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Abstract

Background: Infertility is a multifactorial condition that causes significant emotional distress and
financial burden for couples. Despite advances in assisted reproductive technologies (ART), many
patients experience recurrent implantation failure (RIF) or pregnancy loss. Intralipid, an intravenous
lipid emulsion, has been proposed as an adjunctive therapy due to its immune-modulatory effects,
particularly in reducing elevated natural killer (NK) cell activity, which maybe associated with poor
reproductive outcomes. This study evaluated the effect of Intralipid infusion on pregnancy rates and
miscarriage rates in women with recurrent implantation failure undergoing in-vitro-fertilisation
(IVF). Materials and Methods: This was a retrospective study of women who had suffered from
recurrent implantation failure and underwent IVF between September 2023 and September 2024. A
compara miscarriage rates. Results: A total of 113 women undergoing IVF were identified - 51
received intralipid. Intralipid was initiated at varying stages of the IVF process - a day before embryo
transfer (ET) (18 or 35.3%), on the day of ET (20 or 39.2%) and after ET (13 or 25.5%). The clinical
pregnancy rate was 44.2% in the treatment group compared to 29% in the comparator group (P<0.05)
while the miscarriage rates were 13.7% versus 11.3% (P>0.05). Elevated NK cells were present in
65.4% of the patients who received Intralipid, but the correlation between NK cell levels and
pregnancy outcomes was weak (Spearman o = 0.032). No adverse effects were reported in any of the
women. Conclusion Intralipid infusion increased the successful pregnancy rates in women who had
had recurrent implantation failure at IVF. The clinical pregnancy rate was significantly higher than
in who undergoing ART who had not suffered from RIF. These findings support several studies on
the potential benefit and safety of intralipids in women undergoing ART but the numbers remain
small and more prospective studies are needed to confirm these findings

Keywords: recurrent implantation failure; assisted reproductive technology; in-vitro fertilization;
clinical pregnancy and miscarriage

1. Introduction

Infertility is a complex and multifactorial condition affecting a significant proportion of couples
globally [1]; often leading to emotional distress and a huge financial burden. Traditional treatments,
including hormonal therapies and assisted reproductive technologies, have varying degrees of
success which are to an extent influenced by specific indications. The success rates with in-vitro-
fertilization (IVF) is about 15-60% [2,3,4] depending on the age of the woman and other factors [5,6,7]

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202509.1266.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 September 2025 d0i:10.20944/preprints202509.1266.v1

2 of 11

and 60-60% with pre-implantation genetic testing and implantation of normal embryos [8]. For most
of the unsuccessful IVF-ETs where the embryo is karyotypically normal, various factors have been
implicated including impaired endometrial receptivity. Reduce endometrial receptivity is thought in
some cases to be secondary to immune dysfunction or immune abnormalities [7]. One such immune
abnormality is increased natural killer (N) cells, although this remains controversial [9, 10 ]. These
cells (peripheral and uterine) have been described as the potential culprit in recurrent pregnancy loss
and implantation failure especially in cases with high numbers pre-conception [11] and with
demonstrably sustained markers of cytotoxic activity in both the peripheral [12] and uterine NK cells
[13]. Increased NK cell cytotoxicity has been associated with recurrent implantation failure and
recurrent miscarriages [10, 14,15,16]. Inhibiting the cytotoxic activities of these NK cells could
potentially increase implantation rates and reduce the risk of miscarriage [17]. Various agents have
been tried including aspirin, progesterone, low molecular weight heparin, intravenous
immunoglobulin (18,19] and corticosteroids [20], but none of these have been shown to be effective
in increasing success pregnancy rates.

An approach that has therefore been proposed to modulate the immune dysfunction associated
with high NK cells is the use of intralipids [21,22]. Intralipid® is an emulsion of polyunsaturated fatty
acids derived from soybean oil, glycerin and egg phospholipid that is commonly used as a
component of parenteral nutrition in patients unable to tolerate an oral diet. Although the exact
mechanism by which Intralipid® modulates immune modulation remains unclear, its active
ingredient, soya oil, has been reported to be capable of inhibiting pro-inflammatory mediators,
specifically Th1 cells [23] thus favouring successful implantation and pregnancy. It has been reported
to have a variety of immune-modulatory and anti-inflammatory actions including decreased
production of IL-2, TNFa, IL-1B and suppression of NK cell activity that may last several weeks after
a single infusion [17,23,24]. Additionally, it has been shown that intralipid therapy boosted serum
granulocyte colony-stimulating factor (G-CSF), a cytokine reported to be associated with successful
implantation following embryo transfer in IVF cycles [25]. Although there have been several studies
on the use of intralipids in assisted reproduction, the data have not been consistent. Having said that,
two recent systematic reviews and meta-analyses concluded that intralipid administration may
improve IVF outcomes, especially in women with recurrent implantation failure or recurrent
spontaneous miscarriages [26,27]. However, they concluded that due to some limitations, intralipid
use in women undergoing IVF should be with caution until more data become available. Such data
would ideally be from prospective randomized controlled trials, but it could also come from cases
series. We have been using intralipid in women with recurrent implantation failure or recurrent
spontaneous miscarriages in our Reproductive Unit for the past few years. The aim of this study was
to review the outcomes from these women undergoing assisted reproduction techniques, to add to
the accumulating data. Apart from the outcomes of the ART in the group with recurrent implantation
failure, we also set out to determine how the outcomes compared to those in women who had not
had recurrent implantation failure.

2. Materials and Methods

This was a retrospective study of women undergoing assisted reproductive technology (ART) -
specifically IVE-ET at the Feto Maternal Medical Centre, Qatar for the period September 2023 to
September 2024. Institutional review board approval was obtained (FMC-IRB-004 12th March 2024)
and since this was an anonymized review of the records, no patient informed consent was required.

Intralipid® was administered to women who had had recurrent implantation failure (RIF)
defined as three or more unsuccessful IVE/ICSI-ET of at least 3 good quality embryo transfers. To be
included in the study, the women would have been thoroughly investigated and obvious causes of
infertility (e.g. tubal factor, anatomical, hormonal, haematological and autoimmune).) excluded. Male
factor was not an exclusion criterion if good quality sperms were generated after routine preparation.

The electronic records of the women were reviewed and from these, various variables were
extracted. These included patient demographics, hormonal (FSH/LH levels, TSH and free T4)
investigation results (classified as normal and if abnormal - specified), type of reproductive pathology
requiring treatment by ART, other laboratory data (AMH levels, uNK cells - thrombophilia screen,)
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and ultrasound findings. Other variables collected included past medical and surgical history, co-
morbidities (such as diabetes, hypertension etc.) and other associated conditions (such as PCOS,
uterine fibroids).

The ART variables collected included - indication for ART, ovulation induction regimen, timing
of the intralipid administration (with relation to embryo replacement) and duration of administration
and outcomes of the ART where available. We also collected information on additional medications
used (e.g. aspirin or steroids during the ART procedure).

The ART outcomes were classified as (1) chemical pregnancy - where there was a urine positive
pregnancy test or serum hCG>=5IU/L but with no ultrasound demonstrated intrauterine pregnancy
(2) clinical pregnancy - where there was a gestational sac with or without a fetal pole demonstrated
on ultrasound (3) miscarriage - where an ultrasound demonstrated loss of a clinical pregnancy <22
weeks after the ET or 24 weeks of gestation and (d) pregnancy progressing beyond 24 weeks (livebirth
or otherwise). For each woman who received intralipids a comparative group (the case either before
or after the index case) matched for age and who had not had recurrent implantation failure and was
selected.

2.1. Intralipid Protocol

Intralipid 20% was administered as an intravenous infusion, prepared by diluting 100 mL of
Intralipid in 250 mL of normal saline, and infused over a period of 2-hours in an outpatient setting.
The intralipid was administered either 1- 2 days before ET or on the day of embryo transfer and was
continued every 2 weeks until 12 weeks provided there was a positive BHCG and/or confirmed
intrauterine pregnancy.

2.2. Statistical Analysis

Continuous variables are presented as means and standards deviation (SD) where they are
normally distributed while categorical data are presented as frequences (percentages). Where
continuous data are not normally distributed, medians and ranges were used. The independent
sample t-test was used to compare outcomes between the study and control groups. P < 0.05 was
considered statistically significant. All statistical analyses were performed using SPSS software.

3. Results

A total of 113 women who underwent assisted reproductive treatment at our centre and met the
inclusion criteria were included in the study - 51 of these had intralipid and constituted the index
group while 62 did not and constituted the comparative group.

Table 1 shows the demographics, and other variables extracted from the records of the cohort.
The mean (SD) age was 37(6.0) years for the index group and 35 (6.6) years for the comparative group
(P>0.05). Hypothyroidism and polycystic ovary syndrome (PCOS) were more common in the index
than comparative groups but only PCOS was statistically significantly so(’<0.05). Ovarian reserve
was not significantly different in the two groups. It was normal in 78.8% (N=41) of the index group
and 74.2% (N=46) in the comparative group (P>0.05). Most women (78.4% in the index vs 87.1% in
the comparative groups, P>0.05) had regular menstrual cycles. Elevated uNK cells were present in 34
(65.4%) of those in the index group. The prevalence of other immunological factors such as
antiphospholipid syndrome was very small in both groups to be of any statistical significance.
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Table 1: Demographics and related variables.

Medical history Index group N(%) Control group N(%) “Palue
N=51 N=62

Age 37 (6.2) years 35 (6.6) years

PCOS 6 (18.0%) 2(3.2%) 0.02

Hypothyroidism 9 (27.0%) 12 (19.3%) >0.05

Endometriosis 2 (6.0%) 2(3.2%) >0.05

No medical history 10 (30.3%) 23 (37.0%) >0.05

Hysteroscopy 1(3.0%) 1(1.6%) >0.05

GDM 3 (9.0%) 2(3.2%) 03

Regular menstrual cycles 40 (78.4%) 54 (87.1%) >0.05

Ovarian reserve
Low 10(19.2%) 16(25.8%)
Normal 41 (78.8%) 46(74.2%)

The indications for IVF are shown in Table 2. It was performed for secondary infertility (45.1%),
followed by primary infertility (23.5%) in the study group and secondary infertility (51.6%) followed
by primary infertility (37.1%) in the comparative group. Other indications included preimplantation
genetic diagnosis (PGD, 27.5% vs3.2%), preimplantation genetic screening (PGS, 3.9% vs 6.5%) and
male factor infertility (0% vs1.6%).

Table 2: Indications for IVF-ET

Variable Index group No (%) Control group No (%$3
N=51%* N=62

Primary 12(23.5%) 23(37.1%)

Secondary 23(45.1%) 32(51.6%)

PGS 2(3.9%) 4(6.5%)

PGD 14(27.5%) 2(3.2%)

Male Factor 0% 1(1.6%)

* All these women had had at least 3 previous failed embryo transfers

Ovarian stimulation in the index group was commonly with the antagonist regimen which
consisted of (Cetrotide, Orgalutran, Gonal-F and Ovitrelle). A small number of all the cases (5=9.5 %)
were offered the long-term agonist protocols (Deacetyl). Ovulation induction in the comparative
group was primarily N=(34;54.8%) with the antagonist regimen using Gonal-F, Merional, and
Cetrotide.

Table 3 shows the intralipid regimen for the patients. There was no consistency in the timing of
the administration of intralipid. It was initiated either a day or two before embryo transfer in
18(35.3%) cases, on the day of embryo transfer in 20 (39.2%) cases and after embryo transfer in
13(25.5%).
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Table:3: Timing-of intralipid for IVF-patients-(data-are -presented-and-N-and-percentages)

;

Intralipid-dose* No+(%)

1-2-days-before-ET-or-FET 18(35.3%)
On-day-of ET-or FET 20(39.2%)
After ET-or-FET 13-(25.5%)

*The -women-continued-the-intralipid-until- 12 weeks-if pregnant.

The outcomes of the ART in the cohort are shown in Table 4. There were 23 (45.1%) clinical
pregnancies, 7 (13.7%) miscarriages, 2(3.9%) chemical pregnancies; 1(2.0%) was an ectopic pregnancy
and 18(35.3%) were not pregnant. In the comparative group there were 18 (29%) clinical pregnancies,
7 (11.3%) miscarriages, 2 (3.2%) chemical pregnancies and 35(56.5%) were not pregnant. The overall
pregnancy rate was statistically different in the two groups (P=0.043).

Table 4: Outcome of ART in the Index and control groups

Outcome Index group Control group
No (%) No (%)

Chemical pregnancy 2(3.9%) 2 (3.2%)

Clinical pregnancy 23(45.1%) 18 (29%)

Miscarriage 7(13.7%) 7 (11.3%)

Ectopic pregnancy 1(2.0%) 0

Not pregnant 18 (35.3%) 35 (56.5%)

4. Discussion

This study demonstrated a statistically significant higher clinical pregnancy rate in women
undergoing assisted reproductive treatment (ART) who received intralipid (particularly those with
elevated uterine natural killer (uNK) cell activity) and a history of repeated implantation failure (RIF).
The overall clinical pregnancy rate in the intralipid group (45.1%) was significantly higher than in the
comparative group (29%, P=0.043). Coulam and Acacio [18] reported improved pregnancy outcomes
in women with immunological abnormalities, including elevated NK cell activity, following
intralipid therapy (1). Similarly, Roussev et al. [17] documented that intralipid therapy significantly
reduced NK cell activity and improved live birth rates in patients with prior ART failures [28]. In two
systematic reviews by Asif et al. [29] and Han et al. [26] of 2RTCs and 5RTCs composing of 303 and
800 participants respectively, intralipid improved livebirth rate compared to controls by a RR of 2.13
(95%C11.35-3.36) and 1.85 (95%CI 1.44-2.38) respectively [17]. Our findings of higher pregnancy rates
are consistent with the conclusions from these systematic reviews. This is not an ideal comparator as
the denominator was different, however our findings indicate that intralipid may not only increase
the pregnancy rates in women with recurrent implantation failure (RIF) but may even result in higher
pregnancy rates in this sub-population when compared to those who had not experienced recurrent
implantation failure.

In our series the intralipid was started at three different time points and continued until 12 weeks
of gestation where the pregnancy was ongoing. There is no consistency in the timing of intralipids in
published studies. In the five randomised studies Al-Zebeidi et al. [30] administered it on the day of
ET and again on the day of pregnancy test; Singh et al. (2019) on the day of oocyte retrieval and again
on the day of ET; Gameleldin et al. [31] 6-7 days before ET and again on the day of a positive
pregnancy test; Dakhly et al [32] on the day of oocyte retrieval and repeated within a week of a
positive pregnancy test and then every 2 weeks until the end of the first trimester and El-Khayat et
al. [33] between day 4 and 9 of ovulation stimulation and within a week of a positive pregnancy test.
This timing of intralipid in these studies and ours did not have any bearing on the successful
pregnancy rates suggesting perhaps that there may be no need to administer more than two doses
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(the minimum in all the studies) of intralipids. This is more so that Roussev et al. [17] showed that
the effect of intralipids by way of decreasing NK cell cytotoxicity lasted for about 2 weeks post
administration. A detailed review of the timing of intralipid in all these studies would indicate that
most administered it either on the day of ET or within 7 days of a positive pregnancy test. This would
suggest that this is a likely to be the crucial period of the immunological modulation by intralipid.
Whether a single dose given during this window will result in similar results is unknown.

Results from our findings and those of most others differed from a few others that showed no
difference. In the study by Martin et al [34] in which the intralipid was administered 7-10 days before
embryo transfer or insemination, and again at 6 weeks and at 10 weeks, there were no differences in
pregnancy rates when compared to a historical control. Han et al. [26] suggested that this might have
been because of the use of a historical for control. Another study that failed to show any difference
was in women aged 40-42 years in whom intralipid was administered in the mid-follicular phase [35]
but the numbers were very small. A randomized controlled trial by Al-Zebeidi et al. [30] found no
significant difference in pregnancy rates with intralipid administration in women without specific
immune dysfunctions. These discrepancies emphasize the importance of patient selection and the
need for standardized protocols in both diagnostic immunological profiling and timing of
intervention. Table 5 shows most of the studies that have explored the benefit of intralipids in
recurrent unexplained implantation failure.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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implantation failure
with elevated NK
cells

Study & Year Type of study and Study population Timing of intralipid Outcome Results
sample size
Acacio et al. 2008 | Cohort study (N=79 women - 68 with Not specified Pregnancy rates 40% pregnancy rates, None of
Recurrent women>409 achieved
implantation failure pregnancy
(N=68)
Ndukwe G 2011 Cohort study Recurrent Not specified Pregnancy rate 46% clinical pregnancy rate

and recurrent
pregnancy loss

El Khayat et al. Randomized controlled Unexplained Between day 4-9 of Clinical 35% clinical pregnancy rate
2015 (N=203) implantation failure ovulation stimulation & pregnancy, and 33% live birth rate
(>2-6 cycles) within 1 weeks of implantation and
pregnancy test live birth rates
Check & Check Matched control (N=) Unexplained Mid-follicular phase Clinical pregnancy | No pregnancy in those given
2016 implantation failure and delivery rates | intralipid compared to 40$ in

untreated controls and 30%
live births in controls

only)

implantation failure

pregnancy test

Dakhly et al. 2016 | Randomised controlled Recurrent Day of ET, 1 week after Clinical 58.3% clinical pregnancy rate
trial (N=296) implantation failure positive pregnancy test pregnancy, liver & 37.5% livebirth rate
and then 2 weekly birth rate
Gamaleldin et al. Randomized double Unexplained 6-7 days before ET and Clinical pregnancy | Clinical pregnancy rates 39.6%
2018 (Abstract blind controlled (N=97) recurrent second dose if positive and live birth versus 26.5% and livebirth

rates (Treated vs
control)

rates - 29.2% vs 18.4%. 2 of 14
livebirths in treated group had
congenital ear anomalies

Ledee et al. 2018

Prospective cohort study

(N=94)

Recurrent
implantation failure

at 5 week and again at 9
weeks

Livebirth

Livebirth rate of 54%
compared to 20-25% for IFV-
ET at time in France

Martini et al 2018

Retrospective study
(N=127); compared to
historical control (N=20)

Unexplained
implantation
failure/recurrent
pregnancy loss

7-10 days before
ET/insemination and at 6
and 10 weeks if pregnant

Clinical pregnancy
and live birth
rates

Clinical pregnancy rates of
51% vs 70% in study and
controls and livebirth rates of
37% vs 40% respectively

Ehrlich et al. 2019

Retrospective case series
(Cases N=85 & aged

Recurrent
implantation failure

Day 5-9 of IVF cycles and
again at positive

Clinical pregnancy
and livebirth rates

40% versus 35% clinical
pregnancy (in treated and

matched controls
N=558)

pregnancy test; Or on day
of oocyte retrieval in fresh
ET or day of ET in FET and
then on day of positive
pregnancy test

controls) and livebirth rate of
35.7% in intralipid group

Singh et al. 2019 Randomized controlled Previous Day of cocyte retrieval Chemical and 34.6% clinical pregnancy rate
(N=102) implantation failure and on day of ET clinical pregnancy | and 34.6% livebirth rate
(>=1 cycle) rates,
implantation
rates, ongoing
and live birth
rates
Al-Zebeidi et al. Randomized controlled Unexplained Day of ET& day of positive | Clinical Clinical pregnancy - 36.6% vs
2020 study (N=142) recurrent pregnancy test pregnancy, live 28.2% and livebirth - 18.3% vs
implantation failure birth and 14.1%
(>=3 cycles) miscarriage rate
Peivandi et al. Randomised blind Recurrent 2 days before ET Clinical pregnancy | 30% vs 10% in intralipid
2022 controlled trial (N=80) implantation failure versus control groups (P<0.05)
Kinarullakandi et Retrospective Recurrent Before ET or at ET and at Clinical Clinical pregnancy- 44.2% vs
al. (Current study) | comparative (N-113) implantation failure pregnancy test and weekly | pregnancy, live 29%; Miscarriage - 13.7% vs
2025 until 12 weeks birth and 11.3%

miscarriage rates

One major weakness in the published studies and ours is failure to exclude other possible
contributing immunological factors to the recurrent implantation failure or quantify peripheral and
uterine NK cells. We would therefore state that while the evidence for intralipids making a difference
in pregnancy rates is reasonably strong, the precise mechanism of action is yet to be elucidated and
may be variable including immunological modulation. Some studies that have investigated NK cell
activities following infusion of intralipids have shown changes in toxicity perhaps demonstrating

modulation. Since the role of peripheral NK cells (which have been shown to be different in origin,
function and phenotype from uterine NK cells) in repeated miscarriages and implantation failure
remains controversial [36,37,38,39] we would suggest that there may be other yet to be explored
contributing modalities by which this intervention improves pregnancy outcomes.

There were no serious recorded side effects in our cases and no reported congenital
abnormalities. Minor adverse effects that have been reported include flushing, headaches,
drowsiness, vomiting, sweating, dizziness [40]. This has been a consistent observation in the various
studies although the study by Gamaleldin et al. [31] reported 2 cases of congenital ear abnormalities.
These findings have not been reported in any other study. While it may be safe to conclude from the
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reported cases that intralipid is not teratogenic and that the reported ear abnormalities may be
incidental there is a need to continue to monitor this aspect of intralipids.

5. Conclusions

In this retrospective study we have shown that intralipids administration is associated with an
increase in pregnancy rates in women who have had recurrent implantation failure, consistent with
most other studies. There is still the need to undertake randomised controlled trials with large
numbers to provide more definite evidence and furthermore try to unravel the precise mechanism
by which intralipids improve IVF-ET outcomes.

Strengths and Limitations

The study's retrospective nature limits causal inference and introduces potential bias in data
interpretation. The small sample size (113 women) reduces statistical power and generalizability of
the findings. The variation in intralipid dosing and timing, lack of standardized NK cell testing, and
absence of long-term follow-up on live birth outcomes constrain definitive conclusions.

Nevertheless, our findings support existing evidence suggesting that intralipid may be beneficial
in selected patient populations, particularly those with immune-related infertility challenges. Larger,
well-powered, randomized controlled trials with standardized protocols are essential to validate
these results and to determine optimal patient selection criteria and treatment timing.

The timing of initiation of intralipids was variable - from pre-ET to post ET. Furthermore, we
did not have a control group. An ideal case control study would have generated more robust
evidence. An ideal control group would have been one in which there had been recurrent
implantation failure - matched for age and other factors who did not receive intralipids.
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