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BACKGROUND: Skeletal muscle dysfunction occurring as a result of ICU admission associates
with higher mortality. Although preadmission higher BMI correlates with better outcomes,
the impact of baseline muscle and fat mass has not been defined. We therefore investigated
the association of skeletal muscle and fat mass at ICU admission with survival and disability
at hospital discharge.

METHODS: This single-center, prospective, observational cohort study included medical ICU
(MICU) patients from an academic institution in the Unites States. A total of 401 patients
were evaluated with pectoralis muscle area (PMA) and subcutaneous adipose tissue (SAT)
determinations conducted by CT scanning at the time of ICU admission, which were later
correlated with clinical outcomes accounting for potential confounders.

RESULTS: Larger admission PMA was associated with better outcomes, including higher 6-
month survival (OR, 1.03; 95% CI, 1.01-1.04; P < .001), lower hospital mortality (OR,
0.96; 95% CI, 0.93-0.98; P < .001), and more ICU-free days (slope, 0.044 � 0.019; P ¼ .021).
SAT was not significantly associated with any of the measured outcomes. In multivariable
analyses, PMA association persisted with 6 months and hospital survival and ICU-free days,
whereas SAT remained unassociated with survival or other outcomes. PMA was not asso-
ciated with regaining of independence at the time of hospital discharge (OR, 0.99; 95% CI,
0.98-1.01; P ¼ .56).

CONCLUSIONS: In this study cohort, ICU admission PMA was associated with survival during
and following critical illness; it was unable to predict regaining an independent lifestyle
following discharge. ICU admission SAT mass was not associated with survival or other
measured outcomes. CHEST 2019; 155(2):322-330
KEY WORDS: adipose tissue; critical illness; frailty; muscle wasting; pectoralis muscle area
edical ICU; mMRC = modified Medical
oralis muscle area; SAT = subcutaneous

ision of Pulmonary and Critical Care
, and Judson), Departments of Medicine
logy (Drs Dumas, Nadendla, and Fan-
erimental Therapeutics (Dr Feustel), and
(Dr Jaitovich), Albany Medical College,
nt of Epidemiology and Biostatistics (Dr
lth, State University of New York at

FUNDING/SUPPORT: Part of the results reported here were funded by
the National Heart, Lung, and Blood Institute of the National Institutes
of Health [Grant K01-HL130704 to A. J.], and by the Collins Family
Foundation Endowment [to A. J.].
CORRESPONDENCE TO: Ariel Jaitovich, MD, Albany Medical College,
47 New Scotland Ave, Albany, NY 12208; e-mail: jaitova@amc.edu
Published by Elsevier Inc. under license from the American College of
Chest Physicians.
DOI: https://doi.org/10.1016/j.chest.2018.10.023

[ 1 5 5 # 2 CHES T F E B R U A R Y 2 0 1 9 ]

mailto:jaitova@amc.edu
https://doi.org/10.1016/j.chest.2018.10.023
http://crossmark.crossref.org/dialog/?doi=10.1016/j.chest.2018.10.023&domain=pdf


Skeletal muscle dysfunction, which encompasses wasting
and weakness,1,2 is associated with ICU mortality,3,4

failure to wean from mechanical ventilation,5 and ICU
readmission.6 In ICU survivors, muscle dysfunction
persists for years despite the full recovery of other organ
functions,7,8 and postdischarge weight gain occurs
primarily by an increase in fat and not lean body mass.9

Baseline skeletal muscle mass reflects nutritional status,
which is associated with survival as well.10

Although the relevance of muscle wasting occurring
during1,5,11,12 and following7,8,13 ICU admission is well
established, there are no substantial data regarding the
association of preadmission muscle mass with survival and
other clinically relevant outcomes. Previous retrospective
data suggest that larger peri-admission muscle mass and
protein content are associatedwith improved prognosis14,15;
however, muscle mass was determined in those reports up
to 4 days following ICU admission when significant muscle
wastingmay have already occurred.1 Thus, these studies did
not specifically address the association of pre-ICU
admission muscle mass with important clinical outcomes.
chestjournal.org
Moreover, although evidence indicates that preadmission
body weight influences ICU outcomes,16 the independent
contribution of baseline muscle and fat mass to the survival
of ICU patients remains unclear.

The present study analyzed the association of muscle
and fat mass determined within 24 h of ICU admission
with survival and other outcomes. Our central
hypothesis was that patients with greater admission
muscle mass would have a better prognosis compared
with wasted individuals and that adipose tissue mass
would be relatively less relevant on patients’ outcomes.
To test that hypothesis, data were collected on the
muscle mass using the surrogate of the pectoralis muscle
area (PMA) as determined according to chest CT scans
performed within the first 24 h of ICU admission. Fat
mass was assessed on these chest CT scans by using the
surrogate of subcutaneous adipose tissue (SAT) area at
the level of seventh to the eighth thoracic vertebral body
(T7-T8). We also collected follow-up data on the
patients’ clinical outcomes over time. Some of these
results have been previously reported in abstract form.17
Figure 1 – Sample CT scans used to determine muscle area in our cohort.
A, Relatively nonwasted. B, Relatively wasted. Red indicates right pec-
toralis major muscle; green indicates left pectoralis major muscle; blue
indicates right pectoralis minor muscle; and yellow indicates left pector-
alis minor muscle.
Patients and Methods
This prospective, single-center, observational study included adult
subjects admitted to the medical ICU (MICU) of Albany Medical
Center. Ethical approval was obtained from the Albany Medical
College Committee on Research Involving Human Subjects
(institutional review board no. 4281). Enrollment occurred between
November 2015 and February 2017. Patients were considered for
enrollment if they were aged > 18 years, admitted to the MICU,
required a chest CT scan within the first 24 h of MICU admission,
and were anticipated to require an ICU stay > 24 h. Exclusion
criteria were primary neuromuscular pathology, acute illness leading
to imminent death, or chronic illness with a life expectancy <

6 months. Enrollment was attempted on all eligible patients, and
written consent was obtained from the patient or a legally authorized
representative.

Preliminary analysis of the data indicated that about 112 events would
need to occur to reach a significant effect of PMA on mortality at
6 months, which led to a cohort size of about 400 patients given a
mortality rate of 30% and a 90% follow-up efficiency at the time of
that analysis. Enrolled patients were monitored daily for survival,
length of ICU stay, and disposition at discharge. Survival at
6 months was determined either by hospital documentation or
telephone communication.

PMA measurements were performed as previously established18 by
using a single axial slice of the CT scan with in-house software. In
short, a single reader blinded to patients’ identity and clinical
characteristics visually identified the first axial image above the
superior aspect of the aortic arch. Muscles were manually shaded by
using a predefined attenuation range of –50 and 90 HU, and the
PMA was computed as the aggregated area in square centimeters of
the right and left pectoralis major and minor muscles assessed in
this axial plane (Fig 1). The intraobserver PMA measurement
variability was determined in 20 CT scans randomly selected that
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were remeasured at least 6 months apart; differences were found to be
not significantly different from zero (bias ¼ – 0.0875 cm2 with limits of
agreement �0.54 cm2) (e-Table 1). SAT was measured as previously
described, at the level of T7-T8 thoracic vertebral body19 (e-Fig 1). A
more detailed explanation of methods can be found in e-Appendix 1.

Statistical Analysis

The primary outcome variable was 6-month survival, and secondary
outcomes were hospital survival, disability at hospital discharge, and
ICU-free days to day 28, which is a composite outcome that aggregates
length of ICU stay and survival (patients who stay in the ICU for $

28 days and patients who die in the ICU are given a score of 0).20 We
chose different covariates a priori based on previous literature and
clinical relevance, and then assessed how they associated with categorical
outcome measures by using logistic regression models. To study how
continuous outcomes measures are explained by covariates, linear
regression models were fit. Univariate and multivariable logistic
regressions were performed by using Minitab Statistical Software
(Minitab, Inc.) with significance accepted at a two-tailed alpha of 0.05.

To build the multivariable models, we determined how covariates were
related to the outcome of interest via correlations in the first stage.
488 patients considered
for enrollment

22 died prior to enrollment

51 unable to obtain consent

12 withdrew after enrollment

2 suboptimal muscle reading
10 suboptimal fat reading

58 died during admission

228 gained independence

115 became disabled

403 enrolled

401 analyzed muscle
393 analyzed fat

343 discharged alive

Figure 2 – Enrollment flowchart.
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Those that were associated with a significant P value # .2 were
retained, and standard stepwise model selection routines were then
followed. To assess goodness of fit of the multivariable models,
Akaike information criteria as well as likelihood ratio test statistics
were compared. We also checked the plausibility of linearity as well
as normality assumptions. Both Acute Physiology and Chronic
Health Evaluation II and Sequential Organ Failure Assessment scores
were calculated in every patient, but given the strong collinearity
among them and to minimize overfitting, only the Sequential
Organ Failure Assessment scores were included in the multivariable
analysis.

Disability at discharge was analyzed as discharge location with three
possible outcomes: (1) in-hospital death; (2) discharge to a facility or
home with assisted living required (discharged not independent); or
(3) discharge to home without assisted living required (discharged
independent). These variables were analyzed by using ORs for these
outcomes, which were determined by nominal logistic regression.
Comparison of PMA and SAT among these three groups was
performed according to ANOVA with Tukey test for multiplicity.
Several post hoc analyses were performed to further investigate
interaction effects related to sex.
Results
A total of 488 MICU patients were considered eligible
for this study, of whom 403 (83%) were included, and 85
(17%) were excluded (Fig 2). Two patients were later
excluded due to technical limitations in determining
muscle area on CT imaging, leaving 401 patients who
were analyzed. SAT was technically not measurable in
10 CT scans, which left 393 patients analyzed for that
variable. The demographic data are shown in Table 1.
Median PMA was 43.9 cm2 with an interquartile range
of 34.7 to 56.2 cm2 and an overall range of 12.7 to
181.4 cm2. Median SAT was 20.1 cm2 (interquartile
range of 11.7-26.8 cm2 and an overall range of 1.45 to
57.6 cm2). The average age of the cohort was 62 years,
and there was a slight male predominance (55.6%), and
consistent with previous reports,18 PMA was weakly
inversely correlated with age (e-Fig 2). Of the 401
patients enrolled and analyzed, 58 (14%) died in the
hospital, and 343 (85%) were discharged alive. Among
these survivors, 228 (66%) regained independence, and
115 (33%) were not independent at discharge. At
6 months, 266 patients were alive, 127 had died, and
eight could not be reached to determine status. Data on
these eight missing patients were not included in the
6-month survival analyses. Most of the patients (61%)
underwent CT chest scanning to investigate possible
pulmonary embolism (32%), respiratory distress (15%),
or suspected pneumonia/atelectasis (14%) (e-Table 2).
Information regarding the primary cause of ICU
admission of patients from the study cohort compared
with the general ICU population during the enrollment
period is presented in e-Tables 3 through 5.
Effect of Admission PMA on Outcomes

Larger PMA was significantly associated with the odds
of survival at 6 months (OR, 1.03 per cm2 increase in
PMA; 95% CI, 1.01-1.04; P < .001). Figure 3 illustrates
the survival difference between patients whose muscle
area was above or below the median PMA value (log-
rank test, P < .001). Also, larger PMA was significantly
associated with lower likelihood of in-hospital death
(OR, 0.96 per cm2 PMA; 95% CI, 0.93-0.98; P < .001)
(Table 2). Although larger PMA associated with more
ICU-free days to day 28 (slope, 0.044 � 0.019 days per
cm2 PMA; P ¼ .021; r2 ¼ 0.013) (Fig 4), it was not
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TABLE 1 ] Patients’ Baseline Characteristics

Characteristic Value

Male sex 55.6%

PMA, cm2a 43.9 (34.7-56.2)

SAT, cm2 20.1 (11.7-26.8)

Age, y 62 (50.7-72.2)

Severity scores

APACHE II 16 (11-22)

SOFA 5.23 (3-7)

Preadmission comorbidities

Pulmonary disease 157 (38%)

Steroid use 104 (25%)

Diabetes 101 (25%)

Cancer 90 (22%)

Congestive heart failure 77 (19%)

End-stage renal disease 33 (8.1%)

Preadmission mMRC score 2 (1-4)

Primary reason for
ICU admission

Respiratory failure 171 (42%)

Nonrespiratory sepsis 71 (17%)

Pulmonary embolism 66 (16%)

Hemorrhagic shock 22 (5.4%)

Altered mental status 21 (5.1%)

Metabolic cause, including
diabetic ketoacidosisb

13 (3.2%)

Trauma 11 (2.7%)

Cardiovascular
decompensation

15 (3.7%)

Other 6 (1.4%)

Data are presented as median (interquartile range) unless otherwise
indicated. APACHE II ¼ Acute Physiology and Chronic Health Evaluation II;
mMRC ¼ Modified Medical Research Council; PMA ¼ pectoralis muscle
area; SAT ¼ subcutaneous adipose tissue; SOFA ¼ Sequential Organ
Failure Assessment.
aPMA values for female subjects were multiplied by 1.67 in this analysis.
bIncludes toxicologic problems.
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Figure 3 – Kaplan-Meier survival at 6 months: Comparison of survival
rate, expressed as percentage of patients alive over time, between patients
with PMA below (red) and above (blue) the median value of 43.9 cm2.
At 6 months, 266 patients were alive, 127 had died, and eight could not
be reached to determine status. P < .001, log-rank test. Pectoralis MA
values for female patients were multiplied by 1.67 in this analysis. MA ¼
muscle area.
associated with independent vs nonindependent living
immediately following hospital discharge (OR, 0.99 per
cm2 PMA; 95% CI, 0.98-1.01; P ¼ .56) (Fig 5). In a
multivariable analysis, the association of PMA with 6-
month and hospital survival, and with ICU-free days,
persisted even after adjusting for other covariables,
including severity score and admission albumin
(Table 3, e-Tables 6, 7, 11-15); and it remained not
associated with disability at hospital discharge
(e-Table 8).

Effects of Admission SAT on Outcomes

There was no significant association between SAT and
survival at 6 months (OR, 0.99; 95% CI, 0.997-1.001;
chestjournal.org
P ¼ .32), likelihood of in-hospital death (OR, 0.99;
95% CI, 0.998-1.001; P ¼ .32), disability at hospital
discharge (P ¼ .40), or ICU-free days to day 28 (slope,
-0.001 � 0.003; r2 ¼ 0.04; P ¼ .68) (Table 2). The
lack of significant associations persisted even after
incorporating SAT in the multivariable modeling for
6-month mortality (P ¼ .785) (Table 3) and the other
outcomes measures (e-Tables 6-8).

The Effect of Sex on the Association of PMA With
Outcomes

A post hoc analysis indicated that the association of
PMA with outcomes was consistent between sexes:
larger muscle mass was associated with better outcomes.
However, there were differences of magnitude
depending on the sex: PMA association with ICU-free
days appeared more robust in female patients than in
male patients (Table 4) despite no significant differences
in baseline clinical characteristics, except for a larger
SAT in female patients (e-Table 9, Table 5). This post
hoc analysis also suggested that smaller muscle mass
may be associated with higher odds of disability at
discharge in male patients but not in the overall cohort
(Table 2). The described results used the correction
factor for female muscle size.21,22 However, whether
using the female correction factor, correcting for ideal
body weight,23 or not using any correction method, the
effects of PMA over 6-month survival, ICU-free days,
and hospital survival remained statistically significant;
325
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TABLE 2 ] Univariate Associations Between PMA and SAT With Primary and Secondary Outcomes

Variable ICU-Free Days to Day 28 Disability at Discharge Hospital Mortality 6-Month Survival

PMAa Slope, 0.044 � 0.019;
P [ .021

OR, 0.99 (0.98-1.01),
P ¼ .56

OR, 0.96
(0.93-0.98), P < .001

OR, 1.03
(1.01-1.04), P < .001

SATb Slope, -0.001 � 0.003;
P ¼ .68

OR, 1.00 (1.00-1.00),
P ¼ .40

OR, 0.99
(0.998-1.001), P ¼ .32

OR, 0.99
(0.997-1.001), P ¼ .32

Significant P values shown in bold font. See Table 1 legend for expansion of abbreviations.
aPMA values for female subjects were multiplied by 1.67 in this analysis.
bSAT measured at the T7-T8 level.

A
) c

m
2

200

160

180
and the effect of PMA over disability at hospital
discharge remained nonsignificant (e-Table 10).

Discussion
In the study cohort of 401 patients admitted to an ICU,
we report a significant association of larger admission
PMA with higher 6-month and hospital survival and
more ICU-free days. This effect on survival persisted
even after adjusting for other variables, including
severity score, admission albumin and subcutaneous fat,
and exercise limitation represented by the modified
Medical Research Council (mMRC) score. Consistent
with the fact that pectoralis muscles are not involved in
locomotion, PMA was unable to predict, among the
survivors, the regaining of independent life at discharge
vs the need for assisted living. We believe that PMA
likely reflects the general health status24 and is a marker
of prehospitalization frailty.25,26

A post hoc analysis of our data suggests that the
association of PMA with ICU-free days was statistically
significant in female patients but not in male patients;
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Figure 4 – Correlation between PMA and ICU-free days to day 28.
Slope, 0.044 � 0.019 days per cm2 PMA; P ¼ .021; r2 ¼ 0.013. PMA
values for female patients were multiplied by 1.67 in this analysis.
PMA ¼ pectoralis muscle area.
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also, smaller PMA predicted a greater likelihood of
disability at hospital discharge only in male patients. We
found no obvious cause for this finding, including
prehospital morbidities, preadmission albumin, mMRC
score, age, severity of disease, or reason for admission to
the ICU; however, SAT was larger in female patients.
Although these conclusions are necessarily speculative
given the post hoc approach, future research specifically
designed to assess sex-specific effects on muscle turnover
in the context of critical illness could potentially add
insights concerning our findings. Indeed, although the
present research did not address the mechanisms of
muscle wasting in critical illness, other data revealed
fewer muscle satellite (stem) cells in ICU survivors,7 and
these cells have been found to work more efficiently in
female animals than in male animals,27 which suggests
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Figure 5 – Distribution of PMA stratified according to patient disposi-
tion at discharge. Comparison among three groups was done by ANOVA
with Tukey test for multiplicity. The groups are different (ANOVA, P <
.001), with died in hospital vs discharged independent (P < .001), died
in hospital vs discharged not independent (P ¼ .006), and discharged
independent vs not independent (P ¼ .56). (Definition of discharged
independent and not independent are given in the Patients and Methods
section.) PMA values for female patients were multiplied by 1.67 in this
analysis. For box plots, center line is median, upper and lower lines are
75th and 25th percentiles, and whiskers are the nonoutlier range (< 1.5
interquartile range from box). See Figure 4 legend for expansion of
abbreviation.
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TABLE 3 ] Multivariable Risk Factors for 6-Month Mortality

Variable OR 95% CI P Value

PMA (muscle area, per cm2) 0.98 0.968-0.999 .007

SOFA score 1.17 1.089-1.268 < .001

Albumin 0.389 0.264-0.574 < .001

Age 1.0124 0.995-1.029 .153

SAT 1.0003 0.997-1.0029 .785

mMRC ¼ 1 Reference NA < .001

mMRC ¼ 2 1.93 0.86-4.35

mMRC ¼ 3 2.06 0.96-3.42

mMRC ¼ 4 4.39 2.18-8.83

mMRC ¼ 5 4.33 1.62-6.87

Significant P values shown in bold font. See Table 1 legend for expansion of abbreviations. aPMA values for female subjects were multiplied by 1.67 in this
analysis.
that female subjects could possibly have different muscle
regeneration capacity compared with male subjects
during and after critical illness.

To our knowledge, this analysis is the first large
prospective study that has investigated the association of
skeletal muscle mass at the time of ICU admission with
survival. Previously, a retrospective study focused on
elderly ICU patients found an association of admission
lumbar muscle mass with ICU-free days and mortality.28

However, sarcopenia, the muscle loss associated with
advanced age,29,30 is a distinct entity that cannot be
extrapolated to younger populations.31,32 Other
retrospective data also indicated that peri-admission
lower lumbar muscle area is associated with ICU
mortality and with discharge to a nursing home.15

Because the muscle measurements in that study had
taken place up to 4 days following ICU admission,15 it is
conceivable that it aggregated a significant percentage of
patients who developed muscle wasting during their
ICU stay with those who had muscle wasting prior to the
admission. Indeed, there is consistent evidence that
accelerated muscle wasting occurs early in the ICU
course.1 It is also possible that the association of PMA
TABLE 4 ] Univariate Analysis of PMA Associations With Ou

Sex ICU-Free Days to Day 28a,b Disability at Dischargeb,c

Male Slope, 0.017 � 0.025;
P ¼ .5

OR, 0.65
(0.53-0.80); P < .001

Female Slope, 0.073 � 0.029;
P ¼ .012

OR, 0.87
(0.73-1.04); P ¼ .09

See Table 1 legend for expansion of abbreviation.
aICU-free days to day 28 reached significance in female subjects and not in m
bOutcome per square centimeters of PMA.
cDisability at hospital discharge reached significance in male subjects and not
dHospital mortality reached significance in both sexes.

chestjournal.org
with ICU outcomes is different from other muscle
groups’ similarly to the heterogeneous effects of diverse
muscle areas on COPD prognosis.2

The present analysis was also the first to explore the
association of fat mass at the time of ICU admission
with survival, and no significant correlations were
found. Although previous evidence indicates that
higher preadmission weight associates with better
post-ICU status,16 it is unclear which body
compartment accounted for the weight’s salutatory
effect in that study. Indeed, it has been reported that
obesity associates with greater survival in critical
illness33 and that extreme obesity is not associated
with worse survival advantage than normal weight.34

Thus, it is plausible that fat, and not muscle,
contributes to better outcomes reflected by greater
weight. Although our data do not necessarily
challenge the beneficial35 or harmful36 effects of
obesity on ICU prognosis, we found that admission
SAT measured at the T7-T8 level had no association
with all of the impactful ICU outcomes that we
explored a priori, whereas PMA was associated with
several of these outcomes, including survival.
tcomes According to Patient Sex

Hospital Mortalityb,d 6-Month Survival

OR, 0.96
(0.93-0.99); P ¼ .002

OR, 1.04
(1.02-1.07); P # .001

OR, 0.95
(0.92-0.98); P < .001

OR, 1.01
(0.99-1.03); P ¼ .09

ale subjects.

in female subjects.
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TABLE 5 ] Baseline Characteristics According to Patient Sex

Characteristic Male IQR Female IQR P Value

Demographic

Age 59.76 51-69 61.31 49-75 .32

Raw PMA 42.7 33.2-54-8 27.05 21.8-33.8 < .001

Corrected PMA 42.7 33.2-54-8 45.13 36.4-56.4 .783

SAT 17.8 10.1-23.8 23.1 13.2-30.7 < .001

Severity scores

APACHE II 16.99 11-22 16 11-22 .73

SOFA 5.26 3-7 5.25 3-7 .98

Male % Female % P Value

Preadmission comorbidities

Pulmonary disease 83 36.8 74 41.3 .36

Steroid use 52 23 52 29 .17

Diabetes mellitus 60 26.6 41 23 .38

Cancer 50 22 40 22 .95

Congestive heart failure 47 20 30 17 .29

End-stage renal disease 24 10 9 5 .06

Preadmission mMRC 2 1-4* 2 1-4* .65

Male % Female % P Value

Primary reason of ICU
admission

Respiratory failure 92 41 79 44 .51

Nonrespiratory sepsis 38 16.8 33 18.4 .34

Pulmonary embolism 36 16 30 16.7 .42

Hemorrhagic shock 14 6.2 8 4.4 .22

Altered mental status 10 4.4 11 6 .22

Metabolic cause, including
diabetic ketoacidosis

9 4 4 4.3 .16

Trauma 7 3.1 4 2.2 .29

Cardiovascular
decompensation

10 4.4 5 2.7 .19

Other 6 2.6 3 3 .34

IQR ¼ interquartile range. See Table 1 legend for expansion of other abbreviations.
The persistence of the association of muscle wasting with
mortality after adjusting for other covariates suggests a
potential benefit for incorporating muscle mass into
scoring systems used to predict ICU outcomes, particularly
with the development of standardized bedside muscle
ultrasound techniques.37,38 These data could also stimulate
interest in determining if muscle-survival association
portends causality39,40 and whether preventing or reversing
muscle wasting potentially entails mortality benefits in
critical illness. Indeed, the present data suggest that
optimizing muscle status in patients at risk of developing
critical illness such those planning to undergo major
surgery may improve outcomes.
328 Original Research
The main strengths of the present study are the large size
of the study cohort and the prospective study design. In
addition, the selection of the pectoralis muscle, which is
easily measurable41 and not necessarily associated with a
specific functional domain such as locomotion or
ventilation, allowed us to assess the systemic/global
effects of muscle wasting on ICU outcomes.
Furthermore, pectoralis muscles have both type I
(oxidative) and type II (glycolytic) fibers,42 and thus
PMA assessment reflects muscle wasting even in the
presence of comorbidities that exhibit selective fiber-
type atrophy.43 Our study has some limitations. First, it
was performed at a single institution, and although the
[ 1 5 5 # 2 CHES T F E B R U A R Y 2 0 1 9 ]



admission diagnoses of the study cohort were diverse, it
is possible that the distribution of diagnoses is not
generalizable to other ICUs. Second, chest CT scans
were performed for a clinical indication and not as part
of a study protocol. Because certain diagnoses are more
frequently evaluated by using chest CT scan than others,
there may have been a significant selection bias in the
cohort. However, this bias is unlikely to significantly
compromise the generalization of the current findings as
the study cohort mirrored the characteristics of patients
analyzed in a systematic review of high-quality,
prospective data involving 31 ICU studies and 3,905
patients,44 in which 39% of ICU admissions were due to
respiratory failure (42% in the present cohort); 15% were
due to sepsis (17% in the present cohort); and average
age in these studies was 61 years (62 years in the present
cohort). Third, the use of the PMA surrogate of muscle
mass in ICU patients has not been validated, although
accumulating literature describes its use in healthy41 and
chronically ill18,45 patients. Likewise, although SAT
measurement at the T7-T8 level has not been validated
for ICU patients, it has been shown to be highly
correlated with the thoracic adipose tissue volume and
with BMI.19 Fourth, because patients were enrolled
after they had already developed critical illness, we
had to select a surrogate measure of prehospitalization
mobility status. Although previous research has used
dichotomized surrogates of preadmission exercise
capacity such as the ability to ambulate up 10 stairs
before hospitalization,46 we chose the mMRC score
chestjournal.org
because of its simplicity, very high interobserver
agreement, and adequate correlation with other scoring
systems.47 We realize that the mMRC is potentially
confounded by cardiopulmonary limitations and other
factors. However, as many of our patients were unable to
cooperate with the evaluation, volitional tests such as the
MRC muscle strength scoring system or other direct
muscle evaluations were not feasible.48 Fifth, muscle
dysfunction effect on disability at hospital discharge
could potentially be influenced by sedation or
mobilization protocols, which we could not correct for
given the strong collinearity with days in the ICU and
receiving mechanical ventilation, both incorporated to
the ICU-free days to day 28. Future studies powered for
these corrections could determine the interaction
between baseline muscle mass, disability at hospital
discharge, sedation, and mobilization protocols.
Conclusions
These data show that admission muscle mass of ICU
patients is associated with 6-month survival, ICU-free
days, and hospital survival. Because all these outcomes are
highly relevant, we postulate that further investigation of
muscle turnover in the ICU patient may clarify whether
better muscle mass can lead to improved outcomes.
Preadmission muscle mass may be a useful biomarker
for important ICU outcomes. SAT was not associated
with disability and survival during and following
critical illness.
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