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Intravenous immunoglobulin or intravenous lipid emulsion therapy in patients with 
elevated NK cytotoxicity improves live birth rates in different ways.

Running title:

In patients with elevated NK cytotoxicity, IvIg improves IVF outcomes mainly by increasing 

the ongoing pregnancy rate, while IL also reduces pregnancy failures. IvIg or IL treatment 

significantly improves LBR, but does not affect the high rate of preterm birth inherent in 

eNKc patients.
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 Abstract

Problem: Many studies have demonstrated the negative impact of high rates of NK 

cytotoxicity (NKc) on reproductive outcomes, as well as the beneficial effects of 

intravenous immunoglobulin or intravenous lipid emulsion, specifically in these patients.

Method of study: NKc was measured in PBMCs against K562 by flow cytometry. For 

retrospective analysis, 2250 cycles of ET were selected and divided into 4 groups 

according to NKc levels and treatment: normal (nNKc, n=587), elevated (eNKc, n=615), 

eNKc with IvIg treatment (n=231), and eNKc with IL treatment (n=180). Patients were <36 

years old, negative for anticardiolipin antibodies, and did not have insufficient 

endometrium, thrombotic disorders, uterine abnormalities, or obesity. Patients aged 36-39 

years (n=359) and 39-42 years (n=279) were analyzed separately using a similar 

approach.

Results: Patients with eNKc, in addition to having reduced clinical pregnancy rates (CPR) 

26.99%, had increased levels of pregnancy failures (PF) 36.7% and a preterm birth rate 

(PBR) 13.3%, compared to nNKc patients (34.07%, 23.5%, and 3.26%, respectively). As a 

result, patients with eNKc had a reduced live birth rate (LBR) (17.0%), compared to nNKc 

patients (26.06%, OR 1.720, p<0.0002).

Both IvIg and IL treatment resulted in increased CPR (44.15% and 39.44%) and LBR 

(32.03% and 32.22%) compared to patients with eNKc without treatment. IvIg treatment 

increased CPR even compared to patients with nNKc. However, the pregnancy failure rate 
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(PFR) in IvIg-treated patients was not significantly reduced compared to non-treated 

patients with eNKc. In contrast, IL-treated patients had significantly decreased PFR 

compared to patients with eNKc without treatment. As a result, both treatments (IvIg and 

IL) led to an LBR similar to that of nNKc. Both therapies (IvIg and IL) did not affect the 

Preterm birth rate, which remained relatively high (14.86% and 13.79%, respectively). 

However, the frequency of antenatal or prenatal fetal death was the same in all groups.

In patients aged 36-39y.o. the results were quite similar, although the PFR in all groups 

was already significantly higher. However, in patients aged 39-42 years, the negative 

impact of eNKc was no longer significant, as high PFR and low LBR were also found in 

patients with nNKc. Nevertheless, even in this group, IvIg therapy led to higher LBR rates 

compared to eNKc without therapy.

Conclusions: Our findings highlight the negative impact of high levels of NK cytotoxicity 

on all stages of the reproductive process. Treatment with IvIg and IL in this group 

significantly improves LBR. It seems that the strength of IvIg is based on a strong increase 

in the СPR even compared with nNKc patients, whereas IL’s effectiveness is more based 

on a significantly reduced PF rate. It also appears that the efficacy of IvIg is not limited to 

the group of patients with eNKc. Combining IvIg and IL treatments may enhance the 

results in patients with elevated NK activity.

Keywords: NK cytotoxicity, Intravenous immunoglobulin, intravenous lipid emulsion, IVF 

failures, Pregnancy failures, live birth rates, Preterm birth.

Introduction
Natural Killer lymphocytes (NK) play a critical role in human reproduction: blastocyst 

recognition, embryo implantation1,2, trophoblast invasion3, spiral artery remodeling4,5,6,7, 

and subsequent pregnancy ongoing8,9. It is logical to assume that the affected NK 

numbers or functions influence the efficiency of these reproductive processes and form an 

unfavorable background for reproduction and it was shown in many studies10,11,12,13,16. 

Status of peripheral blood (PB) natural killer cells NK cell frequency and NK cytotoxicity 

(NKc) associated with reproductive failures (recurrent pregnancy loss (RPL) abortions, 

infertility of unknown etiology, and IVF failure10,11,14,15,17. 

The number and phenotype of endometrial natural killer cells are also associated with 

reproductive disorders, such as unexplained subfertility, recurrent implantation failures 

(RIF), and RPL18,19,20. 
A lot of the meta-analyses showed higher NK-cell proportions or NK cytotoxicity in RPL or 

RIF21,22,23,24.
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High production of pro-inflammatory cytokines by PB NK cells was registered in women 

with recurrent miscarriages25 as well as elevated HLA-DR, CD69, and CD94 expression in 

NK and T lymphocytes10,26. Elevated HLA-DR on endometrial NK and 

CD3+CD8+lymphocytes was also found in patients with RIF27,20.

It is well known that there is no correlation between NK numbers in endometrium and PB, 

but a similarity between decidual and PB in CD161 and CD158b NK expression was 

shown28. The association between high CD45+CD3+CD8+DR+ levels in peripheral blood 

and higher uNK numbers was also shown27.  We previously described that 

CD3+CD8+DR+ peripheral lymphocytes correlated with the same population in the 

endometrium. We also found a correlation between endometrial NK and PB NK CD335 

and CD8 expression29,30,20. So endometrial immunophenotype is specific, but not 

autonomic and isolated, from PB immunophenotype.

Elevated NK numbers, activity, or cytotoxicity in patients with reproductive failures were 

shown in the majority of studies. However, in recent years, studies have shown the 

adverse effects of reduced/suppressed NK states.  So, it was shown: that the low cytotoxic 

activity of peripheral blood NK cells may relate to unexplained recurrent miscarriage31 or 

IVF failures16. Increased natural killer cell subsets with inhibitory cytokines and inhibitory 

surface receptors in patients with recurrent miscarriage, was shown32. 

Thus, the vast majority of studies reveal an association between accentuated high levels 

of NK lymphocytes and NK activity with reproductive losses, as well as the effectiveness of 

immunomodulation therapy by Intravenous immunoglobulin or intravenous fat emulsion 

among such patients33,34,35. However, the issue of implementing these diagnostic methods 

and therapeutic approaches remains unresolved. 

NK cytotoxic reaction, measured by the NK assay against HLA-negative K562 cell lines, is 

the “gold standard” for the investigation of NK activity in vitro36. In Kyiv, we implemented 

NK cytotoxicity testing of patients with reproductive failures back in 2006 and during this 

time have done > 28,000 tests. We planned this study back in 2010 and completed it well 

before the SarsCov2 pandemic. In a previous retrospective study, we showed that 

accentuated NK cytotoxicity (reduced or increased) is an unfavorable factor for 

implantation and pregnancy ongoing16. The current retrospective study continues the 

previous one and analyzes the effectiveness of immunomodulation therapy by Intravenous 

immunoglobulin or intravenous fat emulsion in ordinary IVF population with elevated NK 

cytotoxicity.

Material and Methods 
Blood sample collection
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NK cytotoxicity was routinely investigated in patients who had at least one incident of 

idiopathic failure in previous IVF cycles (2009 to 2019). In the overall analysis, we took 

more than 8000 determinations of NK cytotoxicity in more than 4,000 patients from the 

(Reproductive Medicine Clinic "IRM Dachno", Kyiv, Ukraine). The clinic is adjacent to a 

laboratory (800m) and guarantees the optimal time and conditions for blood sample 

transportation. 5.5 ml peripheral blood was collected from 8:30 to 10:00 am and delivered 

to the laboratory no later than at 12 am. Thus, no more than 5 hours at room temperature 

passed after the blood collection and onset of lymphocyte isolation. Effectors (peripheral 

blood mononuclear cells (PBMC)) were isolated on a density gradient (“Histopaque-1077” 

Sigma-Aldrich. Darmstadt. Germany).

Study design. 
We select the clinical history of 2250 embryo transfer (ET) cycles for retrospective analysis 

from more than 8.000 ET cycles Fig1. For analysis, cycles of ET were selected according 

to the criteria: the ET was performed no more than one year after the last NKc examination 

at least 1 good-quality embryo was transferred. Patients were negative for anticardiolipin 

antibodies and did not have: insufficient endometrium (<7mm, chronic endometritis or 

endometriosis), thrombotic or acute infectious disorders, uterus abnormality, abnormal 

karyotype and obesity. Most patients had several reasons for performing IVF, but the 

dominant ones were in the tubo-peritoneal factor, the male factor and the endocrine factor.

Main study groups
In all Main study groups patient’s oocytes were obtained before 36yo. Clinical and 

anamnestic data are shown in (Tabe1).
Control groups

Patients from control groups did not obtain any additional treatment (except low-dose 

aspirin). In the case of elevated NKc (eNKc) or normal NKc (nNKc) results, the 

determination of NKc was repeated in the majority of cases (in 64% for eNKc and 61% for 

nNKc). For analysis, the patients from control groups were divided into 2 groups according 

to the NKc levels; eNKc (<36yo n=615) or nNKc (<36yo n=587) (Fig1).

IvIg group

The intravenous immunoglobulin group included patients with elevated NKc obtained 

intravenous immunoglobulin infusion (eNKc <36yo IvIg n=231) 100-250mg/kg (average 

165mg/kg) (IvIg, Biofarma, Kyiv Ukraine), 3-5days before embryo transfer. 49 patients 

obtained secondary IvIg infusion after a positive hCG test and their PF and LBR were 

analysed separately.

IntaLipid group 
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Intralipid group (n=180) same-age patients with elevated NKc obtained intravenous 20% 

(200ml) Fat Emulsion (“Intralipid Fresenius Kabi”, Austria) infusion 3-5 days before 

embryo transfer. 

Addition groups
The same treated and control patients (36-39y.o. and 39-42y.o.) were analyzed separately 

by similar design Fig1. 

Analysis 
Pregnancy rate (PR) is calculated as % of the ongoing pregnancy (egg in uterus confirmed 

by ultrasound on 5 weeks of gestation (w/g) per ET.  Pregnancy failures are calculated as 

a part of the pregnancy’s that not result to live birth (failed pregnancy and fetal death) from 

the confirmed ongoing pregnancy (pregnancy failures refer to ongoing pregnancies that do 

not result in live birth, including early pregnancy loss and fetal demise). 

Live birth rate (LBR) was calculated as part of births of a live baby after 24 weeks of 

gestation per ET.  Medical abortion due to fetal malformations was included as a 

pregnancy success for PR and as a failure for LBR, but not as a Pregnancy failure. Pre-

term Birth is calculated as % of births of a live baby after 24 w/g and before 37w/g from all 

Live births.

Immunotropic treatment options were agreed upon with the patients and informed consent 

was obtained (approved by the Biomedical Ethics Committee of the Institute of Pediatrics, 

Obstetrics and Gynecology, National Academy of Medical Sciences of Ukraine, No. 6, 

17/12/2013, according to the Declaration of Helsinki).

Comparison of groups 
(Table1) presents the age and reproductive history severity of the control and main study 
groups. Patients with normal NKc have less number of previous unsuccessful programs 
and predominantly have primary infertility diagnoses compared to all groups with elevated 
NKc. It’s a natural limitation of randomization through the accumulation of patients with 
eNKc in subsequent cycles. Other parameters (age, part of fresh or cryo-cycles, 
endometrial thickness, number of embryos transferred, AMH, FSH, LH) did not differ 
significantly between the groups 

Determination of NK cytotoxicity
NK cell activity was investigated as described previously16.

Target cells K562 were labeled with 5μM CellTracker™Green CMFDA (5-chloromethyl 

fluorescein diacetate), (Molecular Probes, Eugene, Oreg. USA) and Calcein-AM (O, O′-

diacetate tetrakis (acetoxymethyl) ester) (Sigma-Aldrich. Darmstadt. Germany) for 20min 

at 37°C in a humidified 5%CO2 incubator. The labeled cells were washed twice in PBS, 

resuspended in RPMI1640 (Sigma-Aldrich. Darmstadt. Germany) with 10% NBCS (Sigma-

Aldrich. Darmstadt. Germany), and counted using Flow-CountTM Fluorospheres 
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(Beckman Coulter, CA, USA). The effector cells PBMC were co-incubated at the E/T ratios 

of 30, 15, and 7.5 for 2.5h at 37°C in the atmosphere of 5% CO2 in the air. After the 

incubation period, the cells were mixed with 10μL of PI solution 2mg/ml (Sigma-Aldrich. 

Darmstadt. Germany) in PBS to stain dead cells. For each E/T ratio, the NK cytotoxicity 

was measured by analyzing 10000 target cells/samples using a FACScan flow cytometer 

(BD Bioscience, San Jose, USA) equipped with CellQuest software. Background target 

cell death was determined from cells incubated in the absence of effector cells.  

For each E/T ratio specific NK cytotoxicity was calculated as a percentage of РІ positive 

(dead cells) minus the level of spontaneous lysis. After, we construct a calibration curve 

and calculate virtual cytotoxicity under the condition of E/T ratio (E/T ratio - 10/1 and 20/1). 

The level of spontaneous lysis was determined as the percentage of dead cells under the 

same conditions of incubation but in the absence of effector cells. Less than 5% 

spontaneous lysis of target cells was observed in these experiments. (supplemental Fig1 
A)

To measure the E/T ratio correctly, we labeled permeabilized by solution (0.25% Triton 

and 1% paraformaldehyde) PBLs with PI, and after added labeled K562 cells. The ratio of 

E/T, in each sample, was measured by flow cytometry (PBLs – FL3, K562 cells – FL1.) 

(supplemental Fig1 B)

For target-gate correction (FL1 lost) we used (50% permeabilized K562 culture) 100μL 

target cell permeabilized by 50μL 96% ethanol for 10sec. After the vortexing 100μL of PBS 

and 100μL of unaffected targets were added.  The obtained suspension consists of 50% 

life and 50% permeable cells. (supplemental Fig1 A)

As the concept of "normal cytotoxicity" the reference values of NK cytotoxicity are 

favorable for reproductive prognosis26,16.
The cytotoxicity activity >40% (E/T ratio 20/1) and >30% (E/T ratio 10/1) was considered 

as elevated. Criterium for Elevated NKc:  NKc (20/1) >40% but in same time NKc (10/1) 

not less 27% or NKc (10/1) >30% but time NKc (20/1) not less 36%. Criterium for Normal 

NKc: all NK that not elevated but without reduced NK cytotoxicity levels NKc (10/1) less 

than 10% or NKc (20/1) less than 15%.  (Later these levels were clinically confirmed as 

clinically significant in a prospective cohort study26 and later confirmed in correlative 

analysis (as levels that start correlate with NK numbers)37,38.

Statistical Analysis. The statistical analysis of the results was performed using Fisher’s 

Exact Test (unpaired, non-parametric, two-sided P value) and the Spearman and Pearson 

correlations (In Stat version 3.0 for Windows Graph Pad Software Inc., San Diego, CA, 

USA). 

Results
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Main study groups<36yo
Control groups. 

Patients with elevated NKc display downregulated ongoing pregnancy rate, and LBR as 

well as increased PF and pre-term birth rate compared to same-age patients with normal 

NKc (Table 2).

IvIg and IL treatment

IvIg and IL treatments result in an increased ongoing pregnancy rate, and LBR (44.1% and 
32.03%) compared to patients with eNKc without treatments (26.99% p < 0.0001 and 
17.07% p < 0.0001 respectively) (Table 2).

IvIg treatment increased ongoing pregnancy even if compared to same-age patients with 

normal NKc (p=0.0103). But at the same time, PF rate in IvIg-treated patients wasn’t 

significantly downregulated compared to non-treated patients with eNKc. LBR in IvIg-

treated patients didn’t significantly increase compared to nNK.  

In contrast, IL-treated patients have a significantly decreased PF rate (18.3%) compared to 

patients with eNKc without treatments (36.7%, p= 0.0007) (Table 2). As a result, both 

treatments (IvIg and IL) have similar LBR. Treatment by IvIg and IL does not decrease the 

levels of preterm birth compared to eNKc patients and it was still significantly increased 

(14.86%,13.79%) compared to women with nNKc (3.26%, p=0.0038 and p= 0.0084 

respectively) .

Both treatments result in the normalization of LBR in different ways. IvIg realizes it mostly 

through increased PR (even compared with the nNKc group). IL realizes it through 

normalization PR rate with a reduction of pregnancy failure rates.

Patient’s 36-39yo
NK cytotoxicity control groups. 

Patients 36-39yo with elevated NKc still display downregulated ongoing pregnancy rate 

and LBR and increased PF rate compared to same-age patients with normal NKc 

(Table3). In patients with eNKc levels of preterm birth were significantly increased (25.0%) 

compared to patients with nNKc (0%, p= 0.0079).

IvIg and IvLe treatment

In patients, 36-39yo IvIg treatment still increased, ongoing pregnancy rate, and LBR 

compared to patients with eNKc without treatments (Table 3). However, PF and preterm 

birth rates were similar to those in non-treated patients with eNKc.  

IL treatment demonstrated a similar to the IvIg effect but the difference wasn’t significant 

due to the smaller group.  

Patients >39yo 
Patients >39yo with elevated NKc (n=108) did not display downregulation ongoing 

pregnancy rate (18.5%) and LBR (9.2%) and increased PF rate (50%) compared to same-

Page 11 of 55



age patients with normal NKc (n=113) (PR-27.4% p=0.155, LBR- 15.9% p= 0.2342 and 

PF-41.9% p=0.7791 subsequently). But even in these age group patients with eNKc, IvIg 

treatment (n=58) result to significant increase PR and LBR (37.9%p=0.0150 and 22.4% 

p=0.0381) but not to decrease PF rate (40.9%, p=0.67) compared non treated eNKc 

group. In these age group we can't find negative NKc effect but we can see positive IvIg 

effect.

Preterm birth
To study the significance of NK cytotoxicity for preterm birth, we analyzed patients with 

single and twin pregnancies separately. Patients with tween pregnancies had a slightly 

higher LBR in all groups, but not significantly (Table 4). Patients with single pregnancies 

and eNKc had a reduced LBR compared with those with 1 fetus and nNKc (p=0.0034). 

Patients with single pregnancies with eNKc who received IvIg and IL had higher LBR rates 

compared with eNKc without treatment (significant for IL (p=0.0111) and not quite 

significant for IvIg (p=0.0768)).

Patients with both normal and elevated NKc with twin pregnancies had an increased rate 

of preterm birth compared with those with one fetus (Table 4). However, patients with high 

NKc and with twin pregnancies had an increase in the rate of preterm birth compared with 

nNKc (p=0.0426). 

Patients with single pregnancies with eNKc who received IvIg still had a higher rate of 

preterm birth compared to nNKc. The rate of perinatal mortality in all groups was similar.

Discussion
For more than 15 years, it has been understood that the use of immune therapy can be 

effective in the presence of biomarkers of immune risk factors. For IvIg and Intralipid 

therapy, such indicators can be emphasized by high levels of NK activity and NK 

cytotoxicity. A large number of studies have shown that IvIg and IL have been successful 

in the treatment of recurrent miscarriage and recurrent implantation failure among women 

with elevated NK number or NK cell activity33,39,40,41,42,43 as well as for patients with 

elevated NK cell density in endometrial biopsy44,45. Such a large number of studies allowed 

us to hope for the rapid implementation of such approaches in the clinic- “We believe that 

when laboratory results are incorporated into the diagnosis of RSA/RSAI that treatment is 

highly successful whereas the absence of laboratory results severely hinders the 

effectiveness of treatment”46.
A lot of Systematic reviews and meta-analysis support that IvIg treatment increase LBR in 

patients with accentuated NK functions24. It was confirmed with varying levels of optimism 

from “There is a strong basis for providing this treatment to patients with NK deviation”48 
and “Studies assessing the favoring of the intervention”49 to extremely cautious “there 
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may be some benefit of immunotherapy, but paucity of high quality evidence means that it 

is not possible to support the use of immunotherapy even when selected based on 

abnormal NK cell level/activity”50.
Sometimes authors explicitly postulate the absence of an effect even when they write in 

the results that “live birth rate of the IVIG group is superior, but there was no statistical 

significance [OR =1.43, 95%CI (0.99, 2.07), P=0.05” 51.  
But it seems that all that has been done is not enough and we need more studies and 

larger study’s groups.

In an actual retrospective study, we also showed the effectiveness of IvIg and IL in 

patients with high levels of NKc. We found a positive effect of both treatments at the level 

of pregnancy, and life-birth rates. We focused on patients with high NKc as a target group 

for immunotherapy. In a previous similar retrospective study, we showed a dramatic 

decrease in IVF efficacy in patients with high levels of NKc compared to patients with 

normal NK cytotoxicity16.
That is, at certain levels of NK function begins to be unfavorable for a successful 

reproductive process. But what levels are favorable and why? We have shown that these 

reference limits for NK number and NK cytotoxicity coincide with levels where NK number 

and NK cytotoxicity are independent parameters and one does not determine the 

other37,38. At such levels, the function can be adjusted and regulated. While in unfavorable 

levels, increased or decreased, these two parameters begin to correlate significantly and 

the number directly determines the function. Perhaps the loss of the ability to effectively 

regulate is the reason for the “unfavourability” of these levels for reproduction. The 

difficulty of adaptation reduces the effectiveness of adaptation, but the reproductive 

process requires the immune system to actively participate and functional changes. We 

found a similar situation among participants in the Ukrainian Antarctic expeditions. 

Participants with high levels of NK cells and CD335+NK cells had poorer adaptation to 

new Antarctic conditions compared to those with balanced levels of NK cells52,53 and the 

reference favorable limits in male expedition participants were similar to those in females 

with subsequent successful reproductive process54.

We demonstrated that IR and PR after IvIg therapy are not only significantly higher than in 

patients with eNKc but also higher compared to untreated patients with normal NKc.

In addition, the positive effect of IvIg is found in the age group where high NKc no longer 

significantly reduces reproductive success. This is probably the result of the multi-

therapeutic effects of IvIg. It has been shown that IvIg can improve the condition in the 

presence of auto or allo antibodies both through the idiotype-anti-idiotype system, by 

reducing IgG production and blocking the Fc receptor55,56,57,58.
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It also was shown that alloantibodies amplify the negative impact of high NK activity on 

placental function and IvIg corrects this effect59. In the case of inflammatory immune 

status, IvIg improves the Th1/Th2 balance and activates and potentiates Treg60,61. 

However, in the actual study we showed that in all age groups, the effect of IvIg did not 

lead to a significantly higher LBR compared to nNKc, and PFR in IvIg-treated patients was 

rather elevated but similar to in non-treated eNKc patients. May IvIg treatment cause 

hyperfertility? Previously we showed that implantation of a donor’s embryos with higher 

implantation–invasion capacities and a lower chance of chromosomal abnormalities and 

genetic complications did not depend on NKc levels. Donors’ embryo implantation and 

pregnancy rates were the same in patients with elevated and normal NKc but the 

incidence of pregnancy failures among those patients with elevated NKc was much 

higher16. One may speculate that elevated NKc combined with certain chromosomal, 

genetic, and physiological features or embryo deviation might exacerbate the negative 

pressure on implantation and amplify the adverse effect already at the pre-implantation 

and early implantation stages.  IvIg treatment possibly gives an implantation chance for a 

“weak” or mosaic embryo with higher subsequent pregnancy failures. Is it possible to 

support the subsequent success of these fetuses?  Or a possible that part of them had 

chromosomal abnormalities or genetic or physiological factors that made their further 

development impossible? We can only speculate about this because in the actual study 

embryos weren’t PGT-A tested and only a small part of the aborted material has been 

karyotyped. It has been shown that the “normality” of unfavorable NK levels depends on 

the age of the patients. So, in young patients with “better embryos”, the negative clinically 

significant levels of NK are even higher than in older patients with “poor embryos”. 

Relatively lower levels of NK start to be unfavorable in older patients62. 

It is also difficult to exclude the placebo effect because a prolonged infusion of an 

expensive drug that is objectively felt by the patient may have a distinct placebo effect. 

(Sometimes patients with a history of multiple pregnancy failures in anamnesis even at 24-

29 weeks of gestation asked to repeat the infusion). It is impossible to select a true 

placebo group for IvIg because patients feel the drug injection.  

Therefore, it seems that IvIg therapy leads to an increase in success rates not only among 

patients with eNKc but also improves outcomes in patients with other immune causes.

IL therapy also led to higher levels of IR, PR, and LBR, which were statistically significantly 

higher compared to eNKc without treatment. The levels of PF on IL were lower compared 

to eNKc. Reproductive success indicators were not significantly higher compared to 

patients with nNKc. This means that IL therapy corrects specifically the negative effect of 

high NK cytotoxicity. Both therapies, IvIg and IL, improve LBR in patients with eNKc, but 
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neither therapy affected the high level of preterm births, which is characteristic of patients 

with eNKc. In both therapies, this rate remained higher than in the group with nNKc. It was 

shown that in women with elevated peripheral NK cells, birthweight at delivery is low but 

IvIg therapy significantly improved it, and IvIg therapy without NK cell elevation did not 

result in increased birthweight63 and that at late gestation, premature activation of NK cells 

can lead to a breakdown of tolerance of the maternal-fetal interface and, subsequently, 

can result in preterm birth64.
For the specific analysis of preterm births, we divided all the groups into those with single 

and twin’s pregnancies and found that with eNK, the presence of a twin’s pregnancy did 

not statistically increase the LBR, but it did significantly increase the risk of preterm birth 

compared to twin’s pregnancies with normal NKc, as well as compared to high NKc and 

single pregnancies. However, we did not find differences between the groups in perinatal 

mortality.

After dividing into single and twin’s pregnancies, the IvIg and IL groups became too small 

for statistical significance for LBR, although they remained significant for the IvIg group 

with single pregnancies. The increase in preterm births in eNKc patients with IvIg was 

statistically significant for single pregnancies, only because this group was larger 

compared to IL.

We focused on NK cytotoxicity (NKc) because this method has shown high sensitivity and 

clinical significance in previous studies16,26. However, it may not be convenient for 

widespread routine implementation because NK cytotoxicity assay is difficult to 

standardization, methodologically, complex to perform, and requires careful attention to 

the sample's blood viability. On the other hand, immunophenotyping of NK cells using flow 

cytometry is not a complicated method and it’s easily to standardize. We demonstrated 

that measuring the density of CD335 (NKp46) on NK cells may be almost an alternative 

method to the cytotoxicity test37. The accentuated levels of NK CD335 expression are 

predictive for reproductive outcomes, both in IVF patients54 and in patients with natural 

pregnancies65. CD335 expression in peripheral blood NK cells correlates with CD335 

levels in NK cells in the endometrium30. This might explain why the negative impact of NK 

CD335 expression becomes significant even at the implantation stages for PGT-A 

embryos54. Meanwhile, high NK cytotoxicity is detrimental primarily during the pregnancy 

maintenance stage in donor embryos16 because the active contact between trophoblasts 

and peripheral NK cells starts with the remodeling of the spiral arteries66,18. 

It explained significant first and early second-trimester pregnancy failure rates in patients 

with their donor embryos when peripheral blood NK cells first contact with fetal 
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cytotrophoblast cells. It was shown that elevated NKc leads to incorrect remodeling of the 

spiral arteries and subsequent pregnancy complications66,18.

This work has demonstrated the negative impact of high levels of NK cytotoxicity and the 

positive effect of immunotropic treatment on reproductive process efficiency in a large 

group of “typical IVF patients".

Limitations of the study
The study population is 95 percent Caucasian and 85 percent Balto-Slavic.  It is known 

that KIR repertoire and HLA-C1/2 frequencies are highly variable in populations67 and that 

different combinations are differently favorable for reproduction68. In local populations, the 

number of combinations is limited, which may increase/decrease the frequency of some 

reproductive complications. In addition, the studied population is characterized by a fairly 

high level of of CMV (>85%) and HSV1 (>95%) infected and it is known that viral carriage 

leads to immune modifications, especially for NK lymphocytes69,70.  

All patients had ET with an embryo that was not PGT-A tested and most of the 

miscarriages were not tested for chromosomal abnormalities. This does not allow us to 

understand the phenomenon of such a high level of PR after IVIG and simultaneously high 

levels of PFR.

A weak point of the study is the results on hormone levels because these results were 

obtained from different laboratories and measured by different methods with different

reference values. This is especially true for the causes of infertility, because the diagnosis 

was made in different medical centers with different criteria, which also changed 

significantly over the past 10-15 years. This could reduce the statistical significance of 

these parameters. 

An important finding of this study is the high rate of preterm births in all patients with 

elevated NKc (treated and non-treated). Unfortunately, we cannot analyze the causes of 

preterm births, and these were mostly cesarean births of 26-32 weeks. Perhaps there 

were high levels of preeclampsia or other complications but we do not have documentation 

from the maternity hospitals. Some maternity hospitals simply do not exist physically 

because they were bombed by rusians, as in Mariupol or Bakhmut. In most of the 

maternity hospitals, all archival basements have been converted into bomb shelters. So 

we will not be able to analyze this anymore.

Doses and regimens of IVIG administration for patients with reproductive losses have not 
been studied sufficiently and actually copy the treatment regimens and doses for patients 
with primary immunodeficiencies. The usual dose of IGIV for antibody replacement is 
between 0.3 and 0.6 g/kg per month, delivered every 2 to 4 weeks [71].

The goal of this therapy is very simple: to maintain a sufficient level of serum IgG. 
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However, in recent years, even in such patients, the standardised administration regimen 

has been questioned and studies have suggested an individualised approach “The ideal 

immunoglobulin dose for an individual patient is the dose that keeps the patient well” [72].

Obviously, in patients with reproductive failures with high NK cytotoxicity, both doses and 

regimens should be developed based on favorable outcome. In addition, it should be 

borne in mind that IVIG contains both autoantibodies and anti-idiotypic antibodies from 

donors and high doses of IVIG may affect the clearance of patients anti-idiotypic 

antibodies [73,74].

Therefore, future studies should take into account NK cell numbers, activity, and 

phenotype, as well as KIR haplotypes, HLA repertoire, hormonal features, viral carriage, 

microbiome, and embryo karyotype.
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 Abstract

Problem: Many studies have demonstrated the negative impact of high rates of NK 

cytotoxicity (NKc) on reproductive outcomes, as well as the beneficial effects of 

intravenous immunoglobulin or intravenous lipid emulsion, specifically in these patients.

Method of study: NKc was measured in PBMCs against K562 by flow cytometry. For 

retrospective analysis, 2250 cycles of ET were selected and divided into 4 groups 

according to NKc levels and treatment: normal (nNKc, n=587), elevated (eNKc, n=615), 

eNKc with IvIg treatment (n=231), and eNKc with IL treatment (n=180). Patients were <36 

years old, negative for anticardiolipin antibodies, and did not have insufficient 

endometrium, thrombotic disorders, uterine abnormalities, or obesity. Patients aged 36-39 

years (n=359) and 39-42 years (n=279) were analyzed separately using a similar 

approach.

Results: Patients with eNKc, in addition to having reduced clinical pregnancy rates (CPR) 

26.99%, had increased levels of pregnancy failures (PF) 36.7% and a preterm birth rate 

(PBR) 13.3%, compared to nNKc patients (34.07%, 23.5%, and 3.26%, respectively). As a 

result, patients with eNKc had a reduced live birth rate (LBR) (17.0%), compared to nNKc 

patients (26.06%, OR 1.720, p<0.0002).

Both IvIg and IL treatment resulted in increased CPR (44.15% and 39.44%) and LBR 

(32.03% and 32.22%) compared to patients with eNKc without treatment. IvIg treatment 

increased CPR even compared to patients with nNKc. However, the pregnancy failure rate 
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(PFR) in IvIg-treated patients was not significantly reduced compared to non-treated 

patients with eNKc. In contrast, IL-treated patients had significantly decreased PFR 

compared to patients with eNKc without treatment. As a result, both treatments (IvIg and 

IL) led to an LBR similar to that of nNKc. Both therapies (IvIg and IL) did not affect the 

Preterm birth rate, which remained relatively high (14.86% and 13.79%, respectively). 

However, the frequency of antenatal or prenatal fetal death was the same in all groups.

In patients aged 36-39y.o. the results were quite similar, although the PFR in all groups 

was already significantly higher. However, in patients aged 39-42 years, the negative 

impact of eNKc was no longer significant, as high PFR and low LBR were also found in 

patients with nNKc. Nevertheless, even in this group, IvIg therapy led to higher LBR rates 

compared to eNKc without therapy.

Conclusions: Our findings highlight the negative impact of high levels of NK cytotoxicity 

on all stages of the reproductive process. Treatment with IvIg and IL in this group 

significantly improves LBR. It seems that the strength of IvIg is based on a strong increase 

in the СPR even compared with nNKc patients, whereas IL’s effectiveness is more based 

on a significantly reduced PF rate. It also appears that the efficacy of IvIg is not limited to 

the group of patients with eNKc. Combining IvIg and IL treatments may enhance the 

results in patients with elevated NK activity.

Keywords: NK cytotoxicity, Intravenous immunoglobulin, intravenous lipid emulsion, IVF 

failures, Pregnancy failures, live birth rates, Preterm birth.

Introduction
Natural Killer lymphocytes (NK) play a critical role in human reproduction: blastocyst 

recognition, embryo implantation1,2, trophoblast invasion3, spiral artery remodeling4,5,6,7, 

and subsequent pregnancy ongoing8,9. It is logical to assume that the affected NK 

numbers or functions influence the efficiency of these reproductive processes and form an 

unfavorable background for reproduction and it was shown in many studies10,11,12,13,16. 

Status of peripheral blood (PB) natural killer cells NK cell frequency and NK cytotoxicity 

(NKc) associated with reproductive failures (recurrent pregnancy loss (RPL) abortions, 

infertility of unknown etiology, and IVF failure10,11,14,15,17. 

The number and phenotype of endometrial natural killer cells are also associated with 

reproductive disorders, such as unexplained subfertility, recurrent implantation failures 

(RIF), and RPL18,19,20. 
A lot of the meta-analyses showed higher NK-cell proportions or NK cytotoxicity in RPL or 

RIF21,22,23,24.
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High production of pro-inflammatory cytokines by PB NK cells was registered in women 

with recurrent miscarriages25 as well as elevated HLA-DR, CD69, and CD94 expression in 

NK and T lymphocytes10,26. Elevated HLA-DR on endometrial NK and 

CD3+CD8+lymphocytes was also found in patients with RIF27,20.

It is well known that there is no correlation between NK numbers in endometrium and PB, 

but a similarity between decidual and PB in CD161 and CD158b NK expression was 

shown28. The association between high CD45+CD3+CD8+DR+ levels in peripheral blood 

and higher uNK numbers was also shown27.  We previously described that 

CD3+CD8+DR+ peripheral lymphocytes correlated with the same population in the 

endometrium. We also found a correlation between endometrial NK and PB NK CD335 

and CD8 expression29,30,20. So endometrial immunophenotype is specific, but not 

autonomic and isolated, from PB immunophenotype.

Elevated NK numbers, activity, or cytotoxicity in patients with reproductive failures were 

shown in the majority of studies. However, in recent years, studies have shown the 

adverse effects of reduced/suppressed NK states.  So, it was shown: that the low cytotoxic 

activity of peripheral blood NK cells may relate to unexplained recurrent miscarriage31 or 

IVF failures16. Increased natural killer cell subsets with inhibitory cytokines and inhibitory 

surface receptors in patients with recurrent miscarriage, was shown32. 

Thus, the vast majority of studies reveal an association between accentuated high levels 

of NK lymphocytes and NK activity with reproductive losses, as well as the effectiveness of 

immunomodulation therapy by Intravenous immunoglobulin or intravenous fat emulsion 

among such patients33,34,35. However, the issue of implementing these diagnostic methods 

and therapeutic approaches remains unresolved. 

NK cytotoxic reaction, measured by the NK assay against HLA-negative K562 cell lines, is 

the “gold standard” for the investigation of NK activity in vitro36. In Kyiv, we implemented 

NK cytotoxicity testing of patients with reproductive failures back in 2006 and during this 

time have done > 28,000 tests. We planned this study back in 2010 and completed it well 

before the SarsCov2 pandemic. In a previous retrospective study, we showed that 

accentuated NK cytotoxicity (reduced or increased) is an unfavorable factor for 

implantation and pregnancy ongoing16. The current retrospective study continues the 

previous one and analyzes the effectiveness of immunomodulation therapy by Intravenous 

immunoglobulin or intravenous fat emulsion in ordinary IVF population with elevated NK 

cytotoxicity.

Material and Methods 
Blood sample collection
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NK cytotoxicity was routinely investigated in patients who had at least one incident of 

idiopathic failure in previous IVF cycles (2009 to 2019). In the overall analysis, we took 

more than 8000 determinations of NK cytotoxicity in more than 4,000 patients from the 

(Reproductive Medicine Clinic "IRM Dachno", Kyiv, Ukraine). The clinic is adjacent to a 

laboratory (800m) and guarantees the optimal time and conditions for blood sample 

transportation. 5.5 ml peripheral blood was collected from 8:30 to 10:00 am and delivered 

to the laboratory no later than at 12 am. Thus, no more than 5 hours at room temperature 

passed after the blood collection and onset of lymphocyte isolation. Effectors (peripheral 

blood mononuclear cells (PBMC)) were isolated on a density gradient (“Histopaque-1077” 

Sigma-Aldrich. Darmstadt. Germany).

Study design. 
We select the clinical history of 2250 embryo transfer (ET) cycles for retrospective analysis 

from more than 8.000 ET cycles Fig1. For analysis, cycles of ET were selected according 

to the criteria: the ET was performed no more than one year after the last NKc examination 

at least 1 good-quality embryo was transferred. Patients were negative for anticardiolipin 

antibodies and did not have: insufficient endometrium (<7mm, chronic endometritis or 

endometriosis), thrombotic or acute infectious disorders, uterus abnormality, abnormal 

karyotype and obesity. Most patients had several reasons for performing IVF, but the 

dominant ones were in the tubo-peritoneal factor, the male factor and the endocrine factor.

Main study groups
In all Main study groups patient’s oocytes were obtained before 36yo. Clinical and 

anamnestic data are shown in (Tabe1).
Control groups

Patients from control groups did not obtain any additional treatment (except low-dose 

aspirin). In the case of elevated NKc (eNKc) or normal NKc (nNKc) results, the 

determination of NKc was repeated in the majority of cases (in 64% for eNKc and 61% for 

nNKc). For analysis, the patients from control groups were divided into 2 groups according 

to the NKc levels; eNKc (<36yo n=615) or nNKc (<36yo n=587) (Fig1).

IvIg group

The intravenous immunoglobulin group included patients with elevated NKc obtained 

intravenous immunoglobulin infusion (eNKc <36yo IvIg n=231) 100-250mg/kg (average 

165mg/kg) (IvIg, Biofarma, Kyiv Ukraine), 3-5days before embryo transfer. 49 patients 

obtained secondary IvIg infusion after a positive hCG test and their PF and LBR were 

analysed separately.

IntaLipid group 
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Intralipid group (n=180) same-age patients with elevated NKc obtained intravenous 20% 

(200ml) Fat Emulsion (“Intralipid Fresenius Kabi”, Austria) infusion 3-5 days before 

embryo transfer. 

Addition groups
The same treated and control patients (36-39y.o. and 39-42y.o.) were analyzed separately 

by similar design Fig1. 

Analysis 
Pregnancy rate (PR) is calculated as % of the ongoing pregnancy (egg in uterus confirmed 

by ultrasound on 5 weeks of gestation (w/g) per ET.  Pregnancy failures are calculated as 

a part of the pregnancy’s that not result to live birth (failed pregnancy and fetal death) from 

the confirmed ongoing pregnancy (pregnancy failures refer to ongoing pregnancies that do 

not result in live birth, including early pregnancy loss and fetal demise). 

Live birth rate (LBR) was calculated as part of births of a live baby after 24 weeks of 

gestation per ET.  Medical abortion due to fetal malformations was included as a 

pregnancy success for PR and as a failure for LBR, but not as a Pregnancy failure. Pre-

term Birth is calculated as % of births of a live baby after 24 w/g and before 37w/g from all 

Live births.

Immunotropic treatment options were agreed upon with the patients and informed consent 

was obtained (approved by the Biomedical Ethics Committee of the Institute of Pediatrics, 

Obstetrics and Gynecology, National Academy of Medical Sciences of Ukraine, No. 6, 

17/12/2013, according to the Declaration of Helsinki).

Comparison of groups 
(Table1) presents the age and reproductive history severity of the control and main study 
groups. Patients with normal NKc have less number of previous unsuccessful programs 
and predominantly have primary infertility diagnoses compared to all groups with elevated 
NKc. It’s a natural limitation of randomization through the accumulation of patients with 
eNKc in subsequent cycles. Other parameters (age, part of fresh or cryo-cycles, 
endometrial thickness, number of embryos transferred, AMH, FSH, LH) did not differ 
significantly between the groups 

Determination of NK cytotoxicity
NK cell activity was investigated as described previously16.

Target cells K562 were labeled with 5μM CellTracker™Green CMFDA (5-chloromethyl 

fluorescein diacetate), (Molecular Probes, Eugene, Oreg. USA) and Calcein-AM (O, O′-

diacetate tetrakis (acetoxymethyl) ester) (Sigma-Aldrich. Darmstadt. Germany) for 20min 

at 37°C in a humidified 5%CO2 incubator. The labeled cells were washed twice in PBS, 

resuspended in RPMI1640 (Sigma-Aldrich. Darmstadt. Germany) with 10% NBCS (Sigma-

Aldrich. Darmstadt. Germany), and counted using Flow-CountTM Fluorospheres 
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(Beckman Coulter, CA, USA). The effector cells PBMC were co-incubated at the E/T ratios 

of 30, 15, and 7.5 for 2.5h at 37°C in the atmosphere of 5% CO2 in the air. After the 

incubation period, the cells were mixed with 10μL of PI solution 2mg/ml (Sigma-Aldrich. 

Darmstadt. Germany) in PBS to stain dead cells. For each E/T ratio, the NK cytotoxicity 

was measured by analyzing 10000 target cells/samples using a FACScan flow cytometer 

(BD Bioscience, San Jose, USA) equipped with CellQuest software. Background target 

cell death was determined from cells incubated in the absence of effector cells.  

For each E/T ratio specific NK cytotoxicity was calculated as a percentage of РІ positive 

(dead cells) minus the level of spontaneous lysis. After, we construct a calibration curve 

and calculate virtual cytotoxicity under the condition of E/T ratio (E/T ratio - 10/1 and 20/1). 

The level of spontaneous lysis was determined as the percentage of dead cells under the 

same conditions of incubation but in the absence of effector cells. Less than 5% 

spontaneous lysis of target cells was observed in these experiments. (supplemental Fig1 
A)

To measure the E/T ratio correctly, we labeled permeabilized by solution (0.25% Triton 

and 1% paraformaldehyde) PBLs with PI, and after added labeled K562 cells. The ratio of 

E/T, in each sample, was measured by flow cytometry (PBLs – FL3, K562 cells – FL1.) 

(supplemental Fig1 B)

For target-gate correction (FL1 lost) we used (50% permeabilized K562 culture) 100μL 

target cell permeabilized by 50μL 96% ethanol for 10sec. After the vortexing 100μL of PBS 

and 100μL of unaffected targets were added.  The obtained suspension consists of 50% 

life and 50% permeable cells. (supplemental Fig1 A)

As the concept of "normal cytotoxicity" the reference values of NK cytotoxicity are 

favorable for reproductive prognosis26,16.
The cytotoxicity activity >40% (E/T ratio 20/1) and >30% (E/T ratio 10/1) was considered 

as elevated. Criterium for Elevated NKc:  NKc (20/1) >40% but in same time NKc (10/1) 

not less 27% or NKc (10/1) >30% but time NKc (20/1) not less 36%. Criterium for Normal 

NKc: all NK that not elevated but without reduced NK cytotoxicity levels NKc (10/1) less 

than 10% or NKc (20/1) less than 15%.  (Later these levels were clinically confirmed as 

clinically significant in a prospective cohort study26 and later confirmed in correlative 

analysis (as levels that start correlate with NK numbers)37,38.

Statistical Analysis. The statistical analysis of the results was performed using Fisher’s 

Exact Test (unpaired, non-parametric, two-sided P value) and the Spearman and Pearson 

correlations (In Stat version 3.0 for Windows Graph Pad Software Inc., San Diego, CA, 

USA). 

Results

Page 30 of 55



Main study groups<36yo
Control groups. 

Patients with elevated NKc display downregulated ongoing pregnancy rate, and LBR as 

well as increased PF and pre-term birth rate compared to same-age patients with normal 

NKc (Table 2).

IvIg and IL treatment

IvIg and IL treatments result in an increased ongoing pregnancy rate, and LBR (44.1% and 
32.03%) compared to patients with eNKc without treatments (26.99% p < 0.0001 and 
17.07% p < 0.0001 respectively) (Table 2).

IvIg treatment increased ongoing pregnancy even if compared to same-age patients with 

normal NKc (p=0.0103). But at the same time, PF rate in IvIg-treated patients wasn’t 

significantly downregulated compared to non-treated patients with eNKc. LBR in IvIg-

treated patients didn’t significantly increase compared to nNK.  

In contrast, IL-treated patients have a significantly decreased PF rate (18.3%) compared to 

patients with eNKc without treatments (36.7%, p= 0.0007) (Table 2). As a result, both 

treatments (IvIg and IL) have similar LBR. Treatment by IvIg and IL does not decrease the 

levels of preterm birth compared to eNKc patients and it was still significantly increased 

(14.86%,13.79%) compared to women with nNKc (3.26%, p=0.0038 and p= 0.0084 

respectively) .

Both treatments result in the normalization of LBR in different ways. IvIg realizes it mostly 

through increased PR (even compared with the nNKc group). IL realizes it through 

normalization PR rate with a reduction of pregnancy failure rates.

Patient’s 36-39yo
NK cytotoxicity control groups. 

Patients 36-39yo with elevated NKc still display downregulated ongoing pregnancy rate 

and LBR and increased PF rate compared to same-age patients with normal NKc 

(Table3). In patients with eNKc levels of preterm birth were significantly increased (25.0%) 

compared to patients with nNKc (0%, p= 0.0079).

IvIg and IvLe treatment

In patients, 36-39yo IvIg treatment still increased, ongoing pregnancy rate, and LBR 

compared to patients with eNKc without treatments (Table 3). However, PF and preterm 

birth rates were similar to those in non-treated patients with eNKc.  

IL treatment demonstrated a similar to the IvIg effect but the difference wasn’t significant 

due to the smaller group.  

Patients >39yo 
Patients >39yo with elevated NKc (n=108) did not display downregulation ongoing 

pregnancy rate (18.5%) and LBR (9.2%) and increased PF rate (50%) compared to same-
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age patients with normal NKc (n=113) (PR-27.4% p=0.155, LBR- 15.9% p= 0.2342 and 

PF-41.9% p=0.7791 subsequently). But even in these age group patients with eNKc, IvIg 

treatment (n=58) result to significant increase PR and LBR (37.9%p=0.0150 and 22.4% 

p=0.0381) but not to decrease PF rate (40.9%, p=0.67) compared non treated eNKc 

group. In these age group we can't find negative NKc effect but we can see positive IvIg 

effect.

Preterm birth
To study the significance of NK cytotoxicity for preterm birth, we analyzed patients with 

single and twin pregnancies separately. Patients with tween pregnancies had a slightly 

higher LBR in all groups, but not significantly (Table 4). Patients with single pregnancies 

and eNKc had a reduced LBR compared with those with 1 fetus and nNKc (p=0.0034). 

Patients with single pregnancies with eNKc who received IvIg and IL had higher LBR rates 

compared with eNKc without treatment (significant for IL (p=0.0111) and not quite 

significant for IvIg (p=0.0768)).

Patients with both normal and elevated NKc with twin pregnancies had an increased rate 

of preterm birth compared with those with one fetus (Table 4). However, patients with high 

NKc and with twin pregnancies had an increase in the rate of preterm birth compared with 

nNKc (p=0.0426). 

Patients with single pregnancies with eNKc who received IvIg still had a higher rate of 

preterm birth compared to nNKc. The rate of perinatal mortality in all groups was similar.

Discussion
For more than 15 years, it has been understood that the use of immune therapy can be 

effective in the presence of biomarkers of immune risk factors. For IvIg and Intralipid 

therapy, such indicators can be emphasized by high levels of NK activity and NK 

cytotoxicity. A large number of studies have shown that IvIg and IL have been successful 

in the treatment of recurrent miscarriage and recurrent implantation failure among women 

with elevated NK number or NK cell activity33,39,40,41,42,43 as well as for patients with 

elevated NK cell density in endometrial biopsy44,45. Such a large number of studies allowed 

us to hope for the rapid implementation of such approaches in the clinic- “We believe that 

when laboratory results are incorporated into the diagnosis of RSA/RSAI that treatment is 

highly successful whereas the absence of laboratory results severely hinders the 

effectiveness of treatment”46.
A lot of Systematic reviews and meta-analysis support that IvIg treatment increase LBR in 

patients with accentuated NK functions24. It was confirmed with varying levels of optimism 

from “There is a strong basis for providing this treatment to patients with NK deviation”48 
and “Studies assessing the favoring of the intervention”49 to extremely cautious “there 
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may be some benefit of immunotherapy, but paucity of high quality evidence means that it 

is not possible to support the use of immunotherapy even when selected based on 

abnormal NK cell level/activity”50.
Sometimes authors explicitly postulate the absence of an effect even when they write in 

the results that “live birth rate of the IVIG group is superior, but there was no statistical 

significance [OR =1.43, 95%CI (0.99, 2.07), P=0.05” 51.  
But it seems that all that has been done is not enough and we need more studies and 

larger study’s groups.

In an actual retrospective study, we also showed the effectiveness of IvIg and IL in 

patients with high levels of NKc. We found a positive effect of both treatments at the level 

of pregnancy, and life-birth rates. We focused on patients with high NKc as a target group 

for immunotherapy. In a previous similar retrospective study, we showed a dramatic 

decrease in IVF efficacy in patients with high levels of NKc compared to patients with 

normal NK cytotoxicity16.
That is, at certain levels of NK function begins to be unfavorable for a successful 

reproductive process. But what levels are favorable and why? We have shown that these 

reference limits for NK number and NK cytotoxicity coincide with levels where NK number 

and NK cytotoxicity are independent parameters and one does not determine the 

other37,38. At such levels, the function can be adjusted and regulated. While in unfavorable 

levels, increased or decreased, these two parameters begin to correlate significantly and 

the number directly determines the function. Perhaps the loss of the ability to effectively 

regulate is the reason for the “unfavourability” of these levels for reproduction. The 

difficulty of adaptation reduces the effectiveness of adaptation, but the reproductive 

process requires the immune system to actively participate and functional changes. We 

found a similar situation among participants in the Ukrainian Antarctic expeditions. 

Participants with high levels of NK cells and CD335+NK cells had poorer adaptation to 

new Antarctic conditions compared to those with balanced levels of NK cells52,53 and the 

reference favorable limits in male expedition participants were similar to those in females 

with subsequent successful reproductive process54.

We demonstrated that IR and PR after IvIg therapy are not only significantly higher than in 

patients with eNKc but also higher compared to untreated patients with normal NKc.

In addition, the positive effect of IvIg is found in the age group where high NKc no longer 

significantly reduces reproductive success. This is probably the result of the multi-

therapeutic effects of IvIg. It has been shown that IvIg can improve the condition in the 

presence of auto or allo antibodies both through the idiotype-anti-idiotype system, by 

reducing IgG production and blocking the Fc receptor55,56,57,58.
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It also was shown that alloantibodies amplify the negative impact of high NK activity on 

placental function and IvIg corrects this effect59. In the case of inflammatory immune 

status, IvIg improves the Th1/Th2 balance and activates and potentiates Treg60,61. 

However, in the actual study we showed that in all age groups, the effect of IvIg did not 

lead to a significantly higher LBR compared to nNKc, and PFR in IvIg-treated patients was 

rather elevated but similar to in non-treated eNKc patients. May IvIg treatment cause 

hyperfertility? Previously we showed that implantation of a donor’s embryos with higher 

implantation–invasion capacities and a lower chance of chromosomal abnormalities and 

genetic complications did not depend on NKc levels. Donors’ embryo implantation and 

pregnancy rates were the same in patients with elevated and normal NKc but the 

incidence of pregnancy failures among those patients with elevated NKc was much 

higher16. One may speculate that elevated NKc combined with certain chromosomal, 

genetic, and physiological features or embryo deviation might exacerbate the negative 

pressure on implantation and amplify the adverse effect already at the pre-implantation 

and early implantation stages.  IvIg treatment possibly gives an implantation chance for a 

“weak” or mosaic embryo with higher subsequent pregnancy failures. Is it possible to 

support the subsequent success of these fetuses?  Or a possible that part of them had 

chromosomal abnormalities or genetic or physiological factors that made their further 

development impossible? We can only speculate about this because in the actual study 

embryos weren’t PGT-A tested and only a small part of the aborted material has been 

karyotyped. It has been shown that the “normality” of unfavorable NK levels depends on 

the age of the patients. So, in young patients with “better embryos”, the negative clinically 

significant levels of NK are even higher than in older patients with “poor embryos”. 

Relatively lower levels of NK start to be unfavorable in older patients62. 

It is also difficult to exclude the placebo effect because a prolonged infusion of an 

expensive drug that is objectively felt by the patient may have a distinct placebo effect. 

(Sometimes patients with a history of multiple pregnancy failures in anamnesis even at 24-

29 weeks of gestation asked to repeat the infusion). It is impossible to select a true 

placebo group for IvIg because patients feel the drug injection.  

Therefore, it seems that IvIg therapy leads to an increase in success rates not only among 

patients with eNKc but also improves outcomes in patients with other immune causes.

IL therapy also led to higher levels of IR, PR, and LBR, which were statistically significantly 

higher compared to eNKc without treatment. The levels of PF on IL were lower compared 

to eNKc. Reproductive success indicators were not significantly higher compared to 

patients with nNKc. This means that IL therapy corrects specifically the negative effect of 

high NK cytotoxicity. Both therapies, IvIg and IL, improve LBR in patients with eNKc, but 
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neither therapy affected the high level of preterm births, which is characteristic of patients 

with eNKc. In both therapies, this rate remained higher than in the group with nNKc. It was 

shown that in women with elevated peripheral NK cells, birthweight at delivery is low but 

IvIg therapy significantly improved it, and IvIg therapy without NK cell elevation did not 

result in increased birthweight63 and that at late gestation, premature activation of NK cells 

can lead to a breakdown of tolerance of the maternal-fetal interface and, subsequently, 

can result in preterm birth64.
For the specific analysis of preterm births, we divided all the groups into those with single 

and twin’s pregnancies and found that with eNK, the presence of a twin’s pregnancy did 

not statistically increase the LBR, but it did significantly increase the risk of preterm birth 

compared to twin’s pregnancies with normal NKc, as well as compared to high NKc and 

single pregnancies. However, we did not find differences between the groups in perinatal 

mortality.

After dividing into single and twin’s pregnancies, the IvIg and IL groups became too small 

for statistical significance for LBR, although they remained significant for the IvIg group 

with single pregnancies. The increase in preterm births in eNKc patients with IvIg was 

statistically significant for single pregnancies, only because this group was larger 

compared to IL.

We focused on NK cytotoxicity (NKc) because this method has shown high sensitivity and 

clinical significance in previous studies16,26. However, it may not be convenient for 

widespread routine implementation because NK cytotoxicity assay is difficult to 

standardization, methodologically, complex to perform, and requires careful attention to 

the sample's blood viability. On the other hand, immunophenotyping of NK cells using flow 

cytometry is not a complicated method and it’s easily to standardize. We demonstrated 

that measuring the density of CD335 (NKp46) on NK cells may be almost an alternative 

method to the cytotoxicity test37. The accentuated levels of NK CD335 expression are 

predictive for reproductive outcomes, both in IVF patients54 and in patients with natural 

pregnancies65. CD335 expression in peripheral blood NK cells correlates with CD335 

levels in NK cells in the endometrium30. This might explain why the negative impact of NK 

CD335 expression becomes significant even at the implantation stages for PGT-A 

embryos54. Meanwhile, high NK cytotoxicity is detrimental primarily during the pregnancy 

maintenance stage in donor embryos16 because the active contact between trophoblasts 

and peripheral NK cells starts with the remodeling of the spiral arteries66,18. 

It explained significant first and early second-trimester pregnancy failure rates in patients 

with their donor embryos when peripheral blood NK cells first contact with fetal 
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cytotrophoblast cells. It was shown that elevated NKc leads to incorrect remodeling of the 

spiral arteries and subsequent pregnancy complications66,18.

This work has demonstrated the negative impact of high levels of NK cytotoxicity and the 

positive effect of immunotropic treatment on reproductive process efficiency in a large 

group of “typical IVF patients".

Limitations of the study
The study population is 95 percent Caucasian and 85 percent Balto-Slavic.  It is known 

that KIR repertoire and HLA-C1/2 frequencies are highly variable in populations67 and that 

different combinations are differently favorable for reproduction68. In local populations, the 

number of combinations is limited, which may increase/decrease the frequency of some 

reproductive complications. In addition, the studied population is characterized by a fairly 

high level of of CMV (>85%) and HSV1 (>95%) infected and it is known that viral carriage 

leads to immune modifications, especially for NK lymphocytes69,70.  

All patients had ET with an embryo that was not PGT-A tested and most of the 

miscarriages were not tested for chromosomal abnormalities. This does not allow us to 

understand the phenomenon of such a high level of PR after IVIG and simultaneously high 

levels of PFR.

A weak point of the study is the results on hormone levels because these results were 

obtained from different laboratories and measured by different methods with different

reference values. This is especially true for the causes of infertility, because the diagnosis 

was made in different medical centers with different criteria, which also changed 

significantly over the past 10-15 years. This could reduce the statistical significance of 

these parameters. 

An important finding of this study is the high rate of preterm births in all patients with 

elevated NKc (treated and non-treated). Unfortunately, we cannot analyze the causes of 

preterm births, and these were mostly cesarean births of 26-32 weeks. Perhaps there 

were high levels of preeclampsia or other complications but we do not have documentation 

from the maternity hospitals. Some maternity hospitals simply do not exist physically 

because they were bombed by rusians, as in Mariupol or Bakhmut. In most of the 

maternity hospitals, all archival basements have been converted into bomb shelters. So 

we will not be able to analyze this anymore.

Doses and regimens of IVIG administration for patients with reproductive losses have not 
been studied sufficiently and actually copy the treatment regimens and doses for patients 
with primary immunodeficiencies. The usual dose of IGIV for antibody replacement is 
between 0.3 and 0.6 g/kg per month, delivered every 2 to 4 weeks [71].

The goal of this therapy is very simple: to maintain a sufficient level of serum IgG. 
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However, in recent years, even in such patients, the standardised administration regimen 

has been questioned and studies have suggested an individualised approach “The ideal 

immunoglobulin dose for an individual patient is the dose that keeps the patient well” [72].

Obviously, in patients with reproductive failures with high NK cytotoxicity, both doses and 

regimens should be developed based on favorable outcome. In addition, it should be 

borne in mind that IVIG contains both autoantibodies and anti-idiotypic antibodies from 

donors and high doses of IVIG may affect the clearance of patients anti-idiotypic 

antibodies [73,74].

Therefore, future studies should take into account NK cell numbers, activity, and 

phenotype, as well as KIR haplotypes, HLA repertoire, hormonal features, viral carriage, 

microbiome, and embryo karyotype.
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Table 1. Clinical, anamnesis and hormonal characteristic of Main study groups (p < 0.05 * 

compared to “elevated NKc group) 

eNKc <36yo nNK <36yo eNKc <36yo IvIg   eNKc <36yo IL  

Age years 31.5±3.3 31.7±3.02 31.5±3.01 31.1±2.91

Number IVF failures in 
anamnesis
(% of patients with 3 or 
more IVFf)

2.7±1.9

(23.12%)

1.9±1.3*

(6.5%)*

2.96±2.25

(23.07%)

3.12±1.65

(31.0%)

Number of Transferred 
Embryos (in study 
cycle)

1.8±0.4 1.79±0.48 1.83±0.36 1.92±0.3

Endometrial thickness 
(mm)

10.9±2.5 11.1±2.1 11.1±2.02 11.05±1.9

Cryo cycles % 56.1% 61.4% 60.5% 68.3%

Part of secondary 
infertility %

49% 32.7%* 57.1% 50%

Infertility   years 5.1±3.5 5.3±3.29 6.9±4,6 4.7±3.66

AMH (ng/mL) 2–3 Day 
of Cycle

2.6±2.1 3.4±2.4 3.04±2.6 3.29±1.9

FSH, (Mmo/Ml) 2–3 
Day of Cycle

8.5±9.5 7.8±6.1 8.03±7.1 6.88±2.67

LH, (mMO/mL) 2–3 Day 
of Cycle

7.0±9,6 7.1  ±3.8 6.1±4.04 6.78±3.66

NK cytotoxicity at E/T 
ratio 20/1

54.1±15.1 27.9± 6.6 63.1±17.7 59.5±15.5
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TABLE 3.  Results of IVF outcome in patients (36-39yo) with normal NK cytotoxicity (nNKc), elevated NK 
cytotoxicity (eNKc), elevated NK cytotoxicity with intravenous immunoglobulin treatment (eNKcIvIg) and 
elevated NK cytotoxicity with intravenous lipid emulsion treatment (eNKc IL) 
 * p=0.0247 OR= 19.32 compared to normal NKc

Ongoing Uterine 
Pregnancy (US) 
%

PF per all OP
%

LBR
%

Preterm Birth 
(% per all 
birth)

OR 
95%CI:

OR 
95%CI:

OR 
95%CI:

OR 
95%CI:

nNK 
n= 138

 51/138
36.95%

 17/51
33.33%

 34/138
24.6%

 0/34

eNKc /
n= 150

 36/150
24%

 20/36
55.55%

 16/150
 (10.6%)

 4/16
 (25.0%)

eNKc Significant 
decreased compared to 
nNKc

 p=0.0207
OR 1.85
1.11 –3.09

  p=0.0489
OR 0.40
0.166 - 0.96

p=0.0019
OR 2.738
1.433- 5.23

 p= 0.0079
OR  0.04026
0.002-0.803

eNKc IvIg 
n= 44

 19/44
43.18

 9/19
47.36% 

 10/44
22.72%

 5/10
50%

eNKc IL 
n=27

 11/27
40.74%

 6/11
54.54% 

 5/27
18.51%

 0/5

IvIg Significant 
increased compared to 
eNKc

p= 0.0214
OR 2.407
1.19-4.8

p= 0.58
OR  0.72
0.2360- 2.196

 p= 0.0467
OR  2.463
1.026- 5.9

p= 0.234
OR  0.3333
0.06-1.786

IL  Significant increased 
compared to eNKc

 p= 0.0958
OR 2.177
0.9264-5.116

p= 1.0
OR  0.96
0.2471- 3.729

p= 0.327
OR  1.9
0.6329-5.724

p= 0.53
OR  3.96
0.18-87.0
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Table 2.  Results of IVF outcome in patients (< 36years old) with; normal NK cytotoxicity (nNKc), elevated 
NK cytotoxicity (eNKc), eNKc cytotoxicity with intravenous immunoglobulin treatment (eNKcIvIg) and 
elevated NK cytotoxicity with intravenous lipid emulsion treatment (eNKc IL). (PF per all OP) Pregnancy 
failures are calculated as a part of the pregnancy’s that not result to live birth (failed pregnancy 
and fetal death) per all OP( Ongoing Uterine Pregnancy)

Ongoing Uterine 
Pregnancy (US) 
%

PF per all OP
%

LBR
%

Preterm Birth (% 
per all birth)

Patient’s groups

OR 
95%CI:

OR 
95%CI:

OR 
95%CI:

OR 
95%CI:

nNKc 
n=587

200/587
34.07%

47/200
23.5 

153/587
26.06%

5/153
3.26%

eNKc 
n=615

166/615 26.99% 61/165
36.7% 

105/615
17.07%

14/105 
13.3%

eNKc significant 
decreased compared to 
nNKc

p=0.0084
OR 1.398
95%CI: 1.09- 1.78

p=0.0057
OR 0.5237
95%CI: 0.33- 
0.82

p= 0.0002
OR 1.78
95%CI: 1.29-
2.259

p= 0.0032
OR 4.554 95%CI:
1.58- 13.0

eNKc IvIg   n=231 102/231 
44.15%

26/102
25.49%

74/231  
32.03%

11/74  
14.86%

eNKc IL  180 71/180
39.44%

13/71
18.3%

58/180
32.22%

8/58    
13.79%

eNKc IvIg   
significant increased 
compared to eNKc

p < 0.0001
OR 2.106
95%CI: 1.53-2.88

p= 0.0610
OR 0.5889
95%CI: 0.34- 
1.016

p < 0.0001
OR 2.261
95%CI: 1.59- 
3.19

p= 0.828
OR 1.135
95%CI:  0.48- 2.66

eNKc IL  
significant increased 
compared to eNKc

p= 0.0016
OR 1.762
95%CI: 1.24 -2.49

p= 0.0007
OR  0.3259
95%CI:0.166- 
0.638

p < 0.0001
OR 2.309
95%CI: 1.58- 
3.36

p= 1.0
OR 1.04
95%CI: 0.408-2.649

eNKc IvIg significant 
increased compared to 
nNKc

p=0.0103
OR 1.507

p= 0.77
OR 1.11
95%CI: 0.64-
1.9

p= 0.099
OR 1.340
95%CI: 0.96- 
1.868

p=0.0038   OR 
5.168  

eNKc IL  significant 
increased compared to 
nNKc

p= 0.21
OR 1.26
95%CI:   0.89-1.7

p= 0.20
OR 0.63
95%CI: 0.32-
1.24

p= 0.1057
OR 1.35
95%CI:  0.94- 
1.943

p= 0.0084   OR 
4.736      
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TABLE 4. Results of  single and tween pregnancy outcome in patients with normal NK 
cytotoxicity (nNKc), elevated NK cytotoxicity (eNKc), elevated NK cytotoxicity with intravenous 
immunoglobulin treatment (eNKcIvIg) and elevated NK cytotoxicity with intravenous lipid 
emulsion treatment (eNKc IL)   

A-significant compared nNKc single pregnancy (p=0.0034, OR 2.17)  B- significant compared 
eNKc single pregnancy (p=0.0111, OR 2.67).  C-  significant compared nNKc single pregnancy 
(p=0.027, OR 9.07).   D-  significant compared eNKc single pregnancy (p=0.0003, OR 11.05).  
E- significant compared nNKc twins pregnancy (p=0.0426, OR 4.84).  F-significant compared 
nNKc single pregnancy (p=0.0159, OR 6.72)  

pregnancy LBR per ongoing 
pregnancy

Pre-term LB per all LB Perinatal 
mortality

single 76.8% (123/160) 1.6% (2/123) 3nNKc
twin 85.1% (23/27) 13% (3/23)C 1
single 60.4% (81/134)A 6.2% (5/81)  2

eNKc twin 73% (19/26) 42.1% (8/19) D  E 0
single 73.1 % (60/82) 10.0 % (6/60)F 0eNKc IvIg
twin 80%  (16/20) 25% (4/16) 1
single 80.3% (45/56)B 6.6% (3/45) 0eNKc IL
twin 84.6% (11/13) 27.2% (3/11) 1
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Supplemental Fig1 

A-  Gate ant test strategy for spontaneous  levels, 50% Lysis and  individuals NK cytotoxic 
activity  investigation.

B- Gate strategy for K562 absolute counting with Flow-Count Fluorospheres and 
effectors/target ratios calculation.
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Spontaneous 
control

50% Lysis
Gate  
control

Test with PBMC
E/T 30/1

0-5%

45-55%

A
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Target absolute counting with Flow-Count Fluorospheres (Becman Coulter)

FL1 Labeled K562

Flow-Count Fluorospheres

Labeled K562

Flow-Count Fluorospheres

Labeled K562

Labeled PBMC

Effectors /Target ratios calculation

B
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Answer for Reviewers 

Reviewer 1 Comments to the Author

 

This manuscript investigates the effect of a single or double infusion of IVIG around the time of 
embryo transfer in women with elevated NK cytotoxicity.
Although it would have been more informative if the study had included patients with recurrent 
implantation failure (RIF) or those who failed to achieve pregnancy after euploid embryo transfer, 
the data still provide valuable insight into the potential benefits of IVIG or intralipid therapy during 
the implantation and early pregnancy periods.

-We agree. The RIF and the PGD group could have been validated on a smaller group and this 
group could have been more informative. The same as karyotyping of all the aborted pregnancies. 
And we indicated this in the limitation. We are planning such a study, unfortunately PGD did not 
fully meet expectations and there are not so few women with 3 IVF failures on PGD embryos.

But on the other hand, this is also the strength of the study. It is also quite important and 
interesting to identify the effects of therapy on normal-ordinal IVF patients.  And the fact that the 
therapies work on an unselected group makes the results more practically significant. And maybe 
we shouldn't wait for 3 IVFs or miscarriages to start doing something.

The revised version of the manuscript presents the findings more clearly than before.
Please ensure that all typographical errors are corrected and that actual p-values are provided 
throughout the manuscript instead of using general terms like "significant" or "not significant."

-We add it in text

In addition, since IVIG and intralipid treatment did not reduce the rate of preterm birth, it would be 
helpful to include a discussion on the pharmacokinetics of these agents—specifically their duration 
of action and half-life—to assess whether the timing of administration may have influenced the 
lack of effect on later pregnancy outcomes such as preterm birth.

-This is a difficult point. The goal (target) pursued by IVIG treatment in patients with 
immunodeficiencies is different in patients with autoimmune diseases, and in reproduction, the 
mechanism is not yet fully understood.

We add it in limitation

Doses and regimens of IVIG administration for patients with reproductive losses have not 
been studied sufficiently and actually copy the treatment regimens and doses for patients 
with primary immunodeficiencies. The usual dose of IGIV for antibody replacement is 
between 0.3 and 0.6 g/kg per month, delivered every 2 to 4 weeks [71].

The goal of this therapy is very simple: to maintain a sufficient level of serum IgG. 
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However, in recent years, even in such patients, the standardised administration regimen 

has been questioned and studies have suggested an individualised approach “The ideal 

immunoglobulin dose for an individual patient is the dose that keeps the patient well” [72].

Obviously, in patients with reproductive failures with high NK cytotoxicity, both doses and 

regimens should be developed based on favorable outcome. In addition, it should be 

borne in mind that IVIG contains both autoantibodies and anti-idiotypic antibodies from 

donors and high doses of IVIG may affect the clearance of patients anti-idiotypic 

antibodies [73,74].

Thank you for the detailed and insightful review

 

Reviewer 2 Comments to the Author

 

I would like to express my gratitude to the authors for their efforts in revising the paper. However, I 
still think it has some problems.
1. First of all, authors should think twice when describing outcomes such as CPR, IR, ongoing 
pregnancy, and LBR. For example, the authors stated in the abstract, "It seems that the strength of 
IvIg is based on a strong increase in the CPR even compared with nNKc patients, whereas IL's 
effectiveness is more based on a significantly reduced PF rate." However, in the results, they 
stated, "IvIg realizes it mostly through increased implantation and PR. IL realizes it through 
normalizing implantation and PR rates with a reduction in pregnancy failure rates." As you know, 
the implantation rate is the number of embryos among the transferred embryos that have been 
confirmed to have implanted. Since this paper does not describe the pregnancy rate per transferred 
embryo, I believe it is not appropriate to compare it with the IR. Tables 2 and 3 only describe 
ongoing pregnancy rates and pregnancy failure rates.

-Yes, we agree. In the previous version, we indicated the results of the IR, but the reviewer noted 
that the tables were too heavy and we removed this data from the tables and forgot to remove it 
from the text.

2. In table 2, even if there is no statistical significance in PF and LBR, please describe the exact p-
value instead of ns. Likewise, please do not leave the preterm birth rate blank and provide the 
results.

-We add information in tab2 and tab3

3. The pregnancy outcomes described in Tables 2 and 3 also appear to contain errors. For example, 
Table 2 lists 200 of the 587 cycles in the nNKc group as ongoing pregnancies, with 43 resulting in 
PF and 153 resulting in live births. Results for four pregnancies are missing. The results for the eNKc 
IVIG and eNKc IL groups also appear to contain the same data errors.
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These are the four patients that had prenatal deaths (initially we counted them separately... and 
then included them in the Pregnancy losses but forgot to put them in the table. There were 2 of 
them in the IvIg group, and one prenatal death in the IL group was not taken into account

-We corrected and recalculated all the data and statistics. 

In the eNKc group, we excluded one patient from the PF calculation because she had fetal 
malformations and had an medical abortion... but we still included her in the CPR... because she 
became pregnant. But in the calculation of LBR, we left her as an unsuccessful IVF because LBR is 
formally unsuccessful 

We add explanation in text “Medical abortion due to fetal malformations was included as a 
pregnancy success for PR and as a failure for LBR, but not calculated in Pregnancy failure 
rate”.

And in Table 3, one twin birth at 24 weeks ended in the death of one child, but the second child 
survived... so formally it should be considered as a successful pregnancy. And we recalculated it.

Thank you for the detailed and insightful review
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