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Abstract

AIM

To evaluate the lower-limb muscle oxygenation in hemo-
dialysis (HD) patients and identify the factors associating
with muscle oxygenation.

METHODS

Sixty-seven HD patients (53 men and 14 women; mean
age, 67.1 £ 1.2 years; mean HD duration, 5.6 £ 0.9
years) were recruited. In addition, 15 healthy individuals
(nine men and six women; mean age, 38.2 * 4.6 years)
were recruited as the control group. Lower-limb muscle
regional saturation of oxygen (rSOz) was monitored on
the lateral side of the gastrocnemius muscle before HD
using an INVOS 5100C (Covidien Japan, Tokyo, Japan),
which utilizes near-infrared spectroscopy. Here, we
evaluated the association between lower-limb muscle
rSO: and clinical parameters.

RESULTS

The rSO: values were significantly lower in patients
undergoing HD than in healthy individuals (50.0%
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+ 1.7% vs 76.8% £ 2.5%, P < 0.001). Lower-limb
muscle rSO: showed significant positive correlations
with diastolic blood pressure, blood urea nitrogen
concentration, serum creatinine concentration, serum
potassium concentration, serum inorganic phosphate
concentration, and serum albumin concentration as well
as negative correlation with HD duration. We conducted
a multiple linear regression analysis using parameters
that were significantly correlated with the lower-limb
muscle rSO: in a simple linear regression analysis.
Multiple regression analysis demonstrated that lower-
limb muscle rSO: was independently associated with
serum inorganic phosphate (standardized coefficient:
0.27) and serum albumin concentrations (standardized
coefficient: 0.24). In addition, there were no differences
in lower-limb muscle rSO:2 between diabetic and non-
diabetic HD patients. This study has several limitations.
Firstly, its sample size was relatively small. Secondly,
we could not evaluate the association between lower-
limb muscle rSO: and calculated nutritional markers,
including normalized protein catabolic rate and body
mass index, anthropometric measurements representing
nutritional status, and the severity of protein-energy
wasting. Finally, we did not routinely examine the arterial
vascular status of HD patients without symptoms of peri-
pheral artery disease. As such, it is possible that some
HD patients with subclinical peripheral artery disease
may have been included in this study.

CONCLUSION

In HD patients, the oxygenation of lower-limb muscle
tissue was associated with serum inorganic phosphate
and albumin concentrations, both of which represent
nutritional status.

Key words: Regional saturation of oxygen; Lower-limb
muscle; Sarcopenia; Protein-energy wasting; Nutritional
status; Inorganic phosphate; Albumin; Hemodialysis
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Core tip: Sarcopenia, defined by reduced muscle mass
and peripheral arterial disease, is common in patients
undergoing hemodialysis (HD). Therefore, muscle
status, including muscle oxygenation, would deterio-
rate; however, no muscle status evaluation method
has been established and remains under debate. Here
we investigated the tissue oxygenation of lower-limb
muscles using near-infrared spectroscopy in HD patients.
Values of regional saturation of oxygen in the lower-limb
muscles were significantly lower in HD patients than
in healthy controls and independently associated with
serum inorganic phosphate and albumin concentrations,
both of which represent nutritional status.
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INTRODUCTION

According to the increase in numbers of older and
diabetic patients undergoing hemodialysis (HD), protein-
energy wasting, which includes abnormal serum
biochemistry, reduced body mass, reduced muscle
mass, and decreased dietary intake, has been a concern
in the dlinical setting™. In particular, sarcopenia refers
to a state of reduced muscle mass' and is reportedly
an independent predictor of mortality in HD patients'..
However, a standard muscle status evaluation method
has not been established and remains under debate.
Furthermore, peripheral artery disease is common in HD
patients™; therefore, lower-limb muscle oxygenation
would deteriorate as a result of a decreased oxygen
supply induced by impaired microcirculation.

Near-infrared spectroscopy (NIRS) is recently reported
as a way to evaluate the regional oxygen saturation (rSQz),
a tissue oxygenation marker®™®, especially including
cerebral oxygenation in various conditions. Then, rSO2
value indicates changes in tissue oxygen metabolisms
between oxygen supply from arterial blood flow and
tissue oxygen consumption”*®’. Furthermore, an ade-
quate measurement of tissue oxygenation of muscle
mass using NIRS has been previously reported™ and
this method was used to evaluate muscle status!>**.,
However, few reports have examined lower-limb muscle
oxygenation using NIRS much less the correlation between
these values and clinical parameters in HD patients.
Therefore, this study aimed to: (1) monitor lower-limb
muscle rSO: before HD; and (2) dlarify the association
influencing the value of lower-limb muscle oxygenation
in HD patients.

MATERIALS AND METHODS

Participants recruitments

This was performed as a single-center observational
study and included HD patients who met the following
criteria: (1) end-stage renal disease and receiving
intermittent HD; (2) agreement for the purpose of this
study; and (3) presence of arteriovenous fistula as a
vascular access for HD. The exclusion criteria were: (1)
coexisting disease including chronic obstructive pulmo-
nary disease, apparent neurological disorder, and chronic
hypotension (defined as systolic blood pressure < 100
mmHg); and (2) symptomatic ischemia and receiving
lower leg amputation. Sixty seven HD patients were
recruited (53 men and 14 women; mean age, 67.1 £
1.2 years; mean HD duration, 5.9 £ 0.9 years). The
causes of chronic renal failure were diabetes mellitus (DM;
38 patients), chronic glomerulonephritis (14 patients),
nephrosclerosis (four patients), polycystic kidney disease
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Table 1 Patients’ characteristics and the correlation between
lower-limb muscle regional saturation of oxygen and clinical

parameters in a simple linear regression analysis

Mean + SE Pvalues r

Total number of patients (male/female) 67 (53/14)
Age (yr) 671+12 0.09 -0.21
Disease

Diabetes mellitus 38

Chronic glomerulonephritis 14

Nephrosclerosis 4

Polycystic kidney disease 8

Others 8
HD duration (yr) 56£0.9 0.02 -0.28
Systolic blood pressure (mmHg) 144 +3 0.97 -0.01
Diastolic blood pressure (mmHg) 75+2 0.04 0.26
rH 7.39+0.02 041 -0.10
pCO:2 (mmHg) 36905 014 018
pO:2 (mmHg) 85.6+2.0 0.80 -0.03
HCOs (mEq/L) 219+0.3 070  0.05
SpO2 (%) 95.4+0.3 0.88 -0.02
Hb (g/dL) 9.9+0.1 030 0.13
Aterial Oz content (mL/dL) 129+0.2 027 013
BUN (mg/dL) 51422 0.03 027
Cr (mg/dL) 84+03 0.02 028
Na (mEq/L) 137.0+0.4 019 016
K (mEq/L) 42+01 0.02 030
Ca (mg/dL) 8.7+0.1 091 -0.01
P (mg/dL) 45+02 <0.01 031
Total protein (g/dL) 61+0.1 072 0.04
Serum albumin (g/dL) 32+0.1 0.02 0.29
Serum osmolality (mOsm/kg-H20) 301+1 0.09 021
Plasma glucose (mg/dL) 156 + 8 052 -0.08
Kt/V urea 1.18 £ 0.04 0.65 -0.06
Urea reduction ratio (%) 61.3+1.6 094 0.01

SpO2: Oxygen saturation; Hb: Hemoglobin concentration; BUN: Blood urea
nitrogen concentration; Cr: Serum creatinine concentration; Na: Serum
sodium concentration; K: Serum potassium concentration; Ca: Serum
calcium concentration; P: Serum inorganic phosphate concentration; HD:
Hemodialysis; SE: Standard error.

(three patients), and other (eight patients). Each pati-
ent received maintenance HD two or three times a
week, and each session was 3 or 4 h in duration. The
patients’ general characteristics are summarized in
Table 1. Furthermore, the proportions of patients using
phosphate binder and vitamin D metabolites were
71.6% (n = 48) and 37.3% (n = 25), respectively. The
HD dialysate comprised 140 mEg/L Na*, 2.0 mEg/L
K*, 114.5 mEqg/L CI, 2.5 mEq/L Ca**, 1.0 mEq/L Mg*,
25 mEg/L HCOs', and 150 mg/dL glucose. The dialyzer
included polysulfone membrane (three patients; 1.0 m?,
five patients; 1.3 m?, four patients; 1.5 m?, six patients;
1.6 m’, thirteen patients; 1.8 m?, nine patients; 2.0 m?,
sixteen patients; 2.1 m®, four patients; 2.3 m®) and
cellulose triacetate membrane (two patients; 1.3 m?, five
patients; 1.5 m?). The dialysate flow rate in all patients
was consistently 500 mL/min and the blood flow rate was
183 £ 1.7 mL/min in this study. The dialysate purification
process followed the recommendations in the Japanese
Society for Dialysis Therapy guidelinest”, The dialysate
bacteria and endotoxin concentration in this study were
less than 0.1 CFU/mL and 0.001 EU/mL respectively. All
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participants provided informed consent to participate in
this study. This study was approved by the Institutional
Review Board of Saitama Medical Center, Jichi Medical
University, Japan (No. RIN13-39), and conforms to the
provisions of the Declaration of Helsinki (as revised in
Tokyo in 2004). In addition, 15 healthy volunteers (nine
men and six women; mean age, 38.2 £ 4.6 years) were
recruited as the control group.

Monitoring of lower-limb muscle oxygenation and
clinical laboratory measurements

Lower-limb muscle rSO2 was monitored at right side
lower-limb on the lateral side of the gastrocnemius
muscle with an INVOS 5100C saturation monitor
(Covidien Japan, Tokyo, Japan), which is based on
the NIRS technology. This monitor utilizes a light-
emitting diode that generates near-infrared light at
two wavelengths (735 and 810 nm) as well as two
photodiodes constructed by silicon, which function as
light detectors; these data are interpreted as a single
numerical value that expresses the rSO: value™®!, All
data taken by this monitor were stored in sequence
with immediate and automatic manner. Interobserver
variance for this monitor, which means a reproducibility
of rSO2 monitoring, is considered acceptable based on
the study reported previously™. Thus, rSO: values
would be reliable in the estimation of the lower-limb
muscle oxygen metabolism.

Before HD, included patients in this study lied supine
for 10 min to avoid the influence of change in posture.
An rSO2 monitoring probe was attached to the patients’
gastrocnemius muscle to take the measurement during
resting in the supine. Then, rSO: value was monitored
for 5 min, and we evaluated the mean rSO: for 5 min as
a lower-limb muscle oxygenation marker.

Blood samples were drawn from arteriovenous fis-
tula before HD under ambient air. Samples drawn from
the radial artery or those from an arterial line at the
arteriovenous fistula were previously reported to present
similar values during evaluation of the clinical parameters
of oxygen status, including pH, oxygen pressure (pO2),
and oxygen saturation (Sp02)™®. Thus, we took all blood
samples including blood gas analysis from the arterial
site of arteriovenous fistula in each patient prior to HD.

We calculated arterial Oz content (Ca0:2) and serum
osmolality (sOsm) using following equations:

Ca0z (mL/dL) = 1.34 x Hb x Sp02/100 + (0.0031 x pO2)!*”?
sOsm (mOsm/kg-H20) = (2 x Na) + PG/18 + BUN/2.8"%

Where Hb indicates the hemoglobin concentration
(g/dL), SpO: indicates the oxygen saturation (%), and
pO: indicates the oxygen pressure (mmHg). Na indicates
the serum sodium concentration (mEqg/L), PG indicates
the plasma glucose level (mg/dL), and BUN indicates the
blood urea nitrogen concentration (mg/dL). Furthermore,
for evaluating the efficacy of HD, Kt/V by using Daugirdas
I formula™ and urea reduction ratio™ were calculated
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Figure 1 Lower-limb muscle regional saturation of oxygen in hemodialysis
patients vs healthy individuals. "P < 0.001 vs healthy individuals. HD:
Hemodialysis; rSOz2: Regional saturation of oxygen.

Table 2 Multiple linear regression analysis of independent
factors of lower-limb muscle regional saturation of oxygen in

hemodialysis patients

Parameters Coefficient Standardized P values
(95%CI) coefficient

P 3.02 (0.38-5.65) 0.27 0.025

Serum albumin 6.26 (0.15-12.37) 0.24 0.045

P: Serum inorganic phosphate concentration.

in each patient. The rSO: in healthy individuals was
monitored for 5 min during resting in the supine position
according to the same manner of rSO2 measurement in
HD patients.

Statistical analysis

Data are expressed as mean + standard error. The Sha-
piro-Wilk test was used to confirm that all data were
normally distributed. Student’s t-test was used to compare
non-paired values between the 2 values. Correlations
between the 2 values were evaluated by Pearson’s
correlation coefficient and linear regression analysis.
Parameters that were significantly correlated with lower-
limb muscle rSO: in a simple linear regression analysis
were included in a multiple linear regression analysis
in order to identify factors associating with lower-limb
muscle rSO: in patients undergoing HD. A difference with
P < 0.05 was considered statistically significant.

RESULTS

Lower-limb muscle rSO: values in patients undergoing
HD were significantly lower than those of healthy indivi-
duals (HD patients: 50.0% =+ 1.7%; healthy individuals:
76.8% % 2.5%; P < 0.001; Figure 1).

Table 1 shows the patients’ characteristics as well as
correlations between lower-limb muscle rSO2 and clinical
parameters. According to a simple linear regression
analysis, lower-limb muscle rSO:2 showed significant
positive correlations with diastolic blood pressure, BUN,
serum creatinine, serum potassium, serum inorganic
phosphate, and serum albumin as well as negative
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Figure 2 Comparison of lower-limb muscle regional saturation of oxygen
in hemodialysis patients with vs without diabetes mellitus. rSO2: Regional
saturation of oxygen; DM: Diabetes mellitus.

correlation with HD duration. We conducted a multiple
linear regression analysis using parameters that were
significantly correlated with lower-limb muscle rSO: in a
simple linear regression analysis (Table 2). As a result,
lower-limb muscle SO2 was independently associated with
serum inorganic phosphate (standardized coefficient:
0.27) and serum albumin (standardized coefficient:
0.24). In addition, we examined the relationship between
presence of DM and lower-limb muscle rSO: values, and
found no differences in these values between patients
with and those without DM (P = 0.38; Figure 2).

DISCUSSION

In the present study, lower-limb muscle rSO: values in
HD patients were significantly lower than those of heal-
thy individuals. Furthermore, multiple linear regression
analysis indicated that serum inorganic phosphate and
albumin concentrations, both of which represent nutri-
tional status, were independently associated with the
lower-limb muscle rSO:a.

Regarding the association between tissue oxy-
genation and HD therapy, cerebral rSO: values in HD
patients were significantly lower than those of healthy
individuals®?*??, These values were maintained during
HD and not influenced by blood volume reduction®?,
whereas intradialytic hypotension might be associated
with a decrease in cerebral rSO2'**, Therefore, these
findings indicate the importance of monitoring systemic
tissue oxygenation, particularly cerebral oxygenation as a
part of systemic oxygenation, in HD patients.

According to the increasing number of elderly patients
on maintenance HD, malnutrition and loss of muscle mass
are considered common in the clinical setting of dialysis
therapy. The age-related loss of muscle mass and function
was termed sarcopenia’® and the European working group
on sarcopenia in older people defined sarcopenia as “a
syndrome characterized by progressive and generalized
loss of skeletal muscle mass and strength with a risk of
adverse outcome such as physical disability, poor quality
of life, and death”*. Therefore, muscle mass condition
has been a concern in patients undergoing HD, and
here we focused on muscle oxygenation as a method to
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define muscle condition. The measurement of muscle
rSO:z using NIRS at the lower extremities was reportedly
applicable as a tool for evaluating tissue oxygenation
because of the good reproducibility and inter-subject
variability of its measurements™!l. Clinically, in patients
with acute compartment syndrome of the leg, the tissue
oxygenation decrease of injured leg was reported to
reflect the decrease of perfusion pressure at the injured
compared to uninjured leg™®. Furthermore, in patients
with community-acquired pneumonia, values of forearm
muscle rSO: at intensive care unit admission and those
at 24 h after admission were independently associated
with mortality™*. However, to date, tissue oxygenation
at lower extremities in patients undergoing HD has rarely
been reported.

The reduction of the lower-limb muscle rSO: values
in HD patients included in this study was similar to
the result of cerebral rSO2 comparison between HD
patients and healthy controls™™**. Although this result
is inconclusive because the ages and sexes were not
completely matched between the groups, De Blasi et
al" reported that the tissue oxygen saturation values
at the gastrocnemius muscle are lower in patients under-
going HD with and without DM compared to healthy
controls, even though the differences are not significant
(tissue oxygen saturation: In HD patients with and
without DM, 49.2% * 16.6% and 51.5% = 21.4%;
in healthy controls, 62.3% % 7.3%). HD patients with
symptomatic lower-limb ischemia who were diagnosed
with peripheral artery disease by angiography and/or
magnetic resonance imaging were excluded from the
study. The prevalence of subclinical peripheral artery
disease in HD patients is approximately 20%-25%". We
did not use methods such as the ankle-brachial pressure
index to investigate the presence of peripheral artery
disease in asymptomatic patients. Therefore, while we
have excluded patients with symptomatic peripheral
artery disease from the present study, we may have
inadvertently included some with subclinical disease. In
these patients, muscle rSO:2 might be reduced via the
decrease in oxygen supply caused by the microcirculatory
impairment due to subclinical peripheral artery disease.
Thus, it would be necessary to perform arterial vascular
examinations in future studies so that such patients can
be excluded.

In the fields of chronic kidney disease and dialysis
therapy, the concept of protein-energy wasting has
recently been proposed. Furthermore, protein-energy
wasting itself was one of the strongest predictors of
mortality in patients with chronic kidney disease®.
Therefore, to prevent the progression of protein-energy
wasting in patients undergoing HD, the initiation of oral
nutritional supplementation, including 1.2 g/kg per day of
dietary protein intake, is recommended™. On the other
hand, there was a significant positive correlation between
dietary protein intake and phosphorus intake as well
as between phosphorus intake and pre-dialysis serum
inorganic phosphate concentration®®. Based on these
results, serum inorganic phosphate concentration might

Roishidenge ~ WIN | www.wjgnet.com

528

be positively associated with dietary protein intake. In this
study, lower-limb muscle rSO: values were positively and
significantly associated with serum inorganic phosphate
concentration. The increase in its concentration would
reflect the nutritional status improvement via increased
dietary protein intake; therefore, lower-limb muscle oxy-
genation might be associated with the change in serum
inorganic phosphate concentration, which could be
influenced by the nutritional status. However, although
serum inorganic phosphate concentration is one of several
nutritional markers, hyperphosphatemia may contribute
to worsening vascular calcification and a greater risk of
cardiovascular morbidity™="; therefore, further studies will
be necessary to confirm the association between lower-
limb muscle rSO2 and other nutritional markers such as
normalized protein catabolic rate®®*"!, which represents the
dietary protein intake in anuric HD patients.

Regarding the association between serum albumin
concentration and lower-limb muscle rSO2, serum albumin
was reportedly a prognostic marker of survival in patients
undergoing HD similar to nutritional status™**. Serum
albumin reduction is included in the criteria in the diag-
nosis of protein-energy wasting™, leading to prognostic
worsening in patients undergoing HD. Furthermore,
serum albumin itself, which associates with the formation
of plasma colloid osmotic pressure, influences the
preservation of microcirculation via the fluid movement
from the interstitial space into vessels at small systemic
blood vessels. Therefore, serum albumin itself might
be associated with muscle oxygenation through the
preservation of muscle microcirculation, in addition to
the nutritional status and prognosis in HD patients. Fur-
thermore, in this study, lower-limb muscle rSO: values
were not significantly different between patients with
or those without DM, although cerebral rSO: values
revealed significant decrease in patients undergoing
HD with than those without DM™, Differences in tissue
oxygenation associated with DM itself between the brain
and the muscle is very interesting; however, its precise
mechanism remains uncertain.

This study has several limitations. Firstly, its sample
size was relatively small. Secondly, we could not
evaluate the association between lower-limb muscle
rSO:z and calculated nutritional markers, including
normalized protein catabolic rate and body mass index,
anthropometric measurements representing nutritional
status, and the severity of protein-energy wasting.
Finally, we did not routinely examine the arterial vascular
status of HD patients without symptoms of peripheral
artery disease. As such, it is possible that some HD
patients with subclinical peripheral artery disease may
have been included in this study. Thus, additional studies
are necessary to fully clarify the correlation between
lower-limb muscle rSO: and various clinical parameters.

In conclusion, lower-limb muscle rSO: values in patients
undergoing HD were significantly lower than those in
healthy individuals. Furthermore, the oxygenation of
lower-limb muscle tissue was associated with serum inor-
ganic phosphate and albumin concentrations, both of
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which represent nutritional status.
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Background

The incidence of protein-energy wasting in patients undergoing maintenance
hemodialysis (HD) is high. In particular, sarcopenia characterized by skeletal
muscle atrophy and decrease in muscle strength and function correlates with
mortality in HD patients. In addition, peripheral arterial disease, including critical
limb ischemia, is a major risk factor for amputation and death in HD patients.
Therefore, a method for evaluating muscle is required, especially in the lower-
limb.

Research frontiers

Recently, near-infrared spectroscopy (NIRS) has been used as a way to measure
the regional saturation of oxygen (rSOz), which is a marker of tissue oxygenation.
NIRS is a non-invasive method for measuring tissue oxygenation continuously
and mainly used for monitoring brain tissue oxygen saturation during cardiac
surgery. In this study, the authors used NIRS to measure the lower-limb muscle
rSO2 in HD patients.

Innovations and breakthroughs

Lower-limb muscle rSO2 values were significantly lower in HD patients than
in healthy individuals, and independently associated with serum inorganic
phosphate and albumin concentrations.

Applications

Serum inorganic phosphate and albumin concentrations are markers of
nutritional status. Therefore, the authors can conclude that lower-limb muscle
oxygenation may be associated with nutritional status in HD patients.

Terminology

NIRS technology uses a light-emitting diode which transmits near-infrared light
at 2 wavelengths, as well as 2 silicon photodiodes which act as light detectors.
Each result is read as a single numerical value representing the rSOx.

Peer-review

The authors performed a very interesting and well conducted study aimed at
evaluating the factors influencing regional muscular oxygenation in patients
underwent hemodialysis. The adopted statistical approach is convincing and
the conclusions are supported by the findings reported.
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