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Abstract: Purpose: This research project aimed to discuss the effect of early enteral nutrition (EEN) plus probiotics
on intestinal function of senile patients with sepsis. Methods: 108 senile sepsis patients admitted to our hospital
from January 2019 to January 2022 were selected in this retrospective study. These patients including 50 cases in
a control group (CG) and 58 cases in a research group (RG). Both groups received EEN, but the research group was
given EEN plus probiotics. The two cohorts of patients were compared with respect to treatment efficacy, intestinal
mucosal barrier, nutritional status and 28-day mortality. Cox regression was performed to analyze the prognostic
factors of elderly patients with sepsis. Results: Compared to the CG, the RG had evidently higher overall response
rate and post-treatment albumin (Alb) and prealbumin (PA) levels, as well as statistically lower intestinal fatty acid
binding protein, diamine oxidase, D-lactate and 28-day mortality. Furthermore, Alb and PA were identified as inde-
pendent predictors of prognosis in elderly patients with sepsis. Conclusions: EEN supplemented with probiotics
is superior to EEN alone in the treatment of senile patients with sepsis. This combined regimen can significantly
improve intestinal function, nutritional status and prognosis of patients. Moreover, Alb and PA are independently
related to the prognosis of elderly patients with sepsis.
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Introduction

Sepsis is an infection-induced systemic inflam-
matory disease with its pathological exacerba-
tion being associated with acute kidney injury
in most cases [1]. In addition, this disease has
the highest morbidity in the intensive care unit
and may cause cardiac and autonomic dysfunc-
tion in patients [2]. Although the overall mor-
tality of sepsis shows a gradual decline, the
28-day and one-year mortality rates remain up
to 25% and 41%, respectively, due to the signifi-
cant increase in morbidity [3]. Moreover, dis-
ease exacerbation may lead to multiple organ
dysfunction syndrome or septic shock, which
may be life-threatening and induce long-term
sequelae [4, 5]. Intestinal function is signifi-
cantly associated with the development of sep-
sis, and repairing the body’s intestinal mucosal
barrier (IMB) is conducive to alleviating inte-
stinal injury and inflammatory response, and
curbing disease progression [6]. Evidence has

indicated that blood infection in senile patients
with sepsis is related to significantly higher
mortality and adverse prognosis, more comor-
bidities and less clinical response, which brings
great challenges to clinical treatment [7]. Hen-
ce, it is important to seek better treatment
strategies for sepsis in the elderly population
to improve patients’ intestinal function and
prognosis.

Long-term intensive care unit stay in elderly
sepsis patients is often accompanied by mal-
nutrition, the risk of which can be effectively
reduced by early enteral nutrition (EEN), con-
tributing to improved outcomes of such patients
[8]. Compared with parenteral nutrition, enteral
nutrition intervention is more conducive to im-
proving intestinal integrity and inhibiting sys-
temic inflammation [9]. There were also stu-
dies reporting that giving patients EEN inter-
vention could greatly reduce the risk of serious
gastrointestinal complications and accelerate
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patients’ recovery [10]. In the study of Jiang et
al. [11], EEN within 24 hours of admission
effectively reduced 60-day mortality in sepsis
patients. Besides, the benefits provided by
probiotics in various infectious diseases have
been gradually revealed, which can improve the
flora ecology and restore the lost non-patho-
genic digestive flora [12]. Probiotics are also
widely used in malnutrition caused by various
diseases, providing nutrients for patients while
ensuring their safety [13]. Chen et al. [14] re-
ported that while significantly improving the
nutritional status of stroke patients, probiotics-
containing EEN therapy enhanced patients’
intestinal flora and IMB function.

Considering that there are currently few analy-
ses on the impacts of probiotics plus EEN on
intestinal function and clinical effects of elderly
sepsis patients, this study conducted relevant
research with the aim of providing optimization
ideas and new insights into the treatment of
sepsis in the elderly.

Data and methods
General information

A retrospective analysis was performed on
108 senile sepsis patients admitted between
January 2019 and January 2022. Patients we-
re grouped according to different intervention
methods, with 50 cases treated with EEN being
included in a control group (CG) and 58 cases
treated with EEN plus probiotics being assigned
to a research group (RG). The ratio of male to
female, mean age, and body mass index (BMl)
in the CG were 27:23, (71.36+7.71) years, and
(22.26+3.05) kg/m?, respectively, while the
data in the RG were 34:24, (72.36+7.74) years
and (23.19+2.96) kg/m?, respectively. The RG
and CG showed comparability in sex, age, BMI
and other general data (P>0.05). Inclusion cri-
teria: age >60; confirmed diagnosis of sepsis
[15]; in accordance with the indications of
enteral nutrition therapy; complete clinical re-
cords. Exclusion criteria: death within 7 days of
admission; malignant tumors or serious organ
diseases; nutritional contraindications or in-
ability to receive EEN intervention; recent his-
tory of gastrointestinal surgery or abdominal
infection; gastrointestinal diseases. This study
was approved by the General Hospital of Sou-
thern Theatre Command Ethics Committee.
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Treatment methods

The CG received EEN therapy. Patients were
given water and electrolyte maintenance, per-
fusion improvement, anti-inflammation and an-
ti-infection treatment, as well as nasogastric
tube indwelling. EEN therapy was given within
1-2 days after admission, with the enteral nu-
trition suspension (NUTRICIA Pharmaceuticals
(Wuxi), H20010285) pumped into the patient
at a constant speed through the nasal cathe-
ter. The dosage was a quarter of the required
amount on the first day, and increased by 1/4
until the full amount according to patient to-
lerance. The enteral nutrient suspension was
maintained at 37-42°C, and the feeding rate
was set to 20-25 ml per hour, with a daily limit
of 500 mL. In cases with gastrointestinal re-
actions during treatment, the hourly feeding
amount was increased to 60-85 mL with a daily
limit of 1500-2000 mL.

On this basis, the RG was treated with addition-
al probiotics (Bifid-triple Viable Enteric-coated
Capsules; Jincheng Health Pharmaceutical Co.,
Ltd., S19993065). After grinding and hydration,
the probiotics preparations were slowly inject-
ed into the patients through the nasal feeding
tube, three times a day, three tablets each
time, for a two-week course of treatment.

Evaluation of clinical response

Marked response referred to complete resolu-
tion of the patient’s clinical symptoms, with the
infection focus under control and the laborato-
ry indexes completely restored to normal.

Response was indicated if the patient’s clinical
symptoms were improved, the infection focus
were not completely controlled, but the labora-
tory indexes were within the reference range.

If the patient’s clinical symptoms were not
improved or even aggravated, and the labora-
tory indexes were abnormal, it was regarded
as non-response.

Endpoints

(1) Efficacy. The number of cases correspond-
ing to marked response, response and non-
response was recorded according to the above-
mentioned efficacy evaluation criteria, and the
overall response rate (ORR) of treatment was
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Table 1. General data of two cohorts of senile sepsis patients [n (%), mean + SEM]

Factors Control group (n=50) Research group (n=58) x?/t P

Sex (Male/Female) 27/23 34/24 0.233 0.629
Age (years old) 71.36+7.71 72.36+7.74 0.671 0.504
Hypertension (Yes/No) 15/35 13/45 0.805 0.370
Coronary Heart Disease (Yes/No) 10/40 14/44 0.266 0.606
Diabetes (Yes/No) 9/41 10/48 0.011 0.918
Chronic Obstructive Pulmonary Disease (Yes/No) 5/45 8/50 0.365 0.546
History of smoking (Yes/No) 8/42 12/46 0.391 0.532
History of alcoholism (Yes/No) 18/32 22/36 0.043 0.836

Table 2. Comparison of curative effects between two cohorts of senile sepsis patients [n (%)]

Groups n Marked response Response Non-response  Overall response rate (%)
Control group 50 12 (24.00) 25 (50.00) 13 (26.00) 37 (74.00)
Research group 58 29 (50.00) 23 (39.66) 6 (10.34) 52 (89.66)

¥? value - - - - 4,539

P value - - - - 0.033
calculated. (2) IMB indexes. Serum was isolat- Results

ed via centrifugation after collecting 3 mL
venous blood from each patient before and
14 days after enteral nutrition treatment, to
detect intestinal fatty acid binding protein
(IFABP), diamine oxidase (DAO) and D-lactate
(D-Lac) by enzyme-linked immunosorbent as-
say (ELISA). The experimental process strictly
followed the instructions of human IFABP, DAO,
and D-Lac ELISA kits (Beijing Bowalls Biotech,
EK-H10481, EK-H10657, EK-H12394). (3) Nu-
tritional indicators. Aloumin (Alb) and prealbu-
min (PA) were measured before and after tre-
atment. (4) Prognosis. The 28-day mortality of
patients was recorded.

Statistical processing

GraphPad Prism 6 (GraphPad Software, San
Diego, USA) was used to analyze the data and
plot image rendering in this study. Enumeration
data (sex, hypertension, 28-day mortality, etc.)
and quantitative data (age, IFABP, DAO, D-Lac)
were denoted by the number of cases/percent-
age [n (%)] and the mean * standard deviation
(mean + SD), respectively. A Chi-square test
was used for comparison of enumeration data
between groups. The t test of independent
samples was used for comparison of quan-
titative data between groups, and paired t test
for comparison before and after treatment
within groups. Cox regression analysis was per-
formed to analyze the prognostic factors of
elderly patients with sepsis. A significance level
was set at P<0.05.
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General information of two cohorts of senile
sepsis patients

As shown in Table 1, the general data such as
sex, age, hypertension, coronary heart disease,
diabetes, chronic obstructive pulmonary dis-
ease, smoking history and alcoholism history
of the two cohorts of senile sepsis patients
were comparable (P>0.05).

Efficacy of two cohorts of senile sepsis patients

The statistics (Table 2) showed 37 cases of
marked response in the CG and 52 cases of
that in the RG. The ORR was statistically higher
in the RG compared with that in the CG (89.66%
vs. 74.00%, P<0.05).

IMB indexes of two cohorts of senile sepsis
patients

IFABP, DAO and D-Lac were non-significantly
different between groups prior to treatment
(P>0.05), while the three indexes all decreased
statistically in different degrees post treatment
(P<0.01), with more obvious reductions in the
RG than in the CG (P<0.01, Figure 1).

Nutritional indexes of two cohorts of senile
sepsis patients

Alb and PA of both groups were recorded to
evaluate the impacts of the two treatments on
patients’ nutritional status. The results revealed
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Figure 1. Indicators of intestinal mucosal barrier in two cohorts of senile sepsis patients. A. The IFABP of both groups
decreased significantly after treatment, especially in the research group. B. The DAO of both groups decreased
significantly after treatment, especially in the research group. C. The D-Lac of both groups decreased significantly
after treatment, especially in the research group. Note: **P<0.01. IFABP, Intestinal Fatty Acid Binding Protein; DAO,

Diamine Oxidase; D-Lac, D-Lactate.
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Figure 2. Nutritional indicators of two cohorts of senile sepsis patients. A.
The research group had significantly higher Alb levels than the control group
after treatment. B. The research group had significantly higher PA levels than
the control group after treatment. Note: *P<0.05; **P<0.01. Alb, Albumin;
PA, Prealbumin.

Prognostic indicators of two
cohorts of senile sepsis pa-
tients

The influences of the two
treatments on patient progno-
sis were evaluated in terms
of the 28-day mortality. A
lower 28-day mortality was
determined in the RG as com-
pared with that in the CG
(1.72% vs. 8.00%), but with no
significant difference between
groups (P>0.05, Figure 3).

Analysis of prognostic factors
in elderly patients with sepsis

104 We performed univariate and multivariate anal-
yses on the prognosis of elderly patients with
;“q 8- sepsis by Cox regression analysis (Table 3).
"z,’ Univariate analysis showed that IFABP, D-LAC,
= 61 Alb and PA were significantly associated with
‘g the prognosis of senile sepsis patients (P<
E 4 0.05). Moreover, according to the multivariate
o 2 analysis, Alb (P=0.003) and PA (P=0.045) we-
N 2T re independent prognostic factors in elderly

0 i . patients with sepsis.

& an Discussion

Figure 3. Prognostic indicators of two cohorts of se-
nile sepsis patients.

Sepsis is a fatal clinical syndrome character-
ized by organ dysfunction secondary to infec-

tion, which can lead to renal failure or even de-

no significant differences in Alb and PA between
the two groups prior to treatment (P>0.05).
After treatment, Alb and PA in the RG were
markedly higher than those in the CG and those
before treatment (P<0.05, Figure 2).

ath in severe cases [16]. Senile sepsis patients
are associated with elevated risk of disability
and death as well as increased treatment diffi-
culty than young patients because of their low
immunity, decreased organ reserve function,
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Table 3. Analysis of prognostic factors in elderly patients

with sepsis

prominent improvement effect on IMB. It
has also been reported that the IFABP

Variate B SE  Wald P Exp(B) 95% CI

level of rats with nonalcoholic fatty liver

IFABP -0.007 0.026 0.076 0.783 0.993 0.943-1.045
DAO 0.084 0.108 0.597 0.44 1.087 0.880-1.344
D-Lac 0.148 0.109 1.845 0.174 1.159 0.937-1.434
Alb -0.127 0.043 8.856 0.003 0.881 0.810-0.958
PA 0.008 0.004 4.002 0.045 1.008 1.000-1.016

disease decreased markedly after the
intervention of Saccharomyces boulardii,
which is in line with our research results
[24]. Similarly, Xin et al. [25] reported that
DAO and D-Lac, as intestinal permeability
markers, showed significantly reduced

IFABP, Intestinal Fatty Acid Binding Protein; DAO, Diamine Oxidase;

D-Lac, D-Lactate; Alb, Albumin; PA, Prealbumin.

having basic diseases and atypical clinical
symptoms after infection [17, 18]. EEN inter-
vention is a safe and reliable nutritional therapy
that delivers nutritional fluid to the gastroin-
testinal tract through a nasal catheter or stoma
for patients who are unable or insufficient to
achieve nutritional levels orally [19]. This study
primarily discusses the intestinal function and
the clinical effects of probiotics plus EEN in
senile sepsis patients, aiming to contribute to
treatment optimization of the disease.

In our study, the probiotic preparations used
were Bifid-triple Viable Enteric-coated Capsul-
es that mainly include Bifidobacterium longum,
Lactobacillus acidophilus and Enterococcus
faecalis. Probiotics can stimulate the anti-sep-
sis protective mechanism in the pathogenesis
of sepsis, and play a therapeutic role by inhibit-
ing the secretion of inflammatory mediators
and alleviating the conditions relating to irri-
table bowel disorder [20]. In addition, the pro-
biotics in Bifid-triple Viable Enteric-coated Ca-
psules, as active microorganisms, are also of
great help in improving the ecological balance
and prognosis of the host’s intestinal flora [21].
Our efficacy assessment data showed that the
RG had an obviously higher ORR than the CG,
which suggested that EEN plus probiotics were
effective in treating senile patients with sepsis.
We then assessed the IMB by examining IFABP,
DAO and D-LAC in the patients. Increased IFABP
is known to indicate intestinal cell injury and
intestinal toxicity, while DAO and D-Lac are sig-
nificantly related to the intestinal flora composi-
tion of sepsis patients [22, 23]. Our research
identified statistically lower IFABP, DAO and
D-Lac after treatment than those pre-treat-
ment, and the post-treatment levels were lower
in the RG than those in the CG, which indicated
that EEN plus probiotics intervention had a
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serum levels under the intervention of

probiotics. Furthermore, patients’ nutri-

tional status was assessed by measuring

the patients’ Alb and PA levels. We found
that the RG had markedly higher Alb and PA lev-
els than the CG after treatment, demonstrating
that the combined intervention can significant-
ly promote the nutritional recovery of senile
patients with sepsis. It has been reported that
Alb and PA can be used as nutritional indicators
of the body, and low levels of Alb and PA are
helpful for predicting malnutrition in elderly
patients with sepsis [26, 27]. In the report of
Chen et al. [14], probiotics combined with EEN
improved the levels of Alb and PA in stroke
patients, and effectively enhanced patients’
nutritional status, which is similar to our
research results. In terms of patients’ progno-
sis, a lower 28-day mortality was observed in
the RG (1.72%) as compared with that in the CG
(8.00%), suggesting that the combined inter-
vention can effectively improve the outcome of
senile sepsis patients. EEN support is shown to
exert a significant positive effect on shortening
hospital stays and reducing mortality, suggest-
ing that this therapy is helpful for promoting
rehabilitation and improving prognosis [28].
Finally, we confirmed through Cox multivariate
regression analysis that Alb and PA were inde-
pendent predictors of the prognosis (28-day
mortality) of senile sepsis patients, while IFABP,
DAO and D-LAC were not, which was similar to
the findings of Zhang et al. [29]. Similarly, Cha
et al. [30] also pointed out in their study that
Alb was helpful to predict the 28-day mortality
of elderly patients with sepsis.

This research has some limitations that need
further consideration. To begin with, there may
be some information bias as this is a single-
center study with limited cases included. Be-
sides, basic experiments should be supple-
mented to discuss relevant therapeutic me-
chanisms, so as to help further improve the
cognition of therapeutic and pathological me-
chanisms of sepsis. Moreover, this research
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would have more important guiding significance
for sepsis management optimization if we can
further explore the influencing factors that af-
fect the prognosis of sepsis in the elderly. In the
future, our research will be gradually improved
from the above angles.

In a word, EEN plus probiotics can effectively
improve the intestinal function of senile pa-
tients with sepsis, mainly by improving the IMB.
In addition, this combined intervention mode
can validly enhance the curative effect and
nutritional level of such patients, contributing
to improved prognosis.
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