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Abstract: Objective: To investigate the effects of standardized enteral nutrition (EN) on nutritional indicators and
immunological functioning of acute exacerbations of chronic obstructive pulmonary disease (AECOPD) patients with
respiratory failure. Methods: We selected 92 cases of AECOPD patients with respiratory failure as the research ob-
jects, and classified them into two groups (control/observation group, n=46 respectively) according to random num-
ber table. Both groups were given conventional anti-infection and symptomatic treatment. In addition, the control
group received diet support therapy, and the observation group was given standard EN treatment. Afterwards, the
changes of nutritional indicators, immunological functioning, inflammatory indicators and cardiopulmonary func-
tion of the two groups before and after therapy were compared. Results: Hemoglobin (HB), serum albumin (ALB),
and total protein (TP) of the two groups after treatment were critically higher than those before treatment, and the
indicators in observation group in post-treatment were remarkably higher than those in control group (P<0.05); lym-
phocyte count (TLC), immunoglobulin A (IgA) and immunoglobulin G (IgG) of the two groups tremendously increased
in post-treatment than before receiving treatment, and the post-treatment indicators of observation group were
obviously higher than those of control group (P<0.05); high sensitivity C-reactive protein (hs-CRP) and procalcitonin
(PCT) in two groups sharply decreased after treatment comparing to which before treatment, and the observation
group had notably lower post-treatment indexes than that of the control group (P<0.05); Ejection minutes (LVEF),
NT proBNP, partial pressure of carbon dioxide (PaCO,), partial pressure of blood oxygen (Pa0,) and pH of the two
groups had remarkably improved after treatment, and the improvement effect in observation group was superior
to that in control group (P<0.05). Conclusion: The standard EN can substantially improve the nutritional status and
immunological functioning of AECOPD patients with respiratory failure, reduce the inflammatory indicators, and
promote their cardiopulmonary function.
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Introduction the prevalence rate among people over 40
years old has risen rapidly from 1% in the past

Chronic obstructive pulmonary disease (COPD) to around 10% at present. Although the medi-

is a clinically common type of emphysema and
(or) chronic bronchitis induced by restriction of
airflow. COPD is irreversible and progressive,
and can further progress into respiratory fail-
ure and pulmonary heart disease [1, 2]. COPD
is a disease with high morbidity and mortality,
and poses serious threat to the lives of pa-
tients. According to epidemiological studies,

cal standards have been improved in recent
years, and great progresses have been made
in the treatment of COPD symptoms and
prevention of acute exacerbation, there were
few effective breakthroughs in reducing COPD
mortality and improving its outcomes. Accord-
ing to statistics, over 3 million sufferers world-
wide die of COPD each year [3, 4]. COPD is cur-
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rently the fourth leading cause of death in the
world and is expected to rise to the third
by 2030 [5]. Non-invasive positive pressure
ventilation is non-invasive artificial assisted
ventilation, which has been clinically confirm-
ed in treating COPD respiratory failure [6].
Patients with COPD tend to have longer stays
in ICU and higher energy expenditure. 2018
European Critical Nutrition Guidelines explicit-
ly stated that patients hospitalized in ICU for
over 48 h are at risk of malnutrition, and that
risk is even higher in those with acute exacer-
bation of chronic obstructive pulmonary dis-
ease (AECOPD) [7]. Evidence has shown that
malnutrition is an independent risk factor
that affects the survival of AECOPD patients,
and imposes a crucial impact on the clinical
prognosis [8, 9]. Based on the above-men-
tioned factors, this study is targeting the
exploration of the standard EN on nutritional
indicators and immunological functioning in
AECOPD patients with respiratory failure.

Case and methods
General data

92 cases of AECOPD patients with respiratory
failure admitted to our hospital from Novem-
ber 2019 to November 2020 were enrolled as
the research objects, and classified into two
groups (observation/observation group, n=46
respectively) according to random number. The
ethics committee of our hospital approved the
conduction of study.

Inclusion and exclusion criteria

Inclusion criteria: (1) Patients included had
met the diagnostic criteria for AECOPD in
Chinese Expert Consensus on the Diagnosis
and Treatment of Acute Aggravation of Chro-
nic Obstructive Pulmonary Disease (AECOPD)
[10], and were diagnosed with respiratory fail-
ure by arterial blood gas analysis; (2) Aged
210, yd; (3) The Nutritional Risk score (NRS)
tritional | with reall patients and family mem-
bers were aware of the study and signed the
informed consent.

Exclusion criteria: (1) Patients with worsening
condition, no spontaneous breathing or weak
breathing, or those should undergo invasive
ventilation with tracheal intubation immediate-
ly; (2) Those with insufficiency of important
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organs such as heart, liver, kidneys, lungs, etc.;
(3) Patients with gastrointestinal failure or
malignant tumor of digestive tract; (4) Patients
accompanied by gastrointestinal bleeding, in-
testinal perforation, intestinal obstruction, or
short bowel syndrome that not suitable for
enteral nutrition support; (5) Patients with se-
vere abdominal infection; (6) Patients in shock
or deep coma that unable for treatment; or (7)
Patients that allergic to mask material.

Methods

Both groups of patients received conventional
treatments such as anti-infection, phlegm-
resolving drugs, bronchial antispasmodics,
cardiotonic drugs and non-invasive positive
pressure respiratory therapy in line with their
disease conditions. The respiratory therapy
was conducted by Dorma200 non-invasive
positive pressure ventilator made by Philips of
the Netherlands. The ventilator was set to S/T
mode, the initial inspiratory pressure was 8
¢m H,0, and the increase rate was 2 cm H,0/
time; gradually increase to 10-20 cm H,0
according to the condition and tolerance of
patients. Positive end-expiratory pressure was
setat 2-6 cm H20, blood oxygen saturation was
maintained at 90%-95%, oxygen concentration
was 25%-60%, and respiration rate was 16
times/min. The daily ventilation time of patient
depends on the severity of the disease, which
was generally set as 2-4 h/time, 4-6 times/day,
until the index of patient’s blood gas analysis
return to normal degree.

The control-group-patients took regular diet
support treatment, and were instructed to
ingest foods rich in high protein and fiber. The
patients were treated for 2 weeks with stan-
dardized EN therapy as follows: (1) A stand-
ardized EN support nursing group was estab-
lished, which composed of one clinician, one
pharmacist, one nutritionist, one head nurse
and two nurses. The head nurse, acting as the
team leader, formulated the nutrition plan af-
ter discussion with team members, and stan-
dardized the procedure of EN support. (2)
Calculation and distribution of calories. Refer-
red to Harris-Benedict formula, the nursing
group determined the daily basal energy con-
sumption of AECOPD patients with respiratory
failure, and multiplied by the correction coeffi-
cient of 1.5 to calculate the patient’s basal
energy supply value. According to the energy
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Table 1. Comparison of general data between two grou

ps of patients

Iltems Control group (n=46) Observation group (n=46) X2/t P

Gender (M/F, cases) 29/17 27/19 0.1825 0.6692
Age (X £s,yd) 67.4615.21 68.55+5.39 0.9862 0.3267
Course of disease (X s, years) 12.27+1.53 12.87+1.46 1.9242  0.0575
Smoking experience (yes/no, cases) 39/7 36/10 0.6494  0.4203
APACHE Il score (X £ s, points) 18.84+1.66 18.75+1.84 0.2463 0.8060
Heart rate (times/min) 98.67+8.12 97.84+8.75 0.4716  0.6384
Respiratory rate (times/min) 24.55+3.34 25.35+3.28 1.1591  0.2495

supply value contained in each bag of nutri-
ent solution, the amount of nutrient solution
pumped for daily EN was determined accord-
ingly. (3) EN support. Amoxapride tablets
(Chinese National Medicine Standard H1999-
0313, Chengdu Kanghong Pharmaceutical
Group Co., Ltd.) and metoclopramide tablets
(H61020854, Xi'an Fenghua Pharmaceutical
Co., Ltd.) were used for tube feeding; If the
patient had diarrhea, the nutritional formula
was changed after eliminating the cause, and
the treatment was carried out for 2 weeks.

Observation of indexes

(1) Changes of nutritional indexes such as
hemoglobin (HB), serum albumin (ALB) and
serum total protein (TP) in two groups in pre-
and post-treatment were compared; (2) Chang-
es in total lymphocyte count (TLC), immuno-
globulin A (IgA) and immunoglobulin G (IgG) of
the two groups before and after treatment
were compared; (3) Changes of inflammatory
indexes such as high sensitivity C-reactive
protein (hs-CRP) and procalcitonin (PCT) were
compared between the two groups before and
after treatment; (4) Changes in cardiopulmo-
nary function before and after treatment were
compared between the two groups. Ejection
minutes (LVEF) were measured by cardiac
color Doppler ultrasonography and plasma NT-
proBNP was measured by immunoassay; The
partial pressure of carbon dioxide (PaCO,), par-
tial pressure of blood oxygen (Pa0O,) and pH
were detected by blood gas biochemical
analyzer.

Statistical analysis

Statistical analysis and processing are condu-
cted with SPSS19.0. The measurement data
are expressed by (X * s), the comparison bet-
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ween groups is by t-test; the enumeration data
are expressed as percentage and the results
are tested by x2. P<0.05 is indicating that the
difference is statistically significant. The gra-
phic software was Graphpad prism9.

Results
Clinical information

The difference between the comparison of
general information in two groups was not sta-
tistically significant (P>0.05) and comparable,
as shown in Table 1.

Comparison of nutritional indicators of the two
groups in prior-treatment

The comparison of the degree of HB, ALB and
TP in pre-treatment between the two groups
was not statistically significant (P>0.05). HB,
ALB, and TP of the two groups of patients af-
ter treatment were critically higher than those
before treatment, and the observation group
had remarkably higher post-treatment indica-
tors than control group (P<0.05) (Table 2 and
Figure 1).

Comparison of indexes changes in immunolog-
ical functioning between the two groups before
and after treatment

There was no significant difference in the
degree of TLC, IgA, and I1gG between the two
groups of patients before treatment (P>0.05).
TLC, IgA, and IgG of the two groups tremen-
dously increased in post-treatment than be-
fore receiving treatment, and the post-treat-
ment indicators of observation group were
obviously higher than those of control group
(P<0.05) (Table 3).
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Table 2. Comparison of nutritional indicators in two groups of patients before and after treatment

(X ts,g/L)

HB

ALB TP

Group Before After

treatment treatment

Before After Before After
treatment treatment

treatment treatment

Control group (n=46)
Observation group (n=46)
t 0.3140 7.8270
P 0.7543 <0.0001

86.72+6.49 103.22+7.12"
87.14+6.34 114.67+6.91"

26.18+2.54 32.37+2.77"  40.45+2.36 49.97+2.48"

26.47+2.73 38.43+2.82" 40.17+2.65 59.52+3.13"
0.5275 1.3977 0.5352 16.2195
0.5992 <0.0001 0.5939 <0.0001

Note: Compared with prior-treatment, *P<0.05.

A =3 Control group B =3 Control group bly lower than control group
1509 B3 Observation group 5073 Observation group (P<0.05) (Table 4).
*# *#
Comparison of changes in
* _} % p 14

£3

ALB(g/L)

cardiopulmonary function be-
tween the two groups before
and after treatment

There was no statistical sig-
nificance in the levels of LVEF,

=3 Control group

Figure 1. Comparison of nutri-
tional indicators in two groups of
patients before and after treat-
ment. Note: Compare with before
treatment, "P<0.05; Compare with
control group, ¥P<0.05.

TP(g/L)

3 Observation group

NT-proBNP, PaCOZ, PaO2 and
pH between 2 groups before
treatment (P>0.05). LVEF, NT
proBNP, PaCO,, Pa0O, and pH
of the two groups had remark-
ably improved after treatment,
and the improving effect in
observation group was superi-
or to that in control group
(P<0.05) (Tables 5 and 6).

*#

E3

Discussion

Chronic obstructive pulmonary
disease (COPD) is a chronic

Comparison of changes in inflammatory indi-
cators before and after treatment between the
two groups

There was no significant difference in hs-CRP
and PCT between the two groups before treat-
ment (P>0.05). hs-CRP and PCT in two groups
sharply decreased after treatment comparing
to which before treatment, and the post-treat-
ment indexes in observation group were nota-

10796

and consumptive disease that
is often accompanied by recur-
rent attacks. As suffered from
respiratory disorders, COPD
patients often have severely
imbalanced ratio of lung venti-
lation and blood flow, which
result into severe hypoxia and carbon dioxide
retention. Such long-term hypoxia condition in
turn increases the burden of respiratory func-
tion and forms a pernicious circle [11]. COPD is
often accompanied by malnutrition, especially
in those with acute exacerbation of chronic
obstructive pulmonary disease (AECOPD), with
prevalence of malnutrition as high as 50%
[12]. The causes of AECOPD with malnutrition
is likely to be related with the following factors:
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Table 3. Comparison of indexes changes in immunological functioning before and after treatment in

two groups of patients (X + s)

TLC (unit/ml) IgA (g/L) 1gG (g/L)
Group Before After Before After Before After
treatment treatment treatment treatment  treatment treatment
Control group (n=46) 1318.41+255.64 1543.83+273.47" 1.79+0.58 2.19+1.07" 10.37+2.45 12.75+1.64"
Observation group (n=46) 1305.16+267.47 1837.23+289.31" 1.74+0.63 2.66+1.15" 10.41+2.52 14.66+1.25"
t 0.2429 4.9985 0.3960 2.0294 0.0772 6.2822
P 0.8086 <0.0001 0.6930 0.0454 0.9386 <0.0001

Note: Compared with prior-treatment, “P<0.05.

Table 4. Comparison of the changes in levels of inflammatory factors between the two groups before

and after treatment (X * s)

Group hs-CRP (mg/L) PCT (ng/L)

Before treatment After treatment Before treatment  After treatment
Control group (n=46) 45.29+6.34 33.83+2.65" 1.92+0.34 1.17+0.15"
Observation group (n=46) 46.87+5.93 21.17+2.48" 1.95+0.29 0.61+0.14"
t 1.2344 23.6577 0.4553 18.5108
P 0.2203 <0.0001 0.6500 <0.0001

Note: Compared with before treatment, *P<0.05.

Table 5. Comparison of changes in cardiopulmonary function of the two groups before and after treat-

ment (X £ s)
Group LVEF (%) NT-proBNP (pg/L)

Before treatment  After treatment Before treatment After treatment
Control group (n=46) 39.41+4.24 44.67+5.35" 1114.82+257.18 556.72+131.45"
Observation group (n=46) 38.37+3.96 49.82+5.14" 1137.44+243.52  423.94+108.13"
t 1.2158 4.7080 0.4332 5.2921
P 0.2272 <0.0001 0.6659 <0.0001

Note: Compared with pre-treatment, ‘P<0.05.

Table 6. Comparison of changes in cardiopulmonary function between the two groups before and

after treatment (X £ s)

PaCO, (mmHg) Pa0, (mmHg) pH
Group Before After Before After Before After
treatment treatment treatment treatment treatment treatment
Control group (n=46) 58.46+5.23  45.84+6.18" 60.50+3.13  72.76+4.15" 5.71+1.23 7.15+0.56"
Observation group (n=46) 58.75+5.49 36.75+7.52" 61.74+3.47 88.65+5.12" 5.66+1.35 7.38+0.22"
t 0.2594 6.3339 1.7997 16.3521 0.1857 2.6233
P 0.7959 <0.0001 0.0753 <0.0001 0.8531 0.0102

Note: Compared with pre-treatment, *P<0.05.

The patient’s airway has been in a long-term
state of obstruction, which causes the decre-
ase in elastic retraction force of alveoli, thus
increasing the breathing work and breathing
energy consumption; The long-term hypoxemia
and hypercapnia further damage the gastric
mucosa of patient, causing imbalance of gas-
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trointestinal flora, disorder of digestion and
absorption, and ineffective digestion, absorp-
tion and oxidation of nutrients; The long-term
disease sufferings lead to the decrease of
appetite and the intake of nutrients; The in-
crease in breathing work and respiratory ener-
gy consumption increases the resting energy

Am J Transl Res 2021;13(9):10793-10800
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consumption of patients and keep them in a
long-term state of high metabolism; The above
reasons have led to a sharp increase in the
malnutrition of patients [13-15]. Nutritional
status of patients is crucial to improve the dis-
ease prognosis, and it is also an independent
risk factor of death in patients with COPD [16,
17]. When patients are undernourished, the
quantity of elastic fibers in lung tissues and
active substances on the surface of alveoli will
be substantially reduced. This will lead to a
disease in compliance of lung, a decrease in
reversibility of lung cells, drop in quantity of
alveoli, and decrease in lung diffusion capa-
city, which eventually aggravates emphysema
[18]; In patients with malnutrition, muscle pro-
teins and contractile proteins in their body will
be excessively decomposed, which lead to
atrophy of respiratory muscle and auxiliary
respiratory muscle, and eventually induce the
respiratory muscle fatigue [19]. AECOPD with
malnutrition will also damage the immunologi-
cal functioning of patients, affecting their de-
fense and repair ability of respiratory system
and reducing their body ability of anti-infec-
tions, thereby affecting the prognosis.

Studies have confirmed that nutritional sup-
port can remarkably improve muscle strength
and exercise tolerance in AECOPD patients,
and is a variable risk factor in chronic disease
progression [20]. Studies have revealed that
providing AECOPD patients with a balanced
diet and adequate fruits and vegetables can
not only bring potential benefits of their lungs,
but can also remarkably reduce the risk of
cardiovascular disease and metabolic disease
[21]. AECOPD patients with respiratory failure
have severe malnutrition due to various rea-
sons, and standard EN support is of parti-
cularly importance. In this study, HB, ALB, and
TP of the two groups of patients after treat-
ment were critically higher than those before
treatment, and the indicators in observation
group in post-treatment were remarkably high-
er than those in control group (P<0.05). It indi-
cated that standard EN support can improve
the nutritional status of AECOPD patients with
respiratory failure. Related studies have point-
ed out that early EN support for AECOPD
patients with respiratory failure can enhance
their immune function and reduce inflammato-
ry response [22, 23], which is consistent with
the results of this study. According to the
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research outcomes, TLC, IgA, and IgG of the
two groups tremendously increased in post-
treatment than before receiving treatment,
and the post-treatment indicators of observa-
tion group were obviously higher than those
of control group (P<0.05); hs-CRP and PCT in
two groups sharply decreased after treatment
comparing to which before treatment, and the
post-treatment indexes in observation group
were notably lower than control group (P<
0.05). As malnourished patients are often
accompanied by disorders of myocardial ener-
gy metabolism, their respiratory muscle work
will be further reduced. If sufficient energy
cannot be provided by the body, cardiopulmo-
nary diseases will be induced [24, 25]. This
study results proclaimed that LVEF, NT proBNP,
PaCO,, Pa0O, and pH of the two groups had
remarkably improved after treatment, and the
improvement effect in observation group was
superior to that in control group (P<0.05). This
indicated that standardized EN support can
ameliorate the cardiopulmonary function of
AECOPD patients with respiratory failure.

To sum up, the standardized EN support can
substantially improve the nutritional status
and immunological functioning of AECOPD
patients with respiratory failure, reduce their
inflammatory indicators, and promote the car-
diopulmonary function.
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