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Ultrasound in in vitro fertilization programs
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ABSTRACT
Currently, increasing attention is being paid to the value of ultrasound as an integral part of in vitro fertilization programs, 
which determines the relevance of the topic of this review. This review analyzes the main studies published in recent years 
and attempts to identify the leading method for assessing ovarian reserve and predicting in vitro fertilization outcome, which 
remains controversial. The paper evaluates advantages and limitations of two-dimensional and three-dimensional transvaginal 
ultrasound methods for counting ovarian follicles. Ultrasound characteristics of the endometrium and blood flow parameters 
in the uterine arteries are presented as possible predictors of the outcome of in vitro fertilization programs. The current options 
for transabdominal oocyte aspiration for in vitro fertilization programs are presented. The analysis of literature data concluded 
the high informational value of ultrasound for in vitro fertilization programs.
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Ультразвуковое исследование в программах 
экстракорпорального оплодотворения
Е.В. Киракосян
Городская клиническая больница № 31 имени академика Г.М. Савельевой, Москва, Россия 

АННОТАЦИЯ
В настоящее время всё больше внимания уделяют ценности ультразвукового исследования как неотъемлемой части 
программ экстракорпорального оплодотворения, чем обусловлена актуальность темы данного обзора. В представлен-
ном обзоре научной литературы, основанном на самых значимых исследованиях последних лет, сделана попытка от-
ветить на дискуссионный вопрос о выборе ведущего метода оценки овариального резерва и прогнозирования резуль-
татов программ экстракорпорального оплодотворения. В работе проведён анализ преимуществ и недостатков методов 
двухмерного и трёхмерного трансвагинального ультразвукового исследования при подсчёте количества фолликулов 
яичников. Приведены ультразвуковые характеристики эндометрия и показатели кровотока в маточных артериях, яв-
ляющиеся возможными предикторами результатов программ экстракорпорального оплодотворения. Представлены 
современные возможности трансабдоминальной аспирации ооцитов в программах экстракорпорального оплодотво-
рения. В результате анализа данных литературы сделан вывод о высокой информативности ультразвукового исследо-
вания в программах экстракорпорального оплодотворения.

Ключевые слова: овариальный резерв; количество фолликулов яичников; трансвагинальное ультразвуковое 
 исследование; экстракорпоральное оплодотворение; вспомогательные репродуктивные технологии.
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体外受精项目中的超声检查
Evgeniya V. Kirakosyan
City Clinical Hospital № 31, Moscow, Russia

摘要摘要

目前，超声检查作为体外受精项目不可分割的部分，其价值越来越受到人们的关注，这正是

本综述主题的现实意义。在这篇科学文献综述中，以近年来最重要的研究为基础，试图回答

一个有争议的问题，那就是如何选择主要的方法来评估卵巢储备和预测体外受精计划的结

果。本文对二维和三维经阴道超声检查在计算卵泡数量时的优缺点进行了分析。列出了子宫

内膜的超声特征和子宫动脉血流指标，它们是体外受精计划结果的可能预测因素。介绍了在

体外受精项目中经腹卵母细胞抽吸的现代可能性。通过对文献数据的分析，可以做出如下结

论，超声在体外受精项目中可提供的信息量巨大。

关键词：关键词：卵巢储备；卵泡数量；经阴道超声波检查；体外受精；辅助生殖技术。
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OVARIAN RESERVE MARKER: ANTRAL 
FOLLICLE COUNT OR ANTI-MÜLLERIAN 
HORMONE LEVEL?

In vitro fertilization (IVF) programs rely on assessing 
ovarian reserve, tailoring ovarian stimulation protocols, 
and predicting the ovarian response. These steps are crucial 
for obtaining mature oocytes, ensuring effective aspiration, 
generating high-quality embryos, and ultimately improving 
clinical pregnancy rates [1]. The follicular apparatus—
comprising follicles at various stages of development 
within the ovarian cortex—serves as an ultrasound 
(US)-based indicator of ovarian reserve [2]. In 2018, 
an international consensus endorsed the use of the antral 
follicle count (AFC) via transvaginal US for this purpose [3]. 
The examination is conducted with the patient in the lithotomy 
position and the bladder emptied. The ovaries are evaluated 
using the following protocol:
• Each ovary is scanned in both longitudinal and coronal 

views to identify the best imaging plane.
• The ovary is positioned to fill at least 50% of the US 

screen along its longest axis.
• US settings are adjusted to maximize contrast 

between the follicular fluid and ovarian stroma.
• Measurements are taken along the inner diameter of all 

non-echogenic follicular areas, spanning from the upper 
to the lower pole of the ovary. For round follicles, 
the diameter is measured directly; for oval follicles, both 
the long and short axes are measured, and the mean is 
calculated.

• Only follicles measuring 2–10 mm in diameter are 
counted; those smaller than 2 mm or larger than 10 mm 
are excluded.

• The presence or absence of a dominant follicle, ovarian 
cysts, or tumors is noted.

• If uncertainty arises, the scan is repeated 
from an alternative imaging plane.

• The total follicle count from both ovaries is recorded [3].
Discrepancies between AFC and blood anti-Müllerian 

hormone (AMH) levels are frequently encountered in clinical 
settings. In 2019, the Peking University Clinic conducted 
a study involving 1,121 women with infertility who underwent 
IVF. AFC and AMH levels were assessed on Days 2–3 
of the menstrual cycle. Transvaginal US was performed using 
the Aloka™ SSD-1000 scanner (Hitachi Aloka Medical, Japan) 
equipped with a 5 MHz vaginal probe. Based on the results, 
patients were categorized into four groups: group A 
(n = 611) included those with both normal AFC (≥7) and AMH  
(≥1.1 ng/mL); group B (n = 85) had normal AFC (≥7) but low AMH 
(<1.1 ng/mL); group C (n = 118) had low AFC (<7) with normal 
AMH (≥1.1 ng/mL); and group D (n = 307) had both low AFC 

1  AUC ROC, area under the ROC curve (the sensitivity and specificity parameter characterizing the validity of diagnostic tests).
2 Confidence interval.

(<7) and low AMH (<1.1 ng/mL). A total of 203 patients 
(18.11%, Groups B and C) exhibited discordance between AFC 
and AMH values. Among these, patients in group B had 
significantly higher numbers of aspirated oocytes and high-
grade embryos, along with a higher clinical pregnancy rate, 
and a lower incidence of poor ovarian response compared 
to group C [4]. The study revealed that approximately one 
in five patients undergoing IVF showed discrepancies 
between AFC and AMH levels in routine clinical practice. AFC 
was identified as the more reliable marker for assessing 
ovarian reserve and predicting ovarian response and IVF 
outcomes.

A multicenter retrospective study was conducted 
using data from 5 reproductive medicine centers in China, 
comprising 89,002 patients and 327,059 IVF cycles, to compare 
the diagnostic value of various ovarian reserve markers. 
The markers assessed included AFC, AMH level, follicle-
stimulating hormone (FSH) level, and patient age. Both 
AMH and AFC individually demonstrated high diagnostic 
performance, with AUC1 values of 0.862 and 0.842, 
respectively. However, the highest diagnostic accuracy was 
achieved when combining AMH level, AFC, FSH level, and age 
(AUC 0.873). The authors noted that AMH levels can be reliably 
evaluated using an automated electrochemiluminescence 
assay. They also recommended assessing AFC in conjunction 
with patient age (AUC 0.846) [5].

Another study analyzed data from 15,283 patients 
and 25,854 ovarian stimulation cycles conducted across 
12 assisted reproductive technology (ART) centers in France. 
Among 25-year-old patients, the mean AFC was 16.3 
(95% CI2, 14.5–18.4), showing a linear decline of 3.9% per year 
(p < 0.001). The mean AMH level was 3.9 ng/mL (95% CI, 3.6–
4.2 ng/mL), decreasing by 5% annually. The study found only 
a weak correlation between AMH levels and AFC, with half 
of the patients who had low AMH levels still exhibiting normal 
AFC values. According to the authors, two main factors 
limit the reliability of AMH level assessment: the absence 
of international standardization in automated laboratory 
methods—which tend to report AMH values 16%–20% 
lower than manual methods—and the high cost of testing. 
In France, AMH is typically measured once per year, whereas 
transvaginal US with AFC evaluation is routinely included 
in all ART protocols [6].

A 2023 systematic review and meta-analysis of 42 studies 
involving 7,190 patients demonstrated that both AFC and AMH 
levels are strong predictors of ovarian response, whether 
favorable or poor. The review concluded that AFC is slightly 
more accurate than AMH in identifying poor ovarian 
response [7].

Currently, there is no consensus on whether AFC or 
AMH should be the primary marker for guiding ovarian 
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stimulation. However, most researchers agree that AFC 
is at least as diagnostically valuable as AMH, and in some 
cases preferable due to its greater technical accessibility 
and lower cost.

DOES THE NUMBER OF FOLLICLES 
VARY BY MENSTRUAL CYCLE DAY?

Ovarian reserve depends on the number of primordial 
follicles present in the ovaries. As there are currently no 
methods to directly measure the number of primordial 
follicles, ovarian reserve is assessed indirectly using 
patient age, AFC, and serum AMH levels. AMH levels can 
be measured on any day of the menstrual cycle [8]. Over 
the past decade, it has been recommended to perform AFC 
assessment during the early follicular phase of the cycle, 
likely to standardize evaluation. However, this timing 
for transvaginal US is often inconvenient for both patients 
and clinicians [9].

A study published in 2022 included 410 patients 
aged 20–42 years with regular menstrual cycles who 
underwent a single IVF cycle. AFC was measured twice 
using transvaginal US with the Voluson™ S8, E8, or E10 
systems (GE Healthcare, USA), equipped with a high-
frequency 3D vaginal probe (>7 MHz). Follicles measuring 
2–10 mm in diameter were counted in each ovary, 
and the total AFC was calculated as the sum. The first AFC 
measurement was taken during the initial consultation 
on a random day of the menstrual cycle: 150 patients (36.8%) 
in the early follicular phase (Days 1–6), 177 patients (43.2%) 
in the midfollicular phase (Days 7–12), and 83 patients (20%) 
in the luteal phase (Day 13 or later). The second AFC was 
measured on the day ovarian stimulation began. AMH levels 
were measured during the early follicular phase. A positive 
correlation was found between the random-day AFC and AMH 
levels (r = 0.69, p < 0.001), the AFC on the day of stimulation 
(r = 0.75, p < 0.001), and the number of aspirated oocytes 
(r = 0.49, p < 0.001) [9]. These findings indicate AFC has 
strong diagnostic value for assessing ovarian reserve 
and is a reliable predictor of ovarian response, regardless 
of the menstrual cycle day.

A retrospective study involving 3,117 women 
with infertility demonstrated that AFC is a reliable predictor 
of poor ovarian response (defined as fewer than four 
aspirated oocytes), regardless of the menstrual cycle 
day [10]. In a separate analysis of 72 women with malignant 
neoplasms who underwent IVF for fertility preservation, 
AFC measured on any day of the cycle was found 
to be a strong predictor of the number of mature oocytes 
retrieved [11]. Importantly, the ability to assess AFC on any 
day of the menstrual cycle avoids scheduling difficulties 
during menstruation for both patients and physicians 
and reduces the need for repeat examinations, thereby 
lowering the logistical burden. Performing transvaginal 
US with AFC assessment during the midfollicular or late 

follicular phase also offers reliable information on ovarian 
reserve and allows simultaneous assessment of ovarian 
and uterine anatomy [9].

COUNTING OVARIAN FOLLICLES AND 
PREDICTING THE NUMBER OF MATURE 
OOCYTES: 2D OR 3D TRANSVAGINAL 
ULTRASOUND EXAMINATION?

Recent improvements in US technology have 
significantly enhanced image resolution and quality. In ART 
programs, high-frequency vaginal probes have replaced 
abdominal transducers, leading to better visualization 
of the uterus and ovaries. 2D transvaginal US is a well-
established diagnostic method in reproductive medicine. 
3D transvaginal US is a newer technique, and ongoing 
research is evaluating its potential benefits and limitations. 
The quality of ovarian imaging by transvaginal US largely 
depends on the US system used. In 2D US, the accuracy 
of follicle identification and measurement depends 
heavily on the operator’s experience. In contrast, 3D 
US requires only one high-quality image per ovary 
to automatically calculate ovarian volume, follicle diameter, 
and AFC [12, 13]. The oblique coronal plane view available 
in 3D US allows for more precise volume measurement, 
improving the consistency and reliability of the results—
particularly important when evaluating irregularly shaped 
structures like follicles during ovarian stimulation [14]. 
The ability to store and later review data, including 
images in any plane, helps reduce diagnostic uncertainty 
during treatment planning. A prospective study involving 
89 women undergoing IVF found no significant differences 
in the number or size of follicles when comparing 
manual assessment to 3D transvaginal US. However, 3D 
transvaginal US significantly reduced total examination time 
compared to 2D US (1 min vs. 2 min, p < 0.01), even though 
it required additional time for operator setup. Additionally, 
3D US demonstrated significantly better data reproducibility 
than 2D, indicating lower interoperator variability [15].

Another study assessed 50 women aged 18–37 years 
undergoing IVF. Both 2D and 3D transvaginal US were 
performed using the Voluson™ S8 system with a 5–10 MHz 
RIC5-9-RS vaginal probe (GE Healthcare, USA). To evaluate 
interoperator variability, two operators performed scans 1 h 
apart. 2D US followed standard procedures. Subsequently, 
each patient underwent 3D US with the following steps:
• Identification of the maximum ovarian diameter
• Image stabilization
• Full ovary 3D scanning
• Ovary volume measurement using Virtual Organ 

Computer-Aided Analysis (VOCAL™, GE Healthcare), 
with 30° rotational steps in the coronal and longitudinal 
planes, and reconstruction of transverse and coronal 
images
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• Definition of the region of interest through computerized 
mechanical slow scanning, followed by saving of the 3D 
dataset
The SonoAVC™ automated volume count software 

(GE Medical Systems, Austria) was used to identify 
and measure the number and diameter of fluid-filled areas 
(follicles). The time for each 2D and 3D transvaginal US 
procedure was recorded with a precision of 1 s. The mean 
time for automated AFC and ovary volume assessment using 
3D transvaginal US was significantly shorter than with 2D US, 
although the diagnostic value of both methods was similar [16].

Assessing follicle maturation and determining 
the appropriate timing for oocyte aspiration are critical 
for obtaining mature oocytes without complications [17]. 
Previous studies have suggested that final follicular maturation 
should be triggered when the dominant follicle reaches 
a diameter of 16–22 mm according to 2D transvaginal US [18]. 
A recent study found that aspirating follicles with diameter 
of 19–24.5 mm result in high-quality embryos [19]. Manually 
counting follicles with an average diameter of ≥10 mm using 2D 
transvaginal US remains a reliable predictor of mature oocyte 
numbers, although some studies indicate this parameter does 
not always correlate with mature oocyte counts [20]. In a study 
involving 515 women undergoing IVF, 3D transvaginal US was 
used on the day of final follicular maturation trigger to assess 
the dominant follicle volume as a predictor of mature oocyte 
count, using artificial intelligence. The threshold dominant 
follicle volume was found to be 0.5 см3, and this new marker 
significantly outperformed the conventional marker (p < 
0.001) [21].

Both 2D and 3D transvaginal US offer comparable 
diagnostic value for assessing the AFC and determining 
ovarian reserve. 3D transvaginal US allows for automated 
AFC and ovary volume measurement with high accuracy 
and efficacy, and its ability to measure follicle volume helps 
predict the number of mature oocytes. Additionally, 3D 
transvaginal US has the advantage of a shorter examination 
time compared to 2D US. In high-volume ART clinics, using 
3D transvaginal US can reduce exam time and increase 
the number of IVF procedures. Conversely, 2D transvaginal 
US can still be effectively used in clinics with lower patient 
volumes or in resource-limited settings with fewer healthcare 
resources [16].

ULTRASOUND EXAMINATION 
OF THE ENDOMETRIUM 
FOR PREDICTING CLINICAL 
PREGNANCY RATES

Transvaginal US is a noninvasive, reproducible, 
and accessible method commonly used in IVF programs 
to assess the endometrium [22]. A 2014 systematic review 
and meta-analysis of 22 studies involving 10,724 patients 
found that endometrial thickness measured by transvaginal 

US does not significantly predict IVF outcomes. The analysis 
showed that an endometrial thickness of <7 mm was 
associated with a decreased likelihood of pregnancy; however, 
such thin endometrium are rare. Notably, none of the studies 
included in the review examined the endometrial histology 
in patients with thin endometrium to explore the potential 
underlying pathophysiological mechanisms [23].

In 2016, a study conducted in China evaluated 3D 
transvaginal US parameters as potential predictors 
of implantation and pregnancy rates in IVF programs. The study 
included 435 first-time IVF patients who underwent a long 
ovarian stimulation protocol. On the day of human chorionic 
gonadotropin injection, 3D transvaginal US was used to assess 
endometrial thickness, structure, volume, and hemodynamic 
parameters, including peak systolic velocity, end-diastolic 
velocity, pulsatility index (PI), resistance index (RI), systolic/
diastolic ratio (S/D), vascularization index (VI), flow index (FI), 
and endometrial and subendometrial vascularization flow index 
(VFI). Two or more high-grade embryos were obtained in all 
cases, and they were transferred on Day 3. The procedure led 
to clinical pregnancy in 253 patients (58.2%) and miscarriage 
in 49 patients (11.3%), while 133 patients (30.5%) did not 
conceive. No significant differences were found in endometrial 
thickness, volume, and structure, or in the hemodynamic 
parameters (PI, RI, S/D, VI, FI, and VFI) among the three 
groups. Patients with relatively low endometrial thickness 
(≤8.5 mm; 10%) experienced both successful and unsuccessful 
pregnancies, and these patients had similar endometrial 
volume and structure and hemodynamic parameters (PI, RI, 
S/D, VI, FI, and VFI) [24].

A recent meta-analysis that included 14 studies involving 
4,842 women of similar age who underwent IVF found 
that women who became pregnant had significantly higher 
endometrial thickness and volume, as well as higher uterine 
artery vascularization indices (VI, FI, and VFI), compared 
to those who did not become pregnant. In contrast, the S/D 
was lower in women who achieved pregnancy. There were 
no significant differences in the RI and PI. The authors 
concluded that endometrial receptivity plays a significant 
role in implantation rates and that endometrial thickness 
and volume, in combination with uterine artery S/D, VI, FI, 
and VFI assessed via transvaginal US, can serve as predictors 
of IVF outcomes [25].

Thus, the role of US evaluation of the endometrium 
and uterine blood flow in predicting clinical pregnancy rates 
in IVF remains a subject of debate.

TRANSABDOMINAL OOCYTE 
ASPIRATION IN THE IN VITRO 
FERTILIZATION PROGRAM

Transvaginal oocyte aspiration is preferred 
over the transabdominal approach due to its quicker and less 
invasive nature [26]. In a 2015 comparative study conducted 
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in the USA, 278 patients underwent transvaginal oocyte 
aspiration, while 95 patients underwent transabdominal 
oocyte aspiration (15 had only transabdominal oocyte 
aspiration, and 80 had both transabdominal and transvaginal 
approaches). The average age of the patients was 
37.60 ± 5.15 years. The average procedure time was 
20.2 min for transvaginal oocyte aspiration and 28.2 min 
for transabdominal oocyte aspiration, with the latter 
usually performed after an attempted transvaginal oocyte 
aspiration. Hemostatic suturing was required in two patients 
in the transvaginal group and one in the transabdominal 
group. No hospitalizations or infections requiring antibiotics 
were reported in either group. After transabdominal oocyte 
aspiration, 39.4% of patients experienced mild pain, and 51.1% 
experienced moderate to severe pain. In the transvaginal 
oocyte aspiration group, 20.4% of patients reported mild pain, 
while 42.5% reported moderate to severe pain. There were 
no significant differences in the incidence of complications 
or pregnancy rates between the study. The authors created 
a scoring system to determine the need for transabdominal 
oocyte aspiration based on the following factors: low-quality 
ovarian imaging with transvaginal US (4 points), a history 
of pelvic surgery (3 points), and a body mass index ≥30 kg/m2 
(2 points). For a total score of ≥4 points, the system showed 
a sensitivity of 75%, specificity of 80%, positive predictive 
value of 57%, and negative predictive value of 90%. In this 
study, only 57% of patients with a score of ≥4 points required 
transabdominal oocyte aspiration after transvaginal oocyte 
aspiration. Therefore, a positive score indicates a higher 
risk of needing transabdominal oocyte aspiration but is not 
an absolute indication for it. The authors concluded that 
transabdominal oocyte aspiration is a useful supplementary 
approach to transvaginal oocyte aspiration, yielding 
more oocytes in certain cases when the scoring system 
is applied [27].

A 2020 study involved 64 women who underwent 
transabdominal oocyte aspiration for various reasons, 
including fertility preservation in virgins with diminished 
ovarian reserve, malignant and benign neoplasms, ovarian 
transposition due to intestinal surgery, and Mayer–
Rokitansky–Küster–Hauser syndrome. The procedure was 
performed using a 17G double-lumen aspiration needle 
(Cook Medical, USA) and a 150–180 mm Hg aspiration pump 
(Labotec, Germany), under US guidance with the Logiq™ 
P5 scanner and a 4–8 MHz vaginal US sensor (Shimadzu, 
Japan). The vaginal US sensor was chosen for its pointed 
tip and smaller surface area, which allowed for precise 
pressure application in the target area during oocyte 
aspiration. The sensor was positioned to view the ovary, 
and all patients emptied their bladder before the procedure 
to ensure the ovaries were close to the sensor. The average 
AFC was 6.14 ± 1.30, with a total of 315 aspirated oocytes 
and an average of 4.92 ± 1.70 per patient. The mean procedure 
time was 12.4 ± 1.2 min, similar to the transvaginal approach. 
The number and percentage of mature oocytes were 272 

and 86.3%, respectively, which was a favorable outcome. 
A total of 14 frozen embryos were obtained for 4 patients, 
and transferring one embryo resulted in a live birth [28].

In 2023, the same authors conducted a study 
on transabdominal oocyte aspiration using a vaginal US 
sensor for fertility preservation in 116 virgins with diminished 
ovarian reserve (80.1%) and malignant or benign neoplasms 
(19.9%). The control group consisted of 33 women 
of similar age, clinical characteristics, hormone levels, 
and ovarian reserve who underwent transvaginal oocyte 
aspiration for the same indications (84.8% and 15.2%, 
respectively). No significant differences were observed 
between the groups in terms of the mean duration of ovarian 
stimulation (8.05 ± 1.91 days vs. 8.35 ± 1.72 days), mean total 
gonadotropin dose per stimulation cycle (1,507.9 ± 475.3 IU 
vs. 1,571.74 ± 404.60 IU), average procedure time 
(12.4 ± 1.2 min vs. 13.4 ± 1.6 min), mean AFC (4.62 ± 4.54 
vs. 5.44 ± 4.52), mean number of aspirated oocytes 
(4.44 ± 4.14 vs. 5.33 ± 4.52), mean number of frozen mature 
oocytes (4.01 ± 3.67 vs. 4.53 ± 4.13), percentage of mature 
oocytes (78 ± 24% vs. 82 ± 26%), and percentage of follicles 
(86 ± 63% vs. 84 ± 19%). Two patients in the treatment group 
experienced a superficial epigastric artery injury, which 
resolved on its own[29].

In 2006, a clinical case of transabdominal oocyte 
aspiration was reported in Israel involving a 29-year-old 
patient with Mayer–Rokitansky–Küster–Hauser syndrome 
and an unusually high ovarian position in the hypochondrium. 
A 3–5 MHz abdominal US sensor (Philips Medical 
Systems, USA) was used. A single puncture was made 
on each side with a 17-G double-lumen aspiration needle. 
All accessible follicles were aspirated along the shortest 
path from the anterior abdominal wall to the ovaries, 
with simultaneous imaging of the right kidney, gallbladder, 
intestine, liver, and spleen. A total of 4 IVF cycles were 
performed, resulting in the aspiration of 19 oocytes, retrieval 
of 13 zygotes, and transfer of 11 embryos to a surrogate 
mother; however, pregnancy did not occur [30].

In 2011, a comparative retrospective study was conducted 
in the USA with 69 patients who underwent transvaginal 
oocyte aspiration and 69 patients who underwent 
transabdominal oocyte aspiration (of which 57 patients had 
transabdominal oocyte aspiration alone, and 12 patients had 
both transabdominal and transvaginal oocyte aspiration). 
Transabdominal oocyte aspiration was performed when 
one or both ovaries were inaccessible for transvaginal 
aspiration due to conditions such as adenomyosis, uterine 
fibroids, obesity, congenital reproductive tract disorders, 
surgical ovarian transposition, or pelvic adhesions. 
A 17G double-lumen aspiration needle (Cook Medical, USA) 
and a 1–4 MHz abdominal US sensor (Acuson Sequoia™, 
Siemens Healthineers AG, Germany) were used, positioned 
in the ovary view. The number of retrieved oocytes 
in the transabdominal oocyte aspiration group (including both 
transabdominal and transvaginal) was significantly lower 
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