Effectiveness and safety of intravenous intralipid infusion in women with recurrent reproductive failure: a systematic review and meta-analysis
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Abstract
Intravenous intralipid is widely used for women with recurrent reproductive failure —including recurrent pregnancy loss (RPL), recurrent implantation failure (RIF), and repeated IVF failure—despite limited evidence. This systematic review evaluated the effectiveness and safety of intralipid infusion in this population. We searched seven electronic databases from inception to April 14, 2025. RCTs and non-randomized comparative studies (NRCSs) were included for effectiveness analysis; case series and reports for safety. Two reviewers independently screened and extracted data. Risk of bias was assessed using RoB 2.0 and RoBANS 2.0. Meta-analyses used a random-effects model (risk ratios [RR] with 95% CI). Evidence certainty was assessed using GRADE. Seventeen studies were included (8 effectiveness, 11 safety). Pooled RCT data showed intralipid significantly improved clinical pregnancy rate vs. no treatment (RR 2.31, 95% CI 1.42–3.74; I² = 0%; GRADE certainty: low); this effect was not observed in the pooled NRS data for live birth rate or clinical pregnancy rate, and one large NRCS reported a significantly higher miscarriage rate in the intralipid group (RR 1.12, 95% CI 1.04–1.20). No significant differences were observed vs. IVIG or steroids. Serious adverse events were rare. GRADE certainty was very low to low across all outcomes. Current evidence does not support the routine use of intralipid in women with recurrent reproductive failure. While pooled RCT data suggest a potential benefit in clinical pregnancy rate, evidence certainty is low, and this benefit was not observed in the pooled NRS data. Adequately powered RCTs with standardized protocols and live birth rate as the primary endpoint are needed.
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Introduction
Infertility is a major and growing reproductive health concern worldwide. In South Korea, where advanced maternal age and ultra-low birth rates are increasingly prevalent, infertility carries particular public health significance. According to data from the Health Insurance Review and Assessment Service (HIRA), the number of patients diagnosed with infertility in South Korea reached approximately 289,000 in 2024, representing a 1.3-fold increase from 228,000 in 2020 [1]. The number of individuals undergoing assisted reproductive technology (ART) procedures similarly increased 1.2-fold, from 130,000 in 2020 to 161,000 in 2024. Repeated ART failure imposes substantial psychological and financial burdens on affected women and their families, prompting exploration of alternative treatment strategies.
Based on the hypothesis that immunological factors may contribute to implantation failure and pregnancy loss, various immunomodulatory therapies have been introduced into clinical practice. Among these, intralipid is a lipid emulsion originally approved for total parenteral nutrition (TPN) and holds no regulatory indication for infertility treatment or immunomodulation. Nevertheless, several basic and observational studies have reported that intralipid may inhibit natural killer (NK) cell cytotoxicity [2,3], reduce Th1/Th2 immune activation [4,5], and improve the implantation environment. However, most of these studies were limited by small sample sizes, lack of prospective controls, and inconsistent diagnostic criteria. High-quality evidence confirming the effectiveness of intralipid in infertile patients remains insufficient.
Kumar et al. noted that intralipid may be considered in certain immunological high-risk groups but is not supported by sufficient evidence to be recommended as standard care for women with recurrent implantation failure (RIF) or recurrent pregnancy loss (RPL) [6]. The Human Fertilisation and Embryology Authority (HFEA) classifies intralipid and other immunomodulatory treatments as treatments with "insufficient evidence and potential harm" and does not recommend their use for fertility treatment [7]. Despite concerns raised by international regulatory and professional bodies regarding the limited evidence base for intralipid in fertility treatment, intralipid infusions are widely administered in South Korea in a non-reimbursed setting, including repeated infusions justified solely by marginal elevations in NK cell activity, raising concerns about the clinical expansion of insufficiently evidenced therapies.
This systematic review was conducted to generate evidence on the clinical effectiveness and safety of intralipid infusion in women with recurrent reproductive failure (including RPL, RIF, and repeated IVF failure), with the aim of supporting appropriate and rational use of intralipid in infertility treatment.

Methods
This systematic review and meta-analysis was prospectively registered in PROSPERO (CRD420251039275). The review followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines [8].
Eligibility criteria
Eligible studies were those enrolling women with RPL, RIF, or repeated IVF failure (defined as two or more failed IVF cycles) as the target population, investigating intralipid infusion as the intervention for pregnancy purposes, and comparing outcomes with placebo, no treatment, or other immunomodulatory treatments (including IVIG or steroids). For the purposes of this review, repeated IVF failure was considered to overlap clinically with RPL and RIF and was therefore included within the eligible population. Eligible study designs for effectiveness analysis included RCTs and NRCSs (cohort and case–control studies) with at least 10 participants per arm. Studies reporting only safety outcomes (case series and case reports) were also included in the safety analysis. Exclusion criteria included animal studies, pre-clinical studies, non-original research (systematic reviews, narrative reviews, guidelines, editorials, opinions), grey literature, theses, and retracted publications. Conference abstracts were excluded from the effectiveness analysis because of insufficient methodological and outcome information but were eligible for the safety analysis when they provided identifiable adverse-event data.

Outcomes
The primary outcomes were live birth rate and clinical pregnancy rate. Clinical pregnancy was defined as the presence of a gestational sac with fetal cardiac activity confirmed by ultrasonography; where studies used alternative definitions, reported values were extracted as documented and noted accordingly. The secondary outcome was miscarriage rate, defined as pregnancy loss prior to 20 weeks of gestation. Safety outcomes included maternal adverse reactions, obstetric complications, and neonatal outcomes such as congenital anomalies.

Literature search
We searched five major international electronic databases—Ovid-MEDLINE, Ovid-EMBASE, Cochrane Central Register of Controlled Trials (CENTRAL), Web of Science, and Scopus—as well as two Korean databases, KoreaMed and KMbase. There were no restrictions on publication year, and the final search date was April 14, 2025. Search strategies combined Medical Subject Headings (MeSH) terms and free-text terms related to infertility, ART, and intralipid, covering the population (P) and intervention (I) components. Detailed search strategies are provided in the Supplementary Material.

Study selection and data extraction
Two reviewers independently screened titles and abstracts, then full texts, according to the predefined eligibility criteria. Disagreements were resolved by discussion with a third reviewer. Data extraction covered study characteristics (country, year, design, participating institutions, study period), participant characteristics (inclusion/exclusion criteria, number of participants, age, clinical group), intervention characteristics (intralipid formulation, dose, timing, frequency, concurrent treatments, prior NK cell testing), and outcome data (outcome measure, measurement method, reported values, summary statistics, timing of assessment). For studies reporting both cycle-level and woman-level data, woman-level data were preferentially extracted for the intralipid versus no-treatment comparison to minimize unit-of-analysis concerns arising from non-independent repeated cycles. For example, although Mrosk et al. reported most outcomes at the treatment-cycle level, the intralipid versus no-treatment comparison was based on a woman-level subgroup (patients with elevated uterine natural killer cell counts) and was extracted accordingly.

Risk of bias assessment
Risk of bias was assessed independently by two reviewers, with discrepancies resolved by a third reviewer. RCTs were assessed using the Cochrane Risk of Bias 2.0 (RoB 2.0) tool across five domains. NRCSs were assessed using the RoBANS ver 2.0 tool. Risk of bias assessment was not performed for case series and case reports included for safety analyses only.

Data synthesis and statistical analysis
When data could be pooled quantitatively, meta-analysis was performed; otherwise, a qualitative synthesis was conducted. Given anticipated clinical heterogeneity across studies, a random-effects model was applied throughout. For dichotomous outcomes, the Mantel-Haenszel method was used to calculate RR and 95% CI. For continuous outcomes, weighted mean difference (WMD) or standardized mean difference (SMD) with 95% CI was used depending on whether outcomes were measured on the same or different scales. Heterogeneity was assessed visually using forest plots and statistically using Cochrane’s Q statistic (P < 0.10) and I² statistics (≥ 50%) [9]. Subgroup analyses were prespecified by patient group (RIF or RPL), sample size, and intervention dose. Sensitivity analyses were conducted according to patient group (RIF only), NK cell testing status, risk of bias level, and whether adjusted estimates were reported. All meta-analyses were performed using RevMan 5.4. Statistical significance was set at P < 0.05. Funnel plots and Egger's test for small-study effects were planned to assess reporting bias when at least 10 studies were available for a given meta-analysis. As no synthesis included 10 or more studies, these assessments were not performed.

Certainty of evidence
The certainty of evidence was assessed for direct intervention effect outcomes using the GRADE approach [10], considering risk of bias, inconsistency, indirectness, imprecision, and publication bias.


Results
Literature search and study selection
A total of 3,733 records were identified through searches of seven electronic databases. After removal of 1,398 duplicates, 2,335 records underwent title and abstract screening, of which 2,246 were excluded. The remaining 89 reports were retrieved for full-text assessment, and 17 studies were ultimately included: 8 for effectiveness analysis (3 RCTs, 5 NRCSs) and 11 for safety analysis (4 RCTs, 2 NRCSs, 4 case series, 1 case report). The study selection process is shown in the PRISMA flow diagram (Fig. 1).
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Fig. 1. PRISMA flow diagram of study selection.


Characteristics of included studies for effectiveness analysis
The three RCTs for effectiveness analysis were published in 2016 and 2022, conducted in Russia, Iran, and China [11-13], and enrolled women with RIF (2 studies) or women undergoing IVF (1 study). Two RCTs compared intralipid with no treatment/placebo [12,13], and one compared intralipid with IVIG [11]. The five NRCSs [14-18] were all retrospective cohort studies, published between 2018 and 2024, and conducted in the United Kingdom (n = 1), France (n = 2), Germany (n = 1), and the United States (n = 1). Target populations included RIF (2 studies), a mix of RIF and RPL or IVF recipients (3 studies). Comparators were no treatment [15,17,18], prednisolone [14], and both no treatment and steroids [16].
Across studies, 20% intralipid was used in most studies. Doses ranged from 100 to 250 mL per infusion. The number of infusions ranged from 1 to 5, with varying timing relative to embryo transfer. Characteristics of included studies and details of intervention are summarized in Table 1.
Table 1. Characteristics of Intralipid Infusion Regimens Across Included Studies
	No.	Study	Country/ Design	Population	N (intervention/control)	Intervention	Comparator
	1	Bespalova 2022 [12]	Russia, RCT	IVF failure (≥2 cycles)	97 (41/56)	Intralipid 20%,	No treatment
	200 mL× 3,
	once monthly
	2	Peivandi 2022 [13]	Iran, RCT	RIF (≥2 failures)	80 (40/40)	Intralipid 20%,	Normal saline 250 mL × 1,
	250 mL(diluted with 2 mL) × 1,	2 days (2 h) before ET
	2 days before ET	
	3	Meng 2016 [11]	China, RCT	RIF (≥3 failures)	154 (76/78)	Intralipid 20%,	IVIG 25 g,
	250 mL × ≥3,	cycle day 8–10; pre-preg. monthly;
	cycle day 3; pre-preg.	post-preg. weekly (≤12 wk)
	q2wk; post-preg.	
	Weekly (≤12 wk).	
	4	Khairy 2024 [15]	UK, retrospective cohort	RIF	12,949 (1,960/10,989)	Intralipid 20%,	No treatment (standard ART)
	100 mL × 1,
	cycle day 4–9
	5	Mrosk 2024 [18]	Germany, retrospective cohort	Women undergoing IVF/ICSI with ES treatment (elevated uNK cell counts)	79 (67/12)	Intralipid 20%,	No treatment
	150 mL × 3:
	preceding cycle,
	oocyte retrieval day,
	and if pregnant
	6	Kolanska 2021 [16]	France, retrospective cohort	RIF (≥3 failures)	60 (18/20/22)	Intralipid × 4,	(1) Corticosteroid 10 mg/day,
	day 8 after ET	(3 wk before transfer ~ 9 wk of amenorrhea)
	+ 3, 5, 9 wk of pregnancy	(2) No treatment
	7	Placais 2020 [17]	France, retrospective cohort	RPL or RIF (≥3)	62 (26/36)	Intralipid × 5,	No treatment
	day 8 after ET
	+ 3, 5, 9 wk of pregnancy
	8	Martini 2018 [14]	USA, retrospective cohort	RPL or RIF	147 (127/20)	Intralipid 20%,	Prednisolone:
	250 mL	20 mg × 6 wk,
	(diluted with 4 mL) × 3,	10 mg × 1 wk,
	7–10 d before ET/fertilization	5 mg × 1 wk
	+ 6 wk of pregnancy	
	+ 10 wk of pregnancy	


ART, assisted reproductive technology; ES, endometrial scratching; ET, embryo transfer; IVF, in vitro fertilization; ICSI, intracytoplasmic sperm injection; IVIG, intravenous immunoglobulin; PSM, propensity score matching; RCT, randomized controlled trial; RIF, recurrent implantation failure; RPL, recurrent pregnancy loss.



Risk of bias assessment
All three RCTs reported adequate randomization but failed to report allocation concealment, resulting in “some concerns” in the randomization process domain. Patient blinding was absent or unclear, and deviation from intended intervention was rated as “some concerns” across all three. One RCT [11] was rated “high risk” overall due to 40% loss to follow-up for live birth outcomes. The remaining two RCTs [12,13] were rated “some concerns” overall.
The five NRSs were assessed using the RoBANS ver 2.0 tool across eight domains. The main sources of bias were comparability of groups, selection of study participants, and confounding variables. Martini et al. was rated "high risk" in both the comparability and confounding domains, as it used a historical RCT control group with differing eligibility criteria and baseline characteristics, and applied only unadjusted statistical tests without controlling for confounders [14]. Most remaining studies were rated "unclear" for participant selection due to their retrospective designs, in which outcomes were already known at enrollment. Blinding of outcome assessors and selective outcome reporting were rated "low risk" across all studies, as pregnancy outcomes are objectively ascertained and primary outcomes were consistently reported.

Effectiveness: intralipid versus no treatment
No RCT reported live birth rate. Among three NRCSs (n = 21,320), there was no statistically significant difference in live birth rate between intralipid and no-treatment groups (RR 2.10, 95% CI 0.89–4.96; I² = 63%) (Fig. 2).
[image: Fig. 2.]
Fig. 2. Forest plot of live birth rate (intralipid vs. no treatment, NRCS).

Two RCTs showed a statistically significant improvement in clinical pregnancy rate in the intralipid group compared with no treatment (RR 2.31, 95% CI 1.42–3.74; I² = 0%) (Fig. 3). In contrast, pooled results from four NRCSs did not show a statistically significant difference in clinical pregnancy rate (RR 1.84, 95% CI 0.95–3.59; I² = 57%) (Fig. 4). One NRCS [15] reported a statistically significant increase in miscarriage rate in the intralipid group (n = 20,315; RR 1.12, 95% CI 1.04–1.20). These results are summarized in Table 2.
[image: Fig. 3.]
Fig. 3. Forest plot of clinical pregnancy rate (intralipid vs. no treatment, RCT).

[image: Fig. 4.]
Fig. 4. Forest plot of clinical pregnancy rate (intralipid vs. no treatment, NRCS).

Table 2. GRADE Summary of Findings: Intralipid Infusion versus No Treatment
	Participants (studies) Follow-up	Overall certainty of evidence	Study event rates (%)	Relative effect (95% CI)	Anticipated absolute effects
	With No Tx	With intralipid	Risk with No Tx	Risk difference with intralipid
	Live birth rate
	21,320 (3 NRCS)	⨁◯◯◯	2,648/16,767 (15.8%)	963/4,553 (21.2%)	RR 2.10 (0.89 to 4.96)	2,648/16,767 (15.8%)	174 more per 1,000 (from 17 fewer to 625 more)
	Very low a,b
	Clinical pregnancy rate						
	159 (2 RCTs)	⨁⨁◯◯	 17/87 (19.5%)	31/72 (43.1%)	RR 2.31 (1.42 to 3.74)	17/87 (19.5%)	256 more per 1,000 (from 82 more to 535 more)
	Low c,d
	21,330 (4 NRCS)	⨁◯◯◯	3,651/16,769 (21.8%)	1,260/4,561 (27.6%)	RR 1.84 (0.95 to 3.59)	3,651/16,769 (21.8%)	183 more per 1,000 (from 11 fewer to 564 more)
	Very low a,b
	Miscarriage rate						
	20,315 (1 NRCS)	⨁◯◯◯	2,638/15,912 (16.6%)	818/4,403 (18.6%)	RR 1.12 (1.04 to 1.20)	2,638/15,912 (16.6%)	20 more per 1,000 (from 7 more to 33 more)
	Very low a


*Statistically significant (P < 0.05).
CI, confidence interval; GRADE, Grading of Recommendations Assessment, Development and Evaluation; NRCS, non-randomized comparative studies; RCT, randomized controlled trial; RR, risk ratio.
aDowngraded by 1 level for risk of bias, owing to limitations in domains such as comparability of groups and selection of participants.
bDowngraded by 2 levels for imprecision, as the confidence interval crosses both no effect and appreciable benefit.
cDowngraded by 1 level for risk of bias, owing to serious concerns in 2 or more domains (e.g., the randomization process and deviations from intended interventions).
dDowngraded by 1 level for imprecision, as the optimal information size (OIS) was not met (48 events).


In RCT-based subgroup analyses by patient group, the single study enrolling a mixed RIF and repeated IVF failure population showed a significantly higher clinical pregnancy rate (RR 2.15, 95% CI 1.25–3.70) [13]. In NRCS-based subgroup analyses, pooled results from two studies enrolling mixed RIF/RPL populations also showed a significantly higher live birth rate (RR 3.60, 95% CI 1.51–8.57; I² = 0%). Prespecified subgroup analyses by sample size and intralipid dose could not be performed due to an insufficient number of studies within each category or inconsistent reporting of dose information across studies.

Sensitivity analyses
Among RCTs restricted to RIF women, clinical pregnancy rate remained significantly higher in the intralipid group (1 RCT; RR 3.00, 95% CI 1.06–8.52). Among NRCSs restricted to RIF women, live birth rate was significantly higher (1 NRCS; RR 1.32, 95% CI 1.24–1.41), and miscarriage rate was also significantly higher (1 NRCS; RR 1.12, 95% CI 1.04–1.20), while clinical pregnancy rate was not significant (2 NRCSs; RR 1.29, 95% CI 0.64–2.61; I² = 81%). Among NRCSs using NK cell testing as a patient selection criterion [15,18], neither live birth rate (RR 1.79, 95% CI 0.49–6.47; I² = 35%) nor clinical pregnancy rate (RR 1.53, 95% CI 0.64–3.65; I² = 33%) showed significant differences. In the single NRCS rated as low risk of bias [16], clinical pregnancy rate showed a large and significant effect (RR 12.22, 95% CI 1.72–86.68). Although the adjusted estimate for clinical pregnancy rate from the single study reporting adjusted results (Kolanska 2021; adjusted OR 36.04, 95% CI 2.26–575.18) nominally favored intralipid, the confidence interval was extremely wide, rendering this estimate highly imprecise and unreliable. Overall, findings were consistent with the main analyses and did not alter their interpretation: effect estimates from single-study analyses were imprecise, and the one available adjusted estimate carried an extremely wide confidence interval, limiting its reliability.

Effectiveness: intralipid versus IVIG or steroids
When compared with other immunomodulatory treatments, intralipid demonstrated no significant advantage over either IVIG or steroids. In one RCT [11] (n = 154) comparing intralipid with IVIG, no significant differences were observed in live birth rate (RR 0.83, 95% CI 0.63–1.10), clinical pregnancy rate (RR 1.07, 95% CI 0.96–1.20), or miscarriage rate (RR 0.63, 95% CI 0.28–1.44). Similarly, pooled analysis of two NRSs (n = 185) comparing intralipid with steroid-based treatment (prednisolone or steroids) revealed no statistically significant differences in live birth rate (Martini et al; RR 0.93, 95% CI 0.52–1.66) or clinical pregnancy rate (Martini et al and Kolanska et al; RR 0.84, 95% CI 0.57–1.24; I² = 33%).

GRADE certainty of evidence
For the comparison of intralipid versus no treatment, the certainty of evidence was “low” for clinical pregnancy rate based on RCT data (downgraded for risk of bias and imprecision), and “very low” for live birth rate, clinical pregnancy rate from NRCSs, and miscarriage rate. For comparisons with IVIG and steroids, all outcomes were rated “very low” due to risk of bias and imprecision.

Safety findings
Safety data were available from 4 RCTs [11,13,19,20], 2 NRCSs [21,22], and 5 case studies [23-27]. No severe or life-threatening adverse events directly attributable to intralipid were reported, although safety data were limited and incompletely ascertained. In a small number of studies, congenital anomalies, obstetric complications, and fetal growth restriction were reported in the intralipid group; however, a causal relationship with intralipid could not be established given the limited ascertainment and reporting of adverse events across studies. Full details of reported cases are presented in Supplementary Table S4.


Discussion
This systematic review and meta-analysis evaluated the effectiveness and safety of intralipid infusion in women with recurrent reproductive failure. Of the two randomized controlled trials comparing intralipid with no treatment in women with RIF or RPL, neither reported data on miscarriage rate. Nevertheless, pooled data from these two trials demonstrated a significantly higher clinical pregnancy rate in the intralipid group compared with the no-treatment group (RR 2.31, 95% CI 1.42–3.74; GRADE certainty: low); however, this effect was not observed in the pooled NRCS data. One large observational study additionally reported a significantly increased miscarriage rate in the intralipid group. No statistically significant differences were detected, although the estimates were imprecise and the certainty of evidence was very low. Safety data remain insufficient to exclude potential harms, including obstetric complications and congenital anomalies.
Nevertheless, our findings are broadly consistent with prior systematic reviews, which have similarly concluded that the evidence is insufficient to support or refute the use of intralipid in women with recurrent reproductive failure [6,28-31]. The present review differs from these prior reviews in three key respects. First, several studies frequently included in earlier meta-analyses were excluded from the present review. Al-Zebeidi et al. [32], cited in five prior systematic reviews, and Dakhly et al. [33], cited in four prior systematic reviews, were excluded after confirming their retraction from peer-reviewed journals in September 2025 and May 2024, respectively, reducing potential distortion of the pooled estimates. Second, effectiveness data were analyzed separately by study design (RCT vs. NRCS), revealing discordant effect estimates between randomized and non-randomized evidence. Third, evidence was evaluated separately by indication (RIF vs. RPL), highlighting the absence of RCT evidence in RPL-only populations.
The biological rationale for intralipid in fertility treatment rests primarily on its proposed ability to suppress peripheral and uterine NK cell activity, thereby improving the immune tolerance required for embryo implantation. However, the clinical evidence for NK cell-guided patient selection remains weak. In our sensitivity analyses restricted to studies using NK cell testing as a selection criterion, no significant benefit was demonstrated for either live birth or clinical pregnancy rate. Furthermore, definitions of NK cell abnormality varied substantially across studies, further limiting the interpretability of these findings.
Heterogeneity across included studies was substantial for several outcomes and may reflect differences in patient populations (RIF vs. RPL vs. mixed), intervention protocols (dose, timing, number of infusions), comparator treatments, and background ART protocols. While subgroup analyses partially resolved heterogeneity in live birth rate analyses, they did not do so for clinical pregnancy rate, precluding definitive conclusions. The optimal intralipid protocol remains undefined; most studies used 20% intralipid in doses of 100–250 mL, but the therapeutic dose range has not been established.
Regarding safety, no studies reported severe or life-threatening adverse events directly attributable to intralipid. However, congenital malformations, placental complications, and fetal growth restriction were observed in a small number of cases, and intralipid’s potential role cannot be excluded. The overall safety database is limited by the reliance on abstracts and small case series, and long-term follow-up data for maternal and neonatal outcomes are absent.
This review has several limitations. First, the certainty of evidence was very low to low across all outcomes, primarily due to risk of bias in the primary studies, substantial heterogeneity, and imprecision. Well-designed and rigorously conducted clinical trials are needed to establish the clinical effectiveness of intralipid infusion therapy. Second, most included studies were small and conducted at single centers in limited geographic settings (Europe, Middle East, East Asia); no studies were conducted in Korean patients, despite widespread empirical use of intralipid in South Korea. Third, safety data were largely derived from conference abstracts and small case reports, restricting quantitative synthesis and precluding firm conclusions regarding the safety profile of intralipid. Fourth, publication bias was not formally assessed due to the small number of eligible studies. Finally, this review did not fully differentiate treatment effects according to the underlying indication; in particular, whether the effectiveness of intralipid differs between women with RIF, the primary indication for its use, and those with RPL remains to be clarified. Future studies stratified by indication are warranted to determine whether specific subgroups derive greater benefit from intralipid therapy.
In conclusion, current evidence is insufficient to support the clinical safety and effectiveness of intralipid infusion therapy in women with recurrent reproductive failure. Given these gaps, intralipid should not be used indiscriminately as a routine empirical treatment outside the context of well-designed clinical trials. Future research should prioritize adequately powered RCTs with standardized treatment protocols—including defined dose, timing, and indication-specific patient selection criteria—using live birth rate as the primary endpoint, together with systematic long-term safety monitoring for both mother and offspring.
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