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Abstract

Background: Surgical procedures in the treatment of gastrointestinal cancer have an impact on nutritional status. Sarcopenia
has been determined as an independent factor for the increase of postoperative complications in elderly patients.

Objective: Correlate the presence of sarcopenia with postoperative complications in elderly patients with gastrointestinal

cancer.

Methods: Prospective study, including 46 elderly patients undergoing curative and elective surgery of the gastrointestinal

tract. Sarcopenia was identified using the criteria of The European Working Group on Sarcopenia in Older People. The nutritional
profile of the sample was evaluated by the Patient-Generated Subjective Global Assessment, biochemical parameters of transferrin,
albumin and total lymphocyte count and by the Body Mass Index. Statistical analysis was performed using the Statistical Package
for Social Sciences® (SPSS) program. The t test, Chi-square, in addition to the ROC curve and the non-linear regression analysis
were applied. Statistical significance was considered when p <0.05 with a 95% confidence interval (CI).

Result: Inthe sample, 30,4% (n=14) of the patients were sarcopenic. Sarcopenia was associated with an increase in postoperative
complications (p=0.003), in addition to an increase in length of hospital stay (p=0.042). The ROC curve showed area under the curve
of 0,807, and nonlinear regression analysis demonstrated that 80% of patients with sarcopenia are at higher risk of postoperative
complications. Conclusion: Sarcopenia is an independent risk factor for the development of postoperative complications, and it is
associated with increased length of hospital stay. The effectiveness of nutritional intervention should be evaluated in this group.
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Introduction

The treatment of of the

gastrointestinal tract, has surgery as one of the modalities of

cancer, especially tumors
therapeutic approach. Surgical procedures are performed in these
individuals with a curative purpose in about 60% of the cases,
besides helping staging and diagnosis of cancer [1]. Surgeries
performed in the gastrointestinal tract are generally large and may

influence the nutritional status of the patients resulting in weight

@ @ This work is licensed under Creative Commons Attribution 4.0 License |ACRCI.MS.ID.000511.

loss, increased length of stay and postoperative complications
such as sepsis, abdominal abscess, difficulty in wound healing,
respiratory and cardiac problems [2]. Approximately 10% of the
world’s population is elderly and an increase of this population
is estimated for 32% of the world’s elderly by 2050. Geriatric
syndromes, non-communicable chronic diseases, cardiovascular
and metabolic diseases, sarcopenia and cancer are more incidental
in this population, due to the increase in the risks for their
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development. Due to loss of muscle function and increased of
physical dependence, the elderly presents a higher prevalence of
sarcopenia [3,4].

Sarcopenia, one of the changes associated with cancer and
its treatments and which existence has been identified as an
independent risk factor for complications, is characterized by
the loss of lean mass and muscle strength [5-9]. The European
Working Group on Sarcopenia in Older People (EWGSOP) classified
sarcopenia in three stages, according to their severity, as pre-
sarcopenia, sarcopenia and severe sarcopenia [10]. Several studies
have reported the impact of sarcopenia in oncology and surgical
patients and its implications, showing that sarcopenia is an
independent factor in increasing hospitalization time, mortality, risk
of postoperative complications, and poor quality of life [5-9,11-14].
The identification of the presence of sarcopenia as a risk factor in
the preoperative period is essential for the best choice of treatment
and determination of the prognosis of surgical patients [2]. The
aim was to correlate the presence of sarcopenia with postoperative
complications in elderly patients with gastrointestinal cancer.

Materials and Methods

A prospective, cross-sectional study with a quantitative
approach, approved by the Research Ethics Committee of the Erasto
Gaertner Hospital, number of opinions 50957315.3.0000.0098.
The sample calculation was performed by the Epi Info TM 7.1.3
program, establishing 95% of confidence and 5% of error risk,
resulting in a population of 44 elderly. The sample was selected
by non-probabilistic sampling, for convenience and consecutively
in the period of the research. The researchers of the study were
previously trained to collect data, so that there was no significant
difference in applied methodology.

Patients

Patients who underwent curative and elective gastrointestinal
cancer surgery performed at the Erasto Gaertner Hospital, Curitiba,
Parana, from March to October 2016 were invited to participate in
the study. Inclusion criteria were: patients aged 60 years or older;
diagnosis of cancer of the esophagus, stomach, colon and rectum.
Exclusion criteria were: patients submitted to surgery without
curative intuition; presence of edema due to the alteration that may
occur in bioelectrical impedance and patients who were not able to
perform the proposed tests.

Data collection

All the data collected were compiled in a digital database
(Excel®), containing: surgery performed, sex, age, comorbidities,
neoadjuvant treatment (chemotherapy and radiotherapy), disease’s
staging (T1, T2, T3 and T4), body mass index (BMI), percentage of
weight loss (% WL), postoperative complications (within 30 days
after surgery), intensive care unit (ICU) stay, hospital stay and
readmission (considered within 30 days after hospital discharge)
and results of tests of albumin, transferrin and total lymphocyte
count. Other comorbidities were considered: chronic obstructive
pulmonary disease (COPD) and smoking. All data were collected
from the database of the electronic patient record by the hospital
integrated system.
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Nutritional assessment

Weight and height were measured according to Nhanes, 2009
[15], usingaplatform scale with a capacity of 200kg, graduated in 50g
of the brand Welmy W 200/50 A®, containing the anthropometric
ruler of the platform scale (W 200/50 A®), measuring from 100
to 202cm, with a variation of 0,1cm. The percentage of weight
loss (% WL) was considered as significant or not according to
criteria of Blackburn et al, 1977 [16]. BMI was classified for elderly
patients according to WHO, 1995 [17] cut-off points. As a subjective
evaluation of nutritional status, the Patient-Generated Subjective
Global Assessment (PG-SGA), specific for oncologic patients, was
applied according to guidelines for cancer patients [18].

Evaluation of sarcopenia

The presence of sarcopenia was defined according to the
criteria of the EWGSOP, which classified them into pre-sarcopenia,
sarcopenia and severe sarcopenia. Pre-sarcopenia is defined
by the reduction of skeletal muscle mass alone; sarcopenia is
characterized by reduction of skeletal muscle mass plus reduction
of handgrip strength or reduction of physical performance; severe
sarcopenia has a reduction in all three parameters, which are
reduced skeletal muscle mass, reduced palmar grip strength and
poor physical performance [10]. Bioelectrical impedance (BIA) was
used to determine skeletal muscle mass, the handgrip strength to
determine muscle strength and the Short Physical Performance
Battery (SPPB), to evaluate physical performance [10]. In order
to perform the BIA, a fasting of 4 hours, alcohol withdrawal for
8 hours and emptying of the bladder was required, which had
been previously instructed to the patients. The device used for
the evaluation was the Maltron® Bio-Scan 916, a bioimpedance
device and body composition analyzer, which provides the values
of fat and fat free mass percentage in the body. The equation used
by Janssen [19] was an instrument to determine skeletal muscle
mass. Therefore, the equation proposed by EWGSOP was used to
determine reduced muscle mass [skeletal muscle mass / height?]
and the cut-off point used, from this result, was 8,87kg/m? for
men and 6,42kg/m? for women [10,20-22]. The handgrip strength
test was performed through the use of a hand-held dynamometer
Smedley type, brand Jamar®, model 5032P, with a capacity of
100kg. The force was applied to the device 3 consecutive times
with the dominant hand of the patient. Three measurements were
performed, and the final value obtained was the average between
the three measurements. The reference values for determining
reduced handgrip strength are in accordance with the EWGSOP
[10,23-25]. The physical performance evaluation was through the
SPPB, performed according to guidelines and criteria of Nakano
[26], with a validated instrument for the brazilian population.
Balance, sit and stand from the chair tests were performed in
addition to the 3-meter walking test. Patients with a final score of
0 to 3 were considered to have very poor performance, from 4 to
6 with poor performance, from 7 to 9 with moderate performance
and from 10 to 12 with good performance. Patients with scores
equal to or less than 6 were considered to have poor performance
when considering the assessment of sarcopenia.
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Laboratory tests

Laboratory tests of albumin, total lymphocyte count (TLC) and
transferrin were collected within 24 hours prior to surgery. The
reference values considered for the tests, identifying the patient
with some degree of malnutrition or protein deficiency, were
previously defined in the literature [27-29].

Postoperative complications

Complications within 30 days after the surgical procedure
were considered: surgical wound infection, urinary tract infection,

pneumonia, sepsis, anastomosis dehiscence and fistula.

Tumor staging

The tumor staging was performed by the TNM classification of
the International Union Against Cancer (UICC), the seventh edition,
published in 2010 and translated into Portuguese in 2012 by the
National Cancer Institute (INCA). The classification includes the
degree of tumor invasion (T), the number of metastatic lymph
nodes (N) and the presence of metastasis (M) [30].

Bowel preparation

All patients received prophylactic antibiotics for 24 hours. The
antimicrobial regimen was the combination of metronidazole (500
mg 8/8 hours for 24 hours) and ceftriaxone (2 grams in a single
dose) for all operations, intravenously, beginning at anesthesia
induction. Antibiotic therapy was maintained for more than 24
hours by decision of the responsible surgeon, and the total length
of antibiotics usage was calculated for each patient. Prophylactic
low molecular weight heparin (Clexane®) was use subcutaneously
in all patients at anesthesia induction.

Statistical analysis

T and Chi-square tests were performed. The Chi-square test
was performed to associate categorical variables of population
characteristics, nutritional status and complications. The ROC
curve was used to determine the specificity and sensitivity of the
relationship between sarcopenia and complications. In addition,
non-linear regression analysis was performed to evaluate non-
dependent variables (sarcopenia e complication). Statistical
analysis was performed by the Statistical Package for the Social
Sciences® (SPSS) program, version 19.0 for Windows (SPSS Inc,
Chicago, IL, USA). Statistical significance was considered when p
<0.05 in a 95% confidence interval (CI).

Result and Discussion

From March to October 2016, 67 patients were evaluated. Of
these, 21 patients were excluded from the study due to absence of
malignancy, palliative surgery, absence of laboratory tests, water
change and impossibility of performing BIA. Forty-six (n=46)
patients were included in the study. The average length of stay in
the ICU was 1,37 days and the average length of hospital stay was
5,79 days. Only 6,5% (n=3) of the patients were readmitted within
a period of up to 30 days. In 71,7% of the population there was no
need for adjuvant treatment (Table 1). The sarcopenic patients were
identified in 30,4% (n=14) of the sample, distributed in 13% (n=6)
pre-sarcopenics, 15,2% (n=7) sarcopenics and 2,2% (n=1) severe
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sarcopenic. Analyzing the characteristics of the nutritional status of
the population (Table 2),itcan be observed that BMI classified 15,2%
of the study population as underweight (mean BMI of 27,37kg/m?).
The PG-SGA, specific for cancer patients, classified 56,5% of the
patients with some degree of malnutrition. The difference between
the underweight and malnutrition classification of BMI and PG-
SGA was also found in Cardoso’s study in 2012 [31] (21,8% BMI x
58,4% PG-SGA), which evaluated the nutritional status of oncologic
patients. The classification of nutritional status by BMI for cancer
patients is limited, since the index does not consider symptoms
that may limit food intake, weight loss and physical examination,
and may underestimate their nutritional status [32]. However, the
PG-SGA is a specific and sensitive instrument for the determination
of the nutritional status of cancer patients. It is considered a gold
standard tool for the evaluation of these patients, and its use can be
given as a prognostic indicator, identifying patients who can benefit
of previous nutritional interventions [33-37].

Table 1: Clinical and demographic characteristics of the sample.

Study population (n) 46
Age, median (min - max) 71,78 (61-90)
Sex % n
Female 34,8 16
Male 65,2 30
Surgeries
Abdominal Retosigmoidectomy 8,7 4
Retosigmoidectomy with 23,9 11
colostomy
Retosigll‘noidectomy with 22 1
ileostomy
Ileocolectomy 13 6
Colectomy 13 6
Abdominoperineal excision 10,9 5
Partial gastrectomy 21,7 10
Esophagectomy 4,3 2
Abdominal sigmoidectomy 2,2 1
Staging
T1 19,6 9
T2 15,2 7
T3 54,3 25
T4 10,9 5
Comorbidities
None 34,7 16
Diabetes 17,4 8
Arterial hypertension 60,8 28
Others 15,2 7
Neoadjuvant treatment
None 71,7 33
Chemotherapy 4,3 2
Radiotherapy 2,2 1
Chemotherapy + Radiotherapy 21,7 10

T1, degree of tumor invasion 1; T2, degree of tumor invasion 2; T3,
degree of tumor invasion 3; T4, degree of tumor invasion 4.
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Table 2: Characteristics of the nutritional status of the sample.

BMI*
Underweight 15,2 7
Eutrophy 21,7 10
Overweight 63 29
Weight loss
Significant 32,6 15
Not significant 67,4 31
PG-SGA*
Well nourished 43,5 20
Moderately malnourished 32,6 15
Severely malnourished 23,9 11
Albumin
Adequate 54,3 25
Mild malnutrition 28,3 13
Moderate malnutrition 17,4 8
Total Lymphocyte Count
Adequate 32,6 15
Mild malnutrition 39,1 18
Moderate malnutrition 15,2 7
Severe malnutrition 13 6
Transferrin
Normal 91,3 42
Moderate protein deficiency 4,3 2
Severe protein deficiency 4,3 2
Handgrip strength
Adequate 30,4 14
Inadequate 69,6 32
Skeletal muscle mass (BIA *)
Adequate 69,6 32
Reduced 30,4 14
Sarcopenia
Pre-sarcopenia 13 6
Sarcopenia 15,2 7
Severe sarcopenia 2,2 1

*BMI: Body Mass Index; PG-SGA: Patient-Generated Subjective Global
Assessment; BIA: Bioelectrical impedance.

The handgrip strength demonstrated that 69,6% of the patients
in the sample had reduced muscle strength (Table 2). According
to the EWGSOP criteria, the first factor to identify the presence of
sarcopenia is reduced muscle mass, identified in this study through
BIA. However, the loss of strength and muscle mass are not always
proportional, mainly due to neuronal activities in the elderly, which
reduces functionality, causing a more pronounced loss of muscle
strength. Handgrip strength is a predictor of clinical outcome
and correlates with complications and functional impairment
of patients [10,38,39]. The study by Klidjian [40], performed
with a sample of 225 patients submitted to abdominal surgery,
with a pre-operative handgrip strength, identified a correlation
between reduced grip strength and postoperative complications.
Such correlation was not determined in this study; however,

handgrip strength is a good indicator of clinical and daily use for
the evaluation of muscle strength decline. In this sample, 30,4%
(n=14) of patients presented general complication. Sarcopenia
was an independent predictor of complications (p=0,003) (Table
3). There was no statistically significant correlation with other
nutritional assessment methods, biochemical tests, disease staging,
comorbidities or adjuvant treatment, in other words, none of
the other variables were associated with a higher occurrence of
complications (p>0,05). Several studies have detected sarcopenia
as a predictor of postoperative complications [11,14,41-44]. In the
present study, 30,4% of the patients were identified as sarcopenic.
Through the analysis of the ROC curve it was possible to observe that
sarcopenia was a sensitive and specific predictor of postoperative
complications, with an area above the curve of 0,807 (95% CI)
(Figure 1). Non-linear regression analysis demonstrated that 80%
of patients with sarcopenia are at higher risk of postoperative
complications (Figure 1).

4 N\
ROC curve

Sensitivity

1 - Specificity

Figure 1: Area under the curve (=0,807) demonstrating an
increase in general postoperative complications with the presence

of sarcopenia.

\ J

Table 3: Nutritional status and general postoperative complications.

BMI* (%, n) 0,991
Underweight 4,3 (2)
Eutrophy 6,5(3)
Overweight 19,6 (9)
Weight loss 0,096
Significant 15,2 (7)
Not significant 15,2 (7)
PG-SGA* 0,562
Well nourished 15,2 (7)
Moderately malnourished 6,5(3)
Severely malnourished 8,7 (4)
Albumin 0,347
Adequate 13 (6)
Mild malnutrition 13 (6)
Moderate malnutrition 4,3 (2)
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Total Lymphocyte Count 0,761
Adequate 10,9 (5)
Mild malnutrition 10,9 (5)
Moderate malnutrition 6,5(3)
Severe malnutrition 2,2(1)
Transferrin 0,673
Normal 26,1 (12)
Moderate protein deficiency 2,2(1)
Severe protein deficiency 2,2(1)
Handgrip strength 0,05
Adequate 15,2 (7)
Inadequate 15,2 (7)
Comorbidities
None -2 0,054
Diabetes -3 0,633
Arterial hypertension -11 0,104
Others -1 0,539
Staging 0,488
T1 43(2)
T2 4,3 (2)
T3 15,2 (7)
T4 6,5 (3)
Neoadjuvant treatment 0,367
None 21,7 (10)
Chemotherapy 2,2(1)
Radiotherapy 2,2(1)
Chemotherapy + Radiotherapy 4,3 (2)
Sarcopenia 10,8 (5) 0,003

*BMI: Body Mass Index; PG-SGA: Patient-Generated Subjective Global
Assessment; BIA: Bioelectrical impedance; T1: degree of tumor invasion
1; T2: degree of tumor invasion 2; T3: degree of tumor invasion 3; T4:
degree of tumor invasion 4.

demonstrated increased

Huang [11]

complications with increasing degree of sarcopenia in patients

postoperative

with gastric cancer, and their sample presented 37,4% of
patients with some degree of sarcopenia. Zhuang [14] associated
the presence of sarcopenia with a higher occurrence of severe
complications in patients with gastric cancer, and 41,5% of the
sample were sarcopenic. Similarly, analyzed by Reisinger [43], in
a sample of patients with colorectal cancer, 47.7% were identified
as sarcopenic, and functional impairment was associated with an
increase in postoperative complications. Sharma [45] identified
29% of sarcopenic patients in their sample and, when submitted
to nephrectomy for metastatic renal cell carcinoma, sarcopenia
increased length of hospital stays. The presence of sarcopenia was
also associated with an increase in length of stay in the present
study (p=0,042) (Table 4), since the greater the occurrence of
complications, consequently the longer the hospitalization time.
The presence of sarcopenia was not correlated with disease staging,
comorbidities, length of stay in the ICU (p=0,94) and treatment
with neoadjuvant chemotherapy or radiotherapy (p>0,05). Among
the sarcopenic patients, 71,4% (n=10) were classified with some
degree of malnutrition by PG-SGA, whereas BMI classified 28,5%
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of these patients with underweight. Regarding the sample deaths,
only one of the three patients who died were sarcopenic, therefore,
there was no correlation between sarcopenia and mortality
(p>0,05) (Table 4).

Table 4: Correlation of sarcopenia and the sample profile.

Staging 0,198
T1 2 7
T2 3 4
T3 6 19
T4 3 2
Comorbidities
None 3 13 0,438
Diabetes 4 4 0,119
Arterial hypertension 10 18 0,414
Others 1 1 0,786
Neoadjuvant treatment 0,615
None 11 22
Chemotherapy 1 1
Radiotherapy 1 0
Chemotherapy + 1 9
Radiotherapy
Length of stay 0,042
More than 7 days 6 4
Less than 7 days 8 28

T1, degree of tumor invasion 1; T2, degree of tumor invasion 2; T3,
degree of tumor invasion 3; T4, degree of tumor invasion 4.

Cancer generates metabolic and systemic changes, leading
to loss of muscle mass, one of the factors to identify the presence
of sarcopenia. In addition, the tumor cell exacerbates protein
catabolism, accentuating the loss of muscle mass. Reduced muscle
mass is identified in about 50% of preoperative patients [2], and
this loss makes the patients more likely to develop complications.
In addition to oncologic disease, age is also a predictive factor of
sarcopenia [12]. The most recent studies elucidate the effects of
sarcopenia on postoperative complications. However, there is little
literature available to evaluate complications in the presence of
nutritional intervention in the preoperative period of sarcopenic
patients. Fukuda [12] when evaluating elderly patients with
gastric neoplasia identified a low caloric and protein intake in
sarcopenic patients prior to surgical treatment, which increased
the incidence of postoperative complications. Later, Yamamoto [46]
demonstrated that nutritional and physical intervention in these
patients had the potential to increase protein and caloric intake,
reduce the incidence of sarcopenia, and improve the postoperative
clinical course of patients with gastric cancer. Sarcopenic patients
should receive adequate nutritional guidance in the preoperative
period, aiming to reduce symptoms caused by the underlying
disease and to improve the protein and caloric supply. Therefore,
these patients need to be properly identified before the surgical
procedure. Nutritional status can be assessed through PG-SGA
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and the intervention should be individual, according to the caloric
requirement of each patient, considering limitations such as
gastrointestinal symptoms [46]. The instruments used in this
study to identify the presence of sarcopenia are low cost and can
be routinely used as a preoperative nutritional assessment method,
especially handgrip strength and BIA. In this way, it is possible to
identify patients who are candidates for nutritional counseling.
A randomized clinical trial should be developed with the elderly
population with sarcopenia and with tumors of esophagus, stomach,
colon and rectum, aiming to evaluate nutritional interference in the
hospitalization time, reduction of sarcopenia and in the presence of
postoperative complications.

Conclusion

Sarcopenia is an independent risk factor for the development
of postoperative complications and is also associated with an
increased length of hospital stay in elderly and oncologic patients
undergoing gastrointestinal surgery. Studies with intervention
groups are necessary to determine the efficacy of preoperative
nutritional intervention in sarcopenic patients and to evaluate the
response of postoperative complications.
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