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Abstract
Background: This study investigated the role of the thoracic skeletal muscle mass as a
marker of sarcopenia on postoperative mortality in pleural empyema.
Methods: All consecutive patients (n = 103) undergoing surgery for pleural empyema
in a single tertiary referral center between January 2020 and December 2022 were eli-
gible for this study. Thoracic skeletal muscle mass index (TSMI) was determined from
preoperative computed tomography scans. The impact of TSMI and other potential
risk factors on postoperative in-hospital mortality was retrospectively analyzed.
Results: A total of 97 patients were included in this study. The in-hospital mortality
rate was 13.4%. In univariable analysis, low values for preoperative TSMI (p = 0.020),
low preoperative levels of thrombocytes (p = 0.027) and total serum protein
(p = 0.046) and higher preoperative American Society of Anesthesiologists (ASA) cat-
egory (p = 0.007) were statistically significant risk factors for mortality. In multivari-
able analysis, only TSMI (p = 0.038, OR 0.933, 95% CI: 0.875–0.996) and low
thrombocytes (p = 0.031, OR 0.944, 95% CI: 0.988–0.999) remained independent
prognostic factors for mortality.
Conclusions: TSMI was a significant prognostic risk factor for postoperative mortality
in patients with pleural empyema. TSMI may be suitable for risk stratification in this
disease with high morbidity and mortality, which may have further implications for
the selection of the best treatment strategy.
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INTRODUCTION

Pleural empyema is a serious condition which is associated
with prolonged hospitalization and high healthcare costs.
The incidence over the last decades is rising, particularly in
the elderly and in cancer patients.1,2 Therapeutic approaches
include interventions like chest tube placement and the
intrapleural application of fibrinolytic substances for early
stages and thoracoscopic or open surgery for advanced
stages.3,4 Despite stage-specific therapy, the mortality rate
remains high and ranges between 10% and 20%.5 Therefore,

research on risk factors associated with adverse outcomes in
empyema patients is warranted.6,7

One well-established risk factor for adverse clinical out-
comes in oncological and surgical patients is sarcopenia,
defined as low skeletal muscle mass and strength by the
European Working Group on Sarcopenia in Older People.8,9

A good surrogate marker for sarcopenia is derived from
imaging studies by determining the skeletal muscle mass
index (SMI) by measuring the cross-sectional area of skeletal
muscles at the level of certain vertebral bodies. The SMI is
known to correlate well with total muscle mass.10 Low SMI
has been identified as a risk factor for poor outcomes in sur-
gical patients in general as well as in patients with various
lung diseases.11–14Christian Galata and Philipp Schiller contributed equally to this work.
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SMI has hardly been studied as a prognostic factor in
patients with pleural empyema. This is noteworthy because
patients with pleural empyema usually receive computed
tomography (CT) scans, so SMI can be considered as a
value-added biomarker from opportunistic CT screening.15

Therefore, the aim of this study was to investigate the asso-
ciation of the thoracic skeletal muscle mass index (TSMI)
with mortality in a cohort of surgically treated empyema
patients.

METHODS

Patients

All consecutive patients undergoing surgery for pleural
empyema between January 2020 and December 2022 at the
Center for Thoracic Diseases, University Medical Center
Mainz, Germany, were analyzed retrospectively. Of those,
patients with CT scans of the chest available on the picture
archiving and communication system at our institution in
sufficient quality for thoracic muscle mass quantification
were included in this study.

Data acquisition

Data on patients and procedures were collected from medi-
cal records. Chest tube duration was defined as the time in
days until removal of the last chest tube. Perioperative blood
transfusion was defined as the transfusion of red blood cell
concentrates from the time of surgery up to postoperative
day 3. The thoracic morbidity and mortality classification
system (TM&M) was used to grade surgical complications.16

Major morbidity was defined as complications ≥ grade
3. Mortality was recorded as in-hospital mortality, defined
as death occurring during the hospital stay after empyema
surgery or death occurring after readmission within 30 days
due to complications of empyema or empyema surgery.

Thoracic skeletal muscle mass quantification

Contrast enhanced and unenhanced preoperative chest
CT scans were used for thoracic skeletal muscle mass
quantification. The procedure has been described and
validated before.13,17,18 All chest CT scans were per-
formed in a standardized position with the patient’s
arms positioned at the sides of the trunk following insti-
tutional protocols. All image analyses were performed by
a radiologist specialized in thoracic imaging (L.M.). In
brief, for each patient, measurements of the cross-
sectional area (CSA) of the pectoralis, intercostalis, para-
spinal, serratus and latissimus muscles were performed at
the fourth vertebral region (T4CSA). The cross-sectional

slides showing the middle of the fourth thoracic vertebra
were selected by the investigator based on previous sug-
gestions.18 Quantitative T4CSA assessment was then car-
ried out semi-automatically using a 3D slicer (version
5.2.2, Kitware Inc.) as shown in Figure 1.19 First, CSA
was computed automatically by summation of the pixel
attenuation of �30 to +150 Hounsfield units for skeletal
muscle.18 Second, after applying the threshold method
with a predefined Hounsfield unit threshold to slices,
boundaries between different tissues were manually cor-
rected. After determination of T4CSA for each patient,
TSMI was calculated as T4CSA (in square centimeters)
divided by body height in meters squared (in square
centimeters per square meter).

Statistical analysis

For quantitative variables, the median is presented with the
interquartile range. Qualitative variables are shown as abso-
lute numbers and relative frequencies. For bivariate analysis
of categorical variables, χ 2 or Fisher’s exact test was used, as
appropriate. Bivariate analysis of continuous variables was
carried out with independent samples student’s t-test. The
Cochran-Armitage test for trend was used to identify
the association between a binary variable and an ordinal var-
iable with >2 categories. A test result was considered statisti-
cally significant if p was less than 0.05. For the binary
outcome “in-hospital mortality” a multiple logistic regres-
sion analysis was performed. Variables were entered into the
model if p was less than 0.05 in the univariable analysis. In
the multiple analysis, the backward stepwise selection based
on the probability of the Wald statistic was used and a sig-
nificance level of α = 0.05 was chosen to determine final
independent predictors. Odds ratios (OR) are presented
together with their 95% confidence intervals (CI). All statis-
tical tests were two-tailed. The complete case approach was

F I G UR E 1 Sample axial chest CT image of the fourth thoracic
vertebral region. Colored (green): cross sectional area of pectoralis,
intercostalis, paraspinal, serratus, and latissimus muscles determined by
semiautomatic muscle mass quantification. CT, computed tomography.
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used for missing data. Analyses were performed using SPSS
Statistics software (version 29.0, IBM).

RESULTS

Patient characteristics

Between January 2020 and December 2022, a total of
103 patients of both sexes underwent surgery for empyema
at our department. In 97 of those cases, appropriate preop-
erative CT scans were available for analysis. A total of
97 patients were included in the study and patient character-
istics are shown in Table 1. The median patient age was

68 years. Most patients were male (70.2%) and were catego-
rized as American Society of Anesthesiologists’ physical sta-
tus class 3 (53.6%). A substantial number of the patients
were active smokers at the time of empyema diagnosis
(40.2%). History of malignant disease was seen in 27.8% of
the cases, similar proportions had congestive heart failure
(23.7%) and type 2 diabetes (24.7%). The presumed etiology
of pleural empyema was parapneumonic in most
cases (50.0%).

Surgical procedures

Data on surgery are presented in Table 2. Minimally inva-
sive surgery was feasible in 62.9% of the cases, while primary
open surgery or conversion from video-assisted thoraco-
scopic surgery to thoracotomy was needed in 37.1% of the
patients. The most common surgical procedure was com-
plete drainage and decortication of the lung (79.4%). A less
radical approach with pleurolysis, drainage and partial
decortication was used in 14.4% of the patients. The vast

T A B L E 1 Patient characteristics.

Variable n / % / median % / IQR

Male 70 72.2

Age (years) 68 60–79

BMI (kg/m2) 25.1 21.9–28.9

Current smoker 35 40.2

COPD 14 14.4

Malignant disease 27 27.8

Congestive heart failure 23 23.7

Dialysis 8 8.2

Diabetes 24 24.7

ASA

1 1 1.0

2 8 8.2

3 52 53.6

4 34 35.1

5 2 2.1

Preoperative laboratory data

Hb (13.5–17.5 g/dL) 9.8 9.1–11.6

Thrombocytes (150–360 /nL) 340 246–478

Leucocytes (x109/L) 11.5 8.1–16.6

CRP (mg/L) 161 106–251

Creatinine (mg/dL) 0.8 0.6–1.1

INR 1.3 1.1–1.4

Total protein (g/L) 64 58–71

Bilirubin (mg/dL) 0.50 0.40–0.88

ASAT (U/L) 27 21–46

ALAT (U/L) 19 10–30

Empyema etiology

Parapneumonic 48 50.0

Postoperativea 22 22.9

Other 26 27.1

Abbreviations: ALAT, alanine aminotransferase; ASA, American Society of
Anesthesiologists; ASAT, aspartate aminotransferase; BMI, body mass index; COPD,
chronic obstructive pulmonary disease; CRP, C-reactive protein; Hb, hemoglobin;
INR, international normalized ratio; IQR, interquartile range.
aAfter previous thoracic, cardiac or abdominal surgery.

TAB L E 2 Data on surgery.

Variable n / % / median % / IQR

Type of surgery

VATS 61 62.9

Thoracotomy 36 37.1

Conversion (VATS to thoracotomy) 25 25.8

Surgical procedure

Extended decortication 77 79.4

Pleurolysis and drainage 14 14.4

Thoracostomy 4 4.1

Lung resection 2 2.1

Empyema stage

1 8 8.2

2 34 35.1

3 55 56.7

Surgical outcomes

Length of surgery (min) 84 52–137

Length of stay (days) 13 7–21

Chest tube duration (days) 6 5–11

Pathogen detection 48 49.9

Blood transfusion 28 29.2

Morbidity and mortality

Reoperation 29 29.9

Reintervention 42 43.3

Post anesthetic care unit 60 61.9

Intensive care (TM&M grade IV) 19 19.6

Hospital readmission 16 19.0

Mortality 13 13.4

Abbreviations: IQR, interquartile range; TM&M, thoracic morbidity and mortality
score; VATS, video-assisted thoracoscopic surgery.
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majority of patients were diagnosed intraoperatively to have
stage 2 or stage 3 empyema (91.8%). The median length of
surgery was 84 min, and the median length of chest tube
duration and hospital stay were 6 and 13 days, respectively.
Nearly one-third of the patients (29.2%) required periopera-
tive blood transfusions.

Morbidity and mortality

Two-thirds of the patients (61.9%) were monitored on
high dependency or intensive care units postoperatively.

Intensive care unit management for potentially life-
threatening conditions was required in 19.6% of the
cases. After surgery, nearly half of the patients under-
went reintervention (43.3%) and surgical revision was
performed in 29.9% of the cases. The indication for rein-
tervention or surgical revision depended on the clinical
condition of the patient and included cases with postop-
erative pleural effusion, empyema recurrence or postoper-
ative abscess or hemothorax. The in-hospital mortality
rate was 13.4%. Of the 84 patients who were able to be
discharged from the hospital, 19.0% were readmitted
with postoperative complications.

T A B L E 3 Factors for in-hospital mortality in univariable and multivariable analysis.

Variable

Univariable Multivariable

p-value p-value Odds ratio (95% CI)

TSMI 0.020* 0.038* 0.933 (0.875–0.996)

Thrombocytes 0.027* 0.031* 0.944 (0.988–0.999)

ASA 0.007* 0.224

Total protein 0.046* 0.099

Age 0.070

BMI 0.916

Gender 1.000

COPD 0.091

Current smoker 0.750

Malignant disease 0.506

Chronic heart failure 0.290

Diabetes 1.000

Dialysis 0.072

CRP 0.379

Leukocytes 0.727

Creatinine 0.318

Bilirubin 0.994

ASAT 0.090

ALAT 0.282

INR 0.383

Hb 0.475

Empyema stage 0.214

Empyema etiology 0.935

Type of surgery (VATS vs. open) 0.066

Length of surgery 0.205

Surgical procedure 0.173

Pathogen detection 0.553

Blood transfusion 0.190

Reintervention 0.069

Reoperation 1.000

Note: Variables with statistical significance in univariable analysis (T4MI, thrombocytes, ASA classification, total protein) were entered into the multivariable model. In the
multivariable analysis, only T4MI and thrombocytes remained in the model as independent risk factors. Asterisks (*) indicate statistical significance.
Abbreviations: ALAT, alanine aminotransferase; ASA, American Society of Anesthesiologists’ physical status classification; ASAT, aspartate aminotransferase; BMI, body mass
index; CI, confidence interval; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; Hb, hemoglobin; INR, international normalized ratio; IQR, interquartile
range; TSMI, skeletal muscle mass index at the fourth thoracic vertebra; VATS, video-assisted thoracoscopic surgery.
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Risk factors for in-hospital mortality

Several potential clinical risk factors were investigated with
regard to postoperative mortality. Table 3 lists these parame-
ters together with the results of univariable and multivari-
able analyses. In univariable analyses, low values for
preoperative TSMI (p = 0.020), low preoperative thrombo-
cyte levels (p = 0.027), low preoperative levels of total
serum protein (p = 0.046) and higher preoperative ASA
category (p = 0.007) were statistically significant risk factors
for postoperative mortality. When multivariable analysis
was performed, only TSMI (p = 0.038, OR 0.933, 95% CI:
0.875–0.996) and thrombocytes (p = 0.031, OR 0.944, 95%
CI: 0.988–0.999) remained in the statistical model as inde-
pendent prognostic factors for postoperative mortality.

DISCUSSION

To the best of our knowledge, this is the first study to evalu-
ate skeletal muscle mass as a prognostic factor in patients
with pleural empyema. The main finding was that a low
TSMI was an independent risk factor for mortality in a
cohort of 97 consecutive surgical patients. With the wide-
spread availability of chest CT scans in empyema patients,
TSMI may be useful for risk stratification in this disease
with persistently high morbidity and mortality. Given the
rapid adoption of automated image analysis tools, TSMI can
easily and quickly be determined in clinical practice, turning
it into a value-added biomarker from opportunistic CT
screening.15

Further studies are needed to evaluate whether TSMI
can be used to select empyema patients that may benefit
from upfront surgery versus those in whom a step-up
approach with preoperative patient optimization followed
by surgery is advisable.

Our data confirm that pleural empyema is a disease
associated with high morbidity and mortality.

The postoperative reintervention rate was 43.3%, and
19.6% of the patients required therapy on an intensive care
unit (TM&M Grade IV). The in-hospital mortality rate was
13%. These findings are consistent with previously pub-
lished data of patients with pleural space infections, which
reported mortality rates ranging from 10% to 20%.5,6,20 A
recent, large retrospective analysis by Bobbio et al. observed
a mortality rate of 17.1% in a large cohort of 25 512 hospi-
talizations for pleural empyema.6

The baseline characteristics of the patients in our cohort
are comparable with the literature. As in previous analyses,
we investigated an elderly cohort (median age 68 years) with
a male predominance (72.2%) and parapneumonic (50.0%)
and postoperative (23.9%) empyema as the most common
etiologies.1,6 Regarding the surgical approach, previous
results are very variable with conversion rates (minimally
invasive to open surgery) of up to 61%.21–23 We observed a
rate of 37.1% of primary open or converted to open
procedures.

Several previous studies have identified factors associ-
ated with poor outcomes in empyema patients. The recent,
large French national database analysis by Bobbio et al.
found lung resection and diagnosis of cancer as risk factors
for mortality. However, sarcopenia or SMI were not investi-
gated in this study.6 Based on data from previous retrospec-
tive analyses and on the MIST1 and 2 trials, Rahman et al.
developed a risk score (RAPID) containing the parameters
urea, age, fluid purulence, source of infection and diet.4,20,24

This score has been validated by the same research group;
however, prospective data on the use of the RAPID score in
the management of patients with empyema are not yet
available.25

What our study adds is that TSMI may be an indepen-
dent predictor of mortality in empyema patients. As mortal-
ity is closely linked to complications, low TSMI might also
be useful in anticipating adverse events in these patients,
although this cannot be concluded from the results of our
present study. The relevance of TSMI for clinical outcomes
in pleural empyema does not seem far-fetched. Previously,
low SMI as a surrogate marker for sarcopenia has been
linked to reduced overall survival in oncology patients and
to an increased risk of complications in surgery.11,26,27

The central goal of research on clinical risk factors is to
identify those parameters that can be modified to positively
impact patient outcomes. The recognition of sarcopenia as a
key player this regard has contributed to the widespread
adoption of preoperative patient optimization protocols, for
example, in the treatment of inflammatory bowel diseases,
and encouraged the roll-out of structured prehabilitation
programs in elective surgery and oncology alike. Such pro-
grams have been shown to reduce complications and
improve survival.28,29 As an example, in surgery for Crohn’s
disease, it is good clinical practice to identify patients with
bad nutritional status and sarcopenia and, if possible, post-
pone surgery in favor of preoperative patient optimization
including antibiotics, interventional drainage and enteral
and parenteral nutritional therapy.30 Similarly, TSMI evalu-
ation could contribute to risk stratification in empyema
patients planned for decortication and help to separate
patients suitable for upfront surgery from high-risk patients
where bridging to surgery with antibiotics, interventional
drainage and nutritional therapy might be advisable. This
approach is also supported by one of the few current guide-
lines on the subject.31

Furthermore, in case of surgery, TSMI could also guide
the decision-making process on the optimal surgical
approach, for example, primary (open) complete decortica-
tion versus primary minimally invasive partial decortication.
These questions are particularly interesting as there is still
an ongoing debate whether empyema patients benefit from
early surgical intervention as a first-line strategy or whether
surgery should follow if conservative management fails.32–34

There were several limitations to this study. It was a sin-
gle center retrospective analysis, which carries an inherent
risk of bias and limits the validity of the findings. There may
be unknown factors that were not assessed. The number of
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patients did not allow the analysis of all subgroups of inter-
est. Moreover, the number of patients with mortality was
low, which limits the statistical significance of the results.
Regarding SMI, in most studies, muscle mass was measured
at the level of the third lumbar vertebral body (L3). As
abdominal imaging including L3 is often not available in
thoracic patients, we determined TSMI measuring muscle
mass at the level of the fourth thoracic vertebral body, as
previously described.13,35 However, TSMI is not only a sur-
rogate marker for sarcopenia, but also indicates the muscle
mass available for respiration. Therefore, beyond the adverse
effects of sarcopenia in general, low TSMI may have a direct
impact on pulmonary function and increase disease
severity.36

To the best of our knowledge, this is the first analysis of
thoracic skeletal muscle mass as a prognostic factor in
patients with pleural empyema. TSMI was a significant risk
factor for mortality in the overall cohort. Due to the wide
availability of preoperative CT scans and automated image
analysis tools, TSMI as a value-added opportunistic bio-
marker may be suitable for risk stratification in patients with
pleural empyema. This may have further implications for
the selection of the best treatment strategy for a patient
group with relevant mortality.

AUTHOR CONTRIBUTIONS
All authors had full access to the data in the study and
take responsibility for the integrity of the data and the
accuracy of the data analysis. Christian Galata: Concep-
tualization, methodology, validation, formal analysis,
investigation, data curation, writing—original draft and
visualization. Philipp Schiller: Conceptualization, method-
ology, validation, formal analysis, investigation, data cura-
tion, writing—original draft and visualization. Lukas
Müller: Conceptualization, methodology, software, valida-
tion, investigation, writing—review and editing and visu-
alization. Ioannis Karampinis: Conceptualization,
methodology, validation, writing—review and editing.
Davor Stamenovic: Conceptualization, methodology, vali-
dation, writing—review and editing. Roland Buhl: Con-
ceptualization, resources, writing—review and editing,
supervision and project administration. Michael Kreuter:
Conceptualization, resources, writing—review and editing,
supervision and project administration. Eric Dominic
Roessner: Conceptualization, resources, writing—review
and editing, supervision and project administration.

ACKNOWLEDGMENT
Open Access funding enabled and organized by Pro-
jekt DEAL.

CONFLICT OF INTEREST STATEMENT
The authors report no conflict of interest.

ORCID
Christian Galata https://orcid.org/0000-0001-9898-7154
Davor Stamenovic https://orcid.org/0000-0003-3302-3471

REFERENCES
1. Arnold DT, Hamilton FW, Morris TT, Suri T, Morley A, Frost V,

et al. Epidemiology of pleural empyema in English hospitals and the
impact of influenza. Eur Respir J. 2021;57(6):2003546.

2. Grijalva CG, Zhu Y, Nuorti JP, Griffin MR. Emergence of parapneu-
monic empyema in the USA. Thorax. 2011;66(8):663–8.

3. Davies HE, Davies RJO, Davies CWH, BTS Pleural Disease Guideline
Group. Management of pleural infection in adults: British Thoracic
Society pleural disease guideline 2010. Thorax. 2010;65(Suppl 2):
ii41–53.

4. Rahman NM, Maskell NA, West A, Teoh R, Arnold A, Mackinlay C,
et al. Intrapleural use of tissue plasminogen activator and DNase in
pleural infection. N Engl J Med. 2011;365(6):518–26.

5. Farjah F, Symons RG, Krishnadasan B, Wood DE, Flum DR. Manage-
ment of pleural space infections: a population-based analysis. J Thorac
Cardiovasc Surg. 2007;133(2):346–351.e1.

6. Bobbio A, Bouam S, Frenkiel J, Zarca K, Fournel L, Canny E, et al.
Epidemiology and prognostic factors of pleural empyema. Thorax.
2021;76(11):1117–23.

7. Salahuddin M, Ost D, Hwang H, Jimenez C, Saltijeral S, Eapen G,
et al. Clinical risk factors for death in patients with empyema and
active malignancy. Cureus. 2023;15(4):e37545.

8. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T,
Landi F, et al. Sarcopenia: European consensus on definition and diag-
nosis: report of the European working group on sarcopenia in older
people. Age Ageing. 2010;39(4):412–23.

9. Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyère O, Cederholm T,
et al. Sarcopenia: revised European consensus on definition and diag-
nosis. Age Ageing. 2019;48(1):16–31.

10. Mathur S, Rodrigues N, Mendes P, Rozenberg D, Singer LG. Com-
puted Tomography–Derived Thoracic Muscle Size as an Indicator of
Sarcopenia in People With Advanced Lung Disease. Cardiopulm Phys
Ther J. 2017;28(3):99–105.

11. Galata C, Hodapp J, Weiß C, Karampinis I, Vassilev G, Reißfelder C,
et al. Skeletal muscle mass index predicts postoperative complications
in intestinal surgery for Crohn’s disease. J Parenter Enteral Nutr.
2020;44(4):714–21.

12. Attaway AH, Welch N, Yadav R, Bellar A, Hatipo�glu U, Meli Y, et al.
Quantitative computed tomography assessment of pectoralis and erec-
tor spinae muscle area and disease severity in chronic obstructive pul-
monary disease referred for lung volume reduction. COPD: J Chron
Obstruct Pulmon Dis. 2021;18(2):191–200.

13. Moon SW, Choi JS, Lee SH, Jung KS, Jung JY, Kang YA, et al. Tho-
racic skeletal muscle quantification: low muscle mass is related with
worse prognosis in idiopathic pulmonary fibrosis patients. Respir Res.
2019;20(1):35.

14. Watanabe K, Kinoshita F, Takenaka T, Nagano T, Oku Y, Kosai K,
et al. Skeletal muscle area predicts the outcomes of non-small-cell lung
cancer after trimodality therapy. Interdisciplinary CardioVascular and
thoracic. Surgery. 2023;36(2):ivad020.

15. Pickhardt PJ. Value-added opportunistic CT screening: state of the
art. Radiology. 2022;303(2):241–54.

16. Seely AJE, Ivanovic J, Threader J, Al-Hussaini A, Al-Shehab D,
Ramsay T, et al. Systematic classification of morbidity and mortality
after thoracic surgery. Ann Thorac Surg. 2010;90(3):936–42. discus-
sion 942.

17. Moon SW, Kim SY, Choi JS, Leem AY, Lee SH, Park MS, et al. Tho-
racic skeletal muscle quantification using computed tomography and
prognosis of elderly ICU patients. Sci Rep. 2021;11(1):23461.

18. Moon SW, Lee SH, Woo A, Leem AY, Lee SH, Chung KS, et al. Refer-
ence values of skeletal muscle area for diagnosis of sarcopenia using
chest computed tomography in Asian general population. J Cachexia
Sarcopenia Muscle. 2022;13(2):955–65.

19. Fedorov A, Beichel R, Kalpathy-Cramer J, Finet J, Fillion-Robin JC,
Pujol S, et al. 3D slicer as an image computing platform for the quan-
titative imaging network. Magn Reson Imaging. 2012;30(9):1323–41.

20. Rahman NM, Kahan BC, Miller RF, Gleeson FV, Nunn AJ,
Maskell NA. A clinical score (RAPID) to identify those at risk for poor

1206 GALATA ET AL.

 17597714, 2024, 15, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/1759-7714.15307 by U

niversitätsbibliothek M
ainz, W

iley O
nline L

ibrary on [29/08/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0001-9898-7154
https://orcid.org/0000-0001-9898-7154
https://orcid.org/0000-0003-3302-3471
https://orcid.org/0000-0003-3302-3471


outcome at presentation in patients with pleural infection. Chest.
2014;145(4):848–55.

21. Scarci M, Abah U, Solli P, Page A, Waller D, van Schil P, et al. EACTS
expert consensus statement for surgical management of pleural empy-
ema. Eur J Cardiothorac Surg. 2015;48(5):642–53.

22. Chan DTL, Sihoe ADL, Chan S, Tsang DSF, Fang B, Lee TW, et al.
Surgical treatment for empyema Thoracis: is video-assisted thoracic
surgery “better” than thoracotomy? Ann Thorac Surg. 2007;84(1):
225–31.

23. Cardillo G, Carleo F, Carbone L, Di Martino M, Salvadori L,
Petrella L, et al. Chronic postpneumonic pleural empyema: compara-
tive merits of thoracoscopic versus open decortication. Eur J Cardi-
othorac Surg. 2009;36(5):914–8.

24. Maskell NA, Davies CWH, Nunn AJ, Hedley EL, Gleeson FV,
Miller R, et al. Controlled trial of Intrapleural streptokinase for pleural
infection. N Engl J Med. 2005;352(9):865–74.

25. Corcoran JP, Psallidas I, Gerry S, Piccolo F, Koegelenberg CF, Saba T,
et al. Prospective validation of the RAPID clinical risk prediction score
in adult patients with pleural infection: the PILOT study. Eur Respir J.
2020;56(5):2000130.

26. Kemper M, Molwitz I, Krause L, Reeh M, Burdelski C, Kluge S, et al.
Are muscle parameters obtained by computed tomography associated
with outcome after esophagectomy for cancer? Clin Nutr. 2021;40(6):
3729–40.

27. Yao J, Zhou X, Yuan L, Yun NL, Zhang A, Shi H, et al. Prognos-
tic value of the third lumbar skeletal muscle mass index in
patients with liver cirrhosis and ascites. Clin Nutr. 2020;39(6):
1908–13.

28. Halliday LJ, Boshier PR, Doganay E, Wynter-Blyth V, Buckley JP,
Moorthy K. The effects of prehabilitation on body composition in
patients undergoing multimodal therapy for esophageal cancer. Dis
Esophagus. 2023;36(2):doac046.

29. Hughes M, Hackney R, Lamb P, Wigmore S, Deans C, Skipworth R.
Prehabilitation before major abdominal surgery: a systematic review
and meta-analysis. Int J Surg. 2018;55:S5.

30. Reindl W, Thomann AK, Galata C, Kienle P. Reducing perioperative
risks of surgery in Crohn’s disease. Visc Med. 2019;35(6):348–54.

31. Roberts ME, Rahman NM, Maskell NA, Bibby AC, Blyth KG,
Corcoran JP, et al. British thoracic society guideline for pleural dis-
ease. Thorax. 2023;78(Suppl 3):s1–s42.

32. Shen KR, Bribriesco A, Crabtree T, Denlinger C, Eby J, Eiken P, et al.
The American Association for Thoracic Surgery consensus guidelines
for the management of empyema. J Thorac Cardiovasc Surg. 2017;
153(6):e129–46.

33. Waller DA, Rengarajan A, Nicholson FHG, Rajesh PB. Delayed refer-
ral reduces the success of video-assisted thoracoscopic debridement
for post-pneumonic empyema. Respir Med. 2001;95(10):836–40.

34. Chaddha U, Agrawal A, Feller-Kopman D, Kaul V, Shojaee S,
Maldonado F, et al. Use of fibrinolytics and deoxyribonuclease in
adult patients with pleural empyema: a consensus statement. Lancet
Respir Med. 2021;9(9):1050–64.

35. Nemec U, Heidinger B, Sokas C, Chu L, Eisenberg RL. Diagnosing
sarcopenia on thoracic computed tomography. Acad Radiol. 2017;
24(9):1154–61.

36. Sawaya Y, Ishizaka M, Kubo A, Shiba T, Hirose T, Onoda K, et al.
Association between skeletal muscle mass index and lung
function/respiratory muscle strength in older adults requiring long-
term care or support. J Phys Ther Sci. 2020;32(11):754–9.

How to cite this article: Galata C, Schiller P,
Müller L, Karampinis I, Stamenovic D, Buhl R, et al.
Thoracic skeletal muscle mass predicts mortality in
patients with surgery for pleural empyema: A case
control study. Thorac Cancer. 2024;15(15):1201–7.
https://doi.org/10.1111/1759-7714.15307

GALATA ET AL. 1207

 17597714, 2024, 15, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/1759-7714.15307 by U

niversitätsbibliothek M
ainz, W

iley O
nline L

ibrary on [29/08/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1111/1759-7714.15307

	Thoracic skeletal muscle mass predicts mortality in patients with surgery for pleural empyema: A case control study
	INTRODUCTION
	METHODS
	Patients
	Data acquisition
	Thoracic skeletal muscle mass quantification
	Statistical analysis

	RESULTS
	Patient characteristics
	Surgical procedures
	Morbidity and mortality
	Risk factors for in-hospital mortality

	DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENT
	CONFLICT OF INTEREST STATEMENT
	REFERENCES


