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Abstract: Objective: To explore the efficacy of air impact-assisted intermittent subglottic secretion drainage (ISSD)
on the blood-gas indicators, postoperative complications, and prognosis of chronic obstructive pulmonary disease
(COPD) patients with respiratory failure. Methods: 128 COPD patients with respiratory failure and underwent inva-
sive mechanical ventilation with tracheotomy were selected. The patients were randomly divided into the trial group
(N=64) and the control group (N=64). The patients in the trial group were treated with air impact combined with
intermittent subglottic secretion drainage (ISSD). The patients in the control group were treated with ISSD. Both air
impact method and ISSD are commonly used in clinical practice to clear sputum. During treatment, we recorded the
amount of airway secretion aspiration, positive rate of bacteria in the sputum smear, blood-gas indicators before
and after sputum aspiration (including partial pressure of carbon dioxide [PaCO,]) and partial pressure of blood oxy-
gen [Pa0,]), vital signs per hour and the differences in vital signs before and after treatment (including heart rate,
respiration, systolic blood pressure, and diastolic blood pressure), number of coughs, mechanical ventilation time,
ventilator-associated pneumonia (VAP) incidence, and mortality rate of patients between the two groups. Results: In
the trial group, the positive rate of the bacteria smear was significantly lower than that in the control group (P<0.05).
After sputum aspiration, the PaCO, and PaO, in the trial group improved significantly than those observed in the
control group (P<0.05). Before and after sputum aspiration, the vital signs of the patients in the trial group were
significantly lower than those of the patients in the control group (P<0.05). Additionally, the number of coughs, me-
chanical ventilation time, VAP incidence, and mortality rate in the trial group were significantly decreased compared
to those in control group (P<0.05). Conclusion: Following tracheotomy in COPD patients, air impact combined with
ISSD can decrease the blood-gas indicators, incidence rates of cough and VAP, and mortality rate, and improve the
prognosis of patients.
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Introduction

Invasive mechanical ventilation is currently an
effective method in the clinical treatment of
chronic obstructive pulmonary disease (COPD)
patients with respiratory failure [1]. COPD is pri-
marily characterized by airway limitation and is
a partially irreversible pulmonary disease, and
the resultant respiratory failure generally re-
quires admission to the respiratory intensive
care unit and administration of mechanical
ventilation [2].

Nonetheless, tracheotomy-assisted mechani-
cal ventilation is often accompanied by a series

of complications, resulting in poor prognosis
and a high mortality rate; moreover, ventilation-
associated pneumonia, as the most severe
complication, is also one of the major causes of
the death of mechanical ventilation patients [3,
4]. According to previous reports, the mortality
rate of patients receiving mechanical ventila-
tion via tracheotomy can be as high as 57% [5].
Itis also reported that aspiration of the bacteria
distributed in the air sac or the surface of the
mouth or throat serves as the major cause for
the incidence of ventilator-associated pneumo-
nia (VAP) [6]; thus, elimination of airway sputum
is the main method for prophylaxis of VAP. At
present, air impact and subglottic secretion
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Table 1. Comparison of patient characteristics between the

Thus, in addition to focusing on the

two groups effect of air impact-assisted ISSD on
n=64 group n=64 , gated the
Gender 0.032 0.858 differences i.n .blood—gas iqdicators
Male 38(50.38) 37 (57.81) and prognpss in COPD pgtlents, o)
as to provide a more efficient meth-
Female 26(40.63) 27 (42.18) od of sputum aspiration for invasive
Age (years old) 0.031 0.860 ventilation support in COPD patients
<70 33(51.56) 32(50.00) with respiratory failure.
>70 31(48.44) 32 (50.00)
Whether smoking 0.031 0.860 Materials and methods
Yes 31(48.44) 30 (46.88) General data
No 33(51.56) 34 (53.13)
Health status score 17.22+3.29 17.83+3.41 1.030 0.305 128 COPD patients with respiratory
Coagulation failure who received mechanical
PT (s) 14.11+1.61 13.97+1.46 0.515 0.607 ventilation via airway intubation in
APTT (s) 33.78+2.91 34.09+2.63 0.632 0.528 the intensive care unit of our hospi-
TT (s) 16.21+1.09 15.99+0.87 1.262 0.209 tal were selected. The patients com-
FIB (g/L) 2.98+023 3.01:0.31 0.622 0535  Prised 66 males and 62 females,
Whether it is coma 0034 0850  aged 73.61£9.76 years; there were
Yes 21(32.81) 20 (31.25) 38 patients with respwatory failure
caused by pneumonia, 28 by cere-
No 43(6719)  43(68.75) brovascular disorder, 42 by chronic
Spontaneous breathing 0.034 0.853 heart failure, and 21 by other
Yes 42 (65.63) 41 (64.06) factors.
No 22 (34.38) 23(35.94)

drainage are common methods used in clinical
practice to eliminate sputum. Meanwhile, air
impact, in comparison with sputum aspiration
in the mouth, nose, or throat, is more efficient
in eliminating secretions in the airway, with a
significant decrease in the incidence rate of
complications in the lung [7]. Moreover, when
compared to the regular aspiration of sputum,
subglottic secretion drainage excels in remov-
ing secretions in the air sac, with a lower inci-
dence rate of VAP [8]. However, little informa-
tion is available regarding elucidation of the
effect of air impact-assisted intermittent sub-
glottic secretion drainage (ISSD) on respiratory
failure patients who receive mechanical venti-
lation. According to previous studies on COPD,
accumulating evidence has demonstrated the
association between prognosis and blood-gas
indicators in COPD [9, 10]. Christensen et al.
[11] reported that differences in blood-gas indi-
cators scarcely altered the outcome of patients,
while Eneff et al. [12] observed that a high par-
tial pressure of carbon dioxide (PaCO,) (> 50
mmHg) may account for the increased mortali-
ty rate.
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The patients were randomly divided

into the trial group (N=64) and the
control group (N=64). All patients underwent
invasive mechanical ventilation with tracheoto-
my. The patients in the trial group were treated
with air impact combined with intermittent sub-
glottic secretion drainage (ISSD). The patients
in the control group were treated with ISSD. The
inclusion criteria were as follows: patients with
symptoms or vital signs conforming to the diag-
nostic criteria of respiratory failure [4, 13];
patients with COPD; and those who underwent
invasive mechanical ventilation 248 hrs with
tracheotomy. The exclusion criteria were as fol-
lows: patients with other severe liver and kid-
ney dysfunctions or tumors, and patients with
communication difficulties. This study was
approved by the Ethics Committee of the
Shandong Provincial Hospital, and all subjects
and their relatives given their written informed
consent before participating in the study, and
accorded to cooperate with the medical staff to
accomplish the diagnosis and treatment.
Comparisons of the general data of patients,
including age and gender, between the two
groups indicated that the differences had no
statistical significance (P > 0.05) (Table 1). This
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study has been approved by the Ethics Com-
mittee of Shandong Provincial Hospital. All
study participants had given their written
informed consent before participating in the
study.

Methods

Nurses who were responsible for sputum elimi-
nation from the airway were trained in air
impact combined with ISSD and regular ISSD
methods. Intervention begins after the patient
has undergone mechanical ventilation through
the tracheal intubation, and the operation was
strictly performed under sterile condition. The
pressure of the cuff was maintained between
26 and 28 cm H,0 (1 ¢cm H,0=0.098 kPa). Oral
nursing care was performed three to four times
per day for each patient, and the position of the
patient was required to be changed every 2-3 h,
with the head of bed being lifted by approxi-
mately 35-45°. The patients in the control
group then received regular ISSD: in brief, the
negative pressure of the suction device was set
to 60 mmHg, and the orifice and caps of the
subglottic secretion drainage tube were sani-
tized using 0.5% iodophor; the suction device
was then connected to prepare for the elimina-
tion of sputum every 2 h (1 h/round). The pa-
tients in the trial group received air impact com-
bined with ISSD to eliminate the airway spu-
tum. In brief, after the sufficient elimination of
sputum in the airway and secretion in the mou-
th and nose via regular ISSD, air impact was
implemented by two nurses. A tracheal cathe-
ter was connected to the plain respiratory air
sac forauxiliary ventilation, which was squeezed
by a nurse at the end of inspiration; simultane-
ously, the other nurse was required to fill the air
sac with air immediately at the end of expira-
tion, and the oral or nasal secretions were then
removed again. This process was repeated two
or three times until the airway sputum and
secretion were fully eliminated. The amount of
eliminated sputum in the two groups, along
with the color, was recorded daily. The suction
ends with the removal of mechanical ven-
tilation.

Outcome measures

We observed and recorded the following out-
come measures in the two groups: the amount
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of eliminated sputum and the positive bacteria
rate in the sputum smear; blood-gas indicators
before and after sputum elimination, including
PaCO, and partial pressure of blood oxygen
(Pa0,); vital signs every hour and the differenc-
es in vital signs before and after sputum elimi-
nation, including heart rate, respiratory rate,
systolic blood pressure, and diastolic blood
pressure,aswellasthenumberofcoughsandme-
chanical ventilation time; incidence rate of VAP,
and mortality rate. VAP was diagnosed with the
following criteria [14]: a) onset time: within 48 h
of mechanical ventilation, b) infiltrative shadow
in chest X-ray image, c) total amount of white
blood cells in peripheral blood > 10x10°/L or
<4x10°%L, d) temperature > 38°C, and e) puru-
lent secretion in airway. Patients satisfying two
or more of the above criteria could be diag-
nosed with VAP. Among them, blood gas indica-
tors and postoperative complications are the
main outcome measurements. The interven-
tion is terminated when the patient died or the
ventilator was removed.

Statistical methods

SPSS 18.0 software (SPSS Inc., Chicago, IL,
USA) was used to perform the statistical analy-
sis. Kolmogorov-Smirnov method was used to
verify whether the data conforms to the normal
distribution. Enumeration data were compared
with a chi-square test, while measurement data
are presented as mean * standard deviation
and pairwise t test was used to compare data
between groups while independent t test was
used for between-group comparison. P<0.05
indicated statistical significance.

Results

Comparison of the amount of sputum elimina-
tion in the airway and the positive bacteria
rate in the sputum smear

After examination, it was found that amount of
sputum elimination from the airway of patients
conforms to normal distribution (P > 0.10). The
amount of sputum elimination from the airway
of patients in the trial group and the control
group was 107.72+31.27 mL/d and 110.35+%
32.19 mL/d, respectively, but the difference
was not significant (P > 0.05). The positive bac-
teria rate in the sputum smear in the trial group
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Table 2. Comparison of Total Amount of Respiratory Sputum and Positive Rate of Bacterial Smear

between the Two Groups

Factor Trial group N=64  Control Group N=64 X2/t P
Respiratory Sputum Suction Total (mL/d) 107.72+31.27 110.35+32.19 0.469 0.640
Bacterial Smear Positive Rate 20.31% 35.94% 3.865 =0.019

Table 3. Comparison of PaCO, before and after
sucking in the two groups (kPa)

Trial group  Control

n=64 group n=64 t P

Time

Before sucking 6.93+0.31 6.98+0.28 0.958 0.340
After sucking  5.12+0.27 6.19+0.22 24.58 <0.001
t 9.121 8.453
P <0.001 <0.001

Table 4. Comparison of Pa0O, before and after suck-
ing in the two groups (kPa)

Trial group Control

n=64 group n=64 P

Time

Before sucking 4.12+0.19 4.09+0.21 0.848 0.398
After sucking  5.87+0.26 4.75+0.25 24.84 <0.001
t 9.137 9.528 - -
P <0.001 <0.001 - -

was 20.31%, which was significantly lower than
the 35.93% observed in the control group
(P<0.05) (Table 2).

Comparison of the blood-gas indicators before
and after sputum elimination

Before sputum elimination, the patients in the
trial group had a PaCO, and Pa0, of 6.93+0.31
kPa and 4.12+0.19 kPa, respectively, while
after sputum elimination, these indicators were
5.12+0.27 kPa and 5.87+0.26 kPa, respective-
ly. In the control group, the PaCO, and PaO, of
patients before sputum elimination were 6.98+
0.28 kPa and 4.09+0.21 kPa, respectively,
while after sputum elimination, these indica-
tors were 6.19+£0.22 kPa and 4.75+0.25 kPa,
respectively. Thus, after sputum elimination,
patients in the experiment group exhibited bet-
ter PaCO, and Pa0, than did those in the con-
trol group (P<0.05) (Tables 3 and 4).

Comparison of the differences in vital signs
before and after sputum elimination

Before and after sputum elimination, the di-
fferences in heart rate, respiratory rate, systol-
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ic blood pressure, and diastolic blood pres-
sure of patients in the trial group were 6.75+
1.08 bpm, 4.12+0.63 breaths/min, 8.95+
2.71 mmHg, and 7.12+2.98 mmHg, while
those in the control group were 11.63+1.48
bpm, 7.13+0.76 breaths/min, 14.07+3.51
mmHg, and 10.19+3.27 mmHg. Thus, the
operation posed less influence on the vital
signs of patients in the trial group than on
those in the control group (P<0.05) (Table 5).

Comparison of the number of coughs and
mechanical ventilation time

It was found that mechanical ventilation time
conforms to normal distribution (P > 0.10).
For patients in the trial group, the average
number of coughs and mechanical ventila-
tion time were 4.12+1.23 times and
128.41+39.67 h, while for those in the con-
trol group, these averages were 6.87+1.66
times and 149.35+41.69 h. Hence, the num-
ber of coughs and mechanical ventilation
times of patients in the trial group were sig-
nificantly lower or shorter than those in the
control group (P<0.05) (Table 6).

Incidence rate of VAP within 7 days and mor-
tality rate

In the trial group, nine patients were diag-
nosed with VAP within 7 days, and ten pa-
tients died, among which seven patients died
from VAP. In the control group, 19 patients
were diagnosed with VAP, and 20 died, 15 of
whom from VAP. In the trial group, the inci-
dence rate of VAP and the mortality rate were
14.06% and 15.63%, which were significantly
lower than the 29.69% and 31.25% observed
in the control group (P<0.05) (Table 7 and
Figure 1).

Discussion

For the emergence of respiratory failure ca-
used by any factor, mechanical ventilation is
the major rescue and treatment measure
[15]. However, after the establishment of arti-
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Table 5. Comparison of vital signs change before and after sucking

tion of secretion in

Vital Signs

Trial group  Control Group
N=64 N=64

the airway and phar-

t P ynx oralis further fa-

cilitates the entran-

Heart Rate (beat/min) 6.75+1.08 11.63+1.48 21.31 <0.001

Breathe (time/min) 412+0.63  7.13+0.76  24.39 <0.001 ce of pathogens into
Systolic Blood Pressure (nmHg) ~ 8.95:2.71  14.07:+351 9237 <0001 e lower respiratory
Diastolic Blood Pressure (mmHg) 712298  1019+¢3.27 5551 <0001  o'Way glving rise to

Table 6. Comparison of the frequency of coughing and the time of me-

chanical ventilation between the two groups

a series of complica-
tions, including VAP
[16, 17]. In addition,
the blood-gas indica-

tors of respiratory fail-
P ure patients also re-

Trial group Control Group
N=64
Number Of Coughs 4.12+1.23 6.87+1.66 10.65 <0.001

Mechanical Ventilation Time (h) 128.41+39.67 149.35+41.69 2.911 <0.050

flect the status and
prognosis [18]. It has

Table 7. Incidence of VAP within 7 days and mor-
tality during treatment (%)

Trial grou Control
Project N=g64 P Group X2 P
N=64
VAP 9(14.06) 19 (29.69) 4.571 <0.050

Mortality Rate 10 (15.63) 20 (31.25) 7.082 <0.050
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Figure 1. Incidence of ventilator-associated pneu-
monia (VAP) within 7 days of mechanical ventilation
and mortality during treatment. The incidence of VAP
within 7 days of mechanical ventilation and the mor-
tality rate during treatment in the trial group were
lower than those in the control group (P<0.05).

ficial airways, the original physiological barrier
in the airway is destructed, leading to poor
motivation of the cilia on the airway wall, and
resulting in further declines in the evacuation
of sputum by coughing and swallowing func-
tion. The resultant failure in effective elimina-
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been evidenced that
once the blood-gas in-
dicators are stabilized, the prognosis of patients
with respiratory failure may be effectively
improved, and well-controlled blood-gas indica-
tors also secure the recovery and ventilator
weaning of patients [19]. Air impact and sub-
glottic secretion drainage are popular methods
used to eliminate the sputum of patients receiv-
ing mechanical ventilation, but are also limited
in different aspects in spite of their efficiency in
eliminating airway secretions [20, 21]. For
example, air impact is inferior during the opera-
tion [22], while subglottic secretion drainage
may induce damage to the airway mucosa [23].
Thus, in this study, air impact was combined
with ISSD, and we aimed to investigate the
changes in blood-gas indicators and the effica-
cy in decreasing postoperative complications in
COPD patients with respiratory failure.

First, we compared the total amount of sputum
elimination and the positive bacteria rate in the
sputum smear of patients in the experimental
and control groups, and found no significant
difference in the amount of sputum elimination
between the two groups (P > 0.05). However,
the positive bacteria rate in the experiment
group was significantly lower than that in the
control group (P<0.05), suggesting that air
impact-assisted ISSD can reduce bacterial re-
production. Thereafter, we compared the blood-
gas indicators, fluctuations in vital signs, num-
ber of coughs, and mechanical ventilation tim-
es between the two groups, and the results
indicated that the reduction in the blood-gas
indicators in the trial group was markedly mo-
re significant than that in the control group
(P<0.05). Minor fluctuations were observed in
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the vital signs (P<0.05), and the number of
coughs and mechanical ventilation time of
patients in the trial group were significantly
lower or shorter than those in the control group
(P<0.05), suggesting that air impact-assisted
ISSD can improve the indicators of patients
more efficiently and stably, and also reduce the
number of coughs and mechanical ventilation
time of patients. According to our speculation,
the combination of these methods exerted less
influence on the humidity and temperature of
the airway, and simultaneously mitigated the
damage to the airway mucosa, thereby easing
the tensed airway mucosa. Consistent with our
results, previous evidence has demonstrated
that the alleviated stimuli to the airway mucosa
can reduce the effect on the vital signs and
mitigate coughing, which is more conducive to
the recovery of blood-gas indicators [24].
Finally, we also compared the incidence rate of
VAP within 7 days and the mortality rate of
patients within 90 days of mechanical ventila-
tion between the two groups, and found that
the incidence rate of VAP and mortality rate of
patients in the trial group during treatment
were all significantly lower than those in the
control group, suggesting that air impact-
assisted ISSD can more effectively decrease
the incidence rate of VAP and mortality rate of
patients. Current studies have identified acci-
dental inspiration as one of the major factors
contributing to the incidence of VAP [25]. VAP
can result in the failure of mechanical ventila-
tion to prolong the hospitalization time of
patients [26], or even result in death [27]. Thus,
preventing the inspiration of airway secretions
into the respiratory tract is believed to be a key
factor in prophylaxis of VAP.

In conclusion, the application of air impact-
assisted ISSD in patients with invasive mechan-
ical ventilation can efficiently reduce the blood-
gas indicators of patients, with a lower inci-
dence rate of complications and mortality rate
of patients, and significant improvement in
prognosis. However, due to the lack of evidenc-
es supporting the application of air impact-
assisted ISSD in invasive mechanical ventila-
tion, we suggest that more efforts should be
devoted to in-depth comparisons and studies
of this aspect.
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