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Abstract
Intravascular laser irradiation of blood (ILIB) was developed to treat cardiovascular diseases due to its rheological effects. 
In its original form, ILIB was applied by an intravenous optical fiber, restricting its application. However, this technique 
was modified to non-invasive irradiation through the radial artery, now called vascular photobiomodulation (VPBM). Many 
studies have used both, ILIB and VPBM, to treat lung diseases. It is well established that lung diseases affect more than 
300 million people worldwide with high morbidity and mortality rates. In this short critical review, we discuss the potential 
benefits of photobiomodulation to treat lung diseases using these two approaches. The search was performed in the elec-
tronic database of MEDLINE (Medical Literature Analysis and Retrieval System Online) via PubMed. The data search 
was carried out from 1991 to 2017. We selected a total of 10 clinical studies using either ILIB or VPBM, in addition to 2 
experimental studies in animals. The respiratory diseases treated in these studies included bronchitis, asthma, pneumonia, and 
tuberculosis. The results showed overall beneficial effects on lung diseases, characterized by a reduction in the inflammatory 
cascade and antioxidant effects, improvement of hemodynamic parameters, the efficiency of gas exchange, and reduction of 
hospitalization periods. In conclusion, all studies showed promising effects of ILIB in both animal and human studies. The 
studies did not discuss any disadvantages or contraindications. However, further studies are needed in order to understand 
the dosimetry, and the literature is lacking in randomized, controlled clinical trials. Thus, this review highlights the need for 
additional studies using this approach.
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Introduction

Photobiomodulation (PBM) has been used in experimental and 
clinical studies as a therapy to promote healing and to reduce 
or prevent danage for over 40 years [1, 2]. This therapy can 
normalize biological functions either by stimulation of desir-
able processes or inhibition of damaging processes [3]. PBM 

can be applied by directly irradiating the target organ, as well 
as irradiating the vascular system, either transdermally or intra-
vascularly [4]. Thus, it has become clear that PBM, depending 
on its application, can induce both local and systemic effects.

In its original form, when PBM was applied inside the 
blood vessels, it was called ILIB, an acronym for intravascu-
lar laser irradiation of the blood. This therapy was developed 
by Russian scientists in the 1970s to treat cardiovascular 
diseases due to the rheological effects of laser irradiation [5].

This technique was performed by introducing an intra-
venous catheter, usually in the radial artery, coupled to an 
optical fiber that irradiated the blood with a He–Ne laser, 
at a wavelength of 632 nm (red) [6]. However, the ILIB 
method was limited because it is an invasive therapy thus 
restricting its widespread application. Afterwards, ILIB was 
modified to become a non-invasive and relatively simple 
method involving transcutaneous irradiation of the radial 
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artery. With this new approach, the term ILIB was changed 
as it is no longer an invasive technique, now called Vascular 
photobiomodulation (VPBM) [7]. Interestingly, studies have 
shown that transcutaneous irradiation of the radial artery 
with low-intensity He–Ne laser at 632 nm (red) produced 
similar effects to the original technique, by administering 
light through the skin into the blood vessels.

Both, ILIB as well as VPBM can modulate redox sign-
aling in the mitochondria through the stimulation of com-
ponents of the respiratory chain. This signaling cascade 
triggers beneficial effects on immunoglobulins, interferons, 
and interleukins [8]. Studies have shown that ILIB can have 
analgesic, spasmolytic, and sedative effects [9]. Besides that, 
it improves blood circulation, stimulates cellular metabolism 
in the tissue, and increases ATP synthesis [10].

Clinical and experimental studies have evaluated the thera-
peutic effects of light delivered by the traditional intravascu-
lar method or by the modified VPBM method to treat several 
diseases, including pulmonary, cardiovascular, infectious, 
autoimmune, connective tissue diseases, among others [11, 
12]. Although the biological effects of these approaches have 
been established, there is still no consensus in the literature on 
the parameters to be used, and their effectiveness for different 
conditions.

Lung diseases affect more than 300 million people worldwide 
with high rates of morbidity and mortality. In the last 2 years due 
to COVID-19, there has been an increase in the number of stud-
ies investigating various therapies to treat lung infctions. Respir-
atory tract infections affect lung function, including impairment 
in gas exchange and an inability to remove foreign substances 
from the airways. Conventional therapies usually show some 
side effects, and sometimes, they only have a palliative effect. 
In this context, ILIB has been used as adjuvant therapy to treat 
lung diseases, but the studies are still at an early stage and its 
effectiveness is still controversial.

Here, we have undertaken a literature review on the effects of 
ILIB on lung diseases. It was not possible to carry out a system-
atic review according to PRISMA guidelines because there were 
not enough randomized controlled trials on this topic. Thus, this 
short critical review summarized the human and animal studies 
using either ILIB or VPBM as an adjuvant therapy to treat lung 
diseases. Our objective was to evaluate the effectiveness of this 
treatment, in order to not only show the safety of this technology, 
but also to highlight the lack of randomized, controlled trials. 
Therefore, this review emphasizes the necessity for additional 
studies on this topic.

Methods

In this short critical review, we surveyed the effectiveness 
of PBM using both invasive and non-invasive approaches 
to treat lung diseases. This review included human clinical 

and experimental animal studies that evaluated the thera-
peutic effect of ILIB or VPBM in lung disease, without 
language restriction. Exclusion criteria were studies not 
related to the subject, review articles, case reports, book 
chapters, and congress abstracts.

The search was performed in the electronic database 
of MEDLINE (Medical Literature Analysis and Retrieval 
System Online) via PubMed. The data search was per-
formed from 1991 to 2017. The respiratory diseases 
treated in these studies were bronchitis, asthma, pneu-
monia, and tuberculosis. Medical Subject Headings were 
used to select search keywords selecting Boolean opera-
tors “AND”/ “OR.” The keywords included in the search 
were “ILIB,” “Intravascular laser irradiation of blood,” 
“Photobiomodulation,” “Systemic photobiomodulation,” 
“Transcutaneous system photobiomodulation,” “Intravas-
cular photobiomodulation lung disease.”

In this review, we used the term VPBM (vascular pho-
tobiomodulation) for the non-invasive technique since dif-
ferent anatomical sites can be irradiated, but all the sites 
involve vascular irradiation, whether through the radial or 
sublingual artery, or other blood vessels.

The search was carried out in November 2021. After 
an initial search, 263 articles were initially identified, but 
considering the inclusion and exclusion criteria, 12 arti-
cles were finally selected for discussion. Of these 12, two 
reported animal studies while ten described human stud-
ies (Tables 1 and 2 respectively). Also, it is important to 
mention that 7 out of the 10 human studies were published 
in the Russian language, and data from these studies were 
extracted only from their abstracts. Furthermore, unfortu-
nately the dosimetry parameters were not mentioed in the 
abstract summary. However, given the important contribu-
tion of Russian scientists to this topic, we propose that it 
is reasonable and important to include such studies in the 
article despite not knowing the dosimetry used. Moreover, 
we emphasize the importance of a complete description 
of the methodology, especially with regard to the dosi-
metric parameters. Otherwise, any study cannot fulfil its 
real function, which is to support clinical treatments with 
evidence of efficacy and safety.

Results and discussion

In this short review, the manuscripts were selected according 
to the criteria described above, to investigate the effective-
ness of ILIB or VPBM as an adjuvant therapy to treat lung 
diseases (Tables 1 and 2).

In Table 1, we summarize the two animal studies which 
used VPBM to treat two important lung diseases: acute lung 
injury and asthma. Both studies focused on evaluating the 
main biomarkers of the respective diseases, evaluating the 
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effect of VPBM per se. In these studies, pharmacological 
therapy was not used.

Acute lung injury (ALI) is a severe multifactorial lung 
pathology characterized by diffuse alveolar injury, inflam-
matory cell infiltration, disruption of the alveolar epithe-
lial barrier, alveolar edema, and impaired pulmonary gas 
exchange, with a high mortality rate [13]. Asthma is a 
chronic inflammatory disease caused by allergies or other 
triggers, characterized by recurrent and reversible episodes 
of wheezing, dyspnea, chest stiffness, and cough [14]. In 
the first experimental study, the authors [15] investigated 
the effects of VPBM on ALI. They used light light-emit-
ting diodes (LED), although the ILIB technique originally 
used a laser. However, we do not believe that this differ-
ence could be a study bias since it is well established that 
the biological effects of laser and LED are similar, despite 
their physical differences [16]. The results showed the ben-
eficial effects of VPBM in reducing important biomarkers 
of ALI, which are often used to determine the progno-
sis of the disease. VPBM reduced neutrophil migration, 
myeloperoxidase enzyme activity, and interleukins (IL) 
1β, IL-6, and IL-17 in the lung tissue [15]. The param-
eters used were red LED, wavelength 660 nm; power 100 
mW; energy density 5 J/cm2; total energy 15 J; and time 
150 s, and the site of application was the skin overlying 
the caudal artery.

Other animal study using the same parameters mentioned 
above evaluated the effects of VPBM treatment in an animal 
model of asthma [17]. The authors again showed the benefi-
cial effects of VPBM, with reduced cell migration into the 
lungs, and less mast cell degranulation. Considering that 
asthma symptoms are dependent on mast cell degranulation, 
which causes lung inflammation, we suggest that VPBM 
could be useful in asthma treatment. Moreover, VPBM 
increased the levels of interleukin 10 (IL-10) [17] suggest-
ing that inflammation was reduced since this cytokine has 
an anti-inflammatory function. However, it is important 
to mention that the tracheal hyperresponsiveness was not 
reversed by the VPBM treatment, and this symptom is very 
troublesome in asthmatic patients, frequently necessitating 
emergency room visits.

In Table 2, we summarize the human studies, which have 
evaluated the effects of ILIB or VPBM in lung diseases. In 
all of studies listed here, PBM was used as adjuvant therapy 
to other treatments. We found reports of human studies using 
ILIB to treat pneumonia, bronchitis, asthma, and tuberculo-
sis. However, the majority of these articles was in Russian, 
restricting our analysis to their abstracts [11, 12, 21–24, 27]. 
Unfortunatelly, the details of the PBM parameters (mainly 
involving lasers) were not mentioned in the abstract, which 
hindered the discussion, as well as limiting the future 
application of this technology. However, considering the 
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important role of Russian scientists in this topic, we pro-
pose it is reasonable to include these studies in this review.

Burduli and Gabueva [12] evaluated the effect of ILIB 
in patients with community-acquired pneumonia. A total of 
70 patients were treated with ILIB for a period of 7 days. 
The functional activity of neutrophils was estimated from 
their ability to reduce nitroblue tetrazolium (NBT) in both 
spontaneous and stimulated conditions. Neutrophils are 
the first line of defense against microorganisms, and their 
main function is phagocytosis and the generation of reac-
tive oxygen and nitrogen species. The antimicrobial mecha-
nisms of neutrophils are oxygen dependent. The NBT test 
is a method used for evaluating the oxidative metabolism of 
neutrophils. This study suggested that the inclusion of ILIB 
in the combined treatment regimen of patients with pneu-
monia promoted normalization of the bactericidal activity 
of neutrophils.

Prokopova et al. [18] studied the effect of ILIB at a dose 
of 10–30 J/cm2 in 20 children with bilateral destructive 
pneumonia, but they measured blood viscosity as a param-
eter of success. The results showed a decrease in blood vis-
cosity and a hypocoagulative effect (reduced blood clotting) 
after ILIB treatment. However, this study did not assess any 
improvements in the actual symptoms of pneumonia. It is 
important to mention here that the viscosity of blood is 
linked with the number of circulating blood cells, and leu-
cocytosis is a common observation in this disease. Thus, it 
is reasonable to propose that the reduction in blood viscosity 
may be related to a reduction in white blood cells caused by 
the anti-inflammatory effects of ILIB.

Similarly, Burduli and Aksenova [19] demonstrated the 
effectiveness of ILIB treatment by changing the hemody-
namics from hyperkinetic into normokinetic in patients 
with bronchitis. Ninety-seven patients with bronchitis were 
divided into two groups: 47 patients received conventional 
treatment, while 50 patients received the same therapy plus 
ILIB. ILIB treatment was performed during 10 consecutive 
days for 20 min per session. The authors claimed that ILIB 
could be useful in the treatment of bronchitis, despite the 
fact that they did not evaluate important biomarkers of the 
disease, such as interleukins, airway reactivity, mucus pro-
duction, among others.

Sarycheva et al. [20] also analyzed parameters related 
to blood cells, more specifically the morphometry and 
electrophoretic mobility of red blood cells in patients with 
infection-dependent asthma. Patients treated with conven-
tional therapy plus ILIB showed better morphofunctional 
parameters of red blood cells, restoring their normal shape 
and their electrophoretic mobility. Patients who received 
only conventional therapy did not show these morphofunc-
tional changes in the erythrocytes. The authors claimed that 
changes in the morphology and function of red blood cells 
in asthmatic patients could be corrected by ILIB. Again, 

these authors did not measure any symptoms or biomarkers 
of the disease.

Ivaniuta et al. [21] reported that ILIB had a beneficial 
effect on the clinical course of chronic bronchitis, includ-
ing normalization of lipid peroxidation levels, a marked 
immune stimulant effect, anti-inflammatory activity, and 
also improved the rheological properties of the blood. More-
over, Mikhailov et al. [22] observed that ILIB increased the 
lung compliance and gas exchange efficiency in asthmatic 
patients. Although drug therapy is still widely used and nec-
essary for lung diseases, ILIB therapy has been shown to be 
useful in conditions of hypercapnia, hypoxia, and impaired 
gas exchange. In addition, Ananchenko et al. [23] showed 
that ILIB promoted the normalization of mucociliary trans-
port, activated phagocytosis and immune defense, cleaned 
the bronchial tree, and reduced airway obstruction (meas-
ured by forced expiratory volume for 1 s) in the management 
of exacerbations in patients with chronic bronchitis.

Kashankaia and Fedorov [11] also investigated the use 
of ILIB in patients with chronic obstructive bronchitis. The 
reported that the application of ILIB in combination with 
drug therapy accelerated the resolution of clinical symp-
toms, increased breathing efficiency, promoted the drain-
age of the bronchi, and facilitated the normalization of the 
patient’s immune status. It is important to mention that bron-
chitis is characterized by serious alterations in the cardiores-
piratory system, including moderate pulmonary emphysema 
and pulmonary hypertension associated with an impairment 
of general health status.

Another study reported the effect of ILIB in asthma [24]. 
The authors showed that edema was reduced, lung elastic-
ity was gradually restored, mast cells were stabilized with 
inhibition of histamine release, and bronchoconstriction was 
reversed. Finally, the authors reported that ILIB stabilized 
the asthma symptoms for up to nine months with a signifi-
cant improvement in the quality of life, and the need for 
conventional medication was reduced. Asthma and bron-
chitis are two inflammatory conditions of the airways with 
similar symptoms, such as difficulty breathing, coughing, 
tightness in the chest, and tiredness. However, they have 
different etiologies. While in bronchitis the inflammation 
is caused by viruses or bacteria, in asthma there are many 
ambient or intrinsic factors that tigger its onset, including 
genetic susceptibility [25]. These factors could affect the 
response of these patients to various therapies. Comparing 
these last two studies with the others above, we can see that 
ILIB has important effects on pulmonary function and not 
only on hemodynamics.

We also found one manuscript that evaluated the efficacy 
of ILIB to treat progressive tuberculosis [26]. The results 
of treatment were evaluated by clinical and laboratory cri-
teria obtained after 1 or 2 months. ILIB treatment increased 
the therapeutic effect and stimulated the resolution of the 
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disease, and made it possible to stabilize the course of tuber-
culosis with less pronounced changes in the lungs. Similarly, 
Polyakov et al. [27] showed that ILIB applied to patients 
with tuberculosis in the early stages of chemotherapy led to 
an increased effectiveness of treatment, contributing to the 
cessation of bacterial excretion in the sputum and reduction 
of the hospitalization period. Stimulation of the immune sys-
tem could be attributed to the effects of ILIB in the blood 
microcirculation, inducing vasodilation, analgesic effects, 
improving the oxygen transport in the blood, and normal-
izing some metabolic processes related to proteins, lipids, 
carbohydrates, and intracellular energy balance.

The studies mentioned above have shown the effective-
ness of ILIB, in both animal models and human studies. 
In addition, it also showed similar effects independent of 
the route used, invasive ILIB, or non-invasive VPBM. In 
the majority of studies, ILIB improved the hemodynamic 
parameters measured. Despite the promising and beneficial 
effects of ILIB in the various lung diseases summarized 
here, we must highlight the limitations in our review, includ-
ing the problem of the language of the majority of articles, 
and the lack of detailed information regarding the dosim-
etry parameters. The information about the exact parameters 
employed is essential to validate this approach and to enable 
a safe and effective therapy to be developed.

Photobiomodulation parameters have involved wave-
lengths mainly in the red or near infrared regions, and the 
therapeutic effect is largely determined by the energy den-
sity. A biphasic dose response has been demonstrated, mean-
ing that there are optimal irradiation and dose parameters, 
although these are likely to vary according to the pathol-
ogy, whether light is delivered on the mucosal surface or the 
skin, and individual patient-associated factors [28]. Thus, for 
PBM treatment to be effective, the irradiation parameters 
need to be within the optimal dose window and this is a 
prerequisite for successful treatment.

Besides the effects of ILIB shown in this review, a variety 
of other metabolic, analgesic, anti-inflammatory, and immu-
nomodulatory effects could be involved, thereby providing 
many opportunities for further study. Many lung diseases 
arise from disturbances in immune responses in individual 
patients, with intense release of pro-inflammatory cytokines 
(cytokine storm) that can damage the structure of organs 
such as the lungs. In this context, COVID-19 is an important 
viral disease, and researchers from all over the world have 
been looking for ways to fight this pandemic. Light-based 
therapies could be an interesting approach in combination 
with more traditional treatments.

The relevance of this review lies in compiling studies on 
an important topic, because the current literature is lacking 
and somewhat inaccessibile. In addition, it shows that more 
studies are needed, including randomized controlled trials, 

in order to support the use of this therapy in the clinic with 
safety using well-documented parameters.

Conclusion

In conclusion, this short review has shown the potential ben-
efits, limitations, and relevance of ILIB in the treatment of 
lung diseases. All studies included have shown satisfactory 
effects of ILIB in both animal or human studies, with respect 
to the reduction in the inflammatory cascade, improved anti-
oxidant effects, improvement of hemodynamic parameters, 
higher efficiency of gas exchange, and reduction of hospitali-
zation periods. The studies included did not show any dis-
advantages or contraindications. Further studies are needed 
in order to better understand the dosimetry, and whether 
non-invasive VPBM can perform as well as invasive ILIB. 
The literature is currently lacking in randomized, controlled 
trials; therefore, this review highlights the importance of 
additional studies on this topic.
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