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Sarcopenia is a predictor of outcomes after lobectomy
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Background: As screening for lung cancer rises, an increase in the diagnosis of early stage lung cancers
is expected. Lobectomy remains the standard treatment, but there are alternatives, consideration of which
requires an estimation of the risk of surgery. Sarcopenia, irrespective of body mass index, confers a worse
prognosis in many groups of patients including those undergoing surgery. Here we examine the association
of muscle mass with outcomes for patients undergoing lobectomy.

Methods: Consecutive patients undergoing lobectomy were retrospectively reviewed. Preoperative
computed tomography scans were reviewed, and cross-sectional area of the erector spinae muscles and
pectoralis muscles was determined and normalized for height. Univariate and multivariate analyses were then
done to examine for an association of muscle mass with morbidity and short- and long-term mortality.
Results: During the study period, there were 299 lobectomies, 278 of which were done by video assisted
thoracoscopic surgery. The average age of the patients was 67.5+10.6 years. Overall complication rate was
52.2%, pneumonia rate was 8.7%, and the 30-day mortality rate was 1.3%. Mean height adjusted-erector
spinae muscle cross-sectional area was 10.6+2.6 cm’/m’, and mean height adjusted-pectoralis muscle cross
sectional area was 13.3+3.8 cm®’/m’. The height adjusted cross sectional areas of the erector spinae and
pectoralis muscles were not associated with overall complication rate, rate of pneumonia, readmission, or
intensive care unit length of stay. The height adjusted-erector spinae muscle cross sectional area was inversely
correlated with 30-day mortality risk, odds ratio 0.77 (95% CI, 0.60-0.98, P=0.036). Mean length of stay was
7.0 days (95% CI, 5.5-8.4 days). Multivariate analysis demonstrated a significant inverse association of the
height adjusted-erector spinae muscle cross sectional area with length of stay (P=0.019).

Conclusions: The height adjusted-erector spinae muscle cross sectional area was significantly associated
with 30-day mortality and length of stay in the hospital. Measurement of muscle mass on preoperative
computed tomography imaging may have a role to help predict risk of morbidity and mortality prior to
lobectomy.
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Introduction

Lung cancer is the second most commonly diagnosed
cancer in the US, and is the leading cause of cancer related
mortality (1). Low dose CT screening has been shown
to result in decreased disease related mortality due in
part to diagnosis of lung cancer at an earlier stage when
it is potentially curable (2). For patients able to tolerate
an operation, lobectomy is the operation preferred for
resection of early stage lung cancer (3,4), although for Stage
IA lung cancer, sublobar resection may be an equivalent
option (5). Lobectomy is, however, associated with operative
morbidity and mortality (6,7), although surgical volume and
advances in operative technique and post-operative care
have led to a decline in postoperative complication rates (4).
The ability to accurately predict postoperative morbidity
and mortality is increasingly important as the incidence of
early stage lung cancer will likely continue to rise with the
aforementioned screening guidelines and other options
other than a lobectomy exist for the patient at a high risk.
With an increasingly aging population seeking consultation
for surgery, tools to predict peri-operative outcomes have
become ever important.

Factors that have been associated with worse peri-
operative outcomes following lobectomy include increasing
age, male sex, smoking history, comorbidities (including
COPD and prior cardiovascular event), degree of dyspnea,
type of operation (thoracotomy versus thoracoscopy), right-
sided tumors, decreased facility surgical volume, anemia,
dysnatremia, and functional status (6-10) as assessed
by spirometry, exercise testing to determine peak VO,,
performance status, and evaluation of physical reserve (11).
Frailty, defined as a lack of physiologic reserve resulting
in adverse outcomes, has also been recognized as an
independent risk factor for inferior outcome in regard to
mortality and morbidity in the elderly, those undergoing
surgery, and cancer patients (12-14). The phenotype of
physical frailty is associated with decreased muscle mass, and
sarcopenia has been associated with poor short and long-term
outcomes, even in overweight and obese patients (15-18).
CT imaging has been found to correlate well with other
methods of evaluating muscle mass, which is useful as
CT imaging is routinely done prior to resection (19).
In lung cancer, recent studies have found evidence that
sarcopenia is an independent risk factor for decreased overall
survival (20,21). In those studies, assessment of muscle mass
was done at the level of L3, which sometimes necessitates
a CT scan lower than routinely performed to evaluate
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chest pathology. Muscle mass at T12 has been found to
correlate well with muscle mass at L3, and thus pre-operative
assessment may not need to include additional imaging of the
abdomen to be able to accurately estimate muscle mass (22).
In COPD, decreased cross sectional area, as measured
on CT scans, of the pectoralis muscles (CSA-PM) and of
the erector spinae muscles (CSA-ESM) at T'12 have been
found to correlate with survival, symptoms, and physiologic
function (23,24). It is unclear if such an association exists in
patients undergoing surgical resection. We hypothesized that
there is an association between muscle mass and short-term
postoperative morbidity and mortality for lobectomy and
examined this association using our institutional database.

Methods
Study subjects and measurements

This study was approved by our Institutional Review Board
(BDR-073016). All lobectomy or bilobectomy procedures
performed between January 2014 and December 2015 at
our institution were retrospectively reviewed. Demographic
data, clinical information, interventions, length of stay (LOS)
in the hospital or intensive care unit (ICU), and procedure
related complications were collected in an institutional
prospective database. Before the procedure, all patients
underwent physical examination, pulmonary function testing,
blood tests, chest computed tomography (CT) or positron
emission tomography (PET-CT). The CSA-ESM and CSA-
PM were measured using the AW Server 3.2 Workstation
3D volume viewer with free hand region of interest (General
Electric Healthcare Inc., Chicago USA). The volume of
skeletal muscles was estimated using a cross sectional area on
a single-slice axial CT scans. The measurements for the ESM
and PM were performed bilaterally at the level of thoracic
spine 12 (T12) and within 1 centimeter of the sterno-
clavicular joint, respectively (Figure I). As absolute skeletal
muscle mass is correlated with height, the cross-sectional
areas were then normalized for height (cm’/m?) (25), and
listed as height adjusted ESM (HA-ESM) and height adjusted
PM (HA-PM).

Statistical analysis

Patient demographics, clinical characteristics, and cross-
sectional area adjusted for height were reported for the
overall sample and by gender using means and standard
deviations (SD) for continuous data, and frequencies and
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Figure 1 Representative CT images of the erector spinae muscles at the level of T12 and of the pectoralis muscles 1 ¢cm within the

sternoclavicular joint with the area measured outlined.

relative frequencies for categorical data.

Morbidity (general complication, pneumonia,
readmission, and ICU stay) and mortality (with 30-days)
outcomes were summarized for the overall sample using
frequencies and relative frequencies; with rates estimated
using 95% CI obtained from Jeffrey’s prior method. The
association between these outcomes and quantitative height
adjusted cross-sectional areas were evaluated using logistic
regression models. The models were fit using Firth’s
penalized function and odds ratios, with corresponding
95% confidence intervals, were obtained from the model
estimates. A covariate adjusted analysis was conducted using
multi-variable logistic regression, where the additional
demographic and clinical covariates were chosen using a
backwards selection method (alpha exit =0.1).

The length of hospital stay (LOS) was summarized
using the mean and standard deviation; and graphically
using a histogram. A 95% CI about the mean LOS
was obtained using standard methods. The association
between LOS and the muscle measurements was assessed
using scatter plots and Pearson’s correlation coefficient.
A covariate adjusted analysis was conducted using a linear
regression model, where additional demographic and
clinical covariates are chosen using the backwards selection
method (alpha exit =0.1). All model assumptions were
verified graphically and a log-transformation was applied.
The correlation of HA-ESM and HA-PM was explored
using a scatter plot and Pearson’s correlation coefficient.
All analyses were conducted in SAS v9.4 (Cary, NC) at a
significance level of 0.05.
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Results

A total of 299 patients underwent lobectomy between
January 2014 and December 2015. There were 186 females
(62.2%) with a mean age of 67.1x11.4 years and 113 males
(37.8%) with a mean age of 68.1+9.4 years. Most patients
were either overweight (115 patients, 38.5%) or obese
(106 patients, 35.5%), with 74 being of normal weight
(24.7%) and only 4 patients (1.3%) were underweight.
A total of 121 patients were American Society of
Anesthesiologists (ASA) class II (40.6%), with the remaining
177 patients being ASA class III/IV (59.4%). All patients
were current or former smokers with a mean smoking
history of 38 pack-years. Of the 299 procedures, 278 (93%)
were performed by video assisted thoracoscopic surgery
(VATS). Except for two cases with benign diagnoses of
aspergillus infection and foreign body aspiration, all other
patients were diagnosed with malignant pathology. Two
hundred and eighty-three out of the 299 patients (94.6%)
were diagnosed with lung cancers including small and non-
small cell lung cancers, large cell carcinoma and carcinoid
tumors, while the rest were tumors metastatic to the lung.
Patient characteristics are summarized in Table 1.

The overall complication rate was 52.2%. The majority
of the complications were minor, such as post-operative
atelectasis. The overall pneumonia rate was 8.7% and the
30-day mortality rate was 1.3% (Table 2). Multivariate
analysis demonstrated a significant increase in complication
rates for those older than 65, those who underwent
thoracotomy as opposed to VATS, and as pack-year history
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Table 1 Clinical data presented as number (percentage) or mean =

standard deviation

Characteristic Overall
Age (years) 67.5+10.6
<65 114 (38.1)
>65 185 (61.9)
Sex, n (%)
Male 113 (37.9)
Female 186 (62.2)
BMI (kg/m?) 28.6+5.5
<18.5 4 (1.3)
18.5-24.9 74 (24.7)
25-29.9 115 (38.5)
>30 106 (35.5)
Height Adjusted Erector Spinae Muscles 10.6+£2.6
(HA-ESM) (cm®/m?)
Height Adjusted Pectoralis Muscles (cm®/m?) 13.3+3.8
Smoking status, n (%)
Former smoker 225 (75.3)
Current smoker 74 (24.7)
Pack years 38.0+27.4
ASA class, n (%)
I 121 (40.6)
/v 177 (59.4)
Pathology, n (%)
Adenocarcinoma 153 (561.2)
Squamous 64 (21.4)
Other 82 (27.4)
Lobectomy site, n (%)
Right upper lobe (RUL) 104 (34.8)
Right lower lobe (RLL) 43 (14.4)
Right middle lobe (RML) 22 (7.4)
Left upper lobe 75 (25.1)
Left lower lobe 42 (14.0)
Bilobectomy (RUL/RML) 6 (2.0)
Bilobectomy (RML/RLL) 7(2.3)
VATS, n (%)
No 21(7.0)
Yes 278 (93.0)

Table 1 (continued)
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Table 1 (continued)
Characteristic Overall
FEV, (L) 2.1+0.7
FEV, (% Predicted) 82.1+21.4
<50% 17 (5.7)
50-80% 120 (40.4)
>80% 160 (53.9)
FVC (L) 3.1+0.9
FEV,/FVC (%) 68.6+£10.2
RV/TLC (%) 45.2+9.6
DLCO (% predicted) 78.2+21.2
<40% 2(0.7)
>40% 292 (99.3)
DLCO-SB (mL/min/mmHg) 16.7+£7.3

Table 2 Observed outcome rates

Qutcome Number (percentage)
Any complication 156 (52.2)
Pneumonia 26 (8.7)
Readmission 19 (6.4)

ICU stay 48 (16.1)
30-day mortality 4(1.3)

of smoking increased. VAT'S procedures were associated
with a lower pneumonia rate. Lower DLCO was associated
with a higher rate of readmission. Female sex was associated
with a higher rate of pneumonia, higher rate of readmission,
and an increase in the ICU length of stay (Table 3).

The means of HA-ESM and HA-PM were 10.6x2.6
and 13.3+3.8 cm’/m’. HA-ESM and HA-PM muscle
measurements were significantly positively correlated
(P<0.001). HA-ESM, and HA-PM were not found to have a
statistically significant association with general complication
rate, rates of pneumonia, readmission, or ICU length of
stay in univariate or multivariate analysis (Tables 3,4). When
adjusting for other factors, as HA-ESM increases the 30-day
mortality was significantly found to decrease, OR 0.77
(95% CI, 0.60-0.98, P=0.036). There was no significant
association between HA-PM with 30-day mortality. The
mean LOS for patients having lobectomy was 7.0 days (95%
CI, 5.5-8.4 days). As there was right skew with a small
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Table 3 Univariate associations, mean adjusted muscle mass reported + SD

Miller et al. Sarcopenia is a predictor of outcomes after lobectomy

Complication not

Outcome experienced Complication experienced OR P value
Any complication

HA-ESM (cm’/m?) 10.7£2.4 10.4+5.6 0.98 (0.94-1.02) 0.312

HA-PM (cm?/m?) 13.4£3.4 13.2+4.1 0.99 (0.96-1.02) 0.633
Pneumonia

HA-ESM (cm®/m?) 10.6+2.6 10.5+3.1 0.99 (0.92-1.07) 0.889

HA-PM (cm?/m?) 13.3+£3.7 13.3+4.2 1.00 (0.95-1.05) 0.995
Readmission

HA-ESM (cm®/m?) 10.6+2.6 10.1+£3.3 0.96 (0.88-1.06) 0.417

HA-PM (cm?/m?) 13.4+3.8 12.6+3.8 0.97 (0.91-1.04) 0.392
ICU stay

HA-ESM (cm’/m?) 10.5+2.6 10.2+£2.7 0.97 (0.91-1.03) 0.319

HA-PM (cm?/m?) 13.4+3.8 13.0+£3.7 0.99 (0.95-1.03) 0.546
30-day mortality

HA-ESM (cm?/m?) 10.6+2.6 8.5+0.3 0.84 (0.68-1.03) 0.101

HA-PM (cm?/m?) 13.3£3.8 13.0+3.8 1.00 (0.88-1.12) 0.966

HA-ESM, Height Adjusted Erector Spinae Muscles; HA-PM, Height Adjusted Pectoralis Muscles.

number of admissions causing the mean LOS to be greater
than the median LOS, log-LOS was used for analysis to
provide a more symmetric distribution. Multivariate analysis
demonstrated a significant inverse association between log-
LOS and HA-ESM (P=0.019) (Table 5).

Discussion

Lobectomy remains the preferred treatment for early
stage lung cancer, with sublobar resections such as
segmentectomy or wedge resection also an option for small
peripheral lesions or in those with operative risk (4,5,8). For
patients unable or unwilling to undergo surgical resection,
stereotactic body radiotherapy can be done, although
outcomes with lobectomy have mostly been found to be
superior (26,27). Should the incidence of early stage lung
cancer rise as might be expected with appropriate screening,
the ability to predict complications pre-operatively will
be of high clinical utility so that it may be determined if
a patient would be better served with sublobar resection
or a non-surgical treatment option. Our results show that
HA-ESM is significantly inversely correlated with 30-day
mortality and length of stay; HA-PM was not significantly
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associated with post-lobectomy morbidity or mortality. The
addition of these metrics may help the decision-making
process prior to intervention.

Efforts to define preoperative risk factors have
increasingly focused on patient characteristics beyond
standard evaluation of pulmonary reserve and cardiac risk
factors. As the population ages, much research has been
done to assess frailty and its relation to outcomes, and
sarcopenia has been an increasing topic of interest. In the
past, BMI has been used as a marker of nutritional status and
function, but as rates of obesity continue to climb, muscle
depletion has been found to exist independent from BMI
and is associated with poor outcomes. A number of studies
describe this relationship in non-postoperative patients.
Srikanthan ez 4l. noted that sarcopenia can predict mortality,
as this was lower in all participants of a cohort of older
adults, defined as >55 years old for males and >65 years old
for females, with the most muscle mass as compared with
those with the least muscle mass, independent of BMI (17).
In that study, assessment of muscle mass was done via
bioelectrical impedance, with a muscle mass index calculated
as muscle mass divided by height squared. Mourtzakis
et al. noted that CT imaging of the muscles at the L3
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Outcome OR (95% ClI) P value
Any complication
Age (>65 vs. <65) 2.17 (1.31-3.60) 0.002
Pack years (1 year inc.) 1.01 (1.00-1.02) 0.003
VATS (yes vs. no) 0.40 (0.15-1.08) 0.071
HA-ESM (1 cm®/m? inc.) 0.96 (0.91-1.02) 0.192
HA-PM (1 cm’/m?inc.) 1.02 (0.98-1.06) 0.397
Pneumonia
Pack years (1 year inc.) 1.02 (1.00-1.03) 0.018
VATS (yes vs. no) 0.10 (0.03-0.29) <0.001
HA-ESM (1 cm*/m? inc.) 1.00 (0.90-1.12) 0.935
HA-PM (1 cm’/m?inc.) 0.97 (0.89-1.06) 0.458
Gender (female vs. male) 0.10 (0.02-0.40) 0.001
FEV, (% Pred) (1% inc.) 1.03 (1.00-1.05) 0.038
FVC (L) (Unit inc.) 0.28 (0.13-0.63) 0.002
Readmission
HA-ESM (1 cm*/m? inc.) 0.95 (0.84-1.08) 0.416
HA-PM (1 cm’/m?®inc.) 0.98 (0.90-1.08) 0.71
Gender (female vs. male) 0.27 (0.09-0.84) 0.024
BMI 0.19 (0.04-0.81) 0.044
Overweight (25-29.9) vs. normal (18.5-24.9)
Obese (30+) vs. normal (18.5-24.9) 1.70 (0.49-5.85)
Underweight (<18.5) vs. normal (18.5-24.9) 0.43 (0.01-12.31)
DCLO (SB) (Unit inc.) 0.84 (0.74-0.95) 0.006
ICU stay
VATS (yes vs. no) 0.07 (0.03-0.20) <0.001
HA-ESM (1 cm?/m” inc.) 1.00 (0.92-1.09) 0.988
HA-PM (1 cm’/m?inc.) 0.96 (0.90-1.03) 0.262
Gender (female vs. male) 0.19 (0.07-0.50) <0.001
FVC (L) (Unit inc.) 0.44 (0.26-0.74) 0.002
Post-Op O, (%) (1% inc.) 1.16 (1.00-1.34) 0.051
30-day mortality
HA-ESM (1 cm*/m? inc.) 0.77 (0.60-0.98) 0.036
HA-PM (1 cm’/m?inc.) 1.11 (0.96-1.28) 0.159

HA-ESM, Height Adjusted Erector Spinae Muscles; HA-PM, Height Adjusted Pectoralis Muscles.
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Table 5 Multivariate analysis of length of stay in hospital

Outcome and covariates Beta (SE) P value
LOS (days)

Age 0.254 (0.082) 0.002
Gender -0.295 (0.092) 0.002
BMI 0.019 (0.009) 0.035
Pack years 0.002 (0.001) 0.092
VATS -0.793 (0.149) <0.001
DLCO (Pred) -0.005 (0.002) 0.007
Post-Op O, (%) 0.045 (0.016) 0.004
HA-ESM -0.024 (0.010) 0.019
HA-PM -0.008 (0.008) 0.297

HA-ESM, Height Adjusted Erector Spinae Muscles; HA-PM,
Height Adjusted Pectoralis Muscles.

level to assess for muscle mass was equivalent to dual-
energy X-ray absorptiometry and superior to bioelectrical
impedance analysis (19). Subsequently, L3 muscle index
(L3MI) has been used to assess for sarcopenia. Martin et a/.
found that in patients with lung and GI cancer, CT imaging
revealed otherwise occult muscle depletion and that inferior
survival was related to both a traditional definition of
involuntary weight loss of cachexia and muscle depletion at
the level of L3 (16). Choi er al. found that L3MI predicted
poor overall survival in patients with pancreatic cancer, with
an interesting finding that patients who had a fall in BMI
but with preserved muscle mass did not have a deleterious
impact on survival (15). Thus, the use of measuring the
surface area of musculature adjusted for height to assess
for sarcopenia has been well validated and meaningful for
patient outcomes.

This has held true for patients undergoing surgery, as
sarcopenia has been found to be an independent factor for
morbidity and mortality in addition to other well-recognized
risk factors such as comorbidities. Du et 4/. found that in
a cohort of elderly patients undergoing emergent surgery
sarcopenia was significantly associated with postoperative
complications, and in-hospital mortality (12). Kudou er al.
evaluated postoperative outcomes in patients undergoing
surgical resection for esophagogastric or upper gastric
cancer, and those patients with sarcopenia had inferior
overall survival and recurrence-free survival (28). Zhou
et al. found that sarcopenia in patients undergoing radical
gastrectomy was an independent risk factor for postoperative
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complications (18). Hervochon ez 4l. demonstrated that BMI
and total psoas area at the level of L3 were independent
prognostic factors for patients undergoing pneumonectomy
for NSCLC (29). Suzuki et al. examined 90 consecutive
patients undergoing lung resection for stage I NSCLC, and
using L3MI to assess for sarcopenia, found that sarcopenia
was an independent prognostic factor for survival as patient
with a low muscle mass had a significant decrease in 5-year
overall survival (20). Tsukioka er 4/. reported on 215 male
patients with pathological stage I NSCLC, and used a
calculated L3MI derived from an equation using BSA to
define sarcopenia; in their report, sarcopenia did not affect
short-term outcomes, but was associated with a shorter
median overall survival (21).

The majority of studies examining CT imaging for
assessment of sarcopenia have involved measurement of
muscle cross sectional area at the level of the lumbar spine,
requiring abdominal imaging. For patients undergoing
thoracic procedures, imaging of the abdomen is not always
routinely done, and utilizing existing imaging of the thorax
would be more practical, assuming that muscle mass at the
level of L3 and within the thorax is comparable. Nemec
et al. recently compared skeletal muscle indices at the levels
of L3, T12, and T7, finding that L3MI and T12 muscle
index (T'12MI) were significantly correlated, whereas the
correlation of the muscle indices at L3 and T7 were not as
strongly correlated (22). In addition, investigators have now
used imaging of the thorax to demonstrate that thoracic
muscle mass is associated to morbidity and mortality.
McDonald et 4l. found that CT-derived pectoralis muscle
area was more predictive of COPD related traits such as
spirometric measures, dyspnea, and function than BMI (23).
Tanimura et 2/. measured CSA-PM and CSA-ESM at T'12
in patients with COPD, with CSA-ESM being found to be
a risk factor for mortality (24).

We chose to look at the erector spinae muscles and the
pectoral muscles because of the correlation with outcomes
in chronic lung disease and due to their ready availability on
imaging that was already obtained as part of our standard
pre-operative assessment. An alternative approach would
have been to examine all skeletal muscle at the level of
T12 to obtain a T12 muscle index similar to what Nemec
et al. described, although the erector spinae muscles, as
antigravity muscles, reflect physical activity more than other
muscle groups (30).

A limitation of our study is its retrospective nature. We
also have a high proportion of our patients undergoing
VATS lobectomy as opposed to thoracotomy, so we cannot
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draw a conclusion as to what the experience may be in
centers that perform more thoracotomies for lobectomy.
We did not define a cutoff for sarcopenia or separate the
patients into quartiles as previous authors have done, but
we thought that the use of muscle mass as a continuous
variable made clinical sense. In the future, if assessment of
sarcopenia becomes a standard addition to pre-operative
testing, a more standardized definition, such as T12MI,
may be useful risk-stratify patients. Future work would
include looking at larger population of patients undergoing
a variety of procedures, and to define strategies that might
ameliorate post-lobectomy complications in patients who
are found to have sarcopenia in the preoperative period, and
to compare outcomes if patients with sarcopenia undergo
sublobar resection or another treatment modality instead of
lobectomy.

Conclusions

CT imaging of the chest allows for measurement of the
cross-sectional area of muscle at the level of T12, and
HA-ESM is associated with hospital length of stay and
30-day mortality following lobectomy. We did not find
any association of HA-PM with post-lobectomy morbidity
or mortality. Determination of the cross-sectional area of
muscle at the level of T12 may be clinically useful for pre-
operative evaluation and risk stratification.
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