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Objective: This study aims to explore the effect of adjuvant hyperbaric oxygen therapy on
ovarian function after laparoscopic ovarian cystectomy.
Methods: A total of 60 patientswith ovarian cysts treated at our hospital fromJanuary 2018 to
August 2020 were enrolled. According to the different treatment modalities, the patients were
divided into the control and observation groups. Patients in both groups underwent
laparoscopic ovarian cystectomy with oral administration of Chinese patent medicine Kuntai
capsules after surgery. Hyperbaric oxygen therapy was added to patients in the observation
group in addition to the treatment in the control group. The anti-Müllerian hormone (AMH),
follicle-stimulating hormone (FSH), luteinizing hormone (LH), estradiol (E2), and antral follicle
count (AFC) serum levels were detected in both groups before the operation and at the first
and third menstrual cycles postoperatively to evaluate ovarian function.
Results: At the first and third menstrual cycles after surgery, the AMH, E2, and AFC serum
levels in the two groups were significantly lower than before surgery, and the FSH and LH
serum levels were higher than before surgery. The differences were statistically significant
(P < 0.05). After the operation, AMH, E2, and AFC serum levels in the observation group
were significantly higher than in the control group. FSH and LH serum levels were significantly
lower than in the control group, and the differences were statistically significant (P< 0.05).
Conclusion:Forpatients undergoing laparoscopic ovarian cystectomy, theadjuvant hyperbaric
oxygen therapy could significantly improve the postoperative ovarian reserve function with
remarkable effects.

Keywords: post oophorocystectomy, ovarian reserve function, hyperbaric oxygen, anti-mullerian hormone,
ovarian cystectomy

INTRODUCTION

Ovarian reserve refers to the ability of follicles in the ovarian cortex to grow, develop, and form
fertilizable oocytes, and represents the ability of gametogenesis and steroid hormone production
in women, including the number of follicles retained in the ovaries and the quality of follicles,
with the former reflecting the fertility potential in a woman and the latter determining the age
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TABLE 1 | Comparison of the baseline characteristics between the two groups
of patients.

Group Age (year) BMI(kg/m2) Diameter of the
tumor (cm)

Control group 28.26 ± 2.21 20.82 ± 1.74 5.33 ± 1.87

Observation group 28.10 ± 2.33 20.61 ± 1.79 4.89 ± 2.12

t 0.42 0.25 1.03

P 0.79 0.80 0.45

Yu et al. Hyperbaric Oxygen on Ovarian Function
of menopause (1–3). Decreased ovarian reserve function is an
early stage of ovarian failure, and early detection,
intervention, and treatment can significantly improve the
prognosis. Currently, many researchers have found that
laparoscopic surgery may affect the ovarian blood flow and
function, mainly because the locations of some laparoscopic
surgical resections are close to the utero-ovarian ligament or
close to the ovarian hilus, which can significantly affect the
ovarian blood supply. Meanwhile, the wound surface is
prone to oozing blood during laparoscopic surgery, and
there are many opportunities for electrocoagulation to stop
hemorrhage. Electrocoagulation can cause thermal injury
and scarring of ovarian tissue and traumatize the ovarian
blood supply (4–6), thereby leading to a decrease in ovarian
reserve function. At present, the improvement of ovarian
function mainly relies on drugs, such as Kuntai capsules, but
some patients still have poor therapeutic effects. Under
hyperbaric oxygen, blood oxygen content increases, blood
oxygen tension increases, blood oxygen dispersion radius
expands, and platelet aggregation and wall attachment in
blood vessels are reduced, so as to improve the hypoxia state
of peripheral blood vessels, peripheral nerves and gonads,
improve the oxygen storage capacity of ovarian tissues, and
improve ovarian function (7, 8). In the present study,
hyperbaric oxygen was used as adjunctive therapy for
patients after laparoscopic ovarian cystectomy, and the
results were relatively significant. The details are reported as
follows.
MATERIALS AND METHODS

Study Subjects
A total of 60 patients who underwent laparoscopic ovarian
cystectomy at our hospital from January 2018 to August 2020
were retrospectively analyzed. The inclusion criteria were as
follows: (1) non-pregnant women aged 25–32 years; (2)
patients with normal preoperative menstruation and sex
hormone levels; (3) patients with unilateral ovarian tumors
and were healthy on the opposite side; (4) patients with
normal results of the preoperative tumor marker and
postoperative pathological confirmation of benign ovarian
tumors; (5) patients with no medical or surgical comorbidities
or surgical history; (6) patients with no contraindications to
surgery. The exclusion criteria were as follows: (1) patients
with malignant ovarian tumors; (2) patients with no
intraoperative transition to open surgery; (3) patients with
pedicle torsion of the ovarian cyst; (4) patients with a history
of sex hormone administration; (5) patients with other
malignant or gynecological tumors. According to the different
treatment modalities, the patients were divided into the
control and observation groups. The differences in the
baseline characteristics such as age, body mass index (BMI),
and tumor diameter were not statistically significant between
the two groups (P > 0.05), and the data were comparable. The
details are illustrated in Table 1.
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Therapeutic Methods
Laparoscopic ovarian cystectomy was conducted in both groups
of patients, and the ovaries were sutured to stop hemorrhage
during the operation to avoid electrocoagulation of ovarian
tissue. On the second day after the operation, Kuntai capsules
were administered orally in both groups of patients at a dose
of four capsules three times a day for three months as a
course of treatment. On the second day postoperatively,
hyperbaric oxygen therapy was added to patients in the
observation group in addition to the treatments in the control
group. The hyperbaric oxygen therapy protocol was as follows:
with the adoption of a multiseat pressurized cabin and a
therapeutic pressure of 0.2 MPa, the therapeutic duration was
110 min. It was pressurized for 20 min and stabilized for
70 min. The patients wore a mask to inhale oxygen
intermittently after pressure stabilization and rested for 5 min
for every 20 min of inhalation, decompressing for 20 min. The
hyperbaric oxygen therapy was conducted once daily 10 times
as a therapeutic course. The patients rested for 10 days after
every two therapeutic courses.
Observation Indicators
The anti-Müllerian hormone (AMH), follicle-stimulating
hormone (FSH), luteinizing hormone (LH), estradiol (E2), and
antral follicle count (AFC) serum levels were detected before
the operation and at the first and third menstrual cycles
postoperatively. The E2, FSH, and LH serum levels were
detected by radioimmunoassay, and Shanghai Hengyuan
Biotechnology Co., Ltd. provided the detection kit. The AMH
serum levels were detected by an enzyme-linked
immunosorbent assay, and Nanjing Xinfeng Biotechnology
Co., Ltd. provided the detection kit. AFC was detected by an
HY-M50 color Doppler ultrasound diagnostic instrument
provided by Wuxi Haiying Electronic Medical System Co., Ltd.
Statistical Methods
SPSS 22.0 software was adopted for the analysis of all data in the
present study. The measurement data were expressed as mean ±
standard deviation (�x+ s). A t-test was used for pairwise
comparisons between groups, and repeated measures of
analysis of variance were adopted for repeated measurement
data. The countable data were expressed as percentages (%),
and the χ2 test was adopted for statistical analysis. P < 0.05
was considered statistically significant.
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RESULTS

The Serum Levels of AMH, E2, FSH, and LH
At the first and third menstrual cycles after surgery, the AMH
and E2 serum levels in the two groups were significantly lower
than before surgery, and the FSH and LH serum levels were
higher than before surgery. The differences were statistically
significant (P < 0.05). The AMH and E2 serum levels at the
first and third menstrual cycles were significantly higher in
the observation group than in the control group, and the FSH
and LH serum levels were significantly lower in the
observation than in the control group, and the differences
were statistically significant (P < 0.05), as shown in Table 2.
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The AFC
At the first and third menstrual cycles after surgery, the AFC in
the two groups was significantly lower than before the operation,
and the difference was statistically significant (P < 0.05). The
postoperative AFC in the observation group was significantly
higher than in the control group, and the difference was
statistically significant (P < 0.05), as demonstrated in Table 3.
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DISCUSSION

As part of the female reproductive organs, the ovary is the most
frequent and predisposing site for tumors, which can occur at
any age, but tumors mainly occur in the reproductive age. The
harm caused by ovarian cysts is well-known. Therefore, for
clinically discovered ovarian tumors, surgical treatment should
be selected as soon as possible (9). Currently, the treatment of
ovarian cysts is mainly surgery (10). However, the impact of
surgery on ovarian function has been widely confirmed.
Related literature pointed out that the suture method adopted
also affects ovarian function (11–13). The above literature
suggested that after laparoscopic cystectomy, the postoperative
AMH serum level was higher with suture hemostasis than in
the electrocoagulation group, and the influence of suture
hemostasis on the postoperative ovarian reserve function was
less than with the adoption of electrocoagulation hemostasis.
The application of sutures during surgery can effectively
protect ovarian function. Therefore, for each case with an
ovarian cyst, operations should be performed by a senior
attending physician to minimize injury to ovarian function. In
the present study, the ovarian functions in patients with
ovarian cysts were detected after surgery, and it was found
that the ovarian function was significantly lower than before
surgery, which was consistent with previous studies (14). In
addition, some Chinese herbal medicine have been proved to
be beneficial for improving ovarian function, such as Kuntai
capsules (15). Clinical studies have demonstrated that Kuntai
capsules have a protective effect for premature ovarian failure
(15, 16). Animal experiments have shown that Kuntai capsules
can improve ovarian reserves and fertility by increasing the
number of ovarian follicles and inhibiting oocyte apoptosis
(17). Moreover, it has been proved that Kuntai capsules can
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TABLE 3 | Comparison of the AFC between the two groups of patients.

Groups Number of cases Pre-operation At the first menstrual
cycle after surgery

At the third menstrual
cycle after surgery

Control group 30 7.70 ± 1.28 5.87 ± 1.52 6.00 ± 1.39

Observation group 30 8.55 ± 1.44 6.63 ± 1.35* 7.66 ± 1.43*

Note: Compared with the control group, *P < 0.05.

Yu et al. Hyperbaric Oxygen on Ovarian Function
decrease the incidence of follicular atresia and cell apoptosis in
mice with impaired ovarian function (18).

A previous study (19) has shown that hyperbaric oxygen
therapy for perimenopausal syndrome can significantly
improve the perimenopausal clinical symptoms such as
insomnia, night sweats, and palpitations. Relevant literature
also points out that hyperbaric oxygen plays a role in
improving ovarian function. Liu et al. (20) applied hyperbaric
oxygen to treat premature ovarian failure. It was found that
hyperbaric oxygen could effectively regulate the FSH and LH
serum levels in patients, improve clinical symptoms, and
shorten the course of the disease. Hyperbaric oxygen therapy
for premature ovarian failure could significantly improve the
positive regulation of FSH, LH, and E2 serum levels as well as
relieve a series of clinical symptoms caused by premature
ovarian failure (21). For patients with ovarian pedicle torsion,
Svensson et al. (22) found that after laparoscopic reverse
torsion and hyperbaric oxygen therapy, a gradual recovery of
blood supply in the ovary was confirmed by contrast-
enhanced ultrasonography. Li et al. (7) found through an
animal study that in rats with chronic stress-induced ovarian
dysfunction, hyperbaric oxygen exposure could significantly
promote the transduction of the transforming growth factor
β1/Smad3 signaling pathway and promote the differentiation
and proliferation of the ovarian follicles at all levels, as well as
increase hormone levels and restore ovarian function. Wang
et al. (8) also pointed out that hyperbaric oxygen exposure
could improve ovarian function, increase E2 levels, and
increase the weight of the uterus, ovaries, and endometrial
thickness through animal models. The results of the present
study showed that in the first and third menstrual cycles after
the operation, the AMH, E2, and AFC serum levels were
significantly lower in both groups of patients than before the
operation, and the FSH and LH serum levels were higher than
before the operation. These results indicated that laparoscopic
ovarian cystectomy could affect ovarian function and lead to
decreased ovarian reserve. Meanwhile, the postoperative AMH,
E2, and AFC serum levels in the observation group were
significantly higher than in the control group, and the FSH
and LH serum levels were significantly lower than in the
control group. These fully demonstrated that the adjuvant
hyperbaric oxygen therapy could regulate the serum hormone
levels and improve postoperative ovarian reserve. Adjuvant
hyperbaric oxygen therapy could increase blood oxygen
content and tension, expand blood oxygen diffusion radius,
reduce the aggregation and wall attachment of platelets in
blood vessels, thereby improving the hypoxic state of
peripheral blood vessels, peripheral nerves, and gonads,
Frontiers in Surgery | www.frontiersin.org 4
promoting angiogenesis and improving microvascularization
and circulation, as well as improving the hemodynamics and
the oxygen storage capacity of ovarian tissue, enhancing and
stabilizing tissue metabolism, and finally, improving ovarian
function.
CONCLUSION

In summary, for patients undergoing laparoscopic ovarian
cystectomy, adjuvant hyperbaric oxygen therapy could
significantly improve postoperative ovarian reserve function in
patients with remarkable effects. Meanwhile, in the present
study, the changes between the control and observation groups
were primarily discussed. In the observation group, the
intraoperative suturing techniques and matching of Chinese
patent medicines were adopted. Whether ovarian function
could be improved has not been further investigated. The
sample size in the present study was relatively small, and all
patients were not followed up for a long period. Therefore, the
results of the present study should still be confirmed by a large
sample, high-quality, multicenter randomized controlled study.
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