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Simple Summary: Elderly patients have a higher risk of developing pneumonia due to a decrease
in the swallowing function and the effectiveness of coughing. Sarcopenia is an age-related decrease
in muscle mass and strength. We investigated the association between sarcopenia and incidence
of pneumonia after endoscopic submucosal dissection (ESD) in patients aged ≥65 years. Patients
with (n = 1571) and without sarcopenia (n = 1718) who underwent ESD for gastric neoplasm were
included. Propensity score matching (PSM) was performed between the groups at a 1:1 ratio. The
primary endpoint was the effect of sarcopenia on the incidence of pneumonia after ESD. Patients
with sarcopenia had an increased risk of developing pneumonia after ESD, even after adjusting
for other factors, resulting in a higher incidence of leukocytosis and a longer duration of post-ESD
hospitalization. The combination of sarcopenia and age ≥73 years could be an effective predictive
factor for screening high-risk groups for pneumonia after ESD.

Abstract: We aimed to investigate the association between sarcopenia and incidence of pneumonia
after endoscopic submucosal dissection (ESD) in patients aged ≥65 years. Patients with (n = 1571)
and without sarcopenia (n = 1718) who underwent ESD for gastric neoplasm were included. Propen-
sity score matching (PSM) was performed between the groups (n = 785) at a 1:1 ratio. The primary
endpoint was the effect of sarcopenia on the incidence of pneumonia after ESD. Among the in-
cluded patients, 2.2% (n = 71) developed pneumonia after ESD. After PSM, the incidence rate of
pneumonia was significantly higher in patients with sarcopenia than that in patients without sar-
copenia (p = 0.024). Sarcopenia and age ≥73 years were significantly associated with the incidence
of pneumonia (sarcopenia and age <73 years, odd ratio (OR) = 1.22 [95% confidence interval (CI):
0.46–3.22]; sarcopenia and age ≥73 years, OR = 3.92 [95% CI: 1.79–8.74]). Patients with sarcopenia
had an increased risk of developing pneumonia after ESD, even after adjusting for other factors,
resulting in a higher incidence of leukocytosis and a longer duration of post-ESD hospitalization. The
combination of sarcopenia and age ≥73 years could be an effective predictive factor for screening
high-risk groups for pneumonia after ESD.

Keywords: endoscopic submucosal dissection; pneumonia; sarcopenia; old age; sedation; hospital stay

1. Introduction

Endoscopic submucosal dissection (ESD) is considered less invasive and more effective
than gastric resection for the treatment of gastric neoplasms in elderly patients [1–4]. ESD
enables en bloc complete resection of superficial gastrointestinal neoplasms, which is
beneficial for accurate histopathologic examination [5–7]. However, ESD must be performed
cautiously as it can result in adverse effects, such as perforation, bleeding, and pneumonia,
leading to clinically worse outcomes that require additional management [8–10].
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Pneumonia, an adverse effect that can develop following ESD, can be a fatal com-
plication in old age. Approximately 2.2–11% of patients undergoing ESD develop post-
procedural aspiration pneumonia [11,12]. Deep sedation, procedure time over 2 h, old age
(>75 years), male sex, and the presence of cerebrovascular disease are some of the known
risk factors for pneumonia after ESD [12]. In particular, elderly patients are at a higher risk
of developing aspiration pneumonia due to longer operation time and decreased gag re-
flex [13]. Aspiration pneumonia is basically caused by impairments in the swallowing and
cough reflex [14,15]. The strength and quality of the swallowing and respiratory muscles
tends to decrease with aging [16,17]. This decline reduces the swallowing function and
the effectiveness of coughing, which hinders the clearing of the airways. Muscle mass and
strength decrease with aging; this phenomenon is known as sarcopenia [14,18].

Sarcopenia is the age-related progressive loss of skeletal muscle mass, in addition
to the decrease in muscle strength, and also causes weakness in the respiratory muscles,
such as the diaphragm and intercostal muscles [18,19]. Sarcopenia in the swallowing
and respiratory muscles can be a risk factor for developing pneumonia in old age. In
addition, sarcopenia is associated with physical disability, injury, and mortality and is an
independent risk factor for postoperative complications in patients undergoing radical
gastrectomy [20]. Some reports have described the effect of sarcopenia on the incidence
of pneumonia after ESD in elderly patients. However, most of these reports involve
small sample sizes or focus on very elderly individuals, and thus, the relationship has
not been conclusively established [14,21–23]. Therefore, this retrospective study aimed to
investigate the association between sarcopenia and the incidence of pneumonia after ESD
in elderly patients.

2. Materials and Methods
2.1. Study Population and Design

This single-center, retrospective study included patients aged ≥65 years who under-
went preoperative abdominal computed tomography (CT) and ESD for gastric neoplasm
under anesthesiologist-directed sedation between September 2010 and May 2020. Patients
with incomplete data and patients in whom ESD was discontinued due to severe fibrosis,
advanced lesions, and ambiguous lesions were excluded from this study. Based on the
presence of sarcopenia, patients were divided into two groups: Sarcopenia and No sar-
copenia groups. Propensity score matching (PSM) was performed to match patients with
sarcopenia (sarcopenia group) and without sarcopenia (No sarcopenia group) at a ratio of
1:1, using the following covariates: age, body mass index (BMI), sex, chronic obstructive
pulmonary disease (COPD), old tuberculosis, procedure time, gross type of legion, and
submucosal fibrosis.

2.2. Measurements and Definitions of Sarcopenia

The skeletal muscle mass was measured by a radiologist at the level of the third lumbar
vertebra (L3) on a transverse, cross-sectional CT image obtained during preoperative
staging workup [24]. Skeletal muscle mass was quantified using Hounsfield units (HU)
with thresholds of −29 HU to 150 HU using a commercially available imaging software
(Aquarius Intuition version 4.4.12, TeraRecon Inc., San Mateo, CA, USA) [25–27]. The
measured areas (cm2) were normalized for height (m2) and were defined as the skeletal
muscle index (SMI). [28,29] Sarcopenia at baseline was defined as an SMI ≤ 53.4 cm2/m2

for men and ≤38.5 cm2/m2 for women in accordance with the criteria used in the study by
Prado et al. [26].

2.3. Data Collection

Data on the general characteristics of the patients (age, sex, BMI, SMI, underlying
diseases, American Society of Anesthesiologists physical status, smoking history, and alco-
hol history), procedure characteristics (procedure and recovery time, gross type of lesion,
location of the lesion, type of resection, tumor size, and submucosal fibrosis), post-ESD
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complications (fever, leukocytosis, antibiotics use, pneumonia, perforation, and duration of
post-ESD hospitalization), and sedation by anesthesiologist were collected. Diagnosis of
pneumonia were defined as those who showed the presence of new or progressive lung
infiltrates or consolidation in chest radiography and received antibiotics treatment [30].

2.4. Statistical Analysis

Continuous variables are presented as the mean ± standard deviation, and categorical
variables are presented as the counts and proportions of patients. Group comparisons
were performed using Student’s t-test for continuous variables and Chi-squared test or
Fisher’s exact test for categorical variables, as appropriate. Logistic regression was used to
investigate the relationship between sarcopenia and three dependent variables: pneumonia,
fever, and leukocytosis. As the data were collected retrospectively, PMS was performed to
achieve a balanced distribution of patient characteristics between the two groups and to
adjust for the effects of confounding factors. The propensity score was calculated by the
logistic regression model, in which the group was regressed according to age, sex, BMI,
COPD, old tuberculosis, procedure time, gross type of lesion, and submucosal fibrosis. The
patients were matched at a 1:1 ratio using the caliper matching method within 0.20 of the
standard deviation of the logit of the propensity score. Paired t-test, McNemar’s test, and
conditional logistic regression were used for the matched data. The optimal cutoff value for
age was determined using the Youden index method on receiver operating characteristics
(ROC) curve. p-values were two-sided and p < 0.05 was considered statistically significant.
Statistical procedures were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA)
and R package (v. 4.0.4, http://www.r-project.org/ accessed on 1 July 2022) software.

2.5. Ethical Statement

This single-center, retrospective study was conducted after obtaining approval from
the Institutional Review Board and Hospital Research Ethics Committee of the Yonsei
University Health System, Seoul, Republic of Korea (IRB protocol No. 4-2020-1395) for
retrospective data collection. The requirement for informed consent was waived by the IRB
owing to the retrospective nature of the anonymous data. This study was conducted in
accordance with the current version of the Declaration of Helsinki.

3. Results

Among the 3313 patients identified initially, 13 patients with severe fibrosis, 6 patients
with advanced lesions, 1 patient with ambiguous lesions, and 4 patients with incomplete
data were excluded. Thus, 3289 patients were included in the analysis, among whom 1571
had sarcopenia. PSM was performed to match patients with and without sarcopenia at a
1:1 ratio (785 and 785, respectively) (Figure 1).

In the analysis of all patients, the incidence rate of pneumonia after ESD was 2.2%
(71/3289 patients). The demographic and clinical characteristics of the patients were
shown in Table 1. Compared to the patients without pneumonia, patients with pneumonia
were more likely to have older age, male sex, and sarcopenia (p = 0.010, 0.003, and 0.015,
respectively). The incidence of fever, leukocytosis, antibiotic use, and a longer duration of
post-ESD hospitalization was more frequent in patients who developed pneumonia than
that in those without pneumonia (p < 0.001, each). All patients were treated with medication,
which was effective for all of them. Among the 3218 patients without pneumonia, 1527
patients had sarcopenia (48%). Among the 71 patients with pneumonia, 44 patients had
sarcopenia (62%).

http://www.r-project.org/
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Figure 1. Flow diagram of patient selection. ESD, endoscopic submucosal dissection; BMI, body
mass index; COPD, chronic obstructive pulmonary disease.

Table 1. Patient characteristics.

Variable No Pneumonia
(n = 3218)

Pneumonia
(n = 71) p-Value

Age, years 72 ± 5 74 ± 5 0.010 *
Male sex 2301 (72) 62 (87) 0.003 *

ASA physical status 0.316
I 668 (21) 13 (18)
II 1801 (56) 36 (51)
III 749 (23) 22 (31)

Current smoker 1094 (34) 27 (38) 0.478
Alcohol history 1558 (48) 41 (58) 0.120
Comorbidities
Hypertension 1796 (56) 40 (56) 0.930

Diabetes mellitus 769 (24) 17 (24) 0.993
Hepatitis 95 (3) 1 (1) 0.723
Asthma 80 (2.5) 1 (1.4) >0.999

Bronchiectasis 7 (0.2) 0 (0) >0.999
COPD 24 (0.8) 1 (1.4) 0.422

Old tuberculosis 188 (5.8) 4 (5.6) >0.999
Pneumoconiosis 1 (0.03) 0 (0) >0.999

Body mass index, kg/m2 24.1 ± 3.0 24.7 ± 3.3 0.107
Skeletal muscle index,

cm2/m2 48.9 ± 7.9 49.4 ± 7.9 0.582

Procedure time, min 43 ± 30 51 ± 44 0.155
Recovery time, min 25 ± 10 29 ± 18 0.084

Tumor size, mm 15.8 ± 9.7 17.9 ± 10.3 0.088
Gross type of lesion 0.812

Elevated 2432 (76) 52 (73)
Flat 415 (13) 11 (15)

Depressed 371 (12) 8 (11)
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Table 1. Cont.

Variable No Pneumonia
(n = 3218)

Pneumonia
(n = 71) p-Value

Location of lesion 0.075
Upper 387 (12) 3 (4)
Middle 738 (23) 14 (20)
Lower 2093 (65) 54 (76)

En block resection 3113 (97) 68 (96) 0.506
Submucosal fibrosis 817 (25) 17 (24) 0.782

Sedation by anesthesiologist 3014 (94) 71 (100) 0.021 *
Fever 444 (14) 60 (85) <0.001 *

Leukocytosis 1135 (35) 65 (92) <0.001 *
Antibiotics use 821 (26) 71 (100) <0.001 *

Perforation 44 (1) 3 (4) 0.080
Pneumonia

Rt 0 (0) 4 (6) <0.001 *
Lt 0 (0) 60 (85) <0.001 *

Both 0 (0) 7 (10) <0.001 *
Sarcopenia 1527 (48) 44 (62) 0.015 *

Post-ESD hospital stay, days 2.4 ± 1.0 7.8 ± 3.1 <0.001 *
Values are presented as the mean ± standard deviation or number of patients (proportion). * p < 0.05; ASA,
American Society of Anesthesiologists; ESD, endoscopic submucosal dissection; Chronic obstructive pulmonary
disease COPD.

The distributions of patients with and without sarcopenia were fairly uniform after
PSM (Figure 2).
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Figure 2. Distribution of the propensity scores of the patients with and without sarcopenia before
and after matching.

After matching, each group included 785 patients (Table 2). The SMI of the Sarcopenia
and No sarcopenia groups were 44.7 ± 6.1 cm2/m2 and 54.0 ± 7.0 cm2/m2, respectively. No
significant differences were observed between the baseline characteristics of the two groups,
except for the number of patients with hypertension. The incidence rate of pneumonia
was significantly higher in the Sarcopenia group than that in the No sarcopenia group
(p = 0.024). In addition, the duration of post-ESD hospitalization and the incidence of
leukocytosis and antibiotic use were higher in the Sarcopenia group than those in the No
sarcopenia group (p = 0.048, 0.026, and 0.012, respectively).
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Table 2. Demographic characteristics before and after matching in patients of with and without
sarcopenia.

Variables Before Matching After Matching

No
Sarcopenia
(n = 1718)

Sarcopenia
(n = 1571) p-Value

No
Sarcopenia

(n = 785)

Sarcopenia
(n = 785) p-Value

Age 71 ± 5 73 ± 5 <0.001 * 72 ± 5 72 ± 5 0.367
Male sex 1008 (59) 1355 (86) <0.001 * 604 (77) 602 (77) 0.891

ASA physical status 0.485 0.704
I 364 (21) 317 (20) 166 (21) 158 (20)
II 965 (56) 872 (56) 450 (57) 439 (56)
III 389 (23) 382 (24) 169 (22) 188 (24)

Current smoker 469 (27) 652 (42) <0.001 * 281 (36) 286 (36) 0.790
Alcohol history 689 (40) 910 (58) <0.001 * 397 (51) 409 (52) 0.537
Comorbidities
Hypertension 989 (58) 847 (54) 0.035 * 418 (53) 460 (59) 0.032 *

Diabetes mellitus 423 (25) 363 (23) 0.309 192 (24) 186 (24) 0.722
Hepatitis 55 (3) 41 (3) 0.314 24 (3) 24 (3) >0.999
Asthma 44 (3) 37 (2) 0.704 14 (2) 13 (2) 0.842

Bronchiectasis 5 (0.3) 2 (0.1) 0.456 2 (0.3) 1 (0.1) 0.564
COPD 8 (0.5) 17 (1.1) 0.042 * 4 (0.5) 7 (0.9) 0.366

Old tuberculosis 69 (4.0) 123 (7.8) <0.001 * 36 (4.6) 38 (4.8) 0.806
Pneumoconiosis 1 (0.1) 0 (0) >0.999 1 (0.1) 0 (0) 0.317

BMI, kg/m2 25.6 ± 2.9 22.9 ± 2.6 <0.001 * 24.1 ± 2.4 24.1 ± 2.4 0.723
SMI, cm2/m2 52.7 ± 7.8 44.8 ± 5.7 <0.001 * 54.0 ± 7.0 44.7 ± 6.1 <0.001 *

Procedure time 42 ± 31 45 ± 30 0.013 * 44 ± 32 44 ± 30 0.628
Recovery time 24.9 ± 10.6 24.9 ± 9.7 0.982 24.4 ± 9.6 25.0 ± 9.4 0.246

Tumor size, mm 15.8 ± 10.0 15.8 ± 9.4 0.874 15.9 ± 9.5 15.2 ± 8.8 0.121
Gross type of lesion 0.029 * 0.996

Elevated 1321 (77) 1163 (74) 595 (76) 596 (76)
Flat 197 (11) 229 (15) 99 (13) 98 (12)

Depressed 200 (12) 179 (11) 91 (12) 91 (12)
Location of lesion 0.081 0.405

Upper 194 (11) 196 (12) 101 (13) 88 (11)
Middle 372 (22) 380 (24) 187 (24) 177 (23)
Lower 1152 (67) 995 (63) 497 (63) 520 (66)

En block resection 1666 (97) 1515 (96) 0.387 760 (97) 765 (97) 0.446
Submucosal fibrosis 404 (24) 430 (27) 0.011 * 204 (26) 201 (26) 0.863

Sedation by anesthesiologist 1613 (94) 1472 (94) 0.822 738 (94) 737 (94) 0.916
Fever 246 (14) 258 (16) 0.094 96 (12) 120 (15) 0.078

Leukocytosis 599 (35) 601 (38) 0.044 * 265 (34) 303 (39) 0.048 *
Antibiotics use 446 (26) 446 (28) 0.118 179 (23) 217 (28) 0.026 *

Perforation 22 (1) 25 (2) 0.453 13 (2) 14 (2) 0.847
Pneumonia 27 (2) 44 (3) 0.015 * 10 (1) 23 (3) 0.024 *

Rt 1 (0) 3 (0) 0.354 1 (0) 1 (0) >0.999
Lt 24 (1) 36 (2) 0.556 7 (1) 19 (2) 0.019 *

Both 2 (0) 5 (0) 0.270 2 (0) 3 (0) 0.655
Post-ESD hospital stay 2 ± 1 3 ± 2 0.011 * 2 ± 1 3 ± 1 0.012 *

Values are presented as the mean ± standard deviation or number of patients (proportion). * p < 0.05; ASA,
American Society of Anesthesiologists; ESD, endoscopic submucosal dissection; BMI, body mass index; SMI,
skeletal muscle index; COPD, chronic obstructive pulmonary disease.

The optimal cutoff value of the age was 73, which was determined using the Youden
index method on the ROC curve (Figure 3).
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Figure 3. ROC curve analysis: the optimal cutoff value of age for pneumonia occurrence. ROC,
receiver operating characteristics; AUC, areas under the receiver operating characteristics curves *.

When patients were classified according to sarcopenia and age, the probabilities of
pneumonia were as follows: Sarcopenia and age <73 years, odd ratio (OR) = 1.22 [95%
confidence interval (CI): 0.46–3.22]; sarcopenia and age ≥73 years, OR = 3.92 [95% CI:
1.79–8.74] (Table 3).

Table 3. Incidence and odds ratio of pneumonia based on the presence of sarcopenia and age over 73.

Total Patients, n Pneumonia Incidence, n (%) Odds Ratio 95% CI p-Value

No sarcopenia 785 10 (1.3%) 1 (ref)

Sarcopenia and age < 73 453 7 (1.6%) 1.22 [0.46–3.22] 0.693

Sarcopenia and age ≥73 332 16 (4.8%) 3.92 [1.79–8.74] 0.001 *

CI, confidence interval. * p < 0.05.

Logistic regression revealed that sarcopenia was a significant risk factor for the inci-
dence of pneumonia and leukocytosis (Figure 4). The incidence of pneumonia and fever in
the Sarcopenia group was significantly higher than that in the No sarcopenia group before
PSM. After PSM, the sarcopenia group was associated with a significantly higher incidence
of pneumonia (pneumonia, OR: 2.30, 95% CI: 1.10–4.83, p < 0.028) and leukocytosis (OR:
1.23, 95% CI: 1.00–1.51, p < 0.049).
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mass index (BMI), sex, chronic obstructive pulmonary disease (COPD), old tuberculosis, procedure
time, gross type of legion, and submucosal fibrosis.

4. Discussion

This study is the first case-matched retrospective study to evaluate the effect of sar-
copenia on the incidence of pneumonia after ESD in patients over the age of 65 years. A sig-
nificantly higher incidence of pneumonia after ESD was observed in the Sarcopenia group.
Sarcopenia and age ≥73 years were predictive factors for the incidence of pneumonia after
ESD. A higher risk of pneumonia in the Sarcopenia group resulted in a higher incidence of
leukocytosis and antibiotic use and a longer duration of post-ESD hospitalization.

Aspiration pneumonia is one of the common post-procedure complications that can
prolong hospitalization and increase mortality [31]. However, the risk factors for aspiration
pneumonia after ESD have not been clearly identified [32]. According to the results of
the present study, the incidence of pneumonia was significantly higher (2.9%) in patients
with sarcopenia than that in those without sarcopenia (1.3%). Compared with the patients
in the No sarcopenia group, patients in the Sarcopenia group had a 2.3-fold higher risk
of developing pneumonia (p = 0.028). Previous studies have suggested old age, male
sex, current smoking, pulmonary disease, cerebrovascular disease, remnant stomach,
long procedural duration, and deep sedation as risk factors for aspiration pneumonia
after ESD [12,32]. However, lesion or procedure-related risk factors are usually observed
during the procedure, which makes the identification of high-risk patients before sedation
challenging. In contrast, preoperative evaluation usually includes abdomen CT, which also
provides lumbar muscle images. This makes sarcopenia more effective tool without extra
imaging evaluation.

Sarcopenia is a systemic change occurring with aging that is associated with physical
disability, injury, and mortality. With aging, changes in the regenerative capacity, protein
turnover, fat and fibrotic composition of the muscles, reactive oxygen species, mitochon-
dria function, and inflammation result in sarcopenia [33,34]. Although sarcopenia is an
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age-related issue, the cutoff age for sarcopenia-related complications is unknown. This
study included patients aged ≥65 years, several previous studies have observed possible
mechanisms of sarcopenia in patients aged ≥65 years. The postprandial amino acid avail-
ability, muscle perfusion, and digestive capacity are reduced in patients aged ≥65 years,
thereby increasing the risk of anabolic resistance [35]. In men aged ≥65 years, higher
testosterone levels were associated with reduced lean muscle loss and reduced visceral fat
redistribution [36]. In the present study, patients with both sarcopenia and age ≥73 years
had a 3.92-fold higher risk of developing pneumonia (p = 0.001). Therefore, patients aged
≥73 years with sarcopenia must be monitored carefully for pneumonia after ESD.

After matching, other than the SMI, hypertension differed significantly between the
two groups (p = 0.032). Hypertension is one of the risk factors for sarcopenia in the
elderly [37]. A previous study has suggested that hypertension alters the capillarization
of the muscle during aging, thereby affecting muscle function [38]. Therefore, the higher
incidence of hypertension in the Sarcopenia group can be attributed to the natural course
of the occurrence of sarcopenia.

The incidence of leukocytosis and antibiotic use was higher and the duration of post-
ESD hospitalization was longer in the Sarcopenia group. After matching, the Sarcopenia
group had a 1.23-fold higher incidence of leukocytosis (p < 0.049) (Figure 3). These could
be the results of the pneumonia. The incidence of fever was not statically significant in the
Sarcopenia group. Since fever is a non-specific symptom, the other causes of fever might
have affected the result.

This study has some limitations. This was a retrospective study; therefore, it was
susceptible to bias and other confounding factors. The baseline differences between the
Sarcopenia and No sarcopenia groups can confound the analyses of the incidence and
risk factors for pneumonia after ESD. PSM was performed to adjust the bias and other
confounding factors. Although the rates of hypertension were higher in the Sarcopenia
group even after matching, it can be attributed to the natural course of the development of
sarcopenia during aging as described above. Another limitation is that this study only used
the muscle mass from a cross-sectional area at the L3 level from CT images as the definition
of sarcopenia. Sarcopenia can be diagnosed in several ways by measuring muscle mass and
function, and CT images have limitations in diagnosing sarcopenia. This study is valuable
in that using CT images alone for the diagnosis of sarcopenia is clinically more effective in
the case of ESD as CT images are usually necessary for the evaluation of patients scheduled
to undergo ESD. However, further confirmation is required to identify the exact mechanism
and effect of sarcopenia on the occurrence of pneumonia after ESD.

5. Conclusions

In conclusion, patients with sarcopenia had an increased risk of developing pneumo-
nia after ESD, even after adjusting for other factors. A higher risk of developing pneumonia
results in a higher incidence of leukocytosis and a longer duration of post-ESD hospitaliza-
tion in the Sarcopenia group. The combination of sarcopenia and age ≥73 years could be
an effective predictive factor for screening groups at a high risk of developing pneumonia
after ESD. Thus, the execution of strategies to reduce aspiration pneumonia may be crucial
in patients aged >73 with sarcopenia, such as reduced duration of procedure and sedation,
maintaining the appropriate depth of sedation, and prevention of desaturation.
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