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Abstract  

Diseases of the cardiovascular system (CVD) in terms of severity and prevalence occupy one of the 
leading places among pathologies. So in the ICD-10 (International Classification of Diseases), there is a 
large arsenal of diseases associated with dysfunction of the heart and blood vessels. A similar trend can 
be traced in ATC (anatomical and therapeutic classification of drugs), in which the arsenal of drugs for 
the treatment of CVD is constantly increasing. However, ATC lacks options for alternative therapeutic 
care for CVD diseases from the modern experience of carboxytherapy (CO2 treatment) and off-label 
therapy (usage of drugs outside the label). Over the past 20-30 years, these types of therapies have 
gained extensive global experience, including in cardiology and angiology . Thus, carboxytherapy and 
off-label therapy are alternative therapies in cardiology. With any variant of carboxytherapy 
application, the same self-regulation mechanisms are activated in different sequences and intensities, 
leading to the restoration of homeostasis: the function of external respiration improves, and the 
vascular tone is simultaneously regulated. Strengthening blood flow and normalizing the rheological 
properties of blood eliminates venous stasis, mobilizes anaerobic energy metabolism, and reduces 
oxygen consumption by the heart muscle. Therefore, as long as the physician is convinced that the 
drug will be safe and effective for the patient, he can prescribe this drug as an off-label therapy. 
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Diseases of the cardiovascular system (CVD) in 
terms of severity and prevalence occupy one of the 
leading places among pathologies [11, 22, 17, 26]. So 
in the ICD-10 (International Classification of 
Diseases), there is a large arsenal of diseases 
associated with dysfunction of the heart and blood 
vessels. A similar trend can be traced in ATC 
(anatomical and therapeutic classification of drugs), 
in which the arsenal of drugs for the treatment of 
CVD is constantly increasing. However, ATC lacks 
options for alternative therapeutic care for CVD 
diseases from the modern experience of 
carboxytherapy (CO2 treatment) and off-label 
therapy (usage of drugs outside the label). Over the 
past 20-30 years, these types of therapies have 
gained extensive global experience, including in 
cardiology and angiology [14, 21, 5, 6, 15, 10, 27, 20, 
9].  

Over the years, the vessels and the heart undergo 
age-related and pathological changes, because of 
this, they are not able to provide organs and 
peripheral tissues with the necessary amount of 
oxygen, due to which hypoxia and ischemia occur 
[25, 2]. To stop these processes, it is first of all 
necessary to provide cells with oxygen. Invasive and 
non-invasive carboxytherapy are aimed precisely at 
solving the problem of hypoxia [5, 27, 9]. In 
addition, the use of carboxytherapy for CVD helps to 
dilate small arteries, capillaries, improve blood 
circulation and oxygenation of organs, including the 
heart, and increase its resistance to physical stress 
[18].  

However, one of the main physiological effects of 
carbon dioxide is its stimulating action on the 
chemoreceptors of the respiratory and vasomotor 
centers of the medulla oblongata. Due to the main 
hemodynamic, tissue, and biochemical mechanisms 
of action, CO2 is one of the humoral factors that 
ensure a constant tone of the respiratory and 
vasomotor centers, as well as due to the interaction 
of its central and peripheral mechanisms, direct and 
reflex action. As a result, breathing deepens and 
quickens, tissue respiration increases, coronary 
dilatation occurs, stroke and cardiac outputs 
increase, myocardial and central nervous system 
ischemia decrease [24, 29, 12].  

Due to the direct and reflex action of CO2 on the 
vasomotor center of the medulla oblongata, blood 
is redistributed in the body, peripheral vessels 

dilate, and anaerobic energy metabolism is 
mobilized. As a result of these processes, the lumen 
of peripheral vessels is regulated, venous outflow 
and basal tone of arterioles are normalized, 
coronary dilatation, stroke, and cardiac outputs 
change, which increases blood flow and leads to 
redistribution of blood in the body and 
improvement of tissue oxygenation. As a result of 
these effects, myocardial hypoxia decreases, 
exercise tolerance increases, diastolic pressure, and 
heart rate decrease [27, 3]. 

The vasodilation effect is also associated with the 
direct action of CO2 on angioreceptors and with the 
release of vasoactive compounds: histamine, 
acetylcholine, serotonin, and kinins. This effect of 
CO2 on blood vessels leads to dilatation of coronary 
vessels, bradycardia and a decrease in blood 
pressure (BP), improvement of tissue tropism. CO2 
also stimulates neoangiogenesis and normalizes 
blood viscosity [1]. 

Oxygen starvation in tissues causes hypoxia, 
which is always accompanied by hypercapnia. To 
eliminate hypoxia, many European and American 
clinics use a method based on the homeopathic 
principle "from the opposite" - offering 
carboxytherapy as an alternative treatment: with 
the introduction of CO2 subcutaneously, 
intradermally, inhalation, or transdermally, the 
effects of oxygen starvation are eliminated by 
creating artificial hypercapnia in the tissues, which in 
its turn causes vasodilation with increased oxygen 
delivery to the body [4]. In this case, the mechanism 
of regulation of CO2 and O2 gas exchange in the 
body is provided by the synchronization of several 
processes: due to the implementation of humoral, 
biochemical, and tissue mechanisms of 
carboxytherapy [27]. 

The diffusion capacity of CO2 in the "alveoli - 
capillary" system is 25-30 times higher than that of 
O2 and does not stop in the alveoli even when 
external respiration stops. A similar process takes 
place in the organs of the cardiovascular system, 

where the gas exchange O2 ↔CO2 also takes place 
through continuous diffusion [4]. This mechanism of 
action of carboxytherapy is associated with an 
increase in tissue oxygenation and is due to the 
Verigo-Bohr effect: the influence of CO2 
concentration and pH on the process of binding and 
releasing O2 from hemoglobin. This process of CO2 
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and O2 gas exchange occurs both in the lungs and 
in other organs [3, 27]. Since carbon dioxide is the 
most important product of cellular respiration, 
many sensors in the body regulate the 
concentration of this gas. A shift in the level of CO2 
in any direction from physiological values triggers 
numerous adaptation reactions. 

The cells of the body (cardiomyocytes, neurons, 
hepatocytes, etc.), regardless of their functions, 
emit CO2 as the end product of biochemical 
reactions. The process of removing CO2 from the 
body through the lungs contributes to an increase in 
hemoglobin oxygenation: the removal of one part 
of CO2 increases the oxygen concentration in the 
tissues more than 3 times. These mechanisms of 
CO2 action are widely used in medicine for 
inflammatory and other diseases accompanied by 
hypoxia and edema [27]. Since CO2 is a powerful 
natural vasodilator (it lowers the basal tone of 
arterioles, which contributes to increased blood 
flow), the body interprets carboxytherapy as 
oxygen deficiency and reacts by increasing not only 
blood flow but also vascular endothelial growth 
factor, which stimulates neoangiogenesis, 
therefore, carboxytherapy also improves blood 
supply due to the appearance of new vessels of the 
brain and heart [7, 8]. 

The mechanism of action of CO2 with an external 
(transdermal) application (bath) has been studied 
sufficiently. Its effect on the body, including the 
joints, includes mechanical, thermal, and chemical 
factors, each of which has a specific effect due to 
the multifunctionality of CO2. The peculiarity of the 
mechanical action of such baths is the irritation of 
the skin receptors with CO2 bubbles, and the 
chemical irritation of the receptors, which 
contributes to the formation of active biological 
substances. It was found that during a CO2 bath 
lasting 10-15 minutes up to 20-25% of carbon dioxide 
penetrates through the skin [28]. The biochemical 
effect of carbon dioxide baths also lies in the fact 
that with an increased concentration of CO2 in the 
blood, a cascade of reactions is activated that 
improve oxygenation and energy supply to all 
tissues of the body.  

Afferent impulses from chemoreceptors of the 
skin also excite the centers of the medulla 
oblongata and cause pronounced visceral reactions: 
the parasympathetic effects of CO2 on the heart 

increase. This leads to increased coronary dilation 
and the development of coronary collaterals. At the 
same time, the consumption of O2 by the heart 
muscle decreases by 18-22%. As a result, myocardial 
ischemia decreases ˗ the main link in the 
pathogenesis of coronary heart disease, exercise 
tolerance increases, diastolic pressure, and heart 
rate decrease [23, 13]. 

Consequently, carbon dioxide baths affect, on the 
one hand, the autonomic regulation of the CVS 
organs (reduce sympathetic vasoconstrictor effects, 
slow down the rhythm of cardiac activity, and 
prolong myocardial diastole), on the other hand, 
they affect the capacitive parameters of the vessels 
due to the direct and reflex action of CO2 
(vasodilatation). These mechanisms contribute to a 
decrease in myocardial demand for O2 while 
increasing its delivery to organs (the Verigo-Bohr 
effect) and enhancing the processes of gas 
exchange and microcirculation [4, 29]. 

Along with solving local problems, CO2 has a 
systemic effect on the body: sympatholytic, muscle 
relaxant, analgesic, anti-inflammatory, antioxidant, 
rheological, and by increasing the level of tissue 
oxygenation, it improves tissue tropism and the 
protective properties of the body. The ability of 
carboxytherapy to affect an extensive pathological 
symptom complex can be explained by the 
participation of CO2 in many metabolic and reflex 
processes of systemic self-regulation since CO2 acts 
as a biochemical pacemaker that triggers cascades 
of mechanisms of all body systems (respiratory, 
cardiovascular, excretory, hematopoietic, immune, 
humoral, etc.) [5, 19, 27]. 

CO2 acts on the vascular tone sequentially, but in 
opposite directions: first, CO2, reflexively 
stimulating the vasomotor center through 
chemoreceptors, increases blood pressure; 
secondly, CO2 lowers blood pressure, exerting a 
direct vasodilator effect. As a result, there is a 
redistribution of blood in the body with the dilation 
of peripheral vessels (CO2 is a strong peripheral 
vasodilator), venous outflow normalizes, coronary 
vessels dilate, myocardial circulation improves, and 
the minute volume of blood increases. Due to the 
reflex multilateral impulse and resorptive action of 
CO2, the following occurs: a decrease in the tone of 
preterminal and terminal arterioles and capillaries; 
oxygenation, neocollagenogenesis, vascularization 
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are improved; blood viscosity decreases; blood 
and lymph circulation, filtration processes in the 
renal glomeruli increase, swellings decrease [30, 31].  

Thus, carboxytherapy, due to the 
polypathogenetic pharmacodynamics of CO2, is an 
effective and safe method of treating many CVD 
diseases. For more than 50 years, CO2 has been 
widely used in medicine for the treatment of CVD 
diseases, being a polietiologic and polypathogenetic 
option of off-label therapy, complementing the 
prevention and treatment of many diseases of the 
heart and blood vessels. 

Today carboxytherapy as an off-label method is 
an alternative in the complex treatment of diseases 
of the cardiovascular system without a wide 
preclinical study and its inclusion in the 
recommended drug formularies, treatment 
protocols, reference books, textbooks, thanks to its 
rich pharmacodynamics, harmlessness, and 50 years 
of effective experience of its off-label applications in 
wide medical practice. 

Off-label therapy is common in medical and 
pharmaceutical practice worldwide and is 
recognized when other treatments are ineffective 
or unavailable. Currently, many countries have 
legislation related to the off-label use of drugs: 
Germany, the United Kingdom, France, Japan, Italy, 
the Netherlands, New Zealand, India, Ireland. Off-
label use is a common clinical practice in China and 
the USA [6, 10, 15].  

Consequently, off-label therapy is part of clinical 
practice around the world and remains generally 
recognized in world health care and, in particular, in 
cardiology and angiology. 

An example of off-label therapy in cardiology is 
aspirin, which was used to reduce the risk of heart 
attack for several years before this efficacy was 
confirmed in clinical trials. For decades, doctors 
have prescribed aspirin off-label to reduce the risk 
of heart attacks (as a cardioprotective agent), but 
the FDA did not approve such use until 1998. There 
are reports of the effectiveness of the use of this 
drug off-label for the prevention of coronary heart 
disease in patients with diabetes mellitus. The 
"journey" of aspirin to its current position is long 
and still incomplete. In addition to its thrombolytic 
effect, its antitumor potential is still being studied, 
in particular in colon cancer [32, 33, 34]. 

The synthetic antioxidant N-acetylcysteine (NAC) 
belongs to mucolytic drugs for the treatment of 
acute and chronic diseases of the 
bronchopulmonary system. Today, the 
cardioprotective effect of this drug is being actively 
studied, in particular, in 2017, in a randomized, 
placebo-controlled, multicenter clinical study, it was 
revealed that intravenous injections of NAC (29 g), 
together with low-dose nitroglycerin (7.2 mg), 
contributed to a significant reduction in the zone of 
myocardial infarction. An analysis of clinical and 
experimental studies indicates that the use of NAC 
off-label is promising for the treatment of diabetic 
cardiomyopathy in patients with type 1 diabetes [35, 
36].  

Since Viagra, a blockbuster of erectile dysfunction 
treatment can dilate arteries enough to lower blood 
pressure, it is used off-label to treat pulmonary 
hypertension, heart failure, and diastolic 
dysfunction as well as Raynaud's disease. It is also 
known that this drug thins the blood in the vessels 
by increasing the level of the signaling substance 
nitric oxide [37].  

Pulmonary hypertension is a rare vascular disease 
in which the lungs cannot provide adequate oxygen 
to the body. Drug therapy for newborns with this 
disease is represented by a small number of 
registered drugs. Knowing that nitric oxide 
deficiency is one of the causes of pulmonary 
hypertension, doctors use inhalations of nitric oxide 
in this disease. However, nitric oxide is expensive, 
which is why pediatricians prescribe Viagra off-label 
in the hope that it can provide better and longer-
lasting results. 

It has long been known that antidepressants due 
to cardiotoxicity are contraindicated in patients with 
diseases of the circulatory system. An exception is 
the new serotonin reuptake inhibitors: they have 
been proven to have no cardiotoxic effect. 
However, little was known about the efficacy and 
safety of their use in patients with coronary artery 
disease. The results of Pfizer's "Sertraline 
Antidepressant Heart Attack Randomized Trial" 
have shown that patients who received sertraline 
off-label had a 20% reduction in cardiovascular 
complications [38].  

Since 1970, indomethacin has been used for 
therapy to close persistent, symptomatic patent 
ductus arteriosus in newborns. Therefore, it has 
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become the off-label drug of choice for many 
neonates to prevent surgery [39].  

After the approval of amiodarone, it was widely 
used off-label, mainly for the treatment of atrial 
fibrillation. The frequency of such off-label 
administration of amiodarone is about 80% (i.e., the 
proportion of its use on-label is only 20%), but it 
should only be used off-label for “life-threatening 
arrhythmias for which no other treatment has been 
effective" [40].  

The indication for losartan is the treatment of 
arterial hypertension, chronic heart failure (as part 
of combination therapy with diuretics and cardiac 
glycosides), especially in case of intolerance to ACE 
inhibitors. In addition to the antihypertensive effect, 
the cardioprotective effect of off-label losartan in 
myocardial fibrosis is being actively investigated 
[43]. 

Magnesium sulfate is used off-label for many 
indications: it lowers high blood pressure, has a 
prophylactic effect in thrombosis [41, 42]. 

Retrospective studies have proven the efficacy of 
off-label paracetamol (Panadol) to close the patent 
ductus arteriosus (Botalli). After the administration 
of the drug orally (at a dose of 15 mg/kg every 6 
hours), closure of the ductus arteriosus was 
achieved within 48 hours in all children to whom it 
was administered. At the same time, the toxicity of 
the drug was not observed [44, 45].  

Table 1 shows off-label drugs that are used for 
CVD diseases. 

Thus, carboxytherapy and off-label therapy are 
alternative therapies in cardiology. With any variant 
of carboxytherapy application, the same self-
regulation mechanisms are activated in different 
sequences and intensities, leading to the restoration 
of homeostasis: the function of external respiration 
improves, and the vascular tone is simultaneously 
regulated. Strengthening blood flow and 
normalizing the rheological properties of blood 
eliminates venous stasis, mobilizes anaerobic energy 
metabolism, and reduces oxygen consumption by 
the heart muscle. Therefore, as long as the physician 
is convinced that the drug will be safe and effective 
for the patient, he can prescribe this drug as an off-
label therapy. 

 

References 

1. Back MR, Caridi JG, Hawkins IF Jr, Seeger JM. 
Angiography with carbon dioxide (CO2). Surg Clin 
North Am. 1998 Aug;78(4):575-91. doi: 
10.1016/s0039-6109(05)70335-2. PMID: 9728202. 

2. Bădescu GM, Fîlfan M, Ciobanu O, Dumbravă DA, 
Popa-Wagner A. Age-related hypoxia in CNS 
pathology. Rom J Morphol Embryol. 2016; 57 (1): 
33-43. PMID: 27151686. 

3. Bisdas T, Koutsias S. Carbon Dioxide As a 
Standard of Care for Zero Contrast Interventions: 
When, Why and How? Curr Pharm Des. 
2019;25(44):4662-4666. doi: 
10.2174/1381612825666191129093823. PMID: 
31782359. 

4. Bunyatyan ND, Drogovoz SM, Shtroblya AL, 
Kononenko AV, Zelenkova H, Prokofyev AB, 
Sapovsky MM, Nikolaeva LL. Mekhanizm 
pul'moprotektornogo deĭstviia karboksiterapii 
[The mechanism of the pulmoprotective action 
of carboxytherapy]. Vopr Kurortol Fizioter Lech 
Fiz Kult. 2019; 96 (4): 58-62. Russian. doi: 10.17116 
/ kurort20199604158. PMID: 31513169. 

5. Carboxytherapy as an alternative off-label 
method for diabetes mellitus treatment: a review 
/ Drogovoz S. M., Kalko K. O., Hailat I. A., Ivantsyk 
L. B., Kireyev I. V. Pharmacologyonline. Vol. 3. 
2021. Р. 447-455. 
https://pharmacologyonline.silae.it/files/archives/
2021/vol1/PhOL_2021_1_A051_Drogovoz.pdf 

6. Causes and legal aspects of the off-label drugs 
emergence: literature review / Kalko K. O., 
Drogovoz S. M., Komarova A. P., Hailat I. A., 
Drogovoz K. V., Ivantsyk L. B. 
Pharmacologyonline. Vol. 3. 2021. Р. 179-186. 
https://pharmacologyonline.silae.it/files/archives/
2021/vol1/PhOL_2021_1_A024_Kalko.pdf 

7. Deng RM, Liu YC, Li JQ, Xu JG, Chen G. The role of 
carbon dioxide in acute brain injury. Med Gas 
Res. 2020 Apr-Jun; 10 (2): 81-84. doi: 10.4103 / 
2045-9912.285561. PMID: 32541133; PMCID: 
PMC7885708. 

8. Dubin A, Pozo MO, Hurtado J. Central venous 
minus arterial carbon dioxide pressure to arterial 
minus central venous oxygen content ratio as an 
indicator of tissue oxygenation: a narrative 
review. Rev Bras Ter Intensiva. 2020 Mar; 32 (1): 

http://pharmacologyonline.silae.it/


PhOL     Drogovoz, et al.    1489 (pag 1484-1492) 

 

 
http://pharmacologyonline.silae.it 

ISSN: 1827-8620 

115-122. doi: 10.5935 / 0103-507x.20200017. Epub 2020 
May 8. PMID: 32401981; PMCID: PMC7206946. 

9. Experience and prospects of carboxytherapy in 
diabetes mellitus / Drogovoz S. M., Belik G. V., 
Kalko К. О., Shevchenko S. I., Derymedvid L. V., 
Kireyev I. V., Shtroblya А. L. Problems of 
Endocrine Pathology, 78(4), 110-116. 
https://doi.org/10.21856/j-PEP.2021.4.15 

10. Frequency of off-label drug use in medicine / 
Drogovoz S. М., Shchokina K. G., Komarova А. P., 
Kalko K. O., Orlenko I. V., Belik G. V., Fesenko W. 
Yu. Pharmacologyonline. 2021. Vol. 2. P. 138-144. 
https://pharmacologyonline.silae.it/files/archives/
2021/vol2/PhOL_2021_2_A017_Drogovoz.pdf 

11. Ganatra S, Dani SS, Shah S, Asnani A, Neilan TG, 
Lenihan D, Ky B, Barac A, Hayek SS, Leja M, 
Herrmann J, Thavendiranathan P, Fradley M, 
Bang V, Shreyder K, Parikh R, Patel R, Singh A, 
Brar S, Guha A, Gupta D, Mascari P, Patten RD, 
Venesy DM, Nohria A, Resnic FS. Management of 
Cardiovascular Disease During Coronavirus 
Disease (COVID-19) Pandemic. Trends Cardiovasc 
Med. 2020 Aug; 30 (6): 315-325. doi: 
10.1016/j.tcm.2020.05.004. Epub 2020 May 28. 
PMID: 32474135; PMCID: PMC7255720. 

12. Gutt CN, Oniu T, Mehrabi A, Schemmer P, Kashfi 
A, Kraus T, Büchler MW. Circulatory and 
respiratory complications of carbon dioxide 
insufflation. Dig Surg. 2004; 21 (2): 95-105. doi: 
10.1159 / 000077038. Epub 2004 Feb 27. PMID: 
15010588. 

13. Hoiland RL, Tymko MM, Bain AR, Wildfong KW, 
Monteleone B, Ainslie PN. Carbon dioxide-
mediated vasomotion of extra-cranial cerebral 
arteries in humans: a role for prostaglandins? J. 
Physiol. 2016 Jun 15;594(12):3463-81. doi: 
10.1113/JP272012. Epub 2016 Apr 6. PMID: 
26880615; PMCID: PMC4908020. 

14. Kalko KO "Korvitin®" - new therapeutic 
opportunities. Pharmacologyonline. 2021. Vol. 2. 
P. 1310-1316. 
https://pharmacologyonline.silae.it/files/archives/
2021/vol2/PhOL_2021_2_A144_Kalko.pdf 

15. Modern medical and pharmaceutical problems of 
off-label drug use: literature review / Drogovoz S. 
M, Komarova A. P, Kalko K. O, Panfilova A. L., 

Orlenko I. V., Khalieieva O. L., Belik G. V. 
Pharmacologyonline. 2021. Vol. 2. P. 55-61. 
https://pharmacologyonline.silae.it/files/archives/
2021/vol2/PhOL_2021_2_A007_Drogovoz.pdf 

16. Nonaka K, Akiyama J, Tatsuta N, Une S, Ito K, 
Ogaya S, Kataoka M, Iwata A, Okuda K. Carbon 
Dioxide Water Bathing Enhances Myogenin but 
Not MyoD Protein Expression after Skeletal 
Muscle Injury. J Phys Ther Sci. 2013 Jun;25(6):709-
11. doi: 10.1589/jpts.25.709. Epub 2013 Jul 23. 
PMID: 24259835; PMCID: PMC3805014. 

17. Oliveros E, Patel H, Kyung S, Fugar S, Goldberg A, 
Madan N, Williams KA. Hypertension in older 
adults: Assessment, management, and 
challenges. Clin Cardiol. 2020 Feb;43(2):99-107. 
doi: 10.1002/clc.23303. Epub 2019 Dec 11. PMID: 
31825114; PMCID: PMC7021657. 

18. Pagourelias ED, Zorou PG, Tsaligopoulos M, 
Athyros VG, Karagiannis A, Efthimiadis GK. 
Carbon dioxide balneotherapy and 
cardiovascular disease. Int J Biometeorol. 2011 
Sep; 55 (5): 657-63. doi: 10.1007/s00484-010-0380-
7. Epub 2010 Oct 22. PMID: 20967468. 

19. Persiianova-Dubrova AL, L'vova NV, Badalov NG. 
[Carbon dioxide baths: state of the art]. Vopr 
Kurortol Fizioter Lech Fiz Kult. 2010 Jul-
Aug;(4):48-50. Russian. PMID: 21089208. 

20. Positive and negative aspects of the off-label 
drugs use / Drogovoz S., Kalko K., Tsyvunin V., 
Horoshko V., Levkov A., Verholias O., Zhurenko 
D. Pharmacologyonline. 2021. Vol. 2. P. 1179-1185. 
https://pharmacologyonline.silae.it/files/archives/
2021/vol2/PhOL_2021_2_A132_Drogovoz.pdf 

21. Range analysis, socio-economic accessibility and 
consumption of fibrates on the pharmaceutical 
market of Ukraine during 2017-2020 / Mishchenko 
O. Ya., Kalko K. O., Оstashko V. F., Borysiuk I. Yu., 
Rokun D.-M. В., Rushchenko O. O., Bezdetko N. 
V. Pharmacologyonline. 2021. Vol. 2. P. 650-656. 
https://pharmacologyonline.silae.it/files/archives/
2021/vol2/PhOL_2021_2_A074_Mishchenko.pdf 

22. Regitz-Zagrosek V, Kararigas G. Mechanistic 
Pathways of Sex Differences in Cardiovascular 
Disease. Physiol Rev. 2017 Jan; 97 (1): 1-37. doi: 
10.1152 / physrev.00021.2015. PMID: 27807199.

http://pharmacologyonline.silae.it/


PhOL     Drogovoz, et al.    1490 (pag 1484-1492) 

 

 
http://pharmacologyonline.silae.it 

ISSN: 1827-8620 

 

23. Seidel R, Moy R. Effect of Carbon Dioxide Facial 
Therapy on Skin Oxygenation. J Drugs Dermatol. 
2015 Sep;14(9):976-80. PMID: 26355616. 

24. Skrifvars MB, Olasveengen TM, Ristagno G. 
Oxygen and carbon dioxide targets during and 
after resuscitation of cardiac arrest patients. 
Intensive Care Med. 2019 Feb;45(2):284-286. doi: 
10.1007/s00134-018-5456-6. Epub 2018 Nov 12. 
PMID: 30421258. 

25. Snyder B, Simone SM, Giovannetti T, Floyd TF. 
Cerebral Hypoxia: Its Role in Age-Related Chronic 
and Acute Cognitive Dysfunction. Anesth Analg. 
2021 Jun 1; 132 (6): 1502-1513. doi: 10.1213 / 
ANE.0000000000005525. PMID: 33780389; 
PMCID: PMC8154662. 

26. Tadic M, Cuspidi C, Mancia G, Dell'Oro R, Grassi G. 
COVID-19, hypertension and cardiovascular 
diseases: Should we change the therapy? 
Pharmacol Res. 2020 Aug;158:104906. doi: 
10.1016/j.phrs.2020.104906. Epub 2020 May 13. 
PMID: 32461198; PMCID: PMC7217779. 

27. The antioxidant action of СО2 - one of the 
universal mechanisms of carboxytherapy / 
Drogovoz S. M., Kalko K. O., Ivantsyk L. B., 
Shtroblya А. L., Stoletov Yu. V., Drogovoz K. V., 
Ostasko V. F. Pharmacologyonline. 2021. Vol. 2. P. 
158-166. 
https://pharmacologyonline.silae.it/files/archives/
2021/vol2/PhOL_2021_2_A019_Drogovoz.pdf 

28. Verhagen AP, Bierma-Zeinstra SM, Boers M, 
Cardoso JR, Lambeck J, de Bie R, de Vet HC. 
Balneotherapy (or spa therapy) for rheumatoid 
arthritis. Cochrane Database Syst Rev. 2015 Apr 
11;2015(4): CD000518. doi: 
10.1002/14651858.CD000518.pub2. PMID: 
25862243; PMCID: PMC7045434. 

29. Wolla CD, Francis L. Possible Gas Pulmonary 
Embolus During Carbon Dioxide Angiography of 
the Lower Extremity. J Cardiothorac Vasc Anesth. 
2020 May;34(5):1393-1394. doi: 
10.1053/j.jvca.2019.10.028. Epub 2019 Oct 18. 
PMID: 31791853. 

30.Shaydakov ME, Sigmon DF, Blebea J. 
Thromboelastography. 2021 Apr 20. In: StatPearls 

[Internet]. Treasure Island (FL): StatPearls 
Publishing; 2021 Jan–. PMID: 30725746. 

31. Tasaki Y, Sueyoshi E, Takamatsu H, Matsushima 
Y, Miyamura S, Sakamoto I, Mochizuki Y, Uetani 
M. The outcomes of carbon dioxide digital 
subtraction angiography for percutaneous 
transluminal balloon angioplasty of access 
circuits and venous routes in hemodialysis 
patients. Medicine (Baltimore). 2020 Sep 
4;99(36):e21890. doi: 
10.1097/MD.0000000000021890. PMID: 
32899019; PMCID: PMC7478692. 

32. Grancher A, Michel P, Di Fiore F, Sefrioui D. 
Aspirine et cancer colorectal [Aspirin and 
colorectal cancer]. Bull Cancer. 2018 Feb; 105 (2): 
171-180. French. doi: 10.1016/j.bulcan.2017.09.013. 
Epub 2017 Nov 15. PMID: 29153543. 

33. Liao X, Lochhead P, Nishihara R, Morikawa T, 
Kuchiba A, Yamauchi M, Imamura Y, Qian ZR, 
Baba Y, Shima K, Sun R, Nosho K, Meyerhardt JA, 
Giovannucci E, Fuchs CS, Chan AT, Ogino S. 
Aspirin use, tumor PIK3CA mutation, and 
colorectal-cancer survival. N Engl J Med. 2012 Oct 
25;367(17):1596-606. doi: 
10.1056/NEJMoa1207756. PMID: 23094721; 
PMCID: PMC3532946. 

34. Rufner KL, Park MK, Tweed EM. Clinical inquiries. 
Is aspirin effective for the primary prevention of 
colon cancer? J Fam Pract. 2010 Jul; 59 (7): E410c-
d. PMID: 20625563. 

35. Alessandri N, Lanzi L, Garante CM, Tersigni F, 
Sergiacomi R, Petrassi M, Di Matteo A, Tufano F. 
Prevention of acute renal failure post-contrast 
imaging in cardiology: a randomized study. Eur 
Rev Med Pharmacol Sci. 2013 Feb;17 Suppl 1:13-21. 
PMID: 23436661. 

36.Sochman J. N-acetylcysteine in acute cardiology: 
10 years later: what do we know and what would 
we like to know?! J Am Coll Cardiol. 2002 May 1; 
39 (9): 1422-8. doi: 10.1016 / s0735-1097 (02) 
01797-7. PMID: 11985902. 

37. Gong B, Ma M, Xie W, Yang X, Huang Y, Sun T, 
Luo Y, Huang J. Direct comparison of tadalafil 
with sildenafil for the treatment of erectile 
dysfunction: a systematic review and meta-
analysis. Int Urol Nephrol. 2017 Oct;49(10):1731-

http://pharmacologyonline.silae.it/


PhOL     Drogovoz, et al.    1491 (pag 1484-1492) 

 

 
http://pharmacologyonline.silae.it 

ISSN: 1827-8620 

1740. doi: 10.1007/s11255-017-1644-5. Epub 2017 Jul 
24. PMID: 28741090; PMCID: PMC5603624. 

38.Vaclavik J, Krenkova A, Kocianova E, Vaclavik T, 
Kamasova M. Effect of sertraline in paroxysmal 
hypertension. Biomed Pap Med Fac Univ Palacky 
Olomouc Czech Repub. 2018 Jun;162(2):116-120. 
doi: 10.5507/bp.2017.039. Epub 2017 Oct 17. PMID: 
29042710. 

39.Rathi P, Messina C, Mintzer JP. Indomethacin 
dosing strategy and neonatal patent ductus 
arteriosus closure. J Neonatal Perinatal Med. 
2019; 12 (4): 411-417. doi: 10.3233 / NPM-180148. 
PMID: 31561393. 

40. Florek JB, Girzadas D. Amiodarone. 2021 Jul 
31. In: StatPearls [Internet]. Treasure Island (FL): 
StatPearls Publishing; 2021 Jan–. PMID: 
29489285. 

41. Scheans P. The role of magnesium sulfate in the 
prevention of cerebral palsy. Neonatal Netw. 
2012 Mar-Apr;31(2):121-4. doi: 10.1891/0730-
0832.31.2.121. PMID: 22397798. 

42. Hicks MA, Tyagi A. Magnesium Sulfate. 2021 May 
7. In: StatPearls [Internet]. Treasure Island (FL): 
StatPearls Publishing; 2021 Jan–. PMID: 32119440. 

43. Bartko PE, Dal-Bianco JP, Guerrero JL, Beaudoin 
J, Szymanski C, Kim DH, Seybolt MM, 
Handschumacher MD, Sullivan S, Garcia ML, Titus 
JS, Wylie-Sears J, Irvin WS, Messas E, Hagège AA, 
Carpentier A, Aikawa E, Bischoff J, Levine RA; 
Leducq Transatlantic Mitral Network. Effect of 
Losartan on Mitral Valve Changes After 
Myocardial Infarction. J Am Coll Cardiol. 2017 Sep 
5;70(10):1232-1244. doi: 10.1016/j.jacc.2017.07.734. 
PMID: 28859786; PMCID: PMC5679094. 

44. Ohlsson A, Shah PS. Paracetamol 
(acetaminophen) for patent ductus arteriosus in 
preterm or low birth weight infants. Cochrane 
Database Syst Rev. 2018 Apr 6;4(4): CD010061. 
doi: 10.1002/14651858.CD010061.pub3. Update in: 
Cochrane Database Syst Rev. 2020 Jan 27; 1: 
CD010061. PMID: 29624206; PMCID: 
PMC6494526. 

45.Conrad C, Newberry D. Understanding the 
Pathophysiology, Implications, and Treatment 
Options of Patent Ductus Arteriosus in the 
Neonatal Population. Adv Neonatal Care. 2019 
Jun;19(3):179-187. doi: 
10.1097/ANC.0000000000000590. PMID: 
30720481. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://pharmacologyonline.silae.it/


PhOL     Drogovoz, et al.    1492 (pag 1484-1492) 
 

 
http://pharmacologyonline.silae.it 

ISSN: 1827-8620 

Table 1. The off label use of drugs in cardiology and angiology 

Disease/symptom/syndrome Off-label drugs 

Anemia  Fentanyl (Actiq) 

Hypertension  
Acetylsalicylic acid, warfarin, 

dextromethorphan, olanzapine, retigabine, 
sildenafil, topiramate  

Atrial fibrillation Amiodarone  

Myocardial fibrosis Atenolol, losartan  

Cardioprotector, reduction of myocardial 
infarction area 

Acetylcysteine  

Thrombosis  Magnesium sulfate, metformin  

Vasculitis  Methotrexate, rituximab, tocilizumab  

Raynaud's disease  Prazosin, sildenafil  

Congestive heart failure, diastolic dysfunction Sildenafil  

Cardiovascular 

complications 

Sertraline (Zoloft) 
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