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Abstract Carbon dioxide (CO2) balneotherapy is a kind of
remedy with a wide spectrum of applications which have
been used since the Middle Ages. However, its potential
use as an adjuvant therapeutic option in patients with
cardiovascular disease is not yet fully clarified. We
performed a thorough review of MEDLINE Database,
EMBASE, ISI WEB of Knowledge, COCHRANE database
and sites funded by balneotherapy centers across Europe in
order to recognize relevant studies and aggregate evidence
supporting the use of CO2 baths in various cardiovascular
diseases. The three main effects of CO2 hydrotherapy
during whole body or partial immersion, including decline
in core temperature, an increase in cutaneous blood flow,
and an elevation of the score on thermal sensation, are
analyzed on a pathophysiology basis. Additionally, the
indications and contra-indications of the method are

presented in an evidence-based way, while the need for
new methodologically sufficient studies examining the use
of CO2 baths in other cardiovascular substrates is discussed.
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Introduction

Carbon dioxide (CO2), apart from being the final product of
metabolism in all eukaryotic cells and a basic ingredient of
photosynthesis, has been used as a kind of remedy with a
wide spectrum of applications. Already in the Middle Ages,
acidic water and gases bouncing from the ground were
recognized to have strong curative powers and to be effective
against ‘St. Anthony’s fire’ caused by ergot poisoning, often
occurring at that time (Hartmann et al. 2009). Across Europe,
carbonated springs have been used for balneotherapy of
patients with hypertension or peripheral occlusive disease,
while several other therapeutic options have been described
in the literature including the palliation of musculoskeletal
pain, therapeutic interventions and rehabilitation in rheumat-
ic diseases as well as additional cure in infectious dermato-
pathies. During 1834 and 1856, Piderit and Beneke were the
first to describe the major direct effects of CO2 balneother-
apy on immersed body parts including warmth sensation and
skin flushing (Schmidt 2009). Since then, a still growing
number of studies, most of them observational, have been
conducted in order to elucidate the possible therapeutic
effects of CO2 baths and their pathophysiologic substrate.
The aim of this review is to demonstrate the possible
pathophysiologic basis of the aforementioned technique in
the field of applied balneotherapy, and to aggregate evidence
from the conducted studies.
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Materials and methods

This review focuses on studies related to CO2 balneother-
apy and cardiovascular disease. All articles used were
retrieved using MEDLINE Database, EMBASE, ISI WEB
of Knowledge, COCHRANE database and sites supported
by balneotherapy centers across Europe. Keywords used
included the following terms: ‘carbon dioxide’, ‘balneo-
therapy’, ‘immersion’, ‘heart failure’, ‘baths’, and ‘inter-
mittent claudication’. References in the retrieved articles
were checked for other related articles. From the articles
that were finally retrieved, a great number were excluded.
First of all, we excluded articles written in languages other
than English, as we were not able to check the content of
these papers and analyze their methodology and results.
The same happened with articles having an English abstract
and non-English text for the same reasons. Additionally, we
did not include in our analysis papers that investigated the
possible effects–benefits of carbon dioxide balneotherapy
on organs or diseases not relevant to the cardiovascular
system (for example, rheumatoid arthritis, chronic neuro-
muscular pain, etc). However, we included articles referring
to the CO2 effect on the autonomous nervous system due to
its connection with heart and vessels. Articles not examin-
ing the effect of carbon dioxide balneotherapy or spa gas
therapy on cardiovascular disease but the therapeutic utility
of other carbon dioxide remedies (for example, of oral
administration of CO2-enriched water/carbonated water)
were also excluded. We have finally decided not to include
in our analysis studies published earlier than 1980 since
almost all of them were based on inadequate samples using
crude evaluation methods and experimental protocols, thus
providing a low level of evidence. These studies are only
mentioned for historical reasons in the results’ sections.

Definitions and formation of CO2 baths

A CO2 spring is a spring that issues forth naturally or has
been dug, and that contains as the minimum critical
concentration 1,000 mg/Kg of free CO2 (Schmidt 2009).
CO2 sources originate primarily from volcanoes; high
concentrations of CO2 in the form of gas (CO2 fumaroles)
or dissolved in water derive from volcanic eruptions on the
earth’s crust. Accordingly, the presence of natural CO2

springs is geologically limited to old volcanic zones
(Hartmann et al. 2009; Schmidt 2009). The CO2 dissolution
in water of these springs is primary physical, depending on
pressure, temperature and the presence or absence of
minerals (Schmidt 2009). At thermal CO2 spas, the water
temperature must exceed 20°C.

Apart from that, artificial CO2-enriched water has been
prepared by various methods, for example by dissolving

tablets containing sodium bicarbonate and succinic acid in
hot fresh water, or by bubbling CO2 gas into ordinary bath
water (Nishimura et al. 2002; Ito et al. 1989). Also, certain
devices for obtaining CO2-rich water with the necessary
concentration using a special membrane (a multi-layered
hollow-fiber composite) have been developed (Nishimura
et al. 2002; Ito et al. 1989).

The pathophysiologic basis of CO2 balneotherapy

Three main effects are observed during body immersion in
a CO2 bath: a decline in core temperature, an increase in
cutaneous blood flow, and an elevation of the thermal
sensation score (Nishimura et al. 2002).

It is well known that CO2 applied to the skin increases
cutaneous blood flow causing characteristic skin flushing
(Nishimura et al. 2002; Ito et al. 1989; Savin et al. 1995;
Schnizer et al. 1985). Body part immersion in CO2-enriched
water causes an elevation of subcutaneous CO2 tension
(PCO2), also leading to extracellular acidosis (Nishimura et
al. 2002; Ito et al. 1989). Subcutaneous CO2 tension
correlates with the CO2 concentration in the bath and is
influenced by the total surface of the body immersed, water
temperature, and the length and number of, and intervals
between, exposures (Hartmann et al. 2009). The threshold at
which effects appear is 400 mg/Kg, with the effects
increasing linearly up to 1,400 mg CO2 /Kg water, after
which they level off. In healthy individuals, the strength of
the effects reaches a plateau after 3 min. In patients with
arterial, venous or microvascular abnormalities, the time
required to reach a plateau increases (Hartmann et al. 2009).
The mean temperature at which the effect of the CO2 bath is
maximized (reported by the majority of the studies) ranges
between 30 and 35°C. The CO2 additionally taken into the
body from the spa bath is rapidly exhaled causing no
apparent change in blood concentration of CO2 even though
CO2 is absorbed into the body 100 times more powerfully
than water (Schmidt 2009).

The way that peripheral CO2 elevation and tissue
acidosis leads to elevated cutaneous blood flow, mainly
through dilation of precapillary arterioles, is not fully
defined. It has been demonstrated that an increase in tissue
oxygen brought about by the Bohr effect (rightward shift
in O2 dissociation curve) along with the vasodilatation
effect by CO2 due to the decrease in catecholamine plasma
levels could be responsible for peripheral vasodilatation
(Hartmann et al. 1997a, b). Peripheral vasodilatation could
also be the result of increased parasympathetic and
decreased sympathetic activity (Toriyama et al. 2002;
Sato et al. 2009). These actions could mainly be served
through the effect of peripheral acidosis on the function of
several calcium channels leading to an increase in the
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amount of calcium sequestered into the norepinephrine-
sensitive intracellular calcium store (Nishimura et al.
2002). Unfortunately, the underlying mechanism is far
more complicated since reflex changes in skin blood flow
are mediated by two branches of the sympathetic nervous
system (noradrenergic vasoconstrictor nerves and cholin-
ergic active vasodilator nerves, which are unique to
humans) (Kelogg 2006; Johnson and Proppe 1996; Savage
and Brengelmann 1996). Findings in the intact coronary
circulation (Gurevicious et al. 1995) and in isolated aortic
strips (Fukuda et al. 1990) have also suggested that
vasodilatation in response to CO2 may be mediated either
by nitric oxide (NO) or even by the activation of
potassium channels (Ishizaka and Kuo 1996). Regarding
the NO theory as the dominating one, it seems that CO2-
enriched water bathing apart from NO elevation also
causes the enhanced induction of local vascular endothe-
lial growth factor (VEGF) synthesis associated with
activation of the NO-cGMP pathway and mobilization of
endothelial progenitor cells, resulting in NO-dependent
neocapillary formation that leads to an increase in
collateral blood flow (Irie et al. 2005).

Additionally, CO2 bath immersion causes a moderate
decline in tympanic-core temperature, an effect largely
explained by the increased cutaneous blood flow facilitating
heat transfer from the body to the water (Nishimura et al.
2002; Sato et al. 2009). Although the core temperature is
lowered during CO2 balneotherapy, the subjects report a
‘slightly warm’ sensation during immersion. It is evident that
CO2 inhibits the activity of cold receptors of the skin
triggering warm-sensitive receptors, thus affecting the firing
rates of preoptic thermosensitive neurons (Nishimura et al.
2002; Sato et al. 2009). Preoptic thermosensitive neurons are
activated in response to peripheral or central temperature
stimuli. It seems, however, that thermal sensation in CO2

balneotherapy is caused predominantly by signals originating
from peripheral rather than central receptors. Whether the
increased blood flow, by elevating the temperature of the
subcutaneous tissue surrounding the thermoreceptors, con-
tributes to the elevation of thermal sensation during CO2

bathing is rather uncertain (Nishimura et al. 2002). The main
point in CO2 balneotherapy is a decrease of the ‘normother-
mic’ point leading subjects to feel a neutral sensation of at
least 2°C lower temperature than that of fresh water
(Nishimura et al. 2002; Kelogg 2006).

The relative hypothermia (core body temperature decrease
by 0.5–1.0°C) caused by CO2 baths is also accompanied by a
decrease in oxygen consumption, while clear decreases in
heart rate (bradycardia) and respiratory rate have also been
reported (Schmidt 2009). Water immersion, especially in
CO2 water, induces bradycardia in rats (Sato et al. 2009;
Hashimoto and Yamamoto 2004). This bradycardia was
inhibited by β1-adrenoreceptor blocker injection, showing

that CO2 absorbed through the skin surface could affect
cardiac sympathetic nerve activity (Sato et al. 2009;
Hashimoto and Yamamoto 2004). Sato et al. (2009)
demonstrated that heart rate was not significantly different
between immersions in CO2 water or fresh water in humans,
supporting the theory that CO2 water immersion activates
parasympathetic nerve activity in humans. The overall effect
of CO2 balneotherapy on the autonomous nervous system,
central and peripheral, needs further illumination, since the
complicated regulatory neural mechanisms have not been
entirely revealed. Until now, observational work has only
confirmed the major macroscopic effects of CO2 bath
immersion on the circulatory state, i.e. peripheral arterioles
dilation, decrease in capillary resistance, decrease in preload
and afterload, blood pressure decline, and potent bradycardia.

Studies addressing the effects of CO2 balneotherapy
and cardiovascular disease

Several studies have been conducted since the beginning of
the twentieth century addressing the possible effects of CO2

baths on the cardiovascular system (Diji 1959; Dorrance
and McClellan 1940; McClellan et al. 1944; Stein and
Weinstein 1942). Most of them were observational, using
crude evaluation methods for recording possible vascular or
other effects. Retrieval from databases identified 9 studies
performed on human subjects (Nishimura et al. 2002; Savin
et al. 1995; Schnizer et al. 1985; Hartmann et al. 1997a, b;
Toriyama et al. 2002; Sato et al. 2009; Akamine and
Taguchi 1998; Fabry et al. 2009) and 6 involving animals
(Ito et al. 1989; Irie et al. 2005; Hashimoto and Yamamoto
2004; Komoto et al. 1988; Yamamoto and Hashimoto
2007a, b).

Studies on human subjects involving healthy volunteers

Concerning studies on human subjects, 4 of them were
performed involving healthy volunteers. The latest one is
the observational study by Sato et al. (2009) involving 10
healthy men and describing the effect of CO2-enriched
water immersion on heart rate variability compared to
freshwater immersion. The authors used spectral analysis of
R-R electrocardiogram intervals to provide evidence,
supporting the theory that CO2 water immersion activates
parasymapathetic nerve activity.

In another study performed on 6 healthy males, the
effects of repeated artificial CO2 (1,000 ppm) bathing on
tympanic temperature, cutaneous blood flow, and thermal
sensation were examined. Each subject was immersed in
CO2-rich water at a temperature of 34°C up to the level of
the diaphragm for 20 min consecutively for 5 days, while,
as a control study, subjects bathed in fresh water at 34°C
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under the same conditions. The effects of the repeated CO2

bathing were not obvious for core temperature and
cutaneous blood flow, but the thermal sensation score
during immersion was reduced sequentially by repeated
CO2 bathing (p<0.05). The authors reported that thermal
effects of carbon dioxide balneotherapy could be ascribed
largely to the direct action of CO2 on vascular smooth
muscles and to the activity of thermoreceptors in the skin.

Akamine and Taguchi (1998) examined the effects of an
artificially carbonated bath (36°C, CO2 300 ppm, 20 min)
on the warm-up of swimmers compared with those of a
freshwater bath (36°C, 20 min). The authors observed that,
in the recovery period, the carbonated bath before swim-
ming resulted in significantly smaller changes in blood
lactic acid and heart rate than those of the freshwater bath
(p<0.05). Therefore, this study concluded that ,after a
carbonated bath, swimmers have a higher reserve left in the
cardiovascular system, resulting in better performance
during swimming and less accumulation of fatigue-related
metabolites after swimming.

In the last retrieved study involving healthy volunteers,
Schnizer et al. (1985) investigated the effects of an aqueous
solution of CO2 applied to a small skin site by means of a
laser Doppler flowmeter. An increased blood flow as
circulatory response to CO2 was described, reaching a
maximum level within approximately 2–3 min. In addition,
there was a marked stimulation of rhythmical vasomotion,
especially an increase in amplitudes. The effects, strongly
dependent on dose and temperature, ceased rapidly when
the CO2 sample was withdrawn.

Studies on patients

The majority of studies on human subjects investigating the
CO2 effect on peripheral vasculature, involved patients with
intermittent claudication. Unfortunately, no studies involving
heart failure patients were identified during our database
search.

Fabry et al. (2009) performed a randomized, double-
blind trial determining the short- and long-term clinical and
hemodynamic vasodilator effects induced by percutaneous
applications of natural CO2 gas in patients with moderate
Fontaine stage II. Sixty-two patients with intermittent
claudication (100–500 m) were randomized to 18 consec-
utive days of CO2 treatment or placebo (air). The gas fluids
were applied at a constant temperature of 30°C on pre-
humidified skin. The effects of the treatment were evaluated
by the total distance walked and by hemodynamic and
microcirculatory findings. The Strandness test showed a
significant increase in total distance walked (+131 m, 66%;
p=0.001) and pain-free distance (+81 m, 73%; p=0.02)
after 18 days of CO2 treatment. The improvement was
maintained 3 and 12 months later. The systolic pressure

index (Ankle Brachial Index: ABI) increased by 37% (p=
0.001) 1 min after treadmill walking, and ABI recovery
time decreased significantly by 38% (p=0.002). Microcir-
culatory findings showed an increase in systolic pressure of
the great toe (13%; p<0.0001), in baseline pO2 (20%; p=
0.01) and in vasomotion (78%; p=0.001) in the treatment
group. The improvement in total walking distance was
correlated with the increase in ABI and peripheral cutane-
ous oxygenation. No significant change was observed in the
placebo group.

In a similar way, Savin et al. (1995) using a randomized,
double-blind design, involved 10 patients with lower limb
arteriopathy (Fontaine stage II) who were investigated
before and after local exposure for 20 min to CO2-rich
spa gas or to water-vapor-saturated air at the same
temperature. Femoral blood flow, tibial pressure, and foot
transcutaneous oxygen tensions (tcPO2) were significantly
increased after exposure of the skin to CO2-rich spa gas.
This effect was not accompanied with systemic hemody-
namic modifications. Water-vapor-saturated air had no
effect.

Toriyama et al. (2002) examined the effect of CO2

bathing and the outcome of limb salvage in patients with
critical limb ischemia (CLI) with ulceration or gangrene
(Fontaine stage IV). This study consisted of 2 sub-studies.
In 18 healthy volunteers (Study I), the dorsal pedis
peripheral blood flow was measured by a laser Doppler
flow-meter during CO2 foot bathing (1,000 ppm, 37°C) for
10 min. A Holter electrocardiogram was also recorded in
the same period. Blood flow and cell volume significantly
increased during bathing. Eighty-three CLI limbs (Fontaine
IV) in 68 peripheral arterial disease patients (Study II) who
underwent artificial CO2 foot bathing (for 10 min twice
daily >2 months) were followed up to 6 months. In Study I,
analysis of heart rate variability showed that high frequency
amplitude (HFA) considerably increased and the ratio of
low frequency amplitude to HFA (LF/HF) noticeably
decreased during bathing. In Study II, 69 limbs (83.1%)
could be salvaged. Twenty-seven of 28 limbs (96.4%)
which had ulcer and gangrene in only one toe, 13/16 limbs
(81.2%) in multiple toes and 29/39 limbs (74.4%) in all toes
and/or heel, respectively, were saved. Even though there is
not a direct comparison with a control group with Fontaine
IV lesions who did not undergo carbon dioxide balneother-
apy, the authors report that peripheral vasodilation,
reflected by increased parasympathetic and decreased
sympathetic activity caused by artificial CO2 foot bathing,
is clinically effective on salvage of CLI (Fontaine stage IV)
limbs.

Finally, Hartmann et al. (1997a, b) performed two
observational studies examining the differences in various
parameters before and after application of carbon dioxide
balneotherapy in patients with intermittent claudication. In
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the first study, 18 patients with mild, bilateral, peripheral,
occlusive arterial disease (intermittent claudication, femoral
or iliac type) were randomly assigned to have their lower
extremities immersed in either fresh water or CO2-enriched
water under standardized conditions (temperature 34°C;
depth 35 cm; immersion time 20 min; 1,200 mg CO2/kg
water). On the second day, patients were switched to the
other bath type. The effects of immersion of the lower leg
and foot in fresh water and in CO2-enriched water on
cutaneous circulation, vasomotion and oxygen tension were
measured by laser Doppler flowmetry and transcutaneous
oximetry. For both sets of measurements, probes were
attached symmetrically to the dorsum of each foot. During
immersion in CO2-enriched water, the Doppler laser signal
and vasomotion amplitude rose by 300%, while PO2

increased by 10%. These increases were still apparent
during the latter part of the measurement period, following
withdrawal of the limbs from the bath, while patients were
seated and supine. During immersion in fresh water and
thereafter, the Doppler laser signal was unchanged and the
PO2 increase was considerably less marked.

In a second prospective controlled clinical trial, 24
patients with peripheral arterial occlusive disease (stable
claudication) were randomly allocated to serial application
of CO2-enriched water compared to fresh water. Lower
extremities were immersed in either fresh water or in CO2-
enriched water (1,000 mg CO2/kg water) under standard-
ized conditions (temperature 33°C; depth 40 cm; immersion
time 30 min; five times a week over 4 weeks). The serial
application of CO2-enriched water significantly increased
arterial peak flow (reactive hyperemia), transcutaneous
oxygen tension (basal value and half-recovery-time), and
pain-free walking distance. The serial fresh water applica-

tion did not change these values. The authors conclude that
serial CO2 application can be clinically effective in patients
with arterial obstructions in the lower extremities.

The methodological characteristics and conclusions of
studies examining the effect of CO2 balneotherapy on the
cardiovascular system of animals (basic research) are
briefly developed in Table 1. It should be stressed,
however, that the pathophysiologic pathways supposed in
animal studies during CO2 balneotherapy are not necessar-
ily applicable to human subjects. This is why the
thermoregulatory mechanism in humans, as well as the
constriction and dilation of peripheral vasculature under the
authoritarian effect of the autonomous neurohumoral
system, is still not fully clarified.

Indications and contra-indications of CO2

balneotherapy in cardiovascular disease

The improvement of cutaneous microcirculation caused
during CO2 bath body immersion supports its suitability as
‘adjuvant’ therapy in patients presenting peripheral arterial
occlusive disease (Fabry et al. 2009; Nishimura et al. 2002;
Savin et al. 1995; Schnizer et al. 1985; Hartmann et al.
1997a, b; Toriyama et al. 2002; Sato et al. 2009; Akamine
and Taguchi 1998; Ernst 1989). Most of the studies retrieved,
involved patients with intermittent claudication mostly
appearing with a Fontaine stage I and II. Data from the two
double-blind trials (Fabry et al. 2009; Savin et al. 1995) along
with observations from Hartmann et al. (1997a, b) show that
application of CO2 either as spa gas therapy or enriched
water immersion improves biochemical (peripheral tissue
oxygen tension) and clinical parameters (pain-free walking

Table 1 Studies contacted after 1980 addressing the effect of CO2 balneotherapy in animals

Authors Type of animal Main conclusions

Komoto et al. 1988 Rabbits Tissue gas analysis with medical mass spectrometry. Elevation of subcutaneous tissue PO2 was
followed by elevation of PCO2 in the subcutaneous tissue.

Ito et al. 1989 Rats (Sprague
Dawley) (hindpaw)

About a 100% increase of skin blood flow occurred in response to CO2 when the temperature
was at 23 or 34°C. CO2 exposure also produced about the same increase of the skin blood flow
in the acutely or chronically denervated paw as in the control.

Hashimoto and
Yamamoto 2004

Rats (Wistar) Heart rate of rats in CO2 water was significantly slower than in tap water at 35°C. Decreased HR
in CO2 water was inhibited by infusion of atenolol (β1 adrenoreceptor blocker). Bradycardia in
CO2 hot spring bathing is caused by inhibition of the cardiac sympathetic inervation.

Irie et al. 2005 C57BL/J mice
(ischemic limbs)

CO2 bathing of ischemic hindlimb causes the induction of local VEGF synthesis, resulting in an NO-
dependent neocapillary formation associated with mobilization of endothelial progenitor cells.

Yamamoto and
Hashimoto 2007b

Rats (Wistar) The HR reduction observed in sham transected control animals immersed in CO2 water
disappeared after subsequent spinal cord transection. The dominant afferent signal pathway to
the brain, which is involved in inducing the reduced HR during immersion in CO2 water, is
located in the neuronal route and not in the bloodstream.

Yamamoto and
Hashimoto 2007a

Rats (Wistar) The results indicated that the coexistence of CO2 and sodium ions in bathwater reduce blood
pressure fluctuations, and suggested that this combination effect of CO2 and salt contributes to
the sedative effect on human cardiovascular functions while bathing in CO2 hot springs.

Int J Biometeorol (2011) 55:657–663 661



distance) in intermittent claudication, with favorable changes
remaining even after limb withdrawal from the bath. All the
observed differences were statistically significant compared
to control groups. In patients with a more advanced stage of
peripheral vascular disease (Fontaine IV), a CO2 bath
seemed to have a beneficial effect on critical limb ischemia,
saving gangrenous toes from amputation (Toriyama et al.
2002), even though the results on critical limb ischemia
salvage are not directly compared to control groups with
similar lesions not undertaking CO2 baths.

Apart from macro-vascular abnormalities, CO2 balneo-
therapy may also be considered for microvascular diseases
including Raynaud’s phenomenon, systemic sclerosis and
even diabetic microvascular disorders (Hartmann et al.
2009; Werner et al. 1998). Concerning Raynaud’s phe-
nomenon, spas with CO2 water (CO2 concentration
1,200 mg/L) improved the clinical condition of most
patients participating in a small uncontrolled study,
increasing skin perfusion (assessed by laser Doppler
flowmetry), activating rhythmical vasomotion, and reduc-
ing the number and frequency of Raynaud’s attacks during
therapy (Werner et al. 1998). The indication, however, of
applying CO2 balneotherapy in such patients is still weak
since it is based on uncontrolled studies (Werner et al.
1998). It seems that, in contrast with other applied
therapies in the aforementioned entities, the CO2 bath
seems to have the advantage that observed vasodilatation
is limited to the areas of the application (Ito et al. 1989).
That means that local increase in blood flow occurs
without a drop in blood pressure and without a ‘stealing’
or a ‘borrowing–lending’ effect often induced by pharma-
cologic treatment (Hartmann et al. 1997a, b). Concerning
the application of CO2 baths for diabetics with peripheral
microvascular abnormalities, there are limited experts’
opinions, without any studies, so far, providing adequate
evidence (Hartmann et al. 2009; Schmidt 2009)

Inconsistency exists regarding CO2 bath application for
patients with heart failure and hypertension. Despite the
potential beneficial effects of CO2 spa immersion reported
in the pathophysiology section, there is not enough
evidence allowing the application of the method in
individuals presenting with heart disease. Therefore,
patients with heart failure due to any etiology, even
presenting with NYHA stage I, along with patients
suffering from recent (<6 months) myocardial infarction
or having ventricular outflow tract obstruction on grounds
of valve disease or cardiomyopathy, should rather be
discouraged from participating in such an activity. The
same piece of advice should be given to patients with
respiratory problems mainly due to potential hypercapnia
development during whole body immersion. Cerebrovascu-
lar disorders should also be listed in the contraindications
for CO2 baths until otherwise indicated.

In conclusion, intermittent claudication seems to benefit
from CO2 bath application. Patients suffering from heart
disease, respiratory disease and cerebrovascular disorders
should now await for more evidence before CO2 baths
prove to be both beneficial and safe for them.

Conclusions

Although CO2 baths have been used for over 100 years in
various diseases as the main or adjuvant therapeutic
options, clear evidence on when and how to use this type
of balneotherapy in cardiovascular disorders is still lacking.
Despite the great number of observational studies so far
conducted, the knowledge concerning the beneficial effects
of CO2 baths is dispersed, a condition attributed to the fact
that a great percentage of relevant studies (>75%) are
written in languages other than English (mostly Russian
and German), together with the methodological deficits (not
controlled, unblind studies) of the existing surveys. It is a
common thought that many more methodologically suffi-
cient studies, focusing on certain clinical endpoints and
comparing CO2 balneotherapy with established treatment
options, should be conducted. Then, a general consensus on
indications and optimal dosage of this type of balneother-
apy could be reached. Furthermore, optimal chemical
characteristics of natural springs and technical parameters
of artificial facilities should be discussed in order to
establish high standards for the applied method.

The present studies support CO2 balneotherapy suitabil-
ity for peripheral occlusive disease even though most of
them lack a randomized design and discuss more patho-
physiologic rather than clinical endpoints. On the other
hand, studies demonstrating potential effects of CO2 baths
on individuals with various types of heart disease are
missing. In this sense, it is of great importance to perform
research protocols in order to elucidate the potential clinical
benefit of the method for heart disease patients. Such type
of studies could easily prove the therapeutic value, if any,
of CO2 balneotharapy for various types of heart disease.
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