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Abstract. The present study evaluated the effect of two active 
warming and humidifying high‑flow oxygen therapy systems 
in patients with tracheotomy, in order to provide a basis for 
selecting the method of humidification oxygen therapy for 
tracheotomy. A total of 78 patients with tracheotomy, who 
underwent surgery between July 2017 and December 2017, 
were randomly divided into an observation group (39 patients) 
and a control group (39 patients). Patients in the observation 
group were treated with artificial airway high‑flow humidifi-
cation oxygen therapy in a closed suction system. Patients in 
the control group were treated using a respiratory humidifica-
tion therapy device. Changes of sputum viscosity, pulmonary 
infection, arterial oxygen partial pressure (PaO2), arterial 
blood carbon dioxide partial pressure (PaCO2) and arterial 
oxygen saturation (SaO2) were observed at 0, 48 and 96 h, and 
7 days following oxygen therapy. The sputum viscosity and 
lung infection in the observation group were lower than those 
in the control group at 48, 96 h and 7 days following oxygen 
therapy, and the PaO2 and SaO2 were higher in the observa-
tion group than in the control group, which was statistically 
significant (P<0.05). However, there was no statistically 
significant difference (P>0.05) in PaCO2 between the two 
groups. In conclusion, the artificial airway high‑flow humidi-
fication oxygen therapy closed suction system was considered 
more suitable for long‑term oxygen therapy of tracheotomy 
patients than the respiratory humidification therapy device. It 
can improve airway humidification and oxygen levels at lower 
equipment and consumable costs. The effects of treatment aim 
to reduce lung infections, which have clinical implications to 
a certain extent.

Introduction

The establishment of an artificial airway, including tracheal 
intubation or tracheotomy, is an important measure to rescue 
and treat critically ill patients. When the artificial airway is 
established, there is no upper respiratory tract warming or 
humidification. As the warming and humidifying function 
of the upper respiratory tract is lost, ciliary tracheal mucosal 
damage occurs, the mucociliary transport function is lost, and 
secretion is thickened and difficult to discharge. Humidification 
functions in preventing hypothermia; warming and humidi-
fication are crucial in preventing hypothermia, destruction 
of respiratory epithelial tissue, bronchospasm, atelectasis 
and airway obstruction (1). The 2012 American College of 
Respiratory Therapy Airway Wetness Guidelines (1) propose 
that, in order to ensure the normal activity of the mucociliary 
system, the gas inhaled through the artificial airway must 
be at normal body temperature (37˚C) and relative humidity 
(100%), which is absolute humidity (44 mg/l). The 2017 British 
Thoracic Society guidelines for adult oxygen use suggest that 
patients who require long‑term oxygen therapy (>24 h) for 
tracheotomy may be considered for the use of a large volume 
oxygen humidification device, particularly for patients with 
poor discharge of secretions  (2). In recent years, clinical 
researchers have used respiratory humidification therapy 
devices with an active warming humidifier (MR850, Fisher & 
Paykel Healthcare, Auckland, New Zealand), heating pipelines 
and Venturi high‑flow humidification oxygen therapy equip-
ment to treat patients with tracheotomy. Clinical studies on 
the use of respiratory humidification therapies for tracheotomy 
patients are limited. Corley et al (3) and others used high flow 
nasal cannula (HFNC) high‑flow oxygen therapy and low‑flow 
oxygen therapy with T‑tubes in a tracheotomy. High‑flow 
oxygen therapy improves the patient's oxygen, and ivolves a 
different mechanism of action between the transnasal and 
transtracheal incision modes of delivery; thus, we maintained 
a certain positive ventilation pressure. High‑flow oxygen 
therapy in the tracheotomy patient bypasses the larynx. The 
upper and lower respiratory tract may affect the clinical 
effect of HFNC. The Venturi humidification oxygen therapy 
system regulates the flow rate of gas, mainly by adjusting the 
oxygen flow rate and the oxygen concentration standard of the 
Venturi air oxygen mixer; however, the precise mechanism of 
its operation remains controversial (4). In view of the above 
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research status in the actual application process, it is clear that 
there are differences in the effects of humidification and venti-
lation between the two oxygen therapy methods in patients 
with tracheotomy. In order to further examine the effects, 
evaluation of the two humidification oxygen therapy methods 
is required to provide more choice.

The aim of the present study was to further examine the 
effect of the two humidification oxygen therapy methods. This 
involved use of a respiratory humidification therapy device 
and a high‑flow humidification oxygen therapy device to treat 
patients with tracheotomy.

Materials and methods

Setting. The present study was conducted at the Department 
of Critical Care, with ~39 beds in total, of Second People's 
Hospital of Shenzhen (First Affiliated Hospital of Shenzhen 
University, Shenzhen, China), Shenzhen is one of the largest 
cities and the most populous city in South China. The study 
protocol was approved by the Ethics Committee of the 
Department of Critical Care, Second People's Hospital of 
Shenzhen (Shenzhen, China).

Patients. In total, 78 patients with tracheotomy in the inten-
sive care unit (ICU) were recruited to the study between July 
2017 and December 2017, who were randomly divided into 
an observation group (n=39) and a control group (n=39). The 
baseline characteristics are shown in Table I. All tracheotomy 
patients who met the inclusion criteria of the ICU underwent 
respiratory humidification immediately, within 24 h of being 
offline. Patients who had been taken offline in the ICU were 
randomly assigned to the control group and the observation 
group within 24 h. The inclusion criteria were as follows: 
i) 16‑80 years old; ii) tracheal incision patients evacuated 
from the ventilator; iii) APACHE II score ≥15 points (5). The 
exclusion criteria were as follows: i) Patients with a history of 
chronic respiratory diseases, patients with chronic respiratory 
diseases due to long‑term chronic inflammation, repeated use 
of antibiotics and patients in an immunosuppressive state. The 
use of high‑flow humidification oxygen therapy to improve 
airway humidification cannot be used as an independent factor 
affecting the lungs of patients with an infection, as the experi-
mentally set observation indicators are not specific to such 
patients; ii) patents with a history of airway injury, lung trauma 
or lung surgery; iii) patients with body temperature <35˚C, 
and those with stage 4 heart failure patients requiring fluid 
restriction (6); iv) pregnant woman. There were no significant 
differences in gender, age, diagnosis or condition between the 
two groups (P>0.05).

Oxygen therapy. When the patients in the observation group 
had been evacuated from the ventilator, the artificial airway 
high‑flow humidification oxygen therapy closed suction 
system was used for oxygen therapy, and the gas flow rate 
was adjusted according to the patient's requirements. The 
artificial airway high‑flow humidification oxygen therapy 
closed suction system is composed of an automatic pressure 
regulating oxygen flow meter, a Fisher & Paykel MR850 
automatic temperature control heating system, a Venturi 
air oxygen mixing valve (Fisher & Paykel Healthcare Ltd.), 

oxygen connecting tube (Fisher & Paykel Healthcare Ltd.), 
RT308 heating breathing tube (Fisher & Paykel Healthcare 
Ltd.), screw joint (EM07‑005, Excellentcare Medical 
Ltd.) and a Closed Suction System (Tracheostomy; Pacific 
Hospital Supply Co. Ltd.) (Fig. 1). The output gas flow rate 
in the oxygen therapy system was adjusted to ≥40 l/min. The 
humidifier was used in invasive mode to set up the output 
temperature of the screw joint at 37˚C, and the relative 
humidity at 100%.

When patients in the control group had been evacuated 
from the ventilator, the respiratory humidification therapy 
device was used for oxygen therapy, and the gas flow rate was 
adjusted according to the patient's requirements. A Fisher & 
Paykel AIRVO2 (Fig. 2) respiratory humidification therapy 
device and specific heating tube were used to adjust the 
therapeutic instrument output gas flow rate ≥40 l/min and the 
output gas temperature at 37˚C.

Oxygen therapy equipment features. There was no difference 
in equipment quality as both equipment and piping were 
obtained from Fisher & Paykel Healthcare. Both types of 
oxygen therapy are high‑flow oxygen supply systems supplying 
gas at a flow rate of ≥40 l/min, which is higher than patient 
inspiratory flow rate and can meet the demand of a high‑flow 
oxygen supply system (7). In addition, both contain an MR850 
automatic temperature control heating system to control the 
temperature at 37˚C. The differences between the systems are 
as follows: The respiratory humidification therapy device can 
be used for nasal and tracheal incision; the gas flow rate is 
accurate and is not affected by the attached equipment; the 
pipeline and the extension pipe joint material are provided with 
water‑permeable and airtight technology to effectively prevent 
condensed water inside the pipe; the output gas temperature is 
maintained at 37˚C, thus no external heating wire is required. 
The artificial airway humidification oxygen therapy system 
is only used for tracheotomy patients; the high‑speed gas 
mainly depends on the automatic pressure regulating oxygen 
flow meter and the Venturi effect, whereas the gas flow rate 
is affected by the attached equipment; the pipeline and the 
extension pipe joint material do not have water‑permeable 
and airtight technology, which produces a small volume of 
condensed water; the output gas temperature is maintained at 
37˚C under the control of an external heating wire.

The humidification system used an MR850 heating system, 
which comprises a humidification chamber and a heated‑wire 
circuit; the gas maintained the temperature of the water 
leaving the chamber at 37˚C; the airway end temperature is 
automatically controlled to 40˚C when breathing through the 
heated‑wire circuit; the temperature of the connecting tube 
through the closed suction tube is 3˚C lower. Eventually, the 
temperature at which the patient's airway enters the patient is 
exactly 37˚C and the absolute humidity is 44 mg/l. These setting 
differences enabled a higher inspiratory absolute humidity in 
the present study. For the Airvo 2, only the chamber tempera-
ture was set, at 37˚C. The Airvo 2 servo‑controls the proximal 
temperature at ~40˚C.

Compared parameters. Changes in sputum viscosity, arterial 
oxygen partial pressure (PaO2), arterial blood carbon dioxide 
partial pressure (PaCO2) and arterial oxygen saturation (SaO2), 
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in addition to the incidence of lung infection were observed at 
0, 48, 96 h and 7 days after oxygen therapy.

The arterial blood used for blood gas analysis was usually 
drawn from the patient's wrist by a nurse in the ICU, who was 
trained to do so 0, 2, 4 and 7 days after weaning from the 
mechanical ventilation. Prior to the arterial blood gas test, the 
nurse applied pressure to the arteries in the patient's wrist for 
several seconds. The procedure, known as the modified Allen 
test, assesses whether blood flow to the hand is normal. Once 
an artery is located, a needle is inserted into the artery and 
blood is draw. When the sample is obtained, care is taken to 
eliminate visible gas bubbles, as these bubbles can dissolve 
into the sample and lead to inaccurate results. The sealed 
syringe is taken to a blood gas analyzer and the sample is 
analyzed within 30 min. The machine aspirates this blood 
from the syringe and measures the pH and the partial pressures 
of oxygen and carbon dioxide. The bicarbonate concentra-
tion is also calculated. These results are usually available for 
interpretation within 5 min.

Sputum viscosity grade determination. As the artificial 
airway, the patients were randomly assigned to receive 
either the high‑flow humidification oxygen therapy closed 
suction system or the AIRVO 2 humidifier (Fisher & Paykel 
Healthcare) with the tracheostomy interface at the onset of 
weaning from mechanical ventilation (time 0). Nurses in the 
ICU were trained to perform tracheostomy management, 
including suctioning and oral hygiene. The sputum samples 
were collected by suction using a sterile technique 0, 2, 4 and 
7 days after weaning from mechanical ventilation. The suction 
procedure was based on current knowledge. A sterile suction 
catheter was gently inserted into the endotracheal tube for a 
maximum of 15 cm or until resistance was detected; the dura-
tion of the suctioning procedure was limited to <15 sec. The 
suctioning procedure was performed according to clinical 
requirements, only when secretions were present. Sputum 
viscosity was measured by the trained nurse, who performed 
the first suctioning on each day. The sputum viscosity was 
divided into three grades: Grade I: Diluted like rice soup 
or foam, no sputum retention on the inner wall of the tube 
following suction; grade II: Moderate adhesion, following 
suction, a small quantity of sputum is retained in the inner 
wall of the tube, but is easily removed by washing with water; 
grade  III: Sticky and yellow, a large amount of adhesive 
remains on the inner wall of the suction tube, which is not 
easily removed by washing with water (7).

Pulmonary infection determination. The secretions in the 
artificial airway were collected in a blinded manner, and 
the sputum culture was detected by quantitative analysis. 
Pathogens in the lower respiratory tract secretions of 
>107 cfu/ml and reference to X‑ray chest imaging examination 
confirmed the occurrence of new pulmonary infection (8). The 
detection time should be between 48 h and 7 days following 
oxygen therapy (9). In the present study, pulmonary infec-
tion was defined as pneumonia occurring between 48 h and 
7 days after oxygen therapy. Pneumonia was defined of the 
presence of a new infiltrate (due to any pneumonia‑causing 
pathogen) on chest radiograph (CXR) and one or more clinical 
symptoms, including fever, a new cough and dyspnea. The 
CXRs were interpreted by a panel of radiologists trained in 
the standardized interpretation of CXRs. The CXRs were clas-
sified as either demonstrating consolidation, another infiltrate, 
both consolidation and another infiltrate, or as being normal or 
uninterpretable. Standard culture methods were used to detect 
putative pneumonia pathogens from sputum samples for the 
purpose of ascribing etiology. A sterile mucus extracting cath-
eter attached to a suction device was gently inserted into the 
endotracheal tube for a maximum of 15 cm or until resistance 
was detected (the duration of the suctioning procedure was 
limited to <15 sec) and sputum was collected into a sterile trap. 
The suctioning procedure was performed according to clinical 
requirements (only when secretions are present). The sputum 
specimens were immediately sent to the laboratory and were 
washed with saline. The presence of >25 white blood cells and 
<10 epithelial cells per low‑power field of vision was regarded 
as being indicative of a high‑quality specimen. The sputum was 
separated from the mucus by adding approximately five times 
the volume of saline, following which the saline was removed 
by the suction tube. Following the addition of the same volume 
of sputum pretreatment solution, each specimen was diluted to 
106 cfu/ml of the original concentration and inoculated into a 
blood dish, a Chinese blue dish and a chocolate dish. Colony 
count and bacterial type identification were performed using 
a Bact Alert 3D full‑automatic culture device (bioMérieux, 
Inc.) following incubation for 18 h in the conditions of 5% CO2 
and 37˚C.

Statistical analysis. Statistical analysis was performed using 
the SPSS 17 software package (SPSS, Inc.). All data are 
presented as the mean ± standard deviation, and the differ-
ence between two groups were compared with a t‑test. The 
rank sum test was used for rank data and the χ2 test was used 

Table I. Comparison of sputum viscosity in the control and experimental groups.

	 0 h	 48 h	 96 h	 7 days
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑   
Sputum viscosity	 Control	 Observation	 Control	 Observation	 Control	 Observation	 Control	 Observation

Grade I	 7	 8	 5	 6	 4	 3	 2	 3
Grade II	 26	 25	 18	 28	 19	 30	 18	 31
Grade III	 6	 6	 16	 5	 16	 6	 19	 5
Z‑score	 0.086		  8.027		  6.457		  11.816	
P‑value	 0.958		  0.018		  0.040		  0.003	
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for enumeration data. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Patients. A total of 78 patients were initially included in the 
study, and all patients were successfully taken offline, in which 
the patients were disconnected from the ventilator and allowed 
to breath unassisted through the tracheostomy cannula.

Sputum viscosity in the control and experimental groups. 
The sputum viscosity did not differ significantly between the 
two groups on finishing oxygen therapy (P>0.05). However, 
the number of patients with grade III sputum viscosity in the 
control group was increased 48, 96 h and 7 days after oxygen 
therapy, and the sputum viscosity grade between the two 
groups was statistically significant (P<0.05) at the detected 
time points.

Incidence of pulmonary infection in the control and obser-
vation groups. Those patients who acquired a pulmonary 
infection in the two groups 48 h and 7 days after oxygen 
therapy are shown in Table III. The number of new pulmonary 

infections in the control group significantly increased within 
7 days after taken offline compared with the observation 
group (Table II). In the control group, there were 13 cases of 
pulmonary infection. In the observation group, there were five 
cases of pulmonary infection. The incidence of pulmonary 
infection between the two groups was statistically significant. 
Significant differences between the control and observation 
groups 48, 96 h, and 7 days after oxygen therapy were observed 
(P=0.018, 0.040 and 0.003, respectively; Table I).

Blood gas indices in the control and observation groups. 
Blood gas analysis can provide a more comprehensive under-
standing of the patient's ventilation function. Ventilation 
function mainly depends on hypoxia and CO2 retention, and 
the acid‑base state and electrolyte imbalance in the body 
when oxygen therapy finishes. No significant differences 
were observed in the PaO2, PaCO2 or SaO2 between the 
two groups (P>0.05). After 48, 96 h and 7 days, the PaO2 
gradually approached the normal range in the control group, 
and the SaO2 also exhibited a downward trend, whereas the 
PaCO2 did not change (P<0.05). The PaO2 and SaO2, but not 
the PaCO2, differed significantly between the two groups 
(P>0.05).

Figure 2. F&P AIRVO2 respiratory humidification therapy device.

Figure 1. Artificial airway high‑flow humidification oxygen therapy closed suction system and AIRVO 2 humidifier.
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Discussion

Humidified effect of artificial airway high‑flow humidification 
oxygen therapy is superior to that of respiratory humidifica-
tion therapy in patients undergoing tracheotomy. Although 
both oxygen therapy devices can be used for patients with 
tracheotomy, the observation group and the control group 
were respectively treated with different active warming and 
humidifying oxygen therapy systems for oxygen therapy. The 
results in Table I show that the sputum viscosity was altered 
between 48 h and 7 days following oxygen therapy. The sputum 
viscosity of the control group gradually increased, the airway 
humidification rate decreased, and the sputum viscosity grade 
different significantly compared with that in the observation 
group (P<0.05). Warming and humidification can improve the 
comfort of patients with non‑invasive ventilation (1). Patients 
undergoing nasal oxygen therapy retain the warming and 
humidifying function in the upper respiratory tract, however, 
the generation of condensed water in the pipeline can reduce 
patient comfort and compliance, which means respiratory 
humidification therapy devices are preferred in patients who 
use nasal high‑flow humidification oxygen therapy (10‑13) 
and are mainly used in patients with acute heart failure and 
hypoxemic respiratory failure (14,15). In order to prevent the 
formation of condensed water, the pipeline and the extension 
pipe joints use water‑permeable and airtight technology, which 
reduces the relative humidity of the delivered gas but improves 

the comfort and compliance of patients with nasal high flow 
oxygen therapy. However, when used for tracheotomy patients, 
a decrease in relative humidity may result in the thickening 
of endotracheal secretions, which in turn increases the risk of 
catheter obstruction (1).

As patients undergoing tracheotomy lose the warming 
and humidifying function of the upper respiratory tract, all 
inhaled gas needs to be compensated for the heat and mois-
ture lost through the warming humidifier. An ideal high‑flow 
humidification oxygen therapy device can meet the demand of 
the patient's peak flow rate, and ensures the generated air flow 
through the humidifier reaches the temperature and humidity 
of the normal human airway (44 mg/l, relative humidity 100%, 
gas temperature 37˚C) (1,2,16). The artificial airway high‑flow 
humidification oxygen therapy system used a Fisher & Paykel 
MR850 humidifier and a RT308 breathing circuit equipped 
with a ventilator. This device is preferred for use in artificial 
airway patients. When the invasive mode is selected, the gas 
between the outlet of the humidifier and the Y‑type interface is 
heated to 40˚C, and is then attenuated to 37˚C by exending the 
pipe joint. The temperature of the inhalation gas of the patient 
is 37˚C, and the relative humidity reaches 100% to ensure the 
effective discharge of secretions in the artificial airway (1). 
Reports show that the inhalation of humidified gas can affect 
the ciliary movement of respiratory epithelial cells, and the 
incidence of lower respiratory tract infection can increase with 
decreased airway humidification (17‑19). As shown in Table II, 

Table III. Blood‑gas indices in the control and observation groups.

Index	 Group	 0 h	 48 h	 96 h	 7 days

PaO2 (mmHg)	 Control 	 91.56±6.07	 87.08±6.74	 86.20±5.69	 86.84±6.50
	 Observation 	 92.46±6.98	 93.23±6.76	 94.46±6.34	 97.00±6.63
	 F‑value	 0.606	 4.025	 6.054	 7.373
	 P‑value	 0.546	 <0.001	 <0.001	 <0.001
PaCO2 (mmHg)	 Control 	 36.21±1.42	 37.38±1.79	 37.18±1.68	 36.74±1.57
	 Observation 	 36.95±2.22	 36.97±1.55	 37.00±1.56	 36.89±1.59
	 F‑value	 1.761	 1.084	 0.489	 0.431
	 P‑value	 0.082	 0.282	 0.626	 0.668
SaO2 (%)	 Control 	 96.94±1.56	 96.25±1.14	 95.72±1.48	 94.85±1.41
	 Observation	 97.33±1.54	 97.89±1.35	 97.85±1.55	 97.42±1.98
	 F‑value	 1.096	 5.791	 6.218	 6.593
	 P‑value	 0.277	 <0.001	 <0.001	 <0.001

PaO2, arterial oxygen partial pressure; PaCO2, arterial blood carbon dioxide partial pressure; SaO2, arterial oxygen saturation.

Table II. Incidence of pulmonary infection in the control and observation groups.

	 Pulmonary infection
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Group	 Positive, n (%)	 Negative, n (%)	 χ2 value	 P‑value

Control (n=39)	 13 (33.3)	 26 (66.7)	 4.622	 0.032
Observation (n=39)	 5 (12.8)	 34 (87.2)		
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the number of new lung infections in the control group was 
increased 7 days after oxygen therapy compared with the 
number in the observation group, and this difference was 
statistically significant (P<0.05). The differences in airway 
humidification between the two groups may result in abnor-
mality of the secreted discharge with consequent pulmonary 
infection establishing. The artificial airway high‑flow humidi-
fication oxygen therapy system was superior to the respiratory 
humidification therapy instrument in patients undergoing 
tracheotomy.

Appropriate high‑flow humidification oxygen therapy equip-
ment can be selected according to the time requirement of the 
humidification oxygen therapy. Researchers have used T‑tube 
and high‑flow oxygen therapy for patients with long‑term 
tracheotomy following cardiothoracic surgery, and showed 
that high‑flow humidification oxygen therapy increased 
oxygenation when long‑term mechanical ventilation intermit-
tent training was used (3). As the results in Table III show, the 
difference in PaO2 and SaO2 between the two groups was not 
significant within 48 h of oxygen therapy (P>0.05), however, 
the difference was significant between 48 h and 7 days after 
oxygen therapy (P<0.05). As the control group patients had 
insufficient airway humidification and poor drainage after 
48 h, this may have caused airway obstruction, atelectasis and 
pulmonary infection and affected the patient's oxygenation 
index and ventilation effect, eventually contributing to the 
poor prognosis of patients (20). The artificial airway humidi-
fication oxygen therapy system supplied a satisfactory airway 
humidification effect for a long duration in the observation 
group, and ensured patient ventilation safety. It is clear that 
appropriate high‑flow humidification oxygen therapy equip-
ment can be selected according to the duration that the patient 
is treated with oxygen therapy. If the tracheotomy patient can 
breathe without a ventilator within 48 h, either the artificial 
airway high‑flow humidification oxygen therapy system or 
the respiratory humidification therapy instrument can be 
used for oxygen therapy; if the tracheotomy patients are able 
to self‑breathe for >48 h, it is recommended that an artificial 
airway high‑flow humidification oxygen therapy system is 
used for oxygen therapy.

Constant‑velocity high‑flow gas is essential for the safe use 
and humidification effect of the artificial airway high‑flow 
humidification oxygen therapy closed suction system. Studies 
have suggested that the problem of an additional ineffec-
tive cavity and airway resistance during the use of an active 
warming humidification device should be considered, as it may 
cause negative reactions including hypopnea and respiratory 
muscle fatigue (21). Regarding the different types of Venturi 
valves used in clinical practice, it is not possible to monitor 
the gas flow rate of high‑flow oxygen therapy devices. In order 
to ensure that the patient's inspiratory flow rate requirements 
are met and to avoid hypoventilation, clinical researchers use 
Venturi valves for high‑flow humidification oxygen therapy 
and connect the tracheotomy mask or T‑tube connector at 
the suction end. When the output gas flow rate of the oxygen 
therapy device is insufficient to meet the maximum inspira-
tory flow rate of the patient, ambient air (oxygen concentration 
21%, temperature 24‑26˚C, humidity 40‑60%) can enter from 

the expiratory hole of the mask or T‑tube joint. However, 
this increases the chance that the inhalation gas may be 
mixed with air which has not been warmed and humidified, 
resulting in the actual oxygen concentration and humidity 
being reduced. Therefore, the present study used the automatic 
pressure regulating oxygen flow meter to maintain the output 
gas flow rate ≥40 l/min, providing a basis for the combined 
use of oxygen therapy equipment and a closed suction system. 
The artificial high‑flow humidification oxygen therapy closed 
suction system can provide the same constant‑speed high‑flow 
gas as the respiratory humidification therapy device, and it 
reduces airway resistance and prevents side effects including 
hypoventilation and respiratory muscle fatigue. Furthermore, 
it ensures the gas inhaled by the patient is fully humidified by 
the heating humidifier without reducing the oxygen concentra-
tion. As shown in Table III, there was no significant difference 
in PaCO2 between the two groups (P>0.05).

However, the present study is not without limitation. It 
did not consider several factors that have the possibility to 
influence the results in the control and observation groups, 
including the duration of incubation, the status of nutrition 
(e.g., albumin), immunosuppressive status (e.g. diabetes 
and immunosuppressive agents) and the administration of 
antibiotics.

In conclusion, due to the clinical situation, a large number 
of patients require long‑term indwelling tracheotomy catheters 
for oxygen therapy and expectoration, and the equipment avail-
able to satisfy the long‑term high‑flow humidification oxygen 
therapy requirements of these patients is limited. In the present 
study, two types of active warming humidification oxygen 
therapy equipment of equal quality, but with different design 
features, were compared for their humidification and ventila-
tion effects in oxygen therapy for patients with tracheotomy. It 
was found that the artificial airway high‑flow humidification 
oxygen therapy closed suction system was more suitable for 
the long‑term oxygen therapy of the patients with tracheotomy 
than the respiratory humidification therapy instrument. With 
lower equipment and material costs, it can improve airway 
humidification and oxygen therapy effects and reduce lung 
infection.
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