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Abstract
Introduction: Although intravascular laser irradiation of blood (ILIB) is deemed an innocuous and 
useful technique for laser therapy, particularly when systemic effects are required, no study, to our 
knowledge, has been conducted on the effectiveness and innocuousness of ILIB in treating acute 
kidney injury (AKI).
Objective: This study aimed to assess the feasibility and outcomes of ILIB in the management of 
patients with AKI and comparing them with the Sham-laser group.
Materials and Methods: Twenty-six patients with intra-renal AKI (24-95 years old) at Tajrish Hospitals 
were evaluated for enrollment eligibility in this clinical trial study. This study was conducted at the 
nephrology department of Shahid Beheshti University of Medical Science, Tehran, Iran, between 
2018 and 2019. Based on the treatment method, the patients’ assignment to two groups (ILIB or 
Sham-laser) was randomly done. Demographic characteristics, need for dialysis, hemoglobin and 
serum biochemistry changes, serum and urine neutrophil gelatinase-associated lipocalin (NGAL) 
changes, laser complications, and the hospitalization period were recorded. 
Results: In terms of the baseline characteristics and biochemistry serum level, no differences 
were seen between the two groups. All post-treatment parameters, except the hemoglobin value, 
significantly improved in both groups. Urine NGAL and serum NGAL show declines from the 
baseline in both groups; however, the reduction slope of these parameters occurred faster in the 
laser group in a statistically significant manner.
Conclusion: A decline in NGAL levels in the laser group during the treatment may suggest that the 
ILIB can help patients with AKI recover better.
Keywords: Acute kidney injury; Acute renal failure; Biomarker; Neutrophil gelatinase-associated 
lipocalin; Laser.
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Introduction
Acute kidney injury (AKI), which used to be referred 
to as acute renal failure, remains a destructive problem 
in critically ill adults.1,2 Lack of a standard, consensus 
definition has led to considerable variations in the 
reported frequency of AKI among these patients.3 For 
example, 5% to 50% of them in the reported series are 
afflicted with AKI.4 

In current clinical practice, the measurement of 
serum creatinine is usually performed to diagnose AKI.5 
However, creatinine is deemed a poor indicator of early 
changes in kidney function.6 Since serum creatinine is 
considered an insufficient and late indicator of AKI, 
neutrophil gelatinase-associated lipocalin (NGAL) might 
appear as a troponin-like early marker for AKI before 
long.7 Subsequent clinical studies have revealed that urine 

NGAL is an early predictor for AKI.7-9 Currently, there is 
a lack of effective treatments for the prevention of AKI, 
and management is mainly associated with reversing the 
underlying cause. 

Used for pain relief, wound healing and inflammation 
control, low-level laser therapy (LLLT) has been 
advocated since the 1960s.10 Intravascular laser irradiation 
of blood (ILIB) is considered an innocuous and useful 
technique for laser therapy, particularly when systemic 
effects are essential.11 ILIB with red, UV, and blue light has 
extensively been employed to treat different pathologies.12 
A catheter in a vein (usually in the forearm) can be used 
to administer blood irradiation therapy which produces 
immunocorrective, antibacterial, anti-inflammatory, and 
vasodilative effects and improves bio-stimulation, the 
rheological properties of blood, and microcirculation.13
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To our knowledge, no study has been conducted on the 
effectiveness and safety of ILIB in the treatment of AKI. 
In this clinical trial study, the feasibility and outcomes of 
ILIB in the management of the patients with AKI were 
investigated and compared with the Sham-laser group.

Materials and Methods
Study Population
In this clinical trial study, twenty-six patients with intra-
renal AKI (age 24-95 years old) at Tajrish Hospital were 
examined for enrollment eligibility. The present study 
was conducted at the nephrology department of Shahid 
Beheshti University of Medical Science, Tehran, Iran, 
between 2018 and 2019. Informed written consent was 
given by all patients. On the basis of the creatinine and 
urine output criteria of the RIFLE (Risk, Injury, Failure, 
Loss, and End-stage renal disease) classification, AKI was 
defined.14 Four patients were not included in this study 
due to their active infection, hepatitis B and C, multi-
organ transplant, treatment with immunosuppressive 
agents, glomeronephritis, pregnancy, and refusal to 
provide fully informed consent. 

The remaining 20 patients underwent such standard 
medical evaluations as history taking, clinical examination, 
urine analysis, and routine blood chemistry. 

Study Design
On the basis of the treatment method, the patients were 
assigned to two groups at random: ILIB or Sham-laser. The 
sample size was measured according to an unpublished 
pilot study of ours concerning the changes in serum and 
urine NGAL after ILIB. Considering a type 1 statistical 
error <5%, a type 2 statistical error <20%, and a dropout 
rate of 10%, a sample size of 11 patients in each group 
was calculated. During the study, one participant of each 
group dropped out due to changing the medical center 
or missing the follow-up. The data from 10 patients in 
each of the groups (a total of 20 patients), who completed 
the study, were amassed for the final analysis. The study 
design and the follow-up are summarized in Figure 1.

Procedures 
All patients received standard treatment for AKI including 
hydration during hospitalization. The subject, clinician, 
and investigator examining the cases were blinded as 
to which treatment group was the sham. Following the 
previous study,13 ILIB was utilized intravenously (the laser 
fiber was placed in the vein by means of a catheter) with a 
1.5 mW, continuous, 405-nm laser therapy device (Azor, 
Russia) via the venue catheter for 30 minutes in the large 
veins of the upper limb. This protocol was planned based 
on preceding research studies.13 The treatments were 
scheduled for 3 sessions every other day (day 1, 3, 5). In 
the Sham group, the treatments were also administered 
on days 1, 3, and 5 by the sham probe. For blinding, two 

probes, namely A and B, were given to the researchers. 
The probes preset to either active or inactive resembled 
each other in appearance. While the inactive probe was 
prepared by an independent operator from the LAMSRC, 
the company which provided the laser equipment 
arranged the active probe. The active probe did not 
produce any light emission, vibrate, get hot, or give off 
a sound or any other indication pointing to a difference 
from the inactive probe. 

Outcome Assessment
During hospital admission, the patients received regular 
daily visits. During each visit, a physical examination, 
measurement of blood pressure, and laboratory 
calculation of hematological (hemoglobin and pH) and 
biochemical parameters (serum creatinine, blood urea 
nitrogen, sodium, potassium, and phosphate) were made.

Serial blood and urine sampling were done for NGAL 
assessment as follows: the first sample was taken within 
12 hours of admission to the nephrology department 
and before laser intervention, and the second and third 
samples were obtained after the laser intervention 72 
hours and 120 hours after the first sample. Both later 
samples were taken after laser intervention. Three to 4 
mL of blood as well as urine were drawn each time in 
the ethylenediaminetetraacetic-acid (EDTA) vacutainer. 
Centrifuged at 3000 rpm for 15 minutes, all samples 
were aliquoted and stored at − 80°C up to the analysis. 
Fluorescence immunoassay was employed to analyze the 
NGAL on Triage® Meter Proby Alere Diagnostics point of 
care analyzer (CA, USA). 

Demographic characteristics, the need for dialysis, 
changes in hemoglobin and serum biochemistry, changes 
in serum and urine NGAL, laser complications, and the 
hospitalization period were recorded. Changes in serum 
and urine NGAL were used as the primary study endpoint.

The Student’s t test and the chi-square test were run to 
analyze the collected data, using SPSS software (Statistical 
Package for the Social Sciences, V. 21.0; SPSS Inc, Chicago, 
IL, USA). A P value <0.05 was deemed statistically 
significant.

Results
The mean ± SD of the patients’ age was 65.2±22.9 years 
in the ILIB group and 64.8±19.7 years in the sham 
group respectively. The ratio of males to females was 3 
to 1 and the need for dialysis was 20% in both groups. 
The causes of intrarenal injury were mainly related to 
infection and sepsis as well as renal toxins (drug, contrast, 
rhabdomyolysis). 

Table 1 shows the baseline characteristics and meticulous 
peri-procedure variables which include the need for 
dialysis, urinary output, and change in the hemoglobin 
and serum level of sodium, potassium, phosphor, pH and 
creatinine. In terms of the baseline characteristics and the 
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biochemistry serum level, there were not any differences 
between the two groups. All post-treatment parameters, 
except the hemoglobin value, significantly improved in 
both groups. 

The primary outcomes in regard to urine and serum 
levels of NGAL are shown in Table 2. These two parameters 
show declines from the baseline in both groups; however, 
the reduction slope of urine NGAL as well as serum 
NGAL occurred faster in the laser group in a statically 
significant manner. None of the patients reported any side 
effects of the treatment in both groups.

Discussion
Being a highly sensitive, specific, predictive, and early 
biomarker for AKI in many different disease processes7, 

NGAL is a 25 kDa protein which belongs to the lipocalin 
superfamily.8 Although it was first discovered in activated 
neutrophils, a considerable number of cells such as kidney 
tubular cells may make NGAL in reaction to different 
insults.7 It has also been revealed that it plays a part in 
iron metabolism due to its binding with siderophores 
and in kidney development and tubular regeneration 
after injury. Further, experiments have indicated that it is 
highly expressed in reaction to tubular injury.9 

ILIB pioneered in Russia is related to the irradiation 
of blood via an intravenous needle or transcutaneously 
venous radiation.15 The wavelengths which are frequently 
used are 890, 630, 650, and recently 450 nm.12 ILIB has 
been evaluated as a non-invasive treatment for some 
chronic pathologic diseases such as cardiovascular 

Figure 1. Flow Diagram of the Study. ILIB = Intravascular laser irradiation of blood.

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Assessed for eligibility (n=26) 

Excluded (n=4) 
   Not meeting inclusion criteria (n=2) 
   Declined to participate (n=2) 

 

Analysed  (n=10) 
 Excluded from analysis (n=0) 

Lost to follow-up (n=1 due to change in 
medical center) 
 

Allocated to ILBI (n=11) 
 Received allocated intervention (n=11) 

 

Lost to follow-up (n=1 one due to 
immigration to another city) 
 

Allocated to Sham laser (n=11) 
 Received allocated intervention (n=11) 

Analysed  (n=10) 
 Excluded from analysis (n=0) 

 

Analysis 

Randomized (n=20) 

Enrollment 

Follow-Up 
 

Allocation 



Ghanei et al

 Journal of Lasers in Medical Sciences  Volume 12,  20214

problems and diabetes.16 It seems that the ILIB mechanism 
of action in these patients was associated with increasing 
the content of oxygen and reducing the pressure of carbon 
dioxide. Also, it removes tissue hypoxia, normalizes tissue 
metabolism, stimulates oxygenation, releases cytokines, 
modulates the production of growth factors, and develops 
new blood vessels.17,18 To our knowledge, this was the first 
study to investigate the role and the efficacy of ILIB in 
the treatment of AKI. We hypothesize that ILIB could act 

through the above-mentioned mechanism to accelerate 
the improvement of the injured kidney. 

In order to evaluate the clinical impact of ILIB on 
AKI, we used urine and plasma NGAL concentrations 
to improve our accuracy and rapidity of assessment. The 
levels of NGAL can be identified in the plasma and the 
urine of patients as early as 2 hours after the damage. 
They reach their zenith at about 6 hours and remain high 
for five days; thereafter, they begin to decrease.19 In our 

Table 1. Baseline Characteristics; Pretreatment and Posttreatment Outcomes as well as Complications of Patients of Both Groups

ILIB Sham Laser P Value

Patients, No. 10 10

Mean age, year ± SD 65.2±22.9 64.8±19.7 0.9

Male to female ratio (%) 70 70 NS

Need for dialysis (%) 2 (20) 2 (20) NS 

Mean serum sodium, mmol/L ± SD

Pretreatment 142.2±4.8 140.1±4.7 0.3

Posttreatment 134.7±1.6 134.9±1.7 0.7

P value 0. 003* 0.013* -

Mean serum potassium, mmol/L ± SD

Pretreatment 5.5±0.7 6.3±1.01 0.5

Posttreatment 4.0±0.1 4.03±0.3 0.8

P value 0. 0001* 0.0001* -

Mean serum phosphor, mmol/L ± SD

Pretreatment 6.4±1.1 6.3±1.01 0.8

Posttreatment 2.9±0.7 3.0±0.7 0.7

P value 0. 0001* 0.0001* -

Mean serum BUN, mmol/L ± SD

Pretreatment 92.7±38.4 83.6±29.7 0.5

Posttreatment 26.6±8.1 29.2±7.6 0.5

P value 0. 0001* 0.0001* -

Mean serum creatinine, mmol/L ± SD

Pretreatment 6.8±2.2 6.7±1.9 0.9

Posttreatment 1.9±0.7 1.7±0.5 0.4

P value 0.0001* 0.0001* -

Mean hemoglobin, g/L ± SD

Preoperative 12.6±1.6 12.6±1.9 0.9

Postoperative 12.6±1.3 12.6±1.6 0.8

P value 0.3 0.8 -

Mean serum pH, ± SD

Pretreatment 7.12±0.15 7.11±0.15 0.9

Posttreatment 7.34±0.28 7.34±0.28 0.9

P value 0. 001* 0.001* -

Mean urinary output, mL/24h ± SD

Pretreatment 378.0±334.1 444.0±335.5 0.6

Posttreatment 1602.0±380.2 1496.0±331.2 0.5

P value 0.0001* 0. 0001* -

ILIB, Intravascular laser irradiation of blood; NS, non-significant. 
* Statistically significant.
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study, the serum levels of urine and plasma NGAL in both 
groups decreased during the 5-day admission; however, 
the reduction slope of these parameters occurred faster 
in the laser group in a statistically significant manner. 
This finding strengthens our hypothesis that ILIB could 
accelerate the improvement of the injured kidney. In fact, 
blood creatinine levels were normal in both groups when 
the patients were discharged, although a further decline 
in NGAL levels in the laser group during the treatment 
may confirm that the ILIB can help patients with AKI 
recover better.

The present study was, as far as our knowledge allows, 
the first randomized double-blind placebo-controlled 
clinical trial which demonstrated the beneficial effect of 
low-intensity laser irradiation on patients with AKI. As 
the data from the related literature was extremely scarce 
and our study was the first in this field, the number of 
patients included in the present research was limited. 
This could likely influence the study outcomes. The major 
strong point of this trial was the double-blind design of the 
investigation. Whether this phototherapy could be used 
prophylactically to reduce NGAL levels resulting from 
AKI, thus shortening the length of a hospital stay and 
obviating the need for dialysis in these patients, remains 
to be elucidated by further studies. Further randomized 
controlled experiments with a lengthier follow-up period 
and more case numbers are needed to confirm this theory.

Conclusion
A decline in NGAL levels in the laser group during the 
treatment may suggest that the ILIB can help patients 
with AKI recover better.
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