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Figures 7. Myocardial perfusion on three cardiac areas.

A. At 0 min, the myocardial perfusion of the IWLV, LWLV, and AWRYV was [(mean 71.5, IQR 16.25) vs (mean 85.0,
IQR 22.25), p=0.0313]; [(mean 79.0, IQR 18.00) vs (mean 84.5, IQR 13.50), p=0.0739]; and [(mean 71.5, IQR 21.50) vs
(mean 84.2, IQR 17.50), p=0.0579], respectively.

B. At 30 min, the myocardial perfusion of the IWLV, LWLV, and AWRV was [(mean 81.3, IQR 11.75) vs (mean 89.8,
IQR 16.50), p=0.0313]; [(mean 76.7, IQR 10.25) vs (mean 85.8, IQR 11.25), p=0.0313]; and [(mean 71.5, IQR 17.25) vs
(mean 82.8, IQR 22.25), p=0.0313], respectively.

C. At 60 min, the myocardial perfusion of the IWLV, LWLV, and AWRV was [(mean 80.8, IQR 20.00) vs (mean 86.5,
IQR 25.25), p=0.0355]; [(mean 74.5, IQR 18.50) vs (mean 91.5, IQR 21.25), p=0.0355]; and [(mean 70.3, IQR 31.25) vs
(mean 81.2, IQR 28.25), p=0.0355], respectively.

Blue box: K-Beat off. Orange box: K-Beat on. IWLYV, inferior wall of left ventricle; LWLV, lateral wall of left ventricle;
AWRY, anterior wall of right ventricle; and IQR, interquartile range.

off (60-83, mean 71.5, IQR 16.25) vs K-Beat on (71-97, mean 85.0, IQR 22.25), p=0.0313]; [K-Beat off
(77-92, mean 79.0, IQR 18.00) vs K-Baet on (67-100, mean 84.5, IQR 13.50), p=0.0739]; and [K-Beat
off (51-86, mean 71.5, IQR 21.50) vs K-Baet on (65-102, mean 84.2, IQR 17.50), p=0.0579],
respectively (Fig. 7TA).

At 30 min, the myocardial perfusion for the IWLV, LWLV, and AWRYV was [(K-Baet off 70-90, mean
81.3, IQR 11.75) vs K-Baet on (65-94, mean 89.8, IQR 16.50), p=0.0313]; [K-Beat off (65-85, mean
76.7, IQR 10.25) vs K-Beat on (71-98, mean 85.8, IQR 11.25), p=0.0313]; and [K-Baet off (61-85, mean
71.5,IQR 17.25) vs K-Baet on (66-101, mean 82.8, IQR 22.25), p=0.0313], respectively (Fig. 7B).

At 60 min, the myocardial perfusion for the IWLV, LWLV, and AWRYV was [K-Baet off (65-94, mean
80.8, IQR 20.00) vs K-Beat on (73-99, mean 86.5, IQR 25.25), p=0.0355]; [K-Beat off (64-87, mean
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Abstract
Background

Clinical hyponatremia is frequently observed in individuals with severe motor and intellectual
disabilities (SMID) due to disturbances in homeostasis, including water-electrolyte imbalances
associated with bedridden status, tube feeding, and chronic polypharmacy. However, no large-scale

cross-sectional studies have been conducted to date.

Methods

We conducted a retrospective observational study including individuals with severe motor and
intellectual disabilities (SMID) residing in a long-term care facility, using laboratory data collected
over the course of one year. This retrospective observational study targets SMID patients who were
hospitalized for extended periods. Serum sodium (Na) levels were extracted, and background
characteristics, seasonal variations, and associations with laboratory parameters were examined. A
representative serum Na value was calculated for each individual, and analyses were performed
according to total salt intake, disease severity as classified by the Oshima classification, and

carbamazepine (CBZ) use.

Results

A total of 161 were included, with a median age of 54 years; 78 patients (48.4%) were male. Most
patients (68.9%) were classified as Oshima category 1. The hyponatremia group consisted of 26
patients (17%). The median representative serum Na level was 140 mEq/L (range: 127-150 mEq/L).
Patients in the Oshima category 1 had significantly lower Na levels compared with those in categories
=2 (p=0.005). Hyponatremia was significantly more frequent among CBZ users (p=0.009).
Conclusions

In patients with SMID, hyponatremia was associated with Oshima category 1 and with CBZ use,

each representing an independent risk factor. These findings offer valuable insights for clinical
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practice, particularly for guiding the periodic evaluation and adjustment of medications.
Key Words: Severe motor and intellectual disability; Hyponatremia; Tube feeding;

Oshima classification; Serum sodium

Introduction
Severe motor and intellectual disabilities (SMID) are characterized by the coexistence of profound
intellectual disability and severe motor impairments. In Japan, the Oshima classification is used to
categorize SMID, with categories 1-9 considered representative of the condition; a lower number

1,2)

indicates greater severity"”. The estimated prevalence of SMID is approximately 0.2-0.4 per 1000

people, corresponding to approximately 43000 people nationwide, with numbers rising annually®*.
Individuals with SMID frequently experience long-term bedridden status, tube feeding, and chronic
polypharmacy, all of which increase the risk of homeostatic disturbances, including water-electrolyte
imbalances. Among these, hyponatremia is particularly concerning due to its potential impact on the
central nervous system and the difficulty in detecting symptoms in this population.

In individuals with SMID, impaired thirst perception disrupts self-regulation of water intake, and
fluid supplementation is typically managed uniformly by caregivers, which may lead to unintended
over- or under-administration of fluids. Additional contributing factors include sodium loss through
drooling or gastric fluid drainage, abnormal antidiuretic hormone (ADH) secretion due to brain
injury, diuretic use, renal dysfunction, and complications such as pneumonia. These factors may
precipitate the syndrome of inappropriate antidiuretic hormone secretion (SIADH)”. In a previous
study of nine patients with SMID with chronic hyponatremia receiving carbamazepine (CBZ), seven
were clinically suspected to have SIADH, although elevated ADH levels above the detection threshold
were observed in only one patient®. These finding suggests that CBZ may contribute to hyponatremia
independently of excessive ADH secretion.

The World Health Organization (WHO) recommends limiting salt intake to less than 5g/day in the
general adult population”. Although the minimum requirement for physiological function is not well
defined, the daily sodium requirement is estimated at 200-500 mg (equivalent to 0.5-1.3g of salt)”.
However, specific target salt intake levels or reference serum sodium (Na) values have been
established for individuals with SMID. To the best of our knowledge, no study has investigated
whether factors such as seasonality, age, or severity of disability influence serum Na concentrations.

Despite its clinical relevance, the distribution and determinants of serum Na levels in patients
with SMID remain poorly characterized. In this retrospective observational study, we examined
serum Na concentrations over one year in residential care facilities, identified factors associated with
hyponatremia, and aimed to provide clinically useful information for salt supplementation and serum

monitoring in this population.

Methods
Study design and participants
This retrospective observational study was conducted at the Sunago Medical Welfare Center in
Hyogo, a residential care facility for individuals with SMID. The study population comprised
residents who were continuously hospitalized throughout fiscal year 2023 (from April 1, 2023, to
March 31, 2024). Exclusion criteria included new admissions or discharges due to death during the

study period, cases corresponding to Oshima classification category 10 or higher, and residents
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Long-term residents
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Figure 1. Flow chart.
This is a flow chart showing the inclusion and exclusion criteria for this study.

receiving tolvaptan.
Data collection

The severity of SMID was assessed using the Oshima classification”. Participant characteristics,
including age, sex, and Oshima classification category, as well as medical interventions such as tube
feeding, oral sodium chloride (NaCl) supplementation, and the use of diuretics, CBZ, and tolvaptan,
were extracted from medical records. Clinical data included serum Na concentrations measured as
part of routine clinical care during the study period, along with simultaneous measurements of
C-reactive protein (CRP), albumin, creatinine, potassium, and chloride levels. Measurement timing
was categorized by season according to the Japanese calendar: spring (March-May), summer (June-
August), autumn (September-November), and winter (December-February).

For each individual, a “representative serum Na value” was defined as the measurement equal to
or closest to the median of all serum Na concentrations obtained during the study period.
Associations between representative serum Na value and age, sex, and Oshima classification were
analyzed.

In addition, correlations were examined between the representative serum Na value and both oral
salt intake per body weight and oral sodium chloride supplementation measured on the same day.
Participants were further categorized into two groups based on their representative serum Na values:
hyponatremia (<135 mEq/L) and normonatremia (135-150 mEq/L). Background factors (sex and
severity) and intervention-related factors (tube feeding, dietary salt intake, diuretic use, and CBZ
administration) were compared between the two groups. Notably, when analyzing the relationship
between representative serum Na and oral salt intake, as well as in the two-group comparisons, cases
receiving intravenous infusion at the time of representative serum Na measurement were excluded

from the analysis (Fig. 1).
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Ethical considerations

This study was conducted in accordance with the principles of the Declaration of Helsinki. All
data collection and analyses were performed with strict attention to the protection of personal
information. The study protocol was reviewed and approved by the Ethics Committee of Nishinomiya
Sunago Medical Welfare Center (approval date: July 14, 2025). Because this was a retrospective
study using existing medical records, informed consent was obtained through an opt-out procedure by
posting a study notice on the hospital bulletin board. No patients declined participation.
Statistical analysis

Categorical variables are presented as frequencies (N) and percentages (%). For continuous
variables, normality was first assessed using the Kolmogorov-Smirnov test. As all variables were
non-normally distributed, results are expressed as medians. Seasonal variations in serum Na
concentrations were analyzed using one-way analysis of variance (ANOVA) with Bonferroni post hoc
tests. Correlations between serum Na and other laboratory parameters, as well as between
representative serum Na values and total salt intake, were assessed using Spearman’s rank
correlation coefficients. Associations between representative serum Na values and sex or SMID
severity were examined with the Mann-Whitney U test. Associations between representative serum
Na values and medical interventions (Oshima classification, tube feeding, diuretic use, and CBZ use)
were examined using logistic regression analysis. Logistic regression analysis was performed using
binary comparisons. For the Oshima classification, Category 1 was coded as 0 and Categories 2 and
above as 1. For other variables, the absence of a factor was coded as 0 and its presence as 1. To
assess multicollinearity, the variance inflation factor (VIF) was calculated. All VIF values were in
the range of 1 and below 5, indicating the robustness of the analysis and the absence of
multicollinearity. In addition, patients classified as Oshima category 1 are typically bedridden and
often require tube feeding, exhibiting markedly different clinical characteristics compared with other
classifications. Therefore, analyses were performed separately for Oshima category 1 patients and
the remaining patients. All statistical analyses were performed using EZR version 1.54 (Easy R;
Saitama Medical Center, Jichi Medical University, Saitama, Japan), a graphical user interface for R
(The R Foundation for Statistical Computing, Vienna, Austria), which is a modified version of R

Commander version 4.0.3.

Results

A total of 161 participants were included in the study (Fig. 1). Across these participants, 1280
serum Na measurements were collected. Patient characteristics are shown in Table 1. At the end of
the observation period (March 31, 2024), the median age was 54 years (range, 12-82 years); 78
participants (48.4%) were male, and 111 (68.9%) were classified as Oshima category 1. The
hyponatremia group consisted of 26 patients (17%).

Regarding seasonal variation in serum Na values, the median levels were 137.5 mEq/L in spring,
138.2 mEq/L in summer, 137.2 mEq/L in autumn, and 138.4 mEq/L in winter. In the Bonferroni post-
hoc test, the p-values for autumn (which showed the lowest value) compared with spring, summer,
and winter were 1.00, 0.06, and 0.014, respectively. A significant difference was observed between
the autumn and winter seasons. Correlations between serum Na and other laboratory parameters
are presented in Table 2. The only significant correlation was between serum Na and chloride levels
(Spearman’s p=0.69, p<0.0001).
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Table 1. Patient characteristics (N=161)

median (range) or N (%)

age (y) 54 (12-82)
sex male 78 (48.4%)
body weight (kg) 36.6 (19.4-55.2)
BMI 17 (11-33)

Oshima classification

1 111 (68.9%)
2 29 (18.0%)
3 4 (2.5%)
4 3 (1.9%)
5 11 (6.8%)
6 2 (1.2%)
7 0
8 0
9 1(0.6%)
n1.1mber of serum Na measurements 5 (1-58)
(times)
tube feeding 76 (47.2%)
C-reactive protein (mg/dL) 0(0-9)
albumin (g/dL) 4.1(2.4-4.8)
creatinine (mg/dL) 0.52 (0.09-1.54)
potassium (mEq/L) 4.4 (3-5.5)
chloride (mEq/L) 95 (86-111)
oral NaCl supplementation 26 (16.1 %)
g 3(1-8.5)
total salt intake (g) 6(0.9-11.3)
total salt intake per body weight (g/kg) 0.156 (0.029-0.413)
CBZ use 45 (28.0%)
diuretic use 15 (9.3%)
tolvaptan use 1(0.6%)

BMI, body mass index; NaCl, sodium chloride; and CBZ, Carbamazepine.

Table 2. Correlation between serum Na concentrations and various

parameters
Spearman (p) p values
C-reactive protein —0.22 <0.001
albumin 0.19 <0.001
creatinine 0.20 <0.001
potassium —0.07 0.014
chloride 0.69 <0.001

The representative serum Na value was 140 mEq/L (range: 127-150 mEq/L). By Oshima
classification, participants in Category 1 had significantly lower representative serum Na values
(median 139) compared with those in Category 2 or higher (median 141 mEq/L) (p=0.005) (Fig. 2).
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Figure 2. Distribution of representative serum Na levels.

Black indicates the distribution of representative serum sodium levels in Oshima classification category 1, and the
dashed line indicates the distribution of representative serum sodium levels in Oshima classification category 2 or higher.

Table 3. Influencing factors in the hyponatremia group

OR 95%CI1 p values
Oshima classification 0.24 (0.06-0.93) 0.039
tube feeding 1.53 (0.58-4.07) 0.39
CBZ use 3.4 (1.35-8.46) 0.009
diuretic use 3.6 (0.93-14) 0.06

OR, Odds ratio; 95% CI, 95% confidence interval; and CBZ, Carbamazepine.

Representative serum Na values were also significantly lower in males (median 139 mEq/L) than in
females (median 140 mEq/L) (p=0.023). No correlation was observed between representative serum
Na values and age (Spearman’s p=—0.003, p=0.97).

The median total salt intake (including dietary salt and oral NaCl administered as medication)
was 6.0g (range: 0.9-11.3g). When adjusted for body weight, the median total salt intake was 0.152 g/kg
(range: 0.029-0.413g). There was no significant correlation between the representative serum sodium
level and either the total salt intake or total salt intake per body weight (Spearman’s p=—0.02 and
—0.004, with p=0.8 and 0.96, respectively).

The results of the analysis of background and intervention factors between the low-Na and normal
Na groups are shown in Table 3. A significantly higher proportion of patients with hyponatremia was
observed in Oshima Category 1 compared with Categories 2 and above (p=0.039). Furthermore,
within the hyponatremia group, the proportion of CBZ users was significantly higher than in the

normonatremia group (p=0.009).
Discussion

Hyponatremia is a frequent complication in patients with SMID; however, no previous study has

systematically examined this condition in a large cohort. To the best of our knowledge, this study is
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the first to investigate serum Na levels in a large population of >160 patients with SMID and to
identify factors associated with hyponatremia. Additionally, among patients with SMID,
hyponatremia was significantly more prevalent in those with severe disability classified as Oshima
Category 1 and in those receiving CBZ. These findings provide important insights for the clinical
management of SMID.

Representative serum Na levels were significantly lower in men (median, 139 mEq/L) than in
women (median, 140 mEqg/L). Recent studies have reported that the overall average serum Na level
for both sexes is approximately 139.4 mmol/L+2 mmol/L, with little difference between men and
women®. However, a 1990 statistical analysis of serum Na level in healthy American adults reported
age-specific, sex-stratified averages: males averaged 139-140 mmol/L, whereas females averaged 138-
141 mmol/L, showing a slight tendency toward lower levels in females”. The reasons for the lower
trend in women are suggested to be differences in body composition, such as muscle mass, and the
influence of female hormones'. In patients with SMID, previous reports suggest that both males and
females have lower levels of sex hormones due to malnutrition and low body weight, leading to
delayed puberty onset'”. Therefore, the influence of sex hormones may be attenuated in female
patients with SMID, which could contribute to a reduced likelihood of serum sodium levels decreasing.
However, no hormonal analysis was conducted in this study, and further investigation is warranted.

It is well known that serum sodium levels in the elderly exhibit seasonal variation, with the
frequency of hyponatremia increasing during the summer. This has been attributed not only to the
higher prevalence of renal impairment but also to a decrease in salt intake and an increase in fluid
consumption'. In this study, unlike previous reports, a difference was observed between autumn and
winter. In the residential facility where the participants lived, room temperature was controlled,
minimizing the influence of seasonal variation and reducing the likelihood of fluctuations in sweating
or fluid balance. Furthermore, the amount of fluid intake in each season was considered appropriate,
which may have prevented the occurrence of hyponatremia. As for the relatively lower values
observed in autumn, it is possible that the larger temperature fluctuations and summer-like heat
during the daytime led to continued fluid supplementation as an extension of summer hydration
practices, resulting in slightly higher fluid intake in autumn; however, the details remain unclear. In
any case, no clinically meaningful seasonal differences were identified.

In this study, the median daily salt intake among patients with SMID was 6.0g, slightly higher
than the WHO-recommended level”. By comparison, the reported average daily salt intake for
Japanese adults is 11g in men and 9.3g in women, indicating that the intake in our cohort was

approximately 60% of the average for Japanese adults'

. Notably, even with a minimum salt intake
of 0.9 g/day, serum Na levels were maintained. According to the Adult and Pediatric Water Balance
Study', the sodium requirement for maintaining normal balance is estimated at 1-3 mEq/kg
(equivalent to 23-69 mg/kg/day), which corresponds to 0.058-0.175 g/kg of salt. In this study, given
the characteristic smaller body size of individuals with SMID compared to the general adult
population, analyses were conducted based on total salt intake per body weight. The median salt
intake was 0.156 g/kg, which falls within this maintenance range; however, individual cases showed
intakes both significantly higher and lower than this threshold. An increase in total dietary salt
intake does not necessarily lead to a higher representative serum sodium level. This may be
explained by physiological mechanisms, such as enhanced renal sodium excretion, concurrent water

15)

administration, and hormone-mediated regulation of water balance', all of which can attenuate the
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direct impact of salt intake on serum sodium levels.

In category 1 of the Oshima classification and category =2, the representative Na level was
significantly lower in the former (median, 139) than in the latter (median, 141). In older adults,
sarcopenia—characterized by reduced muscle mass—has been associated with decreased potassium
storage in muscles, resulting in lower total body potassium. This reduction facilitates fluid shifts into
the extracellular space, stimulates ADH secretion, and may contribute to hyponatremia'®. Moreover,

7. Experimental mouse models

hyponatremia is a recognized risk factor for sarcopenia in the elderly
indicate that hyponatremia can reduce muscle mass and decrease IGF-1 expression in muscles'®,
suggesting a potential bidirectional relationship. From the perspective of activities of daily living,
individuals in the Oshima classification category 1 likely have reduced muscle mass compared with
those in higher categories, which may predispose them to hyponatremia. Therefore, within the SMID
group, Oshima classification category 1 was considered to have a higher risk of developing hyponatremia.

A high prevalence of hyponatremia has been reported among patients on long-term complete
enteral nutrition (73 of 175 patients; 42%)", and malnourished patients receiving complete enteral
nutrition are also considered more likely to develop hyponatremia®*”. Although commercial enteral
nutritional formulas contain added salt, their sodium content is intentionally kept relatively low in
consideration of patients with hypertension, heart failure, or impaired renal function. In the present
study, however, no clear tendency toward hyponatremia was observed among patients receiving
enteral nutrition. One possible explanation is that, given the inherently low sodium content of
enteral formulas, supplemental oral NaCl had been administered in advance, thereby reducing the
likelihood of hyponatremia due to sodium deficiency. Regarding CBZ administration, rat experiments
have shown that CBZ increases the sensitivity of vasopressin V2 receptors in renal collecting tubules,
enhancing the action of ADH and promoting water reabsorption, thereby causing dilutional
hyponatremia®’. In a study of patients with general epilepsy receiving CBZ, hyponatremia was
observed in 17% of those under 40 years of age and in 34% of those 40 years or older, with risk

2 In this study, a significantly higher prevalence of hyponatremia was observed

increasing with age
among patients receiving CBZ. Hyponatremia occurred in 2% of CBZ users under 40 years of age and
in 28% of those aged 40 years or older, indicating an association between CBZ use and age.

In this study, no significant hyponatremia was observed in patients with SMID who were taking
diuretics. This is likely because the diuretics used were either loop or potassium-sparing types,
whereas thiazide-type diuretics were not used. Hyponatremia caused by diuretics is most commonly
observed with thiazide diuretics, while loop diuretics may cause hyponatremia in cases of fluid

*» and potassium-sparing diuretics may lead to hyponatremia when

overload or extreme fluid intake
combined with other medications or administered at doses exceeding 100 mg per day'. In this study,
none of the above conditions were present, and the dosage of potassium-sparing diuretics did not
exceed 50 mg/day, suggesting a lower likelihood of developing hyponatremia. One limitation of this
study was the absence of a defined target serum Na level for patients with SMID. Consequently,
variability existed in the amount of oral NaCl supplementation administered by healthcare providers,
which may have acted as a potential confounding factor. Furthermore, since this study was a
retrospective observational study, the available data were limited to existing laboratory
measurements and medical records, making it difficult to fully adjust for all confounding factors. In
the hyponatremia group, detailed evaluations not only of antidiuretic hormone but also of thyroid and

adrenal cortical hormones, as well as assessments of urinary sodium excretion, were insufficient.
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Further studies with larger sample sizes are warranted to determine the appropriate serum sodium
targets for patients with SMID. In conclusion, this study examined serum Na levels in over 160
patients with SMID and identified characteristics associated with a higher risk of developing
hyponatremia. Among these patients, those classified as severe according to the Oshima classification
(Category 1) and those receiving CBZ were found to be more prone to developing hyponatremia.
These findings highlight the importance of establishing target serum Na levels for patients with
SMID to guide regular monitoring and optimize medication management, thereby reducing the risk

of hyponatremia and its associated complications.
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Abstract
Background

Nutritional disorders are strongly linked to adverse clinical outcomes, including cardiovascular
disease (CVD), in patients undergoing hemodialysis. The geriatric nutritional risk index (GNRI) is an
objective screening tool for nutritional status that predicts all-cause and CVD mortality. Vascular
calcification, a hallmark in this population, is also associated with poor prognosis. However, little is
known about the association between nutritional disorders and vascular calcification. Thus, the aim
of this study is to examine the association of GNRI with aortic calcification in patients undergoing

hemodialysis.

Methods

A cross-sectional study was performed in patients undergoing hemodialysis. The aortic
calcification score was quantified using multi-slice computed tomography based on the Agatston
score. The potential association between GNRI and aortic calcification score was examined using

Spearman rank correlation and multiple regression analysis.

Results

The 374 patients had a median age of 72 years, a median GNRI of 91.5, and a median aortic
calcification score of 7836. There was an inverse correlation between GNRI and aortic calcification
score (p=—0.143, p=0.006). In multiple regression analysis, GNRI was independently and inversely
associated with aortic calcification score (3=—0.145, p=0.009) after adjustment for known risk factors.
Conclusions

Lower GNRI was significantly associated with higher aortic calcification in patients undergoing

hemodialysis, suggesting a potential link between poor nutritional status and vascular calcification.
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Introduction

The nutritional disorder known as protein-energy wasting (PEW) is common in patients with
advanced chronic kidney disease (CKD), especially in those undergoing hemodialysis”. PEW is
characterized by loss of muscle mass and fuel reserves, and is strongly linked to adverse outcomes®.
The geriatric nutritional risk index (GNRI), which is calculated based on serum albumin and body
mass index, has been proposed as a simple and objective screening tool for nutritional status in
patients undergoing hemodialysis®. A lower GNRI is significantly associated with higher risks of all-
cause mortality*®, cardiovascular disease (CVD) mortality” , and infection-related mortality® in these.
A recent meta-analysis showed the usefulness of GNRI as a predictor of mortality in this population®.

Vascular calcification, a hallmark of advanced CKD, is associated with all-cause and CVD
mortality'®". In addition to the burden of traditional risk factors such as diabetes and atherosclerotic
disease, non-traditional risk factors are thought to accelerate vascular calcification during
development of CVD™. Given the close relationship between PEW and CVD, nutritional disorder may
be involved in formation of vascular calcification, but this relationship has not been widely studied.
An inverse association of GNRI with the semiquantitative severity of aortic calcification has been
shown in 323 patients with CKD without dialysis therapy'®. Another study showed that poor
nutrition evaluated by modified subjective global assessment was independently associated with

. However, to our knowledge,

coronary artery calcification in 131 patients undergoing hemodialysis
there has been no study of the association of nutritional status with quantitative aortic calcification
based on the Agatston score in patients undergoing hemodialysis. Therefore, to investigate this
association, we evaluated GNRI and the aortic calcification score quantified using the Agatston score

from multi-slice computed tomography.

Methods
Participants

An observational study was conducted at Shirasagi Hospital, Osaka, Japan. All participants
underwent abdominal Computed Tomography (CT) between December 2022 and September 2023.
Demographic and anthropometric data were obtained from medical records. Routine laboratory data
were measured using blood samples taken from an arteriovenous fistula before hemodialysis sessions
with a 2-day interval (Monday or Tuesday).

Hypertension was defined as systolic blood pressure =140 mm Hg, diastolic blood pressure =90
mm Hg and/or use of any antihypertensive medication. The diagnosis of diabetes mellitus (DM) was
based on a history of DM and/or use of anti-hyperglycemic medication and/or the American Diabetes
Association criteria'®. Dyslipidemia was defined as high-density cholesterol (HDL-C) =40 mg/dL, non-
HDL-C =150 mg/dL and/or use of statins'”. History of CVD events was defined as a past occurrence
of ischemic heart disease, stroke, peripheral arterial disease, heart failure, or cardiac valvular
disease™.

The study adhered to the principles of the Declaration of Helsinki. The study protocol was
approved by the Ethics Committee of Shirasagi Hospital (JCR2022009). Due to the retrospective

observational study, informed consent was obtained using the opt-out method.
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Geriatric Nutritional Risk Index (GNRI)

The GNRI was calculated from serum albumin and body weight as follows (4-8): GNRI [14.89 X
serum albumin (g/dL)]+[41.7X(body weight (kg)/ideal body weight (kg))], where body weight (BW)
(kg) refers to the “dry weight” of each participant. If BW/ideal BW (IBW) was =1, the value was
taken to be 1. IBW was calculated as height (m)*>x22'

Measurement of aortic calcification

9 using the original method

Aortic calcification was evaluated as previously described in our study
developed by Agaston et al*”. Briefly, 80-slice CT (Aquilion PRIME, Canon Medical Systems, Tochigi,
Japan) was used to obtain images with a 0.8 mm slice thickness. Calcification was quantified using
calcification measurement software based on the Agatston score on an image analysis workstation
(Ziostation 2, Ziosoft Corp., Tokyo, Japan). The measurement range was from one slice above the
complete iliac artery bifurcation up to 100 mm. Aortic calcification was defined as the volume of two
adjacent pixels with CT density >130 Hounsfield units within the aortic area™.

Statistical analysis

Continuous and categorical variables are expressed as median [Interquartile range (IQR)] and
numbers (%), respectively. Unadjusted correlations of various parameters with the aortic calcification
score were examined by Spearman rank correlation. Continuous variables were compared by Mann-
Whitney U test, and categorical variables by x* test. Multiple regression analysis was performed to
examine whether GNRI was independently associated with aortic calcification score. Clinically
important variables, including age, sex, dialysis vintage, diabetes, serum phosphorus, and C-reactive
protein (CRP), were included as covariates, as these are known to be associated with vascular
calcification. The distributions of CRP levels and aortic calcification scores were skewed, and thus,
CRP was logarithmically transformed and the calcification score was square root transformed. Effect
modification by classical atherosclerosis-related factors was examined, and stratified analyses were
conducted when an interaction was suggested.

All statistical analyses were performed with EZR* (ver.1.63) (Saitama Medical Center, Jichi
Medical University, Saitama, Japan). EZR is a graphical user interface for R (The R Foundation for
Statistical Computing, Vienna, Austria) that is a modified version of R commander with statistical

functions frequently used in biostatistics. The level of significance was set at p <0.05.

Results

The participant selection process is shown in Figure 1. Of 389 patients initially recruited, 15 were
excluded due to a history of aortic surgery (n=10) or the presence of aortic dissection (n=3) or aortic
aneurysm (n=2) because these conditions may affect the calcification score. This left a total of 374
participants for analysis (Table 1). The median [IQR] age was 72 [61-79] years and 246 participants
(65.8%) were male.

Of the 374 participants, 165 (44.1%) had diabetes, 324 (86.6%) had hypertension, 213 (57.0%) had
dyslipidemia, and 199 (53.2%) had a history of cardiovascular events.

The median GNRI and aortic calcification score were 91.5 [86.1-95.3] and 7836 [3279-12941],
respectively. Representative measurements of aortic calcification were shown in Figure 2. The
distribution of GNRI and aortic calcification score was shown (Figs. 3a and 3b) and the aortic
calcification score was square-root transformed (Fig. 3c). Spearman rank correlation analysis

revealed an inverse correlation of aortic calcification score with GNRI (p=—0.143, p=0.006), as well
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Participants undergoing hemodialysis
who underwent abdominal computed tomography
at Shirasagi Hospital
from December 2022 to September 2023
(N=389)

Excluded ® History of aortic surgery (N=10)
® History of aortic dissection (N=3)
® History of abdominal aortic aneurysm (N=2)

\ 4

\ 4

Participants analyzed (N=374)

Figure 1. Flow diagram showing the disposition of patients in the study.

Aortic calcification score: 284  Aortic calcification score: 5575 Aortic calcification score: 31021

Figure 2. Representative computed tomography images used to calculate the aortic calcification score based on the
Agatston method.

as with serum creatinine, age, and serum magnesium (Table 2, Figs. 4a-4d). Conversely, age exhibited
a strong positive correlation with aortic calcification score (p=0.305, p<0.001).

In multiple regression analysis, GNRI had a significant independent association with aortic
calcification score (B=—0.145, p=0.009). In the same model, serum phosphate (f=0.025, p=0.611)
and serum magnesium ($=0.028, p=0.565) were not significantly associated with aortic calcification
score (Table 3).

We explored whether the association between GNRI and aortic calcification score was modified by
classical atherosclerosis-related factors. Although no significant interactions were observed for
hypertension, dyslipidemia, or smoking, a possible effect modification by diabetes was suggested (P
for interaction=0.114). Therefore, we stratified the analysis by diabetes status. The aortic

calcification score was significantly higher in patients with diabetes than in those without
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Table 1. Clinical characteristics

All (n=374)
Age (years) 72 [61-79]
Male/female (N, %) 246/128 (65.8/ 34.2)
Duration of hemodialysis (years) 9.9 [7.6-15.0]
Diabetes (%) 165 (44.1)
Hypertension (%) 324 (86.6)
Dyslipidemia (%) 213 (57.0)
Current smoking (%) 53 (14.2)
History of cardiovascular disease (%) 199 (53.2)
Body mass index (kg/m?) 21.8 [19.3-24.5]
Serum albumin (g/dL) 3.5 [3.3-3.7]
Serum creatinine (mg/dL) 9.5 [8.1-11.4]
C-reactive protein (mg/dL) 0.2 [0.1-0.7]
Calcium (mg/dL) 8.6 [8.1-9.0]
Phosphorus (mg/dL) 4.7 [3.9-5.5]
Magnesium (mg/dL) 2.3 [2.1-2.6]
Intact parathyroid hormone (pg/mL) 146 [91-212]
Geriatric Nutritional Risk Index 91.5 [86.1-95.3]
Aortic calcification score 7836 [3279-12941]

Data are expressed as numbers (percentages) or median [interquartile range].
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Figure 3. Histograms showing the distributions of the Geriatric Nutritional Risk Index (GNRI) and aortic
calcification score, along with their square root-transformed counterparts. The square root-transformed aortic
calcification score was expressed as v/Aortic calcification score. The median GNRI and aortic calcification score were
91.5 [86.1-95.3] and 7836 [3279-12941], respectively.

(8421 vs 6904, p=0.008) (Fig. 5). In patients without diabetes, the results of multiple regression
analysis were consistent with the main analysis, while no significant association between GNRI and

aortic calcification score was observed in the diabetic subgroup (Table 4).

Discussion
In this cross-sectional study, we found that lower GNRI was significantly associated with higher
aortic calcification quantified by multi-slice CT in patients undergoing hemodialysis. Spearman’s
rank correlation revealed a significant inverse association between GNRI and aortic calcification

score (p=—0.143, p=0.006), and this relationship remained significant in multivariable regression
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Figure 4. Spearman’s rank correlation revealed an inverse correlation of aortic calcification score with geriatric
nutritional risk index (GNRI) (p=—0.143, p=0.006), as well as age, serum creatinine, and serum magnesium.

Table 2. Correlations of clinical factors with aortic calcification score

p p
Age 0.305 <0.001
Duration of hemodialysis 0.069 0.184
Body mass index —0.082 0.113
Serum albumin —0.161 0.002
Serum creatinine —0.153 0.003
C-reactive protein 0.003 0.955
Serum calcium 0.047 0.366
Serum phosphorus —0.017 0.738
Serum magnesium —0.113 0.029
Intact parathyroid hormone 0.011 0.832
Geriatric Nutritional Risk Index —0.143 0.006

p, Spearman rank correlation coefficient.

analysis (B=—0.145, p=0.009).

Harada et al reported an inverse association between GNRI and the semi-quantitative aortic
calcification index (ACI) in non-dialyzed patients with CKD'", and Huang et al found that poor

nutrition evaluated by modified subjective global assessment was associated with coronary artery
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Table 3. Multiple regression analysis of the association of clinical factors with aortic calcification score

B p

Age 0.423 <0.001
Sex (male=1, female=0) 0.175 <0.001
Duration of hemodialysis 0.090 0.054
Diabetes mellitus (presence=1, absence=0) 0.118 0.016
Hypertension (presence=1, absence=0) 0.117 0.011
Dyslipidemia (presence=1, absence=0) 0.048 0.294
Current smoking (presence=1, absence=0) 0.172 <0.001
History of cardiovascular disease (presence=1, absence=0) 0.247 <0.001
Serum creatinine 0.036 0.576
Log C-reactive protein —0.029 0.543
Serum calcium 0.090 0.053
Serum phosphorus 0.025 0.611
Serum magnesium 0.028 0.565
Intact parathyroid hormone 0.028 0.532
Geriatric Nutritional Risk Index —0.145 0.009
Adjusted R*p 0.31/<0.001

B, standard regression coefficient by multiple regression analysis; and R? multiple coefficients of determination.

p=0.008
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Figure 5. Comparison of aortic calcification scores between patients with and without diabetes. Patients with
diabetes had significantly higher scores than those without diabetes (median, 8421 vs 6904; p=0.008).

calcification in patients undergoing hemodialysis'”. In a retrospective longitudinal observational
study to examine whether GNRI could predict changes in ACI in patients undergoing hemodialysis,
Okamoto et al*® showed that low GNRI was an independent risk factor for progression of aortic
calcification, suggesting that poor nutrition could exacerbate vascular calcification. The current study

showed an association between GNRI and abdominal aortic calcification assessed by the Agatston
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Table 4. Multiple regression analysis of associations of clinical factors with aortic calcification score in
patients with or without diabetes

Without diabetes (N=209) With diabetes (N=165)

B P B P

Age 0.492 <0.001 0.293 0.002
Sex (male=1, female=0) 0.149 0.019 0.195 0.012
Duration of hemodialysis 0.091 0.141 0.047 0.513
Hypertension (presence=1, absence=0) 0.126 0.039 0.109 0.137
Dyslipidemia (presence=1, absence=0) 0.054 0.370 0.007 0.923
Current smoking (presence=1, absence=0) 0.235 <0.001 0.084 0.264
History of cardiovascular disease (presence=1, absence=0) 0.179 0.003 0.336 <0.001
Serum creatinine 0.038 0.660 0.056 0.588
Log C-reactive protein 0.011 0.857 —0.027 0.737
Serum calcium 0.118 0.059 0.041 0.580
Serum phosphorus —0.002 0.972 0.064 0.435
Serum magnesium 0.056 0.382 —0.032 0.692
Intact parathyroid hormone 0.026 0.543 0.017 0.812
Geriatric Nutritional Risk Index —0.192 0.007 —0.135 0.164
Adjusted R*p 0.34/<0.001 0.23/<0.001

B, standard regression coefficient by multiple regression analysis; and R? multiple coefficients of determination.

score in patients undergoing hemodialysis. These findings suggest that GNRI is a clinically useful
marker reflecting the severity of vascular calcification and may contribute to assessment of
calcification risk in patients undergoing hemodialysis.

The underlying mechanisms linking poor nutritional status and vascular calcification are
uncertain, but the mechanism may originate from low protein intake. Both low and high protein

intakes are detrimental in patients undergoing hemodialysis**

. Low protein intake may exacerbate
PEW, resulting in a higher risk of cardiovascular death and all-cause mortality. In adenine-induced
uremic rats, a low protein diet exacerbated arterial medial calcification without changes in phosphate,

26)

parathyroid hormone, and creatinine®®. Furthermore, restriction of dietary protein has been found to

promote vascular calcification by lowering fetuin-A, a well-known calcification inhibitor, in uremic

rats®

. Fetuin-A, a predictor for CVD events in hemodialysis patients®, is strongly induced by
nutritional factors such as glucose and fatty acids*. Indeed, GNRI and fetuin-A showed a significant
interaction in prediction of CVD events in 388 patients undergoing hemodialysis, although vascular
calcification was not examined®. A low fetuin-A level was associated with more cardiovascular events

) which may reflect the contribution of vascular calcification.

in patients with poor nutritional status
Poor dietary intake may also lead to a deficiency of other calcification inhibitors, such as albumin,
magnesium, and zinc, resulting in acceleration of vascular calcification®”. Conversely, vascular
calcification may contribute to nutritional disorders since it decreases blood flow and organ

# and an impaired supply of oxygen and nutrients to various organs could lead to PEW.

perfusion
Further studies are needed to examine the possible vicious cycle between nutritional disorders and
vascular calcification.

Notably, neither serum phosphate nor serum magnesium levels showed a significant association
with the aortic calcification score in our study. This may partly be explained by the use of phosphate

binders in about 70% of the patients, as well as concomitant use of magnesium oxide preparations in
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some patients, both of which could have influenced serum levels.

Intriguingly, there was also no significant association between GNRI and aortic calcification score
in patients with diabetes. Diabetes, along with aging and CKD, is recognized as a major contributory
factor to development of vascular calcification. Indeed, previous studies have reported that the
progression of coronary artery calcification is more rapid in patients with diabetes than in those
without diabetes®. Therefore, the presence of diabetes may have accelerated vascular calcification
prior to initiation of dialysis.

This study has several limitations. First, due to its cross-sectional design, causality cannot be
inferred. Second, we did not compare GNRI with other nutritional screening tools. Third, we did not
measure fetuin-A and zinc levels, which are known to be associated with vascular calcification.
Finally, the study was conducted at a single center with a relatively small sample size.

In conclusion, poorer nutritional status evaluated by GNRI was significantly associated with
higher aortic calcification in patients undergoing hemodialysis. Nutrition deterioration may be
related to the progression of vascular calcification, suggesting the importance of nutritional

assessment in patients undergoing hemodialysis.
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Total Arch Replacement for Retrograde Aortic Dissection
after Zone 2 TEVAR Employing an Axillo-axillary
Bypass Graft as Arterial Perfusion
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Abstract

Retrograde aortic dissection is a representative one of the most serious complications from
thoracic endovascular aortic repair. We report here a case of total arch replacement for retrograde
aortic dissection after performing Zone2 thoracic endovascular aortic repair with left subclavian
artery revascularization for a complicated Type B aortic dissection. After full heparinization following
median sternotomy, the axillo-axillary bypass graft which was constructed previously for Zone2
thoracic endovascular aortic repair with left subclavian artery revascularization was resected, and
the right-side graft was connected to the arterial perfusion line. The left-side bypass graft was
connected to a selective cerebral perfusion line. Cardiopulmonary bypass was established via the
superior and inferior venous lines and the right axillary artery. We performed total arch replacement
with elephant trunk technique. The left subclavian artery perfusion was established through the new
same size graft interposed between the resected previous grafts. Postoperative course was good. The
patient was discharged on postoperative day 30 without any major complications. Using the axillo-
axillary bypass graft as arterial perfusion lines is practical and effective to perform open repair
surgery for retrograde aortic dissection after one debranching thoracic endovascular aortic repair.

Key Words: TEVAR; Total arch replacement; Retrograde aortic dissection

Introduction
In recent years, good results have been reported in cases of thoracic endovascular aortic repair
(TEVAR) for complicated Type B aortic dissection (TBAD) and for uncomplicated TBAD in the acute
and subacute phases"”. However, complications from TEVAR for TBAD have been increasingly
reported, and retrograde aortic dissection (RTAD) is a representative one of the most serious
complications. We report here a case of total arch replacement for RTAD after Zone 2 TEVAR with

axillo-axillary bypass using the bypass graft as arterial perfusion.
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Case Report

A 53-year-old woman presented to our hospital with back pain. Contrast-enhanced computed
tomography (CT) showed the primary entry tear was located in the lesser curvature of the distal
aortic arch (Fig. 1a). She was diagnosed with TBAD and admitted for rest with antihypertensive
therapy. One month later, she experienced recurrent intractable back pain, and contrast-enhanced
CT revealed rapid expansion of the false lumen, although the range of dissection remained unchanged
(Fig. 1b). The maximum aortic diameter was 58 mm in distal aortic arch. Due to her symptoms,
rapid aortic expansion and large aortic diameter, we diagnosed complicated TBAD with an impending
rupture. Zone 2 TEVAR with axillo-axillary bypass was performed to gain a healthy proximal landing
zone and cover the primary entry tear. The aortic diameter of the proximal landing zone was 36 mm
and the major axis diameter of the true lumen in distal landing zone was 18 mm. Firstly, a 31 mm-
26 mm X 10 cm tapered Conformable GORE TAG device (W. L. Gore & Associates, Flagstaff, Ariz) was
deployed in the descending aorta and then, a 40 mmXxX15 cm Conformable GORE TAG was deployed
in Zone 2. After deployment, the orifice of left subclavian artery was occluded with the 14 mm
Amplatzer Vascular Plug I (St. Jude Medical, St. Paul, MN). Postoperative contrast-enhanced CT
showed thrombosis of the false lumen (Fig. 2). However, one month later, the patient suddenly
complained of chest pain. Contrast-enhanced CT revealed a new tear at the proximal edge of the
previous stent graft and its dislocation (Fig. 3). We planned emergency surgery. During induction of
anesthesia, transesophageal echocardiography detected dissection extending from the proximal edge
of the stent graft to ascending aorta (Fig. 4a). Median sternotomy was performed. After full

heparinization, the previous axillo-axillary bypass graft was resected, and the right-side graft was

a

Figure 1. a, Contrast-enhanced computed tomography revealed aortic dissection extending from the left subclavian
artery and the primary entry tear in the distal arch. The red arrow showed the primary entry tear.

b, Follow-up contrast-enhanced computed tomography revealed the enlargement of the false lumen one month after
onset of dissection.
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Figure 2. Postoperative contrast-enhanced computed tomography showed thrombosis of the false lumen two weeks
after thoracic endovascular aortic repair.

Figure 3. The proximal stent graft induced new entry and backward dislocation of the stent graft were detected.

connected to the arterial perfusion line. The left-side bypass graft was connected to a selective
cerebral perfusion line. Cardiopulmonary bypass was established via the superior and inferior vena
cava and the right-side graft. With careful monitoring bilateral radial arterial pressures and bilateral
cerebral oxygen saturations, systemic perfusion through the right-side graft was established with a
blood flow rate of 2.4 L/min/m* while selective cerebral perfusion through the left-side bypass graft
was established with a blood flow rate of 300 mL/min. After hypothermic circulatory arrest was

achieved at a rectal temperature of 26°C, the ascending aorta was resected. Intraoperative findings
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Figure 4. a, Preoperative transesophageal echocardiography detected the dissection of the ascending aorta. The red
arrow showed the intimal flap.

b, Intraoperative finding revealed circumference dissection of the ascending aorta. TL denotes the true lumen, while
FL denotes the false lumen.

Figure 5. Contrast-enhanced computed tomography one month after total arch replacement showed the exclusion of
aneurysm.

showed the circumference dissection of ascending aorta (Fig. 4b). Additional selective antegrade
cerebral perfusion was gained through direct cannulation of left common carotid artery and clamping
of the innominate artery. The ascending aorta was transected, and the frozen elephant trunk (39
mm 15 cm FROZENIX®J graft) was inserted into the distal aorta from Zone 0. After suturing the
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proximal end of the frozen elephant trunk to the ascending aortic wall, a four-branched, 28-mm
Hemashield prosthesis (Getinge, Gothenburg, Sweden) was anastomosed to the FROZENIX. After
distal aortic anastomosis, proximal anastomosis was performed with double-felt-strip reinforcement
with restarting systemic perfusion through the side branch of the graft. After de-clamping, the
innominate and left common carotid arteries were reconstructed sequentially. The same size graft
was interposed between the resected previous bypass grafts to restore a flow to left subclavian artery.
Postoperative course was uneventful, and contrast-enhanced CT one month after total arch
replacement showed the shrinkage of the false lumen (Fig. 5). The patient was discharged on

postoperative day 30 without major complications.

Discussion

RTAD is a serious complication in TEVAR. The prevalence of RTAD has been reported to be
2.5%”. Although specific risk factors for RTAD are incompletely understood, pathological nature of
the aorta, proximal bare stent graft, oversizing, proximal landing zone and aortic diameter may be
contributing factors®®.

In our case, the 40 mm Conformable GORE TAG device (W. L. Gore & Associates, Flagstaff, Ariz)
was deployed in a 36 mm native aorta for the complicated TBAD. We intended to avoid a large caliber
change of stent grafts and mitigate radial force at the distal edge by deploying tapered stent graft in
the landing zone. Oversizing ratio was about 11% in the proximal landing zone and 11.8% in the
distal one. One debranching procedure was required to secure a healthy landing zone. Considering
the Risk factors of RTAD, Zone 1 TEVAR with left cervical and subclavian debranching and a smaller
stent graft selection might have avoided RTAD. Additionally, considering her age and operability,
open surgery might have been beneficial at the point when the rapid growth of aortic false lumen was
recognized.

The use of the previous bypass graft for both systemic arterial perfusion and left subclavian
arterial perfusion is simple. Sueda T, et al also reported a similar case using two debranching bypass
graft as a useful perfusion line”. Since they used the bypass graft only as selective cerebral perfusion,
they needed to anastomose an additional vascular prothesis to left subclavian artery as a systemic
arterial perfusion line. However, in our case, we resected the axillo-axillary bypass graft and used
each cut end of the graft for systemic arterial perfusion and partial cerebral perfusion without
additional vascular anastomosis. This method avoids not only time-consuming establishment of
systemic arterial perfusion line but also hypertension of left subclavian artery because we can adjust
circulation flow of each perfusion line. One of the drawbacks is that the interposed graft could make
the bypass graft redundant. Before closing sternum, carefully positioning the graft is necessary to
prevent the graft from kinking. Additionally, careful monitoring of bilateral radial arterial pressures
and cerebral oxygenation is mandatory due to an irregular circulation pattern, especially in the left
axillary artery.

Regarding the reconstruction of the left subclavian artery, direct anastomosis of a side branch
graft to the left subclavian artery was also considered a useful option. However, this approach would
require re-exposure of the anastomotic site of the left subclavian artery. In addition, the routing
would need to pass through the left thoracic cavity, and we judged that such routing carried a risk of
injury to the aneurysmal and dissected aortic arch. In the present case, a 40-mm stent graft had

already been deployed up to Zone 2, and, as shown in Figure 3, the lesser curvature of the aortic arch
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was aneurysmal. Therefore, we considered that distal anastomosis at Zone 2 was not feasible. For
this reason, distal anastomosis was performed using an open stent graft from Zone 0, leaving the
aneurysmal and dissected arch in situ.

Furthermore, if the aforementioned reconstruction method were employed, closure of the graft to
the right subclavian artery would be required. In that case, there would be a risk of thrombus
embolization from within the graft. Moreover, if complete graft explantation were undertaken, re-
exposure of the anastomotic site and re-reconstruction would also be necessary, which would
inevitably lead to prolongation of operative time.

As complex TEVARs have been increasing, various perfusion strategies would be necessary in
unpredictable situations. In our case, separate perfusion strategy via the previous artificial vascular

graft could be practical and helpful.
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