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Abstract: Objective: To explore the clinical effects of continuous airway humidification in patients with tracheotomy.
Methods: A total of 80 patients who underwent tracheotomy in our hospital were enrolled and divided into the study
group (=40, received continuous airway humidification and conventional nursing measures) and the control group
(n=40, received conventional nursing measures). The temperature and humidity of inhaled gas, sputum viscos-
ity, respiratory function-related indicators, patients’ comfort, and the incidence of complications were compared.
Results: The humidity of the inhaled gas in the study group on the 1%t to 7" day of intervention was significantly
higher than that in the control group (P < 0.05). On the 5™ day and the 7™ day of intervention, the number of cases
of sputum viscosity below degree Il in the study group was higher than that in the control group (P < 0.05). On the
7" day of intervention, the study group had lower RR and higher PaO, and patient comfort than the control group (P
< 0.05). The incidence of complications in the study group was lower than that in the control group (P < 0.05). The
average daily number of sputum suction, ICU indwelling time, tracheal extubation time and duration of tracheotomy
in the study group were all significantly lower than those in the control group (P < 0.05). Conclusion: Continuous
airway humidification for patients with tracheotomy helps reduce sputum viscosity and improve respiratory function
and patients’ comfort. It also helps reduce the incidence of complications and improves prognosis, indicating that

continuous airway humidification is worthy of clinical application.
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Introduction

Tracheotomy refers to an incision of the jugular
trachea and inserting a metal or silicone tra-
cheal tube to relieve symptoms such as lar-
yngeal dyspnea, respiratory dysfunction, and
retained secretions of lower respiratory tract.
Tracheotomy is currently a common clinical
assistance for critically ill patients. It is of great
significance in saving the lives of critically ill
patients. It is also a preoperative intervention
of surgery for respiratory obstruction such as
laryngeal cancer [1].

Tracheotomy is a traumatic operation to the
body. Incision of the trachea and insertion of a
tracheal tube will inevitably cause obvious irri-
tation and damage to the airway mucosa and
surrounding tissues. Under normal conditions,

the upper respiratory tract can warm, humidify,
clean and filter the inhaled air. Studies have
shown that the upper respiratory tract has a
strong non-specific defensive function. On the
one hand, the airway mucosa will expel respira-
tory secretions, harmful substances in the air,
and dust, etc., by the normal movement of cilia
to reduce the risk of pulmonary infection. On
the other hand, the mucosa of the upper respi-
ratory tract can also warm and humidify the
inhaled air, reducing the stimulating intensity of
environmental air to the respiratory tract [2, 3].
However, for patients with tracheotomy, be-
cause the air will directly enter the trachea, the
function of upper respiratory tract is weakened,
which will lead to a significant increase in vari-
ous complications. A review of 98 patients wi-
th tracheotomy showed that 28.57% of these
patients had complications such as pulmonary
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infection and cough, which delayed the recov-
ery process to a certain extent. Airway humidifi-
cation refers to a measure of artificially filling a
humidified fluid into the inhaled gas, so as to
supply a certain amount of humidity to the gas
of the respiratory tract and lungs of patients
with tracheotomy. This measure has been prov-
en to significantly alleviate the sputum viscosity
of patients with tracheotomy and have a posi-
tive effect on reducing the rate of pulmonary
infection [4, 5]. A study of 77 patients under-
going tracheotomy showed that the rate of
pulmonary infection was significantly reduced
from 25.00% to 13.51% by using airway humidi-
fication [6]. Other research has pointed out that
it was extremely necessary to carry out airway
humidification for patients undergoing trache-
otomy after craniocerebral injury. Due to the
long duration of mechanical ventilation in such
patients, the use of non-humidified gas may
cause airway obstruction and endanger the
patient’s life and health [7]. This study aims to
explore the feasibility and necessity of continu-
ous airway humidification for patients with tra-
cheotomy, and analyse the effect of airway
humidification on the incidence of complica-
tions in patients with tracheotomy, in order to
provide a theoretical basis for improving the
prognosis of patients with tracheotomy.

Material and methods
General information

A total of 80 patients who received tracheoto-
my in our hospital from March 2018 to March
2020 were enrolled and divided into the stu-
dy group (n=40) and the control group (n=40)
according to the difference in intervention
measures.

Inclusion criteria: (1) Patients undergoing tra-
cheotomy; (2) > 18 years old; (3) Treatment of
5 days or longer of tracheal intubation; (4) Cle-
ar consciousness, able to express subjective
thoughts and cooperate with treatment; (5)
Approval by the Ethics Committee of Ganzhou
People’s Hospital; (6) Voluntary signing of in-
formed consent by the patients or their family
members.

Exclusion criteria are as below: (1) Combined
with mental illness; (2) Combined with severe
pulmonary, respiratory or cardiac disease; (3)
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Combined with repeated vomiting resulting in
fluid loss; (4) Combined with infection of in-
cision; (5) Combined with coagulopathy; (6)
Combined with systemic infection; (7) Positive
results of sputum culture; (7) Voluntary with-
drawal during the study; (8) Death during the
study; (9) Patients who gave up tracheosto-
my during the study because of their critical
condition.

Interventional methods

After the clinical diagnosis was confirmed,
interventional measures such as etiological
treatment, anti-infection treatment, fluid man-
agement and nutritional support were given in
both groups. Patients in the control group did
not receive continuous airway humidification
after tracheotomy, and only had conventional
nursing measures, including properly raising of
the head of the bed, appropriate maintenance
of indoor temperature and humidity, regular
open suctioning, close attention to blood oxy-
gen saturation, nursing of the tracheal incision,
oral care, dietary intervention, etc. The patients
in the study group received continuous airway
humidification in addition to the conventional
nursing measures. The specific measures were
as follows. A Venturi humidification system was
used to carry out continuous airway humidifica-
tion for the patients in the study group, which
included a heating humidifier, a Venturi air-
oxygen mixing valve, and a heated breathing
circuit.

Before intervention, the humidification tank
was first installed on the matching humidifier.
After sterile distilled water was injected, the
humidified gas was mixed with oxygen. The oxy-
gen flow rate was set at 6 L/min and the hu-
midifier temperature was set at 39°C for 7 days
of continuous application. The other nursing
measures given were the same as the control

group.

Outcome measurement and evaluation stan-
dards

Comparison of differences in temperature and
humidity of inhaled gas at different time points:
The temperature and humidity of the inhaled
gas of the two groups of patients were mea-
sured at 4 different time points on the 1t, 37,
5" and the 7" day of intervention by an AZ8708
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measuring pen. The test was performed th-
rough the side hole of the mask. Each patient
was measured 3 times in a row and the aver-
age value of temperature and the absolute
humidity were taken as the final results.

Comparison of sputum viscosity at different
time points: The sputum viscosity was com-
pared at 4 different time points on the 1%, 39,
5t and 7™ day of intervention. The grading stan-
dard of sputum viscosity refers to the American
AAR2010 guidelines. Grade | means that the
sputum is like rice-water or foam, and sputum
will not be retained at the glass joint after suc-
tion. Grade Il means that a small amount of
sputum will be retained at the glass joint after
suction, which is easy to be rinsed off. Grade lll
means that the sputum is obviously thick and
yellow, and a large amount of sputum will be
retained at the glass joint, which is not easily
rinsed off [8].

Comparison of the indicators of respiratory
function before and after intervention between
the two groups: Monitors and blood gas analy-
ser were used to monitor the related indicators
of respiratory function, which mainly included
Sp0,, PaCO,, and RR. Twenty-four hours of
observation time was selected before inter-
vention, and on the 7" day of intervention. The
average value was taken as the final result.
Normal SpO, is between 95% and 100%. The
normal PaCO, is between 35 mmHg and 45
mmHg, and the normal RR is between 16
times/min and 20 times/min [9].

Dynamic analysis of patients’ comfort during
intervention: A scale for assessing comfort
made by our hospital was used to evaluate the
patients’ comfort at different time points dur-
ing intervention, which included five items such
as respiratory patency, frequency of cough, and
degree of pain, with a maximum score of 10
points. The higher the score was, the better the
comforts.

Comparison of the incidence of complications
during intervention: The incidence rates of vari-
ous complications of tracheotomy such as air-
way bleeding, pulmonary infection, respiratory
obstruction, and irritating cough, in the two
groups during 7 days of intervention were
counted. The evaluation standard for airway
bleeding is the occurrence of blood streaks or
bloody sputum during suction. The standards
for pulmonary infection refer to the “Diagnos-
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tic Standards for Hospital Infections” [10]. Re-
levant clinical symptoms include cough, puru-
lent sputum or sticky sputum, moist rales, body
temperature exceeding 37°C, and abnormal
increase of white blood cells after 48 hours of
hospitalization. The evaluation standard for the
formation of sputum callus is that the sputum
callus is visible during suction or it can be found
during fiberoptic bronchoscopy. The evaluation
standard for irritating cough is that the patient
has a continuous cough or buckling (Note that
coughing during sputum suction is a normal
stress response and is not counted).

Comparison of improvement of clinical symp-
toms between the two groups: The average
daily number of sputum suctioning during 7
days of intervention, ICU indwelling time, tra-
cheal extubation time and duration of trache-
otomy in the two groups were counted, and
the differences between the two groups were
compared.

Statistical analysis

SPSS 22.0 statistical software was used to pro-
cess the data. The measurement data were
expressed as (X + SD). The difference between
groups was compared by the student’s t test.
The count data were expressed as n (%). Chi-
square test was used to compare count data
between groups. Student’s t test was also used
to compare the difference of continuous vari-
ables before and after the intervention, and
Graphpad Prism 8.0 was used to plot the exper-
imental results. P < 0.05 was considered sta-
tistically significant [11].

Results

Comparison of differencse in general informa-
tion between the two groups

There was little difference in general informa-
tion such as gender, average age, average
weight, average BMI, educational level, family
monthly income, etc. between two groups (P >
0.05) (Table 1).

Comparison of differences in temperature and
humidity of inhaled gas at different time points
between the two groups

After comparison, it was found that at all four

time points on the 1t day, 3 day, 5" day and
7" day of intervention, there was no significant
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Table 1. Comparison of difference in general information between the two groups (X + s)/[n (%)]

Study group  Control Group

. . ”

General information (n = 40) (n=40) t/X P

Gender Male 26 23 0.474 0.491
Female 14 17

Average age (year)
Average weight (kg)
Average BMI (kg/m?)

50.19+232 49.89+266 0.538 0.592
65.19+3.42 65.32+298 0.181 0.857
23.29+232 2319+244 0.188 0.851

Educational level College degree or above 11 14 0.343 0.778
Senior high school 20 18
Junior high school or below 9 8
Family monthly income (yuan) < 1000 5 6 0.781 0.511
1000-5000 26 23
> 5000 9 11
A e Study Group B - Study Group group and 8 patients with vis-
-m- Control group -m- Control group cosity lll in the control group.
34.8- 45 On the 3" day, there were 6
34.7- ) x ) cases and 7 cases, respec-
5 sl Ja] T tively. On the 5" day, there
e § were 2 cases and 7 cases,
2 345 g 354 respectively. On the 7™ day,
34.4 ® there were O case and 8
sl — . , . gpd W= - cases, respectively. The differ-
> o o A2 > P Cid 2 ence of sputum viscosity in
\°¢ \0{\ \°¢ \VQ \°¢ \°¢ \°¢ \0‘\
& & &S & e"’& @*’“\ e“‘& grade lll on the 5" day and the
& ¢ & & ¢ ¢ & & 7t day of intervention between

Figure 1. Comparison of difference in temperature and humidity of inhaled
gas at different time points between the two groups. The difference in the
temperature of inhaled gas between the two groups at four time points of
the 1%t day, the 3™ day, the 5" day and the7" day after intervention was not
statistically significant (P > 0.05) (A). The humidity of inhaled gas of the pa-
tients in the study group at 4 time points was significantly higher than that in
the control group (P < 0.05) (B). * indicates that the difference between the

two groups is statistically significant.

difference in the temperature of inhaled gas,
showing no statistically significant difference in
temperature of inhaled gas between the two
groups (P > 0.05). The humidity of inhaled gas
of the patients in the study group at 4 time
points was significantly higher than that in the
control group (P < 0.05) (Figure 1).

Comparison of sputum viscosity between
the two groups at different time points after
intervention

There was little difference in sputum viscosity
between the two groups before intervention (P
> 0.05). On the 1%t day of intervention, there
were 9 patients with viscosity Ill in the study
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the two groups was statisti-
cally significant, and the num-
ber of cases of sputum viscos-
ity below degree Ill in the study
group was higher than that in
the control group, while the
number of cases of sputum
viscosity above degree Ill in
the study group was lower th-
an that in the control group (P < 0.05) (Figure
2).

Comparison of the indicators of respiratory
function before and after intervention between
the two groups

There was little difference in RR, SpO, and
PaCO, between the two groups before interven-
tion (P > 0.05). On the 7" day of intervention,
RR in the study group was lower than that in the
control group, and SpO, was higher than that in
the control group (P < 0.05). There was no sig-
nificant difference in PaCO, between the two
groups before and after intervention (P > 0.05).
Intra-group comparison showed that after RR
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Figure 2. Comparison of sputum viscosity between
the two groups at different time points after inter-
vention. On the 1%t day of intervention, there were 9
patients with viscosity Ill in the study group and 8
patients with viscosity Il in the control group. On the
3" day, there were 6 cases and 7 cases, respectively.
On the 5" day, there were 2 cases and 7 cases, re-
spectively. On the 7™ day, there were O case and 8
cases. The difference of sputum viscosity in grade lll
on the 5" day and the 7™ day of intervention between
the groups was statistically significant (P < 0.05). &
indicates that the difference between the two groups
is statistically significant.

of the two groups decreased after intervention,
Sp0, increased after intervention compared
with before intervention, and there was little
change in PaCO, before and after intervention
(Figure 3).

Dynamic analysis of patients’ comfort during
intervention

The dynamic analysis showed that the scores
of patients’ comfort in the two groups were not
significantly different on the 1%t day and the 3™
day of intervention (P > 0.05). Over time, the
scores of patients’ comfort in both groups were
significantly lower than those before interven-
tion. The scores on the 5" day and the 7" day
of intervention were significantly lower than
those on the 1%t day of intervention (P < 0.05),
and the scores of patients’ comfort in the study
group were higher than those in the control
group on the 5™ day and the 7t" day of interven-
tion (P < 0.05) (Figure 4).
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Comparison of the incidence of complications
during intervention

The incidence rates of various complications
such as airway bleeding, pulmonary infection,
formation of sputum callus, irritating cough,
were counted during the 7 days of intervention.
In the study group, there was 1 case of airway
bleeding and 1 case of irritating cough, with the
total incidence of complications of 5.00%. In
the control group, there was 3 cases of airway
bleeding, 1 case of pulmonary infection, 1 case
of formation of sputum callus and 3 cases of
irritating cough, with the total incidence of com-
plications of 20.00%, showing significant differ-
ence between the two groups (P < 0.05) (Table
2).

Comparison of improvement of clinical symp-
toms between the two groups

The average daily number of sputum suction-
ing during the 7 days of intervention, ICU
indwelling time, tracheal extubation time and
duration of tracheotomy in the study group
were significantly lower than those in the con-
trol group (P < 0.05) (Figure 5).

Discussion

Tracheotomy is one of the effective surgical
procedures to relieve respiratory obstruction
that is used in clinical practice, and it is also a
common means to save the lives of patients
with acute and severe diseases. In normal
physiological conditions, air will enter the nose
and mouth and then enter the airway after
being wetted and warmed by the upper respira-
tory tract. In the state of a tracheotomy, the
inhaled gas bypasses the upper respiratory
tract and directly enters the midtrachea [12].
Studies have pointed out that the daily water
loss of the airway is about 200 ml during nor-
mal breathing, while the daily water loss during
tracheotomy is as high as 800 ml. Due to ex-
cessive dryness of the inhaled air and large
amounts of water taken away by exhaled air,
most patients will experience dry mucosa and
thick secretions, resulting in many complica-
tions such as poor sputum excretion, atelecta-
sis, and pulmonary infection. Some patients
may even experience secondary brain damage
due to hypoxia, affecting their prognosis [13,
14]. In addition, a tracheotomy is an invasive
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Figure 3. Comparison of the indicators of respiratory function before and after intervention between the two groups.
There was little difference in RR between the two groups before intervention (P > 0.05). On the 7t day of interven-
tion, RR in the study group was lower than that in the control group (P < 0.05) (A). There was little difference in
Sp0, between the two groups before intervention (P > 0.05). On the 7™ day of intervention, SpO,, in the study group
was significantly higher than that in the control group (P < 0.05) (B). There was no statistical difference in PaCO,
between the two groups before and after intervention (P > 0.05) (C). # indicates that the difference between the two

groups is statistically significant.
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Figure 4. Dynamic analysis of patients’ comfort dur-
ing intervention. The scores of patients’ comfort in
the two groups were not significantly different on the
15t day and the 3" day of intervention (P > 0.05). The
scores on the 5" day and the 7™ day of intervention
were significantly lower than those on the 1 day of
intervention (P < 0.05), and the scores of patients’
comfort in the study group were higher than those in
the control group on the 5" day and the 7™ day of in-
tervention (P < 0.05). # indicates that the difference
between the two groups is statistically significant.

operation, and the inserted tracheal tube and
other instruments will cause obvious irritation
and damage to the airway mucosa, destroy the
integrity of the mucosal structure, and lead to
morphological changes of cilia and a decline in
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function of ciliary movement and the ability of
expectoration, resulting in a significant increa-
se of the chance of pulmonary infection. Data
shows that 84% of patients will suffer second-
ary infections of the lower respiratory tract 3-7
days after tracheotomy [15-17].

Most studies indicate that the main reason for
the above phenomena is that the inhaled gas
of patients with tracheotomy has not received
sufficient humidification. Airway humidification
refers to using instruments or an external de-
vice to adjust the humidity of the inhaled gas
of the patients to be as close as possible to
the physiological function of the upper respira-
tory tract, so as to reduce any related complica-
tions [18]. Studies have pointed out that when
the inhaled gas by patients with tracheotomy is
set at 37°C, relative humidity 100%, and abso-
lute humidity 44 mg/L, the patients will have
the lowest risk of various complications such
as the formation of sputum callus and airway
blockage. Some studies also suggested that an
individual's age, living environment, BMI, vital
capacity will have a certain impact on the ef-
fect of humidification, and a personalized plan
for gas humidification should be formulated
according to the actual situation of the patient
[19, 20].

This study explored the effects of continuous
airway humidification on the nursing and com-
plications in patients with tracheotomy by set-
ting up different groups. In terms of the tem-
perature and humidity of inhaled gas, the re-
sults showed that the absolute humidity in the
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Table 2. Comparison of the incidence of complications during intervention [n (%)]

Group Case Airway bleeding Pulmonary Formation of Irritating ' Total
sputum callus cough incidence
Study group 40 1(2.50) 0 (0.00) 1(2.50) 2 (5.00)
Control group 40 3(7.50) 1(2.50) 3(7.50) 8 (20.00)
X2 - - - - 4.114
p _ R - - 0.043
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/i =3 Control group
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Figure 5. Comparison of improvement of clinical
symptoms between the two groups. The average dai-
ly times of sputum suction during 7 days of interven-
tion, ICU indwelling time, tracheal extubation time
and duration of tracheotomy in the study group were
significantly lower than those in the control group (P
< 0.05). # indicates that the difference between the
two groups is statistically significant.

study group was significantly higher than that
in the control group. Further analysis showed
that the sputum viscosity in the study group
decreased significantly after receiving continu-
ous airway humidification, indicating that the
airway humidification can not only increase the
humidity of the inhaled gas, but also dilute the
sputum viscosity and help sputum discharge.
A comparative survey of 100 patients with tra-
cheotomy indicated that airway humidification
can reduce the proportion of patients with vis-
cosity Il from 40% to 11%, which is similar to
the results of this article [21]. We speculated
that when dry outside air directly entera the air-
way, it will cause obvious irritation to patients
with tracheotomy, as well as take away a lot
of water during exhalation, resulting in the
increase of sputum retention. Continuous air-
way humidification can keep the inhaled gas in
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a high humidity state, and keep the tracheal
cilia in an active state, so as to achieve the pur-
pose of smooth drainage, that's why the spu-
tum viscosity in the study group was significant-
ly lower [22]. The comparative results of the
respiratory function-related indicators showed
that RR in the study group was lower than that
in the control group after intervention, and
Sp0, was higher than that in the control group,
indicating that continuous airway humidifica-
tion can reduce the respiratory rate and im-
prove the oxygenation. A survey of 34 patients
with tracheotomy indicated that the PaO, of
patients with tracheotomy would be significant-
ly lower than normal, which also significantly
led to higher respiratory depth and rate than
normal [23]. The patients in the study group
had a significant decrease in RR after interven-
tion. Continuous airway humidification can pro-
mote sputum discharge and avoid blockage of
upper respiratory tract, thus reducing airway
resistance and increasing oxygenation diffu-
sion. On the other hand, airway humidification
will reduce the retention of carbon dioxide in
the body through passive breathing, which will
help oxygenation functions, as a result the
Sp0, in the study group was significantly higher
[24].

The comparison of comfort and clinical symp-
toms between groups showed that continuous
airway humidification was more helpful to im-
prove the subjective experience and prognosis
of patients with tracheotomy. The reason might
be related to the fact that continuous airway
humidification can promote the active disch-
arge of sputum and improve the patient’s prog-
nosis, which will improve the comfort of the
patient to a certain extent. Regarding the com-
parison of the incidence of complications bet-
ween the two groups, there were 2 cases of
complications in the study group and 8 cases
in the control group within 7 days of interven-
tion. The results of a survey conducted on pa-
tients with non-mechanical ventilation of tra-
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cheal intubation showed that continuous air-
way humidification provided by micro-pumps
can reduce the rate of pulmonary infection
from 12.28% on the 3" day of intervention to
8.17% on the 5" day of intervention, and the
incidence of sputum callus was reduced from
20.00% to 10.00% [25]. Common complica-
tions in patients with tracheotomy are irritating
cough, airway bleeding, and pulmonary infec-
tion, which are also the main factors affecting
the prognosis of patients. Airway humidification
helps discharge of sputum and bacteria in the
airway, thereby reducing the possibility of mic-
robial reproduction in the airway, resulting in
lower risk of infection [26].

In summary, continuous airway humidification
for patients with tracheotomy is worthy of clini-
cal application. It can help reduce the viscosity
of patients’ sputum, improve their respiratory
function and comfort, and help reduce the inci-
dence of complications and improve prognosis.
The innovation of this study was to compare
the nursing effects of continuous airway humid-
ification in patients with tracheotomy, which
provides a reference for further improving the
clinical nursing mechanism in patients with tra-
cheotomy. The limitations of this study lie in two
parts; that there is a limited number of study
subjects, leading to a lack of comprehensive
results, and the study was carried out only in
the ICU, therefore other intervention studies in
a general ward need to be further demonstrat-
ed.
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