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Abstract
Airway humidi�cation is an essential treatment for severe traumatic brain injury (STBI) patients after tracheotomy. To date, there was no relevant quantitative
study evaluating these humidi�cation ways and providing the appropriate method for the long-term nursing of these patients. In this study, 150 patients whom
received tracheotomy treatment in our hospital from January 2016 to November 2018 were recruited into this study. Subjects were divided into three groups
according to the humidi�cation way that they received. The groups were oxygen spraying group (group A), Heat and moisture exchanger (HME) group (group
B) and the heating and humidi�cation group (group C). Phlegm viscosity, humidi�cation effect, phlegm formation rate, daily sputum inhalation times, airway
spasm, secondary lung infection, daily nursing times, nurses' internal satisfaction were evaluated. The C method is superior to both A and B methods in most
aspects. A method trends to happening with insu�cient or excessive humidi�cation. Phlegm scab formation is signi�cantly less in group C. The B and C
methods had equal humidi�cation effects and need similar daily sputum inhalation nursing. Airway spasm was frequent happened in group A than that in
groups B and C. Secondary infection happened in all groups, the number of infected patients showed a decreasing trend and the infection degree showed no
difference in the �rst 7 days between group C and group A. And the severity but not the infection ratio signi�cantly decreased in Group C on the 30 th day.
Method A signi�cantly reduced nursing workload, but gained the worst humidi�cation effects. Collectively, C method is more suitable for the airway nursing of
patients with severe traumatic brain injury.

Background
Severe traumatic brain injury is often accompanied with different degrees of respiratory disorders, thus resulting in hypoxic asphyxia, elevated intracranial
pressure, and these conditions further deteriorate the disease. Tracheotomy, which established an arti�cial airway, could maintain respiratory tract patency
and is a key operation for the early treatment of severe traumatic brain injury[1]. During normal breathe, the upper respiratory tract will warm and wet the
inhaled gas. But when an arti�cial airway is established, the warming and humidi�cation effects of the patients' respiratory tract is destroyed, the dry gas can
further damage the trachea and bronchial mucosa[2], and the movement of respiratory cilia was affected, which causing respiratory tract blockage, pulmonary
dilatation, pneumonia, posterior pituitary dysfunction and the following cognitive dysfunction [3–5]. Therefore, the gas must be humidi�ed before inhaled in,
that is, airway humidi�cation, and previous study had proved that heated humidi�cation improves clinical outcomes in children with tracheostomies [6]. And
study recommended humidi�cation in both invasive and noninvasive mechanical ventilation[7], which suggested that humidi�cation is essential for airway
protection.

At present, there are many methods for airway humidi�cation applied in clinical. Each method has its own disadvantage [8–10], so comparative studies had
been carried out, for instance, studies had compared the advantages of Heat and moisture exchanger (HME) and heated humidi�ers (HHs) in adults and
children need mechanically ventilation, though no difference was found in their study, the authors suggested further comparing of HMEs to HHs in paediatric
and neonatal patients[11]. To date, the studies but was not su�cient, especially for some speci�c disease. Therefore, it is urgent to carry out systematic
evaluation of some other humidi�cation methods that frequently used in clinical, and to �nd out the most suitable method for airway humidi�cation in
patients with severe traumatic brain injury. In view of the fact that the common airway humidi�cation method has been used in patients with severe traumatic
brain injury in neurosurgery, and its advantages and disadvantages had also been experienced in our hospital, we chose three most respected methods in the
world for comparison. We aim to select the most suitable method of airway humidi�cation for patients with severe brain injury.

Materials And Methods

Design and Patients
The project was approved by the hospital’s ethical committee. All the data was collected from the record of daily nursing work after carrying out a proper
screening. The information of the subjects that admitted in this study was patients who lived in the neurosurgery department with severe traumatic brain
injury that need performing tracheotomy in our hospital, from January 2016 to December 2018. The patients were divided into oxygen spraying group (group
A), heat and moisture exchanger (HME) (group B), and the heating and humidi�cation group (group C) according to the humidi�cation method the nurse
chose. We excluded the patients that don’t satisfy our demands. Inclusion criteria: GCS score ≤ 8 points; No basic lung disease; No mechanical ventilation is
required. The primary morbidity is traumatic brain injury or cerebral hemorrhage. Exclusion standard: The bleeding amount is  5 ml on the day after
tracheotomy; Mechanical ventilation is still required within 3 days after tracheotomy; In-Hospital duration  3 days; Death or automatic discharge; Pulmonary
infection is already present. The severity was divided into two groups according to Glasgow score (GCS) [12], 3–5 points group and 6–8 points group.
According to the in-hospital time, into and 50 patients that nursed with each method were admitted. The patients were supplied with low speed of oxygen at
the �rst 7 days, and the patients with spontaneous respiratory were stopped oxygen supplement after they passed 7 days’ acute injury stage.

Regular Nursing And Respiratory Tract Humidi�cation Method
All patients used disposable tracheotomy suits produced by Covidien llcs, and a disposable sputum suction tube was used for open sputum inhalation
(Fig. 1A). Sterilized injection water was chosen as uniform gas humidifying �uid, and different humidifying methods were assessed. A group: routine
treatment or nursing + oxygen spraying, 20 ml humidifying �uid was added every 2 hours and replaced every 24 hours, the oxygen spraying devices were
purchased from Excellentcare Medical Ltd (Huizhou), product name: disposable medical atomizer (EM06-007), and how the devices were connected were
shown in Fig. 1A. Group B: routine treatment or nursing + Heat and moisture exchanger (HME), and the arti�cial nose were replaced every 24 hours or the
sponge was contaminated. The HME device was provided by InterSurgical Company (Changzhou), the product name is: Hydro-Trach II HME with oxygen
tubing. The tube was directly connected to the end of the tracheal cannula, the middle tube was connected with the oxygen tube, and the sponge at two sides
was designed to collect the heat and moisture exhaled by the patients, and the devices were shown in Fig. 1B. Group C: Routine treatment or nursing + heating
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and humidi�cation treatment (Hamilton Medical, SFDA(I)20093540261). MR810 heating base with MR 370 heating wet tank and heating wire ventilator
humidifying pipe connecting trachea sleeve, removing the other pipe loop, retaining Y-shaped joint, placing thermometer on the patient side of the pipeline,
monitoring the temperature of the water mist at the entrance, Close the heated wetted tank back to the junction, the oxygen tube is connected to the small side
hole of the heated wetted tank, and the sterilized injection water is connected to the oxygen tube through the adjustable infusion device to keep the liquid in
the heated wetted tank within normal capacity (Fig. 1C). The temperature of the atomizer tank is adjusted to 39–41 °C, and the temperature before entering
the patient's airway is 35.3 °C according to a previous report[13]. The pipeline is non-polluted and not replaced. All three groups of patients were given of
3L/min oxygen �ow, routine hemostasis, controlling blood pressure, reducing intracranial pressure and giving enteral nutritional support.

Evaluation Indicators And Standards
The following indicators were observed on 1th, 3th, 5th and 7th day after the application of the airway humidi�cation method: 1. Phlegm viscosity ( - ): I
degree:(thin phlegm) dilution such as rice soup or white foam sample, can cough up easily, after sucking sputum, there is no sputum retention on the tubing; 
degree: Moderately sticky phlegm, need to be hard to cough up, after sucking phlegm, there is a small amount of sputum on the tubing;  degree: Moderately
viscous, viscous appearance, often yellow, not easy to cough out, phlegm suction tube collapse due to heavy negative pressure, there is a large amount of
sputum on the tubing wall and not easy to be cleaned with water. 2. Formation of phlegm scab: to observe whether the patient cough or phlegm scab when
cough or suction, or the patients manifested as a rapid breathing, blood oxygen saturation or restlessness. 3. Airway spasm: sudden cough, choking, breathing
di�culties, cyanosis. 4. Humidi�cation effect: insu�cient humidi�cation: mucous liquid, less quantity, not easy to absorb, lungs breathing sound thick or dry;
Good humidi�cation: thin sputum, moderate amount, easy to absorb, clear lung breathing sound; Excessive humidi�cation: the sputum is foamy, abundant,
inexhaustible, the lungs have a large number of or rapid increased rough sounds. 5. Daily average sputum intake times. 7, Degree of secondary lung infection:
three chief physicians were invited to judge the degree of lung infection according to computed tomography (CT) image and gave scores, infection degrees
were divided into 1–9 points, and average score as the �nal score. 1–3 points set as level I, 4–6 is level and 7–9 is de�ned as level . 8. Average nursing
times: used to evaluate the number of times a nurse handles each patient each day, including daily basic care and inter-group difference of care. 9. Internal
satisfaction: Evaluation of personnel satisfaction of nursing during the study.

Satisfaction Survey
We use the modi�ed version of the Minnesota Satisfaction Questionnaire (MSQ) to measure the level of satisfaction of nursing during the study[14]. The scale
has a total of 20 topics. Topics 1–4, 7–11, 15–16 and 20 in the scale constitute the internal satisfaction and measure the satisfaction of employees with the
relevant factors of the job itself. Each issue is divided into "very unsatisfactory", "unsatisfactory", "general", "satisfactory" and "very satisfactory", and is given
1–5 points, respectively.

Statistical analysis
SPSS software was used for statistical analysis, the viscosity of sputum, humidi�cation effect, and degree of secondary lung infection were tested by rank
and sum. The patients' disease distributions, phlegm scab formation, airway spasm, were analyzed using Chi square test. The patient's basic situation, daily
sputum intake times, respiration related physiological indicators, daily nursing times and internal satisfaction score were analyzed with variance analysis, P
0.05 was considered statistical signi�cant.

Results
In this study, the effects of three common respiratory tract humidi�cation methods were evaluated. There were 150 patients included in our study with the
ages ranged between 18 to 70 years old. The average age, average in-hospital day, gender distribution, and GCS score distribution showed no difference
among three groups (Table 1). The blood oxygen partial pressure, blood oxygen saturation and respiratory frequency showed no difference in Group B and C.
The blood oxygen partial pressure and blood pressure saturation were signi�cantly lower in Group A than those in Group B and C, and the respiratory
frequency in Group A was statistically higher than that in group B and C (P  0.05) (Table 2).

Table 1
Summary of the main characteristic of the subjects

Groups Average age Average in-hospital time (d)   Gender   GCS score

  Male Female   3–5 6–8

A 41.5 ± 2.5 57.4 ± 4.8   30 20   28 32

B 40.8 ± 3.1 59.2 ± 5.9   32 18   31 29

C 41.9 ± 2.8 58.3 ± 4.1   29 21   27 33

F/χ2 1.962 1.627   0.391   0.579

P 0.144 0.200   0.822   0.749
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Table 2
Main respiratory indicators in three groups

Groups PO2 (KPa) SpO2 (%) Respiratory rate (times/min)

A 10.91 ± 2.11*# 93.75 ± 2.11*# 24.12 ± 2.25*#

B 12.74 ± 2.59 94.05 ± 1.65 22.23 ± 2.15

C 13.54 ± 2.26 96.14 ± 1.26 20.34 ± 1.88

F 16.76 29.02 12.77

P < 0.001 < 0.001 < 0.001

PO2: Partial pressure of oxygen

SpO2: Oxygen saturation

*: compare with group B, #: compare with group C

As Table 3 showed that, the distribution of viscosity degree of airway sputum showed that the degree of sputum viscosity showed an increasing trend during
the �rst 7 days, suggesting that the changes might be signi�cant in the following days. With the time of tracheotomy goes, the viscosity degree of airway
sputum in group A had the fastest progressing and patients in group A was easy to form high-level viscous sputum. Table 4 indicated that the humidi�cation
effects statistically differed among three groups, (P  0.05), group A was prone to occur insu�cient or excessive humidi�cation, and patients in group B and C
gained the highest ratio of appropriate humidi�cation. Method A had the least sputum intake times, while method B and C had similar more times, indicating
an equal humidi�cation effects. In group A, scab formation was signi�cantly more than that in groups B and C (P  0.05). The incidence of airway spasm was
signi�cantly increased (P  0.05) in groups A than in group B and group C. After compared the degree of secondary infection in the �rst 7 days (Table 5), we
observed that the secondary pneumonia occurred in both three groups, and the heating and humidi�cation group showed the lowest infection ratio (P  0.05),
but the composition of the infection degree showed no difference in three groups. The secondary pneumonia on the 30th day showed that, the infection ratio
showed no difference among three groups, but the infection degree was signi�cantly differed. The number of people with the third infection degree is
signi�cantly less in group C (P  0.05), while there was no difference was found between groups A and B.

Table 3
Comparisons of the sputum viscosity in three groups among different days

Groups   1th day   3th day   5th day   7th day

I II III   I II III   I II III   I II III

A   48 1 1   42 4 4   37 6 7   32 8 10

B   46 2 2   43 5 2   42 4 4   41 5 4

C   47 2 1   47 2 1   46 3 1   44 3 3

Z   0.943   3.591   6.553   9.434

P   0.918   0.464   0.161   0.051

Table 4
Comparison of airway humidi�cation effects, sputum intake times, formation of phlegm scab and airway spasm among three groups

Groups Humidi�cation effects   average sputum intake times (times/per
person. day)

  Formation of phlegm
scab

  airway
spasm

insu�cient appropriate excessive     Yes No   Yes No

A 9 35 6   10.8 ± 2.5   10 40   11 39

B 3 44 3   16.1 ± 2.7   3 47   4 46

C 1 47 2   18.4 ± 3.2   2 48   2 48

χ2 12.221   95.82   8.444   8.889

P 0.016   < 0.001   0.015   0.012
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Table 5
Comparison of the happening of secondary infection in the �rst 7 days and the 30th day

among three groups

Groups Infection rate
(7th day)

  Infection degree
(7th day)

  Infection rate
(30th day)

  Infection degree
(30th day)

  I II III     I II III

A 32%   12 2 2   90%   14 15 13

B 24%   8 3 1   94%   16 19 6

C 16%   9 2 1   86%   23 14 3

χ2 3.508   0.867   1.778   10.523

P 0.173   0.929   0.441   0.032

The results (Table 6) showed that the group A had the lowest average daily nursing times, as well as the nursing load, but there was no difference between
groups B and C. The result of occupational satisfaction survey found that the work intensity was signi�cantly higher in group B and C than that of group A in
the inner satisfaction scale of the nurse staff (P  0.05), and no statistical difference was found in other items.

Table 6
Comparison of the nursing load and inner satisfaction scale of the nurse staff in three groups

Groups Items

Daily nursing
times(times/per
person. day)

work
intensity

work
independence

diversity
of work

social
position

moral
values

stability social
responsibility

rights and
authorizations

capacity
development

re
fo

A 28.5 ± 2.6 3.28 ± 
0.72

3.25 ± 0.80 3.06 ± 
0.61

3.36 ± 
0.73

3.42 ± 
0.85

3.58 ± 
0.91

3.45 ± 0.86 3.27 ± 0.79 3.31 ± 0.83 3

B 32.6 ± 2.3 3.82 ± 
0.68

3.31 ± 0.79 3.12 ± 
0.63

3.32 ± 
0.69

3.40 ± 
0.82

3.52 ± 
0.93

3.41 ± 0.83 3.22 ± 0.85 3.28 ± 0.81 3

C 30.2 ± 1.8 3.70 ± 
0.62

3.29 ± 0.76 3.10 ± 
0.58

3.34 ± 
0.75

3.44 ± 
0.86

3.48 ± 
0.89

3.38 ± 0.88 3.23 ± 0.84 3.34 ± 0.86 3

F 41.63 8.834 0.076 1.096 0.036 0.028 0.153 0.084 0.051 0.065 0

P < 0.001 < 0.001 0.927 0.337 0.965 0.972 0.858 0.92 0.95 0.937 0

Discussion
Patients with severe traumatic brain injury are often accompanied by different degrees of respiratory disorders. In order to prevent the deterioration of the
condition, tracheotomy is often required. After tracheotomy is conducted, airway humidi�cation must be performed, otherwise the airway mucosa will be
injured and even neuron dysfunction will be brought about [15]. Patients with severe traumatic brain injury are often hospitalized for a long time, choosing
appropriate airway humidi�cation can effectively help severe patients reduce the occurrence of complications and reduce patient pain. In this study, we
selected three relatively common humidi�cation methods and compared their effects on airway humidi�cation in patients with severe traumatic brain injury.
Through the evaluation of the relevant indicators, we found that all three methods can effectively maintain the patient's respiratory related indicators in the
normal range, and the C method has comparative advantages.

In this study, the �rst 7 days were chosen to evaluate these three methods, for that the clinical data in the �rst 7 days were relatively intact, and the patients
usually transferred to better hospitals or the near-home hospitals for further therapy. In this study, we chose to give the spontaneous breathing patients with
low speed of oxygen at the acute injury stage to ensure the oxygen supply of the brain, and to gain higher SpO2 and lower respiratory rate. Given the fact that
67% of the patients suffering cerebral hypoxia after severe brain injury in acute injury stage, and over oxygen supplement usually induce injury to the lung
tissue, we chose 7 days as our study duration to give oxygen supplement. Some previous studies[13, 16] indicated that C method usually gains better SpO2,
while our results showed that the SpO2 was lower and respiratory rate was higher in group B and C than group A, and no difference was observed between
group B and C. The reason may be that, the cold air �ow in group A cause the airway contraction and prevent the oxygen exchange, and the supplement of
oxygen to the patients diminished the differences between group B and C.

As we know, the blood oxygen concentration will decrease when the airway spasm by cold air or the patient coughs[17], and temperature of inspired gas is
closely related with the airway function[18]. In the B and C methods, air �ow is heated and humidi�ed, which is more comfortable and does not easily cause
the patients' airway reaction. When the airway is cut, the warming and humidifying process of the upper respiratory tract to the gas disappears. Therefore, as
the airway opens up, the viscosity of the phlegm in each group increases, but the B and C methods can slow this process. Compared to B and C methods,
method A is usually gained worse humidi�cation effects, mainly insu�cient. In addition, patients with severe traumatic brain injury often need to use a large
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amount of dehydrating agents, thereby aggravating the dryness of the airway, which is more likely to cause viscous scab in the airway and increase the
chance of lung infection in the patient [19]. For these reasons, the patients in group A need the least sputum intake operation, but were easy to form phlegm
scab

At present, HME is a commonly used airway humidi�cation methods in major hospitals, mainly considering its highly effective humidi�cation effect [20].
However, Boots et al. believes that HME will increase airway resistance after 24 hours of usage, so they need to be replaced every day [21]. A method is
relatively cost-effective, humidifying, but it is not stable, and it is prone to subjective judgments by nurse, thus forming excessive or insu�cient humidi�cation,
and following a large amount of foam secretions, then it caused cough or shortness of breath, and reduced oxygen saturation. And the nurse needs to
continuously observe the amount of humidi�cation, which would increase the workload

B method is designed to use the moisture the patients exhaled to get a better humidi�cation effect, so it can reduce airway stimulation and a good
humidi�cation effects just as C method, but the excreted sputum will be directly adsorbed on the �ltration network. If the sponge was contaminated by the
sputum, the nurse staff needs to clean the sputum adsorbed sponge frequently (about 2 hours/times), which greatly increases the workload. And when the
nurses change the contaminated sponge with high frequency, the heat and moisture was released, and the patients were easy to suffer insu�cient
humidi�cation and increase the viscosity of the sputum. Although the suction times of method B is less than method C, the nurses need to use extra time to
deal with the sponge, and then the nursing load would not signi�cantly be reduced.

The use of a humidi�er and an unused humidi�er can signi�cantly increase the relative humidity and temperature of the air �ow[22], as in this study, the C
method can provide the best humidity, temperature, and reduce airway spasm, which is conducive to the formation and discharge of sputum. The excretion of
sputum is bene�t for reducing the incidence of secondary pneumonia. Though the outlet tubes of the device in C method is not suitable for the patient’s
movement, it is suitable for patients with severe traumatic brain injury whom lay in bed for long time. In this study, the data were collected from our trauma
center, and we focused on the humidi�cation effects to STBI patients, but our results may not limited on the airway nursing of STBI patients, our conclusions
may also serve for the other patients that need high quality of airway humidi�cation. The shortage of this study was that, it was a retrospective study, instead
of a strictly controlled randomize clinical trial, and the recruit of the patients is not randomized. In addition, we focused to evaluate the humidi�cation effects
of these three methods in the �rst 7 days, consecutive studies might be carried out to evaluate the long-term effects of the three methods.

Conclusion
In this study, we compared the humidi�cation effects of three common airway humidi�cation ways on nursing severe traumatic brain injury patients. we draw
the conclusion that the C method is more suitable for patients that need long-term bedridden.
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Figures

Figure 1

The images showed how the devices were connected in the three methods, (A) the oxygen spraying group (group A), (B) heat and moisture exchanger (HME),
and (C) the heating and humidi�cation group.


