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Abstract
Erectile dysfunction (ED) is a prevalent sexual disorder characterized by the persistent
inability to achieve or maintain an adequate penile erection for satisfactory sexual
intercourse, primarily affecting middle-aged and elderly men. Current treatment options
include oral phosphodiesterase type 5 inhibitors (PDE5-i), intracavernous injections,
vacuum erection devices, extracorporeal low-energy shockwave therapy and penile
prostheses, each with its limitations. This review article aims to synthesize recent
research findings on hyperbaric oxygen therapy (HBOT) as a potential alternative or
adjunctive treatment for ED. The review analyzes various mechanisms by which HBOT
may improve erectile function, focusing on its effects on vascular function, nerve
regeneration, nitric oxide (NO) levels, RhoA protein expression, inflammation, androgen
levels andmood disturbances. The review highlights HBOT’s impact on erectile function
through its effects on vascular health, nerve regeneration, NO levels, RhoA protein
expression, inflammation and hormonal balance. HBOT shows promise in enhancing
erectile function by improving vascular health, promoting nerve regeneration, increasing
NO levels, reducing RhoA protein expression and alleviating inflammation. It may also
help preserve androgen levels and addressmood disturbances associatedwith ED. Recent
research suggests that HBOT could be a valuable addition to the therapeutic arsenal for
ED, offering a multifaceted approach to management. Further studies are needed to
elucidate its efficacy and establish optimal treatment protocols.
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Avances en el mecanismo de la terapia hiperbárica con oxígeno para la
disfunción eréctil: una revisión sistemática
Resumen
La disfunción eréctil (DE) es un trastorno sexual prevalente caracterizado por la incapacidad persistente para alcanzar o
mantener una erección penile adecuada para una relación sexual satisfactoria, que afecta principalmente a hombres de
mediana y avanzada edad. Las opciones de tratamiento actuales incluyen inhibidores orales de la fosfodiesterasa tipo 5
(PDE5-i), inyecciones intracavernosas, dispositivos de erección por vacío, terapia de ondas de choque extracorpóreas de
baja energía y prótesis penianas, cada una con sus limitaciones. Este artículo de revisión tiene como objetivo sintetizar
los hallazgos de investigaciones recientes sobre la terapia hiperbárica con oxígeno (THO) como un posible tratamiento
alternativo o adyuvante para la DE. La revisión analiza los diversos mecanismos por los cuales la THO puede mejorar la
función eréctil, centrándose en sus efectos sobre la función vascular, la regeneración nerviosa, los niveles de óxido nítrico
(NO), la expresión de la proteína RhoA, la inflamación, los niveles de andrógenos y los trastornos del estado de ánimo. La
revisión destaca el impacto de la THO en la función eréctil a través de sus efectos sobre la salud vascular, la regeneración
nerviosa, los niveles de NO, la expresión de la proteína RhoA, la inflamación y el equilibrio hormonal. La THO muestra
promesas para mejorar la función eréctil al mejorar la salud vascular, promover la regeneración nerviosa, aumentar los niveles
de NO, reducir la expresión de la proteína RhoA y aliviar la inflamación. También puede ayudar a preservar los niveles de
andrógenos y abordar los trastornos del estado de ánimo asociados con la DE. Investigaciones recientes sugieren que la THO
podría ser una adición valiosa al arsenal terapéutico para la DE, ofreciendo un enfoque multifacético para su manejo. Se
necesitan más estudios para aclarar su eficacia y establecer protocolos de tratamiento óptimos.
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1. Introduction

Erectile dysfunction (ED) is a prevalent sexual dysfunction
characterized by the inability to achieve ormaintain an erection
sufficient for satisfactory sexual intercourse [1]. With a global
prevalence of more than 50% in men aged 40 to 70 years, ED
not only reduces the quality of life and satisfaction of patients
and their partners but also imposes a heavy psychological
burden on patients [2].
The fundamental nature of penile erection is a neurovascular

phenomenon governed by a multitude of regulatory factors. In
conditions of penile flaccidity, the persistent stimulation of the
autonomic sympathetic nervous system sustains the contrac-
tion of vascular smooth muscle [2]. However, during sexual
arousal, the release of neurotransmitters from the cavernosal
nerve endings induces vasodilation of the arteries and arte-
rioles that supply the erectile tissue, consequently enhancing
arterial blood flow. Concurrently, the submembranous venous
plexus between the peripheral sinusoidal capillaries and the
tunica albus becomes compressed, reducing venous outflow
and elevating the pressure within the corporal bodies, thus
facilitating erection. The principal neurotransmitters impli-
cated in the erectile process are nitric oxide (NO) and acetyl-
choline. NO, predominantly secreted by non-adrenergic non-
cholinergic (NANC) nerve fibers and endothelial cells, acts as
the principal mediator of smooth muscle relaxation. Upon sex-
ual stimulation, NO activates guanylate cyclase, leading to an
increase in cyclic guanosine monophosphate (cGMP) levels.
The dysfunction of the NO-cGMP pathway is implicated in
approximately 80% of ED cases. Acetylcholine, released by
parasympathetic cholinergic nerve fibers, stimulates adenylate
cyclase, elevating cyclic adenosine monophosphate (cAMP)
levels. Both cAMP and cGMP serve as intracellular second
messengers, initiating a cascade that activates specific pro-
teases and induces the phosphorylation of proteins, culminat-
ing in a reduction of intracellular calcium ion concentration,
which results in smooth muscle relaxation. This relaxation
allows arterial blood to fill the cavernous, exerting pressure
on the submembranous venous plexus, impeding venous return
and realizing the transition from flaccidity to full erection [3].
ED can be addressed through a variety of treatment modal-

ities; however, each has its inherent limitations when applied
clinically [1]. Hyperbaric oxygen therapy (HBOT) is amedical
treatment in which patients are exposed to pure oxygen at
pressures greater than one atmosphere. This increased pressure
enables higher oxygen levels to dissolve in the blood plasma
and reach tissues with limited oxygen supply under normal
conditions. HBOT has emerged as a novel therapeutic ap-
proach [4]. The efficacy of HBOT in the management of ED
has garnered increasing attention in recent years, with a meta-
analysis suggesting its effectiveness as a treatment option [5].
This review aims to elucidate the therapeutic mechanisms by
which HBOT exerts its beneficial effects on ED.

2. Methods

We searched comprehensive literature in several major
databases, including PubMed, Embase and Web of Science.
The search was performed using a combination of keywords

such as “hyperbaric oxygen therapy”, “erectile dysfunction”,
“vascular function”, “nerve regeneration”, “nitric oxide”,
“RhoA protein”, “inflammation”, “androgen”, “mood
disturbances” and their synonyms. We limited our search
to English-language articles published within the last 10
years to ensure the currency of the information. Only studies
with original research data, including clinical trials and
basic research studies, were considered for inclusion. Two
independent reviewers screened the titles and abstracts of the
retrieved articles based on these predefined criteria. In case of
disagreement between the two reviewers, a third reviewer was
consulted to reach a consensus. This process was designed to
ensure the objectivity of the literature selection and minimize
potential biases.

3. HBOT can improve ED caused by
different etiology

Vascular disease is a major cause of ED, and any disease that
results in a decrease in artery diametermay cause the cavernous
arteries of the penis to be unable to provide sufficient blood
flow to make the cavernous body sufficiently engorged to
compress the submembranous venous plexus, leading to ED
effectively. When vascular endothelial dysfunction occurs, the
obstruction of NO production and other lesions will damage
the spongial artery diastolic function, which is an important
mechanism of ED. The atrophy of the capillary bed also plays
an important role in the occurrence and development of ED.
HBOT has a therapeutic effect on arterial diameter contraction,
vascular endothelial injury, and capillary bed atrophy under
various diseases [6].

3.1 HBOT can improve ED caused by
diabetes
Diabetes mellitus is a metabolic disorder distinguished by
persistent hyperglycemia, which can precipitate a reduction
in arterial caliber and endothelial dysfunction. HBOT, with
its potential to augment insulin sensitivity and ameliorate the
microvascular complications of diabetes, is thus posited as a
promising therapeutic intervention for vascular ED associated
with diabetes [7].
Research has delineated that chronic hyperglycemia can lead

to endothelial cell proliferation, thickening of the vascular
walls and luminal narrowing, which collectively accelerate the
progression of atherosclerosis and, in some instances, result in
thrombosis [8, 9]. These pathological alterations culminate in
luminal stenosis. Additionally, the accumulation of advanced
glycation end-products within the diabetic milieu incites in-
flammatory responses in the vascular walls, thereby inducing
endothelial dysfunction [10]. The pathophysiological changes
observed within the penile corpora cavernosa in diabetes are
akin to those in the lower limb microvasculature [7]. HBOT,
as evidenced in its efficacy for diabetic foot ulcers, facilitates
vasodilation and enhances the blood and oxygen supply to the
ulcerated tissue, suggesting its potential to rectify the hypoxic
conditions within the penile corpora cavernosa and thus serve
as a therapeutic modality for ED [11]. Recent studies by
Cruz-Villanueva et al. [12] have demonstrated that HBOT can
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enhance insulin sensitivity [12–14], alleviate insulin resistance
and improve glycemic control in diabetic patients, potentially
exerting a therapeutic effect on diabetes-induced ED.

3.2 HBOT can improve ED caused by
hypertension
Hypertension, a prevalent chronic condition, is primarily asso-
ciated with vascular fibrosis and reduced compliance, leading
to arterial constriction and, in advanced stages, apoptosis of
corporal smooth muscle cells [15]. HBOT has demonstrated
the potential to reverse fibrosis, enhance vascular compliance
and delay apoptosis. It exerts vasodilatory and hypotensive
effects through multiple mechanisms, suggesting its therapeu-
tic efficacy in treating erectile dysfunction (ED) induced by
hypertension [16].
As hypertension progresses, the penile vasculature exhibits

structural abnormalities, including a reduction in vascular
smooth muscle cells, disarrayed cellular arrangement and
an accumulation of collagen fibers within the vessel walls,
which diminish vascular compliance and reduce arterial
diameter, culminating in ED [17]. Concurrently, hypertensive
patients often present with atherosclerosis, where arterial
walls are subjected to hypoxic conditions. Hypoxia can
trigger the release of intracellular calcium ions and the influx
of extracellular calcium, leading to vascular constriction and
excessive proliferation of arterial smooth muscle cells, thereby
reducing arterial blood flow [18]. This mechanism, although
initially described in the pulmonary system, has implications
for the penile vasculature as well. In the penile context,
this exacerbates the existing vascular problems caused by
hypertension and further contributes to the development of
ED. Furthermore, hypertension may deplete vascular elastic
fibers, increase sinusoidal collagen fibers, attenuate the tunica
albuginea of the penis, and induce fibrotic proliferation of
vascular smooth muscle and other tissues, ultimately altering
the ultrastructure of the penis and contributing to ED [17].
Research by Hassanin et al. [2] (2020) indicates that HBOT

possesses therapeutic potential against hypertension, particu-
larly in mitigating the effects of angiotensin II, which is closely
linked to apoptosis and fibrosis in the corporal tissue, with
HBOT capable of inhibiting this process. In the context of
apoptosis occurring in ED, HBOT can augment the activity
of fibroblasts, facilitating the formation of connective tissue
[19, 20]. Additionally, HBOT has been shown to modulate
hypertension through various pathways, including the reduc-
tion of calcium ion levels, elevation of nitric oxide (NO)
concentration and downregulation of endothelin-1 (ET-1) lev-
els, thereby controlling the onset and progression of ED and
offering therapeutic benefits [20, 21]

3.3 HBOT can improve ED caused by hypoxia
Individuals subjected to chronic hypoxia, such as patients with
sleep apnea syndrome, high-altitude residents and smokers,
exhibit an increased incidence and severity of ED [22–24].
This correlation may be attributed to the elevated intracellular
calcium ion concentrations from hypoxic conditions, leading
to smooth muscle contraction. HBOT has the potential to
mitigate this effect by reducing calcium ion concentrations

in tissues and diminishing the number of open calcium ion
channels, thereby offering a therapeutic approach to ED [7].
Prolonged hypoxic conditions are known to increase cal-

cium ion concentrations in vascular smooth muscle and en-
dothelial cells, inducing smooth muscle contraction. During
ED, the abnormal activation of L-type voltage-dependent cal-
cium ion channels in penile smooth muscle cells results in
membrane depolarization, channel opening and calcium ion
influx, further elevating intracellular calcium ion levels [25].
Consequently, hypoxia may facilitate the progression of ED
by enhancing vascular contraction through increased calcium
ion concentrations. HBOT can lower intracellular calcium ion
concentrations and reduce the activity of L-type calcium ion
channels, potentially improving erectile function in hypoxic
patients [25].
Furthermore, a study by Sahin et al. [1] indicates that

nicotine-induced peripheral vasoconstriction and hypoxia
caused by smoking can persist for approximately one hour.
HBOT has been shown to enhance the oxygen-carrying
capacity in smokers, correcting hypoxic states. Based on this,
Sahin and colleagues conclude that HBOT may be a good
alternative treatment for ED in this population.

3.4 HBOT can improve ED caused by nerve
injury
Neurogenic ED arises from a reduction or absence of neural
signals entering the penile corpora cavernosa and is associated
with damage to the central or peripheral nervous systems [26].
HBOT has demonstrated therapeutic efficacy in both forms of
neurogenic ED [27].
In pathological injury to the central nervous system, an

inflammatory immune response mediated by cytokines leads
to the expression of inducible nitric oxide synthase (iNOS)
RNA by cytokines. The induction of iNOS results in the
local generation of high concentrations of NO, causing de-
myelination changes. These changes can disrupt the parasym-
pathetic and sympathetic nerves originating from those that
govern the smooth muscle of the penile corpora cavernosa,
leading to aberrations in neural regulation and conduction path-
ways, culminating in ED [28]. HBOT is capable of activating
and upregulating peroxisome proliferator-activated receptor-
gamma (PPAR-γ), reducing free radical levels, inhibiting the
expression of iNOS, decreasing the production of inflamma-
tory cytokines, and thereby preserving andmaintaining erectile
function [29].
Diabetic peripheral neuropathy, urethral disruption and rad-

ical prostatectomy are common etiologies of ED associated
with peripheral nerve damage. Research models support the
therapeutic potential of hyperbaric oxygen therapy (HBOT) in
improving erectile function in these scenarios. In a rat model
subjected to long-term hyperglycemia, pathological structural
changes in the distal segment of the cavernous nerve were
observed, including nutritional deficits, demyelination and ab-
normal accumulation of glycogen particles in the pre-synaptic
axons, culminating in significantly slowed nerve conduction
velocity [30]. Yuan et al.’s [31] study demonstrated that HBOT
significantly increased axonal diameter, suggesting its poten-
tial in promoting the growth and repair of cavernous nerves.
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In diabetic peripheral neuropathy, the increased production
of vasoconstrictive prostaglandins such as prostaglandin F2α
(PGF2α) and thromboxane A2 leads to persistent vascular
constriction and tissue perfusion disorders; HBOT has been
shown to ameliorate these conditions, enhancing peripheral
nerve function and its regulatory effect on surrounding blood
vessels [32]. Up to 50% of patients experience ED following
urethral reconstruction surgery [31], and Yuan et al.’s [31]
research indicated that HBOT significantly preserves erectile
function and improves the International Index of Erectile Func-
tion (IIEF) scores. In this study, the treatment group underwent
pure oxygen therapy at elevated pressure, while the control
group was subjected to the same duration of “treatment” under
normal atmospheric conditions, with both groups receiving
daily sessions for 14 consecutive days [31]. Post-radical
prostatectomy or radiotherapy, ED is often attributed to nerve
paralysis, reduced oxygenation and changes in corporal tis-
sue structure, potentially leading to decreased smooth muscle
oxygenation, diminished erectile function or even corporal
fibrosis and veno-occlusive dysfunction [33]. Müller et al.’s
[34] research on rats found that HBOT significantly protected
erectile function following simulated bilateral thermal injury
during radical prostatectomy. However, clinical data sum-
marized by Kelly A. Chiles et al. [35] showed no signif-
icant improvement in erectile function one year after early
postoperative HBOT treatment for patients with ED following
radical prostatectomy. This discrepancy may be attributed to
the late initiation of HBOT treatment post-discharge, missing
the optimal period for nerve and vascular repair, and the short
duration of HBOT, which was only 10 days compared to the
recommended one month or longer [35]. Additionally, it’s
important to note the differences between rats and humans. In
rat studies like Müller et al.’s [34], experimental conditions
are highly controlled, allowing for more precise treatment pro-
tocols. Rats have a simpler physiological makeup compared
to humans. Their metabolism and tissue repair mechanisms
might respond more uniformly to HBOT. In contrast, human
patients present greater complexity in their physiological and
pathological processes. The factors contributing to ED, such as
nerve paralysis, reduced oxygenation and changes in corporal
tissue structure, may interact more intricately, making it harder
to achieve consistent results with HBOT. This could partly
explain why the positive effects seen in rats don’t always
translate directly to humans.

3.5 HBOT can improve ED caused by adverse
emotions

The role of adverse emotions in the etiology and progression
of ED is significant, and HBOT has been demonstrated to
ameliorate these emotional states markedly [36]. The major-
ity of ED cases present a combination of physiological and
psychological factors. Pedraza et al. [37] have reported that
adverse emotional responses such as depression, stress and
anxiety are associated with the production of pro-inflammatory
cytokines, leading to poorer prognosis and increased inci-
dence of urinary incontinence and erectile dysfunction. There
is a positive correlation between the occurrence of ED and
psychological distress in Chinese male patients with type 2

diabetes; these patients often experience post-onset emotional
issues such as fear, anxiety, pessimism and depression. These
adverse emotions may generate inhibitory signals for erection
via the cerebral cortex and limbic system, thereby inducing
ED [38]. Furthermore, the severity of ED in type 2 diabetic
patients is closely linked to emotions such as depression and
anxiety [39], which may contribute to the development of ED.
Studies have shown that HBOT effectively alleviates de-

pressive symptoms, with therapeutic effects comparable to,
or slightly superior to, those of antidepressant medications
[40]. The combination of HBOTwith antidepressant treatment
such as fluoxetine produced a more pronounced improvement
[41]. This may be attributed to HBOT’s ability to reduce
inflammation in neural tissues and potentially inhibit serotonin
reuptake [40]. In animal experiments, HBOT is as effective
as fluoxetine in significantly improving depressive symptoms
in rats, including promoting appetite, alleviating anhedonia,
and enhancing exploratory and grooming behaviors, which
may be related to its inhibition of monoamine oxidase and
increase in norepinephrine concentrations in various brain re-
gions [42]. Additionally, in research on post-traumatic stress
disorder (PTSD), HBOT has been found to restore the extinc-
tion of fearful memories effectively and significantly reduce
conditional anxiety [43].
Adverse emotions are often associated with chronic pain.

Research by Lindsay G. Flegge et al. [44] has found that
sexual dysfunction is a common comorbidity in patients with
chronic musculoskeletal pain. HBOT is considered efficacious
in treating chronic neuropathic pain, including conditions such
as chronic headaches, fibromyalgia, complex regional pain
syndrome, radiculopathy, postherpetic neuralgia and trigem-
inal neuralgia [45, 46]. Jacob et al. [47] conducted a study on
patients with fibromyalgia. Participants who received HBOT
reported a significant reduction in pain intensity compared to
the control group, as measured by a standardized pain scale.
Another study by Shai Efrati et al. [48] focused on fibromyal-
gia syndrome patients, which validates that HBOT has been
shown to significantly alleviate symptoms of fibromyalgia,
leading to improvements in pain threshold, quality of life and
neurological function.

4. Possible mechanisms by which HBOT
improves ED

4.1 HBOT can improve ED by increasing the
concentration of NO
NO, a pivotal mediator within the penile vasculature and
sinusoidal spaces, is instrumental in the etiology of erections.
It exerts vasodilatory effects, stimulates angiogenesis
and shields endothelial cells from undergoing apoptosis [20].
However, pathological states, including diabetes, hypertension
and metabolic dysregulation, have been identified to diminish
NO levels [2]. Recent findings by Dragic et al. [20] indicate
that HBOT can markedly elevate NO concentrations. This
discovery posits HBOT as a potential therapeutic intervention
for ED, with the premise that it may ameliorate the condition
by increasing the availability of NO.
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4.2 HBOT can improve ED through the
Rho-ROCK system
The Rho-associated Kinase (Rho-ROCK) signaling pathway
plays a pivotal role in the pathogenesis of ED, with various
stimuli capable of activating this pathway [49]. Activation of
the Rho-ROCK system leads to smooth muscle contraction,
impaired endothelial cell function, hindrance to neoangiogene-
sis, reduction in NO levels, potentiation of endothelin-1 effects
and increased vascular sensitivity to calcium ions, all of which
contribute to the development of ED [49–51]. HBOT has
demonstrated the potential to treat ED by inhibiting this critical
pathway.
The RhoA/Rho kinase pathway enhances the sensitivity of

smooth muscles to calcium ions by increasing the phospho-
rylation of myosin light chains, thereby facilitating smooth
muscle contraction and implicating itself in the pathogenesis
of ED [52]. Moreover, RhoA influences the permeability of
endothelial cells and the process of angiogenesis [49]. The
RhoA/Rho kinase pathway, through its downstream kinases
ROCK1/2, negatively regulates endothelial nitric oxide syn-
thase (eNOS), reducing NO production and further promoting
ED, with ROCK1/2 being widely expressed in the smooth
muscle and endothelial cells of vertebrate blood vessels [53].
In severe ED patients, there is a particularly pronounced over-
expression of ROCK2 [2].
The RhoA/Rho kinase pathway also amplifies the vaso-

constrictive effects mediated by endothelin-1 by reducing and
blocking the activity of nitric oxide synthase (NOS) [54]. Stud-
ies have indicated that during diabetic conditions, the kinase
activity of the RhoA/Rho kinase pathway is elevated, leading
to the inhibition of eNOS and the subsequent development
of ED [53, 55]. Dysregulation of lipid metabolism, closely
associated with ED, may also upregulate the activity of Rho
kinase [49]. Increased expression of RhoA has been observed
in animal models with bilateral corporal nerve injury [2].
Furthermore, the calcium sensitivity pathway mediated by the
RhoA/Rho kinase pathway is implicated in age-induced ED.
Not only in the elderly population but also in young adults with
vascular issues, an increase in Rho/RhoA kinase activity has
been detected [49].
Recent research has shown that HBOT can suppress the

expression of RhoA, suggesting that it may also inhibit the
expression of RhoA/Rho kinase in the corporal smooth mus-
cle, thereby increasing penile blood flow and treating ED by
inhibiting this significant pathway [56].

4.3 HBOT can improve ED by reducing the
inflammatory response
ED is closely associated with the augmentation of inflamma-
tory responses, and HBOT has demonstrated the capacity to
mitigate these responses through various mechanisms, offering
a therapeutic approach to ED. A higher prevalence of ED is
observed in obese populations compared to those with normal
body weight, potentially due to the substantial expression of
inflammatorymediators by adipocytes, which can compromise
the integrity of the vascular bed [57]. The inflammatory
reaction triggered by cytokines also amplifies oxidative stress,
producing a plethora of oxidative metabolites. The exces-

sive accumulation of these metabolites results in endothelial
damage and dysfunction of the vasculature. Age-related mild
inflammation is also implicated in the pathogenesis of ED,with
the condition likely arising from the inflammatory damage
caused by the aging process [49].
Research has indicated that HBOT can enhance the function

of neutrophils [1], augment the activity of lymphocytes and
macrophages [19], modulate the activity of natural killer (NK)
cells, regulate leukocyte adhesion [20] and interfere with the
signaling pathways of nuclear factor kappa-B (NF-κB) and
its inhibitor IκBα (inhibitor of nuclear factor κB alpha) [58].
Moreover, the antibacterial effects of HBOT against anaero-
bic bacteria also contribute to the reduction of inflammatory
responses, which may be beneficial in the amelioration of ED
[1].

4.4 HBOT can improve ED by blocking
oxidative stress
ED is intimately associated with cellular damage caused by
oxidative stress [49]. HBOT mitigates the detrimental effects
of oxidative stress on erectile function by enhancing the body’s
tolerance to such stress [59]. The intake of uric acid and
alcohol can activate nicotinamide adenine dinucleotide phos-
phate (NADPH) oxidase, thereby promoting the generation of
reactive oxygen species (ROS), exacerbating oxidative stress
and leading to endothelial dysfunction [1, 59]. Hypercholes-
terolemia also fosters ROS and superoxide anions, intensifying
oxidative stress and causing damage to vascular endothelial
cells [60]. In a hyperglycemic state, the overproduction of
ROS can injure endothelial cells, induce thrombosis and cause
vasoconstriction, further contributing to the progression of ED
[61]. In diabetic patients with ED, the substantial generation
of ROS in the penile corpora cavernosa induces the uncou-
pling of eNOS, inhibits NO production, impairs the normal
function of vascular endothelium and ultimately results in ED
[62]. Moreover, the reaction between ROS and NO forms
peroxynitrites, which are closely related to vascular aging
[49]. HBOT, through repeated sessions, can stimulate the
body’s adaptive mechanisms to protect tissues and organs from
oxidative damage [63].

4.5 HBOT can improve ED by improving the
level of testosterones
Androgens play a crucial role in preventing apoptosis and fi-
brosis of penile tissue, sustaining vascular relaxation functions
and maintaining endothelial cell functionality [64]. Empirical
evidence has demonstrated that HBOT can enhance erectile
function by improving testosterone levels. Observations by
Hassanin et al. [2] have underscored the pivotal part that
androgens play in preserving normal erectile functions, encom-
passing the integrity of penile innervation, vascular endothe-
lium, vascular smooth muscle and tunica albuginea.
Subsequent studies have indicated that low androgen levels

are associated with heightened RhoA/Rho kinase signaling,
potentially leading to endothelial dysfunction. Furthermore,
testosterone facilitates the migration of vascular smooth mus-
cle cells via the NADPH oxidase pathway. A deficiency
in androgens may culminate in apoptosis and fibrosis of the
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corporal tissue, precipitating ED [49]. Post-prostatectomy
erectile function is largely contingent upon testosterone lev-
els, with substantial evidence highlighting the influence of
androgens on libido, nitric oxide synthase (NOS) production,
phosphodiesterase 5 (PDE5) regulation and corporal nerve
functionality [37]. In ovariectomized rat models, there is
a significant decrease in serum testosterone levels, corporal
smooth muscle content and eNOS activity [64]. Androgenic
deficiency may also elevate oxidative stress in penile tissue,
contributing to endothelial cell dysfunction and the subsequent
development of ED [65]. Research by Volkan Sen et al. [4] has
found that HBOT can ameliorate erectile function by elevating
testosterone levels in patients with decreased testosterone.

4.6 HBOT can improve ED by stimulating
angiogenesis
Many studies have demonstrated the capacity of HBOT to
promote angiogenesis and enhance perfusion, potentially elu-
cidating its therapeutic effects on ED. Rahmah et al. [66]
have posited that HBOT fosters neovascularization following
penile injury [66]. Sander et al. [31], utilizing a murine
ear wound model, discovered that HBOT accelerates epithe-
lialization and neovascularization at the site of injury. The
underlying mechanism is likely attributed to the role of oxy-
gen in augmenting cellular proliferation, bacterial defense and
facilitating the proliferation of endothelial cells, angiogenesis
and collagen synthesis, which are integral to the tissue repair
process [19, 66]. It has been documented that HBOT may
stimulate angiogenesis through the activation of growth factors
such as epidermal growth factor (EGF), keratinocyte growth
factor, placental growth factor (PGF) and vascular endothelial
growth factor (VEGF) [58]. Pedraza et al. [37] have suggested
that HBOT may induce stem cell differentiation, leading to
subsequent neovascularization. Nunes et al. [49] have iden-
tified a significant role for angiogenesis in improving erectile
function, even in the absence of tissue injury. In a controlled
study of non-surgical ED patients by Amir Hadanny et al. [7],
magnetic resonance imaging (MRI) measurements of blood
perfusion using the volume transfer constant (K-trans) value
confirmed that HBOT significantly promotes angiogenesis,
increases perfusion of the penile vascular bed, and markedly
enhances the International Index of Erectile Function (IIEF)
scores, addressing the fundamental vascular pathology of ED.
Mehmet Oguz Sahin et al. [1] have shown that in men around
58 years of age, HBOT improved erectile function, with IIEF
scores increasing from 16 to 20 units, even when ED was not
attributed to tissue injury. Similarly, studies and follow-ups
by Volkan Sen et al. [4] have indicated that in men around
59 years of age, the IIEF scores improved from 21 to 25 units
following HBOT. In these studies, the patients did not receive
other treatments specifically targeting erectile function, such as
phosphodiesterase type 5 inhibitors (PDE-5i) or intracavernous
injections.
Oral administration of phosphodiesterase-5 inhibitors (PDE-

5i) is recognized as the first-line treatment for ED. Recent com-
parative studies have been conducted to evaluate the efficacy of
PDE-5i in conjunction with HBOT. In a study led by Eker et al.
[67], HBOT was compared with PDE-5i (tadalafil), revealing

that both modalities offer similar therapeutic outcomes for
ED without significant statistical differences (p < 0.05). The
advantage of HBOT lies in its capacity to induce spontaneous
erections and accommodate unplanned sexual encounters, un-
like PDE-5i, which requires prior administration. Among
diabetic patients with ED, HBOT has demonstrated superior
efficacy to PDE-5i [7]. Furthermore, Hadanny et al. [7]
reported that in cases where PDE-5i therapy was ineffective,
HBOTwas still able to restore sexual function in some patients.

5. Limitations

This study has several limitations to be addressed when in-
terpreting the results. First, the sample size is small, which
may limit generalizability. Second, the study was carried
out in a controlled experimental setting and may differ based
on individual patient factors regarding the effect of hyper-
baric oxygen therapy (HBOT) on erectile dysfunction (ED) in
clinical practice. Since this study was only concerned with
particular mechanisms of HBOT, there was no emphasis on
longer-range efficacy or side effects. Additional research is
needed, which is larger in sample size, and longitudinal long-
term follow-up is required to support the findings and reveal
other possible benefits for HBOT in ED.

6. Conclusions

The present review delineates the potential mechanisms
through which hyperbaric oxygen therapy (HBOT) may
exert its therapeutic effects on erectile dysfunction (ED).
Evidence suggests that HBOT could ameliorate ED through
a multifaceted approach, including enhancement of vascular
function, facilitation of neural recovery, elevation of nitric
oxide (NO) levels, reduction of RhoA expression, mitigation
of inflammatory responses, maintenance of androgen levels
and alleviation of adverse emotional states.

AVAILABILITY OF DATA AND MATERIALS

Not applicable.

AUTHOR CONTRIBUTIONS

TFW—contributed significantly to this work by conducting a
comprehensive review of recent research advancements on hy-
perbaric oxygen therapy (HBOT) for the treatment of erectile
dysfunction (ED); analyzed HBOT’s therapeutic mechanisms,
including its impact on vascular function, nerve regeneration,
nitric oxide levels and more. This contribution provides valu-
able insights into HBOT’s potential as a therapeutic strategy
for ED.

ETHICS APPROVAL AND CONSENT TO
PARTICIPATE

Not applicable.



18

ACKNOWLEDGMENT

Not applicable.

FUNDING

This research received no external funding.

CONFLICT OF INTEREST

The author declares no conflict of interest.

REFERENCES
[1] Sahin MO, Sen V, Eser E, Koc E, Gumus U, Karakuzu C, et al. The effect

of hyperbaric oxygen therapy on erectile functions: a prospective clinical
study. Urologia Internationalis. 2018; 101: 206–211.

[2] Hassanin AM, Abdel-Hamid AZ. Cavernous smooth muscles: innovative
potential therapies are promising for an unrevealed clinical diagnosis.
International Urology and Nephrology. 2020; 52: 205–217.

[3] Ren Y, Yuan J, Xue Y, Zhang Y, Li S, Liu C, et al. Advanced hydrogels:
new expectation for the repair of organic erectile dysfunction. Materials
Today Bio. 2023; 19: 100588.

[4] Sen V, Sahin MO, Irer B, Koc E, Yildiz G. The impact of hyperbaric
oxygen therapy on erectile functions and serum testosterone levels in
patients with erectile dysfunction. The Aging Male. 2020; 23: 66–70.

[5] Saffati G, Naeem T, Guhan M, Abello A, Hinojosa-Gonzalez DE,
Kaaki B, et al. Hyperbaric oxygen therapy as a treatment for erectile
dysfunction: a meta-analysis. Sexual Medicine Reviews. 2023; 12: 94–
99.

[6] Batinac T, Batičić L, Kršek A, Knežević D, Marcucci E, Sotošek V, et al.
Endothelial dysfunction and cardiovascular disease: hyperbaric oxygen
therapy as an emerging therapeutic modality? Journal of Cardiovascular
Development and Disease. 2024; 11: 408.

[7] Hadanny A, Lang E, Copel L, Meir O, Bechor Y, Fishlev G, et al.
Hyperbaric oxygen can induce angiogenesis and recover erectile function.
International Journal of Impotence Research. 2018; 30: 292–299.

[8] Clyne AM. Endothelial response to glucose: dysfunction, metabolism,
and transport. Biochemical Society Transactions. 2021; 49: 313–325.

[9] Fiorello ML, Treweeke AT, Macfarlane DP, Megson IL. The impact of
glucose exposure on bioenergetics and function in a cultured endothelial
cell model and the implications for cardiovascular health in diabetes.
Scientific Reports. 2020; 10: 19547.

[10] Xue C, Chen K, Gao Z, Bao T, Dong L, Zhao L, et al. Common
mechanisms underlying diabetic vascular complications: focus on
the interaction of metabolic disorders, immuno-inflammation, and
endothelial dysfunction. Cell Communication and Signaling. 2023; 21:
298.

[11] Tao L, Yuan X. Efficacy and safety of hyperbaric oxygen therapy in
the management of diabetic foot ulcers: a systematic review and meta-
analysis. International Wound Journal. 2024; 21: e14507.

[12] Cruz-Villanueva SR, Ramirez-Nava JC, Moreno-Luna JA, Cárdenas-
Ureña KG, Espín-Iturbe LT, Sánchez Otero MG, et al. Effect of
hyperbaric oxygen therapy (HBOT) on Insulin resistance associated with
abdominal obesity in wistar rats with dietary sucrose-induced metabolic
syndrome. Journal of Nutritional Science and Vitaminology. 2021; 67:
292–300.

[13] Wilkinson D, Szekely S, Gue B, Tam CS, Chapman I, Heilbronn LK.
Assessment of insulin sensitivity during hyperbaric oxygen treatment.
Diving and Hyperbaric Medicine. 2020; 50: 238–243.

[14] Wilkinson DC, Chapman IM, Heilbronn LK. Hyperbaric oxygen but not
hyperbaric air increases insulin sensitivity in men with type 2 diabetes
mellitus. Diving and Hyperbaric Medicine. 2020; 50: 386–390.

[15] Intengan HD, Schiffrin EL. Vascular remodeling in hypertension: roles of
apoptosis, inflammation, and fibrosis. Hypertension. 2001; 38: 581–587.

[16] Ortega MA, Fraile-Martinez O, García-Montero C, Callejón-Peláez
E, Sáez MA, Álvarez-Mon MA, et al. A general overview on the

hyperbaric oxygen therapy: applications, mechanisms and translational
opportunities. Medicina. 2021; 57: 864.

[17] de Oliveira AA, Nunes KP. Hypertension and erectile dysfunction:
breaking down the challenges. American Journal of Hypertension. 2021;
34: 134–142.

[18] Sommer N, Dietrich A, Schermuly RT, Ghofrani HA, Gudermann T,
Schulz R, et al. Regulation of hypoxic pulmonary vasoconstriction: basic
mechanisms. European Respiratory Journal. 2008; 32: 1639–1651.

[19] Tanaka T, Minami A, Uchida J, Nakatani T. Potential of hyperbaric
oxygen in urological diseases. International Journal of Urology. 2019;
26: 860–867.

[20] Dragic S, Momcicevic D, Zlojutro B, Jandric M, Kovacevic T, Djajić
V, et al. Serum levels of nitric oxide and endothelin-1 in vasculopathy
managed with hyperbaric oxygen therapy. Clinical Hemorheology and
Microcirculation. 2020; 75: 233–241.

[21] Sureda A, Batle JM, Martorell M, Capó X, Tejada S, Tur JA, et al.
Antioxidant response of chronic wounds to hyperbaric oxygen therapy.
PLOS ONE. 2016; 11: 0163371.

[22] Cantone E, Massanova M, Crocetto F, Barone B, Esposito F, Arcaniolo
D, et al. The relationship between obstructive sleep apnoea and erectile
dysfunction: an underdiagnosed link? A prospective cross-sectional
study. Andrology. 2022; 54: e14504.

[23] Kovac JR, Labbate C, Ramasamy R, Tang D, Lipshultz LI. Effects of
cigarette smoking on erectile dysfunction. Andrology. 2015; 47: 1087–
1092.

[24] Li FD, Zhang B, Wang YM. Clinical treatment of erectile dysfunction
in type 2 diabeticpatients in the high-altitude area. National Journal of
Andrology. 2017; 23: 878–882.

[25] Dolphin AC. Voltage-gated calcium channels: their discovery, function
and importance as drug targets. Brain and Neuroscience Advances. 2018;
2: 2398212818794805.

[26] Del Popolo G, Cito G, Gemma L, Natali A. Neurogenic sexual
dysfunction treatment: a systematic review. European Urology Focus.
2020; 6: 868–876.

[27] Calabro RS, Polimeni G, Bramanti P. Recent advances in the treatment of
neurogenic erectile dysfunction. Recent Patents on CNS Drug Discovery.
2014; 9: 41–53.

[28] Arnett HA, Hellendall RP, Matsushima GK, Suzuki K, Laubach VE,
Sherman P, et al. The protective role of nitric oxide in a neurotoxicant-
induced demyelinating model. Journal of Immunology. 2002; 168: 427–
433.

[29] Tang Y,Wei K, Liu L, Ma J,Wu S, TangW. Activation of PPARγ protects
obese mice from acute lung injury by inhibiting endoplasmic reticulum
stress and promoting mitochondrial biogenesis. PPAR Research. 2022;
2022: 7888937.

[30] Zotova EG, Schaumburg HH, Raine CS, Cannella B, Tar M, Melman A,
et al. Effects of hyperglycemia on rat cavernous nerve axons: a functional
and ultrastructural study. Experimental Neurology. 2008; 213: 439–447.

[31] Sander AL, Henrich D, Muth CM, Marzi I, Barker JH, Frank JM. In vivo
effect of hyperbaric oxygen on wound angiogenesis and epithelialization.
Wound Repair and Regeneration. 2009; 17: 179–184.

[32] Mozdzanowski C, Perdrizet GA. Peripheral neuropathy may increase the
risk for asymptomatic otic barotrauma during hyperbaric oxygen therapy:
research report. Undersea and Hyperbaric Medicine. 2014; 41: 267–272.

[33] Nicolai M, Urkmez A, Sarikaya S, Fode M, Falcone M, Albersen M,
et al. Penile rehabilitation and treatment options for erectile dysfunction
following radical prostatectomy and radiotherapy: a systematic review.
Frontiers in Surgery. 2021; 8: 636974.

[34] Müller A, Tal R, Donohue JF, Akin-Olugbade Y, Kobylarz K, Paduch
D, et al. The effect of hyperbaric oxygen therapy on erectile function
recovery in a rat cavernous nerve injury model. The Journal of Sexual
Medicine. 2008; 5: 562–570.

[35] Chiles KA, Staff I, Johnson-Arbor K, Champagne A, McLaughlin T,
Graydon RJ. a double-blind, randomized trial on the efficacy and safety
of hyperbaric oxygenation therapy in the preservation of erectile function
after radical prostatectomy. Journal of Urology. 2018; 199: 805–811.

[36] Gottfried I, Schottlender N, AsheryN. Hyperbaric oxygen treatment-from
mechanisms to cognitive improvement. Biomolecules. 2021; 11: 1520.

[37] Pedraza AM, Pandav K, Menon M, Khera M, Wagaskar V, Dovey Z, et
al. Current strategies to improve erectile function in patients undergoing



19

radical prostatectomy-postoperative scenario. Urologic Oncology. 2022;
40: 87–94.

[38] Chen S, Peng D, Xu X, Gao J, Dai F, Zuo C, et al. Assessment of erectile
dysfunction and associated psychological distress in Chinese men with
type 2 diabetes mellitus. International Journal of Impotence Research.
2017; 29: 210–214.

[39] Naicker K, Øverland S, Johnson JA, Manuel D, Skogen JC, Sivertsen B,
et al. Symptoms of anxiety and depression in type 2 diabetes: associations
with clinical diabetes measures and self-management outcomes in the
Norwegian HUNT study. Psychoneuroendocrinology. 2017; 84: 116–
123.

[40] Krzystanek M, Romańczyk M, Surma S, Koźmin-Burzyńska A. Whole
body cryotherapy and hyperbaric oxygen treatment: new biological
treatment of depression? A systematic review. Pharmaceuticals. 2021;
14: 595.

[41] Liang XX, Hao YG, Duan XM, Han XL, Cai XX. Hyperbaric oxygen
therapy for post-stroke depression: a systematic review and meta-
analysis. Clinical Neurology and Neurosurgery. 2020; 195: 105910.

[42] Naoi M, Maruyama W, Shamoto-Nagai M. Type a monoamine oxidase
and serotonin are coordinately involved in depressive disorders: from
neurotransmitter imbalance to impaired neurogenesis. Journal of Neural
Transmission. 2018; 125: 53–66.

[43] Lin CC, Huang KL, Tung CS, Liu YP. Hyperbaric oxygen therapy
restored traumatic stress-induced dysregulation of fear memory and
related neurochemical abnormalities. Behavioural Brain Research. 2019;
359: 861–870.

[44] Flegge LG, Barr A, Craner JR. Sexual functioning among adults with
chronic pain: prevalence and association with pain-related outcomes.
Pain Medicine. 2023; 24: 197–206.

[45] Schiavo S, DeBacker J, Djaiani C, Bhatia A, EnglesakisM, Katznelson R.
Mechanistic rationale and clinical efficacy of hyperbaric oxygen therapy
in chronic neuropathic pain: an evidence-based narrative review. Pain
Research and Management. 2021; 2021: 8817504.

[46] Sutherland AM, Clarke HA, Katz J, Katznelson R. Hyperbaric oxygen
therapy: a new treatment for chronic pain? Pain Practice. 2016; 16: 620–
628.

[47] Ablin JN, Lang E, Catalogna M, Aloush V, Hadanny A, Doenyas-
Barak K, et al. Hyperbaric oxygen therapy compared to pharmacological
intervention in fibromyalgia patients following traumatic brain injury: a
randomized, controlled trial. PLOS ONE. 2023; 18: e0282406.

[48] Efrati S, Golan H, Bechor Y, Faran Y, Daphna-Tekoah S, Sekler G,
et al. Hyperbaric oxygen therapy can diminish fibromyalgia syndrome-
prospective clinical trial. PLOS ONE. 2015; 10: e0127012.

[49] Nunes KP, Webb RC. New insights into RhoA/Rho-kinase signaling: a
key regulator of vascular contraction. Small GTPases. 2021; 12: 458–
469.

[50] Palomo I, Wehinger S, Andrés V, García-García FJ, Fuentes E. RhoA/rho
kinase pathway activation in age-associated endothelial cell dysfunction
and thrombosis. Journal of Cellular and Molecular Medicine. 2024; 28:
e18153.

[51] Mori T, Hotta Y, Nakamura D, Yahagi R, Kataoka T, Kimura K.
Enhancement of the RhoA/Rho kinase pathway is associated with stress-
related erectile dysfunction in a restraint water immersion stress model.
Physiological Reports. 2021; 9: e15064.

[52] Jin L, Burnett Al. RhoA/Rho-kinase in erectile tissue: mechanisms of
disease and therapeutic insights. Clinical Science. 2006; 110: 153–165.

[53] Toque HA, Nunes KP, Yao L, Liao JK, Webb RC, Caldwell RB, et al.
Activated Rho kinase mediates diabetes-induced elevation of vascular

arginase activation and contributes to impaired corpora cavernosa
relaxation: possible involvement of p38 MAPK activation. The Journal
of Sexual Medicine. 2013; 10: 1502–1515.

[54] Yao L, Romero MJ, Toque HA, Yang G, Caldwell RB, Caldwell RW. The
role of RhoA/Rho kinase pathway in endothelial dysfunction. Journal of
cardiovascular Disease Researchs. 2010; 1: 165–170.

[55] Li WJ, Park K, Paick JS, Kim SW. Chronic treatment with an oral
rho-kinase inhibitor restores erectile function by suppressing corporal
apoptosis in diabetic rats. The Journal of Sexual Medicine. 2011; 8: 400–
410.

[56] Lindenmann J, Kamolz L, Graier W, Smolle J, Smolle-Juettner FM.
Hyperbaric oxygen therapy and tissue regeneration: a literature survey.
Biomedicines. 2022; 10: 3145.

[57] Moon KH, Park Sy, Kim YW. Obesity and erectile dysfunction: from
bench to clinical implication. World Journal of Men’s Health. 2019; 37:
138–147.

[58] De Wolde SD, Hulskes RH, Weenink RP, Hollmann MW, Van Hulst RA.
The effects of hyperbaric oxygenation on oxidative stress, inflammation
and angiogenesis. Biomolecules. 2021; 11: 1210.

[59] Schottlender N, Gottfried I, Ashery U. Hyperbaric oxygen treatment:
effects on mitochondrial function and oxidative stress. Biomolecules.
2021; 11: 1827.

[60] Duarte MM, Moresco RN, Duarte T, Santi A, Bagatini MD, Da Cruz
IB, et al. Oxidative stress in hypercholesterolemia and its association
with Ala16Val superoxide dismutase gene polymorphism. Clinical
Biochemistry. 2010; 43: 1118–1123.

[61] Popyhova EB, Stepanova TV, Lagutina DD, Kiriiazi TS, Ivanov AN. The
role of diabetes in the onset and development of endothelial dysfunction.
Problems of Endocrinology. 2020; 66: 47–55. (In Russian)

[62] El-Sakka AI. Reversion of penile fibrosis: crrent information and a new
horizon. Arab Journal of Urology. 2011; 9: 49–55.

[63] Simsek K, Ozler M, Yildirim AO, Sadir S, Demirbas S, Oztosun M, et
al. Evaluation of the oxidative effect of long-term repetitive hyperbaric
oxygen exposures on different brain regions of rats. The Scientific World
Journal. 2012; 2012: 849183.

[64] Mirone V, Imbimbo C, Fusco F, Verze P, Creta M, Tajana G. Androgens
and morphologic remodeling at penile and cardiovascular levels: a
common piece in complicated puzzles? European Urology. 2009; 56:
309–316.

[65] Pierre CJ, Azeez TA, Rossetti ML, Gordon BS, La Favor JD. Long-
term administration of resveratrol and MitoQ stimulates cavernosum
antioxidant gene expression in a mouse castration model of erectile
dysfunction. Life Sciences. 2022; 310: 121082.

[66] Nik Hisamuddin NAR, Wan Mohd Zahiruddin WN, Mohd Yazid B,
Rahmah S. Use of hyperbaric oxygen therapy (HBOT) in chronic diabetic
wound-a randomised trial. Medical Journal of Malaysia. 2019; 74: 418–
424.

[67] Eker A, Celik S, Ozer EE, Basmacı I, Sefik E, Bozkurt IH, et al.
Comparison of the effect of hyperbaric oxygen therapy and tadalafil
daily use on erectile function: a prospective, double controlled study.
International Urology and Nephrology. 2024; 56: 867–876.

How to cite this article: Tianfu Wu. Progress in the mechanism
of hyperbaric oxygen therapy for erectile dysfunction: a narrative
review. Revista Internacional de Andrología. 2025; 23(2): 12-19.
doi: 10.22514/j.androl.2025.015.


	Introduction
	Methods
	HBOT can improve ED caused by different etiology
	HBOT can improve ED caused by diabetes
	HBOT can improve ED caused by hypertension
	HBOT can improve ED caused by hypoxia
	HBOT can improve ED caused by nerve injury
	HBOT can improve ED caused by adverse emotions

	Possible mechanisms by which HBOT improves ED
	HBOT can improve ED by increasing the concentration of NO
	HBOT can improve ED through the Rho-ROCK system
	HBOT can improve ED by reducing the inflammatory response
	HBOT can improve ED by blocking oxidative stress
	HBOT can improve ED by improving the level of testosterones
	HBOT can improve ED by stimulating angiogenesis

	Limitations
	Conclusions

