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A comparative evaluation of three common airway humidification
methods for patients with severe traumatic brain injury
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Background: Airway humidification methods are commonly used in clinical practice, but no clear
consensus exists on which particular method is best suited for specific clinical conditions.

Methods: In this retrospective study, we carried out a quantitative evaluation of three methods commonly
used for patients with severe traumatic brain injury (STBI). We recruited 150 patients who received airway
humidification after tracheotomy. Subjects were divided into three groups according to the humidification
method they received which included oxygen atomizer (OA) group, heat and moisture exchangers (HMEs)
group, and heated humidifiers (HHs) group. Variables including phlegm viscosity, humidification effects,
phlegm formation rates, daily sputum inhalation times, airway spasm, secondary lung infections, daily
nursing load, and evaluation of nurse job satisfaction levels were documented.

Results: Results indicated that the OA tended to cause either insufficient or excessive humidification,
whereas phlegm scab formation was significantly reduced in HHs. HMEs and HHs displayed equal
humidification effects, and a similar daily sputum induction and consequent nursing load. Airway spasm
was a frequent occurrence in OA. The severity, but not the infection ratio, of secondary infection decreased
significantly in HHs by the 30" day. The OA significantly reduced nursing load, but demonstrated the worst
humidification effects.

Conclusions: Overall results suggested that the HHs is more suitable for airway nursing of STBI patients

who are bedridden for extended periods.
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Introduction respiratory tract patency, and it is a key procedure in

. C . . the early treatment of severe traumatic brain injury (1).
Severe traumatic brain injury is often accompanied by

respiratory difficulties such as hypoxic asphyxia and
elevated intracranial pressure, which in turn can contribute
to further deterioration in the patient’s clinical status.
"Tracheotomy establishes an artificial airway that maintains
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During normal breathing, the upper respiratory tract will
warm and moisturize the inhaled gas. However, when an
artificial airway is established, this natural warming and

humidification effect is lost and leads to dry oxygen intake
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that can damage the trachea and bronchial mucosa (2), and
reduce the movement of the respiratory cilia. This in turn
may cause additional complications such as respiratory
tract blockage, pulmonary dilatation, pneumonia, posterior
pituitary dysfunction, and additional cognitive dysfunction
(3-5). Therefore, oxygen must be humidified prior to
inhalation. One previous study demonstrated that heated
humidification improved clinical outcomes in children with
tracheostomies (6), and other studies have suggested that
humidification is essential for airway protection in both
invasive and noninvasive mechanical ventilation (7).

There are several different types of airway humidification
procedures applied in clinical practice. Oxygen atomizer
(OA), heat and moisture exchangers (HMEs) and heated
humidifiers (HHs) humidification methods were among the
most commonly used methods, and OA is a typical method
among which. OA atomized the liquid via a high-speed of
oxygen flow, and the humidification fluid transform into
aerosol and helps to humidify the airway (8). Each method
has its disadvantages (9-11), and comparative studies
have been conducted to determine which is the optimum
method for particular clinical presentations. For instance,
study indicated that OA would not induce hypoxia when
the nurse carried out sputum suction, and the patients
presented good tolerance (12). Study comparing HMEs
with HHs in adults and children who needed mechanical
ventilation found no differences in the two methods,
although the authors recommended further comparison
of HMEs to HHs in pediatric and neonatal patients (13).
Although comparative studies abound in the literature,
evidence for the method of choice in severe traumatic brain
injury (STBI) patients is lacking, and doctors often choose
the method they are most familiar with. Therefore, it is
important to perform a systematic evaluation of the most
suitable method of airway humidification for STBI patients.
A previous study had carried out a comparative evaluation
among three humidification methods in STBI patients (14),
while the three methods we evaluated here were absolutely
different from those in previous study, and the evaluation
indexes were more comprehensive. Indeed, advantages
and disadvantages of the standard airway humidification
methods have also been observed in the neurosurgical
care of patients with STBI at our hospital, and yet no
agreement concerning the use of these methods has been
reached. In this study, we chose the three most-respected
and commonly used methods in the world for comparison.
Our aim was to identify the optimal method of airway
humidification for STBI patients, and to further inform the

© Annals of Palliative Medicine. All rights reserved.

Yin et al. Better airway humidification methods for STBI patients

choice airway of humidification methods in clinical practice.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-2135).

Methods
Study design and subjects

This project was approved by the Ethics Committee
of the Changzhou Tumor Hospital (2019-SY-014) and
all patients gave consent to participate in the study. All
procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013). A total of 150 patients with
STBI who required tracheotomy, and who were admitted
to the neurosurgery department of our hospital between
January 2016 and December 2018 were included in the
cross-section study. All patients met the inclusion criteria
conditions, and informed consent to participate was given
by all patients or their guardians. Patients were divided into
three groups according to the humidification method they
received during the in-hospital duration, and the data were
analyzed after collected from the daily nursing records.
After excluded the patients that not meet the inclusion
standards, the patients were divided into the following
groups: OA (n=50), HMEs (n=50), and HHs (n=50).
Inclusion criteria were as follows: diagnosis of traumatic
brain injury or cerebral hemorrhage, Glasgow Coma
Scale (GCS) score <8 points, no underlying lung disease,
no mechanical ventilation. Patients were excluded for the
following reasons: blood loss of >5 mL on the day following
tracheotomy, mechanical ventilation required 3 days after
tracheotomy, in patient hospitalization <3 days, death or
automatic discharge, the presence of pulmonary infection,
change the current humidification method halfway. The
severity of STBI was classified according to the GCS (15),
and patients were divided into two groups according to the
severity of their scores: those scoring between 3-5 points
and those scoring between 6-8 points. The patients were
supplied with a low rate of supplemental oxygen in the first
7 days of acute injury, and thereafter supplemental oxygen
was ceased for patients with spontaneous respiration.

Regular nursing and the respiratory tract humidification
method

All patients were fitted with disposable tracheotomy kits
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Figure 1 The images showing how the devices were connected in the three methods. The tubes connecting of (A) oxygen atomizer (OA), (B)
heat and moisture exchangers (HMEs), and (C) the heated humidifiers (HHs).

produced by Covidien Llc, and a disposable sputum suction
tube was used for sputum induction (Figure 1A4). Sterilized
injection water was chosen as the standard gas-humidifying
fluid, and the different humidifying methods that were
performed are described below.

OA group: Routine treatment or nursing was performed,
in addition to oxygen atomization with 20 mL humidifying
fluid added every 2 hours and replaced every 24 hours. The
oxygen atomization devices were purchased from Excellent
Care Medical Ltd (Huizhou, China) (product name:
Disposable Medical Atomizer EM06-007). An example of
the device is shown in Figure 1A4.

HMEs group: Routine treatment or nursing was
performed, in addition to the application of the (HMEs),
with the artificial nosepiece being replaced every 24 hours
or when the sponge was contaminated. The HMEs device
was provided by the Inter Surgical Company (Changzhou,
China) (product name: Hydro-Trach II HME with oxygen
tubing). The tube was directly connected to the end of
the tracheal cannula, the middle tube was connected to
the oxygen supplying tube, and the sponge on either side
was designed to collect the exhaled heat and moisture. An
example of the device is shown in Figure 1B.

HHs group: Routine treatment or nursing was
performing, in addition to heating and humidification
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treatment, the heated humidifiers were purchased from
Hamilton Medical (Switzerland), equipment register
number: SFDA(I)20093540261. The device was operated
refer to manufacturer’s instructions for details of
installation. And how the tubes were connected to the
patient was indicated in Figure 1C. The temperature of
the atomizer tank should be adjusted to 39-41 °C, and the
temperature before entering the patient’s airway was 35.3 °C
according to a previous report (16). The pipeline is non-
polluting and does not need to be replaced.

All three groups of patients were given routine care
including 3 L/min oxygen flow, routine hemostasis, blood
pressure monitoring, reduction of intracranial pressure, and
delivery of enteral nutritional support. And all the patients
received routine drug treatment including administrate with
the hemostatic, mannitol in the first 3 days, and drugs to
nourish brain nerve regularly. The antibiotic was used only
after the infection was happened.

Evaluation indicators and standards

The following indicators were observed on days 1, 3, 5 and
7 after the commencement of the airway humidification
method 1.

O Phlegm viscosity (levels I-IIT). Level I: thin
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phlegm dilution resembling rice soup or white
foam that can be easily coughed up. After sputum
induction, there is no sputum retention on the
tubing. Level II: moderately sticky phlegm that
is more difficult to cough up. After sputum
induction, there is a small amount of sputum on
the tubing. Level III: moderately viscous phlegm
of yellow appearance that is difficult to cough up.
The phlegm suction tube collapses due to heavy
negative pressure, and there is a large amount
of sputum on the tubing wall which is not easily
cleaned with water.

(II)  Formation of phlegm scab. Patient is observed
with a phlegm scab produced by the water
evaporated from the sputum adhered on the tube
conjunction sites.

(1)  Airway spasm. Sudden cough, choking, breathing
difficulties, or cyanosis is observed.

(IV)  Humidification effect. This was classified into the
following grades: insufficient humidification =
mucous liquid, characterized by a lower viscosity
of sputum, lack of absorbability, and thick or dry
breathing sounds; good humidification = thin
sputum, characterized by a moderate amount of
sputum that is easy to absorb, and clear breathing;
excessive humidification =foamy, abundant,
and inexhaustible sputum, with rapid or rough
sounding breathing.

(V) Number of average daily sputum inductions.
The daily average sputum induction times= total
sputum induction times/total in-hospital days of
the patients in each group.

(VI) The degree of secondary lung infection: The
secondary lung infection degrees was evaluated
according to a previous report (17), the score
consists of body temperature, secretion, white
cells, X-ray image, airway bacteria culture results
and air exchange index, each column was divided
into 0, 1 and 2 score, and totally 12 scores. Level
I was defined as 1-4 points, level II as 5-8 points,
and level I1I as 9-12 points.

(VII) Average nursing time: This was defined as the
number of times a nurse attended each patient
each day, including daily basic care and intergroup
differences in care.

(VIID) Internal satisfaction: This referred to the
evaluation of personal job satisfaction by nurses
during the study.
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Satisfaction survey

We use the modified version of the Minnesota Satisfaction
Questionnaire (MSQ) to measure the workload satisfaction
ratings of nursing staff during the study (18). The scale
has a total of 20 items. Items 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 could be evaluated as “very
unsatisfactory”, “unsatisfactory”, “general”, “satisfactory”,
or “very satisfactory”, and ranked on a scale of 1-5 points,

respectively.

Statistical analysis

SPSS software was used for all statistical analyses. The
viscosity of sputum, the humidification effect, and the
degrees of secondary lung infection were tested by rank
and sum. The patients’ disease distribution, phlegm scab
formation, and airway spasm were analyzed using Chi
square test. The patients’ basic condition, daily sputum
induction times, respiration-related physiological indicators,
daily nursing times, and internal satisfaction scores were
analyzed with analysis of variance (ANOVA). P values <0.05
were considered statistically significant.

Results
Basic characters of the patients

In this study, the effects of three common respiratory
tract humidification methods were evaluated. There were
150 patients included in our study aged between 18 and
70 years old. The average age, average in patient duration,
sex, and GCS score did not differ between the three groups
(Tible 1).

Comparison of respiratory related functions and index

The blood oxygen partial pressure, blood oxygen saturation,
and respiratory frequency showed no significant differences
between HMEs and HHs. The blood oxygen partial
pressure and blood pressure saturation were significantly
lower in OA compared with that in HMEs and HHs, and
the respiratory frequency in OA was statistically higher than
that in HMEs and HHs(P<0.05) (Table 2).

Comparison of humidification effects and the related index

As Tuble 3 shows, the degree of sputum viscosity showed
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Average in-hospital Gender GCS score

Groups Average age ;

time (d) Male Female 3-5 6-8
OA 41.5x2.5 57.4+4.8 30 20 28 32
HMEs 40.8+3.1 59.2+5.9 32 18 31 29
HHs 41.9+2.8 58.3+4.1 29 21 27 33
F 1.962 1.627 0.391 0.579
P 0.144 0.200 0.822 0.749

GCS, Glasgow Coma Scale; OA, oxygen atomizer; HMEs, heat and moisture exchangers; HHs, the heated humidifiers.

Table 2 Main respiratory indicators in the three groups

Respiratory rate

Groups PO:2 (kPa) SpO:2 (%) (times/min)
OA 10.91+2.11*"  93.75:2.11* 24.12+2.25*
HMEs 12.74+2.59  94.05+1.65 22.23+2.15
HHs 13.54+226  96.14+1.26 20.34+1.88
F 16.76 29.02 12.77

P <0.001 <0.001 <0.001

*, compared with HMEs; #, compared with HHs. POz, partial
pressure of oxygen; SpOz2, oxygen saturation, OA, oxygen
atomizer, HMEs, heat and moisture exchangers, HHs, the heated
humidifiers.

an increase trend over the first 7 days, suggesting that
further changes might be significant in the following days.
With the passing of time after tracheotomy, the viscosity
degree of the airway sputum in OA displayed the fastest
progression, and patients in OA group showed a greater
degree of high-level viscous sputum. Table 4 shows the
statistical differences of the humidification effects between
the three groups (P<0.05). OA experienced a greater degree
of insufficient or excessive humidification, and patients use
HMEs and HHs showed the highest ratio of appropriate
humidification. OA had the fewest sputum induction times,
while HMEs and HHs had similar times, indicating equal
humidification effects. In OA group, scab formation was
significantly greater than that of HMEs and HHs (P<0.05).
The incidence of airway spasm was significantly greater in
OA compared to HMEs or HHs (P<0.05).

Comparison of the secondary respivatory infection ratio

After comparing the degree of secondary infection in the
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first 7 days (Table 5), we observed that secondary pneumonia
occurred in all three groups, but HHs showed the lowest
infection ratio (P<0.05). However, the severity of infection
did not differ between the three groups. On day 30, the
secondary pneumonia infection ratio showed no difference
among the three groups, but the severity of infection
differed significantly. The number of patients with level
IIT infections was significantly lower in HHs compared to
the other two groups (P<0.05), but there was no difference
between OA and HMEs.

Comparison of the workload and job satisfaction

The results of the job satisfaction survey (1uble 6) rated by
nursing staff showed that OA had the lowest average daily
nursing times and nursing load compared with HMEs and
HHs, but there was no difference between HMEs and
HHs. Nursing staff also rated work intensity as significantly
greater in HMEs and HHs than in OA (P<0.05). There
were no statistically significant differences between groups
on any other items.

Discussion

Patients with severe traumatic brain injury often experience
concomitant respiratory disorders, and a tracheotomy is
often required in order to prevent deterioration in their
condition. After the tracheotomy is performed, airway
humidification is required to prevent injury to the airway
mucosa or any further neuronal damage (19). Patients with
severe traumatic brain injury are often hospitalized for an
extended period of time; therefore, choosing an appropriate
airway humidification method is important in reducing
complications and patient discomfort. In this study, we
selected three relatively common humidification methods
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Table 3 Comparisons of the sputum viscosity in the three groups on different days

1st day 3rd day 5th day 7th day

Groups

| Il n | Il 11l | Il 11l | Il 1l
OA 48 1 1 42 4 4 37 6 7 32 8 10
HMEs 46 2 2 43 5 2 42 4 4 41 5 4
HHs 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

OA, oxygen atomizer; HMEs, heat and moisture exchangers; HHs, the heated humidifiers.

Table 4 Comparison of airway humidification effects, sputum induction times, formation of phlegm scab, and airway spasm among the three

groups
Humidification effects Average sputum Formation of Airway spasm

Groups induction times phlegm scab

Insufficient ~ Appropriate Excessive (times/per person. day) Yes No Yes No
OA 9 35 6 10.8+2.5 10 40 11 39
HMEs 3 44 3 16.1+2.7 3 a7 4 46
HHs 1 47 2 18.4+£3.2 2 48 2 48
x 12.221 95.82 8.444 8.889
P 0.016 <0.001 0.015 0.012

OA, oxygen atomizer; HMEs, heat and moisture exchangers; HHs, the heated humidifiers.

Table 5 Comparison of secondary infection occurrence on the 7th and 30th days among the three groups

Infection rate

Infection degree (7th day)

Infection rate Infection degree (30th day)

Groups

(7th day) [ [ Il (30th day) [ [ 1
OA 32% 12 2 2 90% 14 15 13
HMEs 24% 8 3 1 94% 16 19 6
HHs 16% 9 2 1 86% 23 14 3
o 3.508 0.867 1.778 10.523
P 0.173 0.929 0.441 0.032

OA, oxygen atomizer, HMEs, heat and moisture exchangers, HHs, the heated humidifiers.

and compared their effects on airway humidification in
patients with severe traumatic brain injury. Through
evaluation of the relevant indicators, we found that all three
methods can effectively maintain the patient’s respiratory-
related indicators within the normal range, but the HHs
method has comparative advantages.

In this study, we chose to evaluate the three methods
in the first 7 days following tracheotomy as clinical data
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for this period were relatively intact, and after this time
patients were often discharged to other specialist hospitals
or hospitals nearer to their home for further therapy. In
this study, we chose to deliver a low rate of oxygen during
the initial acute injury stage to ensure an adequate oxygen
supply to the brain, and to establish a higher SpO, and
lower respiratory rate in patients who were spontaneously
breathing. Given that 67% of patients with severe brain
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patient’s exhaled breath to achieve a better humidification
effect, so it is as effective in reducing airway stimulation
and good humidification as the HHs, but the excreted
sputum will be directly absorbed on the filtration network.
If the sponge is contaminated by sputum, nursing staff are
required to clean the sputum-absorbing sponge frequently
(approximately every 2 hours), which greatly increases
their workload. Furthermore, changing the contaminated
sponge frequently causes the release of heat and moisture,
and makes it more likely that patients will experience
insufficient humidification and an increase in the viscosity of
sputum. Although HMEs requires less suctioning time than
HHs, nursing staff spend more time cleaning the sponges
in HMEs, and hence the nursing load is not significantly
reduced.

The use of a humidifier can significantly increase the
relative humidity and temperature of the air flow (26), and
as shown in this study, HHs can provide the best humidity
and temperature. This in turn can reduce airway spasm,
which is conducive to the formation and discharge of
sputum. The excretion of sputum is beneficial in reducing
the incidence of secondary pneumonia. Although the outlet
tubes of the device in HHs restrict the patient’s movement,
it is a suitable method for patients with severe traumatic
brain injury who are bedridden for an extended period of
time. In this study, the data were collected from our trauma
center, and we focused on the humidification effects on
STBI patients, but our conclusions may also apply to other
patients needing a high quality of airway humidification.
The limitation of this study was that our evaluation of
the humidification effects of these three methods focused
only on the first 7 days following tracheotomy, and further
studies will be required to evaluate the long-term effects of
these three methods.

In conclusion, we compared the humidification effects
of three common airway humidification methods used for
severe traumatic brain injury patients and found that the
HHs is more suitable for patients who are bedridden for
extended periods of time.
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