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Objective: This study investigated the clinical and laboratory factors associated with the presence of dysmorphic oocytes in intracytoplasmic
sperm injection (ICSI) cycles.

Methods: The study involved 200 ICSI cycles, performed from 2020 to 2021, that yielded at least one mature oocyte. Clinical characteristics
and ovarian stimulation methods were compared between 68 cycles with at least one dysmorphic oocyte (the dysmorphic group) and 132
cycles with normal-form oocytes only (the non-dysmorphic group). Dysmorphic oocytes were characterized by dark cytoplasm, cytoplasmic
granularity, cytoplasmic vacuoles, refractile bodies in the cytoplasm, smooth endoplasmic reticulum in the cytoplasm, an oval shape, an ab-
normal zona pellucida, a large perivitelline space, debris in the perivitelline space, or an abnormal polar body.

Results: The ages of the women, indications for in vitro fertilization, serum anti-Mdillerian hormone levels, and rates of current ovarian endo-
metrioma were similar between the dysmorphic and non-dysmorphic groups. In both groups, the three ovarian stimulation regimens, two
types of pituitary suppression, and total gonadotropin dose were employed similarly. However, the dual-trigger method was used more fre-
quently in the dysmorphic group (67.6% vs. 50%, p=0.024). The dysmorphic group contained significantly more immature oocytes and ex-
hibited significantly lower oocyte maturity (50% vs. 66.7%, p=0.001) than the non-dysmorphic cycles. Within the dysmorphic group, signifi-
cantly lower oocyte maturity was found in the cycles using a dual-trigger, but not in those with a human chorionic gonadotropin trigger.
Conclusion: ICSI cycles with dysmorphic oocytes are closely associated with reduced oocyte maturity. This association was observed exclu-
sively in dual-trigger cycles.
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Introduction

Obtaining good-quality metaphase Il oocytes is an essential pre-
requisite for human in vitro fertilization (IVF) programs. Several crite-
ria are used to determine the quality of a mature oocyte. These in-
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clude the compactness and thickness of the cumulus-oocyte com-
plex; the brightness of the cytoplasm; the granularity and clustering
of organelles within the cytoplasm; the polar body (PB) shape, size,
and appearance; the thickness and structure of the zona pellucida
(ZP); the size and granulation of the perivitelline space (PVS); and the
location and refraction of meiotic spindles [1,2]. Typically, a mature
oocyte with clear or moderately granular cytoplasm, a narrow PVS, a
normal PB shape, and a colorless and birefringent ZP is considered to
be of good-quality [3].

Dysmorphic oocytes can be categorized based on various charac-
teristics, including a dark cytoplasm, cytoplasmic granularity, cyto-
plasmic vacuoles, refractile bodies in the cytoplasm, the presence of
smooth endoplasmic reticulum (SER) in the cytoplasm, an oval
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shape, an abnormal ZP, a large PVS, debris in the PVS, or an abnormal
PB [4]. While some oocytes display only one type of dysmorphism,
others may present with two or more abnormalities.

In our previous report, we noted a 58% (58 of 100) incidence of
dysmorphic oocytes in 35 intracytoplasmic sperm injection (ICSI) cy-
cles, each of which yielded at least one dysmorphic oocyte. However,
when considering all 154 ICSI cycles, including those that produced
only oocytes of normal-form, the incidence rate dropped to 10.7%
(58 of 541) [4].

Numerous studies have revealed that fertilization and embryonic
development are comparable between dysmorphic and nor-
mal-form oocytes [2,5,6]. Separate research has indicated that the
morphology of the first PB does not negatively impact embryo de-
velopment [7,8].

However, in other studies, oocytes with dysmorphic characteristics
have been found to exhibit a lower fertilization rate compared to
normal-form oocytes [9-12]. In a study by Rienzi et al. [12], the pres-
ence of vacuoles, an abnormal first PB, and a large PVS were associat-
ed with a decreased fertilization rate. Regarding embryo develop-
ment and quality, the presence of SER clusters, a large PVS, and
shape abnormalities are considered poor prognostic factors [13].

We previously reported that dysmorphic oocytes exhibited a sig-
nificantly lower fertilization and cleavage rate, even with ICSI applied.
However, these oocytes demonstrated a comparable rate of produc-
ing top- or good-quality embryos to that of normal-form oocytes [4].
Our report also indicated that oocytes with dark cytoplasm, abnor-
mal PBs, or cytoplasmic vacuoles had a favorable prognosis, as evi-
denced by the percentage of top-quality embryos produced [4].

The origin of morphological abnormalities in oocytes remains
largely unknown, but it is likely multifactorial. Intrinsic factors, such
as age and genetic defects, as well as extrinsic factors, such as the
ovarian stimulation protocol or handling procedures following oo-
cyte retrieval, have been suggested [14].

Several studies have been conducted on the conditions associated
with higher retrieval of dysmorphic oocytes. In one prospective
study, the rate of dysmorphic oocytes was found to be similar be-
tween a group with two or fewer immature oocytes and a group
with more than two immature oocytes. However, a wider PVS was
more commonly observed in the group with two or fewer immature
oocytes [15].

A retrospective study revealed that the serum anti-Miillerian hor-
mone (AMH) level was inversely associated with cytoplasm granula-
tion, abnormally amorphous oocytes, extended PVS, granulated PVS,
fragmented PB, and oocyte morphology score as represented by the
average oocyte quality index (AOQI) [16]. The AOQI was established
by Sigala et al. [17] in 2015. This index is calculated by counting the
number of abnormalities in oocyte morphology across seven cate-
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gories: cytoplasmic granularity, irregular shape or thickened ZP, pres-
ence of intracytoplasmic vacuoles, materials in the PVS, anomalies of
the first PB, large PVS, and oocyte shape. The index is then calculated
as the ratio of the total number of abnormalities to the number of
metaphase Il oocytes [17].

In another retrospective study, the AOQI was found to be similar
between women with and without endometriosis. However, two
specific abnormalities—abnormal oocyte shape and intracytoplas-
mic vacuoles—were observed more frequently in women with en-
dometriosis [18].

The objective of this study was to examine whether the presence
of dysmorphic oocytes in ICSI cycles is associated with various clinical
and laboratory factors. The clinical factors considered included the
age of the woman, serum AMH level, diagnosis of endometriosis,
dose or type of gonadotropin used, pituitary suppression methods,
and triggering agents. The laboratory factors considered include the
number and maturity of oocytes.

Methods

1. Study participants

We conducted a retrospective review of data from 200 ICSI cycles,
involving 121 women, carried out at Seoul National University Bun-
dang Hospital between 2020 and 2022. The selection criteria includ-
ed: (1) the retrieval of at least one mature oocyte; (2) the use of re-
combinant follicle-stimulating hormone (FSH), urinary human
menopausal gonadotropin, or a combination of both as the ovarian
stimulation agent (excluding follitropin delta, mild stimulation, a
combination of gonadotropins and oral agents, or a natural cycle); (3)
the use of a gonadotropin-releasing hormone (GnRH) agonist or a
GnRH antagonist for pituitary suppression; and (4) the use of human
chorionic gonadotropin (hCG) or a combination of hCG and a GnRH
agonist (that is, a dual method) for the final trigger. The Institutional
Review Board of Seoul National University Bundang Hospital (B-
2302-808-102) granted approval for this study. Written informed
consent by the patients was waived due to a retrospective nature of
our study.

An oocyte was classified as dysmorphic if it exhibited any of the
following characteristics: dark cytoplasm, cytoplasmic granularity,
cytoplasmic vacuoles, refractile bodies within the cytoplasm, SER in
the cytoplasm, an oval shape, an abnormal ZP, a large PVS, debris
within the PVS, or an abnormal PB. This classification is consistent
with our previous report [4].

In 68 ICSI cycles, at least one dysmorphic oocyte was obtained;
this was considered the dysmorphic group. In contrast, in 132 cycles,
no dysmorphic oocytes were found (that is, only normal-form oo-
cytes were present; this was considered the non-dysmorphic group).
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Data regarding each woman, including age, body mass index, indi-
cations for IVF, endometriosis diagnosis, current presence of ovarian
endometrioma, and serum AMH level, were gathered via chart re-
view. Serum AMH levels were measured using fully automated AMH
assays (Beckman Coulter or Roche Diagnostics).

2. Ovarian stimulation and oocyte retrieval

Ovarian stimulation was performed using one of the following
regimens: recombinant FSH (Gonal-f, Merck-Serono; or GONADOP-
IN-NF, Donga-ST); highly purified urinary FSH (IVF-M; LG Chem); re-
combinant FSH in combination with any urinary gonadotropins
(IVF-M or Menopur; Ferring).

Cycles stimulated with follitropin delta, recombinant FSH in con-
junction with recombinant luteinizing hormone (Pergoveris; Mer-
ck-Serono), mild stimulation, any combination of gonadotropins,
and any oral agents (including aromatase inhibitors or clomiphene
citrate) were excluded. Cycles stimulated in combination with
growth hormone were also excluded. Pituitary suppression was
achieved using either a daily GnRH agonist long protocol (Decapep-
tyl; Ferring) or a flexible daily GnRH antagonist protocol (Cetrotide,
Merck-Serono; or Ganirelix, LG Chem).

When the leading follicle reached a diameter of 18 to 19 mm, a fi-
nal trigger was administered using either 250 ug of recombinant
hCG (Ovidrel; Merck-Serono) or a combination of recombinant hCG
and GnRH agonist (Decapeptyl 0.2 mg), also known as dual trigger-
ing. Oocytes were then retrieved 35 to 36 hours later. The oocytes
were denuded using 85 IU/mL hyaluronidase (Cook) and mechanical
pipetting. An oocyte was defined as mature if the first PB was pres-
ent and the germinal vesicle was absent. In contrast, an oocyte was
considered immature if it either contained a germinal vesicle or
lacked both a germinal vesicle and the first PB.

3. Data analysis

Statistical analysis was performed using SPSS version 26.0 (IBM
Corp). All variables were presented as the median (interquartile
range), and the Mann-Whitney U test was employed to compare
medians. The Pearson chi-square test or the Fisher exact test was
used to compare proportions. A p-value of less than 0.05 was consid-
ered to indicate statistical significance.

Results

Age, body mass index, indications for IVF, serum AMH levels, and
the proportions of participants with serum AMH <1.0 ng/mL were
similar between the dysmorphic and non-dysmorphic groups (Table
1). The proportions of endometriosis as an indication for IVF and the
current presence of ovarian endometrioma were also similar be-
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tween groups.

In both groups, the three types of ovarian stimulation agents (re-
combinant FSH, highly purified urinary FSH, and recombinant FSH in
combination with any urinary gonadotropins) were used similarly.
The total dose of gonadotropins was also comparable between
groups.

The use of a GnRH antagonist for pituitary suppression was pre-
dominant in both groups (97.1% for the dysmorphic group vs. 94.7%
for the non-dysmorphic group). However, the dual-trigger method
was more frequently used in the dysmorphic group (67.6% vs. 50%,
p=0.024).

While the total numbers of oocytes and mature oocytes were sim-
ilar between the two groups, the dysmorphic group had a signifi-
cantly higher number of immature oocytes, resulting in a signifi-
cantly lower oocyte maturity rate (50% vs. 66.7%, p=0.001). In fact,
the percentage of cycles with more than two immature oocytes
was significantly higher in the dysmorphic group (48.5% vs. 31.8%,
p=0.030).

Because the dual-trigger method was more frequently used in the
dysmorphic group, we compared various clinical characteristics and
ovarian stimulation outcomes between the cycles with an hCG-trig-
ger (88 cycles) and those with a dual-trigger (112 cycles). As illustrat-
ed in Table 2, the dual-trigger group exhibited characteristics consis-
tent with diminished ovarian reserve and/or poor ovarian response.
Specifically, the women in this group were older and had lower se-
rum AMH levels relative to the hCG-trigger group. Interestingly, de-
spite higher gonadotropin usage in the dual-trigger group, both the
serum estradiol level at trigger and the total number of oocytes were
lower. Recombinant FSH was used less frequently in this group, while
GnRH antagonist suppression was used more often. However, the
number of immature oocytes was similar between the hCG-trigger
and dual-trigger groups, as was the proportion of mature oocytes
(60% vs. 62.5%, respectively). Notably, the proportion of cycles with
dysmorphic oocytes present was significantly higher in the dual-trig-
ger group (41.1% vs. 25%, p=0.024).

Given that the more frequent use of a dual-trigger in the dysmor-
phic group may act as a confounding factor, we compared the out-
comes of ovarian stimulation between the dysmorphic and non-dys-
morphic groups considering the trigger method used (Table 3). In
the cycles with an hCG-trigger, the numbers of total, mature, and im-
mature oocytes, as well as the oocyte maturity, were similar between
the dysmorphic and non-dysmorphic groups. However, among the
cycles with a dual-trigger, the dysmorphic group had a significantly
higher number of immature oocytes and a significantly lower pro-
portion of mature oocytes (50% vs. 66.7%, p<0.001). In fact, the per-
centage of cycles with more than two immature oocytes was signifi-
cantly higher in the dysmorphic group (52.2% vs. 22.7%, p=0.002).
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Table 1. Clinical characteristics and ovarian stimulation outcomes of dysmorphic and non-dysmorphic groups

Characteristic Dysmorphic group (68 cycles) Non-dysmorphic group (132 cycles) p-value
Age (yr) 37 (34-39.8) 36.5 (34-40) 0431
Body mass index (kg/m’) 22.2(20-24.4) 22.7(21.1-26.1) 0.084
Serum AMH level (ng/mL) 4(0.8-25) 4(0.6-3.1) 0.468
No. of women with serum AMH < 1.0 ng/mL 28(41.2) 50(37.9) 0451
Indication for in vitro fertilization 0.308

Male 4(5.9) 7(5.3)

Tubal 3(4.4) 10(7.6)

Ovulatory 4(5.9) 3(23)

Endometriosis 23(33.8) 34(25.8)

Unexplained 34 (50) 73 (55.3)

Uterine 0 5(3.8)
Current endometrioma 12(17.9) 17(12.9) 0.396
Agent(s) for ovarian stimulation 0.072

Recombinant FSH 77 (58.3) 43(63.2)

Urinary FSH 49 (37.1) 17 (25)

Recombinant+urinary FSH 6(4.5) 8(11.8)
Dose of gonadotropins (IU) 2,400 (2,100-3,000) 2,400 (2,100-2,700) 0.184
Pituitary suppression 0.721

GnRH agonist, long 2(29) 7(53)

GnRH antagonist 66 (97.1) 125(94.7)
Triggering method 0.024

hCG 22(324) 66 (50)

hCG+GnRH agonist (dual) 46 (67.6) 66 (50)
Serum estradiol at trigger (pg/mL) 911 (586-1,870) 1,312 (671-2,050) 0.071
Serum progesterone at trigger (ng/mL) .6(0.3-0.9) .6(0.3-0.9) 0.372
No. of total oocytes 5(3-8.8) 4(2-8.8) 0.336
No. of mature oocytes 2(1-4) 3(1-5) 0.073
No. of immature oocytes 2(1-4) 2(1-3) 0.020
Oocyte maturity (%) 50 (33.3-66.7) 66.7 (50-77.1) 0.001
No. of cycles with immature oocytes <2 35(51.5) 90 (68.2) 0.030
No. of cycles with immature oocytes > 2 33(48.5) 42(31.8)

Values are presented as median (interquartile range) or number (%). Statistical significance (p<0.05) was determined using the Mann-Whitney U test for
continuous variables and the Pearson chi-square test or Fisher exact test for nominal variables.
AMH, anti-Miillerian hormone; FSH, follicle-stimulating hormone; GnRH, gonadotropin-releasing hormone; hCG, human chorionic gonadotropin.

Discussion

In this study, the dysmorphic group exhibited a significantly high-
er number of immature oocytes and significantly lower oocyte ma-
turity than the non-dysmorphic group. The proportion of cycles with
more than two immature oocytes was also significantly higher in the
dysmorphic group. These findings suggest that the overall inferior
quality of the oocyte pool could impact the acquisition of dysmor-
phic oocytes.

The dual-trigger method was utilized more often in the dysmor-
phic group in the present study. As a result, our initial comparison fo-
cused on the various clinical characteristics and outcomes of ovarian
stimulation between the hCG-trigger group (88 cycles) and the du-
al-trigger group (112 cycles). Subsequently, we compared the out-
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comes of ovarian stimulation between the dysmorphic and the
non-dysmorphic groups by the trigger method.

We discovered that the dual-trigger group exhibited peculiar char-
acteristics consistent with reduced ovarian reserve and/or poor ovar-
ian response. This is believed to reflect the physician’s preference for
a dual-trigger when conducting ovarian stimulation in women with
diminished ovarian reserve or anticipated poor ovarian response.
However, the quantity of immature oocytes and the level of oocyte
maturity were comparable between the hCG-trigger and dual-trig-
ger groups.

In a prior study, dual triggering resulted in a significantly higher
number of mature oocytes and greater oocyte maturity than
hCG-only triggering in young women with diminished ovarian re-
serve undergoing elective oocyte cryopreservation [19]. However, in
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Table 2. Clinical characteristics and ovarian stimulation outcomes by trigger method
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Characteristic hCG-trigger (88 cycles) Dual-trigger (112 cycles) p-value
Age (yr) 36 (33-38.8) 37.5(35-41) 0.005
Body mass index (kg/m’) 22.3(20.8-254) 22.6 (20-25.4) 0.299
Serum AMH level (ng/mL) 7(1-33) .1(0.6-2.5) <0.001
No. of women with serum AMH < 1.0 ng/mL 23(26.1) 55(49.1) <0.001
Indication for in vitro fertilization 0.034
Male 6(6.8) 5(4.5) 0.540
Tubal 9(10.2) 4(3.6) 0.082
Ovulatory 5(5.7) 2(1.8) 0.244
Endometriosis 26(29.5) 31(27.7) 0.875
Unexplained 38(43.2) 69 (61.6) 0.011
Uterine 4(4.5) 1(0.9) 0.171
Current endometrioma 17(19.3) 12(10.7) 0.106
Agent(s) for ovarian stimulation <0.001
Recombinant FSH 65 (73.9) 55(49.1) <0.001
Urinary FSH 23(26.1) 43(384) 0.071
Recombinant+urinary FSH 0 14(12.5) <0.001
Dose of gonadotropins (IU) 2,400 (1,800-2,700) 2,400 (2,100-3,000) <0.001
Pituitary suppression 0.011
GnRH agonist, long 8(9.1) 1(0.9)
GnRH antagonist 80(90.9) 111(99.1)
Serum estradiol at trigger (pg/mL) 1,735 (739-2,259) 867 (638-1,851) 0.009
Serum progesterone at trigger (ng/mL) 0.6(04-1.1) .5(0.3-0.8) 0.021
No. of total oocytes 6(3-9) 4 (2-8) 0.040
No. of mature oocytes 3(2-5) 2(1-4) 0.075
No. of immature oocytes 2(1-4) 2(1-3.8) 0.162
Oocyte maturity (%) 60 (50-75) 62.5 (42-75) 0.492
No. of cycles with immature oocytes <2 52(59.1) 73(65.2) 0.382
No. of cycles with immature oocytes > 2 36 (40.9) 39(34.8)
No. of cycles yielding dysmorphic oocyte 22(25) 46 (41.1) 0.024

Values are presented as median (interquartile range) or number (%). Statistical significance (p<0.05) was determined using the Mann-Whitney U test for
continuous variables and the Pearson chi-square test or Fisher exact test for nominal variables.
hCG, human chorionic gonadotropin; AMH, anti-Miillerian hormone; FSH, follicle-stimulating hormone; GnRH, gonadotropin-releasing hormone.

previous research conducted by our team, we found that dual trig-
gering yielded a similar number of oocytes and comparable oocyte
maturity to hCG-only triggering in women with various malignancies
or endometrioma who also underwent elective oocyte cryopreser-
vation [20]. A systematic review and meta-analysis additionally re-
ported similar numbers of oocytes and oocyte maturity proportions
between hCG-only and dual triggers [21]. In the present study, we
likewise found a similar number of immature oocytes and similar oo-
cyte maturity between hCG-only and dual-trigger cycles. While the
aim of this study was not to evaluate the effectiveness of dual trig-
gering, our findings suggest that a dual-trigger is not associated with
lower oocyte maturity.

However, the proportion of cycles featuring dysmorphic oocytes
was significantly higher in the group that underwent dual triggering.
Thus, the dual-trigger method could be a contributing factor in the

acquisition of dysmorphic oocytes.

Furthermore, in the dysmorphic group, a significantly higher num-
ber of immature oocytes or lower oocyte maturity was found, but
this was observed only in the dual-trigger group and not in the
hCG-trigger group.

Collectively, we postulated that the dual-trigger method may con-
tribute to a greater acquisition of dysmorphic oocytes. Furthermore,
we found a close association between the presence of dysmorphic
oocytes and lower oocyte maturity in ICSI cycles utilizing dual trig-
gering.

In a prior study, the oocyte morphology score, represented by
AOQI, was found to be comparable between women with and with-
out endometriosis [18]. We also observed that the proportion of en-
dometriosis as an indication for IVF, as well as the current presence of
ovarian endometrioma, were similar between the dysmorphic and
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Table 3. Ovarian stimulation outcomes compared between dysmorphic and non-dysmorphic groups by trigger method

hCG-trigger Dual-trigger

Variable Dysmorphicgroup ~ Non-dysmorphic Dysmorphicgroup ~ Non-dysmorphic

(22 cycles) group (66 cycles) P (46 cycles) group (66 cycles) P
No. of total oocytes 5(3-83) 6(3-10) 0.236 5(2.8-9) 4(2-73) 0.082
No. of mature oocytes 2(1.8-4) 3(2-6) 0.077 2(1-4) 2(1-4.3) 0.312
No. of immature oocytes 2(0.8-4) 2(1-4) 0.444 3(1-4) 1(1-2) 0.001
Oocyte maturity (%) 556 ( -86.4) 61.3 (50-75) 0.350 50 (33.3-66.7) 66.7 (50-86) <0.001
No. of cycles with immature oocytes <2 3(59.1) 39(59.1) 1.000 22(47.8) 51(77.3) 0.002
No. of cycles with immature oocytes > 2 (40 9) 27 (40.9) 24(52.2) 15(22.7)

Values are presented as median (interquartile range) or number (%). Statistical significance (p<0.05) was determined using the Mann-Whitney U test for
continuous variables and the Pearson chi-square test or Fisher exact test for nominal variables.

hCG, human chorionic gonadotropin.

non-dysmorphic groups. Therefore, endometriosis may not be a con-
siderable factor in the acquisition of dysmorphic oocytes.

A previous study indicated an inverse relationship between serum
AMH level and oocyte morphology score, as represented by AOQI
[16]. We did not evaluate the oocyte morphology score, so a direct
comparison with our results was not possible. However, both the se-
rum AMH levels and the proportion of women with diminished ovar-
ian reserve were similar between the dysmorphic and non-dysmor-
phic groups. Therefore, it can be inferred that diminished ovarian re-
serve is not a contributing factor to the acquisition of dysmorphic
oocytes.

In conclusion, we identified a close association between the pres-
ence of dysmorphic oocytes and lower oocyte maturity, particularly
when dual triggering was used. Furthermore, this association be-
tween dysmorphic oocytes and lower oocyte maturity was observed
only in ICSI cycles employing the dual-trigger method.
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