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Abstract

Background Low skeletal muscle area or density, such as myosteatosis, identified on computed tomography (CT) is as-
sociated with poor prognosis in patients with cardiovascular diseases. However, there is a lack of evidence regarding
the clinical process of skeletal muscle decline as a short-term change during acute care settings. This study focused
on the use of routine CT imaging for aortic disease management and investigated the changes in skeletal muscle before
and after acute care.
Methods This prospective study included 123 patients who underwent abdominal CT before and after acute care. The
all-abdominal and each abdominal muscle areas were divided into eight parts (e.g. rectus abdominis, psoas, and erector
spine), and their areas and densities were measured at the third lumbar vertebra level after the patients were
discharged and de-identified with blinding to avoid measurement bias. Short physical performance battery (SPPB)
was measured at the start and end of in-hospital cardiac rehabilitation. A generalized linear model with patients as ran-
dom effects was made to investigate skeletal muscle loss during acute care. Multivariate linear regression analysis was
also used to assess the relationship between the change in skeletal muscle during acute care and SPPB during
in-hospital cardiac rehabilitation.
Results The median age of the patients was 70 (interquartile: 58–77) years, and 69.9% (86/123) were men. The me-
dian day between acute care from the day of surgery or hospital admission and follow-up CTwas 7 (interquartile: 3–8)
days. Overall muscle density declined after acute care (estimate value: �3.640, 95% confidence interval [CI]: �4.538
to�2.741), and each abdominal muscle density consistently declined (interaction: F value = 0.099, P= 0.998). In con-
trast, there was no significant change in the overall muscle area (estimate value: �0.863, 95% CI: �2.925 to 1.200).
Changes in the muscle area were different for each skeletal muscle (interaction: F value = 2.142, P = 0.037), and only
the erector spine muscle significantly declined (estimate value: �1.836, 95% CI: �2.507 to�1.165). After adjusting for
confounding factors, a greater decline in muscle density was associated with lower recovery score on SPPB (β = 0.296,
95% CI: 0.066 to 0.400).
Conclusions Muscle density consistently declined after acute care, especially the erector spine muscles, which also sig-
nificantly decreased in size. A higher decline in muscle density was associated with a slower recovery of physical func-
tion during in-hospital cardiac rehabilitation in patients with aortic diseases.
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Introduction

As the population of ageing people is increasing worldwide,
diseases associated with ageing, such as sarcopenia, are be-
coming increasingly important.1,2 A decline in the quantity
and quality of skeletal muscles is one of the major physical
changes associated with ageing,3 and it is an important factor
for patients with diseases.4–6 Furthermore, low skeletal mus-
cle quality combined with low physical function leads to poor
prognosis.7 Therefore, the clinical course of skeletal muscle
mass and quality should be properly monitored for appropri-
ate disease management and intervention, in conjunction
with a decline in physical function.

The evaluation of skeletal muscle using medical imaging
modalities, such as computed tomography (CT) imaging, is
considered the gold standard.2 In recent years, there has
been an emphasis on in-hospital treatment or bed rest ac-
quired weakness, such as loss of muscle mass and physical
dysfunction, in acute care settings.8 Particularly, several stud-
ies have reported on acute skeletal muscle loss identified by
CT imaging in cancer patients who underwent surgery,9,10 pa-
tients who were admitted to the intensive care unit (ICU), or
patients that are critically ill.11–15 However, limited evidence
is available to detail the changes in skeletal muscle area
and density, especially in patients with cardiovascular dis-
ease. Changes in muscle area and density are expected to
vary from muscle to muscle,3,16 although most have mea-
sured these changes in all muscles or in only using a single
muscle.17 Moreover, there is little evidence regarding the re-
lationship between change in skeletal muscle identified by CT
during acute care and recovery in physical function during
in-hospital rehabilitation.

In Japan, routine CT imaging of patients with aortic dis-
eases is recommended for disease management.18 We
thought that focusing on CT images routinely taken for the
management of aortic disease would be a possible solution.
Therefore, the present study sought to grasp the features of
skeletal muscle wasting identified by CT during acute care
and its relationship with short-term changes in the physical
function of patients with aortic diseases.

Methods

Study population

This study was a part of a single-centre prospective study on
cardiac rehabilitation. We included patients admitted to
Kitasato University Hospital between September 2018 and
August 2020 for the treatment of aortic disease. The criteria
for enrolment in this study were as follows: (i) patients for
whom CT imaging before and after acute treatment were rec-
ommended in the guidelines; (ii) patients with adequate

transverse abdominal CT images taken before and after acute
treatment; and (iii) patients who underwent in-hospital car-
diac rehabilitation at least once.

This study was conducted in accordance with the Declara-
tion of Helsinki and was performed as a part of a prospective
observational study approved by the Ethics Committee of
Kitasato University Hospital (B18-083). An overview of the
comprehensive prospective study was published in a publicly
available University Hospital Information Network (UMIN-
CTR, unique identifier: UMIN000038373), and information
about the research was made public by opt-out. The partici-
pants were informed of the option to drop out.

Clinical data collection and measurement of
physical function

From the electronic medical records, data on patient charac-
teristics, including age, sex, height, body weight, body mass
index (BMI), type of treatment (medical or surgical), length
of ICU stay, haemoglobin, albumin, creatinine, and
C-reactive protein, were collected, and the patient’s back-
ground and confounding factors were used. Change in body
weight (ΔBW) between acute care from the day of surgery
or hospital admission and follow-up CT was calculated as a
confounding factor in this study. In addition, baseline left
ventricular ejection fraction, co-morbidities, previous history
of myocardial infarction, and heart failure were collected as
background factors.

A short physical performance battery (SPPB), which is sim-
ple and measures the bedside score, was used as a physical
function parameter.1,2 SPPB comprises three items: gait
speed, balance, and time of 5-sit to stand. Gait speed was
assessed using the patient’s comfortable speed from the start
of the gait at 4 m away from the goal. The use of a walking
aid was not defined. The balance test consisted of three com-
ponents: closed-foot stance, semi-tandem standing, and tan-
dem standing. The time of 5-sit to stand was measured from
the sitting chair until the fifth repeated motion of standing
up. Each item was scored from 0 to 4, with the best score
at 12 points. A score of 0 point was given when patients
could not assess anything due to impaired function or severe
conditions. Patients were assessed at the beginning of car-
diac rehabilitation near bedside and at discharge with a reha-
bilitation room or outside the hospital room. The time
difference between the start of cardiac rehabilitation and
hospital discharge was calculated (ΔSPPB).

Skeletal muscle composition measurement

Skeletal muscle area and density were assessed using abdom-
inal CT imaging with two consecutive slices at the third lum-
bar vertebra level, including the transverse processes.
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Baseline CT was determined as either the most recent preop-
erative image or the most recent pre-acute care image.
Follow-up CT images were identified between 2 and 14 days,
based on the date of surgery or hospital admission as a
post-acute care imaging.11,12 The tube potential was set be-
tween 100–120 kV with a 512 × 512 matrix, and the electrical
current (mA) was set automatically for each slice. Slice thick-
ness and contrast enhancement were not standardized. The
observers (M. Y., S. U., T. N., and N. Y.) measured skeletal
muscle area and density after being sufficiently trained until
their measurement results exceeded 0.95 in intraclass corre-
lation coefficients using 20 randomly selected slices.4

An example of these measurements is shown in the
Supporting information Figure S1. The area and density of
the all-abdominal skeletal muscles were measured in this
study. In addition, as a sensitivity analysis, muscle measure-
ments were separated according to a previous study,16 in-
cluding the rectus abdominis, internal oblique, external
oblique, psoas, quadratus lumborum, latissimus dorsi, trans-
verse spinal, erector spine, and other muscles. The area and
density of all-abdominal muscles and each muscle were mea-
sured using the Slice-O-Matic ver. 5.0 (Tomovision, Canada).
Measurements were conducted in a blinded fashion, wherein
participants could not be identified to avoid measurement
bias. Furthermore, these were performed at a well-timed in-
terval following patient discharge. The range of Hounsfield
units (HUs) for the skeletal muscle was defined from �29
to 150. The area (cm2) and density (HU) were calculated as
the average of the two slices after the measurement was
obtained.

Inpatient cardiac rehabilitation

According to the Guidelines of the Japanese Circulation
Society,19 a multi-domain inpatient cardiac rehabilitation in-
tervention involving supervised rehabilitation therapy was
implemented. Two exercise stages were applied by a
multi-disciplinary team consisting of doctors, nurses, and
physical therapists to improve the strength, balance, mobility,
and endurance of patients by utilizing reproducible and
targeted exercises. The first stage of the supervised rehabili-
tation therapy programme at the bedside consisted of grad-
ual mobilization, which included basic activity training, such
as sitting up in bed, sit-to-stand motion, and walking within
the hospital ward. Once the patients were shown to be clin-
ically stable, they proceeded to the second stage, which
consisted of a gym-based exercise training programme at
the rehabilitation room with 5–10 min of stretching, balance
training, and resistance training with the patient’s own body
weight, and 20–40 min of aerobic training using a cycling er-
gometer or treadmill, including warm-up and cool-down pe-
riods. The exercise intensity in both types of training was
prescribed at a rating of perceived exertion (RPE) of 11–13

on the Borg RPE scale (range: 6–20) while managing blood
pressure, heart rate, and arrhythmia. Exercise intensity was
increased progressively in each session. Patients participated
in the rehabilitation programme for 1 h daily, 5 days per
week, during the period of hospitalization for as long as there
were no adverse symptoms or events.

Statistical analysis

Continuous variables were expressed as median and inter-
quartile range (IQR), and categorical variables were
expressed as n (%). All analyses were performed for patients
with complete data.

Decline in muscle area and density were assessed using
the generalized linear mixed model (GLMM), which were
compared with pre-acute and post-acute treatment. The ran-
dom effect was defined as patients, and covariates were de-
fined as follows: Model 1 with baseline patient characteristics
(age, sex, and baseline BMI), Model 2 with Model 1 plus
treatment-related factors (medical or surgical, ICU length,
and time to follow-up CT scan) and imaging conditions (tube
voltage, tube current, thickness, and using contrast enhance-
ment), and Model 3 with Model 2 plus severity
(haemoglobin, albumin, creatinine, and C-reactive protein)
and change in body weight during the acute care (ΔBW). Re-
sults for each model showed an estimated value and 95%
confidence interval (95% CI). Furthermore, the same analyses
were performed using each muscle after adjustment by
Model 3, as a sensitivity analysis and to check for interaction.
The same analysis was also performed for participants who
were divided into elective or emergency.

In order to determine the cut-off value for muscle wasting,
minimal detectable changes (MDC) in the all-abdominal skel-
etal muscle area and skeletal muscle density were calculated
based on the standard error of measurement (SEM) agree-
ment, which was determined from two consecutive CT im-
ages taken before acute care. The MDC at the individual
level was calculated as ‘1.96 × √2 × SEM agreement’, making
it 95% confident that the observed changes could not be at-
tributed to measurement errors and could be regarded as ac-
tual changes.

Univariate and multivariate linear regression analyses were
used to assess the relationship between changes in muscle
composition during acute care (Δmuscle area, Δmuscle den-
sity) and the change in physical function (ΔSPPB) during
in-hospital cardiac rehabilitation. Confounding factors were
identified as follows: Model 1 with baseline characteristics,
Model 2 with Model 1 plus treatment-related factors, and
Model 3 with Model 2 plus severity and ΔBW. Similarly, re-
sults showed a standardized regression coefficient (β) and
95% CI.

All analyses were performed using JMP (version 15.1; SAS
Institute Inc., Cary, NC, USA), R version 4.0.2 (R Foundation
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for Statistical Computing, Vienna, Austria), and Stata version
16.0 (Stata Corp., College Station, TX). Two-tailed P values
<0.05 were indicative of statistical significance.

Results

Patient flow in the present study is shown in Figure 1. Around
254 patients were hospitalized for the treatment of aortic
disease and underwent in-hospital cardiac rehabilitation at
least once over 2 years. Patients who underwent thoracic en-
dovascular aortic repair or endovascular aortic repair were
excluded due to difference in pathology and since
post-acute CT images were not taken routinely in Japan. Ex-
actly 29 patients, who did not undergo baseline or
follow-up CT imaging for any reason, had a lack of whole ab-
dominal imaging, and had increased intensity on CT imaging
due to the presence of metal, were also excluded. Therefore,
a total of 123 patients were enrolled in this study.

Baseline patient characteristics are shown in Table 1. The
median age of the patients was 70 years, and 69.9% (86/
123) were men. Two-thirds of the patients (82/123) received
surgical treatment, and one-third of the patients (41/123) re-
ceived medical treatment. During the period between acute
treatment and post-treatment CT scan (median: 7, IQR:

Figure 1 Patient flow in this study. CT, computed tomography; EVAR, endovascular aortic repair; TEVAR, thoracic endovascular aortic repair.

Table 1 Patients’ characteristics

Factor

All case (n = 123)

Median [IQR] or n (%)

Age, year 70 [58, 77]
Male, n (%) 86 (69.9)
Baseline BMI, kg/m2 24.0 [22.0, 27.0]
Baseline LVEF, % 66.3 [62.0, 70.4]
Co-morbidities, n (%)
Hypertension 73 (59.3)
Diabetes mellitus 11 (8.9)
Dyslipidaemia 24 (19.5)
Arterial fibrillation 10 (8.1)
Chronic kidney disease 80 (65.0)
Prior myocardial infarction 2 (1.6)
Prior heart failure 4 (3.3)

Baseline albumin, mg/dL 3.9 [3.5, 4.2]
Baseline creatinine, mg/dL 1.01 [0.80, 1.21]
Baseline CRP, mg/dL 0.16 [0.05, 1.04]
Baseline haemoglobin, mg/dL 12.8 [11.10, 14.30]
Treatment, n (%)
Surgical treatment 82 (66.7)
Medical treatment 41 (33.3)

Emergency, n (%) 78 (63.4)
ICU length, day 3 [2.0,6.5]
SPPB at start CR, points 7 [4, 10]
SPPB at discharge, points 11 [8, 12]
ΔSPPB, points 3 [0, 5]
ΔBody weight, kg �1.4 [�3.8, 0.6]

BMI, body mass index; IQR, interquartile range; LVEF, left ventricu-
lar ejection fraction; CRP, C-reactive protein; ICU, intensive care
unit; SPPB, short physical performance battery; CR, cardiac
rehabilitation.
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3–8 days), body weight changed by �1.4 (IQR: �3.8 to 0.6)
kg. The change in SPPB score was 3 (IQR: 0–5) points during
in-hospital rehabilitation. Supporting Information Table S1
shows the imaging conditions of the baseline and follow-up
CT. Compared with pre-acute care, a higher percentage of pa-
tients underwent contrast-enhanced CT after acute care.
Contrarily, CT with thicker slices was higher before acute care
than that after acute care. Tube voltage and tube current
were not significant.

Table 2 shows changes in skeletal muscle area and den-
sity during acute care using GLMM. All skeletal muscle
areas showed a significant difference when adjusted to
Model 2 (baseline patients’ characteristics, treatment-re-
lated factors, and imaging conditions). However, the differ-
ence was not maintained after adjustment for severity
and ΔBW (estimated value: �0.863, 95% CI: �2.925 to
1.200, P = 0.412). Notably, the area of the erector spine
muscles consistently decreased during the acute care phase
(estimated value: �1.836, 95% CI: �2.507 to �1.165,
P < 0.001). In contrast, all skeletal muscle density was de-
creased, even after adjusting for confounding factors (esti-
mated value: �3.640, 95% CI: �4.538 to �2.741,
P < 0.001). Furthermore, a similar trend of decrease in
skeletal muscle density was observed in each skeletal mus-
cle (all: P < 0.001). The same trend was observed in the
analysis stratified by elective and emergency (Supporting in-
formation Tables S2 and S3). The SEM agreement of the
all-abdominal muscle area was 2.894, and that in muscle
density was 0.737. The MDC value for muscle area and
muscle density was 8.016 and 2.042, respectively.

Figure 2 shows the change in the area and density of each
skeletal muscle after adjustment with Model 3. An interac-
tion between the type of skeletal muscle area and time was
confirmed (F value: 2.142, P = 0.037), but no significant main
effect was identified on time (F value: 0.003, P = 0.953). Al-
though a significant main effect of muscle type was observed
(F value: 1349.350, P < 0.001). There was also no significant
interaction effect (F value: 0.099, P = 0.998); however, there
was a significant main effect on the density of each skeletal
muscle (F value: 299.726, P < 0.001) and time (F value:
84.654, P < 0.001), indicating a consistent decrease in den-
sity in all skeletal muscles.

Table 3 shows the multivariate linear regression analysis of
the relationship between the change in skeletal muscle
(Δmuscle area, Δmuscle density) and the change in physical
function during the in-hospital cardiac rehabilitation (ΔSPPB).
A positive association between Δmuscle density and ΔSPPB
was observed even after adjustment for multiple variables
(β = 0.296, 95% CI: 0.067 to 0.400, P = 0.007). In other words,
a smaller decrease in skeletal muscle density during the acute
care period (larger Δmuscle density values) was associated
with better SPPB recovery. On the other hand, Δmuscle area
and ΔSPPB were not associated (β: 0.103, 95% CI: �0.040 to
0.108, P = 0.364).

Discussion

To the best of our knowledge, this is the first report to examine
in detail the deterioration of skeletal muscle before and after
acute care using CT imaging, as well as examine its relationship
with the improvement of physical function before and after
comprehensive in-hospital rehabilitation. Skeletal muscle den-
sity consistently decreased in all muscles, and the decrease in
muscle density affected the recovery of physical function dur-
ing in-hospital rehabilitation. These observations suggest that
skeletal muscle density reflects acute treatment-related weak-
nesses, such as ICU-acquired weakness (ICU-AW). Additionally,
these findings suggest that loss of muscle density during acute
care may trigger post-acute care dysfunction, including
post-intensive care syndrome.

Focusing on skeletal muscle density, systemic skeletal mus-
cle changes could be observed in a short period. Moreover, a
decrease in skeletal muscle density was shown to be involved
in the subsequent recovery process. A previous study showed
that a decrease in skeletal muscle density of more than 10%
during hospitalisation was associated with higher in-hospital
mortality.20 Therefore, it is necessary to appropriately man-
age whole skeletal muscle density during hospitalisation to
reduce loss. In fact, Dusseaux et al. reported that the de-
crease in skeletal muscle density during acute care was more
likely to occur with infection, resulting in a more severe sys-
temic inflammatory state among critically ill patients.21 Yeh
et al. also investigated the relationship between the percent-
age of skeletal muscle density loss and protein deficits, sug-
gesting that early nutritional deficits correlated with muscle
quality deterioration.13 These findings suggest that loss of
skeletal muscle density during acute care critically reflects
the consequences of acute treatment, such as acquired weak-
ness, especially systemic weakness of the skeletal muscles.

However, it is interesting to note a difference in the de-
crease in the skeletal muscle area. Some previous studies in
patients with cancer reported that similar to our findings,
skeletal muscle area did not change in the short term and
was not associated with poor prognosis.22,23 In addition,
Baggerman reported that oedema formation was significantly
associated with increased skeletal muscle area and a higher
sequential organ failure assessment (SOFA) score.24 There-
fore, when using abdominal CT scans to assess changes in
muscle mass and quality in critically ill patients, researchers
must be aware and careful with the interpretation of the re-
sults. Generally, when oedema occurs, skeletal muscle area
and mass increase, whereas skeletal muscle density de-
creases. Nevertheless, only the erector spine muscle area
was significantly reduced after acute treatment in the pres-
ent study. Lambell et al. showed that skeletal muscle area is
markedly reduced in the first week after admission to the
ICU, and this trend gradually slows down.12 Similarly, Haines
et al. reported that the psoas and all-skeletal muscle area de-
creased daily.11 These findings differ from our results,
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although they are important for understanding the clinical
course of skeletal muscles in acute care. It should be noted
that the erector spine muscle is the largest of the muscles
identified by abdominal cross-sectional CT imaging and is
one of the major antigravity muscles that mainly act to main-
tain posture in sitting and standing positions. Therefore, it
may have been easier to identify the atrophy of antigravity
muscles caused by resting and lying in bed.

Atrophy of skeletal muscle tissues associated with a few
days of bed rest is more likely to occur in type I fibres,25 pre-
dominantly in antigravity muscles.26 In a validation experi-
ment using dry immersion in young participants, muscle
fibre atrophy after 3 days of bed rest, increased inflammatory
cytokines associated with increased catabolism of skeletal
muscles, and a partial process of intramuscular fat deposition
were all observed.27 Another previous study showed that in-
sulin resistance increases after 1 week of resting and lying in
bed, and changes in the antigravity skeletal muscle area were
clearly captured on CT.28 This is possible because skeletal
muscle density reflects the size and amount of muscle fibres
and intramuscular fat29 and is related to insulin sensitivity, in-
flammable cytokines, and lipid and protein metabolism.30,31

Furthermore, it is considered to be synergistic with the path-
ogenesis of cardiovascular diseases.32 Therefore, protein ca-
tabolism, such as insulin resistance and increased
inflammation, may be a mechanism for the decline in overall
skeletal muscle quality, as found in the present validation,
throughout acute care.33

In this study, we performed multivariate analysis that is ad-
justed for basic patient background factors, acute treatment
factors that induce skeletal muscle atrophy, certain labora-
tory data associated with skeletal muscle metabolism, and
body weight changes as a surrogate marker of body water
content, considering the previously mentioned mechanisms.
In particular, even though the CT imaging conditions before
and after acute care were not constant, the same results
were obtained after adjustment for some CT settings. Most
skeletal muscle studies using CT images did not specify the
CT imaging conditions, which was a major limiting factor.17

This is important as the imaging conditions of CT images af-
fect the penetration of radioactivity, resulting in errors in
the evaluation of tissue density. Therefore, it will be neces-
sary to verify the results by standardizing the imaging condi-
tions in future studies. Nevertheless, this study will help

Figure 2 The change in area and density of each skeletal muscle before and after acute care. The red line is the rectus abdominis, green line is the
internal oblique, blue line is the external oblique, purple line is the psoas, yellow line is the quadratus lumborum, orange line is the latissimus dorsi,
light blue line is the transverse spinal, and the pink line is the erector spine. HU, Hounsfield unit.
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clinical practice, at least in understanding short-term muscle
atrophy in skeletal muscles.

Correct identification of skeletal muscle is important in the
evaluation of skeletal muscle disorders during ICU stay. How-
ever, it is still controversial whether muscle mass loss is a
present symptom of ICU-AW.34 One reason for this contro-
versy is the uncertainty of a valid method for measuring mus-
cle mass in the ICU, such as overestimation due to oedema.24

From the results of the present study, muscle mass loss in
trunk muscle groups varies based on muscle type, muscle
quality is consistently decreased, and these longitudinal
changes predict improvement in physical function with
in-hospital rehabilitation. In recent years, early rehabilitation
in the ICU has become popular.35,36 However, there are very
few reports on longitudinal and quantitative evaluation of
changes in the quantity and quality of skeletal muscle, except
for reports on electrical muscle stimulation for lower limb
muscles37 or parenteral nutrition.15 Thus, the imaging evalu-
ation of skeletal muscle quantity and quality showed that this
study might be a useful index for assessing the response to
treatment and understanding the pathophysiology and risk
stratification of ICU-AW in clinical practice.

Although this was a novel study with some strengths, it
also had several limitations that should be considered when
interpreting the findings. First, although this study was per-
formed prospectively, only Japanese patients with aortic dis-
ease, who underwent in-hospital cardiac rehabilitation at a
single centre and had their CT images taken twice, were re-
cruited. CT imaging should not be performed solely for mus-
cle measurement due to radiation exposure. On the other
hand, magnetic resonance imaging may be an alternative
due to better image resolution and less invasiveness. In the
future, it will be necessary to establish a less invasive method
to evaluate skeletal muscle quality. Nevertheless, more than
80% of the inpatient cardiac rehabilitation patients were in-
cluded in this study. Therefore, we believe that the present
study reflects the patient population in actual clinical practice
to some extent, making it one of the strengths of this study.
Second, treatment-related factors, such as surgical-related
factors, muscle relaxants, catecholamines, or steroid use,
were not considered in this study. In particular, it should be
emphasized that the effects of treatment-related systemic
oedema were not fully accounted for, although weight
change was used as a surrogate marker. As such, the actual
change in muscle might have been masked. Whether
treatment-related factors are associated with skeletal muscle
loss will need to be tested in the future. Third, we investi-
gated skeletal muscle loss after acute care, although we could
not verify recovery in skeletal muscle after implementation of
pre-admission, in-hospital, and outpatient rehabilitation. Sev-
eral randomized controlled trials have focused on changes in
the skeletal muscle area and density in healthy older men38

and medium-term to long-term interventions.29,39 However,
there have only been a few reports on hospitalized patientsTa
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undergoing in-hospital and outpatient rehabilitation, and re-
ports on skeletal muscle changes involving the improvement
process of physical functions are still limited. We believe that
a comprehensive approach by medical doctors, nurses, phys-
iotherapists, dietitians, and pharmacists, which includes early
nutritional intervention and careful but aggressive early reha-
bilitation, based on each patient’s condition is key to
preventing skeletal muscle loss. Therefore, an early assess-
ment of muscle wasting or malnutrition using the imaging
evaluation in addition to clinical screening in each patient is
important for identifying the best strategy for exercise and
nutrition. Further research is needed on how the area and
density of skeletal muscles change with comprehensive
rehabilitation.

Conclusion

Skeletal muscle density, especially that and muscle size in the
erector spine muscles, consistently decreased during acute
care. In addition, when the degree of loss of skeletal muscle
density was higher, physical function during in-hospital car-
diac rehabilitation worsened recovery. Further research is
needed to study the effects of early weaning and nutritional
interventions on preventing muscle wasting, mainly in anti-
gravity muscles, and on the improvement of skeletal muscle

quality and physical function through comprehensive
rehabilitation.
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