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Background. Sarcopenia, a known component of
frailty, defined by diminished cross-sectional area of
the psoas muscles, is associated with poor outcomes after
a range of surgical procedures. However, little is known
of the relationship between sarcopenia of the psoas
muscles (SPM) and long-term survival, decline in
pulmonary function, and graft failure after lung
transplantation.

Methods. We reviewed patients who underwent
primary lung transplantation at our institution from 2011
to 2014. Cross-sectional areas of the psoas muscles at the
L4 vertebral level were measured using preoperative
computed tomography. Gender-based cutoff values for
sarcopenia were generated and validated. The primary
outcomes were 1-, 2-, and 3-year all-cause mortality,
forced expiratory volume in 1 second values, and graft
function. Adjusted logistic regression and survival anal-
ysis was used to analyze outcomes.

Results. Ninety-five patients were included in this
study; 39 (41.1%) patients were considered sarcopenic.

railty has emerged as a potent predictor for poor
Foutcomes after a range of surgical procedures
in various patient populations [1], but its value as a
prognostic tool after lung transplantation has not been
thoroughly investigated. Conventional frailty assess-
ments such as the Fried Index often include gait speed
and 6-minute walk tests [2]. These measurements can be
subjective and inconvenient for healthcare professionals
and is especially difficult to perform if the patients are
bedridden or severely ill [3, 4]. Consequently, sarcope-
nia—the state of pathologically low muscle mass—has
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SPM was significantly associated with short-term and
midterm mortality on multivariate analysis (1 year: odds
ratio [OR], 8.7, p = 0.017; 2 years: OR, 12.7, p < 0.01;
3 years: OR, 134, p < 0.01). Survival analysis showed
significantly decreased survival in sarcopenic patients at
3 years (35.9% versus 76.8%; p < 0.01). SPM is also
associated with decreased forced expiratory volume in
1 second (coefficient, -17.3; p = 0.03). Adjusted Cox
analysis showed an increased hazard for all-cause mor-
tality (hazard ratio, 5.8, p < 0.01) and graft failure (hazard
ratio, 14.7, p < 0.01) in sarcopenic patients.

Conclusions. This study demonstrates a significant
association between SPM and death, pulmonary func-
tion, and graft failure in patients receiving a lung trans-
plant. Determining SPM preoperatively may be a useful
component of frailty assessment and a predictor of sur-
vival in this patient population.

(Ann Thorac Surg 2019;107:1082-8)
© 2019 by The Society of Thoracic Surgeons

become a favored component of assessing frailty [5] and
has also been associated with an increased risk for
adverse outcomes, such as physical disability, poor
quality of life, and early death [6].

Previous studies have demonstrated that sarcopenia
can be determined by assessing the cross-sectional area
of the psoas muscle at the L4 level on computed tomog-
raphy (CT) [7, 8]. Assessment of sarcopenia of the psoas
muscles (SPM) is a readily available diagnostic tool to
assess severity of preoperative sarcopenia for patients
receiving either a unilateral or bilateral lung transplant,
as institutional protocols may already require abdominal
CT scans on patients undergoing lung transplantation
evaluation. Diminished muscle cross-sectional areas
determined by single-slice CT scan are known to be
associated with increased length of stay, preoperative
complications, and in the case of the composite
paravertebral muscle area, increased likelihood of death
[9, 10]. However, no study has investigated the association
of decreased cross-sectional area of the isolated psoas
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muscles and mortality, long-term pulmonary function,
and graft survival in lung transplant patients. Addition-
ally, contemporary studies of muscle area in lung trans-
plantation do not provide validated cutoffs of sarcopenia
with which these assessments could be made prospec-
tively. Cutoffs also provide the ability to enroll patients
into studies of sarcopenia or direct therapy, when
appropriate [11].

This study aims to provide validated cutoffs for the
cross-sectional area of the psoas muscles, below which
patients can be considered sarcopenic, as well as to study
the association between SPM and death, long-term pul-
monary function tests, and graft function after lung
transplantation.

Patients and Methods

Patient Population

We conducted a retrospective study of all patients who
underwent either unilateral or bilateral orthotopic lung
transplant at Johns Hopkins Hospital from January 2011
to December 2014. Patients were included in the study if
they had an abdominal CT imaging within 6 months
before operation as sarcopenia represents chronic muscle
wasting. They were excluded from the study if they
lacked relevant CT imaging, or had a CT that did not
allow for analysis of the psoas muscles at the L4 level.
Patient demographics, operative characteristics, lung
allocation score at the time of transplant, and outcomes
were obtained from chart review and our institutional
transplant registry. Steroid use indicated an active
prescription for systemic glucocorticoid at the time of
transplant. Data on mortality, graft function, and
pulmonary function were also collected. This study was
approved by the Johns Hopkins Institutional Review
Board.

Image Analysis

To assess sarcopenia, cross-sectional imaging of the
abdomen was reviewed to determine the size of the psoas
major muscles. The psoas muscle area was measured at
the L4 level on the first slice where both transverse pro-
cesses were visible. Cross-sectional areas were obtained
utilizing 3D Slicer (https://www.slicer.org), a software
platform used for radiographic image analysis [12].
Density thresholds were set between —29 HU and 150 HU
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Fig 1. Cross-sections of psoas muscles
on computed tomography. Axial
computed tomography image of the
abdomen was obtained preoperatively.
3D Slicer was used to highlight the
psoas major muscles at L4 (arrows).
(A) A patient who is not sarcopenic
and (B) a sarcopenic patient.

to exclude vasculature and areas of fatty infiltration from
the calculations [13]. Measurements were performed by
highlighting the psoas muscle groups using the paint tool
and using the sum of the left and right psoas muscles
(Fig 1). A board-certified thoracic radiologist with 4 years
of postgraduate experience (C.T.L.) validated the cross-
sectional area measurements on 10 randomly selected
patients to ensure accuracy. Authors who participated in
image analysis (J.H. and A.K.) were blinded to outcomes.

Exposure Variables

The exposure variable was SPM at L4. Cross-sectional
areas for each patient was adjusted for the patient’s
height in m?. Possible sex-specific cutoffs were generated
using locally weighted scatterplot smoothing and spline
modeling of indexed psoas muscle area and 1-year mor-
tality to determine natural inflection points. These cutoff
candidates were tested using log-rank chi-square statis-
tical analysis to optimize sensitivity for 1-year mortality,
as previously described in other patient subsets [11, 14,
15]. The male cutoff was 7.8 cm?/m? and the female cutoff
was 6.4 cm?/m? these cutoffs are consistent with those
of similar acuity patient populations, including those
undergoing liver transplantation [14]. Patients were
considered sarcopenic if their calculated cross-sectional
area standardized to height-squared was below the
cutoff value.

Outcomes

The primary endpoint was all-cause mortality up to
4 years after lung transplantation. Secondary endpoints
included decreased forced expiratory volume in 1 second
(FEV;), and graft failure following lung transplantation
and the incidence of any-grade bronchiolitis obliterans
syndrome (BOS) [16].

FEV, represents the volume of air a patient can expire
in the first second of a forced breath [16]. It is also
described as a percentage representing the ratio of the
actual volume of air expired in 1 second over the pre-
dicted volume of air expired in 1 second. In our study, we
report decrease in FEV; as a secondary endpoint, defined
as a decline in FEV; between the first posttransplant
outpatient pulmonary function test and FEV; at last
available follow-up.

Graft failure was defined as retransplantation or death
primarily due to primary graft dysfunction, acute
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rejection, chronic rejection, or pulmonary failure. Any-
grade BOS was identified at follow-up visits.

Statistical Analysis

Recipient characteristics were described using means =+
SD if continuous and parametric and median (inter-
quartile range) if nonparametric. Student’s ¢ tests were
used to compare parametric continuous characteristics,
and Wilcoxon’s rank sum test were used for nonpara-
metric characteristics. Categorical variables were
reported as number and percent and compared using
Pearson’s chi-square analysis.

Unadjusted and adjusted odds ratios were calculated
with 30-day, 90-day, 1-year, 2-year, and 3-year mortality;
episodes of chronic rejection; and decline in FEV; as the
dependent variables. Adjusted linear regression was used
to assess the association between sarcopenia and FEV; at
last available follow-up. Kaplan-Meier survival analysis
was conducted with 4 years as the endpoint. Log-rank
tests were used to compare survival between sarcopenic
and nonsarcopenic lung transplant recipients. Hazard
ratios (HRs) were calculated mortality and graft failure by
using multivariate Cox proportional hazards analysis.

Forward stepwise variable selection was made before
risk modeling. Covariates that demonstrated univariate
association to the outcome (p < 0.20) or were deemed of
clinical importance were explored in the modeling
procedure. We used variate p values and both Akaike and
Bayesian information criteria to optimize our model.
Diagnostic tests were performed to confirm model fit.
Median imputation was used in variables missing less
than or equal to 1% data. Statistical significance was
established at p less than 0.05. STATA version 14.0
(StataCorp, College Station, TX) was utilized for statistical
analysis.

Results

Study Population

A total of 97 patients underwent orthotopic lung
transplantation at Johns Hopkins over a 4-year period.
Two patients were excluded from analysis due to lack
of abdominal CT within 6 months before operation.
Therefore, 95 patients met our inclusion criteria and had a
median follow-up of 3.5 years. Patient demographic and
comorbidity data are presented in Table 1. The mean age
was 50.1 + 15.2 years and 47 (49.5%) patients were
women. Most patients were white (83.1%, n = 79)
and the most common diagnosis was idiopathic pulmo-
nary fibrosis (30.5%, n = 29). The median time from CT
scan to lung transplant was 2.8 (interquartile range, 1.3 to
5.3) months. Most patients underwent bilateral lung
transplant (73.7%, n = 70). The remaining patients
underwent unilateral left lung transplant (16.8%, n = 16)
or unilateral right lung transplant (9.47%, n = 9) (p >
0.05). A total of 39 (41.1%) patients were considered sar-
copenic by our definition. Patients who were sarcopenic
had a lower mean posttransplant FEV; (p < 0.01) and
higher incidence of posttransplant graft failure (p < 0.01).
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Table 1. Baseline Clinical Characteristics of Recipient Cohort

Sarcopenic Nonsarcopenic

Yes No 4

Variable (n =39) (n = 56) Value
Psoas area, cm*/m? 593.1 + 1064 861.0 = 168.0 <0.001°
Age, years 50.1 + 15.2 51.8 + 14.8 0.59
Male 51.3 (20/39) 50 (28/56) 0.9
Race 0.28

White 84.6 (33/39) 82.1 (46/56)

African American 7.7 (3/39) 16.1 (9/56)

Hispanic 2.6 (1/39) 0 (0/56)

Asian 2.6 (1/39) 0 (0/56)

Other 2.6 (1/39) 1.8 (1/56)
Body mass index, kg/m®> 22 +4.1 26.6 = 5.7 <0.001°
Diagnosis 0.39

30.7 (12/39)
Cystic fibrosis 35.9 (14/39)
COPD 10.3 (4/39)
Other” 30 (9/30)

41.1 (23/56)
21.4 (12/56)
14.3 (8/56)
23.2 (13/56)

Pulmonary fibrosis

LAS at match 525 +18.1 45.4 + 12.6 0.03"
Posttransplant FEV; 55.1 £ 33.8 73.9 £27.2 0.006"
Posttransplant 62 (24/39) 17.9 (10/56)  <0.001
graft failure
Previous thoracic 7.7 (3/39) 1.8 (1/56) 0.16
transplant
Steroid use 51.3 (20/39)  46.4 (26/56) 0.65
Preoperative KPS 0.96
>70 15.4 (6/39) 12.5 (7/56)
50-70 51.3 (20/39) 62.5 (35/56)

<50 33.3 (13/39) 25.0 (14/56)
eGFR, mlemine1.73 m? 104 + 47 96.1 + 43.3 0.38
ICU pretransplant 18.0 (7/39) 3.6 (2/56) 0.02°
ECMO pretransplant 7.7 (3/39) 0 (0/56) 0.04°
Albumin, g/dL 39+05 4.0+ 0.7 0.36

Waitlist duration, days 43 (10-106) 44.5 (15.5-105.5) 0.81

? Indicates statistical significance (p < 0.05). ® Sarcoidosis, rheumatoid
disease, mixed connective tissue disease, constrictive bronchiolitis, short
telomere deficiency, alpha-1 antitrypsin deficiency.

Values are mean + SD, % (n/n), or median (interquartile range).

COPD = chronic obstructive pulmonary disease; ECMO = extracor-
poreal membrane oxygenation; eGFR = estimated glomerular filtra-
tion rate; FEV, = forced expiratory volume in 1 second; ICU =
intensive care unit; KPS = Karnofsky Performance Status; LAS =
lung allocation score.

Fourteen (14.7%) patients experienced graft failure due to
chronic rejection. Patients with sarcopenia comprised
71% (10 of 14) of these patients (p < 0.01). There was a
trend (p > 0.05) toward patients diagnosed with cystic
fibrosis (35.9%, n = 14) and pulmonary fibrosis (30.7%,
n = 12) in the sarcopenic group.

Mortality

The overall all-cause mortality rate was 36.2% (n = 35);
61.5% of sarcopenic patients died compared with 18.2% of
patients who were not sarcopenic (p < 0.01). The most
common cause of death was respiratory failure (n = 11,
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Table 2. Multivariate HRs for All-Cause Mortality

Variable HR Varfue 95% CI

Sarcopenia of the psoas muscles  5.8% <0.001"  2.56-13.2%
Sex 0.9 0.81 0.43-1.93
Age 1.00 0.68 0.98-1.03
Steroid use 1.44 0.33 0.69-3.02
Primary diagnosis 1.0 0.7 0.99-1.02
LAS 1.04" <0.001* 1.02-1.06"
Albumin 0.82 0.57 0.42-1.61

* Indicates statistical significance (p < 0.05).

CI = confidence interval; HR = hazard ratio;

cation score.

LAS = lung allo-

31.4%). Other causes of death included sepsis or septic
shock (n = 5, 14.2%), bacterial or viral pneumonia (n = 4,
11.4%), chronic rejection (n = 5, 14.2%), primary graft
dysfunction (n = 2, 5.7%), posttransplant lymphoproli-
ferative disorder (n = 2, 5.7%), or miscellaneous (n = 6,
17.1%). Miscellaneous causes of death included cardiac
arrest, ischemic bowel disease, or unknown cause of
death.

SPM was significantly associated with all-cause
mortality on univariate Cox analysis (HR, 3.0; 95%
confidence interval [CI], 1.32 to 6.70; p < 0.01). Our
multivariate model included lung allocation score, sex,
age, preoperative albumin levels, primary diagnosis, and
preoperative steroid use. Neither ethnicity nor whether a
patient underwent a bilateral or unilateral lung transplant
met our significance threshold and thus were not
included in the final multivariate regression model.

Multivariate Cox proportional hazards analysis
demonstrated an increased risk of mortality in sarcopenic
patients (HR, 5.8; 95% CI, 2.6 to 13.2; p < 0.01) (Table 2).
Kaplan-Meier survival curves were constructed
and analyzed (Fig 2). Wilcoxon rank sum test showed
significantly decreased survival at 1 year (p < 0.01), 2
years (p < 0.01), and 3 years (p < 0.01) in the sarcopenic
group compared with the nonsarcopenic patients.
Analysis of the area under the receiver-operating char-
acteristic curve plotted with multivariate SPM displayed a
C-statistic of 0.91 for predicting 1-year mortality (Fig 3).

Graft Failure

Multivariate Cox proportional hazards analysis for graft
failure identified an increased risk of graft failure in
the sarcopenic population (HR, 12.8; 95% CI, 3.3-48.8; p <
0.01) (Table 3). Multivariate Cox proportional hazards
analysis also identified an association between SPM and
any-grade BOS in patients (HR, 3.4; 95% CI, 1.4 to 8.0;
p < 0.01) (Table 3).

Pulmonary Function

Multivariate linear regression of posttransplant FEV;
showed sarcopenic patients had a 17% lower FEV; than
did those who were not sarcopenic (coefficient, -17.3; 95%
CI, -32.8 to -1.8; p = 0.03). Decline in FEV; between first
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Survival after Lung Transplantation
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94.6%

Fraction of Patient Survival
0.50
1
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o
2 p<0.01 p<0.01 p<0.01
o
o
o T T T T T
0 2 4
Analysis Time (Years)
Number at risk
Not Sarcopenic 56 53 50 43 31
Sarcopenic 37 26 21 14 8

Not Sarcopenic Sarcopenic I

Fig 2. Kaplan-Meier survival stratified by risk group: p values shown
at 1 year, 2 years, and 3 years. Patients who were sarcopenic showed
decreased survival at all time points in this study. The analysis time
was in years.

pulmonary function test posttransplant and last available
pulmonary function test was associated with SPM on
multivariate regression (odds ratio, 4.6; 95% CI, 1.2 to 17.6;
p = 0.03) (Table 3).

Comment

Our study establishes statistically validated cutoffs for
sarcopenia in lung transplant candidates based on
indexed psoas muscle cross-sectional area determined by
single-slice CT scan. We showed that SPM is significantly
associated with death, diminished pulmonary function,
any-grade BOS, and graft failure after lung trans-
plantation. Additionally, our multivariate model of SPM
exhibited a high degree of sensitivity and specificity for
predicting mortality.

1.00
1

Sensitivity
0.50 0.75
1 1

0.25
1

8.
o

0.00 0.25 0.50 0.75 1.00
1 - Specificity

Area under ROC curve = 0.9089

Fig 3. Receiver-operating characteristic (ROC) curve of sarcopenia of
the psoas muscles. Area under the ROC curve for predicting 1-year
mortality was 0.91.
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2’ Table 3. Multivariate Analysis for Graft Failure, BOS, and Decline in FEV;

=4

%—1 Graft Failure BOS FEV, Decline

5

O p P
Variable HR Value 95% CI HR Value 95% CI OR  p Value 95% CI
Sarcopenia of the psoas muscles ~ 14.5" <0.001"  3.58-58.7"  3.4° <0.01° 1.4-8.0°  4.6° 0.03" 1.17-17.6"
Sex 0.45 0.24 0.12-1.71 0.98 0.95 0.4-2.3 45" 0.01% 1.38-14.8%
Age 1.01 0.4 0.97-1.07 1.00 0.8 0.97-1.03 1.03 0.20 0.98-1.08
Steroid use 3.1 0.09 0.83-11.4 2.1 0.09 0.89-5.1 24 0.10 0.71-11.6
Primary diagnosis 1.0 0.6 0.99-1.02 1.0 0.4 0.99-1.0 1.0 0.11 0.99-1.00
LAS 1.07¢ <0.01* 1.02-1.16* 1.02 0.07 0.99-1.1 1.02 0.43 0.96-1.09
Albumin 0.82 0.75 0.24-2.74 0.75 0.4 0.4-1.5 0.43 0.26 0.11-1.88

? Indicates statistical significance (p < 0.05).

BOS = bronchiolitis obliterans syndrome; CI = confidence interval; FEV, = forced expiratory volume in 1 second; HR = hazard ratio;

LAS = lung allocation score; OR = odds ratio.

Previous studies have shown the relationship between
reduced psoas muscle area, increased length of stay,
and postoperative complications following lung trans-
plantation. Weig and colleagues [9] demonstrated the
inverse relationship between increasing cross-sectional
psoas area and prolonged mechanical ventilation,
requirement of tracheostomy, and length of stay in the
intensive care unit in 103 patients who had undergone
lung transplantation. Psoas area was treated as a contin-
uous variable in this study. Our study builds on this work
by providing statistically validated cutoffs for sarcopenia
and showing a novel association between isolated psoas
area and mortality, diminished posttransplant FEV;, and
graft failure in a similarly sized cohort of lung transplant
recipients, as well as a novel association with BOS. In a
separate analysis of psoas muscle area treated as a
continuous variable rather than a binary variable,
we identified the same associations with mortality,
decreased pulmonary function, and graft failure after
lung transplantation.

Kelm and colleagues [10] demonstrated the association
between diminished composite paravertebral muscle
area, which includes the areas of the rectus abdominus,
internal and external obliques, transversus abdominis,
quadratus lumborum, psoas major and minor, erector
spinae, and latissimus dorsi, and mortality after lung
transplantation in 36 patients. We identified a similar
association with mortality using simply decreased psoas
muscle area, potentially simplifying and reducing the
time necessary for incorporating assessment of muscle
wasting into risk prognostication. We selected only the
psoas major muscle for analysis because the inclusion of a
multitude of muscles in an assessment of sarcopenia may
introduce variation in degree of wasting dependent on
use of the muscle group. In many patients, the intercostal
muscles may extend into the field of the paravertebral
muscles at the level of L3, complicating the assessment of
relevant muscle area [17]. Furthermore, we identified a
novel association between sarcopenia of the isolated
psoas muscles and graft failure, and BOS.

Assessing sarcopenia prospectively requires the use of
cutoffs. Until this study, such cutoffs for SPM were not

available in lung transplant patients. In other areas of
surgical intervention, cutoffs for sarcopenia have been
derived using the same statistical approach employed in
this study [11, 14, 15]. Our cutoffs are consistent with
those of similarly high-acuity surgical populations such as
those undergoing liver transplantation and surgical aortic
valve replacement [14, 18]. These cutoffs likely represent a
lower psoas muscle area than that of a general population,
given that muscle wasting is a sequelae of the end-stage
pulmonary diseases that lead to transplantation [19, 20].
Once prospectively validated, our determined cutoffs may
aid the eventual translation of SPM into clinical practice
so clinicians may rapidly prognosticate recipient out-
comes and evaluate lung transplant candidacy.

Patients who were sarcopenic in their psoas muscles at
L4 level showed significantly lower survival compared
with those who were not sarcopenic. This association
could be explained by its direct assessment of the
anatomical and physiological components of frailty,
which recent evidence has suggested is a critical
contributor to poor outcomes [21-23]. In addition, Shirai
and colleagues [24] have also shown an association
between low psoas muscle mass and poor pulmonary
function in liver transplant patients. They postulated that
the state of sarcopenia is “flooded with systemic inflam-
matory biomarkers” [24], such as tumor necrosis factor
alpha, interleukin-6, and C-reactive protein. Other
groups such as Garonzik-Wang and colleagues [25]
demonstrated that frailty is associated with delayed graft
function in kidney transplant recipients. They described
frailty as a proinflammatory state—similar to pretrans-
plant inflammation (elevated tumor necrosis factor alpha,
pregnancy-associated plasma protein A) linked to
delayed graft function in a study reported by Lauzurica
and colleagues [26]. Taken together, a reasonable theory
which links SPM to mortality, BOS, graft failure,
and reduced FEV; could possibly be the potential
inflammatory state in sarcopenic patients, leading
to potentially increased rates of rejection. This would
ultimately influence their systemic inflammatory
response, consequently affecting graft status and muscle
mass, resulting in poor physical functions.
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Sarcopenic patients with end-stage pulmonary diseases
identified before lung transplantation may be eligible for
and should be encouraged when timing allows to un-
dergo goal-directed preoperative medical and physical
optimization and postoperative physical rehabilitation to
improve survival [27]. Currently, our discharged patients
receive home physical therapy as needed postoperatively.
Upon completion of their home physical therapy, they are
referred to outpatient pulmonary function rehabilitation.
Further studies are needed to conclusively evaluate the
value of preoperatively strengthening the psoas muscles
in patients with SPM. Future directions may include the
use of sarcopenia to target patients for “prehabilitation,”
or directed rehabilitation of sarcopenic patients before
transplantation.

Postoperative rehabilitation is especially important for
treatment of muscle wasting due to the degenerative
effects of chronic immunosuppression. Additionally, if
lung transplant recipients develop BOS of any grade, they
receive even higher doses of immunosuppression, which
may further muscle wasting after operation [28].

Finally, our multivariate SPM model demonstrated a
potent C-statistic of 0.91 when assessing 1-year mortality.
This suggests that including SPM into standard risk
prognostication for lung transplant candidates may be
beneficial in addition to the lung allocation score.

Limitations

This study faces several limitations. We provide
sex-specific, but not ethnicity-specific cutoffs for sarco-
penia in this study, though ethnicity may affect the
baseline psoas muscle area [29]. We tried to control
for potential differences by using indexed cutoffs. In
addition, we examined psoas muscle area only at 1 time
point (ie, within 6 months of the operation), rather than
looking at changes in psoas area over a period of time.
However, though changes in muscle mass may occur over
time, they are not subject to short-term fluctuations such
as weight [30]. Further studies are needed to prospec-
tively validate the sarcopenia diagnostic parameters
provided by our study. In addition, the measurement of
sarcopenia is dependent on quality imaging that may not
be available on all patients, as evidenced by the 2 patients
excluded from our study.

Conclusion

Sarcopenia is an important component of the physical
dimension of frailty. Preoperative SPM is associated with
short-term and midterm adjusted mortality, decreased
pulmonary function, and graft failure following lung
transplantation. Our findings suggest SPM may serve as
a key component in prognostication as well as organ
allocation algorithms for patients undergoing lung
transplantation in the future.

References

1. GaniF, Cerullo M, Amini N, et al. Frailty as a risk predictor
of morbidity and mortality following liver surgery.
J Gastrointest Surg 2017;21:822-30.

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

HSU ET AL 1087
SARCOPENIA AND ASSOCIATION WITH LTX

. Fried L, Tangen C, Walston J, et al. Frailty in older adults

evidence for a phenotype. ] Gerontol A Biol Sci Med Sci
2001;56:M146-56.

. Sustakoski A, Perera S, VanSwearingen JM, et al. The impact

of testing protocol on recorded gait speed. Gait Posture
2015;41:329-31.

. Goldman MD, Marrie RA, Cohen JA. Evaluation of the six-

minute walk in multiple sclerosis subjects and healthy con-
trols. Mult Scler 2008;14:383-90.

. Keevil VL, Romero-Ortuno R. Ageing well: a review of sar-

copenia and frailty. Proc Nutr Soc 2015;74:337-47.

. Goodpaster BH, Park SW, Harris TB, et al. The loss of skel-

etal muscle strength, mass, and quality in older adults: the
health, aging and body composition study. ] Gerontol A Biol
Sci Med Sci 2006;61:1059-64.

. McClellan T, Allen BC, Kappus M, et al. Repeatability of

computerized tomography-based anthropomorphic measure-
ments of frailty in pateints with pulmonary fibrosis undergoing
lung transplantation. Curr Probl Diagn Radiol 2017;46:300—4.

. Nemec U, Heidinger B, Sokas C, Chu L, Eisenberg RL.

Diagnosing sarcopenia on thoracic computed tomography.
Acad Radiol 2017;24:1154-61.

. Weig T, Milger K, Langhans B, et al. Core muscle size pre-

dicts postoperative outcome in lung transplant candidates.
Ann Thorac Surg 2016;101:1318-25.

Kelm DJ, Bonnes SL, Jensen MD, et al. Pre-transplant wasting
(as measured by muscle index) is a novel progostic indicator
in lung transplantation. Clin Transplant 2016;30:247-55.

. Williams BA, Mandrekar JN, Mandrekar SJ, et al. Finding

optimal cutpoints for contimuous covariates with binary and
time-to-event outcomes. Available at https://www.mayo.edu/
research/documents/biostat-79pdf/doc-10027230. Accessed
November 14, 2017.

Fedorov A, Beichel R, Kalpathy-Cramer J, et al. 3D slicer as
an image computing platform for the Quantitative Imaging
Network. Magn Reson Imaging 2012;30:1323-41.

Kaplan SJ, Pham TN, Arbabi S, et al. Association of radiologic
indicators of frailty with 1-year mortality in older trauma
patients: opportunistic screening for sarcopenia and osteo-
penia. JAMA Surg 2017;152:e164604.

Prado CM, Lieffers JR, McCargar L], et al. Prevalence and
clinical implications of sarcopenic obesity in patients with
solid tumours of the respiratory and gastrointestinal tracts: a
population-based study. Lancet Oncol 2008;9:629-35.

Valero V 3rd, Amini N, Spolverato G, et al. Sarcopenia
adversely impacts postoperative complications following
resection or transplantation in patients with primary liver
tumors. ] Gastrointest Surg 2015;272:272-81.

Meyer KC, Raghu Ganesh, Verleden GM, et al. An interna-
tional ISHLT/ATS/ERS clinical practice guideline: diagnosis
and management of bronchiolitis obliterans syndrome. Eur
Respir J 2014;44:1479-503.

Stoever K, Heber A, Eichbreg Brixius K. Sarcopenia and
predictors of skeletal muscle mas in elderly men with
and without obesity. Gerontol Geriatr Med 2017;3:
2333721417713637.

Hawkins RB, Mehaffey JH, Charles EJ, et al. Psoas muscle
size preicts risk-adjusted outcomes after surgical aortic valve
replacement. Ann Thorac Surg 2018;106:39-45.

Cohen S, Nathan JA, Goldberg AL. Muscle wasting in dis-
ease: molecular mechanisms and promising therapies. Nat
Rev Drug Discov 2015;14:58-74.

Langen RC, Gosker HR, Remels AH, Schols AM. Triggers
and mechanisms of skeletal muscle wasting in chronic
obstructive pulmonary disease. Int J Biochem Cell Biol
2013;45:2245-56.

Smith AB, Deal AM, Yu H, et al. Sarcopenia as a predictor of
complications and survival following radical cystectomy.
J Urol 2014;191(6):1714-20.

Nakashima Y, Saeki H, Nakanishi R, et al. Assessment of
sarcopenia as a predictor of poor putcomes after esoph-
agectomy in elderly patients with esophageal cancer. Ann of
Surg 2018;267:1100-4.

2
3]
z
s}
=~
>
&
-
o
o
=~
>
Q
0


http://refhub.elsevier.com/S0003-4975(18)31653-9/sref1
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref1
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref1
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref2
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref2
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref2
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref3
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref3
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref3
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref4
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref4
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref4
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref5
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref5
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref6
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref6
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref6
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref6
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref7
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref7
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref7
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref7
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref8
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref8
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref8
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref9
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref9
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref9
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref10
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref10
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref10
https://www.mayo.edu/research/documents/biostat-79pdf/doc-10027230
https://www.mayo.edu/research/documents/biostat-79pdf/doc-10027230
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref12
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref12
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref12
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref13
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref13
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref13
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref13
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref14
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref14
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref14
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref14
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref15
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref15
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref15
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref15
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref16
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref16
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref16
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref16
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref17
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref17
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref17
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref17
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref18
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref18
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref18
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref19
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref19
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref19
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref20
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref20
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref20
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref20
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref21
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref21
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref21
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref22
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref22
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref22
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref22

<
)]
<
~
©)
i
=
=
<
"1
=
Z
=
@)

1088 HSU ET AL
SARCOPENIA AND ASSOCIATION WITH LTX

23. Cron DC, Noon KA, Terjimanian MN, et al. Using analytic
morphomics to describe body composition associated with
post-kidney transplantation diabeted mellitus. Clin Trans-
plant 2017;9:13040.

24. Shirai H, Kaido T, Hamaguchi Y, et al. Preoperative low
muscle mass has a strong negative effects on pulmonary
function in patients undergoing living donor liver trans-
plantation. Nutrition 2018;45:1-10.

25. Garonzik-Wang JM, Govindan P, Grinnan JW, et al. Frailty
and delayed graft function in kidney transplant recipients.
Arch Surg 2012;147:190-3.

26. Lauzurica R, Pastor MC, Bayes B, et al. Pretransplant
inflammation: a risk factor for delayed graft function?
J Nephrol 2008;21:221-8.

Ann Thorac Surg
2019;107:1082-8

27. Wakabayashi H, Sakuma K. Rehabilitation nutrition for sar-
copenic with disability: a combination of both rehabilitation
and nutrition care management. ] Cachexia Sarcopenia
Muscle 2014;5:269-77.

28. Wang XN, Williams TJ, McKenna M], et al. Skeletal
muscle oxidative capacity, fiber type, and metabolites after
lung transplantation. Am ] Respir Crit Care Med 1999;160:
57-63.

29. Hanson P, Magnusson SP, Sorensen H. Anatomical differ-
ences in the psoas muscles in young black and white men.
J Anat 1999;194:303-7.

30. Frontera WR, Hughes VA, Fielding RA, Fiatarone MA,
Evans W], Roubenoff R. Aging of the skeletal muscle: a 12-
year longitudinal study. ] Appl Physiol (1985) 2000;88:1321-6.

Southern Thoracic Surgical Association:
Sixty-Sixth Annual Meeting—Call for Abstracts

You are invited to submit abstracts and surgical motion
pictures for the Southern Thoracic Surgical Association
(STSA) Sixty-Sixth Annual Meeting to be held November
6-9, 2019, at the JW Marriott Marco Island Beach Resort in
Marco Island, FL.

To submit an abstract, access the online submission site
through the STSA website at www.stsa.org beginning in

© 2019 by The Society of Thoracic Surgeons
Published by Elsevier Inc.

early February. Abstracts must be submitted by Monday,
April 1, 2019, at 11:59 PM, Eastern Time.

Accepted abstracts will be presented at the STSA Sixty-
Sixth Annual Meeting as oral presentations or surgical
videos. Please direct any questions regarding abstract
submission to STSA at stsa@stsa.org or (312) 202-5892.

Ann Thorac Surg 2019;107:1088 e 0003-4975/$36.00


http://refhub.elsevier.com/S0003-4975(18)31653-9/sref23
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref23
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref23
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref23
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref24
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref24
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref24
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref24
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref25
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref25
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref25
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref26
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref26
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref26
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref27
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref27
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref27
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref27
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref28
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref28
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref28
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref28
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref29
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref29
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref29
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref30
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref30
http://refhub.elsevier.com/S0003-4975(18)31653-9/sref30
http://www.stsa.org
mailto:stsa@stsa.org

	Sarcopenia of the Psoas Muscles Is Associated With Poor Outcomes Following Lung Transplantation
	Patients and Methods
	Patient Population
	Image Analysis
	Exposure Variables
	Outcomes
	Statistical Analysis

	Results
	Study Population
	Mortality
	Graft Failure
	Pulmonary Function

	Comment
	Limitations
	Conclusion

	References


