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Extended-Hours Hemodialysis Without Dietary Restrictions
Reduces Risk of Vascular Calcification
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Abstract

Vascular calcification is common in dialysis patients and is severely
associated with cardiovascular morbidity and mortality. They have
mineral metabolism disorders, which are considered to promote
vascular calcification. In addition, hypertension and malnutrition,
both prevalent in dialysis patients, are also considered risk factors
contributing to vascular calcification. Our clinic has implemented
extended-hours hemodialysis without dietary restrictions to solve the
problems of hypertension and malnutrition in dialysis patients. We
report a case where aortic calcification was slight despite 34 years
of long-term dialysis. He underwent his first computed tomography
(CT) scan of the chest and abdomen 29 years after initiating hemodi-
alysis to evaluate his kidney transplant. The abdominal aortic calci-
fication index 29 years after initiating dialysis was low at 5.8%, and
even after 5 years, it was only 6.7%. The coronary artery calcifica-
tion score was moderate at 214.0, but the degree of vascular calci-
fication appeared milder than in conventional dialysis patients. His
dialysis modality is unique. He began extended-hours hemodialysis
without dietary restrictions 1.5 years after his transfer to our clinic,
extending his dialysis time to 6 h. He gradually increased it to 10 h,
and the dietary restriction was significantly relaxed. Moreover, he
has been undergoing this treatment for about 26 years. His muscle
mass increased, and his nutritional status remained adequate. The
mean serum phosphorus and calcium levels were within the normal
range (5.4 £ 0.5 mg/dL and 8.8 + 0.3 mg/dL), and the calcium-based
phosphate binder was successfully reduced and eventually discontin-
ued. Furthermore, the blood pressure normalized without the use of
antihypertensive medications. These may have removed some of the
risk factors for vascular calcification. Recent studies suggest that ex-
tended-hours hemodialysis without dietary restrictions significantly
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lowers calciprotein particle levels, a risk factor for vascular calcifi-
cation, compared to conventional dialysis. In conclusion, extended-
hours hemodialysis without dietary restrictions may reduce the risk
of vascular calcification by improving control of malnutrition, hy-
pertension, and mineral metabolism.

Keywords: Vascular calcification; Extended-hours hemodialysis
without dietary restrictions; Mineral metabolism; Malnutrition; Cal-
ciprotein particles

Introduction

Vascular calcification is prevalent in chronic kidney disease,
particularly in dialysis patients, and is strongly associated with
cardiovascular morbidity and mortality due to vascular calci-
fication [1, 2]. Vascular calcification also occurs in the gen-
eral population, but the classic risk factors are old age, male,
diabetes mellitus, hypertension, and dyslipidemia. In contrast,
known risk factors for vascular calcification in dialysis patients
include disorders of mineral metabolism, such as elevated se-
rum phosphate and calcium levels, uremia, inflammation, and
nutritional disorders [3].

In recent years, there has been a focus on the associa-
tion between calciprotein particles (CPPs), circulating parti-
cles in the blood formed by the binding of calcium phosphate
and protein (fetuin-A), and vascular calcification [4, 5]. It
has been reported that CPP levels are elevated in dialysis pa-
tients, leading to early progression of vascular calcification
[6]. In addition, several reports have shown that malnutri-
tion and inflammation are closely associated with vascular
calcification in dialysis patients [7, 8]. Dialysis patients are
usually obliged to restrict their diet to control serum phos-
phate levels. Many are malnourished, and reduced protein
and calorie intake due to dietary restrictions leads to more
significant mortality [9].

The dialysis treatment modality in our clinic is unique,
with two main strategies. First, the clinic specializes in extend-
ed-hours hemodialysis. Patients undergo at least 6 h of hemo-
dialysis treatment per session. In addition, we recommend that
patients undergo extended hemodialysis for up to 8 h. Second,
we recommend that they eat the same diet as their healthy fam-
ily members instead of imposing dietary restrictions. We have
been implementing this treatment for 26 years, and extended-

Articles © The authors | Journal compilation © ] Med Cases and Elmer Press Inc™ | = https:/jmc.elmerpub.com
300 This article is distributed under the terms of the Creative Commons Attribution Non-Commercial 4.0 International License, which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited


https://crossmark.crossref.org/dialog/?doi=10.14740/jmc5146&domain=pdf&date_stamp=2025-08-18

Kaneda et al J Med Cases. 2025;16(8):300-308
— Multidetector-row CT—
st (53 years old) 2nd (58 years old)
_E 10 Dialysis initiation (24 years old) st (53 years o
2 v Nocturnal hemodialysis
'z 8 Hospital-to-clinic transfer (31 years old) ¢ >
26 ¥
A B
4 (58 years old, 34 years
650 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 27.5 after starting dialysis)
110 —o——o—o 140 ~8— GNRI
= 90 120 ~ —®—CGR
z 70 100 <
: g
50 80
vy 8
30 60
65 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 I5 16 17 18 19 20 21 22 23 24 25 26 27 275
~ 10 , : ; . - 600 ~ Ca
3 8 - 480 £
& - L w P
E 6 = 360 & .
= T ~e—iPTH
! é 240 Z
o - N 120 =
A 0
650 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 275

Phosphate binder

calcium carbonate (g/day) 5 3 L +

Active vitamin Dy
Calcitriol (ug/day) [ 2

maxacalcitol (ug/week) [

73 755

Figure 1. Clinical course over 27.5 years (31 - 58 years old) after the transfer. The patient began 6-h extended-hours hemodi-
alysis without dietary restrictions 1.5 years after the transfer. The dialysis time was gradually extended to 10 h, and extended-
hours hemodialysis without dietary restrictions has been maintained for 26 years. The GNRI levels, a nutritional index, remained
in the normal range. The CGR, a muscle mass index, increased after the change in dialysis time to 6 h, reaching 109% after 3
years. Calcium remained slightly low, phosphorus was almost in the normal range, and the phosphate binder calcium carbonate
was discontinued after 16 years. After 17 years, the iPTH levels showed an upward trend, while the active vitamin D3 dosage
increased. The blue arrow indicates the dialysis initiation, and the green arrow indicates general hospital-to-clinic transfer. GNRI:
geriatric nutritional risk index; CGR: creatinine generation rate; Ca: calcium; P: phosphate; iPTH: intact parathyroid hormone;

CT: computed tomography.

hours hemodialysis has been reported to improve nutritional
status and hypertension [10-13]. Herein, we report a case of a
patient with slight aortic calcification despite 34 years of long-
term hemodialysis.

Case Report

A 58-year-old man initiated hemodialysis at the age of 24 years
at a general hospital due to end-stage renal failure caused by
congenital hydronephrosis. The conventional dialysis program
was three times a week for 4 h, but from the beginning of induc-
tion, it was extended to three times a week for 5 h. The patient
was transferred to our clinic at the age of 31 years, 6.5 years
after initiating dialysis. Initially, our facility provided 5-h post-
dilution offline hemodiafiltration with a substitution volume of
6 L per session, administered three times per week. After 1.5
years, extended-hours hemodiafiltration was started. The patient
opted for 6-h sessions due to work-related circumstances. With
the dialysis duration now 1.5 times longer than that of conven-
tional treatment, dietary restrictions have become less stringent.
Extended-hours hemodiafiltration was continued for 7.5 years
before transitioning to nocturnal hemodialysis. Our clinic be-
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gan a 2.5-year trial of in-center nocturnal hemodialysis 9 years
after his transfer (39 years old). There, he underwent nocturnal
hemodialysis for 8 h per session. After the center’s nocturnal
hemodialysis program finished, he returned to 6-h dialysis;
however, he extended to 7-h dialysis 14.8 years later (45 years
old). Subsequently, the dialysis time was extended further, and
the dietary restriction was significantly relaxed and no longer
imposed. After 23.6 years (54 years old), he was on extended-
hours hemodialysis for 10 h at his request. However, he has
continued his duties without issues by utilizing flexible work-
ing hours through cooperation with his workplace. He had been
undergoing extended-hours hemodialysis for approximately 26
years (Fig. 1). His hemodialysis treatment was unique and dif-
ferent from conventional hemodialysis.

He underwent his first chest and abdominal computed to-
mography (CT) scan as a screening test for kidney transplant
donor registration 29 years after initiated hemodialysis (53
years old). A second CT scan was performed 5 years later (58
years old). The Aquilio 64 (Canon Medical Systems Corpora-
tion, Tokyo, Japan) was used for CT scanning. Interestingly,
vascular calcification was only slight, even 29 years after ini-
tiating hemodialysis. Furthermore, CT scan performed 5 years
later (34 years later) showed almost no change in vascular cal-
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Figure 2. The first abdominal CT scan 29 years after the initiation of
dialysis (age 53). (a) Coronal section. (b, c) Axial sections showing
abdominal aortic calcification area. The red arrow indicates the upper
calcification area, and the blue arrow indicates the lower area. Despite
undergoing 29 years of long-term dialysis, calcification remained slight.
CT: computed tomography.

cification (Figs. 2, 3). In addition, vascular calcification was
quantified morphometrically using CT slices. The abdominal
aorta was used to assess vascular calcification, and the ab-
dominal aortic calcification index (AACI) was examined as
a clinical index [14]. AACI (%) was measured by quantita-
tively assessing 10 slices of the abdominal aorta scanned at
10-mm intervals from the common iliac artery bifurcation. The
cross-section of the abdominal aorta in each slice was radially
divided into 12 sectors, and the number of sectors with calcifi-
cations in each slice was counted. The number of sectors with
calcification in each slice was divided by 12, and the values

Figure 3. The second abdominal CT scan taken 34 years after initiating
dialysis (5 years after the first CT scan). (a) Coronal section. (b, c) Axial
sections showing abdominal aortic calcification area. The red arrow in-
dicates the upper calcification area, and the blue arrow indicates the
lower area. There has been little change in the calcified lesions after 5
years. CT: computed tomography.

for 10 slices were summed. The total was divided by 10, and
the number of slices examined was averaged and multiplied by
100 to express the percentage [15]. The AACI was calculated
using the following formula:

AACI = (total score of calcification in
all 10 slices)/12/10 x 100 (%)

A CT scan performed 29 years after initiating hemodi-
alysis revealed vascular calcification in the abdominal aorta;
however, the AACI was low at 5.8%. Five years later, the
AACI increased slightly to 6.7%; however, no new vascular
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Figure 4. Three-dimensional computed tomography (3DCT) of the ab-
dominal aorta to arteria femoralis. Calcification was observed only in
the internal iliac artery but not in the external iliac artery to the femoral
artery (white arrows).

calcifications were observed in the thoracoabdominal aorta
during these 5 years (Fig. 3b, ¢). However, calcification of the
internal iliac artery was found, but there was no evidence of
buttock claudication due to impaired blood flow in the internal
iliac artery (Fig. 4).

Moreover, the coronary artery calcification score (CACS),
which quantifies the calcification of the coronary arteries, was
measured at the time of the second chest CT scan. The CACS
was 214.0, indicating a moderate risk of coronary artery dis-
ease. However, this may be lower than in patients undergoing
conventional dialysis.

The brachial-ankle pulse wave velocity (baPWV) indi-
cates arterial stiffness and vascular calcification. The baPWV
was measured pre-dialysis using an automated oscillometric
device form (Nippon Colin, Japan). The baPWV 34 years after
initiating hemodialysis was within the normal range (< 1,200),
with right/left = 1,070/1,091 cm/s.

His nutritional status was assessed using two indices. The
geriatric nutritional risk index (GNRI), which comprises al-
bumin and body weight terms, has been reported as a simpli-
fied nutritional screening tool for maintenance hemodialysis
patients. The cutoff value for malnutrition in the GNRI was <
91.2 [16]. Since the transfer, the GNRI has remained at 96.5
to 104.0, indicating adequate nutritional status. In addition,
we evaluated the creatinine generation rate (CGR), which is
an indicator of protein nutritional status and reflects muscle
mass [17]. Higher values indicate more muscle mass, and val-
ues above 100% indicate above-average muscle mass. The
rate was low at 92.0% at the time of transfer but increased to
111.0% 3 years later and then remained high, ranging from
109.0 to 126.6% (Fig. 1). The mean GNRI was 99.2 + 4.0, and
the mean CGR was 114.3£9.9 % (Table 1).

The calcium, phosphorus, and intact parathyroid hormone
(iPTH) levels represent the average values at 1-year intervals
from the time of transfer to our clinic. Serum calcium levels
are shown as adjusted calcium values corrected for albumin.
Throughout the study period, adjusted serum calcium levels
averaged 8.8 £+ 0.3 mg/dL, which was low but within the nor-
mal range. Serum phosphorus levels remained within normal
limits, averaging 5.4 = 0.5 mg/dL. The iPTH levels showed
an upward trend after 17 years and remained somewhat high,
ranging from 70.9 to 331.3 pg/mL. The mean calcium-phos-
phorus (Ca-P) product during the entire period was 47.9 = 5.1.
The phosphate binder used to lower serum phosphate levels
was calcium carbonate. At the time of transfer, he was taking 5
g/day of calcium carbonate, but when he underwent extended-
hours hemodialysis for 6 h, the dosage was reduced to 3 g/day.
After 3.5 years, calcium carbonate was temporarily discontin-
ued; however, a small dose of 1 g/day was reintroduced after
9 years. However, calcium carbonate was discontinued after
15.5 years when the dialysis duration was increased to 7 h.
Calcium carbonate doses were low throughout the entire dialy-
sis period. Active vitamin D3 was used to suppress iPTH lev-
els. He was administered 2 pg/week of calcitriol at his transfer.
After 7.5 years, it was temporarily discontinued; however, 11
years later, maxacalcitol 5 pg/week was started due to elevated
iPTH levels. Maxacalcitol dosage was gradually increased to
10 pg/week to control iPTH levels (Fig. 1).

Laboratory data represent the mean (standard deviation
(SD)) of the data obtained during the 27.5 years since the trans-
fer to our clinic (Table 1). Serum phosphate levels, serum cal-
cium, and iPTH levels, risk factors for vascular calcification,
were 5.4 + 0.5 mg/dL, 8.8 = 0.3 mg/dL, and 197.8 + 76.2 pg/
mL, respectively. Albumin levels, an indicator of nutritional
assessment, were well maintained at 4.0 + 0.4 mg/dL. Triglyc-
eride (TG), total cholesterol (TC), and low-density lipoprotein
cholesterol (LDL-C) levels were slightly elevated.

Furthermore, the mean systolic and diastolic blood pres-
sures during the 27.5 years of pre-dialysis were 118.5 £ 17.9
mm Hg and 73.9 + 13.6 mm Hg, respectively, with a mean
arterial pressure of 88.7 = 15.0 mm Hg. He was normotensive
and did not take any antihypertensive medications.

The dialysis conditions were as follows: the blood flow
(Qb) was 178.8 £ 9.7 mL/min, and the dialysate flow (Qd)
was 300 mL/min. The extended-hours hemodialysis without
dietary restrictions treatment method is characterized by slow-
er flow rates than conventional dialysis methods (Qb > 200
mL/min, Qd = 500 mL/min). However, the dialysis efficiency
index single-pool KT/V (1.97 + 0.2) and time-average con-
centration of urea (TAC-urea) (41.2 = 7.2 mg/dL) showed suf-
ficient values. The dialysate was Na™ = 140 mEq/L, K* = 2.0
mEq/L, and Ca™" = 3.0 mEq/L (Table 2).

Discussion

In this case, the vascular calcification was slight despite being a
long-term hemodialysis patient for 34 years. Vascular calcifica-
tion is significantly more common in dialysis patients than in
those without chronic kidney disease and contributes to the very
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Table 1. Average Laboratory Data Over 27.5 Years After Transfer (December 1998 - May 2024)

Laboratory value Results N Reference range
White blood cell (/uL) 6,384.3 £398.5 559 4,000 - 8,000
Red blood cell (x 10%/uL) 347.6 +30.1 559 330-390
Hemoglobin (g/dL) 11.0£1.0 559 10.0-12.0
Total protein (g/dL) 6.5+0.3 103 6.5-83
Albumin (g/dL) 4.0+04 321 3.5-5.0

UN (mg/dL) 69.2+7.4 82

Creatinine (mg/dL) 13.2+1.2 82 12.0 - 14.0
B2MG (mg/L) 29.7+32 96 <30
Triglyceride (mg/dL) 1452 +49.2 76 30 - 149
Total cholesterol (mg/dL) 190.9 £19.5 76 <180
LDL-cholesterol (mg/dL) 1204+ 16.4 76 <120
HDL-cholesterol (mg/dL) 439+7.0 76 > 40

Sodium (mEq/L) 1420+1.2 290 136 - 147
Potassium (mEq/L) 4.8+0.3 563 3.6-5.0
Calcium (mg/dL) 8.8+0.3 511 8.4-10.0
Phosphate (mg/dL) 54+0.5 512 3.5-6.0
iPTH (pg/mL) 197.8 +£76.2 195 60 - 240
Alkaline phosphatase (U/L) 190.5 +63.9 381 104 - 338
Ferritin (ng/mL) 59.0+£45.7 76 100 - 300

Data are expressed as mean + standard deviation. UN: urea nitrogen; B2MG: 2-microglobulin; LDL-cholesterol: low-density lipoprotein cholesterol;
HDL-cholesterol: high-density lipoprotein cholesterol; iPTH: intact parathyroid hormone.

high morbidity and mortality of cardiovascular disease [18].
We assessed vascular calcification in this case with AACI.

Interestingly, despite a very long exposure to risk factors due

to hemodialysis over 34 years, the AACI was low at 6.7%,

Table 2. Average Hemodialysis Procedure Data Over 27.5
Years After Transfer

Procedure data

Blood flow rate (mL/min) 178.8 £9.7
Dialysate flow rate (mL/min) 300
Dialysate composition (mEq/L) Na® =140, K*=2.0, Ca™ =3.0

Dialysis membrane PS, PES, CTA and/or PMMA

Membrane area (m?) 1.3-25
spKt/V 1.97£0.32
TAC-urea (mg/dL) 412+72
Ca-P product 479+5.1
nPCR (g/kg/day) 1.02+0.12
CGR (%) 1143 +9.9
GNRI 99.2+4.0

spKt/V: single-pool urea fractional clearance; TAC-urea: time-average
concentration of urea; nPCR: normalized protein catabolic rate; CGR:
percentage creatinine generation rate; GNRI: geriatric nutritional risk
index; PS: polysulfone; PES: polyethersulfone; CTA: cellulose triac-
etate; PMMA: polymethyl methacrylate.

with a slight 5-year change rate of +0.9%. In several reports,
the average AACI of dialysis patients ranged from 22.1% to
80.2%, and the average duration of dialysis was less than 10
years [19-22]. Moriyama et al [21] reported AACI data for
94 patients, excluding those with diabetic nephropathy. The
patients were divided into two groups: those with and those
without cardiovascular disease. Among the 62 patients without
cardiovascular disease comparable to the present case, with a
mean age of 59.7 + 1.4 years, the mean AACI was 34.243.4%.
In contrast, the AACI in this case was 6.7%, approximately
one-fifth of that observed in conventional dialysis.

However, the CACS, a measure of the risk of developing
coronary artery disease, was moderate at 214.0. The CACS in
dialysis patients has been reported to be significantly higher
than that in the general population [23]. In addition, several re-
ports indicate that the mean CACS of dialysis patients ranged
from 449 to 4,290, and their mean duration of dialysis ranged
from 5.3 to 10.4 years [24-29]. Also, to our knowledge, there are
no studies on CACS in long-term dialysis patients beyond 11
years. They have also been reported to be male and have long-
term hemodialysis vintage as independent risk factors for CAC
progression [3]. Therefore, considering that he was a man who
had been undergoing hemodialysis for 34 years, his CACS may
have been lower than that of conventional dialysis patients.

Extended-hours hemodialysis has been reported to im-
prove nutrition status and hypertension [10-13]. He has been
undergoing 5-h dialysis since the initiation of hemodialysis.
He underwent extended-hours hemodialysis without dietary
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restrictions 1.5 years after transfer to our clinic and contin-
ued to have 6 - 10 h of extended-hours hemodialysis sessions
over the next 26 years. His mean systolic blood pressure meas-
ured before dialysis over the 27.5 years since his transfer to
our clinic was 118 + 17.9 mm Hg. He also maintained normal
blood pressure without the use of antihypertensive medica-
tions. The severity of AACI reportedly increases with higher
systolic blood pressure in dialysis patients [30].

Furthermore, the mean albumin level was 4.0 £ 0.4 mg/
dL, and the mean GNRI, a nutritional index, was high at 99.2
+ 4.0, indicating adequate nutritional status over the 27.5 years
since the transfer. Malnutrition in maintenance dialysis pa-
tients has been suggested to be an independent risk factor for
aortic calcification progression, and improved nutrition may
prevent aortic calcification [31].

Recently, CPPs have gained attention as risk factors for
vascular calcification in dialysis patients. CPPs are blood-
circulating colloidal particles formed from a combination of
calcium phosphate and the serum protein fetuin-A [32]. CPPs
are usually considered carriers of phosphate and calcium in the
bone. These primary CPPs (CPP1) form small spherical colloi-
dal nanoparticles that contain amorphous calcium phosphate.
They prevent calcium and phosphate precipitation and are part
of the blood mineral buffer system. However, in vitro, CPP1
aggregates and is converted into large, dense particles of sec-
ondary CPP (CPP2) containing crystalline calcium phosphate.
The transition from amorphous calcium phosphate to crystalline
calcium phosphate has been reported as a vascular calcification
factor [33]. Blood CPP levels increase with CKD progression,
and blood CPP2 levels are reportedly high in dialysis patients
[34]. Nishibori et al [35] measured CPP2 in patients undergoing
extended-hours hemodialysis without dietary restrictions at our
clinic and compared it to the conventional hemodialysis group.
Interestingly, blood CPP2 levels were significantly lower in the
extended-hours hemodialysis without dietary restrictions group,
at approximately half the level. Patients in the extended-hours
hemodialysis group exhibited lower C-reactive protein (CRP)
levels and higher serum albumin levels, suggesting a better nu-
tritional and inflammatory status than those in the conventional
hemodialysis group. Moreover, the findings imply that these pa-
tients may have higher fetuin-A levels. Based on these results,
it has been reported that extended-hours hemodialysis without
dietary restrictions may inhibit the formation of CPPs derived
from serum phosphorus and calcium.

Several factors, including fetuin-A, pyrophosphate, mag-
nesium, and zinc, inhibit vascular calcification [36]. Fetuin-A
is a potent inhibitor of soft tissue calcification. Fetuin-A also
stabilizes CPP1 and delays its progression to CPP2 [37]. Mal-
nutrition decreases fetuin-A levels, which reduces vascular
calcification. The GNRI has been reported to be an independ-
ent marker of fetuin-A levels [38]. The patient’s GNRI levels
were high, indicating that his fetuin-A levels, which inhibit
vascular calcification, may have been well maintained.

His serum cholesterol level was near the upper limit of
normal. Dyslipidemia is considered a risk factor for causing
calcification in atherosclerosis. However, there have been re-
ports of an inverse correlation between serum cholesterol lev-
els and risk for death in dialysis patients, known as the “cho-
lesterol paradox”. It has also been reported that low cholesterol

is associated with inflammation and nutritional disorders in di-
alysis patients [39, 40]. Evaluating chronic inflammation was
unattainable because CRP was not a routine blood test in our
clinic. However, the ferritin level, another indicator of chronic
inflammation, was low at 59.0 + 45.7 ng/mL [41]. Thus, he
may have been well-nourished, and inflammation may have
been suppressed. This relationship between malnutrition and
inflammation is closely related to aortic calcification [7, 40].

Excessive calcium intake from calcium-based phosphate
binders is associated with progressive vascular calcification
[42]. In addition, higher serum calcium levels have been re-
ported to increase the relative risk of death [43]. At the time
of transfer, he was taking calcium carbonate 5 g/day, which he
could reduce and discontinue because of the extended dialysis
time. Albumin binds to ionized calcium (Ca?") and traps Ca?*
in the blood [4]. His albumin levels were well maintained, and
the serum calcium levels were near the low end of the nor-
mal range, at 8.8 + 0.3 mg/dL. Calcium and phosphorus have
been reported to synergize in promoting vascular calcification,
with even a slight elevation in calcium levels significantly am-
plifying the pro-calcific effects of phosphorus [44]. His Ca-P
product was normal at 47.9 + 5.1. In addition, quantitative
bone mineral density was assessed using calcaneal quantita-
tive ultrasound (QUS) 34 years after the initiation of hemodi-
alysis, at age 58 years. The speed of sound (SOS) was 1,608
m/s, the young adult mean (YAM) was 85.8%, and the T-score
was -1.44, which was comparable to healthy individuals of the
same age. These findings suggest that bone mineral metabo-
lism may have been well controlled [45].

The uremic milieu is a significant risk factor for promot-
ing vascular calcification, and not only calcium and phosphate
load but also middle molecules (MMs), protein-bound uremic
toxins (PBUTs), and low-molecular weight solutes uremic tox-
ins were shown to affect vascular calcification [46-48]. Small
and MMs are removed more adequately from the deeper com-
partments through extended-hours hemodialysis [49]. In addi-
tion, higher removal of PBUTs has been reported compared to
conventional hemodialysis [50], as well as the biological im-
provement of vascular smooth muscle cells by extended-hours
hemodialysis [51].

Calcification of the abdominal aorta was slight, but ap-
parent calcification was observed in the internal iliac artery.
Several possible reasons for this include the combined use of
vitamin D3 and calcium carbonate in the early stages of induc-
tion and a history of smoking for several years at the time of
hemodialysis initiation in his late 20s. However, to our knowl-
edge, there are no reports of specific calcification of the in-
ternal iliac artery in dialysis patients. Continued follow-up is
needed in the future.

General factors may be relevant to the slight vascular cal-
cification, which was slight; he was 24 years old when he initi-
ated hemodialysis, and he is still relatively young at 58 years
old. Vascular calcification has been reported to be associated
with aging [52], and its progression may be slower in younger
individuals than in older individuals. However, vascular calci-
fication has also been reported to be common and progressive
in young adults on dialysis patients [6].

Extended-hours hemodialysis is efficacious in improving
anemia, controlling hypertension, and removing phosphate
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[11-13]. It can also lead to reduced medication use and be ben-
eficial to the economy. However, drawbacks include increased
consumption of dialysate and electricity. Furthermore, when
introducing extended-hours hemodialysis, it is essential to cre-
ate an environment that supports this schedule, including the
structure of the dialysis facility and staff cooperation with pa-
tients.

Despite these clinical advantages, extended treatment du-
ration can impose psychological and quality-of-life burdens on
patients, and obtaining informed consent remains a significant
challenge. Nevertheless, nocturnal hemodialysis and home di-
alysis are viable modalities for extended-hours hemodialysis.
Our clinic groups specialize in extended-hours hemodialysis
without dietary restrictions and currently provide sessions ex-
ceeding 6 h to approximately 400 patients, both during the day
and overnight.

Conclusions

This unique case is a testament to the potential benefits of
extended-hours hemodialysis without dietary restrictions. The
hemodialysis patients undergoing extended-hours hemodialysis
without dietary restrictions may have well-controlled malnutri-
tion, mineral metabolism, and a reduced risk of vascular calci-
fication due to enhanced removal of uremic toxins. However,
these findings are based on a single case, and further studies are
necessary to extend these observations to a broader population.

Learning points

Increased vascular calcification is common in hemodialysis
patients and has a significant negative impact on life progno-
sis. However, no standard treatment has been established at
present. In this case, extended-hours hemodialysis without
dietary restrictions was performed from the early stage of di-
alysis treatment, effectively slowing the progression of vas-
cular calcification. Dialysis patients are exposed to many risk
factors that promote vascular calcification, and it is important
to eliminate them whenever possible. This treatment method
significantly benefits dialysis patients by effectively remov-
ing uremic toxins, normalizing hypertension, and improving
malnutrition. The risk factors could be removed by perform-
ing extended-hours hemodialysis without dietary restrictions,
which may reduce vascular calcification.
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