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Background: Hyperbaric oxygen (HBO) therapy is a treatment that
involves inhaling 100% pure oxygen in a hyperbaric chamber of more than
one absolute atmosphere. Currently, the use of HBO therapy is increasingly
widespread, not only for decompression sickness and diving problems but
also for clinical therapy, cosmetics, and geriatric care. The American Food
and Drug Administration (FDA) has also confirmed various clinical
functions, especially those related to metabolic syndromes such as diabetes
mellitus (DM) and diabetic foot ulcers (DFU). However, the use of HBO
therapy for kidney disease has not been fully studied yet. Purpose: This
article summarizes the scientific reasons to use this therapy as a
complementary for patients with chronic kidney disease due to metabolic
syndrome. Opinion: Several benefits of HBO have been reported. Reducing
oxidative stress, alleviating vascular dysfunction and amyloid burden,
treating ischemia and reperfusion injury, and increasing NO production. It
has also been suggested to be useful as a complementary therapy in type 2
DM (T2DM) suspected with chronic kidney disease (CKD) as HBO therapy
decreases proteinuria by 50%. Renal hypoxia is the underlying cause of
CKD progression and is associated with hypertension. In hypoxic
conditions, cells lack oxygen; thus, they carry out anaerobic metabolism or
fermentation known as the Warburg effect. HBO therapy can assist in
supplying oxygen more quickly at the cellular level (internal respiration) to
allow metabolism to re-process aerobically. Conclusion: HBO therapy
improves the patient's general condition in CKD cases with MetS, thereby
preventing kidney disease complications. The effectiveness of HBO therapy
for kidney disease still requires further research with more frequent and
longer treatment.
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Highlights

1. Hyperbaric oxygen therapy (HBOT) is one of the complementary treatments to increase oxygen
flow in the blood and has proved to be an effective treatment for some diseases.
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2. The usefulness, advantages, and disadvantages belong to this treatment for renal disease.

BACKGROUND

Kidney disease is a non-communicable disease with a high incidence rate and serious impact
on health, leading to mortality for its sufferers. Kidneys have an important role in the body's
metabolism and homeostatic stability. There are many risk factors for kidney disease, one of which is
metabolic syndrome. Metabolic syndrome (MetS) is a cluster or combination of various risk factors
related to cardiovascular disease (Zhang dan Lerman, 2017). The mortality rate for patients with chronic
kidney disease (CKD) who underwent hemodialysis ranged from 0.4 to 10.04 deaths per 100 people
every year (Ramesh et al., 2016). The main type of mortality is sudden cardiac death, while it is stated
13 deaths occur to per 100 people every year (Mayer et al., 2020).

Hyperbaric oxygen therapy (HBOT) is one of the oldest adjuvant treatments in medical management,
initiated by Dr. Henshaw in England in 1669. However, this therapy did not see significant progress.
Despite hundreds of years passing, HBOT has had its ups and downs in terms of support and scientific
evidence (Rosyanti et al., 2019). Along with the development of science and research, now HBOT can
be used for clinical therapy according to indications that have been approved by the Food and Drugs
Administration (FDA) and the Undersea and Hyperbaric Medical Society (UMHS) (Boykin dan Baylis,
2007; Food and Drug Administration, 2006; Rosyanti et al., 2019). However, the usefulness, effects,
and side effects of HBOT as an adjuvant treatment for kidney disease have never been investigated
before, especially in those with MetS.

OBJECTIVE

This paper was written to provide scientific evidence of usefulness, effects, and side effects of HBOT’s
as an adjuvant treatment for kidney disease with MetS since the role of HBOT for this disease has never
been investigated before.

METABOLIC SYNDROME AND KIDNEY DISEASE

Before discussing HBOT, it is imperative to understand MetS and kidney disease. There are several
definitions of metabolic syndrome. In this literature review, three definitions used were those from the
World Health Organization (WHO), NCEP ATP-III, and the International Diabetes Federation (IDF)
[7]. These three definitions can be seen in Table 1.

Table 1. Definition of metabolic syndrome (MetS) based on the WHO, NCEP, and IDF.

WHO (1999) NCEP ATP-I11 (2001) IDF (2005)

Required Insulin resistance (IR) Waist circumference > 94
cm for men or > 84 cm for
women

Number of abnormalities > 2 of: >3 of: > 2 of:

Obesity WHR > 0.9 in men, or > WC > 102 ¢cm in men or >

0.85 in women; BMI > 30 88 cm in women
kg/m?

Triglycerides > 150 mg/dL > 150 mg/dL > 150 mg/dL

HDL cholesterol < 40 mg/dL in men or <50 < 40 mg/dL in men or <50 < 40 mg/dL in men or < 50

mg/dl in women mg/dl in women mg/dl in women

Hypertension > 140/90 mmHg > 130/85 mmHg > 130/85 mmHg

Glucose > 110 mg/dL > 100 mg/dL

Microalbuminuria Albumin/creatinine ratio >

130 mg/g
Albumin excretion rate > 20
mcg/min

Adapted from: (Al-Hamad dan Raman, 2017).
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Many studies have found that MetS is associated with CKD, and each MetS component is associated
with CKD incidence and progression, meaning MetS and CKD share a complex relationship (Steward,
1959). MetS increases the risk of stage 111 CKD (estimated GFR <60 mL/min) by 1.55-fold (Thomas et
al., 2011). Other studies have found that MetS increases CKD incidence by 2.6-fold after 21 years,
which also relates to the number of MetS components (Zhang dan Lerman, 2017b). It has been stated
that the etiology of CKD is MetS as MetS’s muliple risk factors (insulin resistance, inflammation, lipid
metabolism alteration, and hypertension) lead to upregulation of the profibrotic factors (Xiao et al.,
2022). Moreover, all MetS components have been found to increase the reactive oxygen species (ROS)
in adipose tissue and endothelial cells, leading to oxidative stress. Oxidative stress is considered one of
the causes of diabetic endothelial-angiopathy dysfunction. Hyperglycemia conditions induce oxidative
stress via three pathways: the polyol pathway (Yuan et al., 2019), increased auto-oxidation (the Wolff
pathway) (Yuan et al., 2019), and through protein glycosylates (Laguardia et al., 2012; Stirban et al.,
2014).

In the vascular system, oxidative stress causes a decrease in nitric oxide (NO) production by endothelial
cells. Decreased NO production causes endothelial dysfunction, thereby affecting the endothelium’s
diameter by narrowing of blood vessels. This leads to hypertension, which will exacerbate endothelial
mechanical damage, causing endothelial inflammation to occur continuously (chronic inflammation)
and leading to endothelial injury. These conditions lead to the formation of atherosclerotic plaques and
interfere with the work of the cardiovascular system (Medina-Leyte et al., 2021; Pober et al., 2009). In
an addition, the kidneys have an important role in controlling blood pressure, which is also known as
the renin-angiotensin aldosterone system (RAAS). The RAAS involves not only the kidneys but also
the lungs, systemic vasculature, adrenal cortex, and brain. When the kidneys and/or their glomerular
capillary endothelial are injured, there will be atherosclerotic plaque to band the injured area. This
plagque can prevent the blood from flowing easily and cause the cardiovascular system to overwork.
This overworked cardiovascular system is recorded as hypertension. Increased glomerular capillary
pressure for a long time will cause glomerulosclerosis. Glomerulosclerosis stimulates hypoxia and CKD
(Statistician dan Applications, 2022).

The human body has two kidneys which are located on the right and left. The kidneys are
macroscopically pea-shaped and have only about 7-12 cm long and 1.5-2.5 cm thick. Normal kidneys
weigh around 120-170 grams (Kidney Research UK, 2010). Kidneys are vital organs that play an
important role in maintaining homeostasis (environmental stability in the body), filtering (filtration),
and removing waste products from the blood into urine (excretion). In addition to regulatory and
excretory functions, the kidneys also secrete renin. Renin has an important role in regulating blood
pressure, plays a role in forming vitamin D, regulates calcium, and contributes to erythropoietin
synthesis to stimulate red blood cell production (Bajaj et al., 2018).

HYPERBARIC OXYGEN (HBO) THERAPY

HBOT is a therapy that provides oxygen at a concentration of up to 100% and a pressure of more than
one atmosphere absolute (ATA). It is carried out in a high-pressure air chamber. This therapy can be
used as the main form of therapy or as complementary therapy (Kirby et al., 2019; Rosyanti et al., 2019;
Sen dan Sen, 2021). HBOT allows the patients to inhale 100% pure oxygen in a high-pressure closed
chamber (Boykin dan Baylis, 2007).

HBOT was originated by Dr. Henshaw of England who built a hyperbaric chamber in 1662 to treat
several types of ailments. Then, in 1921, Dr. J. Cunningham began to advance the basic theory of using
hyperbaric oxygen to treat hypoxic states. However, his efforts failed because he did not have strong
scientific evidence. In the 1930s, studies on the use of hyperbaric oxygen began to be carried out in a
more focused and in-depth manner. Following that, around the 1950s, Dr. Borrema succeeded in
presenting the results of his research on the use of hyperbaric oxygen. His research showed that
hyperbaric oxygen dissolved physically in blood fluids, meaning it could give life to a state without
hemoglobin, which is called life without blood. The results of his research on gas gangrene treatment
with hyperbaric oxygen made him known as the father of HBOT. Since then, HBOT has developed
rapidly and continues to be developed to this day (Ustad et al., 2012).

The working principle of HBOT utilizes the four laws of diving physics, namely (1) Boyle's law which
states the greater the pressure, the smaller and denser the air volume; (2) Dalton's law which theorizes
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if the pressure increases, the partial pressure also increases; (3) Henry's law which asserts the higher the
partial pressure, the easier it is for the gas to dissolve in the liquid; and (4) Charles' law which concludes
at constant pressure, if the volume of gas increases, the temperature will also increase (Mohamed et al.,
2018).

The HBOT’s mechanism includes several actions, namely (1) reducing gas bubbles’ volume and
accelerating its resolution; (2) ischemic and hypoxic areas receiving maximum O2 (hyperoxia); (3)
increasing the formation of new capillaries (angiogenesis/neovascularization); (4) suppressing the
growth of germs (antimicrobial); (5) increasing the formation of fibroblasts; (6) increasing leukocyte
phagocytosis; and (7) improving fitness, beauty, and geriatric purposes (Mohamed et al., 2018). As a
clinical therapy, HBOT also has appropriate doses that are adjusted to the indications, contraindications,
and patient needs. The therapeutic dose of HBOT is generally given at 2.4 ATA with 100% pure oxygen,
according to the dive chart guidelines. Especially in Indonesia, the Kindwall table composed by Prof.
Guritno is used (Rosyanti et al., 2019).

THE ROLE OF HYPERBARIC OXYGEN THERAPY (HBOT) ON KIDNEY FUNCTION

Several benefits of HBOT that have been reported include reducing oxidative stress in diabetic patients
[24], alleviating vascular dysfunction and amyloid burden [25], treating ischemia and reperfusion injury
[26], and increasing NO production for wound healing [6]. It has also been suggested as an adjuvant
therapy for type 2 diabetes mellitus (T2DM) as HBOT decreases proteinuria by 50% [27]. A preliminary
study conducted in diabetic kidney disease (DKD) hypothesized that HBOT would work as an adjuvant
as it alleviates the microvascular endothelial cells due to the reduction in renal injury’s biomarkers,
oxidant stress, and mitochondrial dysfunction [28]. An animal model study also supported this
hypothesis that HBOT is able to reduce TNFa, pentraxin-3, malondialdehyde, total oxidant status, and
oxidative stress index levels. However, it causes an increase in total antioxidant capacity values [29].

The rational reason why HBOT is beneficial to kidney function is increased oxygen plasma diffusion.
Under normal air pressure conditions, about 97% of oxygen binds to hemoglobin, and about 3%
dissolves in blood plasma. Whereas, in hyperbaric conditions, oxygen dissolved in blood plasma can
increase many times with the amount of hyperbaric pressure applied. Oxygen dissolved in plasma can
pass through various atherosclerosis blockage, allowing ischemic conditions to be resolved (Rosyanti
et al., 2019). Renal hypoxia is the underlying cause of CK progression and is associated with
hypertension (Bel et al., 2017). In hypoxic conditions, cells that lack oxygen will carry out anaerobic
metabolism or fermentation. In anaerobic metabolism, very little ATP is produced, and every glucose
molecule only produces two ATP. This means that if the renal tissue is hypoxic for a long time, there
will be mitochondrial damage, an energy crisis, and cell death. This physiological condition is known
as the Warburg effect (Heiden et al., 2009). HBOT can assist in supplying oxygen more quickly at the
cellular level (internal respiration) to allow metabolism to re-process aerobically. Every glucose
molecule is processed aerobically to produce 38 ATP (Choudhury, 2018).

A study on CKD patients who underwent HBOT found that there was a reduction in their sympathetic
nerve activity (SNA) and lowered blood pressure (BP) (Kara et al., n.d.). A further study stated that the
increment of blood pressure during HBOT was dose-dependent. Hemodynamic features such as SVR,
heart rate, and cardiac output (CO) also increased (Bel et al., 2017). However, the underlying
mechanism of this effect is still unknown. It has been suggested that oxygen corrects the hypoxic
condition by increasing oxygen delivery and tension and attenuates effects mediated by hypoxia-
inducible factors (HIF). Other effects include reducing ROS production, increasing vasoconstriction
and angiogenesis, and reducing proinflammation responses (Choudhury, 2018).

Oxygen also plays an important role in wound healing by upregulating collagen synthesis and
maturation. Collagen serves as the basic matrix of proliferation. Lack of oxygen will interfere with
collagen synthesis (Sen, 2009). In addition, HBOT also stimulates angiogenesis by increasing various
growth factor components, especially the vascular endothelial growth factor (VEGF) (Sen, 2009).
HBOT has been proven to be able to maintain mitochondrial integrity, which is important in the
production process of energy for the body’s activities, including recovery. Moreover, with repetitive
HBOT, there will be an adaptation against stimulus that will diminish the inflammatory responses, thus
accelerating the damaged tissue’s recovery.

Limitations
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Due to a lack of evidence in the cellular stage, the role of HBO therapy could only be explained
hypothetically. In Indonesia, this therapy could be useful as an adjuvant for MetS and renal diseases
although this needs to be proved by a clinical study.

CONCLUSION

HBO therapy improves the patient's general condition in CKD with MetS, thereby preventing kidney
disease complications. The effectiveness of HBOT in treating kidney disease still requires further
research with more frequent and longer treatment.
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