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Abstract

Background Thin endometrium is considered suboptimal for embryo implantation, leading to compromised
pregnancy rates without effective therapies. While some studies have reported promoted endometrial growth after
a period of hyperbaric oxygen therapy (HBOT) in patients with intrauterine adhesion, there have been no reports

in patients with resistant thin endometrium. The purpose of this study was to investigate the impact of HBOT on
endometrium growth and pregnancy outcomes in patients with resistant thin endometrium during frozen embryo
transfer (FET) treatments.

Methods This prospective pre-post cohort study was conducted at a university-affiliated assisted reproductive
medical center between October 2021 and December 2022. Patients who had experienced at least one canceled
transfer cycle due to a thin endometrium(< 7 mm) on the endometrium transformation day, despite the use of
standard therapies as well as adjuvant therapies, were enrolled in the study. Patients were assigned voluntarily to
either the HBOT group or the concurrent control group. The HBOT group received daily HBOT for at least 10 days
during the proliferative phase, in addition to the routine endometrium preparation methods and the concurrent
control group underwent cycles without HBOT. Propensity score matching (PSM) was used to ensure comparability
between the groups. Both self-control and case-control comparisons were conducted. The primary outcome
measured was endometrial thickness (ET) on the day of endometrium transformation. Secondary outcomes included
intrauterine pregnancy rate (IPR), embryo implantation rate (IR), miscarriage rate, and others.
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retrospectively registered).

/Results Patients in the HBOT group demonstrated a significantly thicker endometrial thickness on the day of
endometrium transformation after undergoing therapy (5.76 +1.66 vs. 6.57 +1.23, P=0.002). This improvement
was accompanied by a decreased rate of cycle cancellations. Baseline parameters and endometrial thickness were
comparable between the HBOT group and the concurrent control group during the cycle. The IPR was similar in
patients who received cleavage-stage embryos (0.0% vs. 6.7%, P=1.00), but significantly higher in patients in the
HBOT group who received blastocysts (53.8% vs. 18.2%, P=0.017).

Conclusions A period of HBOT prior to endometrium transformation contributes to increased endometrial thickness
and facilitates blastocyst implantation in patients with resistant thin endometrium during FET treatments.

Trial registration The trial was registered on the Chinese Clinical Trial Registry (registration no. ChiCTR2300072831,

\Keywords Resistant thin endometrium, Hyperbaric oxygen therapy, Frozen embryo transfer, Asherman syndrome

Background
Endometrial thickness is one of the standard parameters
that is used to evaluate endometrial receptivity and pre-
dict pregnancy outcomes. While pregnancies have been
reported to be possible at an endometrial thickness of
4 mm [1], a thin endometrium is often considered sub-
optimal for embryo implantation and is associated with
compromising implantation, pregnancy, and live birth
rates [2, 3]. However, the threshold that defines “thin
endometrium” remains a subject of controversy [4—6].
Treatment for thin endometrium is an ongoing chal-
lenge. Different approaches have been proposed to
improve refractory endometrium, including extended
or alternative routes for estrogen support [7, 8], adju-
vant aspirin, sildenafil [9, 10], intrauterine perfusion
granulocyte colony-stimulating factor (G-CSF) [11, 12]
and autologous platelet-rich plasma [13]. More recently,
stem cell therapy has also been considered a promising
alternative [14]; however, to date, most of the studies are
preliminary, and there are significant challenges regard-
ing safety, high costs, and effectiveness [15]. Despite the
use of these therapies, a subset of patients continues to
exhibit unresponsiveness within their endometrium,
consequently encountering repeatedly canceled transfer
cycles or implantation failure. Therefore, new therapeutic
approaches for thin endometrium are needed.
Hyperbaric oxygen therapy (HBOT) refers to a thera-
peutic method in which a patient inhales 100% pure oxy-
gen at an elevated atmospheric pressure inside a highly
pressured chamber [16]. It has been considered a promis-
ing treatment as either a primary or alternative therapy
for the management of some complex diseases, including
chronic wounds, injuries, ischemic diseases, infections,
etc., over the past three decades [17-19]. To date, a few
studies have reported the application of HBOT in infertil-
ity patient groups, either in patients with impaired endo-
metrium or poor prognosis [20-23]. After a period of
HBOT, observations of increased endometrial thickness
and improved endometrial quality were reported, along
with a live birth in a patient with scarred endometrium

and five failed transfer cycles. Despite the promising
results, most of the studies were case or case series, and
had a mixed effect of HBOT on both the endometrium
and oocytes. Therefore, this study was designed aiming
to investigate the effect of HBOT on the endometrium,
particularly in patients with thin endometrium who are
unresponsive to conventional treatments, during frozen
embryo transfer (FET) treatments.

Materials and methods

Study population

This is a prospective pre-post cohort study conducted at
the Department of Reproductive Medicine of Xiangya
Hospital, Central South University, between Octo-
ber 2021 and December 2022. The study protocol was
approved by the Reproductive Medicine Ethics Commit-
tee of Xiangya Hospital (reference number: 2,021,008)
and registered on the Chinese Clinical Trial Registry
(registration no. ChiCTR2300072831). Written consent
was obtained from all the patients. The inclusion criteria
were as follows: (i) patients undergoing frozen embryo
transfer procedures; (ii) had at least one canceled trans-
fer cycle due to a resistant thin endometrium (<7 mm)
on the endometrium transformation day, despite the
use of estradiol valerate combined with other adjuvant
therapies, including aspirin, G-CSF, vaginal sildenafil,
etc. Patients were excluded for the following reasons: (i)
endometrial polyps, tuberculosis, dysplasia, or cancer;
(if) uterine malformations; and (iii) accompanied with
other diseases, including diabetes and lupus erythema-
tosus.; (iv) medical contraindications to HBO therapy,
including ear injury and thoracic surgery, uncontrolled
hypothermia, claustrophobia, etc.; (v) did not commence
FET within 3 months after HBOT; and (vi) did not want
to participate in the study.

Study groups and propensity score matching

Patients who met the inclusion criteria were suggested to
HBOT before commencing the next transfer cycle, and
whether they received the treatment or not was decided
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jointly by both the patient and the physician. Those who
received HBOT were assigned to the HBOT group and
the others were assigned to the concurrent control group.
Propensity score matching (PSM) was used to avoid the
potential bias between the groups, and patients were
matched in a 1:1 ratio for age, body mass index (BMI),
and endometrial thickness on the endometrium trans-
formation day before HBOT. Notably, for patients with
intrauterine adhesions, the American Fertility Society’s
(AFS) classification of intrauterine adhesions was used
and matched between the groups. In addition, to exclude
a possible effect of accumulated embryo transfer on preg-
nancy outcomes, the comparisons were made on the
same transfer cycle of a pair of patients. After matching,
41 pairs of patients were selected for statistical compari-
son from a total of 146.

HBO therapy

Considering the potential value of HBOT in supporting
endometrium growth and evaluating the detrimental
effect of high oxygen tensions on embryo development
[24], we considered that the therapy should be carried
out for at least 10 days during the proliferative phase in
addition to routine endometrium preparation methods
and ceased on the endometrium transformation day, in
accordance with previous studies [20, 22].

For patients who were willing to take the therapy,
HBOT was given once a day at the Department of Hyper-
baric Oxygen, Xiangya Hospital, Central South Uni-
versity. The treatments were performed in a multiplace
hyperbaric chamber pressurized with air (YC2410-24,
Hoto Oxygen Industrial, Shandong, China) at a target
pressure of 2.5 atm absolute (ATA) for 100 min total
treatment time (increased pressure for 20 min, ordinary
pressure for 60 min, and decreased pressure for 20 min).
Five minutes after the start of the pressurization, patients
breathed 100% isobaric oxygen for 70 min and had a
5-minute break during ordinary pressure to minimize
the side effects of the treatment. During the therapy,
patients were closely monitored by the physicians in case
of adverse reactions.

Endometrium preparation and embryo transfer
Vitrified-warmed embryos were transferred to all
patients in the study. Different endometrium preparation
methods, including hormone replacement treatments
(HRT), ovulation monitoring (natural cycles, NC), and
GnRH-agonist combined hormone replacement treat-
ments (GnRH-a HRT), were employed based on the eval-
uation of a patient.

The criteria for embryos of good-quality were as fol-
lows: (i) cleavage-stage embryo: >7 blastomeres and
<20% fragmentation on day 3 [25, 26]; (ii) blastocysts:
23BB on day 5 or day 6 [27].
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Ultrasound measurement

Endometrial features, including endometrial thick-
ness and endometrial pattern, were recorded during the
cycle by transvaginal 8 MHz ultrasonography with Dop-
pler ultrasound (GE Voluson S6, GE Medical Systems,
USA). The endometrial thickness (ET) was measured
on a median longitudinal plane of the uterus to measure
the maximum distance between the endometrial-myo-
metrial surface from the anterior to the posterior wall of
the uterus. Thin endometrium was defined as ET <7 mm
[28], either on the ovulation day during NC cycles despite
a normal serum estradiol level or on the day of progester-
one administration even after the maximum dose of oral
estradiol valerate was administered for over 12 days dur-
ing HRT or GnRH-a HRT cycles. The endometrial pat-
tern was classified as pattern A (a triple-line pattern), B
(an intermediate isoechogenic pattern), or C (a homog-
enous hyperechogenic pattern).

Follow-up and data collection

Patient follow-up was performed by telephone consul-
tation until March 2023. Any complications with the
HBOT were self-reported and recorded.

The primary outcome of the study was the endometrial
thickness on the endometrium transformation day. The
secondary outcomes included the embryo implantation
rate (IR), intrauterine pregnancy rate (IPR), biochemical
pregnancy rate (BPR), miscarriage rate, etc.

Statistical methods

Statistical analysis was carried out by SPSS Statistics ver-
sion 25.0 (IBM, USA). Continuous data were expressed as
the mean and standard deviation or median and range,
depending on the distribution. Paired Student’s t test,
Fisher’s exact test, Mann-Whitney U test, and chi-square
test were used when appropriate. A two-sided P<0.05
was considered statistically significant.

Results

Participants

Between October 2021 and December 2022, a total of
398 patients with thin endometrium underwent frozen
embryo transfer procedures in our center. After prelimi-
nary evaluation for meeting the described inclusion and
exclusion criteria and after counseling, 55 consented
to HBOT and were enrolled in the study. The rest were
assigned to the concurrent control group. After PSM, 41
paired patients were included for analysis (Fig. 1). The
patients reported no complications, such as headache or
discomfort, during the study.

Improvement in endometrial thickness after HBOT
To evaluate the effects of HBOT on endometrial recep-
tivity, pre- and post-therapy endometrial parameters
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Endometrium Embryo
transformation day transfer day

Patient recruitment and evaluation

55 received HBO therapy

6 did not perform FET within 3
months after the therapy

49 included

1:1

HBO group
(n=41)

343 controls
151 were excluded

76 did not meet inclusion criteria
69 lost hysteroscope report or
missing AFS score
6 received stem cell therapy
192 included

PSM

concurrent control group
(n=41)

Analysed (n=82)

- -

Fig. 1 Study design and flowchart of the patient enrollment. (A) Flowchart showing the study design. (B) Flowchart of the patient enrollment. (C) Sketch
of the hyperbaric oxygen therapy. HBOT, hyperbaric oxygen therapy; E2, estradiol; FET, frozen embryo transfer; AFS, the American Fertility Society’s (AFS)

classification of intrauterine adhesions; PSM, propensity score matching

were compared, as shown in Table 1 and Fig. 2. Before
HBOT, a total of 76 transfer cycles were conducted, 47
(61.8%) of which were canceled due to the appearance
of uterine cavity fluid or resistant thin endometrium on
the planned endometrium transformation day. After the
therapy, a significant decrease in the cycle cancellation
rate was observed (11, 19.0%), and more patients were

considered eligible for embryo transfer. No significant
differences were found in the initial ET; however, after
the therapy, the ET on the endometrium transformation
day was significantly thicker (5.76+1.66 vs. 6.57+1.23,
P=0.002), despite estrogen being administered for a lon-
ger duration before (15.00 [13.00, 15.00] vs. 13.00 [12.00,
15.00], P=0.057). Patients showed similar endometrial
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Table 1 Basic and clinical characteristics before and after HBOT
Before HBOT After HBOT P-

value
Total Cycles, n 76 58 -
Cycle Cancellation Rate, n (%) 47(61.8) 11(19.0) 0.001
Endometrial Preparation Method, 0.042
n (%)
NC-FET 23(30.3) 12 (20.7)
HRT-FET 33(434) 38 (65.5)
GnRH-a FET 16 (21.1) 8(13.8)
IVF-ET 4(5.3) 0
Initial ET, mm 446+1.21 414+1.17 0.174
ET on Endometrial Transforma- 5.76+1.66 6.57+1.23  0.002
tion Day, mm
Duration of Estrogen Administra- 15.00 [13.00, 13.00[12.00, 0.057
tion, d 15.00] 15.00]
Endometrial Pattern on Endome- 0.710
trial Transformation Day?, n (%)
A 3(3.9) 1(01.7)
B 47 (61.8) 35(60.3)
C 26 (34.2) 22 (37.9)
P levels on Endometrial Transfor-  0.21+0.17 028+036 0426
mation Day, ng/ml
ET on Embryo Transfer Day, mm ~ 7.06+1.99 661+132 0429
Change of ET from Endometrium —020+1.62  -0.16+096 0.922

Transformation Day to Embryo
Transfer Day, mm

2Endometrial pattern was classified as A (a triple-line pattern), B (an intermediate
isoechogenic pattern) and pattern C (homogenous hyperechogenic pattern)

NG, natural cycle; HRT, hormone replacement cycle; FET, frozen embryo transfer;
IVF-ET, in vitro fertilization embryo transfer; ET, endometrium thickness; P,
progesterone

patterns before or after the therapy. No statistically sig-
nificant difference was found in the change in ET from
the endometrium transformation day to the embryo
transfer day (-0.20+1.62 vs. -0.161+0.96, P=0.922).

Page 5 of 10

Improvement in pregnancy outcomes

A total of 41 pairs of patients were included and ana-
lyzed, as shown in Table 2. The cycle cancellation rate
was similar in both groups (14.6% vs. 9.8%, P=0.737).
The baseline parameters, including age, BMI, baseline
follicular stimulating hormone (FSH), luteinizing hor-
mone (LH), anti-Millerian hormone (AMH), infertility
duration, etc., were comparable. The groups had a simi-
lar proportion of intrauterine adhesion (IUA) patients,
and those in the HBOT group had comparatively higher
AFS scores before hysteroscopic adhesiolysis. Patients in
the HBOT group received on average 28.48+15.24 HBO
treatments. No statistically significant difference was
found in ET during the cycle between the groups; how-
ever, estrogen was administered in the concurrent con-
trol group for a longer duration (12.50 [12.00, 15.00] vs.
16.00 [14.50, 17.00], P<0.001). Patients in the concurrent
control group received more embryos and embryos of
good quality; however, the embryo implantation rate was
significantly higher in the HBOT group (33.3% vs. 11.1%,
P=0.008). A subgroup analysis was performed based
on the stage of the transferred embryos. The IPR and
the BPR were similar in patients who received cleavage
stage embryos (0.0% vs. 6.7%, P=1.00; 11.1% vs. 20.0%,
P=1.00), while in patients who received blastocysts, the
IPR was significantly higher in the HBOT group (53.8%
vs. 18.2%, P=0.017).

Discussion

This study presents, to our knowledge, the first and
largest cohort of patients with resistant thin endome-
trium receiving HBO therapy during frozen embryo
transfer procedures. Most of the patients were diag-
nosed with IUA and found to be resistant to common
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Fig. 2 Improvement of endometrial thickness before and after the HBOT. Results are shown as the mean +standard deviation, **P <0.01
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HBOT Concurrent Control p-value
Patients, n 4] 41
Cycle Cancellation Rate, n (%) 6(14.6) 4(9.8) 0.737
Age,y 35324498 35.24+403 0.942
BMI, kg/m? 23.09+£6.99 22.00+2.53 0.348
Baseline FSH, mIU/ml 7.03+£345 6.26+3.18 0.351
Baseline LH, mIU/ml 6.02+3.60 6.02+5.04 0.995
AMH, ng/ml 3224277 348+281 0678
Infertility Duration, y 3.80[1.50,6.50] 4.00[2.11,7.00] 0422
Patients with a History of IUA, n (%) 26 (63.4) 25 (61.0) 0.820
AFS Score 7.54+261 6.50+3.41 0212
Infertility type, n (%)
Primary Infertility 5(12.2) 9(22.0) 0379
Secondary Infertility 36 (87.8) 32 (78.1)
Etiology of Infertility, n (%)
Tubal 20 (48.8) 20 (48.8) 0.343
DOR 3(7.3) 3(73)
Male factors 2 (4.9) 2(49)
RSA/PGT 14 (34.2) 8(19.5)
IUA 2(4.9) 6(14.6)
Others 0(0) 2(49)
Average HBOT treatments, n 2848+ 1524 - -
Endometrial Preparation Method, n (%) 0316
NC-FET 8(19.5) 14 (34.1)
HRT-FET 26 (63.4) 22(53.7)
GnRH-a FET 7(17.1) 5(122)
Initial ET, mm 4201124 448+1.07 0.356
Duration of Estrogen Administration, day 12.50 [12.00, 15.00] 16.00 [14.50, 17.00] <0.001
ET on Endometrium Transformation Day, 6.70£1.21 6.59+1.57 0.712
mm
P levels on Day of Progesterone Administra-  0.30£0.41 0.32+0.38 0.893
tion, ng/ml
Endometrial Pattern on Endometrium Trans-
formation Day ¢, n (%)
A 124 2(4.9) 0.392
B 26 (63.4) 20 (48.8)
C 14 (34.2) 19 (46.3)
ET on Embryo Transfer Day, mm 6.75+1.26 6.05+1.06 0456
Num. of Embryo Transferred 1.20+£041 146+0.51 0.019
Num. of Good-Quiality Embryos Transferred  0.69+0.68 1.03+0.76 0.049
Embryo Implantation Rate, n (%) 14 (33.3) 6(11.1) 0.008
Num. of Patients Received D3 Embryos, n 9 15
Intrauterine Pregnancy Rate, n (%) 0(0) 1(6.7) 1
Biochemical Pregnancy Rate, n (%) 1(11.1) 3(20.0) 1
Miscarriage, n (%) - 0(0) -
Num. of Patients Received D5 Embryos 26 22
Intrauterine Pregnancy Rate, n (%) 14 (53.8) 4(18.2) 0.017
Biochemical Pregnancy Rate, n (%) 2(7.7) 3(13.6) 0.649
Miscarriage, n (%) 0(0) 1(25) 0.222

“Endometrial pattern was classified as A (a triple-line pattern), B (an intermediate isoechogenic pattern) and pattern C (homogenous hyperechogenic pattern)

IUA, intrauterine adhesion; AFS, the American Fertility Society’s (AFS) classification of intrauterine adhesions; NC, natural cycle; HRT, hormone replacement cycle;

FET, frozen embryo transfer; IVF-ET, in vitro fertilization embryo transfer; ET, endometrium thickness; P, progesterone
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adjuvant therapies, including aspirin, herbal medicine,
vaginal sildenafil, etc. After HBO treatment, a signifi-
cant increase in endometrium thickness on the endo-
metrial transformation day was observed, followed by a
decreased cycle cancellation rate. Despite the improve-
ment in the endometrium, the ET and the endometrial
pattern were comparable during the cycle between the
HBOT and the concurrent control group. However, the
IR and the IPR were significantly higher in patients in the
HBOT group who received blastocysts.

Endometrial thickness monitoring in relation to the
standard cycle is a crucial step during fertility treatment,
and it can be easily measured by transvaginal ultrasound
[29]. The relationship between thin endometrial thick-
ness and negative pregnancy outcomes has been well
documented, although it is a controversial topic [30]. The
underlying mechanism of suboptimal endometrial devel-
opment could be complicated. Common causes of thin
endometrium are iatrogenic, e.g., Asherman syndrome,
infection, or the use of antiestrogenic drugs. However, it
could also be inherently present or occur for reasons that
are less understood, e.g., high blood flow impedance of
the uterine arteries and subsequently reduced endome-
trial blood flow [28, 31, 32]. In this study, we included
patients with a thin endometrium (<7 mm) who showed
refractory responses to extended estradiol support or
other adjuvant therapies, including aspirin and G-SCF in
the previous cycles. Most of them were diagnosed with
Asherman syndrome under hysteroscopic observation
and underwent rounds of hysteroscopic adhesiolysis to
restore the uterine cavity; however, it seems that simple
removal of the blockage is insufficient. In addition, the
reason for the resistant thin endometrium in the rest of
the patients remained unclear.

Upon reviewing our data, for patients after HBOT, the
ET was significantly thicker on the endometrium trans-
formation day even when estrogen was administered for
a relatively shorter period, indicating a good tolerance of
the endometrium to hyperoxia and an improved response
to exogenous estrogen, inconsistent with LEVERMENT
et al. [23] and MITROVIC et al. [22]. However, no signifi-
cant change was found in the endometrial pattern after
therapy.

The improvement in endometrial receptivity could be
reflected in pregnancy outcomes. Although pregnancies
have also been reported at an endometrial thickness of
4 mm [33], the clinical pregnancy rate increases greatly
with increased endometrial thickness [6]. In our study,
the cycle cancellation rate decreased significantly after
the HBOT (61.8% vs. 19.0%, P=0.001), and more patients
were considered eligible for embryo transfer. When com-
pared to the matched concurrent controls group, the
HBOT group received estrogen for a significantly shorter
period to reach a similar ET. A subgroup analysis was
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performed based on the stage of the transferred embryos.
The IPR was similar in patients who received day-3 cleav-
age stage embryos (0.0% vs. 6.7%, P=1) but significantly
higher in the HBOT group in patients who received day-5
or day-6 blastocysts (53.8% vs. 18.2%, P=0.017). The dif-
ference in IPR between the subgroups could potentially
be attributed to various factors. One possible explana-
tion could be the limited sample size, with only 9 and 15
patients in each group receiving cleavage stage embryos,
which might have led to the possible insignificance of
the HBOT effect. Additionally, it is essential to note that
despite the observed improvements after the therapy, the
endometrial thickness remained relatively thin. In such
cases, blastocysts may exhibit greater competence in
overcoming the limitations of the thin endometrium. The
IPR reported in patients with an endometrium<7 mm
ranged from 7.0-55.7% [3, 6, 11, 34, 35] while noticing
the differences in sample size and that a subgroup anal-
ysis based on the embryo stage was lacking in some of
the studies. We postulate that the higher pregnancy rate
could partly be attributed to the increased ET, and also an
improvement in endometrial receptivity; however, more
endometrial biological indicators, including endometrial
vascularization, uterine and subendometrial blood flow,
endometrial volume, and histological analysis, should
be carried out to verify the treatment effect of HBOT in
refractory thin endometrium.

The impact of a thin endometrium on embryo implan-
tation is complicated. The endometrium is composed of
two layers: the relatively intact basal layer and the func-
tional layer, which undergoes dynamic changes through-
out the menstrual cycle; it is metabolically active and
requires appropriate uterine blood flow. After ovulation,
the spiral arteries constrict and diminish blood flow to
the outer functional layer of a capillary network, creat-
ing a low-oxygen environment, which is a prerequisite for
embryogenesis and fetal development[24, 36]. Addition-
ally, a thinner functional layer may subject the embryos
to higher vascularity and oxygen concentrations from
the basal endometrium [37]. Also, a thin endometrium is
characterized by high uterine blood flow impedance and
poor vascular development, which further results in poor
endometrial growth [32].

Physiologically, only a limited amount of oxygen is dis-
solved in the blood under normal atmospheric pressure,
and 80% of the molecular oxygen is utilized by mito-
chondria [38]. During the menstrual cycle, especially
proliferative phases, the epithelial cells have to maintain
a necessary degree of ribosomal and mitotic activity as
well as glycogen synthesis, which is dependent on aero-
bic oxidation and is indispensable for embryo implanta-
tion. Poor perfusion, along with a thin endometrium and
an insufficient mitochondrial supply of oxygen, results
in inadequate energy and higher levels of free oxygen
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radicals, which are detrimental to embryo implantation.
The application of mild hyperbaric oxygen offers suf-
ficient oxygen in the plasma to meet the high demand
for proliferative endometrium. It can especially restore
normoxia in patients with scarred or thin endometrium
[21], which supports endometrium growth while avoid-
ing excessive production of reactive oxygen free radicals
[19, 21]. However, considering the negative effect of high
oxygen concentrations on embryo implantation [24],
the time to cease the treatment is important. Patients in
the study received a relatively long period of HBOT and
stopped the treatment on the endometrial transforma-
tion day. Therefore, we believe that the endometrium
benefits most from improved perfusion and estrogen
support and becomes relatively hypoxic after therapy
ceases, which coordinates with physiological transforma-
tion and facilitates embryo implantation.

Indications for HBOT include a wide range of diseases,
including ischemia-reperfusion injury, intoxication, and
central nervous system injury, along with pharmacologi-
cal effects on poorly perfused tissues resulting from burn
injuries, diabetes, chronic wounds, etc., through the cre-
ation of oxygen tension gradients that stimulate angio-
genesis, perfusion, and vascularization [39-42]. However,
the underlying mechanism of HBOT is complicated, and
a possible effect of HBOT on subendometrium vascula-
ture remains to be investigated. Impaired angiogenesis
and low uterine blood flow were characterized in patients
with thin endometrium, and an improvement in endo-
metrial thickness and radial artery resistance index (RI)
was observed after treatment with Vitamin E aiming to
improve capillary blood flow [26, 32]. Similarly, a study
in patients with unexplained infertility observed inten-
sive neoangiogenic processes of the endometrium with
low resistance (RI<0.45) in cycles covered with HBOT at
2.3 ATA [22]. In our study, no significant difference was
found in endometrial pattern after the HBOT, and fur-
ther studies should be carried out to verify the change in
endometrial blood flow.

Another possible effect of HBOT could be the syn-
ergistic effect with exogenous drugs. It was reported to
promote the delivery and efficacy of antitumor drugs in
solid tumors by ameliorating the microenvironment and
disrupting hypoxia-mediated immunosuppression [43,
44]. In our study, patients in the HBOT group received
exogenous estrogen for significantly shorter periods
to reach a similar ET as the concurrent controls group,
which reflects promoted responses in the HBOT Group.
However, for ethical reasons, adjuvant therapies, includ-
ing G-CSF intrauterine perfusion, aspirin, etc., were
also used in addition to HBOT in some of the patients
according to practical circumstances. We failed to find a
significant effect of the combined therapies, which was
probably due to the limited sample size. Well-designed
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clinical trials are needed for further evaluation of the
effect of these combined therapies.

In our study, no adverse reactions were reported dur-
ing the therapy. In contrast, two patients found improve-
ments in sleep quality after the treatment, and one
patient observed vision improvements. HBOT was
reported to improve fatigue, sleep disturbance, and
quality of life in patients with fibromyalgia [45], post-
COVID-19 syndrome [46], or cancer survivors with pel-
vic radiation injuries [47]. While acknowledging that
both infertility diagnosis and treatment result in signifi-
cant psychological distress [48], we postulate a possible
effect of HBOT on both the mental and physical health
of an infertile patient; however, well-designed studies are
needed before a conclusion.

As an adjunctive therapy for patients with thin endo-
metrium, HBOT has advantages in multiple aspects,
including its noninvasive nature, convenience, and
potential value in systemic improvement. However, the
therapy requires good medical compliance from a patient
for a relatively long period of time and requires a pressur-
ized chamber as well as close monitoring by healthcare
providers.

Nonetheless, the study had several limitations. First,
the sample size was limited, and patients received HBOT
at their own will and were not randomly assigned. Sec-
ond, the duration of HBOT as well as the method of
preparing endometrium were not strictly controlled
but decided based on the time of a patient’s visit and
her physical condition. Third, we were unable to record
uterine and subendometrial blood flow as well as uter-
ine artery hemodynamic parameters such as pulse index
(PI), RI, and systolic peak velocity/diastolic peak veloc-
ity ratios(S/D), which are suggested to be valuable indi-
cators for endometrial receptivity. While our study
provides a promising prospect of HBOT in treating thin
endometrium in patients undergoing FET treatments,
well-designed prospective studies are needed, and the
underlying mechanism remains to be explored. In addi-
tion, an optimal time and dose for HBOT need to be
investigated.

Conclusion

In conclusion, this study sheds light on HBOT in patients
with resistant thin endometrium during FET treatments.
A period of HBOT prior to endometrium transformation
helps increase endometrial thickness and facilitate blas-
tocyst implantation; however, the underlying mechanism
needs to be explored.

Abbreviations

HBOT hyperbaric oxygen therapy
FET frozen embryo transfer
PSM propensity score matching
ET endometrial thickness
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AFS the American Fertility Society’s classification of intrauterine
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ATA atm absolute

HRT hormone replacement treatment

NC natural cycle
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FSH follicular stimulating hormone
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