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Abstract: Objective: This study explored the effect of respiratory function training under the mode of mutual-help of
patients to the postoperative pulmonary infection and immune function on lung cancer. Methods: 116 lung cancer
patients who received surgical treatment from June 2018 to June 2019 were enrolled as the object. Patients were
categorized into a control or observation group, according to the admission time of patients. Each group contained
58 subjects. The control-group was given regular nursing intervention, and the observation-group received respira-
tory function training under the mode of mutual assist between patients. Subsequently, the postoperative pulmo-
nary infection, pulmonary function, and the changes of immune function before and after surgery were compared
between the two groups. Result: The pulmonary infection rate of the group for observation was much lower than
that of the control-group. The difference was statistically significant (5.17%, 17.24%, = 0.0394). The postoperative
pulmonary function indexes in the observation-group were conspicuously better than those in control-group, the dif-
ference was statistically conspicuous (P<0.05). After nursing intervention, the cellular immune factors TNF-q, IL-8,
and IL-6 of the two groups were conspicuously lower than those before the nursing intervention, and the decrease
in the observation-group was remarkably greater than that in control-group, with the difference of statistical signifi-
cance (P<0.05). In addition, the T cell subsets CD4* and CD4*/CD8" in the observation-group were conspicuously
higher than those in the control-group. CD8* in the observation-group was conspicuously lower than that in the
group of control, with statistical significance (P<0.05). Conclusion: The respiratory function training under the mode
of mutual-assist of patients can effectively reduce the incidence of postoperative pulmonary infection, improve the
postoperative pulmonary function index, and improve the immune function, which is worthy of clinical promotion.

Keywords: The mode of mutual-assist between patients, lung cancer, respiratory function training, postoperative
pulmonary infection, immune function

Introduction

Lung cancer, which originated from the mucosa
and glands of trachea or bronchus, is one of
the most common primary malignant lung tu-
mors [1, 2]. In recent years, factors such as
environmental pollution and heavy smoking,
show the appearance of lung cancer in China is
on the rise. According to statistical data, the
mortality of lung cancer reaches 25.8%, which
is a primary cause of cancer-induced death in
China [3]. In 2018, global statistics showed
that lung cancer incidence rate ranked third in
female population, and has the second highest

mortality rate after breast cancer. In male pop-
ulation, both incidence and death of the lung
cancer ranked first among the malignant tu-
mors [4, 5]. Currently, surgical resection of lung
lobes and peripheral lymphoid tissue is often
used in clinical treatment. During the operation,
the use of narcotic drugs and traumatic injury
would cause a certain degree of damage in the
respiratory function of patients, especially for
those elderly sufferers [6, 7]. After surgery, pa-
tients often have chest pain, cough weakne-
ss, and increased respiratory secretion. These
symptoms will affect postoperative recovery.
Therefore, it is of great necessity to enhance
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the training of respiratory function. According to
the literature reports, due to the single form of
respiratory exercise, coupled with the disease
itself and other factors, the training compliance
of patients is poor [8]. The respiratory function
training under the mode of mutual-assist of
patients is a new intervention mode formed in
recent years. It is conducted through the mu-
tual support and encouragement among pa-
tients to improve the compliance with respira-
tory function training, to improve the postoper-
ative recovery level of patients. Current rese-
arches stated that cancer is a disease closely
related to immune function. T lymphocytes is
a type of the most important cell groups in
immune system, which can be divided into
CD4* and CD8* T cells by its different pheno-
types. To understand the changes of T lympho-
cytes in patients with lung cancer is of grand
value for realizing the disease and its progno-
sis. This study investigated the effect of the
training of respiratory function on postopera-
tive pulmonary infection and immune function
in patients with lung cancer.

Data and methods
Research object

One hundred sixteen lung cancer patients that
underwent/surgical treatment from June 2018
to June 2019 were chosen as research objects,
including 75 men and 41 women with an aver-
age age of (61.37+4.25) years. TNM staging:
51 cases in stage |, 49 cases in stage Il, 16
cases in stage lll; 62 cases had smoking expe-
rience and 54 cases were non-smokers. In
addition, the objects were categorized into an
observation-group and a control-group accord-
ing to the admission time of patients, with ea-
ch group containing 58 cases. The study was
approved by the hospital ethics committee.

Standard for admission and exclusion

Inclusion criteria: (1) All subjects enrolled met
the diagnostic criteria for lung cancer after
pathological and imaging examinations; (2)
Patients that met the indications for radical
surgery and undergoing the surgical treatment;
(3) Patients that were conscious and had nor-
mal communicating ability; (4) Patients who
voluntarily participated in the study and sign-
ed the informed consent.
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Exclusion criteria: (1) Patients with other malig-
nant tumor(s); (2) Patients that complicated
with other diseases affecting respiratory func-
tion; (3) Patients with abnormal function of
important organs like heart, liver, and kidney;
(4) Patients with cognitive impairment and
inability to communicate normally.

Method

The control-group received routine nursing in-
tervention, including smoking cessation requi-
rements for patients, routine preoperative he-
alth education, the formation of a diet plan in
accordance with the patient’s; instructed the
patients on taking take deep breaths, turning
over and patting the back after operation and
effective coughing; informed of the postopera-
tive attention items and carried out exercise
and diet intervention to patients to promote
their recovery.

The observation-group, in addition to the con-
ventional measures above, were further adopt-
ed the respiratory function training under the
mode of mutual-help of patients. The specific
methods were as follows: (1) Set up an inter-
vention group, including one attending physi-
cian, one supervisor nurse, and two nurses.
The members of the intervention group partici-
pated in the formulation of respiratory func-
tion training. The nurse in charge was respon-
sible for the implementation of respiratory fun-
ction training, and supervision and guidance of
patients. (2) Implementation and methods of
respiratory function training: the hospitalized
patients were studied by on-site observation of
respiratory function demonstration and scene
simulation, and the nurse gave corresponding
guidance for the patients. The methods were as
follows: first, the patient closed the mouth and
inhaled through the nose, contracted the lips
to whistles, and slowly exhaled. The intensity of
exhalation would be kept to be able to blow the
candle flame 20 cm in front of the lip to tilt but
not extinguish. This prolonged the time of ex-
halation as much as possible. The best ratio of
inhalation to exhalation time was 1:2 or 1:3.
The patients were trained for 15-20 minutes
each time, and 2-3 times per day. Abdominal
breathing: patients chose supine, semi-decu-
bitus or sitting position according to their own
state, placed palms of hands on their abdomen
and chest respectively, and breathed slowly
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Table 1. Comparison of general information

Group Gender Age (X +s, TNM phases Smoking history
(male/female) yearsold) Phasel Phasell Stagelll Smoke Nosmoking

Control-group (n = 58) 36/22 60.66+4.38 29 22 7 35 23

observation group for (n = 58) 39/19 62.17+3.94 22 27 9 27 31

X2/t 0.3395 1.9520 1.7210 2.2174

P 0.5601 0.0534 0.4230 0.1365

Table 2. Comparison of postoperative pulmonary infection between

the two groups

After learning the method of
respiratory function training,

Number of cases Infection

the patients carried out the
exercise in groups. During the

Group of infection rate (%) X P
Control-group (n = 58) 10 17.24  4.2450 0.0394
Observation-group (n = 58) 3 5.17

exercise, mutual communica-
tion among team members

Table 3. Comparison of postoperative pulmonary function between

the two groups

was used to increase the rec-
ognition between team mem-
bers. A patient was select-
ed by self-recommendation

as the group leader, who was

PaO, (mm Hg, SpO0, (%, PaCO, (mm Hg,
Group o s) X J_fs) %4 s) responsible for the supervi-
Control-group (n = 58) 69.29+3.36 88.15+2.47 34.85+2.66 sion of training. The patients
Observation-group (n =58) 79.44+3.12 97.76+1.13 45.61+2.58 were encouraged to express
T 16.8586 26.9447 221136 their inner doubts and ide-
p 0.0000 0.0000 0.0000 as during the training. These

and deeply through nasal inhalation and oral
exhalation. When breathing in, the hand on the
abdomen was raised, while the hand on the
chest was not moved. The patient kept it for
3~5 s, then exhaled slowly. When exhaling, the
abdominal muscles contracted, the hand at
abdomen position turned lower, and the one on
chest kept still. The training lasted for 15-20
minutes, and 2-3 times a day. Effective cough
and expectoration: The patient took deep bre-
aths in supine position and closed the larynx.
By prolonging the breath hold, the patient’s dia-
phragm was raised, which increased the pres-
sure in chest, and then to perform an effective
cough. When coughing, both hands could be
pressed on the abdomen so as to discharge
the deep sputum or gas. The training was con-
ducted several times a day. (3) Mutual-assist
exercise of patients. After admission, 4-6 pa-
tients with close admission time were arrang-
ed in same ward. The patients introduced
themselves in turn under the guidance of the
nurse to strengthen the communication bet-
ween patients as well as between nurses and
patients and cultivate the sense of a team.
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doubts were eliminated th-
rough various strategies su-
ch as question answering guidance of medical
staff or discussion within the group. The inter-
vention team conducted preoperative educa-
tion for group members to further improve th-
eir self-awareness. After the operation, the
patients were encouraged to communicate
with each other and share their feelings. When
the vital signs of the patients were stable, the
patients were instructed to carry out appropri-
ate respiratory function training.

Observation index

The incidence of postoperative pulmonary in-
fection and the postoperative pulmonary func-
tion of the two groups were compared: Pa0,,
Sp0,. PaCO, were detected on the 1st day af-
ter operation; The changes of immune function
before and after nursing intervention were
compared between the two groups: The fasting
venous blood of the patient was extracted at
admission and 7 d after operation to detect the
tumor necrosis factor-a (TNF-x), interleukin-8
(IL-8), interleukin-6 (IL-6), and other immune
cytokines (ELISA method), and CD4* and CD8*
levels of T cell subsets (by Bricyte E6 flow
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Table 4. Changes of immune cytokines in the two groups after nursing intervention (x + s)

Cell factor Control-group (n = 58) Observation-group (n = 58) T P
TNF-o Before nursing intervention 35.87+3.17 36.62+3.55 1.2001 0.2326
After nursing intervention 18.69+1.24 12.41+1.13 28.5084 0.0000
IL-8 Before nursing intervention 48.55+3.79 47.49+3.65 1.5342 0.1277
After nursing intervention 33.73£2.07 25.65+1.83 22.2718 0.0000
IL-6 Before nursing intervention 465.33+44.31 469.94+41.58 0.57878 0.5645
After nursing intervention 257.67+31.26 201.17+30.46 9.8586 0.0000
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Figure 1. Comparison of TNF-a between the two
groups. Note: Compare with before nursing inter-
vention, *P<0.05; Compare with the control-group,
#P<0.05.

cytometer), and then calculated CD4*/CD8*
value.

Statistical methods

We carried out statistical analysis and process-
ing through Spss19.0 statistical software. The
measurement data were expressed by (X £ s),
the comparison within the group was conduct-
ed by paired sample t-test, the comparison
between groups was conducted by indepen-
dent sample t-test, the count data were ex-
pressed by percentage, and the comparison
was conducted by X? test. P<0.05 referred as
the difference was statistically significant. The
graphic software was by Graphpad prism9.
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Figure 2. Comparison of IL-8 between the two groups.
Note: Compare with before nursing intervention,
*P<0.05; Compare with the control-group, *P<0.05.

Results
Clinical data

The two groups of patients had insignificant dif-
ference in general information of gender, age,
TNM stage, and smoking experience (P>0.05),
as shown in Table 1.

Situation of postoperative pulmonary infection
between the two groups

The incidence of pulmonary infection was
17.24% in the observation-group and 5.17% in
the control-group. The pulmonary infection rate
of the group for observation was conspicuously
lower than that of the group of control, and the
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Figure 3. Comparison of IL-6 between the two groups.
Note: Compare with before nursing intervention,
*P<0.05; Compare with the control-group, *P<0.05.

difference was statistically conspicuous (P<
0.05), as shown in Table 2.

Comparison of postoperative pulmonary func-
tion between two groups

The postoperative Pa0, and SpO, in the ob-
servation-group were significantly higher than
those in the control-group (P<0.05). Posto-
perative PaCO, in observation-group was criti-
cally lower than that in control-group (P<0.05)
(Table 3).

Comparison of changes of immune cytokines
between two groups before and after nursing
intervention

The levels of IL-8 and TNF-« in the two groups
were conspicuously lower than those in the
control-group (P<0.05), as shown in Table 4
and Figures 1-3.

Comparison of the changes of T cell subsets
between the two groups before and after nurs-
ing intervention

After nursing intervention, CD4* and CD4*/
CD8* in observation-group were dramatically
higher than that in the group of control, while
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the CD8* in the observation-group was cons-
picuously lower than that in control-group, and
there was statistical significance (P<0.05), as
shown in Table 5 and Figures 4, 5.

Discussion

In the surgical treatment of lung cancer, the
lung function is often affected by the traumatic
stimulation caused to the body during opera-
tion. This leads to the decline of d ventilation
function, and the temporary damage to the
respiratory function [10, 11]. In addition, the
local severe pain after the operation limits
the effective cough and expectoration of the
patients, leading to the failure of patients to
completely exclude the respiratory secretions
from the body, further affecting the ventila-
tion function of the lung. The use of anesthetic
drugs during operation and the local bandage
after the operation can also cause a certain
degree of respiratory dysfunction, and has a
certain impact on recovery of postoperative
lung recruitment and pulmonary function [12,
13]. Lung cancer patients have usually had
poor immunity and physical function. Surgical
treatments would impose great impacts on
them. Patients are prone to disorders of pul-
monary function and immune function. Some
patients may even fail to discharge sputum
normally after surgery, which seriously affects
their quality of life and physical and mental
health. According to clinical research, respira-
tory function training for lung cancer patients
can effectively reduce the incidence of postop-
erative pulmonary infection, improve lung and
immune function, and improve the prognosis
of treatment effect [14, 15]. However, it is
undeniable that the patient’s compliance with
respiratory function training is poor, leading to
difficulty in achieving the desired therapeutic
effect.

The respiratory function training under the mo-
de of mutual-assist of patients is based on the
theory of mutual help. It can improve the pa-
tients’ confidence in treatment by improving
the communication between patients and me-
dical staff, patients and social environment,
and between patients themselves [16]. During
the mutual-assist period, the patients’ compli-
ance with treatment and respiratory function
training can be improved by setting an exam-
ple for each other. The results of this study
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Table 5. Comparison of changes of T cell subsets between the two groups before and after nursing

intervention (X + s)

Cell factor Control-group (n = 58) Observation-group (n = 58) T P
CD4* (%) Before nursing intervention 37.48+4.21 37.52+4.33 0.0504 0.9599
After nursing intervention 28.97+4.25 41.37+4.01 16.1617 0.0000
CD8* (%) Before nursing intervention 28.22+4.33 28.55+4.95 0.3821 0.7031
After nursing intervention 27.67+4.34 25.05+4.77 3.0941 0.0025
CD4*/CD8* Before nursing intervention 1.33+0.95 1.34+0.87 0.0591 0.9530
After nursing intervention 1.05+0.98 1.65+0.84 3.5402 0.0006
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Figure 4. Comparison of changes of CD4* cell between the two groups before and after nursing intervention. A:
Control-group of before nursing intervention; B: Observation-group of after nursing intervention; C: Control-group of
before nursing intervention; D: Observation-group of after nursing intervention.

showed that the pulmonary infection rate of
the observation-group was conspicuously lower
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than that of the control-group (P<0.05). The
postoperative pulmonary function indexes of
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Figure 5. Comparison of changes of CD8* cell between the two groups before and after nursing intervention. A:
Control-group of before nursing intervention; B: Observation-group of after nursing intervention; C: Control-group of
before nursing intervention; D: Observation-group of after nursing intervention.

the observation-group were conspicuously bet-
ter than those of control-group. The difference
was statistically conspicuous (P<0.05). This
may be due to the respiratory function training
under mutual-assist which can improve the
lung function of patients with lung cancer th-
rough interventions of multi-angles, so that the
incidence of infection could be reduced. By
strengthening communication and improving
the attention to the perioperative matters of
patients, the adverse situations can be avoided
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during the period, which is beneficial for post-
operative recovery.

Tumor necrosis factor-a (TNF-a), interleukin-8
(IL-8), interleukin-6 (IL-6), and other cellular
immune factors are important inflammatory
mediators, which play a role in the whole body
or locally by binding with their specific recep-
tors [17, 18]. TNF-q, IL-8, and IL-6 can not only
effectively promote the release of inflamma-
tory mediators and the aggregation of inflam-
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matory cells, but also chemotactic neutrophils
to the inflammatory site of patients, thus ag-
gravating the inflammation [19]. The results
showed that after nursing intervention, the lev-
els of cellular immune factors TNF-«, IL-8, IL-6
in the two groups were conspicuously lower
than those before the nursing intervention, and
the decrease in observation-group was con-
spicuously greater than that in the control-
group (P<0.05). This indicates that the respira-
tory function training under the mode of mutu-
al-assist of patients can effectively improve the
level of immune cytokines on lung cancer,
thereby enhancing the defense ability in the
body.

T lymphocyte is one of the most important cell
groups in immune system, which can be divid-
ed into CD4* and CD8* T cells according to
their different phenotypes. CD4* T cells are
induced T cells, which can release a lot of cyto-
kines. CD8" T cells are cytotoxic inhibitory T
cells, which play the role of virus clearance
[20]. The ratio of CD4* and CD8* T cells reflects
the immune balance of the body. The normal
ratio of CD4*/CD8* is generally between 1.2~2,
and the decrease of the ratio indicates the
immune function of the body is in disorder [21].
The results showed that after nursing interven-
tion, CD4* and CD4*/CD8" of observation-group
were notably higher than those of the control-
group, while CD8* was conspicuously lower th-
an that of the control-group (P<0.05). This re-
fers that the respiratory function training un-
der the mode of mutual-assist of patients can
improve the immune function of cancer patients
by reducing the release of inflammatory factors
and the immunosuppression.

Due to the small sample size of this study, the
research results may be biased. The follow-up
study will further expand the sample size to pro-
vide a more reliable basis for clinical work.

In brief, the respiratory function training un-
der the mode of mutual-assist of patients can
effectively reduce the incidence of postopera-
tive pulmonary infection, and improve the post-
operative pulmonary function index and im-
mune function, which is worthy of clinical
promotion.
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