Table

The comparison of respiratory mechanics between the NPPV + naloxone and NPPV alone

Groups PIP PP Pm VE R
(cmH20) (cmH20) (cmH20) (L/min) [emH20 /
(L*s)]
NPPV alone Before treatment 391+4.6 29.0+£3.6 20.0+34 83+1.3 41.0+£3.5
(n=>52)

3 days after the start of treatment 35.9+3.8 261+3.2 18.1+3.0 8.0+1.2 39.0+3.2
5 days after the start of treatment 311+33 231+£26 159+238 77+1.0 36.1+3.1
NPPV + nalox- Before treatment 39.1+4.6 29.0+3.6 20.0+34 83+1.3 41.0+35
o (= 7)) 3 days after the start of treatment 3204412 220+261 15428 7310  348+3.1a

5 days after the start of treatment  28.1+3.0a> 181 +2.1ab 129+21 67.0+£0.92>  30.0 £3.0ab
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Abstract

To improve efficacy of non-invasive positive pressure ventilation (NPPV), this
study investigated the combination of NPPV with naloxone in COPD patients
with respiratory failure. One hundred four patients with COPD-related
respiratory failure were enrolled prospectively and randomly divided into a
control group treated with NPPV alone (n = 52) and an observation group
treated with NPPV combined with 4.0 mg naloxone by continuous infusion (n
= 52). At 3 and 5 days after the start of treatment, the respiratory mechanics,
pulmonary function, and oxygen metabolism parameters were significantly
improved in the NPPV + naloxone group compared to the NPPV alone group
(p<0.05). Further, the improvements in the NPPV plus naloxone group were
greater at day 5 than at day 3 (p<0.05). These findings indicate that non-
invasive positive pressure ventilation combined with naloxone can more
effectively improve respiratory mechanics, pulmonary function and oxygen
metabolism of COPD patients with respiratory failure than NPPV alone,
offering a new treatment approach.

Introduction

Chronic obstructive pulmonary disease (COPD) refers
to chronic bronchitis and emphysema characterized by
airflow obstruction. This clinically common chronic
respiratory disease can further develop into pulmonary
heart disease and respiratory failure (Paap et al., 2014).
COPD causes high global rates of morbidity and
mortality, seriously affecting the quality of life of
patients around the world (Pauwels et al., 2014). During
the development of disease, COPD patients can present
with abnormalities in respiratory mechanics, lung
function and oxygen metabolism parameters, with an
supply
indexes are wuseful for
evaluating the development of COPD, and overall
improvements in each of them is an important objective
for treatment of patients with respiratory failure due to

overall reduced
ZuWallack, 2009).

oxygen
These

COPD.

The standard treatment for COPD comprises life style
changes and medications that temporarily relieve
breathing difficulties; treatment of acute respiratory
failure due to COPD typically requires mechanical
ventilation (Pauwels et al., 2014). However, a more
recent approach, non-invasive positive pressure
ventilation (NPPV) is gaining traction as an effective
and wuseful treatment option for COPD-related
respiratory failure. NPPV refers to positive pressure
ventilation that is not delivered via endotracheal or
tracheostomy tube. In addition to treating acute
respiratory failure due to COPD, with a success rate of
80-85% (Kohnlein et al., 2014; Elliott 2002; Wei et al.,
2012; Halpin and Miravitlles, 2006), NPPV can reduce
pain and treatment costs compared with conventional
mechanical ventilation via an artificial airway (Briones
Claudett et al., 2013). Indeed, it can effectively prevent
and treat a blockage in the airway and proactively
improve the independent ventilation function and
diffusion capacity (Potts 2009; Schettino et al., 2008).

(Casaburi and

This work is licensed under a Creative Commons Attribution 4.0 International License. You are free to copy, distribute and per-
[N form the work. You must attribute the work in the manner specified by the author or licensor

Clinical Trial




360 Bangladesh ] Pharmacol 2016; 11: 359-363

Therefore, NPPV now plays a proactive role in the
improvement of acute respiratory failure in patients.
Room for improvement remains, however, for the use
of NPPV in treating lung function and oxygen
metabolism. Thus, approaches that can augment the
effectiveness of NPPV must be found to achieve better
patient outcomes.

Naloxone is an opioid receptor antagonist with a
chemical structure similar to that of morphine, but with
a great affinity for opioid receptor. This affinity can
prevent morphine-like substances from binding to
opioid receptors. Additionally, it can increase the
respiratory rate of patients who present with
respiratory depression due to acute poisoning,
effectively reversing the respiratory depression and
playing a role in exciting the respiratory center, causing
sedation, and raising the blood pressure (Fakiris et al.,
2009; Yoshitake et al., 2012; Ricardi et al., 2010).
Clinically, naloxone can improve respiration,
pulmonary ventilation, and gas exchange, as well as
improving flow in the airway, thereby treating both
symptoms and root causes (Tashkin, 2010; Decramer et
al., 2009).

We hypothesized that the actions of naloxone may
serve to augment the effectiveness of NPPV when the
treatments were combined for patients with COPD-
related respiratory failure. Therefore, in this study we
observed the effect of NPPV combined with naloxone
on the respiratory mechanics, lung functions, and
oxygen metabolism of patients with respiratory failure
due to COPD. The results suggest a potential new
treatment approach for COPD-related acute respiratory
failure.

Materials and Methods
Participants

This prospective study included 104 patients with
respiratory failure due to COPD, who were randomly
divided into an observation group of 52 cases who were
treated with NPPV combined with naloxone and a
control group of 52 cases who were treated with NPPV
alone. Patients were treated in our hospital between
September 2012 and December 2014.

In the NPPV + naloxone group, 31 cases (59.6%) were
males and 21 cases (40.4%) were females. The mean
patient age was 64.1 + 7.1 years and the mean disease
duration was 12.1 + 1.5 years (ranging from 3.95 to
20.10 years). Twenty-eight cases (53.9%) had moderate
respiratory failure (PaCO2 from 50 to 69 mmHg) and 24
cases (46.2%) had severe respiratory failure (PaC0O2270
mmHg).

In the NPPV alone group, 30 cases (57.7%) were males
and 22 cases (42.3%) were females. The mean patient

age was 64.1 + 7.0 years and the mean disease duration
was 12.0 = 1.5 years (ranging from 4.1 to 20.0 years).
Twenty-nine cases (55.8%) had moderate respiratory
failure and 23 cases (44.2%) had severe respiratory
failure. The differences between both groups regarding
their age, sex and disease duration as well as severity
and duration of acute exacerbation of respiratory failure
were not statistically significant (each P value >0.05);
thus the groups were comparable.

Treatment methods

The NPPV alone group received additional NPPV
based on the conventional treatment, which mainly
involved oxygen inhalation, relieving obstructive
spasms, fighting inflammation and infection, regulating
electrolyte balance, and maintaining nutrition. NPPV
was performed using ZN17-SC300 multifunctional
ventilators (Far East Technology, Beijing, China) at an
initial positive end-expiratory pressure of 2-4 cmH>O
and a respiratory rate of 16 beats per minute, which
were adjusted according to patient condition during the
noninvasive mechanical ventilation. The NPPV +
naloxone group received NPPV combined with
naloxone based on the conventional treatment, in which
each patient received a 24 hours continuous
intravenous injection of 4.0 mg naloxone. Both groups
received treatment for 5 consecutive days. At 3 and 5
days after the start of treatment, their respiratory
mechanics, lung function, and oxygen metabolism
parameters were collected and compared with those
before treatment.

Monitoring indexes

Bicore CP-100 (USA) was used to measure the respira-
tory mechanics parameters including peak inspiratory
pressure (PIP), plateau pressure (PP), pressure mean
(Pm), minute ventilation (VE) and airway resistance (R).
Lung function parameters were expressed as various
indexes of pulmonary gas exchange and pulmonary
ventilation. The diffusing capacity of the lungs for
carbon monoxide (DLco), maximal inspiratory mouth
pressure (PImax), maximal expiratory mouth pressure
(PEmax), and oxygen partial pressure (PO>) at rest were
determined. Forced expiratory volume in 1 second
(FEV1), peak expiratory flow at 25% (PEF25), peak
expiratory flow at 50% (PEF50) and total lung capacity
(TLC) were measured using a Vmax Encore 229/22D
spirometer (Sensormedics). The oxygen metabolism
parameters comprised the arterial oxygen content
(Ca0»), mixed venous oxygen saturation (SvO>), oxygen
consumption (VOy), and oxygen extraction rate (ERO),
all of which were detected using a GEM Premier 3000
blood gas analyzer (USA).

Statistical analysis

In this study, double data entry was performed using
Epi Data version 3.1 to create a data bank, and logic
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checks were performed. SAS 9.2 (SAS Institute, USA)
was used to analyze the data. Statistical methods
included the chi-squared test and t-test. p<0.05 was
considered to indicate a difference was statistically
significant.

Results

Pre- and post-treatment respiratory mechanics parame-
ters in patients with COPD-related respiratory failure.

Before treatment, no differences were observed between
treatment groups regarding PIP, PP, Pm, VE, or R (each
p value >0.05, Table I). However, at 3 and 5 days after
treatment, each of these parameters was significantly
lower in the observation group than in the control
group (each p value <0.05, Table I). Further, within the
group of patients treated with NPPV + naloxone, each
of the measures was significantly lower at 5 days after
treatment than at 3 days after treatment (each p value
<0.05, Table I).

Pulmonary gas exchange parameters pre- and post-
treatment in patients with COPD-related respiratory
failure.

Before treatment, no differences were observed between
groups regarding DLCO, PImax, PEmax, or PO, (each P
value >0.05) (Table II). However, at 3 and 5 days after
the start of treatment, each parameter was significantly
higher in the observation group than in the control
group (each p value <0.05). Further, within the group of
patients treated with NPPV + naloxone, each of the
measures was significantly higher at 5 days after
treatment than at 3 days after treatment (each P value
<0.05).

Pulmonary ventilation function before and after
treatment in patients with COPD-related respiratory
failure.

Before treatment, no differences were observed between
groups regarding FEV1, PEF25, PEF50, or TLC were
(each p value >0.05) (Table III). However, at 3 and 5
days after treatment, all parameters were significantly
higher in the NPPV + naloxone group than in the NPPV
alone group (each P value <0.05). In addition, within
the group of patients treated with NPPV + naloxone,
the parameters were significantly higher 5 days after
treatment than 3 days after treatment (each p value

Table I
The comparison of respiratory mechanics between the NPPV + naloxone and NPPV alone

Groups PIP PP Pm VE R

(cmH20) (cmH20) (cmH>O) (L/min) [emHO /
(L*s)]

NPPV alone Before treatment 39.1+4.6 29.0+3.6 200+34 83+13 41.0+£35
(aie) 3 days after the start of treatment 359438  261+32  181+3.0 80412  39.0+32
5 days after the start of treatment 31.1+33 231+26 159+28 77+1.0 36.1+3.1
NPPV + nalox- Before treatment 39.1+4.6 29.0£3.6 20.0+34 83+13 41.0£35
o (10 = E2) 3 days after the start of treatment 3204412  220+262 15428  73+10:  348+31a
5 days after the start of treatment ~ 28.1+3.0ab 181 +21ab 129%271ab 67.0+0.92>  30.0£3.0ab

Data are mean * SD; ap<0.05, compared with NPPV alone; ’p<0.05, compared with 3 days after the start of treatment

Table II

Pulmonary gas exchange measurements in patients with COPD-related respiratory failure before and after

treatment with NPPV alone or in combination with naloxone

Group DLCO PImax PEmax PO,
(mL/min*kPa) (%) (%) (mmHg)
NPPV alone Before treatment 152.1+14.0 571171 31.8+£3.0 60.1+7.1
=52
(n ) 3 days after the start of treatment 173.3 +14.8 67.6 8.6 382+33 641+73
5 days after the start of treatment 191.2+15.5 785+9.2 424+35 722+75
NPPV + naloxone  Before treatment 1521 +14.1 571172 31.9+£3.0 60.0+7.1
=52
(n ) 3 days after the start of treatment 202.9 +15.62 81.5+9.6a 46.3 £4.0 73173
5 days after the start of treatment 214.4 £18.1ab 89.3 £10.0ab 51.1 £4.1ab 78.1 £ 7.7ab

Data are mean * SD; ap<0.05, compared with control group; bp<0.05, compared with 3 days after the start of treatment
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Group

Table III

Pulmonary function measurements before and after treatment with NPPV or NPPV plus naloxone

NPPV alone (n = 52) Before treatment

NPPV + naloxone (n=>52)  Before treatment

3 days after the start of treatment

5 days after the start of treatment

3 days after the start of treatment

5 days after the start of treatment

FEV1 (L)  PEF25(L/s) PEF50 (L/s)  TLC(L)
1302 20+04 1.0+02 14+02
18402 24404 11402 19+0.2
21402 26404 13+02 24402
133+02 20£03 11£02 14402
24402 33+040 15+02 32+03
27402 38050 1.8 +0.3qb 3.9 +0.3qb

Data are mean * SD; 2p<0.05, compared with NPPV alone; *p<0.05, compared with 3 days after the start of treatment

Table IV
Oxygen metabolism measurements before and after treatment with NPPV alone or in combination with na-
loxone
Group CaO; (mL/L) SvO2 (%) VO, (mL/ ERO: (%)
min*m?2)
NPPV alone (n=52) Before treatment 103.9+6.5 60.4 £ 6.0 149.0£71 31.8+5.1
3 days after the start of treatment 1242+78 63.8+6.1 145.0+£6.8 29.0+4.7
5 days after the start of treatment 1437 £8.6 67.8 6.4 138.0 £6.6 254142
NPPV + naloxone (n=52)  Before treatment 104.0+ 6.5 60.4+6.1 149172 31.8+5.1
3 days after the start of treatment 151.3 £9.0a 69.1 £6.52 133.2£6.32 259 £ 452
5 days after the start of treatment 170.1 £ 9.4a> 730+ 6.6 1229 +5.73b 22.8 +£4.13b

Data are mean * SD; 2p<0.05, compared with NPPV alone; bp<0.05, compared with 3 days after the start of treatment

<0.05).

Oxygen metabolism parameters before and after
treatment of patients with COPD-related respiratory
failure.

Before treatment, no differences were observed between
groups regarding CaO, SvO;, VO, or ERO; (each p
value >0.05) (Table IV). However, at 3 and 5 days after
treatment, both VO, and ERO; were significantly lower
in the NPPV + naloxone group than in the NPPV alone
group, while both CaO, and SvO, were significantly
higher in the NPPV + naloxone group than in the NPPV
alone group (each p value <0.05). In addition, within
the NPPV + naloxone group, the measurements at day 5
exceeded those at 3 days after treatment (each P value
<0.05).

Discussion

In the present study, a treatment approach combining
NPPV with naloxone conferred greater improvement
on respiratory mechanics, pulmonary ventilation,
pulmonary gas exchange and oxygen metabolism than
NPPV alone in patients with respiratory failure due to
COPD. The indicators of respiratory health were
measured before and after treatment with NPPV alone

or in combination with naloxone, an opioid receptor
antagonist that alleviates respiratory distress. Baseline
measurements demonstrated that the random
assignment of patients produced two treatment groups
with equivalent respiratory disease. The respiratory
indexes improved with treatment with NPPV alone, but
improvement was augmented by the combination of
NPPV and naloxone. Indeed, significant improvements
were seen in the combination group over the control
group 3 days after treatment. Further, the
improvements seen after 3 days in the combination
group were even greater 5 days after treatment. Thus,
treatment with NPPV combined with naloxone
improved patients’ respiratory mechanics, pulmonary
ventilation, pulmonary gas exchange and oxygen
metabolism. An improvement in the overall oxygen
supply to the patients also confirmed the effects of the
combination approach in improving the patients’
general condition.

COPD correlates with an abnormal inflammatory
response to noxious gases and particles. Risk factors can
be roughly divided into external factors (i.e., environ-
mental factors such as dust, smoking and inhaled
chemical substances) and internal factors (ie.,
individual factors increasing susceptibility to COPD
such as genetic determinants and airway hyper-
responsiveness). Uncontrolled COPD can lead to acute
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respiratory failure affecting the respiratory mechanics,
pulmonary ventilation, pulmonary gas exchange, and
oxygen metabolism. These functions cannot be
improved unless the respiratory failure is effectively
reversed. Therefore, the reversal of these measurements
serves as an important indicator for the improvement of
respiratory function.

Conclusion

NPPV combined with naloxone offers an effective
treatment approach for COPD-related acute respiratory
failure.
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