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Background: Few studies have investigated the relationship between
sarcopenia and postoperative pulmonary complications (PPCs) after gastric
cancer surgery. This study aimed to explore the impact of sarcopenia on
PPCs in patients who had undergone gastric cancer surgery.

Methods: We included patients who underwent a transabdominal radical
gastrectomy between June 2016 and October 2020. Patients were divided
into two groups according to the median prevalence rate of lumbar triplane
skeletal muscle index (L3 SMI): sarcopenia group (<37.5% percentile in male
and female group) and non-sarcopenia group (>37.5% percentile in male and
female group). Baseline characteristics, intraoperative and postoperative
conditions, pulmonary complications, and overall complications were
compared between the two groups. The primary outcome was the incidence
of PPCs. The secondary outcomes were overall postoperative complications
and length of stay (LOS).

Results: Among the 143 patients included, 50 had sarcopenia and 93 had not.
Compared to the non-sarcopenia group, the sarcopenia group had a higher
the incidence of PPCs (22.0% vs. 8.6%, P =0.024). The incidence of overall
postoperative complications in the sarcopenia group was higher than that in
the non-sarcopenia group (36.00% vs. 20.43%, P=0.043). There was no
significant difference in the LOS between the two groups.

Conclusions: Our research indicates that sarcopenia, preoperative
comorbidities, and longer duration of intraoperative oxygen saturation <95%
were risk factors for PPCs. Sarcopenia is an independent risk factor for
postoperative complications. Given that our results provided a correlation
rather than causation, future prospective randomized trials are needed to
confirm the relationship between sarcopenia and prognosis.

KEYWORDS
sarcopenia, skeletal muscle index (SMI), anesthesia, postoperative pulmonary
complications (PPCs), gastric cancer
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Introduction

Sarcopenia is a complex age-related syndrome characterized
by progressive and generalized loss of skeletal muscle mass and
function (1, 2), with the potential for physical disability, loss of
independence, and adverse consequences, such as death (3, 4).
The etiology of sarcopenia may be related to skeletal muscle
disuse, endocrine changes, chronic wasting disease, systemic
inflammatory responses, insulin resistance, and malnutrition
(5, 6). Excessive inflammatory responses and chronic wasting
disease largely contribute to sarcopenia, especially in patients
with cancer (7). Thus, sarcopenia and cancer are causally
related. Patients with gastric cancer usually have a certain
degree of anorexia and underlying metabolic changes such as
increased energy consumption, catabolism, and inflammation.
These direct effects are exacerbated by the combined effects of
chemotherapy and major gastrectomy, resulting in decreased
nutrient intake. Decreased nutritional intake in patients with
gastric cancer can further aggravate the occurrence and
development of sarcopenia (8, 9).

Gastric cancer is the fifth most common cancer and third
leading cause of cancer-related deaths worldwide (10). Studies
have shown that sarcopenia is an independent factor for
postoperative complications and overall survival in patients
with gastric cancer (11). Studies have shown that sarcopenia
is very common in older people, with a prevalence of 5%-
13% in people aged 60-70 years and 11%-50% in those aged
>80 years of age. Large differences in prevalence are related to
differences in the measurements and cutoffs used to define
of
community residents in China was 4.8% among women and

sarcopenia (12). The prevalence sarcopenia among
13.2% among men aged >70 years (13). The prevalence of
sarcopenia in patients with cancer has significantly increased
by approximately 35.7% (14). With further aggravation of
population aging, the number of older patients with gastric
cancer will gradually increase (15). Surgery remains the most
important treatment for gastric cancer (16). However, the high
incidence of postoperative complications and low survival rate
in such patients have always been a concern for clinicians (17,
18). Postoperative complications have been shown to affect
overall survival (19). Predicting the risk of postoperative
complications and how to better intervene in order to reduce
postoperative complications have become the focus of attention.
Previous studies have shown that patients with sarcopenia have
a higher risk of postoperative complications, longer length of
stay (LOS), and higher hospital costs than patients without
sarcopenia (20). Among the postoperative complications,
anastomotic leakage and pulmonary complications have the
greatest influence on postoperative mortality and prolonged
LOS (21). leakage has
improvements in surgical techniques. Pneumonia or lung-

Anastomotic decreased  with

related complications are the most common postoperative
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complications in individuals under 80 years of age (22).
Accurately predicting the risk of complications and actively
preventing and doing everything possible to reduce the
occurrence of postoperative pulmonary complications (PPCs)
have become the focus of surgeons and anesthesiologists.
However, few studies have investigated the relationship between
sarcopenia and PPCs after gastric cancer surgery. In this study,
we aimed to investigate the impact of sarcopenia on PPCs in
patients undergoing gastric cancer surgery and to identify other
risk factors for post-operative pneumonia.

Materials and methods
Study design and patients

This single-center, retrospective cohort study used data
obtained from the discharge medical records of patients
undergoing gastrointestinal surgery from June 2016 to
October 2020 in the Department of Gastrointestinal Surgery,
West China Hospital, Sichuan University, Chengdu, China.
This study was approved by the Biomedical Research Ethics
Committee of West China Hospital, Sichuan University, and
was registered at www.chictr.org.cn (ChiCTR1900026578).

Inclusion and exclusion criteria

The inclusion criteria were as follows: age 18-75 vyears;
American Society of Anesthesiologists (ASA) I-III, and plan to
undergo transabdominal radical gastrectomy for clinical stage I-
III gastric cancer. Patients were excluded if their medical
records were incomplete or inaccurate, if they had missing
abdominal computed tomography (CT), or if they had a
history  of gastric
chemotherapy. Proximal (PG), distal (DG), or total gastrectomy

radical resection or  preoperative
(TG) was performed by specialized surgeons, according to the

Japanese Gastric Cancer Treatment Guidelines (23).

Data collection

For each patient, the data were collected by trained
surgeons, radiologists, and anesthesiologists. The surgeons
were trained by experienced surgeons until they were
sufficiently skilled and precise in data collection (as judged by
an experienced surgeon).

The
sociodemographic

basic information was as follows: patient

clinical ~ characteristics,
procedures, The
parameters examined were as follows: the types of resection,

method,

characteristics,

surgical and outcomes. intraoperative

anesthesia operation time (min), mechanical
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ventilation time (min), respiratory parameters (tidal volume
[ml/kg], positive end expiratory pressure [PEEP], airway
pressure, end-tidal carbon dioxide), circulation (systolic and
diastolic blood pressure, heart rate, intraoperative vasoactive
drug use), (SPO,) < 95%
duration, intraoperative infusion volume (colloid volume,

intraoperative pulse oximetry
crystalloid volume), urine volume, and medication data.

After surgery, we monitored: the time of removing the tracheal
tube after surgery (min), days of hospitalization after surgery
(days), hospitalization expenses (yuan), time of removing gastric
tube after surgery (days), postoperative complications, and
pulmonary complications within 15 days after surgery (24),
postoperative destination, whether patient-controlled analgesia
was used, postoperative pathological diagnosis, histological type,
TNM stage, and readmission within 30 days of discharge.

For primary outcomes, we measured PPCs and for
secondary outcome measures, we considered the severity
classification of PPCs, other postoperative complications, and
intra-abdominal infections.

10.3389/fsurg.2022.1013665

Diagnosis of sarcopenia

Sarcopenia was defined as low muscle mass, strength,
and/or physical performance. Previous studies have shown
that lumbar triplane skeletal muscle index (L3 SMI) on CT
is the gold standard for estimating muscle quality (25).
After professional training, imaging physicians identified
and measured the muscle area of the L3 plane and divided
it by the height squared (m?) to obtain the skeletal muscle
index of L3 SMI (cm®/m?®) on the syngo Multimodality
Workplace  software  (Siemens  Medical  Solutions,
Forchheim, Germany).

Studies have shown that the median prevalence of
sarcopenia in patients with gastric cancer is approximately
35.7% (14). Therefore, in this study, we used a median of
35.7% for grouping. In all the medical records collected,
<35.7% of both sexes were classified as the sarcopenia group
and >35.7% as the non-sarcopenia group. A data collection

flowchart is presented in Figure 1.

Patients were enrolled (n=190)

Excluded (n=47)

Distant metastasis (n=26)

No surgery in the end (n=5)

Missing key medical records (n=4)
Benign lesions and other gastric
tumors (n=6)

Missing L3 SMI data (n=5)

Finally included (n= 143)

Other reasons (n=1)

|

l [ Gender

Male:
L3 SMI < the median of 35.7% of men

Female:
L3 SMI < the median of 35.7% of women

No

Sarcopenia (n=50)

Yes

» Non-sarcopenia (n=93) |«

FIGURE 1
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TABLE 1 Baseline characteristics of sarcopenia vs. non-sarcopenia groups.

Sarcopenia group (1 =50) Non-sarcopenia group (n=93) p-value
Age (years) (MeanSD) 59.4 +10.1 55.9+10.7 0.064
Gender: Male (%) 33 (66.0) 62 (66.7) 0.936
Height (cm) M (P25, P75) 163.5 (157.8, 170.0) 165.0 (158.0, 170.0) 0.726
Weight (kg) M (P25, P75) 53.3 (47.5, 60.3) 63.0 (58.0, 70.0) <0.001*
BMI (kg/m?) M (P25, P75) 20.0 (18.0, 21.7) 232 (21.6,25.8) <0.001*
Previous history of abdominal surgery (%) 14/36 (28.0/72.0) 19/74 (20.4/79.6) 0.306
Preoperative complication (%) 20 (40.0) 29 (31.2) 0.289
Hypertension (%) 8 (16.0) 12 (12.9) 0.611
Diabetes (%) 4 (8.0) 8 (8.6) 1.000
Chronic lung disease (%) 7 (14.0) 4 (4.3) 0.081
ASA grade (%)
I 0 (0) 1(1.1)
1 36 (72.0) 81 (87.1)
11 14 (28.0) 10 (10.8)
SPO, < 95% when inhaling air (%) 1(2.0) 6 (6.45) 0.434
Surgical approach (Billroth I/RYGB) (%) 21/29 (42.0/58.0) 28/65 (30.1/69.9) 0.153
Surgical types 0.003*
Total gastrectomy 21 (42.0) 29 (31.2)
Proximal gastrectomy 0 (0) 12 (12.9)
Distal gastrectomy 29 (58.0) 52 (55.9)
Pathological diagnosis adenocarcinoma (%) 40 (80.0) 89 (95.7) 0.007*
Histologic Grade (%) 0.783
G2-G3 15 (30.0) 30 (32.2)
G2 9 (18.0) 15 (16.1)
G3 16 (32.0) 38 (40.9)
others 10 (20.0) 10 (10.8)
TNM Stage 0.143
1 11 (22.0) 31 (35.5)
2 17 (34.0) 20 (20.4)
3 22 (44.0) 40 (43.0)
Neutrophils (10°/L) M (P25, P75) 3.0 (2.4, 4.0) 3.1 (2.5,3.9) 0.912
Lymphocytes (10°/L) M (P25, P75) 1.6 (1.3, 1.9) 1.6 (1.3, 1.9) 0.741
Mononuclear cell (10°/L) M (P25, P75) 0.4 (0.3, 0.5) 0.4 (0.3, 0.5) 0.599
T-BIL (umol/L) M (P25, P75) 8.1 (6.4, 10.8) 10.7 (8.3, 14.5) 0.001*
ALT (IU/1) M (P25, P75) 12.5 (9.0, 17.3) 15.0 (12.0, 23.0) 0.006*
AST (IU/L) M (P25, P75) 19.0 (15.0, 22.3) 19.0 (15.5, 23.0) 0.529
Albumin (g/L) Mean + SD 39.9+4.0 42.3+39 0.001*
Blood glucose (mmol/L) M (P25, P75) 4.9 (4.6, 5.3) 5.0 (4.6, 5.4) 0.906
Blood urea nitrogen (mmol/L) M (P25, P75) 4.7 (4.0, 6.0) 4.80 (4.4, 5.5) 0.588
Serum creatinine (umol/L) Mean + SD 67.8+15.3 67.9+13.8 0.963
eGFR (ml/min/1.73 m?) M (P25, P75) 98.6 (88.7, 104.3) 96.7 (90.5, 104.3) 0.943
Triglyceride (mmol/L) M (P25, P75) 1.1 (0.9, 1.5) 1.3 (0.8, 1.7) 0.175
Total cholesterol (mmol/L) Mean + SD 43+0.8 44+09 0.396
HDL (mmol/L) M (P25, P75) 1.2 (1.1, 1.5) 1.2 (0.9, 1.4) 0.369
LDL (mmol/L) Mean + SD 25+0.7 26+0.7 0.348
LDH (IU/L) Mean + SD 146.1 +28.3 155.6 £25.8 0.056
Transferrin (g/L) M (P25, P75) 2.2 (2.0, 2.5) 2.2 (2.0, 2.7) 0.563
(continued)
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TABLE 1 Continued
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Sarcopenia group (n=50) Non-sarcopenia group (n=93) p-value
Prealbumin (mg/L) M (P25, P75) 204.0 (174.0, 229.0) 2225 (184.3, 257.5) 0.029*
AFP (ng/ml) M (P25, P75) 2.5 (1.8, 4.0) 3.0 (22, 4.1) 0.183
CEA (ng/ml) M (P25, P75) 2.0 (1.3,3.7) 20 (1.1, 3.2) 0.584
CA19-9 (U/ml) M (P25, P75) 10.0 (5.8, 27.4) 109 (7.2, 15.2) 0.835
CA-125 (U/ml) M (P25, P75) 14.1 (8.4, 20.1) 122 (9.4, 17.1) 0.723

SD, standard deviation; M, median; P25, 25% quantile; P75, 75% quantile; BMI, body mass index; ASA, american society of anesthesiologists classification; SPO,, pulse
oximetry; RYGB, roux-en-Y gastric bypass; TNM, stage tumor-lymph node-metastasis staging; T-BIL, total bilirubin; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; eGFR, estimated glomerular filtration rate; HDL, high density lipoprotein; LDL, low-density lipoprotein; LDH, lactate dehydrogenase; AFP, alpha-
fetoprotein; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; CA-125, carbohydrate antigen 125.

*statistically significant (P < 0.05).

Complications definition

PPCs were defined as any of the following postoperative
conditions within 15 days after operation: initial ventilation
support for >48 h, re-intubation due to respiratory failure or
pneumonia, respiratory infection, respiratory failure,
bronchospasm, atelectasis, pleural effusion, pneumothorax, or
aspiration pneumonia (26). The severity of PPCs was
classified as 0-5, in which 0 indicates that PPCs have no
symptoms or signals, 1-4 indicates gradual deterioration of
complications, and 5 indicates death before discharge (27). A
grade of at least 2 was defined as severe PPCs. Postoperative
complications were defined as any deviation from the normal
postoperative course and were graded according to the

Clavien-Dindo classification (28).

Statistical analysis

The Shapiro-Wilk test was used to test the normality of
The Student’s t-test was used for

quantitative data of normal and approximately normal

continuous variables.

distribution, and the meantstandard deviation was used for
quantitative data of severely skewed distributions. For such
distributions, the rank sum test was used and the data were
expressed as median (25% quantile, 75% quantile). Categorical
variables were analyzed using the chi-squared or Fisher’s exact
test, and classified variable data were expressed as numbers
and percentages. Univariate logistic regression analysis was
used for the univariate analysis. Variables with significant
trends and known prognostic values, such as age, were
selected as potential parameters in the univariate analysis.
Forward stepwise variable selection was used to establish a
multivariate logistic regression. All tests were bilateral (except
for logistic regression analysis) and were considered
statistically significant at P <0.05. The IBM SPSS statistical
software version 23.0 (SPSS Inc., Chicago, IL) was used for

the statistical analysis.
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Results
Comparison of baseline characteristics

A total of 143 patients met the inclusion criteria and were
included in the study. The basic patient information is
in Tables 1, 2. They were divided into
sarcopenia and non-sarcopenia groups according to the
abdominal CT-guided L3 SMI, and the median prevalence
rate was 35.7%.

Compared with those in the non-sarcopenia group, the

summarized

patients in the sarcopenia group had lower body weight
(kg) (P<0.001), BMI (kg/mz) (P<0.001), and preoperative
blood albumin (P=0.001). In addition, serum prealbumin
(mg/L) (P=0.029), T-BIL (uM) (P =0.001), and ALT (IU/L)
(P=0.006) levels were also lower. The intraoperative small
dose of remifentanil (ug/h) was lower (P=0.041). The
intraoperative tidal volume (ml/kg) of kilogram body weight
(ml/kg) in the sarcopenia group was larger than that in the
non-sarcopenia group (P<0.001). As for the types of
surgical resection, most distal gastrectomies were performed
in the two groups, accounting for >50% in each group,
while there was no proximal gastrectomy in the sarcopenia
group (P=0.003). The postoperative use of an intravenous
analgesia pump was lower in the sarcopenia group than in
the group (P =0.037). of
pathological diagnosis, adenocarcinoma was lower in the

non-sarcopenia In terms
sarcopenia group than in the non-sarcopenia group (P=
0.007). Other preoperative and intraoperative factors were

not significantly different between the two groups.

Comparison of short-term outcomes

Compared with the non-sarcopenia group, the sarcopenia
group had worse outcomes for the incidence of the PPCs
(P=0.024). the incidence

Moreover, of postoperative
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TABLE 2 Perioperative management of sarcopenia vs. non-sarcopenia groups.

10.3389/fsurg.2022.1013665

Sarcopenia group (n=50)  non-sarcopenia group (n=93)  p-value

Operation time (mins) M (P25, P75) 154.0 (130.0, 177.5) 150.0 (130.0, 179.3) 0.957
Colloidal fluid (ml/h) Mean+SD 203.0 £129.5 215.0+97.9 0.536
Crystal liquid (ml/h) Mean+SD 555.6 +166.2 540.1 £ 165.6 0.595
Urine volume (ml/h/kg) M (P25, P75) 1.5 (0.5, 2.6) 1.3 (0.8,2.1) 0.971
Sevoflurane (ml/h) M (P25, P75) 15.44 (0, 20.9) 15.4 (0, 19.6) 0.662
Desflurane (ml/h) M (P25, P75) 0 (0, 3.9) 0 (0, 6.6) 0.742
Propofol (mg/h) M (P25, P75) 155.9 (322, 256.1) 63.6 (32.2, 324.4) 0.563
Dexmedetomidine (ug/h) M (P25, P75) 5.9 (0, 18.2) 14.2 (0, 22.0) 0.065
Sufentanil (ug/h) M (P25, P75) 13.2 (11.4, 15.6) 14.9 (11.8, 16.5) 0.211
Remifentanil (ug/h) Mean+SD 377.0 £ 156.7 446.6 +208.0 0.041*
Cisatracurium (mg/h) Mean+SD 82+1.8 8.7+25 0.181
Use of higher doses of vasoactive drugs (%) 12 (24.0) 17 (18.3) 0.417
Use of high-dose antihypertensive drugs (%) 3 (6.0) 4 (4.3) 0.966
Use higher doses of vasopressors (%) 9 (18.0) 14 (15.1) 0.647
Intraoperative heat preservation (%) 12 (24.0) 18 (19.35) 0.536
Intraoperative blood transfusion (%) 5 (10.0) 4 (4.3) 0.329
Duration of intraoperative SPO, < 95% (mins) M (P25, P75) 0 (0, 0) 0 (0, 0) 0.457
Ventilation strategy Capacitance Control/Voltage Control (%) 28/19 (56.0/38.0) 58/26 (62.4/28.0) 0.465
Mechanical ventilation time (mins) Mean+SD 201.1+35.7 202.8 +40.2 0.808
Mean of peep (cmH,0) M (P25, P75) 29 (2,3) 2.8 (2,3) 0.950
Peak airway pressure >20 cmH,0 n (%) 0 (0) 4 (4.3) 0.335
Peak airway pressure > 15 cm H,O duration (mins) M (P25, P75) 0 (0, 15) 0 (0, 45) 0.185
Peak airway pressure > 15 cmH,0 n (%) 19 (38.0) 42 (45.2) 0.343
Peak airway pressure > 15 cmH,O continues to exceed 30 min n (%) 9 (18.0) 24 (25.8) 0.262
Peak airway pressure > 15 cmH,O continues to exceed 15 min # (%) 10 (20.0) 30 (32.3) 0.098
Tidal volume (ml/kg) M (P25, P75) 7.1 (6.3, 8.0) 6.6 (5.8, 7.0) <0.001*
ETCO, > 45 mmHg duration (mins) M (P25, P75) 0 (0, 5) 0 (0, 0) 0.221
Heart rate change >30% duration (mins) M (P25, P75) 7.5 (0, 35.0) 7.5 (0, 25.0) 0.771
Heart rate <55 beats/min duration (mins) M (P25, P75) 10.0 (0,22.5) 5.0 (0, 23.8) 0.979
Heart rate >100 beats/min duration (mins) M (P25, P75) 0 (0,5.0) 0 (0, 5.0) 0.673
SBP change >30% duration (mins) M (P25, P75) 12.5 (0, 60.0) 10.0 (1.3, 40.0) 0.787
SBP change >20% duration (mins) M (P25, P75) 60.0 (27.5, 112.5) 62.5 (31.3, 105.0) 0.951
DBP change >20% duration (mins) M (P25, P75) 65.0 (30.0, 105.0) 60.0 (26.3, 100.0) 0.956
DBP change >30% duration (mins) M (P25, P75) 12.5 (0, 36.3) 10.0 (5, 40.0) 0.549
Postoperative destination of the patient (ICU/ inpatient ward) (%) 1/49 (2.0/98.0) 1/92 (1.1/98.9)

Postoperative analgesia pump (%) 34 (68.0) 76 (81.7) 0.037*

SD, standard deviation; M, median; P25, 25% quantile; P75, 75% quantile; PEEP, positive end expiratory pressure; ETCO,, end-tidal carbon dioxide; SBP, systolic blood

pressure; DBP, diastolic blood pressure; ICU intensive care unit.
*statistically significant (P <0.05).

complications was higher in the sarcopenia group than in the
non-sarcopenia group (P=0.043). A total of three patients
were then re-admitted within 30 days after discharge (one
case in the sarcopenia group and two cases in the non-
sarcopenia group). There were no significant differences in
hospitalization cost, LOS, postoperative gastric tube extubation
time, or postoperative endotracheal tube extubation time
(Table 3).
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Risk factors of PPCs and postoperative
complications

In the univariate analysis, age, sarcopenia, preoperative
comorbidities, SPO, <95% when inhaling air under air, and
duration of intraoperative SPO, <95% were risk factors for
the PPCs. In the multivariate analysis that included these
factors, sarcopenia (odds ratio [OR] 3.79, 95% confidence
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TABLE 3 Outcomes of sarcopenia vs. non-sarcopenia groups.

Sarcopenia Non- p-
group (n =50) sarcopenia value
group (n=93)
Primary outcomes
PPCs (%) 0.024*
Grade 0 39 (78.0) 85 (91.4)
Grade 1 0 (0) 2(2.2)
Grade 2 6 (12.0) 3(3.2)
Grade 3 2 (4.0) 2(2.2)
Grade 4 3 (6.0) 1 (1.0)
Grade 5 0 (0) 0 (0)
Severe PPCs (> Grade 2) 11 (22.0) 6 (6.5) 0.009*
Secondary outcomes
Postoperative 0.043*
complications (%)
Grade 0 32 (64.0) 74 (79.6)
Grade [ 7 (14.0) 11 (11.8)
Grade 1T 5 (10.0) 5(5.4)
Grade III 3 (6.0) 2(2.2)
Grade IV 3 (6.0) 1 (1.0)
Grade V 0 (0) 0 (0)
Abdominal infection n 4 (8.0) 0 (0)
(%)
Postoperative tracheal 12.5 (5.8, 25.3) 10.0 (5.0, 20.0) 0.150
tube removal time
(mins) M (P25, P75)
Postoperative gastric tube 3.0 (0, 5.0) 3.0 (0, 5.0) 0.451
removal time (days) M
(P25, P75)
Length of stay (days) M 7.0 (6.0, 8.0) 7.0 (6.0, 8.0) 0.684
(P25, P75)
Number of readmissions 1(2.0) 2 (22)
within 30 days after
discharge n (%)
Hospital expenses (yuan)  81,548.5 (77,895.8,  79,796.0 (72,411.0, 0.069

M (P25, P75) 87,377.8) 84,615.0)

M, median; P25, 25% quantile; P75, 75% quantile; PPCs, postoperative
pulmonary complications.
*statistically significant (P<0.05).

interval (@] 1.27-11.34, P=0.017), preoperative
comorbidities (OR 2.86, 95% CI 1.01-8.15, P=0.049), and
duration of intraoperative SPO,<95% (OR 1.14, 95% CI

1.04-1.24. P=0.005) may be risk factors for PPCs.
Univariate analysis also revealed that age, sarcopenia,
preoperative  comorbidities, and the duration of

intraoperative SPO, < 95% were risk factors for severe PPCs.
Multivariate regression analysis showed that sarcopenia (OR
5.10, 95% CI 1.63-16.00, P=0.005) and the duration of
intraoperative SPO, <95% (OR 1.12; 95% CI 1.02-1.22, P=
0.016) were independent risk factors for severe PPCs in
patients after gastric cancer surgery (Table 4).
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Univariate analyses also found that sarcopenia was the risk
factor for postoperative complications. Multivariate regression
analysis with age using binary logistic regression showed that
sarcopenia (OR 2.19, 95% CI 1.02-4.72, P=0.045) was an
independent risk factor for postoperative complications after
gastric cancer surgery (Table 5).

Discussion

We performed a single-center cohort study to investigate
the effect of sarcopenia on PPCs in patients after gastric
cancer surgery. We found that sarcopenia was associated with
a higher incidence of postoperative complications and PPCs,
compared to non-sarcopenia, in patients undergoing gastric
cancer surgery. Multivariate regression analysis showed that
sarcopenia, preoperative comorbidities, and the duration of
intraoperative SPO, <95% were the risk factors for PPCs in
patients undergoing radical gastrectomy. Sarcopenia and
intraoperative SPO, <95% were still the risk factors for severe
PPCs. In addition, sarcopenia was an independent risk factor
for postoperative complications after gastrectomy.

Some studies have investigated the relationship between
sarcopenia and postoperative complications following gastric
cancer surgery (29-31). Patients with sarcopenia have a
higher risk of postoperative complications and longer LOS.
Zhou et al. indicated that sarcopenia is a strong independent
risk factor for postoperative complications in older patients
with gastric cancer (32). This is consistent with the results of
our studies. The mechanism of sarcopenia leading to the
increased risk of postoperative complications, especially
pulmonary complications, remains unclear, and it is
speculated that it may be related to the following possible
mechanisms. Respiratory and swallowing muscles are affected
by sarcopenia, which can lead to damage to the lungs and
swallowing function. Impaired respiratory muscle function
and swallowing function may lead to postoperative difficulty
in expectoration, aspiration, postoperative pneumonia, and
atelectasis (33, 34). Second, sarcopenia is associated with
increased insulin resistance and increased circulation of
proinflammatory cytokines, which may lead to the risk of
postoperative acute lung injury (35). It has been reported that
sarcopenia is associated with an increased inflammatory
response to surgery (36). Increased inflammatory activity may
also lead to pulmonary complications. Muscle fibers produce
cytokines and other peptides such as interleukin-6, which
affect the immune response by inhibiting the production of
tumor necrosis factor-o. and insulin resistance (37, 38).
Sarcopenia may lead to immune senescence, which is
characterized by impaired cellular immune function and
increased inflammatory activity (39).

These factors may lead to PPCs. Fortunately, preoperative

exercise through inspiratory muscle training, nutritional
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TABLE 4 Univariate and multivariate analysis of factors associated with PPCs.

PPCs

Severe PPCs

Univariate analysis

Multi-factor analysis

Univariate analysis Multi-factor analysis

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value
Age (years) 1.08 1.02-1.15) 0.015* 1.06 (1.00-1.13) 0.047*
Sarcopenia vs. non-sarcopenia 3.00 (1.12-8.04) 0.029* 3.79 (1.27-11.34) 0.017* 4.09 (1.41-11.85) 0.009* 5.10 (1.63-16.00) 0.005*
Preoperative comorbidities 3.11 (1.16-8.35) 0.024* 2.86 (1.01-8.15) 0.049* 3.19 (1.13-8.99) 0.028*
SPO, < 95% when inhaling air ~ 5.58 (1.14-27.23) 0.034* 3.20 (0.57-17.97) 0.186
Duration of intraoperative
SPO, <95% 1.11 (1.03-1.21) 0.010* 1.14 (1.04-1.24) 0.005* 1.09 (1.00-1.18) 0.049* 1.12 (1.02-1.22) 0.016*
PPCs postoperative pulmonary complications; SPO, pulse oximetry. Values in parentheses are percentages unless otherwise stated.
*statistically significant (P<0.05).
TABLE 5 Univariate and multivariate analysis of factors associated with postoperative complications.

Univariate analysis Multi-factor analysis
OR (95% CI) p-value OR (95% CI) p-value

Age (years) 1.03 (0.99-1.08) 0.098
Sarcopenia vs. non-sarcopenia 2.19 (1.02-4.72) 0.045* 2.19 (1.02-4.72) 0.045*

Values in parentheses are percentages unless otherwise stated. *statistically significant (P <0.05).

support, and other preoperative interventions may improve
muscle function in patients with sarcopenia and effectively
reduce the incidence of PPCs (25, 40). Further prospective
studies are required to verify this finding. Sarcopenia can be
diagnosed using a questionnaire, action ability test, or L3 SMI
on CT. In the future, more attention should be paid to the
diagnosis of sarcopenia in different regions, races, and
populations, and the relationship between sarcopenia and
prognosis should be further explored.

Our study also showed that the longer the duration of SPO,
<95%, the higher the incidence of PPCs, especially the severe
PPCs. Previous studies also found that a low SPO, was
associated with increased mortality and mortality caused by
pulmonary diseases (41). The duration of intraoperative SPO,
<95% may be related to the changes in pulmonary ventilation
function caused by lung disease, mechanical ventilation lung
injury, operation, and other inflammatory stimulations, which
are currently recognized as indicators closely related to PPCs.
This study indicated that the management of intraoperative
mechanical ventilation could be further improved.

Interestingly, we found that tidal volume was larger in the
sarcopenia group (P<0.001) than in the non-sarcopenia
group. In clinical practice, the tidal volume is often set
according to the patient’s body weight and pulmonary
the
sarcopenia group had a smaller body weight but a larger tidal

function. Compared to the non-sarcopenia group,

volume. Studies have shown that mechanical ventilation itself
can induce inflammation and cooperate with surgery-induced
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responses. This magnifying inflammatory cascade reaction
leads to lung injury and systemic multiple-organ failure.
Sarcopenia negatively affects the prognosis of patients who
require mechanical ventilation, increasing all-cause mortality
in these patients (42). This may be related to nutritional
status, chronic inflammatory reaction, changes in hormone
levels, and lack of physical activity in sarcopenia. Some
studies have shown that low tidal volume can reduce
pulmonary and systemic inflammatory responses compared
with tidal (43, 44).
ventilation with a high tidal volume may cause injury in
healthy lungs (45, 46). Although the tidal volume of the two
groups in this study did not exceed 10 ml/kg, it was higher in

conventional volume Mechanical

the sarcopenia group than in the non-sarcopenia group. There
was no significant difference in the average value of PEEP
between the two groups (the average value was approximately
2.8-2.9). Some studies have shown that the use of lower levels
of PEEP may make the small airways open and close
repeatedly, resulting in atelectasis and accelerating the
(47, 48).

Multifaceted lung-protective ventilation strategies for high-risk

development of pulmonary complications
patients, combined with low tidal volume, reopening of
collapsed alveoli, and moderate levels of PEEP, can prevent
further collapse (49). This would help reduce the incidence of
postoperative atelectasis, improve clinical results, and reduce
the consumption of medical resources. Whether the existing
lung-protective ventilation strategy is the best perioperative

ventilation management mode for patients with sarcopenia,
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and how to individualize PEEP and tidal volume to reduce the
increase in PPCs caused by mechanical ventilation remain open
questions.

Given the adverse effects of sarcopenia on mortality and
hospital outcomes, sarcopenia is often considered a treatable
indicator in adult respiratory medical treatment (50). It also
shows that the prognosis of patients with sarcopenia can be
improved through clinical intervention. Previous studies have
shown that rehabilitation exercises, nutritional support, and
growth hormone supplementation can improve the muscle mass
and prognosis of patients with mechanical ventilation (51-53).
However, to date, accurate intervention for sarcopenia has been
the focus of attention in patients with oligomyopathy. These
findings suggest that doctors should pay more attention to the
ventilation

perioperative  respiratory

management, and postoperative lung rehabilitation. It is not

system, intraoperative
limited to the preoperative evaluation and intraoperative
management of anesthesiologists, but also includes early
identification and intervention by surgeons, rehabilitation
doctors, and nurses to reduce its effect on the poor prognosis of
patients with sarcopenia. Therefore, it is necessary to carry out
a unified standard diagnostic method, larger sample sizes, and
multicenter prospective studies on sarcopenia intervention.

Our study bears several limitations. First, this was a single-
center retrospective study with incomplete or, in limited cases,
absent medical records, and a small sample size. The
conclusions of this study need to be verified in additional
multicenter prospective studies, involving larger samples.
Second, the definitions of sarcopenia were different. In this
study, CT-guided L3 SMI was directly used as an index to
evaluate sarcopenia, but it was not diagnosed using a muscle
strength test. Since this was a retrospective study, we could
skeletal
Additionally, the cutoff value was not used in this study

not comprehensively evaluate muscle function.
because of disease type and other factors. The cutoff value
depends on measurement techniques, reference studies, and
population availability. Moreover, the definition of sarcopenia
is greatly influenced by race, population, sex, and other
factors.  Currently, considerable controversy remains.
Therefore, we used the median prevalence rate of patients
with gastric cancer to divide the patients into sarcopenia and
non-sarcopenia groups. Because some patients visited the local
hospital for revisit after surgery, the relevant data for a long
time after surgery could not be accurately collected; therefore
the long-term prognosis of the patients was not analyzed in

this study.

Conclusions
Our study demonstrates that the duration of intraoperative

SPO, <95%, sarcopenia, and preoperative comorbidities were
the risk factors for PPCs, especially severe PPCs. Furthermore,
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sarcopenia was an independent risk factor for postoperative
complications. Future large randomized controlled trials and
long-term follow-ups are needed to confirm the relationship
between sarcopenia and prognosis.
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