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Background: The effects of endometrial cavity fluid (ECF) on in vitro fertilization (IVF) and 
intracytoplasmic sperm injection (ICSI) pregnancy outcomes following embryo transfer (ET) are still 
controversial. We conducted the present study to investigate whether the presence of ECF in infertile 
patients scheduled to undergo IVF or ICSI was associated with pregnancy outcomes.
Methods: A retrospective cohort study design was used. Among infertile patients undergoing IVF/ICSI, 
those with and without ECF were matched 1:1 using propensity score matching (PSM). After ensuring that 
the baseline levels of the two matched groups were consistent, the pregnancy and obstetrical outcomes of the 
two groups were compared.
Results: Patients with ECF had significantly lower clinical rates of pregnancy (1,061/1,862, 57% vs. 
1,182/1,862, 63.5%; P<0.001), live birth (902/1,862, 48.4% vs. 1,033/1,862, 55.5%; P<0.001), biochemical 
pregnancy (1,182/1,862, 63.5% vs. 1,288/1,862, 69.2%; P<0.001), and embryo implantation (1,500/3,740, 
40.1% vs. 1,661/3,740, 44.4%, P<0.001) than patients without ECF. Also, patients with ECF had a higher 
incidence of gestational diabetes (17/78, 22% vs. 8/94, 9%, P=0.014). However, there were no differences in 
gestational weeks at delivery or birth weight between the two groups.
Conclusions: ECF was significantly associated with adverse pregnancy outcomes but showed no significant 
association with adverse obstetric outcomes (except for gestational diabetes).
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Introduction

The interaction between the embryo and the intrauterine 
environment largely determines the success or failure 
of implantation, and successful implantation requires a 

receptive intrauterine environment for the embryos. There 

is a link between uterine pathology, decreased fertility, 

and spontaneous abortion (1). During in vitro fertilization 

(IVF) and embryo transfer (ET), the endometrial 
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microenvironment is vital for successful implantation (2).
Endometrial cavity fluid (ECF) consists of blood, mucus, 

endometrial secretions, and/or tubal fluid (3). It has been 
hypothesized that embryonal apposition may not occur 
when a fluid layer covers the endometrium, and that the 
presence of ECF before ET in IVF cycles is associated with 
implantation failure (4,5). Thus, excessive uterine fluid is 
detrimental to embryo implantation (4). One previous study 
found that if the fluid amount is <3.5 mm in the anterior-
posterior dimension, ECF will disappear by the day of ET, 
and, as a result, has no influence on embryo implantation. 
Furthermore, the clinical pregnancy rate is no worse than 
the patients without ECF (5). Another report concluded that 
if the ECF was not flushed backward from the hydrosalpinx 
during controlled ovarian hyperstimulation (COH),  
there was no effect on the clinical pregnancy rate (6).

Collectively, the effects of the presence of ECF on IVF 
and intracytoplasmic sperm injection (ICSI) pregnancy 
outcomes following ET are still controversial. Here, we 
conducted a retrospective cohort study with a large sample 
size to investigate the relationship between ECF and IVF/
ICSI pregnancy outcomes and complications.

We present the following article in accordance with the 
strengthening the reporting of observational studies in 
epidemiology (STROBE) reporting checklist (available at 
http://dx.doi.org/10.21037/atm-20-3623).

Methods

Ethical statement

The study was approved by the Institutional Review Board 
of the Reproductive Hospital Affiliated to Shandong 
University {[2018] IRB No. [47]}. All procedures performed 
in this study involving human participants were in 
accordance with the Declaration of Helsinki (as revised 
in 2013). Due to the retrospective nature of the study 
informed consent was not required.

Study design 

A total of 3,688 patients with ECF diagnosed by ultrasound 
who underwent IVF/ICSI and ET were screened from 
the electronic medical records of 21,548 patients who 
attended the Reproductive Hospital affiliated to Shandong 
University between January 2009 and December 2014, and 
whose follow-up was carried out by staff of the hospital 
between 2015 and 2016. ECF was detected and measured 

by ultrasound during COH, and this continued until the 
final ultrasound examination before ET. A total of 1,034 
patients were excluded based on the following criteria:
	ET was not carried out;
	Clinical information was incomplete;
	ECF was aspirated because of the presence of 

other uterine diseases or it absorbed spontaneously  
before ET;

	ECF (>3.5 mm) was aspirated before ET;
	Incomplete/loss of follow-up information.
Propensity score matching (PSM) was used as a method 

of group matching to ensure accurate matching and reduce 
the selection bias. In total, 2,654 patients with ECF were 
used to perform PSM matching. Patients in the matched 
group (according to PSM) met the following criteria:
	Underwent IVF/ICSI in ET cycles during the same 

period;
	ECF was not found during all pre-implantation 

ultrasonic examinations;
	Clinical information was complete;
	Follow-up information was complete.
Pregnancy outcomes in the two groups were blinded to 

the investigators during PSM.
The PSM (1:1) was performed according to the following 

variables: 
	Age;
	Body mass index;
	Type of infertility;
	Indications for IVF/ICSI;
	Numbers of follicles in both ovaries;
	Baseline follicle-stimulating hormone (FSH), 

estrogen, and luteinizing hormone (LH) levels;
	Number of current cycle of IVF/ICSI;
	Protocol of COH;
	Duration of gonadotropin-releasing hormone 

(GnRH) treatment;
	Starting dosage of GnRH;
	Total dosage of GnRH;
	Estradiol (E2) level on the day of triggering ovulation 

with human chorionic gonadotropin (hCG);
	Progesterone level on the hCG trigger day;
	Endometrial thickness on the hCG trigger day;
	Number of oocytes retrieved;
	Number of good-quality embryos (those with even-

sized blastomeres and <10% fragments on day 2);
	Number of embryos transferred.
The type of infertility, indications for IVF/ICSI, and 

protocol of COH were treated as categorical variables (PSM 
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tolerance =0), and the remaining variables were treated as 
quantitative variables (PSM tolerance =0.01). After PSM, 
the successfully paired patients were regarded as an ECF 
group and a control group. The baseline levels of the two 
groups were compared before further analysis. Pregnancy 
outcomes, pregnancy complications, and obstetrical 
outcomes of the two groups were then analyzed.

Luteal support, embryo culture, embryo evaluation, and ET

All patients received a standardized ovarian stimulation 
protocol, oocyte retrieval, fertilization, and fresh ET of 
a day-3 embryo. Intramuscular progesterone at dose of 
80 mg/day was used for luteal support. Embryo culture, 
evaluation, and transfer were performed as previously 
described (7). Briefly, depending on the quality of the 
sperm, the oocytes were inseminated by conventional 
methods or ICSI approximately 4 to 6 hours after follicle 
aspiration. Morphological criteria were used for embryo 
scoring. On the third day, two high-quality embryos were 
selected for transfer.

The pregnancy outcome was defined as previously 
described, and included clinical pregnancy rate, biochemical 
pregnancy rate, live birth rate, and embryo implantation 
rate (7). Fetal indices including gestational age, birth 
weight, number of fetuses, and complications during 
pregnancy were classified as obstetrical outcomes.

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics 
(v. 24.0, IBM Corp., Armonk, NY, USA). The student’s 
t-test, Chi-squared (χ²) test, or Fisher’s exact test were 
used to compare the outcomes of the two groups. Data are 
presented as the mean ± standard deviation (SD), and a P 
value <0.05 was considered statistically significant.

Results

The scheme of our study is shown in Figure 1. In all, 1,862 
pairs of patients were matched successfully with PSM. 
Overall, the two groups had similar distributions of baseline 
variables (Table 1). The outcomes of COH in both groups 
are shown in Table 2. There were no significant differences 
in hormone levels (E2, progesterone), endometrial thickness 
on the day of triggering ovulation with hCG, dosage of 
GnRH used in COH, and ET-related parameters between 
the two groups. 

We studied the main outcomes of IVF/ICSI in the study 
and control groups. Overall, the biochemical pregnancy 
rate was significantly lower in the ECF group than in the 
control group (1,182/1,862, 63.5% vs. 1,288/1,862, 69.2%, 
respectively; P<0.001, Table 3), and the relative risk (RR) 
of biochemical pregnancy of patients with ECF was 0.918 
[95% confidence interval (CI), 0.877–0.961], which had 
statistical significance. The clinical pregnancy rate in the 
ECF group was also lower than that in the control group 
(1,061/1,862, 57% vs. 1,182/1,862, 63.5%, respectively; 
P<0.001, Table 3); RR was 0.898 (95% CI, 0.852–0.946). 
Moreover, the ECF group had increased incidences of 
adverse pregnancy outcomes (including abortion during 
a biochemical pregnancy and abortion during clinical 
pregnancy) compared with the control group, but the 
difference was not statistically significant (Table 3). The 
ECF group also had a lower live birth rate than the 
control group (902/1,862, 48.4% vs. 1,033/1,862, 55.5%, 
respectively; P<0.001, Table 3); RR was 0.873 (95% CI, 
0.821–0.929). Furthermore, the embryo implantation rate 
in the ECF group was lower than that in the control group 
(1,500/3,740, 40.1% vs. 1,661/3,740, 44.4%, respectively; 
P<0.001; Table 3); RR was 0.903 (95% CI, 0.856–0.952). 

We also found that the clinical pregnancy rate in patients 
with hydrosalpinx combined with ECF was significantly 
lower than that in patients with simple ECF (60/172, 
34.8% vs. 842/1,690, 49.8%, respectively; P=0.022). In all 
patients with hydrosalpinx, a comparison between the ECF 
and control groups showed no significant difference in the 
clinical pregnancy rate (63/1,862, 3.4% vs. 50/1,862, 2.7%, 
respectively).

The obstetrical outcomes were also compared between 
the ECF and control groups to investigate whether the 
presence of ECF prior to implantation had any impact 
on fetal development and maternal health status during 
pregnancy. The fetal-related evaluation indices of both 
groups showed no significant differences. Pregnancy-
induced hypertension had the highest incidence in both 
groups (Table 4). Also, gestational diabetes had a significantly 
higher incidence in the ECF group compared with the 
control group (17/78, 21.8% vs. 8/94, 9%, respectively; 
P=0.014; Table 4).

Discussion

Presently, the causes and effects of ECF remain unclear. 
Previous studies have found that the production of ECF may 
be related to pathological conditions such as hydrosalpinx, 
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polycystic ovary disease, or subclinical uterine infection, 
or may be caused by the physiology of the reproductive  
tract (8). Following COH, ovarian hyperstimulation 
syndrome (OHSS) is associated with extravasation of 
secretions and obstruction of the cervix leading to ECF, 
which can occur when there are cervical canal obstructions 
and pelvic adhesions (4).

Thus, the source and timing of ECF can be diverse. 
The primary focus of our study was to determine whether 
the presence of ECF is related to pregnancy outcomes. It 
has been shown that the presence of ECF during COH 
impairs the clinical pregnancy rate; however, the appearance 

of ECF after the hCG trigger does not (9). It is possible 
that ECF is closely related to hydrosalpinx, although the 
relationship between hydrosalpinx and pregnancy outcomes 
is controversial. Previous studies have reported that the 
flushing of hydrosalpinx fluids back into the endometrial 
cavity can interfere with embryo implantation (10,11). 
Meanwhile, another study found that hydrosalpinx had 
no adverse effect on embryo development (12). There 
is an opinion that ECF, which is secreted by the genital 
tract and does not arise from the fallopian tube, has no 
effect on embryo implantation (6). Transient ECF is not 
associated with hydrosalpinx or any identifiable pelvic 

Figure 1 Experimental flow chart. The experimental process is described in detail in the study design. PSM, propensity score matching; 
ECF, endometrial cavity fluid; IVF, In vitro fertilization; ICSI, Intracytoplasmic sperm injection.

3,688 patients with ECF underwent 
IVF/ICSI in the 6 Years

2,654 patients with ECF underwent 
IVF/ICSI in embryo transfer cycles

ECF group
1,862 patients with ECF

Biochemical pregnancy
n=1,182 (63.48%)

Live birth
n=902 (48.44%)

Ectopic pregnancy 
n=27 (1.45%)

Abortion
n=132 (7.09%)

Abortion
n=120 (6.44%)

Ectopic pregnancy 
n=29 (1.56%)

Live birth
n=1,033 (55.48%)

Abortion during biochemical 
pregnancy

n=121 (6.50%)

 Abortion during biochemical 
pregnancy

n=106 (5.69%)

Clinical pregnancy
n=1,061 (56.98%)

Clinical pregnancy
n=1,182 (63.48%)

Biochemical pregnancy
n=1,288 (69.17%)

Non-pregnant
n=680 (36.52%)

Non-pregnant
n=574 (30.83%)

Control group
1,862 patients without ECF

Baseline assessment

Pregnancy outcomes analysis

Patients without ECF underwent 
IVF/ICSI in embryo transfer cycles 

during the same period

Excluded patients who gave 
up transplantation, incomplete 
clinical information, ECF was 

aspirated and loss of follow-up 1:1 PSM
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pathology and is thought to have no negative effect on 
the IVF pregnancy rate (13). Our data showed that the 
toxic effects of hydrosalpinx on embryos and gametes may 
further aggravate the adverse effects of uterine effusion, 
which consistent with previous studies (14). There are two 
different views about the ingredients that may be contained 
in ECF. Some studies have speculated that the presence 
of ECF dilutes putatively beneficial factors in the uterus 
following ET (15). There are also changes in the expression 
levels of genes associated with uterine receptivity (e.g., 
integrin αvβ3) (16). However, other studies suggest that 
growth factors from hydrosalpinx fluid might play a positive 
role during implantation (11,17).

The purpose of the present study was to investigate the 
association between the presence of ECF and pregnancy 
outcomes in patients subjected to IVF/ICSI. All patients 
with ECF included in this study were identified during 
COH, and the amount of fluid did not reach the routine 
treatment standard of our hospital (≤3.5 mm). The clinical 
pregnancy and live birth rates of patients with ECF were 
significantly worse than those of the controls.

We also explored the impact of ECF on obstetric 
outcomes. The main indices of obstetric outcome (including 
gestational age, birth weight, fetal gender, dysplasia, and 
number of fetuses) showed no significant differences 

between the groups. After implantation, the environment 
in the uterus changes accordingly. The formation of 
pinopodes promotes the absorption of fluid in the uterine 
cavity. This may be the mechanism by which uterine 
effusion does not continue to affect the growing embryo. 
We also found a higher incidence of gestational diabetes in 
the ECF group, which is considered to be one of the causes 
of polyhydramnios (18). The results of previous studies 
have shown that endometrial fluid contains significantly 
different protein compositions during the implantation 
and non-implantation cycles, and that endometrial fluid 
during the non-implantation cycle increases inflammation 
and impaired glucose metabolism (19). We speculate that 
persistent uterine effusion may itself be an indicator of a 
non-implantable endometrial state. However, the possible 
causal relationship between short-term changes in blood 
glucose levels and the accumulation of ECF requires further 
study. To our knowledge, this is the first report on the 
relationship between ECF and such obstetric outcomes.

Proper treatment of ECF affects the success of ET and 
the final pregnancy outcomes of patients subjected to IVF/
ICSI. It has been suggested that ECF should be treated 
individually according to the causes, appearance, time, and 
amount in patients undergoing IVF/ICSI; an excess of  
3.5 mm is considered the standard for determining whether 

Table 1 Baseline characteristics of both groups

Characteristics ECF group (N=1,862) Control group (N=1,862) P value

Age, years 30.51±4.44 30.54±4.30 0.837

Body-mass index, kg/m2 22.44±2.97 22.45±2.89 0.861

Type of infertility, No. (%) 1.000

Primary infertility 979 (52.58) 979 (52.58)

Secondary infertility 883 (47.42) 883 (47.42)

Indications for IVF/ICSI, No. (%) 1.000

Tubal factor 545 (29.27) 545 (29.27)

Male factor 254 (13.53) 254 (13.53)

Combined factors 1,063 (57.09) 1,063 (57.09)

Follicle count in both ovaries 14.32±6.42 14.48±6.88 0.464

Laboratory tests

Baseline follicle-stimulating hormone, IU/mL 6.77±1.58 6.76±1.66 0.990

Baseline luteinizing hormone, IU/L 5.54±3.52 5.59±3.44 0.674

Baseline estradiol, pmol/L 36.20 (27.50–48.40) 36.50 (28.30–47.53) 0.638

Plus-minus values are means ± SD. ECF, endometrial cavity fluid.
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Table 2 Outcomes of controlled ovarian hyperstimulation (COH)

Characteristics ECF group (N=1,862) Control group (N=1,862) P value

Assisted reproductive project, No. (%) 0.672

IVF 1,335 (71.70) 1,315 (70.62)

ICSI 485 (26.05) 508 (27.28)

IVF/ICSI 42 (2.26) 39 (2.09)

Number of current cycles of IVF/ICSI 1.11±0.34 1.11±0.34 0.736

Protocol of COH, No. (%) 1.000

Short agonist 128 (6.87) 128 (6.87)

Long agonist 1,716 (92.16) 1,716 (92.16)

Others 18 (0.97) 18 (0.97)

Duration of GnRH treatment, day 11.06±1.64 11.05±1.77 0.863

Starting dosage of GnRH, IU 178.32±44.27 176.40±44.30 0.186

Total dosage of GnRH, IU 2,030.18±796.52 1,997.07±779.15 0.200

Estradiol level on hCG trigger day, pmol/L 4,202.73±2,137.12 4,251.05±2,103.27 0.487

Progesterone level on hCG trigger day, ng/mL 0.88 (0.68–1.13) 0.90 (0.70–1.16) 0.008

Endometrial thickness on hCG trigger day, cm 1.14±0.15 1.14±0.16 0.587

No. of oocytes retrieved 12.45±5.09 12.44±5.26 0.955

No. of good-quality embryos 4.43±2.54 4.47±2.55 0.059

No. of embryos transferred 2.01±0.40 2.01±0.38 1.000

Fertilization rate, %

IVF 67.12±19.85 67.55±19.79 0.575

ICSI 65.04±21.08 68.41±20.15 0.010

Top quality blastocyst formation rate, % 59.11±24.46 58.32±24.09 0.317

Plus-minus values are means ± SD. IVF, in vitro fertilization; ICSI, intracytoplasmic sperm injection; GnRH, gonadotropin-releasing 
hormone; hCG, human chorionic gonadotropin; ECF, endometrial cavity fluid.

Table 3 Comparison of pregnancy outcomes between the two groups

Outcome ECF group (N=1,862) Control group (N=1,862) P value

Live birth rate† 48.44% (902/1,862) 55.48% (1,033/1,862) <0.001

Clinical pregnancy rate‡ 56.98% (1,061/1,862) 63.48% (1,182/1,862) <0.001

Biochemical pregnancy rate§ 63.48% (1,182/1,862) 69.17% (1,288/1,862) <0.001

Embryo implantation rate¶ 40.11% (1,500/3,740) 44.41% (1,661/3,740) <0.001

Pregnancy loss % (No./total No.)

Abortion during biochemical pregnancy 10.24% (121/1,182) 8.23% (106/1,288) 0.085

Abortion during clinical pregnancy 12.44% (132/1,061) 10.15% (120/1,182) 0.087
†
, live birth was defined as the delivery of a live-born infant after 28 (or more) weeks of gestation (Chen et al., 2016); 

‡
, clinical pregnancy 

was defined as observation of gestational sac on ultrasound (Chen et al., 2016); 
§
, biochemical pregnancy was defined as a serum level 

of hCG of more than 10 m IU/milliliter (Chen et al., 2016); 
¶
, the implantation rate was calculated as the total number of gestational sacs 

divided by the total number of embryos transferred (Chen et al., 2016). ECF, endometrial cavity fluid.
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Table 4 Obstetrical outcomes of patients with live birth in both groups

Outcome ECF group (N=902) Control group (N=1,033) P value

Gestational age (weeks) 38.40±1.936 38.35±2.015 0.549

Delivery method 0.788

Transvaginal delivery 14.86% (134/902) 15.30% (158/1,033)

Cesarean section 85.14% (768/902) 84.70% (875/1,033)

Complications during pregnancy 8.65% (78/902) 9.10% (94/1,033) 0.727

Pregnancy-induced hypertension 43.59% (34/78) 55.32% (52/94) 0.126

Gestational diabetes 21.79% (17/78) 8.51% (8/94) 0.014

Abnormal placenta 11.54% (9/78) 9.57% (9/94) 0.675

Anemia 20.51% (16/78) 13.83% (13/94) 0.244

Birth weight (kg) 3.04±0.63 2.99±0.62 0.089

Fetal gender 0.420

Male 52.25% (622/1,267) 52.27% (725/1,387)

Female 47.75% (605/1,267) 47.72% (662/1,387)

Dysplasia 0.08% (1/1,267) 0.43% (6/1,387) 0.076

No. of fetuses 0.862

Single pregnancy 64.19% (579/902) 64.57% (667/1,033)

Multiple pregnancy 35.81% (323/902) 35.43% (366/1,033)

Plus-minus values are means ± SD. ECF, endometrial cavity fluid.

ECF should be processed (20). One study concluded that 
ECF should be removed with a catheter immediately 
before ET (21). Another study developed a flow chart 
for how to deal with ECF in different situations; briefly, 
cryopreservation of the embryos should be considered 
when there is a large amount of ECF or when this issue is 
combined with a complex intrauterine environment (22). 

Clearly, further research into the treatment of ECF is 
needed. According to our study, we believe the presence of 
ECF is an indicator of adverse pregnancy outcomes even 
when the amount is less than 3.5 mm in the anteroposterior 
dimension. Our previous experience shows that in addition 
to transvaginal sonographic ECF aspiration, moderate 
curettage of the uterus is also effective. We also found that 
some Chinese traditional herbal medicines such as Leonurus 
cardiaca might help with the absorption of effusions in some 
cases. We recommend processing ECF immediately to avoid 
postponing ET, which places economic and psychological 
pressures on patients.

There were some limitations in our research. Firstly, 

during the follow-up, some patients could not be contacted 
for various reasons or could not provide accurate and useful 
information after being contacted, including some patients 
diagnosed with ECF in the early phase of data collection. 
This missing information might have affected the statistical 
evaluation of the results. Also, in terms of the amount of 
uterine effusion, there was only one approximate value in 
the patient information recorded by our hospital, and there 
was no accurate numerical value to analyze the relationship 
between the volume of ECF and pregnancy outcomes in a 
systematic manner. These limitations need to be improved 
in future research.

Our findings indicate that the presence of ECF is 
associated with adverse pregnancy outcomes following 
IVF/ICSI and ET. The clinical significance of this 
issue is far-reaching, and should arouse the attention of 
clinicians and be studied extensively. The mechanism of 
ECF accumulation, as well as the relationship between its 
amount, timing, and pregnancy outcomes requires further 
in-depth studies.
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Conclusions

ECF detected by ultrasonography during COH had a 
negative association with IVF/ICSI pregnancy outcomes but 
did not have a significant association with adverse obstetric 
outcomes (except for gestational diabetes). Thus, the 
presence of ECF might be an indicator for the occurrence 
adverse pregnancy outcomes. The decision to treat uterine 
effusions should accord with individual patient conditions. 
The mechanism of ECF production and treatment requires 
further research. 
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