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Abstract 

Background  There are limited and controversial findings concerning ovulation induction using intrauterine 
and intramuscular human chorionic gonadotropin (hCG) injection compared to intramuscular hCG alone. The 
study aimed to examine the impact of intrauterine hCG injection, which is used to induce ovulation, on the efficacy 
of the intrauterine insemination (IUI) technique in patients with unexplained infertility.

Methods  A randomized controlled clinical trial was conducted involving 80 subjects with unexplained primary infer-
tility at the infertility clinic of Al-Zahra Hospital in northwest Iran. Patients were randomly allocated into two groups: 
control and intervention. Both groups received initial treatment with letrozole and Recombinant follicle-stimulating 
hormone (r-FSH). After confirmation of at least one follicle measuring 18 mm or larger through ultrasonography, 
in the control group, two ampoules of 5000 units of hCG were administered intramuscularly. The intervention group 
received 500 units of hCG diluted in 0.5 cc of normal saline and was injected into the uterine cavity along with the 
two intramuscular ampoules. Primary outcomes were clinical and chemical pregnancy rates and the secondary 
outcome was any adverse pregnancy outcomes. Multiple logistic regression analysis was used to estimate crude 
and adjusted odds ratios (AORs) of the pregnancy rates with 95% confidence intervals (CIs).

Results  No significant differences were found between the two groups regarding baseline characteristics (p > 0.05). 
Chemical and clinical pregnancy rates in the control and intervention groups were (32.5 vs. 40%) (32.5% vs. 35%), 
respectively. In the final analysis after adjusting the potential confounders, intrauterine and intramuscular hCG injec-
tion increased the likelihood of chemical pregnancy by 1.39 times AOR = 1.42 (1.31–4.12; p = 0.036), and clinical preg-
nancy by AOR = 1.25 (1.03–3.74; p = 0.048) compared to intramuscular hCG alone. There were no statistical differences 
regarding adverse pregnancy outcomes between the study groups (p value > 0.05).

Conclusions  It seems that ovulation induction through intrauterine and intramuscular hCG injection increased 
the odds of both chemical and clinical pregnancy rates compared with intramuscular hCG alone. Multicenter clinical 
trials and meta-analysis studies are needed for decision making in clinical settings.
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Background
Unexplained (idiopathic) infertility, defined as the inabil-
ity of women to conceive after a minimum of 12 cycles 
of unprotected sexual activity (or six cycles in women 
over the age of 35) and without apparent cause for the 
infertility of couples, accounts for 30% of infertile cou-
ples globally [1–3]. About 85% of infertility causes can be 
identified. The most common causes of infertility include 
ovulation disorders, male factor infertility, and uterine 
tube diseases. The remaining 15% of infertile couples 
have "unexplained infertility" [4]. Female infertility is a 
complex issue that requires attention and practical solu-
tions from governments and organizations globally, espe-
cially those handling population issues [5, 6].

One of the costly yet successful treatments for unex-
plained infertility encompasses a range of assisted repro-
ductive technologies, including in vitro fertilization (IVF) 
with or without intracytoplasmic sperm injection [7]. In 
cases of unexplained infertility, IVF is the preferred treat-
ment option when more affordable alternatives, such as 
medicinal therapy and intrauterine insemination (IUI), 
have been ineffective. The success rate in IUI is about 
15% per treatment cycle, and if fertility treatments do not 
succeed after 3 to 6 IUI cycles, other treatment options, 
including IVF, should be considered [8].

IUI can be performed in a natural cycle or in combi-
nation with ovarian stimulation using clomiphene cit-
rate, letrozole, or gonadotropins. The purpose of ovarian 
stimulation in IUI is to enhance the number of domi-
nant follicles in each cycle, thereby boosting pregnancy 
rates [9, 10]. In IUI cycles, human chorionic gonadotro-
pin (hCG) and gonadotropin-releasing hormone agonist 
(GnRHa) are often used for follicular maturation and 
ovulation induction, with hCG being used as a substitute 
for naturally increasing luteinizing hormone (LH) levels 
[11, 12]. The direct effects of hCG on the human endo-
metrium were first studied by Mr. Licht in 1998. He dis-
covered that intrauterine injection of low-concentration 
hCG during the luteal phase is an immunomodulation. 
It increases embryo implantation by decasualizing the 
endometrial stromal cells, invading trophoblasts, and 
proliferation of uterine natural killer (u-NK) cells. In 
addition, this gonadotropin induces immunological mod-
ulation at the embryo–maternal interface by stimulating 
the angiogenesis of endometrial cells and maintaining 
progesterone secretion from the corpus luteum, thus 
enhancing the success rate of implantation [13].

IVF remains an expensive assisted reproductive tech-
nology (ART) in certain economically disadvantaged 
settings. There is limited and contentious evidence con-
cerning ovulation induction with intrauterine and intra-
muscular hCG injections compared to intramuscular 
hCG alone [14, 15]. Considering the significant impact 

of hCG on the physiological ovulation cycle, the aim of 
this study is to investigate the effect of intrauterine hCG 
injection on ovulation induction success rates in couples 
diagnosed with unexplained infertility undergoing IUI.

Methods
Study design and setting
This study is a randomized controlled trial with par-
allel arms. The study population consisted of couples 
diagnosed with unexplained primary infertility at the 
infertility referral clinic of Al-Zahra Hospital at Tabriz 
University of Medical Sciences, between August 2022 
and August 2023.

Participants and study groups
The study had two groups. Patients were randomly 
assigned into two groups (intervention and control). Both 
groups were first treated with letrozole and recombinant 
follicle stimulating hormone (r-FSH). After ultrasonogra-
phy confirmed the presence of at least one follicle meas-
uring 18 mm or larger, the control group received two 
ampoules containing 5000 units of hCG intramuscularly. 
The intervention group received 500 units of hCG diluted 
in 0.5 cc of normal saline, which was then injected into 
the uterine cavity with the two intramuscular ampoules. 
Both groups experienced normal IUIs 34–36 h later.

Eligibility
Inclusion criteria were confirmed primary unexplained 
infertility [4, 16], women aged between 20 and 38 years, 
healthy uterine structure and appendages, pelvic exami-
nation, ovulation, normal pap smear test results, normal 
blood test results, normal hormonal profile, and having 
informed consent. The exclusion criteria were also lack of 
informed consent to participate, diagnosis of any identi-
fiable cause of infertility, structural abnormalities in the 
uterus and uterine appendages, uterine infection, moder-
ate to severe endometriosis.

Sample size
According to the previous trial [14], the clinical preg-
nancy rate was 34% and 26% in the intervention and 
control groups, respectively. Therefore, considering 5% 
type I error, 80.0% power, and a 5% increase to account 
for potential loss to follow-up, 40 cases were selected for 
each group. In total, 80 primary infertile women were 
selected.

Randomization and blinding
Participants who met the criteria were allocated to inter-
vention and control groups through balanced block 
randomization using Stata software version 14. Bal-
anced block randomization prevents an imbalance in 
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the baseline characteristics and clinical features between 
study groups. There were 20 blocks, each containing four 
individuals. An experienced methodologist performed 
random allocation, and allocation concealment was 
ensured. Figure 1 illustrates the participant flow diagram, 
depicting the random allocation of participants to study 
groups, follow-up, and outcome assessment.

The open-ended nature of the intervention made it 
impossible to blind the clinical staff (infertility fellow-
ship) who administered injections and carried out the IUI 
process. However, participants and the statistical analyst 
were blinded to the intervention groups (double-blind).

Measurements
The diagnosis of female infertility was conducted through 
clinical examinations, laboratory tests, and imaging by an 
infertility specialist [14, 15]. Women who were unable to 
conceive after 1 year of unprotected sexual intercourse 
(or 6 months for women over 35 years) were referred 
to the infertility clinic for evaluation. A comprehen-
sive medical history was obtained, including informa-
tion about regular menstrual cycles, medications, and 
routine examinations such as pelvic examination, pap 
smear, blood tests, vaginal ultrasonography, hysterosal-
pingography, spouse’s semen analysis, and if necessary, 

Fig. 1  CONSORT flow diagram of the trial
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sonohysterography and hysteroscopy were performed 
based on the patient’s condition. Patients who had been 
diagnosed with unexplained infertility were subsequently 
recruited to participate in the research. Before commenc-
ing the treatment cycle, it was verified that the patients 
were indeed infertile. Patient information, including 
demographic profile, age, pregnancy history, miscar-
riages, family history of similar problems, underlying dis-
eases of the couple, fertility history, etc., were collected 
using a checklist.

Transvaginal ultrasound was conducted on the third 
day of the ovarian cycle and at the onset of menstrua-
tion in both the intervention and control groups. For 
ovulation induction, starting from the third day of men-
struation and continuing for 5 days, each patient was pre-
scribed one to two tablets of letrozole 2.5 mg daily (Iran, 
Arta Pharmed), adjusted according to the age and status 
of the patient’s ovaries. On days 8 and 10 of the cycle, 
Cinnal-F (r-FSH) ampoules (Iran, CinnaGen), with a dose 
appropriate to the age and status of the ovaries (75 units 
subcutaneously), were administered in both groups. To 
evaluate the ovarian response to the medication, a trans-
vaginal ultrasound was performed again on the 11th and 
12th days of the menstrual cycle. Following an evalu-
ation of the ovaries to ensure the presence of a mature 
follicle measuring 18–20 mm in diameter and endome-
trium with a minimum thickness of 7 mm, two ampoules 
containing 5000 units of hCG (Iran, Pooyesh Darou; PD 
Preg) were administered intramuscularly to both groups. 
In contrast, 500 units of hCG diluted in 0.5 cc normal 
saline were administered directly into the uterine cavity 
of the intervention group, in addition to the 10,000 units 
of hCG administered intramuscularly. IUI was performed 
in a standardized and identical approach on both groups 
approximately 34–36 h following medication injection. 
Both interventions were performed with the same dura-
tion and similar process.

Outcomes
Primary outcomes were clinical and chemical pregnancy 
rates in the study groups. The secondary outcome was 
adverse pregnancy outcomes including abortion, anom-
aly, term delivery, ovarian hyperstimulation syndrome 
(OHSS), and multiple pregnancies.

Statistical analysis
The data were analyzed using Stata version 14 software. 
Descriptive statistical measures such as percentage, fre-
quency, mean, and standard deviation were used to 
describe the data. The Shapiro–Wilk test was employed 
to assess the normality of the data. The independent t 
test (for parametric variables) or the Mann–Whitney 
test (for non-parametric variables) was used to compare 

quantitative variables between the two groups includ-
ing age, body mass index (BMI), infertility duration, 
total sperm count, and sperm mobility. Moreover, the 
Chi-squared test was utilized to test qualitative or cate-
gorized variables such as chemical and clinical pregnan-
cies between the two groups. Fisher’s exact test was used 
when the expected frequency in any cell of a 2 × 2 table 
was less than 5. Univariate analysis was carried out using 
simple logistic regression analysis. Then all significant 
variables and/or p values < 0.2 entered multiple logistic 
regression analysis to estimate crude and adjusted odds 
ratios (ORs) of the pregnancy rates with 95% confidence 
intervals (CIs) [17, 18]. A significance level of less than 
5% was considered for all tests.

Results
A total of 80 women with unexplained infertility (40 in 
each group) were enrolled; all participated until the 
study’s conclusion, with no sample dropout. Table  1 
shows the demographic and baseline characteristics of 
the participants. The mean age ± standard deviation of 
the participants in the control group was 31.46 ± 4.44 
years, and in the intervention group was 30.95 ± 6.15 
years. The mean ± standard deviation of body mass index 
(BMI) in the control group was 24.15 ± 2.12, and in the 
intervention group was 25.34 ± 4.89, with no statistically 
significant difference between the two groups regarding 
age and BMI (p > 0.05). Furthermore, no statistically sig-
nificant difference was observed between the two groups 
regarding other demographic characteristics such as edu-
cation level and occupation (p > 0.05). There was no sig-
nificant difference between the intervention and control 
groups in terms of family history of infertility and dura-
tion of infertility (years) (p > 0.05).

Table  2 demonstrates the results of multiple logistic 
regression analysis to estimate crude and adjusted odds 
ratios (AOR) with 95% confidence intervals (CIs) for 
pregnancy outcomes after adjusting for potential con-
founders. Comparing the sperm analysis parameters of 
participants showed a statistically significant difference 
in sperm count between the two groups (p = 0.002). How-
ever, no significant relationship was observed between 
the two groups in other sperm analysis parameters, such 
as sperm motility and sperm with normal morphology 
(p > 0.05). The mean ± standard deviation of the num-
ber of follicles before the intervention was 3.30 ± 1.41 
in the control group and 1.88 ± 0.72 in the intervention 
group, which was statistically significant (p = 0.001). The 
mean ± standard deviation of endometrial thickness in 
the control group was 7.40 ± 1.44 mm, and in the inter-
vention group, it was 7.12 ± 1.19 mm, indicating no sig-
nificant relationship between the two groups (p > 0.05). 
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More details of crude and adjusted odds ratios (AORs) 
for each variable are presented in Table 2.

The proportion of chemical and clinical pregnancy in 
the intervention group was 40% and 37.5%, respectively. 
In contrast, these values for the control group for both 
types of pregnancy were reported as 32.5%. In the final 
analysis, the adjusted odds ratio (AOR) of chemical and 

clinical pregnancy in the intervention group was 1.42 and 
1.25, respectively. The intervention increased the likeli-
hood of chemical pregnancy by 1.42 times AOR = 1.42 
(1.31–4.12; p = 0.036), and clinical pregnancy by 
AOR = 1.25 (1.03–3.74; p = 0.048). Similarly, the number 
of gestational sacs did not significantly differ between the 
two groups (p > 0.05).

Table 1  Demographic and baseline characteristics of the study participants (before the intervention)

hCG: human chorionic gonadotropin; OR: odds ratio; CI: confidence interval

*Independent t test

**Mann–Whitney U test

Variable Control Intervention OR; 95% CI p value
Intramuscular hCG
(n = 40)

Intrauterine and 
intramuscular hCG (n = 40)

Age (year)* 31.4 ± 4.4 30.95 ± 6.15 0.98 (0.90–1.06) 0.649

Body mass index (BMI)* 24.15 ± 2.12 25.3 ± 4.8 1.07 (0.93–1.24) 0.307

Education level Illiterate 1 (1.6) 2 (2.4) 1.13 (0.91–1.40) 0.258

Elementary 3 (8.2) 6 (16.7)

Middle school 
and high school

16 (41) 20 (50)

University 20 (49.2) 12 (31)

Employment status Housewife 24 29 1.14 (0.94–1.37) 0.654

Employed 16 11

Familial infertility Yes 8 (21.3) 6 (16.7) 1.35 (0.49–3.7) 0.558

No 32 (78.7) 34 (83.3)

Infertility duration (years)** 5.26 ± 2.8 4.4 ± 2.5 0.85 (0.73–1.05) 0.340

Table 2  Results of multiple logistic regression analysis to estimate crude and adjusted odds ratios (AOR) and 95% confidence intervals 
(CLs) for pregnancy outcomes in the study groups

OR: odds ratio; CI: confidence interval

Variables Groups (n = 80) Crude OR; 95% CI
p value

Adjusted OR; 95% CI
p value

Control (n = 40) Intervention (n = 40)

Total sperm count (million) 113.8 ± 109 22.6 ± 57.2 0.989 (0.98–0.99)
0.002

0.88 (0.72–0.95)
0.037

Sperm motility (million) 87.6 ± 95.1 73.08 ± 13.7 0.99 (0.98–1.03)
0.223

1.02 (0.93–1.41)
0.745

Normal sperm morphology (percentage) 9.8 ± 1.3 8.5 ± 1.4 0.75 (0.52–1.07)
0.114

0.96 (0.81–1.82)
0.398

Number of follicles 3.3 ± 1.4 1.8 ± 0.7 0.24 (0.12–0.48)
0.001

0.57 (0.39–0.88)
0.014

Endometrial thickness (mm) 7.4 ± 1.4 7.1 ± 1.2 0.85 (0.61–1.17)
0.333

0.98 (0.84–1.53)
0.512

Chemical pregnancy Yes 13 (32.5) 16 (40.0) 1.39 (1.11–3.83)
0.041

1.42 (1.31–4.12)
0.036

No 27 (67.5) 24 (60.0) Reference 1

Clinical pregnancy Yes 13 (32.5) 15 (37.5) 1.2 (1.0–3.13)
0.051

1.25 (1.03–3.74)
0.048

No 27 (67.5) 25 (62.5) Reference 1

Number of gestational sacs 0.34 ± 0.51 0.36 ± 0.53 1.06 (0.48–2.29)
0.891

1.11 (0.73–1.85)
0.866
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Table  3 compares adverse pregnancy outcomes in the 
study groups. The frequency of anomalies was two in the 
control group and none in the case group, with no sig-
nificant difference (OR = 0.31; 95% CI 0.05–4.19). Like-
wise, the number of abortions was 2 and 3 in the control 
and case groups, respectively. No significant difference 
was found (OR = 0.65; 95% CI 0.06–6.03). Term deliv-
ery in the case group was greater than in the control 
group (35% vs. 22.5%). However, this difference was not 
significant (OR = 1.85; 95% CI 0.62–5.6). There were no 
documented instances of OHSS in either of the groups. 
Details of adverse pregnancy outcomes are presented in 
Table 3.

Discussion
The present study aimed to evaluate the impact of intra-
muscular and intrauterine injection of hCG for ovulation 
induction on the success rate of IUI in couples diagnosed 
with unexplained infertility, comparing this method to 
intramuscular hCG injection alone. In the final analysis, 
after adjusting for potential confounders, it was found 
that ovulation induction in IUI with intrauterine hCG 
injection resulted in a significantly higher likelihood of 
chemical pregnancy rates (40% compared to 32.5%) and 
clinical pregnancy rates (37.5% vs. 32.5%) than in the 
control group.. The practical implications of this study 
can be especially remarkable and a priority choice for 
physicians who eagerly seek to increase the chances of 
assisted reproductive technology for their patients. This 
issue is particularly significant in contexts, where families 
cannot afford costly assisted reproductive methods from 
a financial perspective [19].

It may be argued that IUI with intramuscular–intrau-
terine hCG injection could be considered a suitable and 

cost-effective alternative to IVF for individuals with 
unexplained infertility. Craciunas and Tsampras injected 
r-hCG during the serum LH surge to induce ovulation. 
They found a significant increase in fertility rates and fol-
licular growth capability with r-hCG injection compared 
to conventional hCG alone, similar to our findings [20].

Agrawal et al. (2018) conducted a study examining 624 
ovarian cycles. They found that injecting hCG approxi-
mately 36–40 h before IUI, compared to a longer time 
interval of more than 40 h between the two, was asso-
ciated with increased fertility rates and success in bio-
chemical pregnancy [21]. These findings align with the 
results of the present study.

Leena Wadhwa and Anupama Rani conducted a study 
on 200 infertile women to investigate the effect of intra-
uterine hCG on fertility rates. The intervention group 
received 500 units of diluted hCG in normal saline 
intrauterinely. The results showed that intrauterine hCG 
increased the pregnancy success rate by 26% in the inter-
vention group, whereas the fertility rate in the control 
group was only 9% [22]. The objectives of their study are 
similar and aligned with the goals of this research. Studies 
by Mansour on IVF cycles indicated that injecting intrau-
terine hCG before embryo transfer significantly increases 
implantation rates and fertility [23]. On the other hand, 
Hong and Wirleitner did not find the beneficial effects of 
intrauterine hCG before blastocyst transfer in IVF [24], 
which aligns with the results of this study.

Wan and Sheng (2020) found that hCG for ovulation 
induction resulted in an increased pregnancy rate in IUI 
with donor sperm in a natural ovarian cycle [25]. Firou-
zabadi and Janati divided 159 infertile women into three 
groups. One group received 500 units of hCG intrauter-
ine, the second 1000 units, and individuals in the third 
group, serving as the control group, did not receive any 
medication. They found no significant difference among 
these three groups regarding increasing pregnancy 
rates [26]. These findings are contrary to the results of 
the mentioned study. The reasons for such differences 
between studies, factors such as the study design and 
method, dose of administration, ethnicity, sample size, 
and control source can be the causes of the possible dif-
ference in the results.

The high biological availability of hCG has led to its 
use in artificial insemination for the final maturation of 
oocytes instead of LH. Evidence has shown that intrau-
terine injection of low-concentration hCG during the 
luteal phase is an immunomodulator. It increases embryo 
implantation by decidualizing the endometrial stromal 
cells, invading trophoblasts, and proliferation of uterine 
natural killer (u-NK) cells. In addition, this gonadotro-
pin induces immunological modulation at the embryo–
maternal interface by stimulating the angiogenesis of 

Table 3  Comparison of adverse pregnancy outcomes between 
the study groups

OR: odds ratio; CI: confidence interval; hCG: human chorionic gonadotropin; 
OHSS: ovarian hyperstimulation hormone

*Fisher’s exact test

Pregnancy 
outcome

Groups OR; 95% CI p value

Control
(n = 40)

Intervention
(n = 40)

Anomaly* Yes 2 (5.0) 0 (0.0) 0.31 
(0.05–4.19)

0.152

No 38 (95) 40 (100)

Abortion* Yes 3 (7.5) 2 (5.0) 0.65 
(0.06–6.03)

0.644

No 37 (92.5) 38 (95.0)

Term deliv-
ery*

Yes 9 (22.5) 14 (35) 1.85 (0.62–5.6) 0.216

No 31 (77.5) 26 (65.0)

OHSS* Yes 0 (0.0) 0 (0.0) 0.99 (0.12–8.5) 0.988

No 40 (100.0) 40 (100.0)
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endometrial cells and maintaining progesterone secre-
tion from the corpus luteum, thus enhancing the success 
rate of implantation [13].

There was no significant difference between the two 
groups in terms of adverse pregnancy outcomes such 
as various anomalies, preterm birth, miscarriage, and 
OHSS. In addition, some negative consequences, such 
as anomalies and miscarriages, had fewer occurrences in 
the intervention group. Therefore, it can be said that, at 
least in the present study, the intervention did not lead to 
adverse pregnancy outcomes.

Limitations and strengthens
Although this trial identified a significant association 
with an increased likelihood of chemical and clinical 
pregnancies, the study had several limitations. The first 
concern was the potential confounding factors that could 
influence the study interventions. This issue might distort 
the true effect size of the intervention group compared to 
the control group. To address this, the study groups were 
randomly assigned, and the patients were blinded to their 
group allocations. Second, the study carried out mul-
tiple logistic regression analysis to estimate crude and 
adjusted odds ratios (AOR) with 95% confidence inter-
vals after accounting for the potential confounders.

The next issue was the absence of patient satisfaction 
measurement in the study groups. However, given that 
the intervention methods in both groups were non-inva-
sive and similar, it was not feasible to discern any differ-
ence for the patients. Therefore, we believe that patient 
satisfaction in the two groups is likely the same. This 
issue will serve as a starting point for future studies.

The target group of the present study was patients with 
unexplained infertility. We do not know how effective it 
is for other types of infertility. This trial found significant 
associations, it indicated that the study’s power is suffi-
cient. However, larger trials with multicenter patients are 
needed to provide reliable results.

Conclusion
It seems that ovulation induction through intrauterine 
and intramuscular hCG injection increased the odds of 
chemical and clinical pregnancy rates compared with 
intramuscular hCG alone. Multicenter clinical trials and 
meta-analysis studies are needed for decision making in 
clinical settings.

However, findings may be of utmost importance, espe-
cially to clinicians who are actively trying to improve 
their patient’s likelihood of becoming fertile (despite 
having low financial means) using assisted reproductive 
techniques.
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