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ABSTRACT

Objective: Sarcopenia, age-related loss of muscle mass, is an objective and
comprehensive marker of frailty. We aimed to clarify the influence of sarcopenia
on the outcomes after heart valve surgery.

Methods: We retrospectively reviewed 1119 patients who underwent valve
surgery via median sternotomy at our institution from June 2009 to December
2013. Patients aged <70 years, urgent/emergent cases, and patients without
preoperative computed tomography of the abdomen were excluded. The
remaining 428 patients were included in this study. Psoas muscle area, a validated
measure of sarcopenia, was measured on preoperative computed tomography.
Sarcopenia was defined as the lowest sex-specific quartile in psoas muscle area.
The mean follow-up period was 3.4 years.

Results: Overall in-hospital mortality did not differ between the sarcopenia and
nonsarcopenia patient groups. However, the incidence of stroke and intra-aortic
balloon pump/percutaneous cardiopulmonary support use was greater in the
sarcopenia group than in the nonsarcopenia group. The patients with sarcopenia
had significantly decreased long-term survival and decreased freedom from major
adverse cardiac and cerebrovascular events. Multivariable analysis and inverse
probability weighting revealed that sarcopenia was an independent predictor for
decreased survival (hazard ratio, 2.22; 95% confidence interval, 1.26-3.92;
P = .000).

Conclusions: Preoperative sarcopenia defined from the psoas muscle area was
associated with long-term outcomes after valve surgery. Thus, the measurement
of psoas muscle area can help facilitate more accurate risk scoring in elderly
patients. (J Thorac Cardiovasc Surg 2019;157:1071-9)
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Sarcopenia has a negative impact on long-term
outcomes of heart valve surgery.

Central Message

Preoperative assessment of sarcopenia by
measuring the psoas muscle area on computed
tomography is a simple method to identify frail
patients and predict long-term outcomes after
valve surgery.

Perspective

Sarcopenia is the age-related loss of muscle and
has been recognized as a marker of frailty. Howev-
er, the impact of sarcopenia on the outcomes after
cardiac surgery remains unknown. The assess-
ment of sarcopenia based on the psoas muscle
area measured on preoperative computed tomog-
raphy helps identify frail patients and predicts
long-term outcomes after heart valve surgery.

See Commentary on page 1080.
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In the aging population, the decision-making regarding the
operability of elderly and morbid patients has increasingly
been an issue of contention. The heterogeneity of comorbid-
ity and activity that exists in this patient population renders
the decision-making process more challenging. As such,
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Abbreviations and Acronyms
BMI = body mass index
CT = computed tomography
MACCE = major adverse cardiac and
cerebrovascular events
PS = propensity score

preoperatively identifying patients at high risk for mortality
and morbidity has become more important. Furthermore,
technological advances in cardiac surgery have led to
various treatment options for each condition and have also
made risk assessment more essential to provide optimal
treatment to each patient.

Several risk models, such as the European System for
Cardiac Operative Risk Evaluation II and the Society of
Thoracic Surgeons score, have been used to stratify
perioperative risk in cardiac surgery.'” However, these
conventional risk models have traditionally focused more
on the presence or absence of specific medical
comorbidities and do not incorporate frailty, age-related
systemic vulnerability, which is considered to have negative
impacts on the outcomes. It is also unclear whether these
risk-stratification systems can predict long-term survival af-
ter cardiac surgery.

Frailty is a geriatric syndrome reflecting impaired phys-
iologic reserve and a decreased resistance to internal and
external stressors across multiple physiologic systems.
Both the aging process and some chronic diseases interact
with each other and result in frailty. Within the aging
population, frailty becomes increasingly prevalent and is
associated with a considerable social and economic
burden.”

Recently, frailty has been proposed as a means to
help predict the outcomes after surgery.”® Afilalo and
colleagues’ showed that slow gait speed is an independent
predictor of operative mortality and major morbidity after
cardiac surgery. However, most measures of frailty are based
on a matrix of several physical function and mental tests,
which makes frailty hard to define. In connection with
frailty, sarcopenia is the age-related loss of muscle mass
and function, which is closely related to poor physical per-
formance. Not surprisingly, many of the adverse results of
frailty stem from the loss of skeletal muscle mass.
Sarcopenia is present in about 5% to 10% of individuals
older than 65 years of age.” Some investigators have
reported that patients with sarcopenia had a greater
likelihood of long-term mortality after gastrointestinal
surgery.”” However, the impact of sarcopenia on the
clinical outcomes after cardiac surgery still remains
unclear. In this study, we aimed to assess whether
preoperative sarcopenia can be used to predict the
outcomes after heart valve surgery in elderly patients.
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PATIENTS AND METHODS
Patient Population and Study Design

This was a retrospective study based on our institutional database.
Between June 2009 and December 2013, a total of 1119 patients underwent
heart valve surgery via median sternotomy at Saitama Medical Center, Jichi
Medical University. We excluded patients <70 years old, urgent/emergent
cases, and patients with missing preoperative computed tomography (CT)
of the abdomen data used for the assessment for sarcopenia. Thus,
428 patients were included in this study (Figure 1).

First, we divided the patients into 2 groups, those with and those without
sarcopenia, based on psoas muscle area measured with preoperative
abdominal CT. Preoperative CT was performed within 3 months before
surgery. Subsequently, perioperative patient characteristics, in-hospital
outcomes, and long-term outcomes were compared between the patients
with and those without sarcopenia.

Our study was approved by the institutional review board of Jichi
Medical University (March 28, 2017, no. S16-014). Follow-up data
including survival and complications were obtained via a patient chart
review, questionnaires mailed to patients, and/or by telephone. The mean
follow-up period was 3.4 years, and the follow-up rate was 100%.

Surgical Procedure

Surgeries were performed via median sternotomy. Cardiopulmonary
bypass was established with aortic-bicaval cannulation. Moderate
hypothermia was applied, and antegrade/retrograde cold blood cardio-
plegia was administered intermittently. A left ventricular vent was
inserted via the right upper pulmonary vein. Surgical procedures are shown
in Table 1. Warfarin sodium was started on the day of surgery and
continued after surgery so that the international normalized ratio of
prothrombin time was maintained in accordance with the American
College of Cardiology/American Heart Association guidelines.'” In
patients with a tissue valve, warfarin sodium was discontinued 3 months
after surgery, unless there was another indication for anticoagulation.

Definition of Sarcopenia

We measured psoas muscle area, a validated marker of sarcopenia, on
the preoperative CT scan. Using the Ziostation (Ziosoft Inc, Tokyo, Japan),
we measured the psoas muscle area at the level of the top of the iliac crest in
all patients and averaged (Figure 2, A). A radiologist (K.T) measured

Heart valve surgery performed via median sternotomy at
Saitama Medical Center, Jichi Medical University between
June 2009 and December 2013 (n=1119)

Age <70 years
»( Urgent/Emergent surgery
(n=570)

Y
Elective surgery patients aged 70 years or older (n = 549)

| Without preoperative abdominal
computed tomography data (n = 121)

Y
Included in study cohort (n = 428)

FIGURE 1. Patient flow diagram.

The Journal of Thoracic and Cardiovascular Surgery + March 2019



Okamura et al Adult: Perioperative Management

TABLE 1. Preoperative patient characteristics per study group

Variable Total (n = 428) Sarcopenia (n = 107) Nonsarcopenia (n = 321) P value
Age, y 763 £ 4.4 77.0 + 4.6 76.0 £ 4.3 .065
Sex, female 222 (51.9%) 55 (51.4%) 167 (52.0%) 912
Body surface area, m?> 1.49 £ 0.17 1.40 & 0.13 1.52 £ 0.16 <.001
Body mass index, kg/m? 219 £3.6 19.6 £2.8 22.6 £3.5 <.001
NYHA class 3/4 160 (37.4%) 51 (47.7%) 109 (34.0%) .015
Hypertension 302 (70.6%) 71 (66.4%) 231 (72.0%) 327
Diabetes 95 (22.2%) 23 (21.5%) 72 (22.4%) .894
Ischemic heart disease 97 (22.7%) 27 (25.2%) 70 (21.8%) .505
Atrial fibrillation 134 (31.3%) 36 (33.6%) 98 (30.5%) .630
Cerebrovascular disease 53 (12.4%) 14 (13.1%) 39 (12.1%) .865
Chronic kidney disease* 47 (11.0%) 19 (17.8%) 28 (8.7%) .013
Hemodialysis 17 (4.0%) 10 (9.3%) 7 (2.2%) .003
COPD 12 (2.8%) 7 (6.5%) 5 (1.6%) .013
Peripheral artery disease 25 (5.8%) 9 (8.4%) 16 (5.0%) 232
Previous cardiac surgery 17 (4.0%) 5 @4.7%) 12 (3.7%) 175
LVEF % 60.8 £ 12.5 59.2 £ 12.6 613 £12.4 156
Serum hemoglobin, g/dL 12.1 £ 1.7 11.5+ 1.6 122 + 1.7 <.001
Serum albumin, g/dL 40+£0.5 39+0.5 4.1+04 <.001
Psoas muscle area, mm? 758 + 262 530 £ 143 834 + 248 <.001

Values for continuous variables are expressed as mean =+ standard deviation, and values for categorical variables are expressed as numbers (%). NYHA, New York Heart

Association; COPD, chronic obstructive pulmonary disease; LVEF, left ventricular ejection fraction. *Serum creatinine >1.5 mg/dL.

the area by manually outlining the borders of both psoas muscles (Figure 2,
B). In this study, sarcopenia was defined as the lowest sex-specific quartile
in the average of both psoas muscle areas at preoperative CT scan, in accor-
dance with what was done in previous studies.**'"'*

Statistical Analysis

The data in this study are expressed as mean =+ standard deviation for
continuous variables and as frequency and percentage for categorical
variables. Between-group comparison for categorical variables was
performed by the Fisher exact test. The Student ¢ test or Mann—Whitney
U test was used for the comparison of the continuous variables as
appropriate. Low cardiac output syndrome was defined as (1) requiring
intra-aortic balloon pump/percutaneous cardiopulmonary support to be
weaned from cardiopulmonary bypass and/or (2) the need for adrenaline
or more than 5 pg/kg/min dopamine or dobutamine, after correction of
electrolytes and preload, in the intensive care unit. Long-term survival
and freedom from major adverse cardiac and cerebrovascular events
(MACCE) were estimated via the Kaplan—-Meier method, and comparisons
between 2 groups were performed with the log-rank test. MACCE
was defined as acute myocardial infarction, angina, congestive heart
failure, new cardiac arrhythmia, stroke, cardiovascular death, and/or
cerebrovascular death.'

Forward stepwise Cox proportional hazards regression analysis was
performed to evaluate the impact of preoperative and intraoperative data
on survival and freedom from MACCE. Variables included age;
sex; body surface area; body mass index (BMI) < 18.5 kg/m?, BMI
>30.0 kg/mz; New York Heart Association class 3/4; hypertension;
diabetes; ischemic heart disease; atrial fibrillation; stroke; chronic kidney
disease (serum creatinine >1.5 mg/dL); hemodialysis; chronic obstructive
pulmonary disease; peripheral arterial disease; history of cardiac surgery;
left ventricular ejection fraction; serum hemoglobin; serum albumin; and
intraoperative data (type of surgical procedure).

The Journal of Thoracic and Cardiovascular Surgery * Volume 157, Number 3

Variables with P < .20 on univariate analysis were entered into a
multivariable Cox proportional hazards regression analysis. To adjust for
all major confounders between the sarcopenia and nonsarcopenia groups,
the inverse probability weighting using propensity score (PS) analysis
was performed.'® PS was constructed based on the aforementioned
confounders, and each observation was weighted by its inverse probability
of being in a certain group. PS-weighted Kaplan—Meier curves as well as
the crude Kaplan—Meier curves were presented, and group comparisons
were done using the adjusted log-rank test.

All statistical analyses were performed with SPSS software, version 24
(IBM Corp, Armonk, NY) and SAS version 9.4 (SAS Institute Inc, Cary,
NC). A P value of <.05 was considered statistically significant.

RESULTS
Sarcopenia Defined From Psoas Muscle Area

The distribution of psoas muscle area is shown in Figure 2,
C. The average of psoas muscle area was 933 + 241 mm? for
men and 596 + 154 mm? for women (P <.001). Not surpris-
ingly, psoas muscle area decreased with increasing age. In
male patients, the area in those aged 80 years or older was
smaller than that in patients aged between 70 and 79 years
(877 + 237 mm” vs 953 £ 240 mm’, P = .044). In female
patients, the difference in the area was not significant be-
tween those patients in their 80s and 70s (564 + 150 mm?*
vs 606 + 155 mmz, P = .190). Based on the definition for
sarcopenia in this study, the cut-off value for sarcopenia
was 770 mm? in male and 495 mm? in female patients.
Thus, it was determined that there were 107 patients with
sarcopenia and 321 patients without sarcopenia.
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FIGURE 2. Measurement of psoas muscle area on preoperative computed tomography. A, Psoas muscle area was measured at the level of the top of the iliac

crest (line). B, The psoas muscle borders were manually outlined. C, The distribution of psoas muscle area.

Patient Characteristics in the Sarcopenia and
Nonsarcopenia Groups

Preoperative patient characteristics and operative data are
shown in Table 1. Patients in the sarcopenia group were more
likely than patients in the nonsarcopenia group to have
smaller body surface area; lower BMI; a greater prevalence
of New York Heart Association class 3/4; and certain comor-
bidities including chronic kidney disease, hemodialysis, and
chronic obstructive pulmonary disease. Serum hemoglobin
and albumin was significantly lower in the sarcopenia group
than in the nonsarcopenia group. As for the relationship
between sarcopenia and BMI, the prevalence of sarcopenia
was 57% (41/72) in the underweight group (BMI
<18.5 kg/m2), 19% (66/347) in the normal group (BMI be-
tween 18.5 and 30.0 kg/m?), and 0% (0/9) in the obese group
(BMI >30.0 kg/m?). Regarding type of surgical procedure,
mitral valve replacement was performed more frequently
in the sarcopenia group, as shown in Table 2.

Clinical Outcomes

Early outcomes are presented in Table 3. In the overall
analysis, in-hospital mortality did not differ between the
groups. The sarcopenia group had greater rates than
the nonsarcopenia group did for stroke, intra-aortic
balloon pump/percutaneous cardiopulmonary support use,
and low cardiac output syndrome (P = .012, P = .037, and
P = .022, respectively). Hemodialysis was newly induced
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in 8 patients (1.9%) postoperatively; however, all patients
were able to wean from hemodialysis at discharge.

Among the 413 survivors, late death occurred in 36 patients
(8.7%). The survival and freedom from MACCE results are
shown in Figure 3, A and B. The Kaplan—Meier actuarial
survival rate at 5 years was 72.0 &= 5.1% for the sarcopenia
group and 91.1 £ 1.8% for the nonsarcopenia group
(P <.001; Figure 3, A). MACCE occurred in 24 patients
(5.8%) at follow-up; it included heart failure (10 patients),
acute myocardial infarction (5 patients), reoperation for para-
valvular leakage (3 patients), angina (2 patients), ventricular
fibrillation (2 patients), stroke (1 patient), and unexplained
death (1 patient). Freedom from MACCE at 5 years was
87.9 + 3.5% for the sarcopenia group and 94.3 + 1.7% for
the nonsarcopenia group, respectively (P = .005; Figure 3,
B). As for the impact of sarcopenia and sex, sarcopenia was
shown to have a negative impact on late mortality in both
sexes; however, sarcopenia negatively influenced freedom
from MACCE only in male, not in female, patients
(Figure E1). These findings suggest that the negative impact
of sarcopenia is greater in males than in females.

Predictors of Long-Term Survival and Freedom
From MACCE

To assess the impact of sarcopenia on the long-term
outcomes, we performed Cox proportional hazards model
for survival and freedom from MACCE (Table 4). On
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TABLE 2. Intraoperative data per study group

Variable Total (n = 428) Sarcopenia (n = 107) Nonsarcopenia (n = 321) P value
AVR 322 (75.2%) 73 (68.2%) 249 (77.6%) .070
Bioprosthesis 287 (89.1%) 67 (62.6%) 220 (68.5%) 259
Mechanical valve 35 (10.9%) 6 (5.6%) 29 (9.0%) 263
MVR 95 (22.2%) 33 (30.8%) 62 (19.3%) .016
Bioprosthesis 64 (67.3%) 26 (24.3%) 38 (11.8%) .002
Mechanical valve 31 (32.6%) 7 (6.5%) 24 (7.5%) 747
MVP 93 (21.7%) 28 (26.2%) 65 (20.2%) 223
Only ring annuloplasty 49 (52.7%) 13 (12.1%) 36 (11.2%) 793
Resection and suture 22 (23.7%) 6 (5.6%) 16 (5.0%) .800
Artificial chordae 11 (11.8%) 6 (5.6%) 5 (1.6%) .022
Others 11 (11.8%) 3(2.8%) 8 (2.5%) .547
TAP 174 (40.7%) 49 (45.8%) 125 (38.9%) 214
Maze procedure 40 (9.3%) 8 (7.5%) 32 (10.0%) .566
Coronary artery bypass grafting 88 (20.6%) 21 (19.6%) 67 (20.9%) .890
Combined procedures 288 (67.3%) 75 (70.1%) 213 (66.3%) 475
Isolated valve surgery + nonvalvular procedure 94 (22.0%) 17 (15.9%) 77 (24.0%) .082
AVR + MVR 5 (1.2%) 3(2.8%) 2 (0.6%) .102
AVR + MVP 16 (3.7%) 6 (5.6%) 10 (3.1%) 246
AVR + TAP 30 (7.0%) 5 4.7%) 25 (7.8%) 382
MVR + TAP 42 (9.8%) 14 (13.1%) 28 (8.7%) .193
MVP + TAP 36 (8.4%) 12 (11.2%) 24 (7.5%) 232
AVR + MVR + TAP 38 (8.9%) 12 (11.2%) 26 (8.1%) .330
AVR + MVP + TAP 27 (6.3%) 6 (5.6%) 21 (6.5%) .822
CPB time, min 167 £+ 49 166 £+ 51 167 + 49 176
Crossclamp time, min 137 + 41 135 + 41 138 + 41 .545

Values for continuous variables are expressed as mean = standard deviation, and values for categorical variables are expressed as numbers (%). AVR, Aortic valve replacement;
MVR, mitral valve replacement; MVP, mitral valve repair; TAP, tricuspid annuloplasty; CPB, cardiopulmonary bypass.

multivariable analysis, sarcopenia was identified as an inde-
pendent predictor for decreased survival and freedom from
MACCE (hazard ratio, 2.221; 95% confidence interval,
1.258-3.924; P = .006 and hazard ratio, 2.802; 95% confi-
dence interval, 1.242-6.319; P = .013, respectively). Other
predictors identified include BMI >30.0 kg/mz, chronic kid-
ney disease, and serum albumin for late mortality. Diabetes

TABLE 3. In-hospital outcomes per study group

was determined to be an independent risk factor for
MACCE during follow-up. To circumvent the mismatch be-
tween limited number of events and high number of con-
founders, we performed inverse probability weighting
using PS analysis (Figure 3, C and D). The differences in
the variables before and after PS weighting are shown in
Table El. After PS weighting, sarcopenia was associated

Variable Total (n = 428) Sarcopenia (n = 107) Nonsarcopenia (n = 321) P value
In-hospital mortality 15 (3.5%) 6 (5.6%) 9 (2.8%) 221
Stroke 7 (1.6%) 5 (4.7%) 2 (0.6%) .012
IABP or PCPS use 6 (1.4%) 4 (3.7%) 2 (0.6%) 037
Re-exploration for bleeding 10 (2.3%) 4 (3.7%) 6 (1.9%) 463
New onset of atrial fibrillation 143 (33.4%) 39 (36.4%) 104 (32.4%) 478
Prolonged ventilation use >48 h 37 (8.6%) 9 (8.4%) 28 (8.7%) 1.000
New need of hemodialysis 8 (1.9%) 3 (2.8%) 5(1.6%) 419
Low cardiac output syndrome 13 (3.0%) 7 (6.5%) 6 (1.9%) .022
Permanent pacemaker implantation 5(1.2%) 2 (1.9%) 3 (0.9%) .603
Intensive care unit stay, d 32431 3.6 42 3.1 +26 525
Discharge to health care facility 54 (12.6%) 17 (15.9%) 37 (11.5%) 313

Values for continuous variables are expressed as mean =+ standard deviation. Values for categorical variables are expressed as numbers (%). JABP, Intra-aortic balloon pump;

PCPS, percutaneous cardiopulmonary support.

The Journal of Thoracic and Cardiovascular Surgery * Volume 157, Number 3
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FIGURE 3. Kaplan-Meier curves of (A) overall survival and (B) freedom from MACCE with 95% confidence intervals before inverse propensity
score weighing. Kaplan—Meier curves of (C) overall survival and (D) freedom from MACCE with 95% confidence intervals after inverse propensity score

weighing. MACCE, Major adverse cardiac and cerebrovascular events.

with later mortality. As for freedom from MACCE, the dif-
ference did not reach significance between the sarcopenia
and nonsarcopenia groups. The relationship between BMI
and the hazard ratio for long-term outcomes is shown in
Figure E2. For BMI >30 kg/m”, the hazard ratio for late
mortality increased with increase in BML

DISCUSSION

The principal finding in this study was that preoperative
sarcopenia derived from psoas muscle area resulted in a
greater risk of long-term mortality and MACCE in elderly
patients undergoing elective valve surgery. Frailty can be
evaluated using different techniques, including the use of
questionnaires and the assessment of certain physical
activities. Frailty has been reported to outperform
traditional anesthetic and surgical risk scores.'” The
measurements of physical activities, including walking
speed, can easily be influenced by comorbidities, cardiac
function, and the timing to evaluate. Therefore, these
measurements can be nonreproducible.
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The term “sarcopenia” was proposed by Rosenberg'® to
describe an age-related decrease of muscle mass in the late
1980s. The condition is characterized by age-associated
generalized loss of skeletal muscle mass and muscle
strength, ultimately resulting in an insidious functional
decline. After age 50 years, muscle mass decreases at an
annual rate of 1% to 2%.'” There has been an increasing
interest in the use of sarcopenia as an objective way to
define frailty in the context of preoperative risk assessment.
Sarcopenia, as assessed by total psoas volume, has been
identified as an independent predictor of postoperative
major complications, survival, and total hospital costs after
surgery for abdominal malignancies.**"*

However, less is known about the impact of sarcopenia
on the outcomes after cardiac surgery. Ganapathi and
colleagues'' showed that a high frailty score was associated
with discharge to another location other than home and
30-day and 1-year mortality in patients undergoing
proximal aortic surgery. In their study, CT data for the
measurement of psoas volume was, however, missing in

The Journal of Thoracic and Cardiovascular Surgery + March 2019



Okamura et al

Adult: Perioperative Management

TABLE 4. Cox proportional hazards analysis for independent risk factors for late mortality and MACCE

Univariate Multivariable
Variable HR (95% CI) P value HR (95% CI) P value
Late mortality

Age, y 1.09 (1.03-1.16) .006 1.06 (0.99-1.13) .074
Sex (female) 0.98 (0.57-1.69) 938 -
Body surface area, m> 0.46 (0.09-2.47) .363 -
Body mass index <18.5 kg/m> 1.27 (0.64-2.54) 493 -
Body mass index >30.0 kg/m* 3.98 (1.24-12.8) .021 6.37 (1.82-22.33) .004
NYHA class 3/4 2.76 (1.58-4.85) <.0001 -
Hypertension 0.91 (0.50-1.65) 155 -
Diabetes 1.35 (0.73-2.50) 337 -
Ischemic heart disease 1.68 (0.94-3.01) .082 -
Atrial fibrillation 1.35 (0.76-2.38) .305 -
Cerebrovascular disease 2.06 (1.06-4.02) .033 1.87 (0.94-3.73) .077
Chronic kidney disease* 5.68 (3.22-10.03) <.001 4.72 (2.37-9.40) <.001
Hemodialysis 3.60 (1.54-8.45) .003 -
COPD 3.66 (1.32-10.16) .013 2.26 (0.76-6.77) 144
Peripheral artery disease 2.36 (1.01-5.53) .049 =
Previous cardiac surgery 1.76 (0.55-5.65) 344 -
LVEF % 0.98 (0.96-1.00) .071 -
Serum hemoglobin, g/dL 0.79 (0.68-0.93) .003 =
Serum albumin, g/dL 0.17 (0.11-0.27) <.001 0.27 (0.15-0.46) <.001
Sarcopenia 3.44 (1.98-5.96) <.001 2.47 (1.34-4.55) .004
Intraoperative data

AVR 1.35 (0.68-2.69) .399 -

MVR 1.55 (0.85-2.83) 154 -

MVP 1.12 (0.59-2.14) 736 -

TAP 1.30 (0.75-2.25) .350 -

Maze 1.05 (0.42-2.63) 924 -

CABG 1.47 (0.79-2.71) 223 -

Combined procedures 0.97 (0.54-1.74) 927 -

MACCE
Age,y 1.06 (0.96-1.16) .245 -
Sex (female) 0.67 (0.30-1.50) 325 -
Body surface area, m” 1.63 (0.15-17.55) .688 -
Body mass index <18.5 kg/m> 0.77 (0.23-2.57) .664 -
Body mass index >30.0 kg/m2 0.05 (0.00-228543) 700 -
Body mass index, kg/m? 1.03 (0.92-1.15) .630 -
NYHA class 3/4 2.54 (1.13-5.73) .024 -
Hypertension 0.57 (0.25-1.29) 178 -
Diabetes 2.58 (1.15-5.82) .022 2.46 (1.06-5.73) .037
Ischemic heart disease 1.35 (0.56-3.25) 510 -
Atrial fibrillation 1.39 (0.61-3.17) 437 -
Cerebrovascular disease 1.09 (0.33-3.65) .891 -
Chronic kidney disease* 2.57 (0.96-6.88) .061 -
Hemodialysis 1.15 (0.16-8.50) .893 -
COPD 0.05 (0.00-7772.66) .620 -
Peripheral artery disease 3.63 (1.24-10.62) .019 2.74 (0.89-8.46) .080
Previous cardiac surgery 0.05 (0.00-956.21) .546 -
LVEF % 0.97 (0.94-0.99) .011 0.98 (0.95-1.01) 172
Serum hemoglobin, g/dL 1.00 (0.80-1.26) 992 -
Serum albumin, g/dL 0.56 (0.24-1.31) 179 -
Sarcopenia 3.03 (1.35-6.79) .007 3.21 (1.37-7.48) .007
(Continued)
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TABLE 4. Continued

Univariate Multivariable
Variable HR (95% CI) P value HR (95% CI) P value
Intraoperative data
AVR 0.54 (0.24-1.23) .140 -
MVR 2.77 (1.23-6.23) .014 -
MVP 1.84 (0.79-4.30) .160 -
TAP 2.97 (1.27-6.94) .012 -
Maze 2.55 (0.95-6.82) .063 -
CABG 1.27 (0.50-3.19) 617 -
Combined procedures 3.43 (1.02-11.51) .046 -

HR, Hazard ratio; CI, confidence interval; NYHA, New York Heart Association; COPD, chronic obstructive pulmonary disease; LVEF, left ventricular ejection fraction;
AVR, aortic valve replacement; MVR, mitral valve replacement; MVP, mitral valve repair; TAP, tricuspid annuloplasty; CABG, coronary artery bypass grafting; MACCE, major

cardiac and cerebrovascular events. *Serum creatinine >1.5 mg/dL.

more than one half of the patients included. A couple of
studies have reported the effects of sarcopenia on clinical
outcomes after transcatheter treatment for structural heart
disease; furthermore, in patients undergoing transcatheter
aortic valve replacement, sarcopenia was specifically
reported to be predictive of cumulative mortality.'>"’

The definition of sarcopenia remains unestablished, and no
definitive method and numerical values for parameters exist to
define the condition. The European Working Group on Sarco-
penia in Older People recommends cut-off points at 2 standard
deviations below the mean reference value in healthy young
adults.>> Most investigators have, however, used the lowest
quartile of muscle area or volume as the definition of sarcope-
nia, and in this study we followed the same convention.*”'"'*
Various options for measurement of muscle area or mass have
been also suggested.'''> Amini and colleagues’ demon-
strated that the assessment of psoas muscle volume was a bet-
ter means to predict postoperative complications than the
measurement of psoas muscle area using a single axial
cross-sectional image. However, volumetric analysis
requires particular software and can be time-consuming.

Regarding the level of psoas muscle area measurement,
some authors have measured the area at the level of the
L3 or L4 vertebra.”'>'*?° In this study, we measured the
psoas muscle area at the level of the top of the iliac crest,
which is commonly stated to cross the L4,>* because of
several reasons. First, we considered the possibility of an
anomaly of the vertebrae. In patients with an anomaly of
the vertebrae, an exact measurement level can be hard to
determine. Second, in elderly patients, compression
fractures of the vertebrae, which can affect the level of
measurement, is relatively common.

Unexpectedly, the rate of discharge to locations other
than home was similar between the groups of patients
with and without sarcopenia. This finding implies that post-
operative rehabilitation may improve physical performance
and help discharge patients to home, even in the cases of
patients with sarcopenia.

Among 20 late deaths in the sarcopenia group, 8 patients
preoperatively had chronic kidney disease and/or had
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undergone hemodialysis. This indicated that renal failure
in the presence of sarcopenia was increasingly associated
with late mortality after heart valve surgery.

There are several benefits of preoperative identification of
sarcopenia. Sarcopenia is expected to predict late outcomes,
which previous risk models have failed to capture. Inte-
grating sarcopenia into risk assessment may better capture
a patient’s ability to tolerate surgery and can help steer ther-
apy toward surgical, transcatheter, or medical treatment. Pa-
tients with sarcopenia may also benefit from interventions
such as exercise training and nutritional supplementation
preoperatively. Aggressive prehabilitation is expected to
result in early mobilization after surgery, less frequency of
morbidity related to immobilization, and further improve-
ment of activity across the rest of the life course. Further-
more, the concept of sarcopenia as negative predictor of
postsurgical mortality can also be applied to noncardiac sur-
gery such as general surgery and thoracic surgery.®”>

Study Limitations

Several limitations of this study should be considered.
First, this is a single-center study with a small sample size.
Second, the cut-off value for sarcopenia was defined as the
lowest quartile in this study, similar to that in previous
studies. No universally accepted definition of sarcopenia
currently exists, and further study is needed to determine
the most accurate cut-off values for sarcopenia. Third, psoas
muscle area measurement represents only one of the multiple
dimensions of sarcopenia, which encompasses muscle mass,
muscle strength, and physical performance. As such,
combining the assessment of muscle mass and function
might improve the prediction of the patient outcomes. Forth,
most suitable cut-off values for sarcopenia potentially differ
between races, sexes, and age groups. There are many
different cut-off values used for the definition of sarcopenia
in the existing literature. Thus, it is difficult to define a uni-
versal definition of sarcopenia. However, to maintain relative
consistency with the previous literature, the cut-off values of
total psoas area indexed to height in our cohort were 446 and
601 mm?*/m? for women and men, respectively. In each
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VIDEO 1. The corresponding author speaks about the importance and
relevance of this study. Video available at: https://www.jtcvs.org/article/
S0022-5223(18)32032-4/fulltext.

population group, psoas muscle measurement in a certain
number of patients or healthy people might be needed to
more accurately define sarcopenia. Fifth, in this study, pa-
tients younger than 70 years old were excluded. Therefore,
our cut-off value for sarcopenia cannot be applied for pa-
tients of all ages; however, frailty is mainly a concern in
elderly patients, and including only elderly patients in a study
can help identify true sarcopenic patients. Finally, 121 pa-
tients were excluded due to a lack of a preoperative abdom-
inal CT scan, which could be a source for selection bias. As
shown in Table E2, the 121 patients excluded were younger
and had larger body surface area than the 427 patients
included in the study. There were no difference in
comorbidities.

CONCLUSIONS

Preoperative sarcopenia defined from the psoas muscle
area was associated with long-term survival after valve
surgery. Preoperative measurement of the psoas muscle
area on CT scanning can be a useful tool for predicting
long-term outcomes after valve surgery and objectively
identifying frail patients before surgery (Video 1).
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FIGURE El. Kaplan-Meier curves of (A and B) overall survival and (C and D) freedom from MACCE stratified by sex with 95% confidence intervals.

MACCE, Major adverse cardiac and cerebrovascular events.
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FIGURE E2. Hazard ratio for (A) overall survival and (B) MACCE based on body mass index with 95% confidence intervals (dotted lines).

MACCE, Major adverse cardiac and cerebrovascular events; BMI, body mass index.
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TABLE El. Differences in covariates at baseline and after applying IPW

Baseline variables After IPW
Sarcopenia Nonsarcopenia Sarcopenia Nonsarcopenia

Variable (m = 107) (n = 321) SMD (n =107) (n = 320) SMD
Age,y 77.0 £ 4.6 76.0 4.3 0.217 759 +£ 4.0 76.1 £4.3 -0.041
Sex (female) 55 (51.4%) 167 (52.0%) -0.012 (62.2%) (52.9%) 0.189
Body surface area, m* 1.40 £ 0.13 1.52 £ 0.16 -0.843 1.45 £ 0.11 1.48 £0.17 -0.278
Body mass index, kg/m? 19.6 £ 2.8 22.6 £3.5 -0.953 214 £ 3.1 219 £3.6 -0.149
Body mass index category 38.3%, 61.7%, 0% 9.7%., 87.5%, 2.8% -0.743 21.3%, 78.7%, 0% 15.7%, 82.1%,2.2% -0.193
<18.5, 18.5-30.0, >30.0
NYHA class 3/4 51 (47.7%) 109 (34.0%) 0.282 (35.3%) (38.3%) —0.066
Hypertension 71 (66.4%) 231 (72.0%) -0.122 (71.1%) (71.3%) -0.004
Diabetes 23 (21.5%) 72 (22.4%) -0.023 (15.6%) (22.9%) -0.186
Ischemic heart disease 27 (25.2%) 70 (21.8%) 0.081 (19.4%) (25.3%) -0.142
Atrial fibrillation 36 (33.6%) 98 (30.5%) 0.067 (32.4%) (30.3%) 0.046
Cerebrovascular disease 14 (13.1%) 39 (12.1%) 0.028 (11.7%) (11.2%) 0.016
Chronic kidney disease* 19 (17.8%) 28 (8.7%) 0.269 (10.5%) (11.4%) -0.029
Hemodialysis 10 (9.3%) 7 (2.2%) 0.311 (4.0%) (4.8%) -0.042
COPD 7 (6.5%) 5 (1.6%) 0.255 (2.5%) 9.1%) —-0.020
Peripheral artery disease 9 (8.4%) 16 (5.0%) 0.137 (5.9%) (7.0%) -0.043
Previous cardiac surgery 5 (4.7%) 12 (3.7%) 0.047 4.0%) 4.3%) -0.014
LVEF % 59.2 + 12.6 61.3 £ 124 -0.172 60.4 £+ 12.0 60.5 £+ 13.0 -0.010
Serum hemoglobin, g/dL 11.5+ 1.6 122+ 1.7 -0.440 11.8 £ 1.4 120 £ 1.9 -0.144
Serum albumin, g/dL 39£05 41+04 -0.500 40£0.5 40+0.5 —-0.066
AVR 73 (68.2%) 249 (77.6%) -0.211 (76.9%) (75.8%) 0.025
MVR 33 (30.8%) 62 (19.3%) 0.268 (22.4%) (22.7%) —-0.005
MVP 28 (26.2%) 65 (20.2%) 0.141 (19.7%) (22.3%) -0.064
TAP 49 (45.8%) 125 (38.9%) 0.139 (47.7%) (40.2%) 0.152
Maze 8 (7.5%) 32 (10.0%) —-0.088 (13.4%) (9.3%) 0.129
CABG 21 (19.6%) 67 (20.9%) -0.031 (16.7%) (22.0%) -0.135
Combined procedures 75 (70.1%) 213 (66.3%) 0.080 (74.6%) (67.6%) 0.155

Values for continuous variables are expressed as mean =+ standard deviation, and values for categorical variables are expressed as numbers (%). IPW, Inverse probability
weighting; SMD, standardized mean difference; NYHA, New York Heart Association; COPD, chronic obstructive pulmonary disease; LVEF, left ventricular ejection fraction;
AVR, aortic valve replacement; MVR, mitral valve replacement; M VP, mitral valve repair; TAP, tricuspid annuloplasty; CABG, coronary artery bypass grafting. *Serum creatinine
>1.5 mg/dL.
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TABLE E2. Comparison of preoperative patient characteristics between the 428 patients included in this study and the 121 patients excluded due
to a lack of preoperative computed tomography

Variable Patients included (n = 428) Patients excluded (n = 121) P value
Age, y 763 + 4.4 753 £3.6 .010
Sex (female) 222 (51.9%) 53 (43.8%) 123
Body surface area, m* 1.49 +0.17 1.53 £0.17 038
NYHA class 3/4 160 (37.4%) 40 (33.1%) .395
Hypertension 302 (70.6%) 87 (71.9%) 821
Diabetes 95 (22.2%) 27 (22.3%) 1.000
Ischemic heart disease 97 (22.7%) 24 (19.8%) 537
Atrial fibrillation 134 (31.3%) 37 (30.6%) 912
Cerebrovascular disease 53 (12.4%) 11 (9.1%) 422
Chronic kidney disease* 47 (11.0%) 11 (9.1%) .619
Hemodialysis 17 (4.0%) 54.1%) 1.000
COPD 12 (2.8%) 5 (4.1%) .550
Peripheral artery disease 25 (5.8%) 2 (1.7%) .091
Previous cardiac surgery 17 (4.0%) 5 (4.1%) 1.000
LVEF % 60.8 + 12.5 61.6 + 10.9 .520
Serum hemoglobin, g/dL 121 £ 1.7 123 £ 1.9 .148
Serum albumin, g/dL 4005 41+£04 .706
Psoas muscle area, mm? 758 + 262 NA NA

Values for continuous variables are expressed as mean =+ standard deviation, and values for categorical variables are expressed as numbers (%). NYHA, New York Heart
Association; COPD, chronic obstructive pulmonary disease; LVEF, left ventricular ejection fraction; NA, not available. *Serum creatinine >1.5 mg/dL.
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