal-Fetal Interface 

Successful embryo implantation requires a 

tightly regulated local and systemic 

inflammatory response. During the pre-

ovulatory and oocyte maturation phase, 

controlled inflammatory mediators assist in 

follicular rupture and cumulus expansion. 

However, as the cycle progresses toward 

luteinization and blastocyst transfer, the 

maternal immune system must shift from a 

pro-inflammatory Th1/Th17 dominance to a 

tolerogenic Th2/Treg regulatory profile.14-

15 

 

Patients who experienced cycle failure 

exhibited significantly elevated circulating 

TNF-alpha (19.8 pg/mL) and IL-6 (16.4 

pg/mL) on trigger day, alongside diminished 

IL-10 (11.2 pg/mL). Tumor necrosis factor-

alpha is a potent pro-inflammatory cytokine 

that induces apoptosis in trophoblastic cells, 

upregulates endothelial adhesion molecules, 

promotes uterine natural killer (uNK) cell 

cytotoxicity, and increases local thrombotic 

tendency within spiral arterioles. This 
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hyperinflammatory state compromises 

endometrial receptivity and prevents 

successful blastocyst apposition.16-18 

 

 

6.2 The Significance of the TNF-alpha to 

IL-10 Ratio 

Because individual cytokines can fluctuate 

based on hydration, diurnal variation, or 

minor somatic stressors, utilizing a 

composite ratio (TNF-alpha/IL-10) provides 

a robust biomarker of systemic immune tone. 

A ratio > 1.2 on trigger day was 

independently associated with a four-fold 

increase in IVF cycle failure (adjusted OR = 

4.12). This finding aligns with reproductive 

immunology literature indicating that an 

elevated Th1/Th2 or pro-/anti-inflammatory 

cytokine ratio creates an adverse hostile 

uterine environment that rejects semi-

allogeneic embryonic tissue.19-20 

 

 

6.3 Angiogenic Support via VEGF 

In addition to immunoregulatory cytokines, 

transfer-day vascular endothelial growth 

factor (VEGF) emerged as an independent 

predictor of clinical pregnancy (adjusted OR 

= 2.45 for VEGF < 110 pg/mL). VEGF is 

essential for neoangiogenesis, increasing 

vascular permeability in the endometrium 

during the mid-luteal window (implantation 

window). Adequate circulating and local 

VEGF ensures robust endometrial spiral 

artery development and optimal placental 

perfusion following blastocyst hatching and 

invasion. 

 

 

6.4 Clinical Implications and Therapeutic 

Windows 

These findings suggest that pre-transfer 

serum cytokine profiling can identify patients 

with underlying immunological barriers to 

IVF success. For patients identified with 

elevated pro-inflammatory profiles (high 

TNF-alpha/IL-10 ratio or elevated IL-6), 

targeted pre-transfer immunomodulatory 

interventions, such as low-dose 

glucocorticoids (prednisolone), omega-3 

fatty acid supplementation, low-molecular-

weight heparin (LMWH) for 

microthrombosis reduction, or intralipid 

infusions, may help suppress systemic 

inflammation and optimize endometrial 

receptivity in subsequent cycles. 

 

 

6.5 Limitations 

Several limitations of this study should be 

noted. First, serum cytokine concentrations 

reflect systemic levels rather than direct local 

intrauterine fluid concentrations (uterine 

flushing or endometrial tissue biopsy). 

Second, while multivariable models 

controlled for maternal age and ovarian 

reserve, unmeasured confounders such as 

subtle endometrial microbiome variations or 

sperm DNA fragmentation were not 

evaluated. Third, multi-center external 

validation is warranted. 

 

 

7. Conclusion 

Systemic immune imbalance, characterized 

by an elevated pro-inflammatory TNF-alpha 

to anti-inflammatory IL-10 ratio on the day 

of hCG trigger, is an independent predictor of 

IVF clinical pregnancy failure. Elevated IL-6 

and diminished transfer-day VEGF further 

contribute to adverse implantation outcomes. 

Integrating serum cytokine profiling into pre-

transfer evaluation enables clinicians to 

identify immunological infertility 

phenotypes and customize adjunctive 

immunomodulatory therapies to improve 

IVF success rates. 

 

 

8. Recommendations 

1. Incorporate pre-trigger serum cytokine 

profiling (specifically measuring TNF-alpha, 
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IL-10, and IL-6) for patients experiencing 

recurrent implantation failure (RIF) in IVF. 

 

2. Utilize the TNF-alpha to IL-10 ratio as an 

objective biomarker of systemic immune 

readiness prior to embryo transfer. 

 

3. Investigate targeted adjunctive 

immunomodulatory therapies (such as low-

dose corticosteroids, antioxidants, or omega-

3 fatty acids) in patients presenting with a 

pro-inflammatory systemic cytokine profile. 

 

4. Monitor transfer-day VEGF levels to assess 

adequacy of endometrial vascular readiness 

and luteal phase support. 

 

5. Conduct prospective multi-center 

randomized controlled trials evaluating 

whether immunomodulatory interventions 

tailored to serum cytokine profiles improve 

live birth rates in RIF patients. 
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