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Abstract

Background: Sarcopenia is associated with poor outcomes in elderly patients. However, current surgical risk assessment tools for
cardiovascular surgery do not include the impact of sarcopenia.
Objectives: This study aimed to assess whether the psoas muscle index, a numerical score used to assess sarcopenia, is associated
with outcomes in elderly patients undergoing cardiovascular surgery.
Methods: This nested case-control study evaluated patients aged ≥ 75 years who underwent elective cardiovascular surgery and
were admitted to the intensive care unit at Jichi Medical University, Saitama Medical Center between January 1, 2016 and March 31,
2017. The case group (poor outcomes) included patients who either died or were transferred to a rehabilitation facility postopera-
tively. The control group (good outcomes) included patients who were discharged postoperatively. Clinical factors likely to affect
patient outcomes were assessed, and the characteristics of the two outcome groups were compared using logistic regression anal-
ysis.
Results: In total, 183 patients were evaluated; among them, 137 and 46 patients were categorized to the good and poor outcome
groups, respectively. The psoas muscle index was significantly associated with outcome (odds ratio: 0.25; 95% confidence interval:
0.14 – 0.43; P < 0.001). A psoas muscle index cut-off of 3.24 had a specificity, sensitivity, positive predictive value, and negative pre-
dictive value of 0.86, 0.63, 0.58, and 0.87, respectively, for predicting worse outcome at discharge.
Conclusions: The psoas muscle index was strongly associated with discharge to home in patients aged ≥ 75 years who underwent
elective cardiovascular surgery. This finding suggests that the psoas muscle index might be useful in identifying the eligibility of
older patients for cardiovascular surgery.
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1. Background

The risk of mortality and morbidity associated with
cardiovascular surgery is generally assessed using prog-
nostic tools such as the European System for Cardiac Oper-
ative Risk Evaluation II (EuroSCORE II) and JAPAN scores (1,
2). These scores are calculated based on preoperative data
such as age, sex, type of operation, medications, and past
medical history. However, they do not include functional
status, such as frailty and sarcopenia. Further, it has been
reported that the EuroSCORE II cannot predict postoper-
ative quality of life (QOL) (3). In addition, postoperative
QOL may be overestimated in elderly patients who under-
went cardiovascular surgery with a low preoperative QOL
(4). Determining the surgical eligibility of elderly individ-
uals is often challenging because their physiological tol-

erance to surgical stress varies widely, with some patients
becoming bedridden or having poor functional outcomes.
Moreover, age itself has been reported to be an important
prognostic factor associated with postoperative cognitive
dysfunction, including after cardiac surgery (5, 6), which
affects patients’ daily activity. Therefore, the prognostic
scores calculated using the currently used methods may
not be applicable to elderly patients, especially those un-
dergoing cardiovascular surgery (7).

Frailty increases vulnerability to stressors (8) and is as-
sociated with intensive care unit (ICU)-acquired weakness,
nursing home admission, mortality, and morbidity (9-12).
Sarcopenia, a major cause of frailty (13), is defined as aging-
related muscle loss and it can adversely affect QOL (14). In
patients undergoing cardiovascular surgery, sarcopenia is
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commonly assessed using the psoas muscle index (PMI),
which is calculated by dividing the cross-sectional width
of the bilateral psoas muscle at the level of the L3 vertebra
by the square of the patient’s height (15). Previous stud-
ies have suggested a relationship between mortality and
PMI after cardiovascular surgery, as well as several other ill-
nesses (16, 17). However, these studies did not assess post-
operative QOL, including the rate of discharge to home as
a major outcome. Therefore, the usefulness of the PMI for
determining the risk of poor postoperative QOL in patients
undergoing heart surgery is still unclear.

2. Objectives

The present study aimed to evaluate the association be-
tween PMI and the discharge to home as an index of post-
operative QOL after cardiovascular surgery in elderly pa-
tients. We hypothesized that a low PMI is associated with
a lower rate of discharge to home in elderly patients un-
dergoing cardiovascular surgery.

3. Methods

3.1. Study Design and Patient Population

This was a nested case-control study of patients aged
≥ 75 years who underwent elective cardiovascular surgery
and were admitted to the ICU at Saitama Medical Cen-
ter, Jichi Medical University between January 1, 2016 and
March 31, 2017. Patients who underwent cardiovascular
operations, including valve replacement, valvuloplasty,
coronary artery bypass graft (CABG), and thoracic aortic
surgery were included. The exclusion criteria were emer-
gency cardiovascular surgery, transcatheter aortic valve
replacement, abdominal aortic replacement, peripheral
arterial surgery, and aortic stent-grafting. Patients with-
out PMI data calculated using computed tomography (CT)
scans were also excluded.

The study protocol was approved by the appropriate in-
stitutional review board. The need for written consent was
waived owing to the retrospective nature of the study.

3.2. Nested Case-Control Design

We used a nested case-control design to evaluate the
association of factors with the rate of discharge to home,
considered one of the most accurate measures to evaluate
intensive care outcomes in the elderly (18). The case group

was defined as the poor outcome group and included pa-
tients who either died or were transferred to a rehabili-
tation facility postoperatively. The control group was de-
fined as the good outcome group and included patients
who were discharged home postoperatively.

3.3. Data Collection

Patient data including sex, body weight, height, body
mass index (BMI), medical history, updated Charlson co-
morbidity index (CCI) (19), primary disease, type of oper-
ation, EuroSCORE II, Acute Physiology and Chronic Health
Evaluation II (APACHE II) score, and PMI were collected
from hospital records. We used the updated CCI because
Japanese data were used to validate the score, and it was
shown to have a more linearly increasing relationship with
mortality than the original CCI (19). PMI scores were cal-
culated by the primary investigator via the manual trace
method using CT scan images (Figure 1). At our insti-
tution, cardiovascular surgeons routinely obtain a tho-
racoabdominal CT scan of each patient within 3 months
prior to surgery, and we were able to use data from these
scans to calculate the PMI.

3.4. Statistical Analysis

Categorical variables were reported as either num-
bers or percentages, while continuous variables were re-
ported as medians with interquartile ranges or mean val-
ues with standard deviation. The collected data were as-
sessed to determine distribution patterns. Normality was
compared using the Shapiro-Wilk test. Subsequently, an
F-test was used to demonstrate equal variance. Normally
distributed data were assessed using Student’s t-test, while
non-normally distributed data were assessed using the
Mann-Whitney U-test. Differences in categorical variables
were compared using Fisher’s exact tests.

Associations between discharge to home and PMI,
APACHE II score, updated CCI, EuroSCORE II, and operating
time were assessed. These factors were selected to consider
their clinical impact on outcomes after cardiac surgery. Lo-
gistic regression analyses were used to determine the odds
ratios and 95% confidence intervals (CIs). Receiver operat-
ing characteristic (ROC) curves were plotted, and the area
under the ROC curves for each factor was compared. All sta-
tistical analyses were performed using R software (The R
Foundation for Statistical Computing, Vienna, Austria, ver-
sion 3.5.2). All P-values were two-sided, and P ≤ 0.05 was
considered significant.
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Figure 1. A computed tomography scan image of the L3 vertebra used to measure the psoas muscle area via the manual trace method. The white line highlights the psoas
muscle margin. The manual trace method is used to calculate the area inside the white line.

4. Results

Of the 194 patients initially evaluated, 10 patients who
did not undergo preoperative CT scans of the pelvic region
and 1 patient who underwent lumbar fixation that pre-
vented the calculation of the PMI were excluded. Finally,
183 patients were enrolled in this study. Among them, 137
and 46 patients were included in the good outcome and
poor outcome groups, respectively (Figure 2). The patient
characteristics are shown in Table 1. There were no signif-
icant between-group differences in the sex, age, and up-
dated CCI. The median BMI was also not significantly dif-
ferent. Meanwhile, the mean height and weight, median
APACHE II score, median PMI, and median EuroSCORE II
scores were significantly different between the two groups.

The results of the logistic regression analysis are
shown in Table 2. PMI was significantly associated with the
outcome at discharge, with an odds ratio of 0.25 (95% CI:
0.14 – 0.43; P < 0.01), which means that a common odds ra-

tio for every one-unit increase in PMI for a poor outcome is
0.25. The ROC curves determined for each factor are shown
in Figure 3. Comparison of the area under the curve (AUC)
of the ROC for each of the assessed factors showed that PMI
had the greatest AUC (AUC: 0.76; 95% CI: 0.67 - 0.85). A PMI
cut-off of 3.24 had a specificity, sensitivity, positive predic-
tive value, and negative predictive value of 0.86, 0.63, 0.58,
and 0.87, respectively.

5. Discussion

This study shows that PMI is strongly associated with
discharge to home in patients aged ≥ 75 years who un-
derwent cardiovascular surgery. An increase in PMI was
associated with a decrease in the odds of a poor outcome
(defined as in-hospital death or discharge to a long-term
care facility) adjusted by EuroSCORE II, APACHE II, opera-
tion time, and the updated CCI for patients aged≥ 75 years
who underwent cardiovascular surgery.
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Excluded (n=11 patients):

10 patients without preoperative CT scan 

of the pelvic region

1 patient whose PMI could not be 

calculated because of metal halation

183 eligible patients

Poor outcome group 

(n=46 patients)

194 patients aged ≥75 years who underwent elective cardiovascular 

surgery and admitted to the ICU between July 1, 2016 and March 31, 

2017

Good outcome group 

(n=137 patients)

Figure 2. Patient selection flowchart. In total, 183 patients are divided into the good outcome group (n = 137) and the poor outcome group (n = 46).

Table 1. Patient Characteristics and Operative Data a

Good Outcome Group (n = 137) Poor Outcome Group (n = 46) P Value

Sex, male (%) 75 (55) 18 (39) 0.09

Age (y) 78 (76 – 80) 78 (77 – 82.8) 0.07

Height (cm) 156.1 (149.5 – 164) 150.4 (145.9 – 160.3) 0.03

Weight (kg) 56.0 (10.7) 51.9 (11.0) 0.03

Body mass index 22.6 (21.0 – 24.4) 22.1 (19.7 – 24.4) 0.25

Updated CCI 3 (2 – 3) 3 (2 – 3) 0.22

Dementia (%) 28 (20) 20 (43) < 0.01

Hemodialysis (%) 8 (6) 3 (7) 1

Cancer (%) 11 (8) 2 (4) 0.52

Diabetes (%) 36 (26) 14 (30) 0.57

Hypertension (%) 94 (69) 26 (57) 0.15

Stroke (%) 18 (13) 7 (15) 0.80

EuroSCORE II 3.49 (2.05 – 5.39) 6.23 (3.2 – 10.59) < 0.01

Operation time 284 (233 – 366) 327 (262.5 – 428.5) 0.01

APACHE II 16 (14 – 18) 18 (16 – 21) < 0.01

PMI 4.2 (0.96) 3.3 (0.97) < 0.01

Type of operation

Valve replacement (%) 98 (72) 27 (59) 0.14

CABG (%) 36 (21) 13 (28) 0.85

Aortic surgery (%) 26 (19) 10 (22) 0.67

Other (%) 4 (2) 1 (2) 1

Abbreviations: PMI, psoas muscle index; APACHE II, Acute Physiology and Chronic Health Evaluation II score; CCI, Charlson comorbidity index; EuroSCORE II, European
System for Cardiac Operative Risk Evaluation II
aValues are presented as the median (interquartile range), mean (standard deviation), or number (%).
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Table 2. Results of Conditional Logistic Regression Analyses of Factors Influencing Outcomes

Factor Odds Ratio 95% CI P Value

APACHE II 1.17 0.02 – 4.38 0.36

EuroSCORE II 1.13 1.02 – 1.26 0.014

Operation time 1 0.99 – 1.01 0.10

PMI 0.25 0.14 – 0.43 < 0.01

Updated CCI 1.3 0.99 – 1.71 0.06

Abbreviations: APACHE II: Acute Physiology and Chronic Health Evaluation II score, EuroSCORE, EURO score II: European System for Cardiac Operative Risk Evaluation II;
PMI, psoas muscle index; CCI, Charlson comorbidity index.

1 − Specificity

Se
n

si
ti

vi
ty

0.0 0.2 0.4 0.6 0.8 1.0

0.0

0.2

0.4

0.6

0.8

1.0

PMI

APACHE II

updated CCI

Duration of surgery

EuroSCORE II

0.76

0.66

0.56

0.62

0.69

Figure 3. Receiver operating characteristic (ROC) curves for each factor. The psoas muscle index (PMI) has the greatest area under the ROC curve, suggesting that PMI is
associated with favorable outcomes.

The EuroSCORE II and JAPAN scores were developed to
predict postoperative outcomes and determine the appro-
priateness of cardiovascular surgery. However, these scor-
ing systems do not reflect the influence of frailty, and only

predict mortality and complication rates. These scores do
not always predict other important outcomes for elderly
patients, such as QOL after discharge and the rate of dis-
charge to home. This study showed that PMI was more
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strongly associated with discharge to home than other
clinical scoring systems associated with mortality follow-
ing cardiovascular surgery.

Several studies have assessed the relationship between
PMI and patient prognosis. Associations between poor
prognosis and sarcopenia in patients with malignancies
(20, 21) and those with traumatic injuries (22) have been
reported. An association between mortality and PMI has
been reported in patients who underwent cardiovascular
surgery. Heberton et al. revealed the usefulness of PMI
in predicting mortality in patients undergoing left ven-
tricular assist device implantation (16). Saji et al. also re-
ported an association between PMI and mortality in pa-
tients who underwent transcatheter aortic valve replace-
ment (17). Okamura et al. reported that PMI was associ-
ated with long-term outcomes in patients who underwent
cardiovascular surgery (23). Sarcopenia and frailty can pro-
long hospital stay and increase the need for transfer to re-
habilitation facilities, both of which negatively affect pa-
tients’ QOL (24-26).

However, previous studies had important limitations.
Some studies have assessed the impact of PMI by divid-
ing the study cohort into two groups. They defined a sar-
copenia group as patients below the fiftieth percentile of
PMI values and the non-sarcopenia group as those above
the fiftieth percentile, which includes the same number of
patients (16, 21, 22). There was no justification for divid-
ing patents by PMI to define them as sarcopenic or non-
sarcopenic. In the present study, PMI was assessed as a con-
tinuous variable. Previous studies also included relatively
young patients (approximately 65 years old). Sarcopenia
and frailty are serious problems typically affecting the el-
derly who need intensive care (25), and studies of patients
aged older than 75 years should be performed.

Further, previous studies used mortality as the primary
outcome. Although mortality is an important outcome, we
believe that the QOL of elderly patients is as important as
mortality because a postoperative low QOL will result in
high medical costs and a large care burden for families.
Discharge to a care facility has been reported to be an ac-
curate measure of intensive care and QOL outcomes in el-
derly patients (19, 27). Therefore, we evaluated the impact
of PMI on QOL after cardiovascular surgery with discharge
to home as the outcome measure. Our findings indicate
that preoperative assessment of PMI may be useful in de-
termining the indications for elective cardiac surgery in
patients aged≥75 years. Importantly, the findings indicate
that a new prediction score that includes PMI or another
frailty score is needed to assess surgical risk in the elderly.

This study has some limitations. First, it was not possi-
ble to adjust for confounding factors because of the retro-
spective nature of the study. Especially, preoperative QOL
scores such as the clinical frailty scale could not be de-
termined (8, 28). However, there is no consensus on the
standard measurement of frailty (29). Sarcopenia is a ma-
jor cause of frailty (13) and could be a surrogate marker
of frailty. In this study, sarcopenia was evaluated using
PMI, which is an objective indicator. One study used both
PMI and intramuscular adipose tissue content to assess sar-
copenia (26). A combination of these radiological parame-
ters might assess sarcopenia more meaningfully, although
there are few studies on intramuscular adipose tissue con-
tent. Second, this study included patients aged≥ 75 years;
therefore, the study had selection bias, and this may limit
the generalizability of the findings. Third, the small size
of the cohort also limited the number of factors that could
be included in the conditional logistic regression analy-
ses. Fourth, this was a single-center study, and the post-
operative rehabilitation method was not adequately as-
sessed. Some institutes utilize the active cyclic breathing
technique for post-CABG patients (30). Such differences in
rehabilitation programs may affect the patients’ postoper-
ative outcomes, and thus the external validity of this study
may be compromised. Finally, the long-term survival of
the patients is unknown, including changes in living situ-
ations (for instance, moving between home and a rehabil-
itation facility). Discharge to a nursing home or rehabili-
tation facility following surgery does not always indicate
a poor QOL. Some patients may eventually go home after
rehabilitation. Therefore, a more complete follow-up eval-
uation is needed to determine QOL outcomes.

5.1. Conclusions

Compared to other established prognostic scores, PMI
is more strongly associated with discharge to home in pa-
tients aged ≥ 75 years who undergo elective cardiovascu-
lar surgery. PMI may be helpful in determining the suitabil-
ity of cardiovascular surgery in elderly patients.
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