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Abstract: Objective: To investigate the therapeutic effect of nalmefene combined with noninvasive positive-pressure 
mechanical ventilation (NIPPV) on elderly patients with chronic obstructive pulmonary disease (COPD) complicated 
with type II respiratory failure and to explore its influence on TGF-β1/Smads signaling pathway. Methods: In this 
retrospective study, data of 106 COPD patients with type II respiratory failure were collected and divided into a 
research group and a control group based on different treatment, with 53 cases in each group. Both groups were 
given NIPPV. Besides, the control group was treated with conventional therapy and the research group was treated 
with nalmefene for 7 days. The changes of heart rate, respiratory rate, clinical efficacy, pulmonary arterial pres-
sure (PAP), serum inflammatory parameters, levels of TGF-β1/Smads signaling pathway related molecules and the 
incidences of adverse reactions of both groups were compared. Results: After treatment, the heart rate, respira-
tory rate, PAP, IL-6 and TNF-α concentrations in both groups were lower than those before treatment (P<0.05). The 
levels of PaO2 and SaO2 were higher and the levels of PaCO2 were lower than those before treatment in both groups 
(P<0.05). The expression levels of TGF-β1 and Smad2 in the research group were significantly lower than those in 
the control group (P<0.05). And all the above indicators in the research group were better than those in the control 
group after treatment (P<0.05). Besides, the incidence of adverse reactions in the research group was lower than 
that in the control group (P<0.05). Conclusion: Nalmefene combined with NIPPV can significantly improve the level 
of PaO2 and reduce inflammatory response in elderly COPD patients with type II respiratory failure, and the mecha-
nism may be related to the inhibition of TGF-β1 and Smads expressions.
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Introduction

Chronic obstructive pulmonary disease (COPD) 
is a common chronic disease, and its patho- 
genesis is largely unclarified, which may be 
associated with multiple factors such as ge- 
netics, air pollution and airway inflammatory 
response. The typical symptom is respiratory 
airflow obstruction. In recent years, with the 
environmental deterioration and the expansion 
of elderly population, the number of patients 
with COPD has gradually increased [1]. COPD 
has a higher mortality rate compared with  
other diseases, which mainly due to frequent 
development of acute respiratory failure [2]. 
Positive-pressure mechanical ventilation is a 
common means to help patients restore respi-

ratory function and maintain normal oxygen 
metabolism [3]. However, mechanical ventila-
tion can only relieve the respiratory symptoms 
of patients and improve their blood-gas param-
eters and oxygenation index, it has some limi- 
tations on the effect of treating COPD patients 
with type II respiratory failure. Therefore, the 
effective drug treatment is needed to relieve 
pulmonary inflammation and improve clinical 
efficacy [4, 5].

Nalmefene is an opioid receptor antagonist. 
Previous studies have confirmed that opioid 
receptor antagonists can significantly improve 
respiratory function in patients with respiratory 
diseases such as COPD [6]. Chen et al. obser- 
ved the effect of opioid receptor antagonist 
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combined with positive-pressure mechanical 
ventilation in COPD patients with type II re- 
spiratory failure for 3 days [7], and the results 
showed that research group had significantly 
better blood-gas indicators, dyspnea score  
and other indicators than control group. How- 
ever, it is not clear whether Nalmefene works 
through inhibition of airway inflammation. It  
has been found that the TGF-β1/Smads sig- 
naling pathway plays an important role in the 
development and exacerbation of COPD [8]. 
TGF-β1 is highly expressed in COPD patients, 
and TGF-β can induce increased Smad2 and 
Smad4 expressions in bronchial epithelial  
cells, promote their mediated inflammatory re- 
sponse, induce the remodeling of airway and 
lung tissue in COPD patients and accelerate 
the progression of COPD. In this retrospective 
study, clinical data of 106 patients diagnosed 
with COPD complicated with type II respiratory 
failure were selected from our hospital to verify 
the effectiveness of the combined therapy and 
whether it was effective on the expressions of 
TGF-β1 and Smads in COPD patients.

Materials and methods

General information

A total of 106 patients with COPD complicated 
with type II respiratory failure who received 
treatment in our hospital from January 2019 to 
June 2020 were selected in this study, and the 
clinical data of these patients were retrospec-
tively analyzed. All patients met the diagnostic 
criteria for COPD with type II respiratory failure 
based on the Guidelines for the Diagnosis and 
Treatment of COPD [9]. Patients were divided 
into a research group and a control group, with 
53 cases in each group. The control group was 
treated with positive-pressure ventilation and 
conventional therapy and the research group 
was treated with nalmefene combined with 
NIPPV. The study was approved by the Ethics 
Committee of our hospital (No. 20190103).

Inclusion criteria: patients whose age ≥65 
years old; patients who met the diagnostic cri-
teria for severe type II respiratory failure 
(PaCO2≥80 mmHg, disturbance of conscious-
ness and acidosis) [10]; patients whose family 
members were informed of this study and who 
participated voluntarily. Exclusion criteria: pa- 
tients with severe respiratory tract infection; 
patients with heart, lung, kidney and other 
organ damage; patients with severe allergy to 

nalmefene; patients with primary immune and 
coagulation dysfunction.

Methods

Two groups of patients were treated with posi-
tive-pressure mechanical ventilation. A ventila-
tor was applied in this study (FLEXOST20/
ST25/ST30-H, Curative (Beijing) Medical Tech- 
nology Co., Ltd., China). The exhalation/inspira-
tory pressure was adjusted according to the 
condition of patients. The initial value of ex- 
halation pressure was 4 cm H2O, then it was 
gradually increased to 8 cm H2O; the inspirato- 
ry value was first set at 8 cm H2O, and it was 
gradually elevated to 18 cm H2O; oxygen flow 
was 3 L/min and respiratory rate 14-20 
breaths/min. The ventilation was performed  
for at least 6 h per day, during which the vital 
signs of patients were monitored to maintain 
the saturation (SaO2) over 90%. If the con- 
dition deteriorated, the ventilation time would 
be prolonged per day and patients were treat- 
ed for 7 days. If the condition improved during 
treatment, the ventilator could be removed, 
and patients were given other symptomatic  
and supportive treatment.

The control group was given the conventional 
treatment such as fluid replacement and cor-
rection of water-electrolyte balance. While in 
the research group, 1 mg/d of nalmefene (Hai- 
sco (Liaoning) Pharmaceutical Co., Ltd., China) 
was given to patients by intravenous infusion 
based on the treatment conducted in the con-
trol group. If the condition improved, treatment 
with the same dose would be continued; other-
wise, the dose would be increased to 2 mg/d 
for 7 days.

Outcome measures

Main outcome measures: Overall clinical effi-
cacy (whether symptoms such as obnubilation 
and cyanosis were relieved; whether the sec-
ondary outcome measures such as blood-gas 
indicators and heart rate reach the normal 
range), serum interleukin-6 (IL-6), tumor ne- 
crosis factor-α (TNF-α), transforming growth 
factor-β1 (TGF-β1) and Smad2 levels were 
measured.

Secondary outcome measures: Clinical data of 
heart rate, respiratory rate, pulmonary arterial 
pressure (PAP), blood-gas indicators and ad- 
verse reaction rate were collected.
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Clinical efficacy was evaluated and it was  
divided into three categories: Significantly 
effective: after treatment, symptoms were sig-
nificantly relieved, blood-gas indicators and 
heart rate reached the normal range; Effec- 
tive: after treatment, the main outcome mea-
sures such as obnubilation and cyanosis, were 
significantly improved, and the secondary out-
come measures such as blood-gas indicators 
and heart rate tended to be improved; In- 
effective: no improvement in symptoms and 
indicators mentioned above [10]. Overall clini-
cal efficacy equals (total cases - ineffective 
cases)/total cases *100%.

The heart rate, respiratory rate and PAP of 
patients in both groups were recorded before 
and after treatment. PAP was measured by 
color Doppler ultrasound [11].

The arterial partial pressure of oxygen (PaO2), 
arterial partial pressure of carbon dioxide 
(PaCO2) and blood oxygen saturation (SaO2) of 
patients from peripheral arterial blood before 
(before using the ventilator) and after treat-
ment (right at the moment after removing the 
ventilator and receiving 7 days of treatment 
with oxygen flow of 3 L/min) were all collected 
[12].

Clinical data concerning related factors of 
patients before treatment and immediately 
after the treatment were collected. Blood sam-
ples (5 mL) were collected immediately from 
fasting patients before and after the treat- 
ment. After centrifugation, serum was drawn 
and stored at -80°C for future use. The levels  

of IL-6, TNF-α, TGF-β1 and Smad2 were mea-
sured by ELISA. The ELISA kits of IL-6 (No. 
07011), TNF-α (No. 09122), TGF-β1 (No. 
061211) and Smad2 (No. 121130) were pur-
chased from Shanghai Xitang Biotechnology 
Co., Ltd., China. All indicators were detected 
according to the instructions of the kits.

Data concerning the occurrence of adverse 
reactions such as nausea, myalgia and chest 
distress from admission to 1 day before dis-
charge were collected.

Statistical analysis

SPSS 23.0 software was used for data pro-
cessing. The measurement data were express- 
ed as mean ± standard deviation (

_
x±s). After 

determination, the measurement data were 
conformed to the normal distribution. The 
paired sample t-test was applied for the intra-
group comparison of indicators before and 
after treatment. The independent t-test was  
utilized for the comparison between groups at 
the same time point. The count data was 
expressed as % and detected by chi-square 
test. P<0.05 was considered statistically sig- 
nificant.

Results

Comparison of general information 

There were no significant differences in gen- 
der, age, smoking history, course of COPD, 
course of respiratory failure, COPD severity 
classification, BMI and complications between 
two groups (P>0.05). See Table 1.

Table 1. Comparison of general information
Group Control group (N=53) Research group (N=53) χ2 P
Gender (Male/Female) 32/21 30/23 0.155 0.693
Age (years) 70.7±5.2 70.9±5.3 0.196 0.845
Smoking history 26 24 0.151 0.697
Course of COPD 7.96±1.33 7.89±1.25 0.279 0.781
Course of respiratory failure 3.26±0.92 3.57±0.73 1.922 0.057
COPD severity classification (II/III/IV, cases) 15/28/10 12/29/12 0.533 0.766
BMI (kg/m2) 25.31±3.52 25.63±3.61 0.462 0.645
Complications (cases)
    Hypertension 38 32 1.514 0.218
    Coronary heart disease 29 27 0.151 0.697
    Diabetes 11 12 0.056 0.814
    Cerebral infarction 10 9 0.064 0.800
    Other complications 7 10 0.631 0.427
Note: COPD: chronic obstructive pulmonary disease.
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Table 3. Comparison of heart rate, respiratory rate and PAP (
_
x±s)

Index Control group (n=53) Research group (n=53) t P
Heart rate (times/min)
    Before treatment 123.61±4.52 122.74±4.57 0.985 0.327
    After treatment 103.21±4.34*** 92.67±4.17*** 12.749 0.001
Respiratory rate (times/min)
    Before treatment 33.85±3.87 33.76±3.79 0.121 0.904
    After treatment 24.33±3.41*** 19.87±2.87*** 7.285 0.001
PAP (mmHg)
    Before treatment 51.63±5.24 51.05±4.97 0.585 0.560
    After treatment 46.97±3.61*** 43.52±3.09*** 5.286 0.001
Note: Compared in the same group before and after treatment, ***P<0.001. PAP: pulmonary arterial pressure.

Table 2. Comparison of the clinical efficacy
Groups Number of cases Ineffective Effective Significantly effective Overall effective rate
Control group 53 13 (24.53) 16 (30.19) 24 (45.28) 40 (75.47)
Research group 53 5 (9.43) 18 (33.96) 30 (56.60) 48 (90.57)
χ2 4.340 4.283
P 0.114 0.038

Comparison of the clinical efficacy 

The effective rate of treatment in the rese- 
arch group was higher than that of the control 
group (P<0.05). See Table 2.

Comparison of heart rate, respiratory rate and 
PAP

No significant difference was found in heart 
rate, respiratory rate and PAP before treat- 
ment (P>0.05). After treatment, those indica-
tors were significantly reduced in both groups. 
While the research group showed better im- 
provement in those indicators compared with 

the control group (P<0.05). See Table 3 and 
Figure 1.

Comparison of PaO2, SaO2 and PaCO2

There was no significant difference in PaO2, 
SaO2 and PaCO2 levels between two groups 
before treatment (P>0.05). After treatment, 
PaO2 and SaO2 levels were significantly incre- 
ased in both groups and they were higher in  
the research group than those in the control 
group. PaCO2 level was enormously decreas- 
ed after treatment in both groups and it was 
lower in the research group than that in the 
control group (all P<0.05). See Table 4.

Figure 1. Comparison of heart rate, respiratory rate and PAP before and after treatment. A: Comparison of heart 
rate before and after treatment; B: Comparison of respiratory rate before and after treatment; C: Comparison of PAP 
before and after treatment. Compared with that of the same group before treatment, ***P<0.001; compared with 
that of the control group after treatment, ##P<0.01.
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Table 4. Comparison of PaO2, SaO2 and PaCO2 (
_
x±s)

Index Control group (n=53) Research group (n=53) t P
PaO2 (mmHg)
    Before treatment 54.52±5.31 54.94±5.29 0.408 0.684
    After treatment 60.82±6.71*** 64.97±7.52*** 2.998 0.003
SaO2 (%)
    Before treatment 81.21±3.22 81.03±3.31 0.284 0.777
    After treatment 91.52±2.85*** 95.79±3.02*** 7.486 0.001
PaCO2 (mmHg)
    Before treatment 85.82±4.64 86.43±4.71 0.672 0.504
    After treatment 45.75±4.27*** 39.45±3.82*** 8.005 0.001
Note: Compared in the same group before and after treatment, ***P<0.001.

Table 5. Comparison of serum IL-6 and TNF-α (
_
x±s, pg/mL)

Index Control group (n=53) Research group (n=53) t P
IL-6
    Before treatment 30.25±3.82 30.51±3.91 0.346 0.730
    After treatment 23.49±3.25*** 16.52±2.57*** 12.247 0.001
TNF-α
    Before treatment 97.82±10.22 97.11±10.07 0.361 0.719
    After treatment 63.94±5.93*** 52.16±5.12*** 10.946 0.001
Note: Compared in the same group before and after treatment, ***P<0.001. IL-6: interleukin-6; TNF-α: tumor necrosis factor-α.

Comparison of serum IL-6 and TNF-α

There was no significant difference in serum 
IL-6 and TNF-α levels between patients of two 
groups before treatment (P>0.05). The levels  
of serum IL-6 and TNF-α were significantly 
decreased after treatment in both groups and 
they were lower in the research group than th- 
ose in the control group (P<0.05). See Table 5.

Comparison of serum TGF-β1 and Smad2 
expression levels

There was no statistically significant difference 
in the expression levels of serum TGF-β1 and 
Smad2 between two groups before treatment 

(P>0.05). The TGF-β1 and Smad2 expression 
levels in the research group decreased signifi-
cantly after treatment and they were lower  
than those in the control group (P<0.05). See 
Table 6 and Figure 2.

Comparison of incidence of adverse reactions

The incidence rate of adverse reactions in the 
research group was significantly lower than 
that in the control group (P<0.05). See Table 7.

Discussion

The number of patients with COPD has incre- 
ased in recent years, and COPD has become 

Table 6. Comparison of serum TGF-β1 and Smad2 expression levels
Index Control group (n=53) Research group (n=53) t P
TGF-β1 (ug/L)
    Before treatment 8.63±1.06 8.59±1.03 0.197 0.844
    After treatment 8.57±0.85 6.37±0.71*** 14.461 0.001
Smad2 (ng/L)
    Before treatment 863.64±95.22 871.58±96.57 0.426 0.671
    After treatment 854.16±90.63 675.64±81.22*** 10.679 0.001
Note: Compared in the same group before and after treatment, ***P<0.001. TGF-β1: transforming growth factor-β1.
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Table 7. Comparison of incidence of adverse reactions
Group Number of cases Nausea Chest distress Myalgia Incidence of adverse reactions
Control group 53 3 (5.66) 4 (7.55) 3 (5.66) 10 (18.87)
Research group 53 0 (0.00) 1 (1.89) 1 (1.89) 2 (3.77)
t 3.087 1.889 1.039 6.014
P 0.079 0.169 0.308 0.014

Figure 2. Comparison of serum TGF-β1 and Smad2 expression levels before and after treatment. A: Comparison of 
serum TGF-β1 expression level before and after treatment; B: Comparison of serum Smad2 expression level before 
and after treatment. Compared with that of the same group before treatment, ***P<0.001; compared with that of 
the control group after treatment, ##P<0.01.

one of the major respiratory diseases threat- 
ening the health of the elderly [13]. During 
treatment of the elderly COPD patients with 
severe type II respiratory failure, it is essential 
to restore respiratory function as soon as pos-
sible, maintain normal metabolism, and avoid 
multiple organ dysfunction caused by acidosis 
[14]. Mechanical ventilation is currently one of 
the commonly used means to treat such 
patients. In previous clinical treatment, the 
invasive ventilation with endotracheal intuba-
tion is easy to cause pulmonary infection in 
patients and it has poor compliance. On the 
contrary, noninvasive ventilation, which is  
easily accepted, can reduce ventilator-related 
complications in patients and has positive 
effect on the clinical treatment [15, 16].

Nalmefene is one of the common opioid recep-
tor blockers, which can down-regulate opioid 
peptide levels, inhibit free radical generation 
and improve respiratory function in patients 
[17]. In this study, relevant indicators including 

blood gas indicators, showed a trend of im- 
provement compared with those before treat-
ment. It confirmed the effectiveness of Nal- 
mefene combined with NIPPV treatment on 
elderly COPD patients with type II respiratory 
failure. Guo et al. has pointed out that nalme- 
fene combined with positive-pressure ventila-
tion can improve the blood-gas indicators of 
COPD patients with respiratory failure, which is 
similar to the results of this study [18].

In addition, inflammatory responses are preva-
lent in COPD patients. IL-6 and TNF-α are 
regarded as common indicators for the tem- 
porary detection of the body’s inflammatory 
response [19, 20]. It has been reported that 
the serum levels of IL-6 and TNF-α in COPD 
patients were increased [21]. They were higher 
in COPD patients during the acute phase than 
those of the stable phase and were negatively 
correlated with the pulmonary function of pa- 
tients. In this study, the serum IL-6 and TNF-α 
levels were significantly decreased in both 
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groups after treatment, and the levels in the 
research group were lower than those in the 
control group, indicating that nalmefene com-
bined with NIPPV can significantly improve the 
inflammatory response of patients. Chen et al. 
have shown that nalmefene can promote the 
secretion of proteins by Clara cells, then the 
proteins would be stimulated by macrophage 
so as to reduce the inflammatory response of 
patients [22], which is similar to the results of 
this study.

Nalmefene can inhibit Th1- and Th2-mediated 
immune response and improve the patient’s 
immunity. Meanwhile, the inhibition of immune 
response can inhibit airway remodeling to  
some extent [23]. TGF-β1/Smads are associat-
ed with the occurrence and development of 
many diseases. TGF-β1 can accelerate angio-
genesis, and interact with other cytokines, 
resulting in intense expression of Smad2 and 
Smad4 in bronchial epithelial cells. It is an 
important signaling pathway for the develop-
ment of pulmonary inflammation and airway 
remodeling in COPD patients [24, 25]. TGF-β1 
and Smad2 are important signaling molecules 
of this pathway. There were few previous stud-
ies on the effect of nalmefene combined with 
NIPPV on TGF-β1 and Smads factors in elderly 
COPD patients. In this study, the expression  
levels of TGF-β1 and Smad2 in the research 
group were significantly decreased after treat-
ment, which were lower than those in the con-
trol group, indicating that the combined treat-
ment showed better therapeutic effect by 
inhibiting the expressions of TGF-β1 and 
Smads. Wu et al. has demonstrated that the 
combination of opioid antagonists and NIPPV 
can significantly improve the respiratory func-
tion of COPD patients, which shows some simi-
larity with the conclusion of this study [26].

Besides Although we have demonstrated that 
the combined therapy might work through  
inhibition of TGF-β1 and Smads expressions, 
there are some limitations of this study. First, 
WB or quantitative fluorescence PCR was not 
used to detect the differential expression of 
signaling pathway related factors. In addition, 
no animal model has been established in this 
study to further investigate the molecular 
mechanism. Therefore, large improvements  
are needed in subsequent studies to avoid 
some bias in the experiment data. The study 

doesn’t include any cases of death, which may 
be related to the short observation period or 
few grade IV patients. Therefore, we need to 
implement a multi-centered study with a long- 
er period and larger sample.

In summary, nalmefene combined with NIPPV 
has a significant positive effect on elderly  
COPD patients with type II respiratory failure, 
which is possibly related to inhibition of TGF-
β1/Smads signaling pathway activation.
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