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Abstract
Purpose: Immature human oocytes from resected ovaries can be used for research 
and fertility preservation, though it is unknown whether it is feasible to transport 
oocytes for these purposes. This study examined in vitro maturation (IVM) outcomes 
after the transportation of human follicular fluid (HFF) containing oocytes.
Methods: Fourteen patients with endometrial adenocarcinoma were enrolled. 
Oocytes obtained from the resected ovaries of seven patients were transported with 
HFF by railway (transportation group). Samples of HFF from the other seven patients 
were not transported, and IVM was performed promptly (non‐transportation group). 
The results of oocyte retrieval and IVM were compared.
Results: The average ages in the transportation and non‐transportation groups were 
40.1 ± 2.0 and 39.6 ± 1.8 years, respectively, and the average numbers of collected 
oocytes were 8.1 ± 8.4 and 5.1 ± 5.1, respectively. There was a significant negative 
correlation between the number of collected oocytes and age. The proportions of 
oocytes that reached meiosis II (maturation rate) after IVM were 38.6% and 69.2% in 
the transportation and non‐transportation groups, respectively (P = 0.013).
Conclusion: In this preliminary study, the usefulness of the transportation of HFF 
was limited. Further studies on maintaining oocyte normality during transportation 
are necessary for becoming the effective method for research and clinical use.
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1  | INTRODUC TION

A number of studies thus far have investigated the transportation of 
reproductive tissues from various species for their use in reproduc‐
tive research and clinical settings. The transportation of immature 
non‐human oocytes has been reported in species including the cow,1 
mouse,2 monkey,3 and pig.4 Most past reports have transported 
non‐human oocytes at 37°C, with or without a 5% CO2 chamber, 
for up to 5 hours. The percentages of immature oocytes that mature 
to meiosis II (MII) and that reach the blastocyst stage have been ex‐
amined, as have fertilization rates.2‐4 Furthermore, transportation of 
non‐human ovaries has been reported in the mare,5 pig,6 cat,7 dog,8 
and mouse9; these studies have investigated the temperature during 
ovary transportation as well as several post‐transportation param‐
eters, including the number of collected oocytes, maturation rate, 
fertilization rate, and rate of reaching the blastocyst stage. Non‐
human reproductive tissues have also been transported for the pur‐
pose of collecting materials for commercial and research purposes.8 
Transported non‐human oocytes are also regarded as valuable 
translational research materials for human oocyte studies, because 
it is difficult to obtain sufficiently large numbers of human oocytes.10

There have also been reports on the transportation of human fol‐
licular fluid (HFF)11‐13 and ovaries.14‐17 Prior to two decades ago, only 
a few institutions performed intra‐cytoplasmic sperm injection (ICSI), 
and therefore, HFF aspirated from stimulated ovaries was trans‐
ported by car and airplane from satellite clinics to in vitro fertilization 
centers11‐13; this transportation occurred at distances of 90‐500 km at 
temperatures of 37°C with no 5% CO2 chamber.11‐13 Transportation of 
resected human ovaries has also been examined, as it is an important 
fertility preservation (FP) technique in the field of oncofertility for pa‐
tients with malignant tumors such as breast and blood cancers.14‐17

Researchers have investigated a variety of outcomes of in vitro 
maturation (IVM) and artificial reproductive technology (ART) after 
ovarian transportation for clinical purposes. However, there are 
few approaches for collecting human oocytes as research materi‐
als. Existing methods include obtaining surplus oocytes following 
fertility treatment18,19 or collecting oocytes from patients who have 
undergone surgery for ovarian tumors.20 In 2013, we reported a 
new method for collecting immature human oocytes for research 
purposes from the resected ovaries of patients with endometrial 
adenocarcinoma (EMA).21 In our previous report, the numbers of 
collected oocytes and IVM outcomes were investigated in eight pa‐
tients with EMA. There have been several reports of transportation 
of HFF,11‐13 but none have examined outcomes of IVM of human oo‐
cytes collected from transported HFF aspirated from resected ova‐
ries. Currently, HFF transportation is not necessary for ICSI because 
this technique has become widespread, and is performed even in 
satellite clinics. In the field of oncofertility, however, it is common 
at present to transport resected ovarian tissue (ROT) on ice22 or at 
4°C.15 In past reports, the maturation rate of immature human oo‐
cytes collected from non‐stimulated ROT was about 30%‐40%.17,23‐

25 For clinical and research purposes, it would be beneficial if we 
could obtain immature human oocytes from transported HFF that TA
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was aspirated from resected ovaries at a satellite hospital, and then 
acquire mature oocytes by IVM. Moreover, collection of oocytes 
from transported HFF avoids the need to transport whole ovaries 
and thus may contribute to clinical adaptation when the hospital per‐
forming the surgery is in a different location from the ART facility. 
However, it was reported that rates of maturation and fertilization 
were low following the transportation of non‐human oocytes.3 One 
way to collect human oocytes as research material is to transport 
HFF containing cumulus‐oocyte complexes (COCs) from resected 
ovaries, though it is still unknown if human oocytes are negatively 
affected by the transportation process. The IVM process is presum‐
ably affected by the transportation of HFF containing COCs, and 
we think that examining this relationship has scientific significance 
not only for securing research materials but also for the application 
to FP. On the other hand, it is also necessary to secure good‐quality 
oocytes even after transportation of HFF, so as to avoid misinterpre‐
tation of study results involving human oocytes.

In the present study, HFF was aspirated from the resected, non‐
stimulated ovaries of patients with EMA, and in half the cases the 
HFF was then transported by train between two university hospi‐
tals 250 km apart. We compared the outcomes of IVM of immature 
human oocytes collected from transported and non‐transported 
HFF. The purpose of this study was to examine the outcomes of IVM 
after transportation of HFF containing COCs.

2  | MATERIAL S AND METHODS

2.1 | Patients

In our previous report, we investigated eight patients under 45 years 
old who had a preoperative diagnosis of stage I EMA.21 In this study, 
we recruited another 14 patients with the same cancer stage from 
January 2014 to December 2016. All patients required hysterec‐
tomy and bilateral oophorectomy, and FP was not an option. In this 
study, therefore, all collected oocytes were used only for research 
purposes. Patient characteristics, including age, are summarized in 
Tables 1 and 2. In seven of the 14 newly recruited patients (case 
numbers 2, 4, 5, 6, 8, 9, and 10), we transported the COCs obtained 
from the follicles of resected ovaries in each patient’s HFF, and 

defined these patients as the “transportation group.” The HFF of the 
remaining seven patients (case numbers 1, 3, 7, 11, 12, 13, and 14) 
was not transported, and these patients were defined as the “non‐
transportation group.” The case numbers correspond to the order in 
which the patients underwent surgery.

Of note, in case 10 the patient had previously undergone re‐
section of the right ovary for torsion, as well as ovarian cystectomy 
twice on the left side. In case 11, the patient had complications of 
systemic lupus erythematosus and anti‐phospholipid antibody syn‐
drome, so she had been receiving azathioprine for an extended pe‐
riod prior to our study.

Because oocytes were not collected for clinical use, none of the 
patients underwent ovarian stimulation prior to surgery, for instance 
with follicular stimulation hormone (FSH) or human chorionic gonad‐
otropin (hCG). Because patients with EMA frequently have atypical 
genital bleeding or irregular menstrual cycles, the day of the men‐
strual cycle at the time of surgery was not recorded.

2.2 | Aspiration of HFF

We previously reported our method of obtaining HFF from resected 
ovaries.21 In brief, the surgeon removed one or both ovaries as soon 
as possible after the start of the operation. In case 10, the right ovary 
had previously been resected, and therefore, only the left ovary was 
resected. In the non‐transportation group, resected ovaries were im‐
mediately placed in warm saline and moved to the laboratory. Using 
a single 19‐gauge needle containing 1‐2 mL of flushing medium from 
the IVM Kit (Cooper Surgical, Trumbull, CT, USA), the surface of each 
ovary was punctured about 15 times in the location where follicle‐
like structures were visible macroscopically. In the transportation 
group, aspiration of HFF was performed in the same way, immedi‐
ately after resection of the ovaries in the operating room. To ensure 
a uniform technique, all HFF aspiration procedures in both groups 
were performed by the same senior physician (H.S).

2.3 | Transportation of HFF

Aspirated HFF containing COCs was transported from Tohoku 
University (Sendai, Japan) to Akita University (Akita, Japan) by 

TA B L E  2   Comparison of current and past cases, and transport and non‐transport groups

Past research17 Current cases P Transport group
Non‐transport 
group P

Number of cases 8 14 Number of cases 7 7

Age (years old) 39.8 ± 3.4 39.9 ± 1.9 0.924 Age (years old) 40.1 ± 2.0 39.6 ± 1.8 0.589

BMI (kg/m2) N.D 27.0 ± 7.5 ‐ BMI (kg/m2) 30.1 ± 7.6 23.9 ± 6.4 0.121

Collected oocytes 
(number)

10.9 ± 10.1 6.6 ± 6.8 0.254 Collected 
oocytes 
(number)

8.1 ± 8.4 5.1 ± 5.1 0.433

Maturation rate (%) 12.6 50.0 <0.001 Maturation rate 
(%)

38.6 69.2 0.013

BMI, body mass index; N.D, no data available.
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high‐speed rail. In this study, no ovarian stimulation was performed 
prior to surgery, so the amount of HFF was only a few milliliters per 
patient and evaporation was a concern. Therefore, when HFF was 
transported in a vacuum‐insulated bottle (as described below), it 
was mixed with Sage IVM washing medium (Cooper Surgical) con‐
taining 4‐(2‐hydroxyethyl)‐1‐piperazineethanesulfonic acid (HEPES). 
When HFF was transported under 5% CO2 (as described below), it 
was mixed HFF with Sage IVM maturation medium (Cooper Surgical,  
Trumbull, CT,  USA), which does not contain HEPES. The total vol‐
ume of transported HFF and either washing medium or maturation 
medium was about 7 mL, depending on the volumes of the tubes 
and dishes. In the first two patients (cases 2 and 4), HFF mixed with 
washing medium was transported in a 300‐ml vacuum‐insulated bot‐
tle (Tiger Co., Ltd., Tokyo, Japan). The HFF mixture was first put in a 
15‐ml Falcon conical tube (BD Biosciences, Franklin Lakes, NJ, USA), 
and this tube was placed in warm water (37°C) within the vacuum‐
insulated bottle. This method is shown in Figure 1A,B. We defined 
this group as the “bottle group.” In the next five patients (cases 5, 6, 
8, 9, and 10), HFF mixed with maturation medium was transported in 
a CellBox® plastic container (Corefront, Tokyo, Japan) at 36°C under 
5% CO2. The HFF mixture was placed into 6‐cm laboratory dishes 
that were then covered by gas‐permeable film (Corefront). The 
5% CO2 and 36°C conditions within the CellBox® plastic container 

were maintained with a CulturePal® CO2 generator (Corefront) and 
a Thermopack® (Corefront), respectively. This system is shown in 
Figure 1C‐F. We defined this group as the “box group.” The HFF 
transportation procedures in both groups were performed by the 
same senior physician (H.S).

2.4 | Collection of immature oocytes and 
in vitro maturation

After the HFF was delivered to the laboratory at Akita University, we 
quickly collected oocytes (Figure 2A) using a light microscope. We 
washed the collected oocytes in Sage IVM washing medium (Cooper 
Surgical), transferred them to Sage IVM maturation medium (Cooper 
Surgical) with 75 IU of FSH and 75 IU of luteinizing hormone (HMG 
Injection Teizo; Asuka Pharmaceutical, Tokyo, Japan), and kept them 
in an incubator (5% CO2, 5% O2; 37°C) for 24 hours. We previously 
reported the clinical method we used for IVM.26 In patients 2, 3, and 
5, some oocytes were subjected to Sage IVM maturation medium 
with MG‐132 (Merck Millipore, Billerica, MA, USA) for 24 hours to 
assess the ability of proteasome inhibitor to inhibit maturation of 
oocytes. For this protocol, we used five oocytes from patient 2, eight 
from patient 3, and seven from patient 5. This study does not report 
the data from the MG‐132 experiments. Also, oocytes with strong 

F I G U R E  1   Techniques for transporting human follicular fluid. A, Appearance of the 300‐mL vacuum‐insulated bottle and the Falcon 
conical tube. B, Falcon conical tube in a 300‐mL vacuum‐insulated bottle filled with warm water (37°C). C, CellBox® and Thermopack®. 
D, Appearance of CulturePal® inside CellBox®. E, Dish with HFF and Sage IVM maturation medium is contained in CulturePal®. White bag 
shown by red arrow is the CulturePal® CO2 generator. F, Schema of Thermopack® and CulturePal® in CellBox®
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deformation were excluded from IVM. The results of the experi‐
ments are summarized in detail in Table 1.

After IVM, we checked the meiosis stage of each oocyte to de‐
termine whether the first polar body was extruded, as shown in 
Figure 2B. Mature, metaphase II oocytes with extruded polar bod‐
ies were defined in accordance with previous reports.27,28 Oocytes 
without polar bodies were incubated for an additional 24 hours, after 
which a final check of meiosis stage was performed. We defined the 
“maturation rate” as the percentage of oocytes that reached mature 
metaphase II as a result of IVM, as described in previous reports.24,28

2.5 | Immunofluorescent staining of oocytes

After IVM, the maturation status of oocytes was assessed using im‐
munofluorescence staining with a previous technique.21,29 In brief, 
the oocytes were fixed with 3.7% formaldehyde and incubated 
for 15 minutes in 0.2% Triton X‐100. To detect microtubules, the 
primary antibody was mouse monoclonal anti‐β‐tubulin antibody 
(Sigma‐Aldrich, St. Louis, MO, USA), and the secondary antibody 

was Alexa Fluor® 488‐conjugated goat anti‐mouse IgG (2.0 mg/mL; 
Life Technologies, Carlsbad, CA, USA). Oocytes were mounted in 
VECTASHIELD® Mounting Medium with DAPI (Vector Laboratories, 
Burlingame, CA, USA) for chromosome observation.

2.6 | Statistical analysis

Data were analyzed by the two‐sided Fisher’s exact test or Pearson’s 
correlation using SPSS software, version 21.0 (SPSS, Chicago, IL, 
USA). P values <0.05 were considered statistically significant.

3  | RESULTS

The summarized data of patients in this study are shown in Tables 
1 and 2. The average number of oocytes collected from each of the 
14 patients was 6.6 ± 6.8, with no significant differences between 
the transportation and non‐transportation groups (P = 0.433), as 
shown in Table 2. The number of oocytes collected per patient 

F I G U R E  2   Collected oocytes from resected ovaries and immunofluorescent staining. A, Collected immature oocytes before in vitro 
maturation in patient 8. B, An oocyte in meiosis II showing the first polar body after in vitro maturation in patient 8. C, Immunofluorescent 
staining of a mature oocyte in patient 5. D, Immunofluorescent staining of a mature oocyte in patient 13. The spindle is enclosed in a square 
box. E, Enlarged view of the spindle corresponding to the boxed area in (D). White scale bar indicates 50 µm. Red scale bar indicates 25 µm. 
Green, microtubules; blue, DAPI

(A)

(D) (E)

(B) (C)
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ranged from 0 to 21. Patient age and body mass index (BMI) did 
not differ significantly between the transportation and non‐trans‐
portation groups.

As illustrated in Figure 3A, there was a significant negative cor‐
relation between the number of collected oocytes and patient age 
(R2 = 0.404, P = 0.015). The addition of data from eight patients in 
our previous study20 further strengthened the negative correla‐
tion between the number of collected oocytes and patient age 
(R2 = 0.610, P < 0.001), as shown in Figure 3B.

Data on the BMI of the 14 patients in this study are shown in 
Tables 1 and 2. The average BMI was 27.0 ± 7.5 kg/m2, which is 
categorized as overweight.29 There was no significant correlation 
between the number of collected oocytes and BMI, as shown in 
Figure 3C (R2 = 0.105, P = 0.257).

The average duration of train transportation from Tohoku 
University to Akita University, defined as the time from ovary re‐
section to the beginning of IVM in the incubator at Akita University, 
was 261 ± 14 min. The maturation rate in the non‐transportation 

F I G U R E  3   Correlations between number of collected oocytes and both age and body mass index. A, Correlation between the number of 
collected oocytes and age in the 14 patients in this study. B, Correlation between the number of collected oocytes and age in 22 patients: 
14 from this study and 6 from our previous research.17 Black circles indicate the patients in our previous report. C, Correlation between the 
number of collected oocytes and body mass index in the 14 patients in this study
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group was significantly higher than that in the transportation group 
(P = 0.013). As shown in Figure 4, there was a significant difference 
in the maturation rate in the non‐transportation group, the bottle 
group (cases 2 and 4), and the box group (cases 5, 6, 8, 9, and 10; 
two‐sided Fisher’s exact test, P = 0.032). The maturation rates in the 
bottle group and box group were 20.0% and 41.0%, respectively, in‐
dicating no significant difference (P = 0.634). The maturation rate of 
the non‐transportation group was significantly higher than that in 
the box group (P = 0.042), but did not differ significantly from that of 
the bottle group (P = 0.060).

As shown in Figure 2, meiotic spindles with normal chromosome 
alignment during meiosis II were observed in both the transportation 
group and non‐transportation group.

4  | DISCUSSION

Portable incubators set at 37°C without 5% CO2 were used in a past 
report on HFF transportation.12 In our investigation, we transported 
HFF in a tube placed in warm water (37°C) within a vacuum bottle 
or in a CellPorter® container at 36°C under 5% CO2 maintained by 
a CO2 generator. In non‐human species, two studies reported the 
usefulness of 5% CO2 during transportation of mouse oocytes.3,4 
By contrast, another report concluded that there was no signifi‐
cant difference in the maturation rate of immature mouse oocytes 

transported with or without a CO2 chamber.2 No previous studies 
examined whether a CO2 chamber was useful for maintaining the 
quality of immature oocytes during HFF transportation; therefore, 
we included this method in this study and compared the results of 
IVM with those following transportation using a vacuum‐insulated 
bottle. The maturation rate was higher when a CO2 chamber was 
used than when it was not, but this difference was not significant, 
as shown in Figure 4. One limitation of this study was that the num‐
ber of oocytes was too low to conclusively assess the utility of the 
CO2 chamber. There was no significant difference in the maturation 
rate in the non‐transportation group and the bottle group, but the 
maturation rate in the bottle group was 20.0%. The maturation rate 
is not yet high enough to transport HFF satisfactory, even in a box 
with a 40.0% maturation rate; however, it may be possible to mini‐
mize the impact of transportation by adjusting the HFF transport 
environment.

Since the non‐transportation group was by definition not ad‐
versely affected by HFF transportation, it is natural that it achieved 
a higher maturation rate than the transportation group. Due to the 
small number of cases in this study, further research is necessary 
to determine the optimal gas environment for HFF transportation.

In two past reports on HFF transportation, the transport tube 
contained only HFF, with no additional medium.11,12 Porcine follicu‐
lar fluid that was kept at a low temperature for a long time was found 
to result in reduced oocyte quality.6 Also, it was reported that high 
pH in the transportation environment lowered embryo quality.30 In 
this study, we mixed HFF with maturation medium in order to pre‐
vent evaporation and to improve the HFF environment during trans‐
portation. Additional research is required to determine whether HFF 
should be transported alone or mixed with maturation medium.

Most studies of IVM of human oocytes collected from resected 
ovaries have been conducted in the field of oncofertility,16,24,31‐33 
with reported maturation rates ranging from 3% to 100%. In recent 
years, the maturation rate in FP has been reported to range from 
30% to 60%.34 When oocytes were collected from non‐stimulated 
transported ovaries, the maturation rates showed wide discrepan‐
cies, ranging from 3.1% to 66.7%.16,28 By contrast, the maturation 
rate without HCG stimulation in the common population of patients 
with polycystic ovary syndrome was approximately 50%‐80%.34 In 
our study, the maturation rate of human oocytes after transporta‐
tion of HFF was 38.6%. While this rate was not markedly lower than 
in past studies, it still must be further improved by optimizing HFF 
transportation methods and further analyzing the relationship be‐
tween IVM results and transportation distances. In the field of FP, 
it has been reported that given the age of some patients, at least 
8‐10 MII oocytes are necessary for a live birth.34,35 In this study, 
the average number of oocytes collected from the patients in the 
transportation group was 8.1 ± 8.4. In previous reports on FP, the 
average number of oocytes collected from ROT ranged from 2.3 to 
14.7 per patients.24,34,36 Transportation may be beneficial not only 
for the purpose of collecting research material, particularly since in 
this study there were no significant differences between the trans‐
portation and non‐transportation groups in the number of oocytes 

F I G U R E  4   Comparison of maturation rates in the transportation 
and non‐transportation groups. Non‐Transport, non‐transportation 
group; Bottle, bottle group; Box, box group. The bars indicate the 
percentages of oocytes that reached mature metaphase II as a 
result of in vitro maturation. Two‐sided Fisher’s exact test was used 
for statistical analysis
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collected, but also for increasing the number of MII oocytes collected 
for FP by improving maturation rate. It is important to consider that 
when transported oocytes are used in research, their quality needs 
to be maintained to prevent misleading outcomes. In this regard, this 
study evaluated maturation rate and immunofluorescent staining of 
transported oocytes, but further investigation of oocyte quality is 
needed in the future.

On the other hand, the current results indicate that HFF trans‐
portation may not yet be clinically feasible in FP because the mat‐
uration rate in the transportation group was low. Of note, the 
maturation rate in this study was significantly higher than that in 
our past report,21 presumably due to the different medium used. We 
previously performed IVM using handmade culture medium with 
M199 (Gibco Labs, Grand Island, NY, USA), whereas in this study we 
used commercial maturation medium.

Transportation of ROT is advantageous in oncofertility because 
unlike with HFF, the transportation techniques are already estab‐
lished. In the future, however, transportation of HFF may be ben‐
eficial for oncofertility applications in cases where the hospital 
performing the pathological diagnosis of resected ovaries is geo‐
graphically distant from the hospital involved in FP. Such hospitals 
are relatively rare in Japan; for instance, while in 2017 there were 
more than 400 cancer hospitals nationwide, there were only 30 
hospitals with the ability to cryopreserve both oocytes and ovarian 
tissue.37 It may also allow human oocytes to be stored as research 
materials during transportation from operating hospitals to research 
institutions. In this study, mature oocytes in meiosis II were obtained 
in both the transportation and non‐transportation groups, and 
we anticipate that it will be feasible to use these oocytes for the 
study of blastocysts, for instances using parthenogenetic activation 
techniques.

Thus far, there have been few reports on the number of oo‐
cytes collected from resected, non‐stimulated ovaries.16,21,27 One 
study found a negative correlation between age and the number 
of oocytes collected from the resected ovaries of 23 patients with 
gynecologic benign disease.27 On the other hand, a surprisingly 
positive correlation was reported between age and the number of 
collected oocytes in patients younger than their mid‐30s.16 For the 
first time, we examined the correlation between age and the num‐
ber of oocytes collected from the resected ovaries of patients with 
endometrial adenocarcinoma, many of whom were overweight. In 
this study, the mean BMI was 27.6 ± 7.5 kg/m2, which is considered 
overweight. As shown in Figure 3C, there was no significant cor‐
relation between BMI and the number of collected oocytes, even 
in overweight individuals. This is consistent with a previous study 
that found no correlation between BMI and the number of collected 
oocytes in patients with breast cancer and a mean BMI of 21.4.33

In this study, we performed IVM after transporting HFF for 
more than 4 hours. One report showed that the amount of non‐es‐
terified fatty acids in the follicular fluid was significantly positively 
correlated with BMI; therefore, it is possible that the follicular 
fluid composition may affect oocyte quality.27,38 The maturation 
rate after HFF transportation was relatively low in our study, at 

38.6%, and further research is necessary to determine how IVM 
after transportation is affected by the composition of the follicular 
fluid. We have not yet attempted fertilization of mature oocytes 
after IVM. An examination of fertility rates after transportation 
of HFF will be necessary to better assess the quality of oocytes 
after transportation. If fertilization experiments are difficult from 
an ethical point of view, the use of parthenogenetic activation may 
be beneficial in the future.

Finally, we performed time‐lapse imaging of IVM incubation 
in patient 3, and as shown in the supplemental movie, this con‐
firmed the extrusion of the first polar body. It will be helpful to 
use time‐lapse imaging in the future to compare differences in 
oocyte maturation between the transportation and non‐trans‐
portation groups.

The major limitation of this study was that we did not examine 
patients’ anti‐Müllerian hormone (AMH) levels and menstruation 
cycles. It was previously reported that the number of collected oo‐
cytes was positively correlated with AMH level, but not menstrua‐
tion cycle.33

Another limitation is that the study design did not involve as‐
signing half of each patient’s oocytes to the transportation group 
and the other half to the non‐transportation group, thus provid‐
ing an internal control. An average of 6.6 oocytes, ranging from 
0 to 21, was collected per patient. Since oocytes were collected 
from non‐stimulated resected ovaries, fewer than 2 oocytes were 
obtained from 4 of 14 patients, as shown in Table 1. Although 
it is difficult to secure collected oocytes, in order to accurately 
evaluate the usefulness of HFF transportation, it will be nec‐
essary in future studies to evaluate IVM results by dividing the 
oocytes from each patient into two groups, only one of which un‐
dergoes the intervention. Considering this limitation and the fact 
that transportation significantly reduces the maturation rate, we 
concluded that the usefulness of the present HFF transportation 
technique was limited. A study in pigs reported that follicular fluid 
acidosis influenced DNA fragmentation of the oocyte nucleus.39 If 
HFF transport causes a similar adverse effect, studies using post‐
transportation oocytes may result in inaccurate conclusion. In this 
study, an average of 8.1 ± 8.4 oocytes per patient and a matura‐
tion rate of 38.6% were obtained following HFF transportation. In 
FP, even one mature oocyte is valuable,34,35 and in research set‐
ting, human oocytes are needed in many situations, for example, 
when creating parthenogenetic embryonic stem cells.40 In order to 
reduce the adverse effects on oocytes, research on improving HFF 
transportation method is needed in the future.

In conclusion, we transported by railway the HFF of patients 
with EMA and examined for the first time the results of IVM after 
HFF transportation. Improvements in transportation methods 
should yield better IVM results. Further studies on maintaining oo‐
cyte normality during HFF transportation are necessary before this 
technique can be effectively used to transfer oocytes for research 
purposes and FP.

In the future, these data may also be applied to the field of onco‐
fertility after studies on fertility rates have been performed.
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