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Background: The purpose of this study was to determine the safety and efficacy of enteral nutrition in combination with mi-
crobial preparations for bowel preparation in elderly patients with colorectal cancer.

Material/Methods: Were divided 160 patients diagnosed with colorectal cancer into a control group (n=80) and an experimental
group (n=80) by random number table method. The control group took the traditional intestinal preparation,
and the experimental group took oral enteral nutrition combined with microbial preparations. Both groups
were treated by the same medical team. The postoperative recovery, complications, nutritional status, inflam-
mation, and other indicators of the 2 groups were compared.

Results: The nutritional status of the experimental group was significantly better than that of the control group, the in-
cidence of tissue inflammation and postoperative complications was significantly lower than that of the con-
trol group, and the stool test results of patients with postoperative diarrhea were better than those of the con-
trol group, and the difference between groups was statistically significant.

Conclusions: The intestinal preparation using enteral nutrition combined with microbial preparations can alleviate the sys-
temic inflammatory response in elderly patients, improve the nutritional status, reduce the occurrence of post-
operative complications, and facilitate rapid postoperative recovery.
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Background

According to the latest statistics provided by the WHO
International Centre for Research on Cancer (IARC) in 2020,
the incidence of colorectal cancer is increasing in China; it is
the second most prevalent malignant tumor and the fifth lead-
ing cause of death [1-3]. It generally occurs in adults aged 60-
70 years old and gravely endangers health. Preoperative in-
testinal preparation is a crucial step to enhance postoperative
recovery. The classic intestinal preparation approach must be
switched from semi-fluid diet to fluid diet, with repeated ene-
mas until fasting and intravenous fluids [4,5]. These methods
not only affect preoperative relaxation, but also lower the in-
take of calories and minerals, alter the intestinal mucosal bar-
rier, and may lead to intestinal bacterial translocations and en-
terogenic infections [6].

Intestinal nutrition preparation is easy to absorb, does not form
stool, keeps the intestines empty and clean, can meet the nu-
tritional needs of patients, and can stimulate the gastrointes-
tinal tract, activate the intestinal endocrine system, acceler-
ate intestinal hormone synthesis and release, regulating the
pancreas, gastrointestinal, biliary tract, such as the secretion
of digestive juice, and is conducive to maintaining immunity,
biology, and mechanical barrier function [7,8]. It has been ob-
served that the combined use of intestinal nutrition and mi-
crobial agents in preoperative intestinal preparation for gastric
cancer has a favorable therapeutic impact, but there is little
information available on preoperative intestinal preparation in
elderly patients with colorectal cancer. In this research, older
patients with colorectal cancer were preoperatively prepped
with enteral nutrition mixed with probiotics, and generally ex-
cellent clinical outcomes were attained.

Material and Methods

Study Population

From November 2020 to July 2021, 160 patients with colorec-
tal cancer were admitted to the Gastrointestinal Surgery
Department at Huai’an Hospital Affiliated to Xuzhou Medical
University. The inclusion criteria were: 1) Electronic colonos-
copy and pathological diagnosis of rectal or colon cancer; 2)
No neoadjuvant radiation or chemotherapy was administered;
3) cTNM stages I-lll; 4) There was no gastrointestinal obstruc-
tion; (5) American Society of Anesthesiologists (ASA) rating
of I through IlI; 6) Active participation and completion of nu-
merous indicator tests and participants and their family mem-
bers must provide informed consent and sign the informed
consent; 8) Age 60-80 years. The exclusion criteria were: 1)
Preoperative cognitive impairment and a history of mentalill-
ness; 2) Severe cardiopulmonary insufficiency; 3) Emergencies
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such as intestinal perforation or blockage; 4) Inability to par-
ticipate with follow-up visits or refusal to sign informed per-
mission. We randomly assigned 160 patients to the experi-
mental or control group, with 80 patients in each group. The
Medical Ethics Committee at Huai’an Hospital, which is con-
nected with Xuzhou Medical University, authorized this re-
search (HEYLL-202028).

Covariates

Leukocyte count, neutrophil percentage, C-reactive protein,
and IL-6 levels were determined on the day of admission (be-
fore intestinal preparation) and postoperatively (1, 3, and 7
days after surgery) to assess the inflammatory response in all
recruited patients. Serum total protein, serum albumin, serum
prealbumin, and transferrin levels were determined on the ad-
mission day (before intestinal preparation) and postoperative-
ly (only before and 7 days after intestinal preparation). During
intestinal preparation, we recorded adverse effects such as diz-
ziness, palpitations, fatigue, and nausea, as well as the gener-
al postoperative circumstances, including postoperative initial
exhaust time, peristalsis recovery time, hospital stay, postop-
erative delirium, postoperative diarrhea, incision infection, and
anastomotic fistula. The fuzzy awareness exam was used by
trained caregivers (CAM) to screen for postoperative delirium.
For patients with postoperative diarrhea, a stool test was per-
formed and the stool test results were observed. Major objec-
tives were reduction of intestinal bacteria, inversion of rod-to-
ball ratio, and reduced fungal infection.

Clinical Intervention

The control group received the following treatments: the stan-
dard intestinal preparation procedure was used, with semi-
fluid diet on the third day prior to surgery, and a whole-fluid
diet on the first day before to surgery. Gentamicin 80 000 U
and tinidazole 0.5 g were administered 3 times daily on the
last 3 days before surgery. Polyethylene glycol, an oral laxa-
tive, was administered 16 h before surgery. The experimen-
tal group received the following treatment: Three days be-
fore surgery, patients received bifidobacteria triplex viable
capsules (Inner Mongolia Shuangqi Pharmaceutical Co., LTD,
Approval No.: National Drug Approval 19980004, specifica-
tion: 0.5 g/tablet) 2.0 g/time, 3 times per day; and oral en-
teral nutrition preparation (Huarui Pharmaceutical Company,
Approval No.: National Drug Approval H20040723, specifica-
tion: 500 ml) 30~40 mL/kg/d. The specific ingredients of en-
teral nutrition preparations are shown in Table 1.

For patients in both groups, the same group of doctors per-
formed laparoscopic-aided radical resection of colorectal can-
cer (CME/TME). Apart from the various preoperative intestinal
preparation techniques, the remaining treatment strategies for
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Table 1. Nutritional composition of the enteral nutrition.

CLINICAL RESEARCH

Protein

Chromium

Fluoride

Carbohydrates 32%

colorectal surgery were based on the Chinese expert consensus
and the Path Management Guide of Accelerated Rehabilitation
Surgery (2018 edition). Throughout the entire process, stan-
dardized management was used, including preoperative edu-
cation, preoperative pre-rehabilitation, preoperative medica-
tion, preventive antithrombotic therapy, anesthesia program
and intraoperative management, prevention and treatment of
postoperative nausea and vomiting, perioperative fluid man-
agement, pelvic or abdominal drainage tube management, and
postoperative analgesia [9,10].

Statistical Analysis

All graphics were drawn and assembled using Adobe Illustrator
2020 (Adobe, Inc, USA), GraphPad Prism 9 (San Diego, California,
USA). All data were analyzed using SPSS version 22.0 (SPSS,
Inc. Chicago, IL, USA) statistical software. The mean and stan-
dard deviation of normally distributed measurement data were
calculated, and test was used for comparison between groups,
and repeated measures analysis of variance was used for re-
peated measurement data. Statistics are reported as instance
counts or percentages (percentages) and compared using a

two-tailed test. All statistical tests were two-tailed and a sig-
nificance level of P<0.05 was considered statistically significant.

Results

Baseline Characteristics

There were no significant differences in age, sex, body mass
index, tumor site, or pathological type between the 2 groups
(P<0.05), as shown in Table 2.

The Inflammatory Response

As shown in Table 3 and Figure 1, there were no significant
differences in preoperative inflammatory markers such as to-
tal white blood cell count, neutrophil ratio, C-reactive pro-
tein, and IL-6 between the experimental and control groups
(C-reactive protein: P=0.416, total white blood cell count:
P=0.321, NBC/percent: P=0.612, IL-6: P=0.353). On the first and
third days after surgery, the experimental group’s total white
blood cell count and neutrophil ratio were significantly lower
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Table 2. Comparison of general data between the 2 groups.

Test group (n=80) Control group (n=80) t/x? P-value
Age 66.85+4.05 64.95+4.347 1.429 0.609
CGender 0312 0555
"""" Male 222
"""" Female 19 g
et 25665159 25304:096 0865 0249
CTumorsite . ie3 0379
"""" Thecolon 2 2
"""" Therectum 20 18
| The pathologic types 228 0757
"""" Moderately 25 24
"""" Differentiated adenocarcinoma
"""" Poorly 9
"""" Differentiated adenocarcinoma
"""" Moderately—poorly 6 5

differentiated adenocarcinoma

Table 3. Comparison of inflammatory indexes between 2 groups.

Test group (n=80) Control group (n=80) P-value

WBC, x10°/L

Post-OP 7 day 17.98+2.23 23.42+3.24 6.197 0.025

Post-OP 1 day — the first day after surgery; Post-OP day 3 — the third day after surgery; Post-OP day 7 — the seventh day after surgery.
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Figure 1. Comparison of inflammatory indexes between 2 groups. (A) WBC. (B) NBC. (C) CRP. (D) IL-6. WBC — white blood cell;
NBC — neutrophil ratio; CRP — C-reactive protein; IL-6 — interleukin-6; Post-OP day 1 — the first day after surgery; Post-OP day
3 —the third day after surgery; Post-OP day 7 — the seventh day after surgery.

than those in the control group (P<0.05). C-reactive protein
levels rose considerably in both groups on the first, third, and
seventh days after surgery, with statistically significant differ-
ences (first day after surgery: P=0.016, third day after surgery:
P=0.034, and seventh day after surgery: P=0.028). As shown
in Figure 1D, both groups had a substantial rise in IL-6 levels
7 days after surgery as compared to before surgery, but the
degree of increase was less in the experimental group than in
the control group (P=0.025).

Nutritional Status

As demonstrated in Table 4 and Figure 2, there was no statis-
tically significant difference in serum total protein or serum al-
bumin levels prior to surgery between the 2 groups (total se-
rum protein: P=0.48, serum albumin: P=0.69). Hypoproteinemia
occurred in both groups after surgery, but the serum albumin
level in the experimental group was significantly higher than
that in the control group (P=0.047 on the first postoperative
day, P=0.039 on the third postoperative day, P=0.048 on the
seventh postoperative day). There were no significant varia-
tions in serum prealbumin and transferrin levels between the

2 groups prior to surgery (serum prealbumin: P=0.237; serum
transferrin: P=0.780), as shown in Figure 3. The 2 indices in
the experimental group were better to those in the control
group on the seventh day after surgery (P=0.045).

The General Situation

The experimental group’s recovery time for intestinal peristalsis
was substantially less than the control group’s (P=0.025), and
the experimental group’s first exhaust time was 50.43+3.47 h
after surgery, compared to 58.8+5.16 h in the control group;
there were no clear signs of abdominal distention, and the dif-
ference was statistically significant (P=0.043). As demonstrated
in Table 5, the experimental group’s hospital stay was shorter
(19.65+2.621 days) than that of the control group (21.8+2.821
days) (P=0.048).

Postoperative Complications
Postoperative delirium occurred in none of the 80 patients in

the experimental group, incision infection occurred in 2, and
postoperative diarrhea occurred in 4, for a complication rate
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Table 4. Comparison of nutritional indexes between the 2 groups.
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Test group (n=80) Control group (n=80) t P-value
Total serum protein, g/L
"""" Preintestinal preparation ~ 6546£203  6395:0.89 303 048
"""" PostoP1day ~ 6091¥222  5427s140 11303 0042
"""" PostoP3day ~ 5804:180 5348284 4761 0046
"""" PostoP7day  6564£127 57445104 22245 0034
CSeumalbumin g/l
"""" Preintestinal preparation ~ 3632¢104  3566:072 2305 069
"""" PostoP1day ~ 3176z117  2990:082 5823 0047
"""" PostoP3day 2982137  2647:088 9213 0039
"""" PostoP7day  3650¢115 33582094 8758 0048
CSeumprealbumin, g/l
"""" Preintestinal preparation ~ 18378£23.25  19487:2926 1328 0237
"""" PostOP7day ~  167.88+11.18 149.39+856 588 0045
CTmansferrin,mol/l
"""" Preintestinal preparation ~ 39.62¢590 4103576 0767 078
"""" PostOP7day ~  3817¢330 3277230 5987 0041

Post-OP day 1 — the first day after surgery; Post-OP day 3 - the third day after surgery; Post-OP day 7 — the seventh day after surgery.

A ] B ]
— Test group Test group
P=0.69 P=0.048
40 — — P=0.047 B Control group 80 — I Control group
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=002 g4
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g 25 — E" 50
§ 20 {;,i 40
= 15 T 30
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10 20
5 - 10
0- 0-
Preoperative Post-0P Post-0P Post-0P Preoperative Post-0P Post-0P Post-OP
1day 3 day 7 day 1day 3day 7 day

Figure 2. Comparison of nutritional indexes between 2 groups. (A) Albumin. (B) Total protein. Post-OP day 1 — the first day after
surgery; Post-OP day 3 — the third day after surgery; Post-OP day 7 — the seventh day after surgery.

of 7.5% (6/80). Postoperative delirium occurred in 4 patients
in the control group, incision infection occurred in 4 patients,
and postoperative diarrhea occurred in 10 patients, for a com-
plication rate of 22.5% (18/80). The experimental group had
a much lower rate of postoperative complications than the
control group, a difference that was statistically significant
(P<0.05). As demonstrated in Table 6, anastomotic fistula did
not develop in either group.

Stool Examination Results

As shown in Table 7, the stool examination results of patients
with postoperative diarrhea showed that the experimental
group had 2 cases of decreased intestinal bacteria, 1 case of
rod-ball ratio inversion, and 1 case of fungal infection, all of
which were less than those of the control group, and the dif-
ference was statistically significant (P<0.05).
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Figure 3. Comparison of nutritional indexes between the 2 groups. (A) Serum prealbumin. (B) Transferrin. Post-OP day 1 - the first day
after surgery; Post-OP day 3 — the third day after surgery; Post-OP day 7 — the seventh day after surgery.

Table 5. Comparison of postoperative recovery time between the 2 groups.

Test group (n=80) Control group (n=80)
First exhaust time (hours) 50.43+3.47 58.8+5.16 1.964 0.043
Days in hospital (days) 19.65+2.621 21.8+2.821 2.497 0.048

Postoperative peristalsis recovery 42.88+3.98 51.8545.15 2.168 0.025
time (hours)

Table 6. Comparison of the number of complications between the 2 groups.

Test group (n=80) Control group (n=80) P-value

Postoperative delirium 0 4 0.0038

Total 7.5% (6/80) 22.5% (18/80) =

Table 7. Comparison and analysis of stool examination results after different bowel preparation methods between the 2 groups.

Reduction of intestinal Inversion of rod-to-ball . .
N . Fungal infection
bacteria ratio
Test group (n=80) 2 1 1
Control group (n=80) 9 7 8
3 8.8613 6.7314 10.2139
P-value 0.0029 0.0090 0.0012
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Discussion

Preoperative intestinal preparation has always been an impor-
tant step in the perioperative period of colorectal cancer pa-
tients. With continuous exploration and evidence-based sci-
entific research, various systematic preparation schemes have
been formed [11-13]. In the past, mechanical enema was most-
ly used, but this method caused great pain for patients, and
repeated enemas could easily lead to mucosal damage and
other problems, thus increasing the occurrence of postoper-
ative complications [14,15]. This method has been gradually
abandoned, but it is still a necessary preoperative preparation
for some patients undergoing emergency surgery [16]. For pa-
tients with non-obstructive colorectal cancer, oral laxatives and
antibiotics are the most commonly used methods in clinical
practice. In this regimen, patients need to take oral antibiot-
ics for 3 consecutive days. It is believed that oral antibiotics
for several consecutive days not only fail to achieve the best
effect, but also tend to cause the over-propagation of intesti-
nal fungi and increase complications [17,18].

With the gradual development and spread of rehabilitation sur-
gery, a growing number of clinical physicians and researchers
have used intestinal nutrition and microbial preparation for
preoperative intestinal preparation for colorectal cancer sur-
gery. A study on the comparison of enteral nutrition emulsion
with traditional bowel preparation reported that the number
of preoperative enemas in the enteral nutrition emulsion group
was significantly less than that in the traditional bowel prepa-
ration group, the pain of repeated enemas was reduced, and
the bowel cleaning rate was significantly higher. The results
of the above study showed that patients with colorectal can-
cer were prepared by the preoperative intestinal tract, which
ensured good intestinal cleanliness, and the nutritional status
of the patients was improved, and inflammation was signifi-
cantly reduced [19-21]. A recent study on preparation for in-
testinal bowel surgery compared the patients who were given
oral probiotics before bowel preparation and those who did
not take probiotics before bowel preparation, and the results
showed that the intestinal cleaning efficiency of the probiotic
group was significantly higher than that of the control group,
there was less postoperative stress in the control group, and
the immune function was better than in the control group. The
results showed that oral probiotics could improve the intes-
tinal clarity of patients with colorectal cancer, reduce postop-
erative stress, and enhance the immune function of patients,
but these patients were prone to lack of nutritional intake,
and the postoperative nutritional status was not significant-
ly improved [22-24].

Therefore, research on an effective method that can not only
improve intestinal cleanliness, but also provide sufficient calo-
ries and nutrients, prevent intestinal flora disorder, and improve
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immune function has become an important research topic
[25,26]. In this study, enteral nutrition combined with micro-
bial preparation was used as preoperative intestinal prepara-
tion for colorectal cancer surgery, in the expectation of improv-
ing the nutritional status of patients, reducing inflammatory
response, reducing postoperative complications, and prevent-
ing and controlling bacterial imbalance.

Most colorectal cancer patients have varying degrees of mal-
nutrition before surgery, and patients eat less, resulting in an
imbalance of intestinal flora [27-29]. Therefore, nutritional
support and appropriate probiotics supplementation are very
important to correct malnutrition and improve the intestinal
flora [30]. Inthe present study, hypoproteinemia occurred in
both groups after surgery, but serum albumin in the experi-
mental group was significantly higher than that in the con-
trol group (P=0.047 on the first postoperative day, P=0.039 on
the third postoperative day, and P=0.048 on the seventh post-
operative day). Due to surgical shock, all patients showed an
increase in inflammatory indicators after surgery, but the in-
flammatory response of the experimental group was signifi-
cantly less than in the control group, in which the change of
C-reactive protein (CRP) was the most significant. CRP is an
acute-stage protein that rises rapidly after tissue lesions, ma-
lignant tumors, surgical trauma, and various acute or chronic
infections, and quickly returns to normal with improvement of
the condition. C-reactive protein is positively correlated with
the degree of tissue damage. It is not affected by other fac-
tors in the acute stage, such as blood pressure, respiration,
and heart rate, and can accurately reflect the degree of tissue
damage and inflammatory response of patients in the early
stage [31-33]. In the present study, C-reactive protein increased
in both groups on the first, third, and seventh days after sur-
gery compared with that before surgery, and the increase was
more obvious in the control group, with statistically signifi-
cant differences (the first day after surgery: P=0.016, the third
day after surgery: P=0.028, and the seventh day after surgery:
P=0.034). The above results indicated that the postoperative
nutritional status of patients in the experimental group was
better than that in the control group, and the inflammatory
response was lower than that in the control group, which im-
proved the postoperative recovery of patients. It has been re-
ported that inflammatory factor C-reactive protein was signifi-
cantly increased in peripheral blood of patients with colorectal
cancer on the third day after surgery, which can be used as a
blood marker to evaluate the occurrence of postoperative de-
lirium [34-36]. However, postoperative delirium may be asso-
ciated with inflammatory disorders caused by external stim-
uli and central nervous system inflammation. A number of
recent studies have reported a correlation between intestinal
microbes and mental state. Intestinal probiotics can improve
patients’ mental state to a certain extent, and even play an
important role in severe mental diseases such as depression
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and schizophrenia [37,38]. Although the occurrence of post-
operative delirium is affected by many factors, the number of
cases of postoperative delirium in the experimental group was
significantly lower than that in the control group, suggesting
that enteral nutrition combined with microbial agents instead
of traditional intestinal preparation can reduce the occurrence
of postoperative delirium by reducing the stress response of
patients and improving the intestinal flora. The intestinal nu-
trient solution matched with microbial preparation is easy to
digest, provides comprehensive nutrition, has high bioavail-
ability, improves intestinal flora, and is easy to use.

Simple general anesthesia or epidural anesthesia and postop-
erative opioid analgesics as needed were often the main anes-
thesia methods in the past. Now general anesthesia combined
with epidural block anesthesia and postoperative indwelling
epidural catheter for postoperative pain relief are widely used
in clinical practice. The use of mid-thoracic cannulae is em-
phasized in epidural block anesthesia, thereby inhibiting the
afferent of adrenal sympathetic nerve excitation, reducing
the patient’s stress response, in order to allow patients to re-
ceive surgical treatment in a state closer to their own physio-
logical state. Optimizing the preoperative medication regimen,
speeding post-anesthesia recovery, avoiding early postoper-
ative complications, reducing stress response, and adequate
and effective analgesia are the main manifestations of the
optimization of anesthesia methods required by ERAS. To en-
able patients to move early and reduce postoperative com-
plications after anesthesia, fast- and short-acting anesthetics
are recommended by ERAS; for better postoperative analge-
sia and relief of respiratory depression and early recovery of
postoperative intestinal paralysis, ERAS recommends the use
of epidural anesthesia as an alternative to general anesthe-
sia. The latest research shows that in terms of anti-stress, con-
tinuous infusion of dexmedetomidine under general anesthe-
sia has the same effect as general anesthesia combined with
mid-thoracic epidural block and can be used instead. Total in-
travenous anesthesia can also manage the traumatic stress of
abdominal surgery, especially laparoscopic surgery with min-
imally invasive characteristics [26].

The safety of enteral nutrition therapy as a method of intes-
tinal preparation for patients with colorectal cancer has been
confirmed in many previous studies, but the subjects of pre-
vious studies were young patients. Because elderly patients
may have other basic diseases and poor general conditions
while their physiological metabolism is gradually slow and or-
gan function is declining, the safety and effectiveness in elderly
patients have not been confirmed. In this study, after exclud-
ing cases of severe cardiopulmonary diseases, enteral nutri-
tion combined with microbial agents was used as preopera-
tive intestinal preparation for elderly patients with colorectal

CLINICAL RESEARCH

cancer, which improved their nutritional status. At the same
time, due to better nutritional preparation, the tolerance of el-
derly patients was also improved during the operation [15,24].
Compared with the previous application of enteral nutrition
therapy in young patients, our results suggest that use in el-
derly patients can have a direct impact on the treatment ef-
fect and prognosis of postoperative diseases, and can signifi-
cantly improve the short-term prognosis.

In conclusion, in this study, the basic principles of Enhanced
Recovery After Surgery (ERAS) were followed in advanced lap-
aroscopic radical colorectal cancer surgery. The nutritional sta-
tus, inflammatory response, general conditions, and postopera-
tive complications of patients were compared between enteral
nutrition combined with microbial preparation as preoperative
intestinal preparation and traditional intestinal preparation.
Our results suggest that the intestinal nutrition combination
probiotics as bowel preparation is superior to the traditional
bowel preparation, does not increase the postoperative com-
plications, and improves the nutritional status of patients to
reduce inflammation, reduce the incidence of postoperative
delirium, and speed rehabilitation, while oral enteral nutrient
solution with microbial preparation does not increase the pa-
tient’s discomfort, is easy to use, and is associated with good
patient compliance. As a routine preoperative intestinal prepa-
ration method for patients with colorectal cancer, it has a pos-
itive impact on clinical treatment and short-term prognosis.
The sample size included in this study was small, and the long-
term prognosis was not evaluated. The results of this study
need to be confirmed by large-sample, multi-center, random-
ized controlled studies. In addition, the present study was in-
sufficient for fecal detection of patients after bowel prepara-
tion. A weakness of our study was that we did not conduct
detailed comparisons of the specific intestinal bacteria be-
tween the experimental group and the control group. More
detailed research is needed to further compare the results of
intestinal flora detection.

Conclusions

After surgery, older people may benefit from intestinal prep-
aration using enteral nutrition mixed with microbial prepara-
tions to minimize the inflammatory response, enhance nutri-
tional status, and decrease the occurrence of postoperative
complications.
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