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Abstract
Introduction: Far-infrared radiation therapy (FIRT), which utilizes an invisible electromagnetic wave, has demonstrated
its ability to improve vascular access flow for hemodialysis (HD) patients. Although previous overseas studies revealed
the beneficial effects of FIRT on HD patients by improving vascular function, no study in Japan has examined the
clinical efficacy of FIRT for such patients. Therefore, we aimed to evaluate the usefulness of FIRT for HD patients. We
paid particular attention on secondary vascular access (VA) patency of HD patients.
Methods: Eighteen patients who had undergone vasodilation of VA vessels or vascularization more than once were
selected from approximately 70 outpatients receiving HD in the Dialysis Unit of the Juntendo University Hospital. FIRT
was administered for 40 min during HD three times per week for 1 year to the not frequent VA treatment (nf-VAT)
group, for which VA intervention had been performed no more than two times during the 1 year, and to the frequent
VA treatment (f-VAT) group, for which VA intervention had been performed three times or more over the 1
year. Variables including VA treatment interval were compared between those groups.
Results: The nf-VAT group did not require VA re-treatment during the study period. The VA treatment interval was
significantly prolonged in the f-VAT group. The fistula diameter expanded, and intimal thickening improved
significantly in the nf-VAT group. Oxidized low-density lipoprotein cholesterol levels decreased slightly.
Conclusion: This study suggested that FIRT is effective for improving secondary VA patency.
Trial registration: UMIN, UMIN000011965. Registered 4 October 2013, Japanese: https://upload.umin.ac.jp/cgiopen-bin/ctr/ctr_view.cgi?recptno=R000013960, English: https://upload.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.
cgi?recptno=R000013960
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Introduction
Vascular access (VA) is necessary for patients on maintenance hemodialysis (HD). The prognosis of VA in HD
patients is presumably influenced by the following factors: enhanced coagulation properties, injury to vascular
endothelial cells, red blood cell volume, and gene polymorphisms in heme oxygenase-1 (HO-1) gene [1]. Since
these factors can be controlled by drugs or other therapies, they have been of interest to researchers in this field.
Approximately 80 to 85% of VA failures in HD patients
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result from thromboses, and more than 80% of these are
caused by underlying stenosis [2].
Infrared radiation utilizes an invisible electromagnetic
wave with a wavelength that is longer than that of the
visible light. Previous studies about far-infrared radiation
therapy (FIRT) have demonstrated its ability to improve
skin blood flow. Indeed, FIRT has been used for the
treatment of ischemic lesions or skin necrosis due to injury, diabetes, or peripheral nerve disease. Such studies
have suggested that FIRT may improve vascular endothelial function and decrease endothelial dysfunction in
patients with coronary artery disease, heart failure, and
arrhythmia [3, 4]. One previous study in Taiwan examined the effects of FIRT in HD patients and showed that
it steadily increased arteriovenous fistula (AVF) blood
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flow. Compared with the control group, the treatment
group, who received FIRT for 1 year, demonstrated a
lower rate of AVF failure (12.5% vs 30.1%), increased
AVF blood flow, and a higher primary patency rate
(85.9% vs 67.6%) [5]. In Japan, however, no study has examined the clinical efficacy of FIRT. In addition, no
study in Japan has examined the effects of FIRT with regard to secondary VA patency.
Primary AVF patency rate at 1 year after HD introduction in the Juntendo University Hospital is 64%, which is
similar to the mean AVF patency rate reported by the
Japanese Association of Dialysis Physicians. This study
examined the efficacy of FIRT for secondary VA patency
in HD outpatients at our hospital.

Methods
The instrument used in this study was the WS FarInfrared Therapy Unit (WS Far IR Medical Technology,
Taipei, Taiwan). A total of 18 patients who had undergone vasodilation of VA vessels or revascularization
(standard radial artery to cephalic vein fistula) more than
once were selected from approximately 70 outpatients
receiving HD at the Dialysis Unit in the Juntendo University Hospital. FIRT was irradiated for 40 min during
HD three times per week with the radiator placed 20 to
30 cm from the skin of the limb with the fistula. Comparisons were made between 13 patients who had undergone percutaneous trans-angioplasty (PTA) due to
fistula (or in the vicinity) stenosis two times or fewer
over the past year (not frequent VA treatment [nf-VAT]
group) and five patients who had undergone PTA three
times or more over the past year (frequent VA treatment
[f-VAT] group). Patient characteristics are noted in
Table 1.
The intervention criterion by VA treatment is the need
for any interventional procedure (surgery or angioplasty)
to correct an occlusive or malfunctioning fistula which
could not sustain an extracorporeal blood flow during
HD after excluding the following stenosis-unrelated
events, such as infectious complication, progressive

aneurysmal formation, or steal syndrome. The effects of
FIRT were evaluated at baseline (0 week: the day on
PTA was performed) and at 4, 12, 24, 48, and 96 weeks.
Blood vessel ultrasonography was performed before
dialysis to measure fistula blood flow, intima thickness,
and degree of stenosis. The degree of fistula sclerosis
was evaluated for the brachial artery (BA) flow and
resistance index (RI) measuring with ultrasonography.
Blood tests included indices of renal anemia
(hemoglobin, hematocrit, serum iron, total iron-binding
capacity, ferritin, and red blood cell volume distribution
width) and progression of arteriosclerosis (total homocysteine, highly sensitive C-reactive protein, oxidized
LDL-C, pentosidine, and VEGF).
This study was approved by the Ethics Committee of
the Juntendo University (approval no. 13-085) and registered with the University Hospital Medical Information
Network (UMIN000011965). After an explanation of the
procedures, oral and written informed consents were obtained from all patients.
The statistical analysis was performed using JMP 10
(SAS Institute, Cary, NC, USA). Standard descriptive
statistics was used to assess the baseline characteristics.
Data are presented as mean ± standard deviation.
Repeated-measures ANOVA was performed to compare
serial changes in the clinical data and echo parameters.
P values < 0.05 were considered statistically significant.

Results
The nf-VAT group did not require VA re-treatment during the study period. The f-VAT group was treated with
PTA which interval for thrice or more over the past
year. The number of VA treatment episodes for nf-VAT
group was 1.0 per patient-year before FIRT and zero
time after FIRT. The number of VA treatment episodes
for f-VAT group was 5.6 per patient-year before FIRT

Table 1 Patient background characteristics
Number of patients

f-VAT group

nf-VAT group

5

13

Sex (male to female)

2:3

8:5

Age (years)

70 ± 12.5

69.0 ± 12.8

Diabetes patients (%)

66.7

0

Dialysis vintage (months)

91.3 ± 127.9

113.0 ± 56.4

Percentage of patients on
anticoagulants (%)

100

36

The number of annual VAT
times before intervention
by FIRT

5.6 ± 0.9

1.0

Fig. 1 PTA interval for patients who underwent PTA thrice or more
over the past year (f-VAT). PTA, percutaneous trans-angioplasty; f-VAT,
frequent vascular access treatment; FIRT, far-infrared radiation therapy
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Fig. 2 Fistula diameter (a) and intimal thickening (b) for patients who underwent PTA twice or less over the past year (nf-VAT). nf-VAT, rare vascular
access treatment; nf, not frequent; PTA, percutaneous trans-angioplasty

and 4.4 per patient-year after FIRT. The f-VAT group
showed in the mean VA treatment interval from 62.9 ±
27.3 days to 83.4 ± 29.6 days (Fig. 1). The nf-VAT group
was evaluated measuring the fistula diameter and intimal
thickening for patients who underwent PTA twice or
less over the past year. The nf-VAT group showed significantly increase in cephalic vein (fistula) diameter and
decreased in intimal thickening (Fig. 2). The f-VAT
group showed not significantly increase in cephalic vein
(fistula) diameter and not decreased in intimal thickening (Fig. 3). f-VAT group patients were need for VA
intervention within 24 weeks. The nf-VAT group was
measuring for evaluation of vascular endothelial growth
factors. Although there was no significant change in
serum VEGF, a significant decrease in oxidized LDL-C
level was observed (Fig. 4). Renal anemia (hemoglobin,
hematocrit, serum iron, total iron-binding capacity,
ferritin, and red blood cell volume distribution width) and
progression of arteriosclerosis (total homocysteine, highly

a

sensitive C-reactive protein) were not significantly difference between before and after FIRT (data not shown).
Brachial artery (BA) flow and resistance index (RI)
were evaluated after FIRT. BA flow and RI after FIRT
were measured at 0, 4, and 12 weeks in the f-VAT group.
BA flow and RI after FIRT were measured at 0, 4, 12, 24,
48, and 96 weeks in the nf-VAT group. In the f-VAT
group (done for PTA each about 3 months), fistula blood
flow measured in the brachial artery showed a tendency
to decrease, whereas the vascular RI showed a tendency
to increase (Fig. 5a). In the nf-VAT group, no significant
changes in fistula blood flow (tendency to increase) or
RI (tendency to decrease) were observed (Fig. 5b).

Discussion
This study examined the therapeutic effects of FIRT on
secondary VA patency in HD patients and suggested that
FIRT may suppress vascular endothelial proliferation,
thereby improving secondary VA patency. The

b

Fig. 3 Fistula diameter (a) and intimal thickening (b) for patients who underwent PTA thrice or more over the past year (f-VAT). PTA, percutaneous
angioplasty; f-VAT, frequent vascular access treatment
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Fig. 4 Evaluation of vascular endothelial growth factor in the not frequent vascular access treatment (nf-VAT) group. MDA-LDL, malondialdehydemodified low-density lipoprotein; VEGF, vascular endothelial growth factor

mechanism of action of FIRT is discussed in the combination of both short-term thermal and long-term nonthermal effects that increase VA blood flow [5]. The
short-term thermal effects of FIRT are vasodilation and
increased VA blood flow. It has been reported that the
temperature can be increased by 4 °C in tissue with a
depth of 10 mm. With radiation administered at a

distance of 20 cm above the skin surface for 30 to 60
min, the skin temperature steadily increased to a plateau
of 38 to 39 °C. Regarding the non-thermal effects, animal
and clinical studies have suggested the possibility that
far-infrared radiation can improve endothelial function.
In terms of the effect on oxidative stress, patients receiving 45 min of FIRT dry sauna daily for 2 weeks had

a

b

Fig. 5 BA flow and RI before and after FIRT. a BA flow and RI before FIRT and 4, 12, and 24 weeks after FIRT for f-VAT group. b BA flow and RI
before FIRT and 4, 12, 24, 48, and 96 weeks after FIRT for the nf-VAT group. BA: brachial artery; RI: resistance index; FIRT: far-infrared radiation
therapy; f-VAT: frequent vascular access treatment, nf-VAT: not frequent vascular access treatment
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significantly lower urinary levels of 8-epiprostaglandin
F2α (a marker of oxidative stress in vivo) than the control group [6].
VA patency in HD patients is influenced by many
mechanical and medical factors. FIRT is expected to increase VA blood flow and improve primary and secondary AVF patency through its anti-inflammatory effects.
Studies report that these mechanisms of FIRT are related
to its thermal effects as well as its non-thermal effects
that promote proliferation of the vascular endothelium
via stimulation of HO-1 [7] and suppression of tumor
necrosis factor-induced adhesion molecules [8]. Measurements of the indices of arteriosclerosis, oxidative
stress, and vascular endothelial growth factor (VEGF)
may contribute to our understanding of the mechanisms
of fistula stenosis and thrombus formation as well as the
mechanism of FIRT. Previous study reported that oxidative low-density lipoprotein (LDL) is frequently found in
the absence of monocyte/macrophages, whereas the opposite is rare, suggesting that intimal LDL accumulation
and oxidation contributes to monocyte recruitment in
vivo [9]. Furthermore, near-infrared heat lamp therapy
for a short time can effectively prevent the lipid disorders induced by radiation through the positive
modulation mechanism of paraoxonase 1 (PON1) and
myeloperoxidase (MPO) enzymes and improvement of
oxidative stress [10]. We believe that FIRT is useful not
only for improving AVF patency but also for preventing
vascular disease complications. Increasing AVF patency
is important for maintaining fistula blood flow, which is
necessary to achieve sufficient dialysis efficiency. In
addition, FIRT may alleviate psychiatric distress and improve activities of daily living for patients with frequent
VA trouble (VA failures), potentially leading to reduced
healthcare costs.
The most obvious limitation of this study is the lack of
control group and control phase. This study was limited
because all previous studies were conducted in Asia.
Therefore, evidence regarding the effectiveness of FIRT
for enhancing the patency of AVF for people of other
ethnicities is lacking.

Conclusion
Our results suggest that FIRT might suppress proliferation of the vascular endothelium and is useful for improving secondary VA patency.
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