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Abstract

Objective: The correct use of necessary equipment is the key for a successful noninvasive mechanical ventilation (NIMV) practice. Trained
health care personnel are important part of the practice. The current study was conducted to that end, with the aim of determining the level
of knowledge about NIMV of nurses working in a training and research hospital as descriptive.

Methods: The study was conducted with 147 nurses who are working at Yedikule Chest Diseases and Thoracic Surgery Training and Re-
search Hospital in Istanbul. Questionnaire form of 36 questions prepared by investigators was used to collect data. For the analysis of the
results, numerical, percentages, Mann-Whitney U and Kruskal Wallis tests were used.’

Results: 40.8% nurses had received training about NIMV. By contrast, 24.5% stated that they had learned NIMV practices on their own.
The lowest rate (26.5%) of correct answered question was “disadvantages of oronasal mask”. The most answered statement as true was
“Face masks should be established to the patient’s face with no gaps for prevention of leaks and the mask should be worn not to pressure
on nasal bridge” (78.9%). Female and postgraduate nurses’ total scores obtained from NIMV questions were higher than others and were
statistically significant (p<0.05).

Conclusion: The effective NIMV practices requires trained personnel. Nurses who have active role in NIMV practices should receive basic
training in this topic. How will be started treatment, indications, who will be responsible for follow-up and points to take into considera-
tion are mentioned clearly in the training program. This training programme should include processing of clinical experience as well as
theoretical information.
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INTRODUCTION

Non-invasive mechanical ventilation (NIMV) is a method that provides positive pressure respiration
support through a mask without using an endotracheal tube (1). When compared with invasive me-
chanical ventilation (IMV), NIMV decreases the duration of stay in the hospital and intensive care unit,
morbidity, and mortality in patients with acute and chronic respiratory failure (2). All patients with
acute or chronic respiratory failure who do not show contraindications are NIMV candidates, provided
that the necessary equipment and a trained team are available (3).

The most appropriate management of NIMV can be performed when all the team members are expe-
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rienced and well-equipped. Physicians should carefully differentiate the patients that may successfully
respond to NIMV administration from those who may urgently require intubation. In many countries,
respiratory therapists are responsible for selecting an appropriate mask, determining the most proper
placement of the mask on the face, setting the ventilator to alleviate respiratory distress, and initiat-
ing NIMV (4). In countries such as Turkey, where there are no respiratory therapists, the initiation of
NIMV therapy and patient follow-up are performed by doctors and nurses (5, 6). Therefore, nurses are
required to monitor the patients and to be knowledgeable about the identification and prevention of
potential problems.
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Successfully performed NIMV is associated with the right patient, the
right place, the right ventilation, the right mask, and equipped per-
sonnel. In the case of the absence or failure of one of these factors,
the effective management of NIMV may be compromised. Trained
medical personnel are an important part of the application of NIMV.
To our knowledge, there has not yet been a study that evaluates
the knowledge of nurses regarding NIMV in the literature. From this
viewpoint, this study was conducted to define the knowledge level
of NIMV of nurses working in a tertiary pulmonology hospital.

METHODS

This descriptive study was conducted in July 2013 with nurses work-
ing in Yedikule Chest Diseases and Chest Surgery Training and Re-
search Hospital. Because of the frequent rotation of in-hospital ap-
plications, all the nurses were obliged to participate actively in NIMV
administration; therefore, they were included in the questionnaire.

The data were collected through a questionnaire prepared by the
researchers. The questionnaire consisted of 35 questions that ex-
amined the nurses’ demographics and knowledge about NIMV. For
the questions that evaluated the nurses’ level of knowledge, correct
answers were considered as 1 point, and wrong answers were con-
sidered as 0 points. The minimum score was 0 points and the max-
imum score was 41 for the questionnaire. All the nurses working at
the hospital were invited to fill out the questionnaire, and their verbal
consent was obtained after they were informed about the study. Of
a total of 210 nurses working at the hospital, 147 nurses (70%) who
agreed to participate in the study and who were not on leaves, such
as maternity or sick leave, comprised the research sample. For this
study, written permission was received from the Secretariat General
of the Istanbul Fatih Public Hospitals Association.

Statistical Analysis

Analysis of the results was performed using the Statistical Package
for the Social Sciences (SPSS) program for Windows (version 16.0,
2007, SPSS Inc.; Chicago, IL, USA), with the average, standard devi-
ation, percentage, Mann-Whitney U, and Kruskal-Wallis one-way
analysis of variance tests. Results were within the 95% confidence
interval, and a significance level of p<0.05 was adopted.

RESULTS

The mean age of the participants was 32.45+7.59 (range 19-53)
years. Of the nurses who participated in the research, 85.7% were
female, 60.5% were married, and 46.3% had bachelor’s degrees. In
addition, 38.8% of the nurses were working in the internal medicine
clinic. While 27.9% of the nurses had 1-5 years of professional expe-
rience, 45.6% had the same term of institutional experience. Further-
more, 40.8% of the nurses had previously received training on NIMV,
and 24.5% had learned NIMV administration by themselves (Table 1).

The total average score obtained from the NIMV questions was
19.324+4.51 (in the points range of 7-33). Statistical significance was
found between gender and educational level and the average score
obtained from noninvasive questions (p<0.05). Female nurses and
nurses who had post-graduate degrees had higher average scores
(Table 1).

For the places in which NIMV can be administered, 89.8% of the nurs-
es stated intensive care, 88.4% stated inpatient services, 70.7% stated
emergency services, 61.2% stated the home, 60.5% stated intermedi-
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Table 1. Distribution of nurses’ socio-demographic features in
percentage values and comparison of the mean scores obtained
from the whole questionnaire with these features

Feature

Gender*

Female

Male

Marital status*
Married

Single

Educational status*
Medical vocational high school
Associate degree
Undergraduate degree
Postgraduate degree
Place of working* *
Internal medicine
Surgical clinic
Emergency unit
Others

Intensive care unit
Outpatient clinic
Operating room
Occupational experience**
Less than 1 year
1-5years

6-10years
11-15years

16-20 years

21 years and above
Institutional experience**
Less than 1 year
1-5years

6-10years

11-15 years

16-20 years

21 years and above
State of training*

Yes

No

Sources of training**
Seminar, course, etc.
Brochure, book, etc.
By oneself

From physicians
From nurses

| do not know

n

126
21

89
58

24
45
68
10

57
23
16
12
1
12
16

8
41
26
27
23
22

15
67
21
14
18
12

60
87

34
14
36
19
I

33

%

85.7
14.3

60.5
395

16.3
306

463
6.8

388
15.6
109
109
8.2
8.2
75

54
279
17.7
184
15.6
15.0

10.2
45.6
14.3
9.5
12.2
8.2

40.8
59.2

231
9.5
24.5
129
75

224

Questionnaire
score

76.98
56.14

70.24
79.78

57.12
68.81
78.59
106.65

67.42
7330
63.12
89.62
102.64
63.46
85.81

49.12
71.67
83.08
74.57
75.00
7491

60.67
74.78
86.19
65.43
71.94
78.08

7844
70.94

80.00
79.57
7149
75.50
41.14

78.29

0.037

0.183

0.011

0.087

0.536

0.555

0.292

0.156

n: number, %: percentage

* Mann-Whitney U Test; **: Kruskal-Wallis one-way analysis of variance
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NIMV for short-term aims

Reduction of symptoms

Increasing functional state
Decreasing respiration activity
Increasing the quality of life
Providing patient comfort

Extending lifetime

NIMV advantages

Elt provides infection control

Patient can easily cough by himself/herself
It increases aspiration risk

It increases the need for sedation

It requires preparation for a long time
NIMV contraindications

Cardiac or respiratory arrest
Gastrointestinal bleeding
Non-respiratory organ failure
Cardiogenic pulmonary edema
Obesity/hypoventilation patients

Pressure-related complications in
NIMV application

Gastric distension

Irritation in the eyes
Pneumothorax

Aspiration

Claustrophobia

Advantages of oronasal mask
Less leakage

Vomiting, aspiration
Adjustable for comfort
Difficulty in speaking and coughing
Acute respiratory failure

Injury in the nasal root
Points to be considered before
NIMV application

Use of appropriate mask
Sitting position at the angle of 45 degrees
Cooperation with device

Impaired general health condition

Being fed 1 h ago

Table 2. Knowledge levels of nurses about NIMV-1

n
99
40
31
25
25
21

84
72
11
10

114
67
40
26
10

101
72
52
50
38

75
43
41
38
22
17

120
101
926
37
35

%
67.3
27.2
211

17

17
14.3

57.1
49.0
7.5
6.8
4.8

77.6
45.6
27.2
245
6.8

68.7
49
354
34.0
25.9

51
29.3
27.9
259
15.0
11.6

81.6
68.7
65.3
25.2
23.8

Nurses knowing none of them correctly
Nurses knowing 1 of them correctly
Nurses knowing 2 of them correctly

Nurses knowing all of them correctly

Nurses knowing none of them correctly
Nurses knowing 1 of them correctly

Nurses knowing all of them correctly

Nurses knowing none of them correctly
Nurses knowing 1 of them correctly
Nurses knowing 2 of them correctly

Nurses knowing all of them correctly

Nurses knowing none of them correctly
Nurses knowing 1 of them correctly
Nurses knowing 2 of them correctly

Nurses knowing all of them correctly

Nurses knowing none of them correctly
Nurses knowing 1 of them correctly
Nurses knowing 2 of them correctly

Nurses knowing all of them correctly

Nurses knowing none of them correctly
Nurses knowing 1 of them correctly

Nurses knowing all of them correctly

28
91
20

18
102
27

83
33
24

13
71
35
28

39
85
16

23
91
33

%
19
61.9
13.6
54

12.2
69.4
18.4

4.8
56.5
224
16.3

8.8
483
23.8
19.0

26.5
57.8
10.9
4.8

15.6
61.9
224
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n %
Nurses knowing none of them correctly 6 4.1
Nurses knowing 1 of them correctly 40 27.2
Nurses knowing all of them correctly 101 68.7
Nurses knowing none of them correctly 27 184
Nurses knowing 1 of them correctly 88 59.9
Nurses knowing 2 of them correctly 28 19.0
Nurses knowing all of them correctly 4 2.7

Table 2. Knowledge levels of nurses about NIMV-1 (Continued)
Criteria showing NIMV success n %
Improvement in blood gases 132 89.8
Decrease in dyspnea 110 74.8
Increased use of accessory respiratory

muscles 49 333
Increase in respiratory rate 12 8.2
Increase in respiratory speed 3 2.0
Differences between the ventilators

in the intensive care unit and in the clinic

Circuit 66 449
FiO_* 62 422
Flow, volume, pressure curves 60 40.8
Mask 48 327
Leakage compensation 34 231
n: number, %: percentage

*: oxygen percentage of inhaled air; NIMV: non-invasive mechanical ventilation

ate intensive care units, and 10.2% stated operating rooms. The nurs-
es named the features of a good NIMV mask as having low leakage
(77.6%), being non-allergenic (53.7%), being robust (51.7%), having
various sizes available (44.2%), being non-traumatic (41. 5%), being
washable (35.4%), and being low-priced (21.8%).

The short-term objectives of NIMV were the elimination of symptoms
(67.3%), reducing the work of breathing (21.1%), and ensuring pa-
tient comfort (17%). In total, 5.4% of the nurses succeeded in iden-
tifying all of the short-term objectives. Ensuring infection control
(57.1%) and patients being able to cough easily on their own (49%)
were the advantages of NIMV; the percentage of nurses who did not
know any of the correct answers was 12.2%. It was found that 24.5%
of the nurses considered cardiogenic pulmonary edema as an NIMV
contraindication. The complications related to pressure in NIMV
administration are gastric distention (68.7%), irritation of the eyes
(49%), and irritation of the pneumothorax (35.4%); 19% of the nurses
answered all the questions regarding these complications correctly.
Additionally, 26.5% of the nurses answered all the questions about
the advantages of the oronasal incorrectly; the most correctly an-
swered advantage was that it has less leakage (51%). It was revealed
that 22.4% of the nurses did not know any of the issues to be consid-
ered during the pre-NIMV administration. Also, 68.7% of the nurses
succeeded in identifying all the criteria of NIMV success. Of all the
options, the least correctly answered question was the difference be-
tween ventilators used in intensive care units and ventilators used in
clinics (2.7%) (Table 2).

It was revealed that the most correctly answered question by 78.9%
of the nurses was “in order to prevent leakage, the mask should be
placed on the patient’s face without leaving any gap and should be
taped properly in order to prevent applying pressure on the nasal
root”; the least correctly answered question by 3.4% of the nurses
was “the filter of the NIMV device must be replaced every 240 h". In
addition, 75.5% of the nurses correctly answered the question stating

that “if no humidifier or bacteria filter had been used for an ARB-pos-
itive patient, | would use the device after making sure that the de-
vice is properly sterilized under proper conditions by contacting the
sterilization team,” 74.8% of the nurses chose the answer stating that
“during NIMV application, | make sure that the patient sits on the bed
or a chair at a 45 degree angle,”and 74.8% of the nurses chose the an-
swer stating that“a bacterial filter is inserted between the device and
the connection”; these statements were the most correctly answered
statements (Table 3).

DISCUSSION

The results that were obtained from the questionnaire revealed that
the overall knowledge level of the nurses regarding NIMV was low. It
was found that they obtained high scores on questions about clinical
practice; they scored moderately on questions about device equip-
ment; and they scored poorly on questions about theoretical issues,
such as indications. This shows that the nurses did not know what
application is performed for what purpose. Performing an applica-
tion without knowledge represents a failure to comply with an evi-
dence-based nursing approach. If the basic principles that provide
the basis for health, disease, or treatment are not understood, holistic
nursing is beside the point.

Ensuring that the medical personnel who are in charge of NIMV man-
agement are experienced and skilled is the key component for the
success of the procedure. Carlucci et al. (7) showed that the success
of the application of NIMV is associated with the experience and ca-
pabilities of the personnel. In this study, more than half of the nurses
stated that they had not received any training on NIMV, and the ma-
jority stated that they had learned information about NIMV on their
own. Thus, it is obvious that the development of related training
programs is required. According to Elliott et al. (8), training programs
on NIMV should include subtopics such as understanding the need
for NIMV, accurate and efficient placement of the mask, the correct
use of ventilation equipment, understanding and implementing the
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Table 3. Knowledge levels of nurses about NIMV-2

Questions evaluating knowledge of NIMV n %
To prevent leakage, the facial mask must be placed on the face of the patient without leaving a space;

it must be taped to prevent pressure on the nasal root. 116 78.9
If no humidifier or bacteria filter had been used for an ARB-positive patient, | would use the device after

making sure that the device is properly sterilized under proper conditions by contacting the sterilization team. 111 75.5
I make sure that the patient sits on the bed or a chair at a 45-degree angle. 110 74.8
The bacteria filter is inserted between the device and the connection. 110 74.8
NIMV can be interrupted for medication, nutrition, and physiotherapy. 107 72.8
The exhalation port on the circuit helps the air from expiration to move out of the mask. 105 714
The reason for the use of an oronasal mask, despite the greater advantages of a nasal mask, is that

COPD patients generally breathe by mouth. 929 67.3
| give inhaler drugs to patients receiving NIMV with a T-connection. 920 61.2
If an exhalation port is not available in the NIMV mask, the carbon dioxide level of the patient would

be expected to increase continuously. 920 61.2
The asphyxia valve is the space that enables the patient to receive air in the event of any device problems. 83 56.5
Mortality is lower in patients who receive NIMV than in patients who receive invasive mechanical ventilation. 60 40.8
Device maintenance must be performed at least once a year. 58 39.5
The asphyxia valve is on the mask. 50 34
While giving inhaler drugs to patients receiving NIMV, the inhaler connection must be between the

moisturizing filter and the patient. 50 34
Calibration of NIMV devices must be performed once a year. 46 31.3
The moisturizing filter is placed between the exhalation port and the patient. 44 29.9
The pressure line port is used for the measurement of pressure values returning from the patient. 41 27.9
The pressure line port is between the mask and the circuit. 22 15
Moisturizing and bacteria filters are changed when they are contaminated. 18 12.2
The filter of the NIMV device must be changed every 240 h. 5 34
ARB: Acid-resistant bacteria culture; COPD: chronic obstructive pulmonary disease; NIMV: non-invasive mechanical ventilation

ventilator settings, the general maintenance of the ventilator, and
solving problems in unfavorable situations. In this study, women
were found to be more successful than men. As the level of educa-
tion increased, the nurses’ level of knowledge regarding NIMV also
increased. It is necessary to consider these issues when training pro-
grams are prepared.

Non-invasive mechanical ventilation is used with increasing frequen-
cy in chronic obstructive pulmonary disease (COPD), in acute heart
failure, and in acute respiratory failure. The most important aim of
NIMV is to avoid endotracheal intubation, and thus, to reduce com-
plications related to IMV (9). NIMV has other long-term goals, such
as prolonging the patient’s life expectancy, improving the quality of
life, improving sleep time/quality, and improving the patient’s func-
tional status (3). Also, in this study, the questions related to alleviat-
ing the symptoms, reducing the work of breathing, and ensuring the
patient’s comfort examined the short-term objectives of NIMV. Only
5.4% of the nurses succeeded in identifying all the short-term objec-
tives. It is believed that this lack of information may cause delays in
the nurses’recognition of expected changes in a patient during NIMV
application.

Non-invasive mechanical ventilation has important advantages
compared with IMV. Antonelli et al. (10) compared IMV and NIMV in
acute respiratory failure in their study; they reported that in the NIMV
group, nosocomial pneumonia occurred less frequently, the duration
of hospitalization in the intensive care unit and hospital was shorter,
and the treatment was more effective in selected cases than IMV. The
rate of participants knowing all the advantages of NIMV was 18.4%.
Nurses who know the advantages of NIMV can contribute to the de-
velopment of a team attitude for considering all patients presenting
with respiratory failure as NIMV candidates.

Studies demonstrate that NIMV decreases the need for intubation
and extends the lifetime when used on appropriate patients. For in-
stance, in a randomized controlled study performed on patients with
COPD exacerbation, although a significant decrease was observed in
the rates of intubation with the use of NIMV, 16% of patients using
NIMV were intubated (11). Similarly, in a study investigating acute
cardiogenic pulmonary edema, the use of NIMV was found to reduce
the need for intubation (12). In a prospective observational study
conducted in France, NIMV failed in 38% of patients in different dis-
ease groups (13). It is not realistic to expect that NIMV will decrease

167



168

Tarhan et al. Nurses and Noninvasive Mechanical Ventilation

the need for intubation and be successful in all patients. Inappropri-
ate ventilator pressures, inexperienced health teams, and the general
state of the patient’s health are the main factors affecting the success
of NIMV. Patient selection and follow-up are highly important for re-
ducing NIMV failure (14, 15). Mass and Masip (16) listed contraindica-
tions for NIMV as conditions such as respiratory or cardiac arrest as
well as situations in which it is impossible to put on the mask, such
as agitation and inability to cooperate, uncontrolled vomiting or gas-
trointestinal bleeding, total upper airway obstruction, face trauma,
multiple organ failure, progressive severe respiratory failure, and
pregnancy. In another study, cardiac or respiratory arrest, non-respi-
ratory organ failure, face trauma, upper airway obstruction, inability
to provide airway patency, abundant secretion, and high risk of aspi-
ration were listed as contraindications for NIMV. Among the choices,
the first three contraindications were correct. It was a striking result
that 24.5% of nurses specified cardiogenic pulmonary edema as a
contraindication, which was an important mistake.

International consensus reports recommend that the NIMV proce-
dure should be performed in well-equipped emergency units and
intensive care units where close monitoring is possible because in-
tubation will be required as a result of failed NIMV administration.
In the consensus report of the American Thoracic Society, it is stated
that NIMV can be applied in the clinic by an experienced team if the
pH value is =7.30 in the presence of respiratory distress associated
with acute exacerbation of COPD. However, for patients whose gen-
eral health state and arterial blood gas values have not improved
in the first hours, this application can be considered to be accurate,
provided that it is possible to transfer patients to the intensive care
unit before respiratory distress worsens (17). Although the NIMV pro-
cedure is initiated in emergency units in many hospitals, patients are
followed up in intensive care units. However, it is seen that patients
are sometimes followed up in general clinics because of an insuffi-
cient number of beds in intensive care units. The best follow-up is
performed in intermediate intensive care units, where a nurse is re-
sponsible for only three patients. Therefore, the patient’s need for
monitoring, the patient capacity that the unit can monitor, technical
opportunities, and an adequate number of skilled and experienced
staff are the most important factors for the determination of NIMV
location (4). The most ideal location for long-term NIMV treatment is
the patient’s home because it decreases hospital cost, increases the
quality of life, and enables the patient to integrate with society (18).
One of the most notable findings of the study was that the nurses
specified that NIMV could be applied in the operating room. Howev-
er, NIMV is not performed in operating rooms.

Non-invasive mechanical ventilation provides positive pressure or ven-
tilator support to the lungs through an interface without being inva-
sive to the tracheal respiratory tract (16). Interfaces for NIMV include
a mouthpiece, nasal mask, nasal pads, oronasal mask, total face mask,
and helmet mask (19). The appropriate choice of interface for NIMV is
very important for the success of the treatment (3). Hess (20) defined
the desirable features of an interface as having minimal dead space,
being transparent, light, and easily fixable, giving only slight pressure
on the face, having less leakage, being disposable or easily cleanable,
being non-allergic, being inexpensive, having different sizes, being ad-
justable to facial anatomy and quickly removable, having anti-asphyx-
ia mechanisms, and being compatible with ventilators. In the study,
nurses indicated non-allergic and strong masks with less leakage to
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be preferable. They might have considered a mask with less leakage
to be good for efficient treatment because appropriate masks reduce
air leakage. Moreover, they might have chosen strong and non-allergic
masks for extended use because of the high cost of NIMV masks.

In NIMV, one of the most important causes of treatment failure is the
choice of an inappropriate mask. Nasal masks require the mouth to be
kept closed, and accordingly, they also require good cooperation and
an open nasal passage. Therefore, these masks are generally used for
long-term treatment of chronic respiratory failure. On the other hand,
an oronasal mask provides less air leakage and higher ventilation
pressure than a nasal mask. Because it allows the patient to breathe
by mouth, it requires less patient cooperation. Therefore, an oronasal
mask is mostly preferred for acute respiratory failure. However, an oro-
nasal mask is more disturbing than a nasal mask. It prevents speaking
and oral intake, and it can cause claustrophobia and gastric distension
(21). Although the use of oronasal masks was common in our hospital,
one of the questions that was answered less correctly was related to
the advantages and disadvantages of such masks (4.8%). Knowing the
advantages and disadvantages of masks will help nurses to take pre-
cautions to prevent the development of mask-related complications
during the follow-up of patients who undergo NIMV.

One of the problems encountered in NIMV is air leakage (22-24).
When a mask is chosen in consideration of the patient’s personal fea-
tures and is fixed appropriately, air leakages are reduced to an almost
non-existent level. Taping the mask tightly can increase ventilation
by preventing air leakages; however, it must be considered that tap-
ing too tightly can cause skin injuries (2). Injuries occurring in the na-
sal root are among the most frequently observed skin complications
(24-26). A mask with a forehead protector can be used to decrease
the pressure on the nasal root. The nasal root can be taped; howev-
er, this will not work if serious injuries develop (20). To prevent air
leakage and decrease skin injuries, there must be a space between
the bands of the mask and the face through which two fingers can
be inserted (26). In this study, the question that was most frequently
answered correctly was related to the way to fix the mask (78.9%).
Because this question was related to the nurses’ daily practices, it is
natural that they knew the answer.

Complications associated with positive pressure in the study were
pneumothorax, gastric distention, and irritation of the eyes. All of
these complications can be reduced by decreasing pressure. Pneu-
mothorax, which is an important complication, is rarely seen. Particu-
larly, irritation of the eyes can be avoided by being careful to prevent
air leakages (27). The rate of the occurrence of aerophagia and gastric
distention in patients using NIMV varies between 5% and 40%. Based
on recent evidence, NIMV must be performed in a half-sitting posi-
tion 0.5 h after eating to prevent gastric distention (2). Most of the
nurses knew about gastric distention, which is a complication related
to pressure, and the necessity for the patient to sit in a position at the
angle of 45 degrees during the procedure, which shows the consis-
tency between theoretical knowledge and practice.

Another question that was answered correctly by the nurses was
about the criteria demonstrating the success of NIMV support. Mas
and Masip (16) defined the criteria for failure of NIMV as the lack of
decrease in respiratory rate, lack of improvement in pH, lack of in-
crease in oxygen level, lack of decrease in carbon dioxide level, and
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symptoms of fatigue. If NIMV support is successful, a decrease is seen
in the respiratory rate and in the use of accessory muscles, and a re-
markable improvement is observed in blood gas values (4). The cri-
teria showing the success of NIMV can be observed and might have
been much better known because they are practical.

There are three alternatives for the administration of inhaler drugs
in patients undergoing NIMV. In the first, the patient is weaned from
the ventilator and a nebulizer or metered-dose inhaler is applied;
these are accepted as standard methods. In the second, an inhaler
drug is given through a nebulizer placed between the mask and the
circuit. In the third, a metered-dose inhaler is inserted between the
air chambered mask and the circuit (28). For nebulization, the nebu-
lizer is directly attached to the NIMV mask with a T-junction (29). The
rate of correct answers given to this question by responsible nurs-
es was 61.2%. Nurses should take care regarding the administration
techniques of inhaler drugs because these techniques may differ de-
pending on the needs of the patient.

In NIMV, a low level of dead space, which is necessary for preventing
re-inhalation of carbon dioxide, can be provided with an exhalation
port located on the circuit (30, 31). Schettino et al. (32) demonstrated
that oronasal masks with exhalation ports caused less re-inhalation of
carbon dioxide compared to total face masks. In patients who cannot
remove their masks because of the breakdown of the ventilator or a
power interruption, the risk of asphyxia is an alarming situation. With
recent developments in oronasal masks, the bands can be loosened
immediately. Anti-asphyxia valves on the mask can be deployed and
re-inhalation can be prevented. Moreover, in total face masks, there is
an asphyxia valve that is opened when the airway pressure decreases
below 3 cm H,0 (33). The questions about the asphyxia valve and
exhalation port were related to patient safety. As in all treatment
methods, undesirable situations related to patient safety can occur
in NIMV. The knowledge of nurses responsible for patient follow-up
on the mechanisms that can be used in undesirable situations was at
a moderate level.

Filters represent a type of NIMV equipment. A bacteria filter must be
inserted between the ventilator and the pipe. Although the moistur-
izing filter differs depending on the model of the device, it is placed
between the exhalation port and the patient to moisturize the pa-
tient’s nasal and oral mucosa during NIMV application (34). With a
moisturizing filter, the development of complications due to flow
can be prevented. In a study conducted in Turkey, moisturizing fil-
ters having the feature of bacteria filtration could be used without
any contamination for 72 hours, and no growth was observed on the
ventilator sides of the moisturizing/bacterial filters in culture results
(35). In the study, 75.5% of nurses stated that when they did not use a
moisturizing filter or bacteria filter in a patient with positive ARB, they
contacted the sterilization team to request that the device be steril-
ized correctly and under proper conditions, and they used the device
after this process. Their accurate knowledge of the placement of the
bacteria filter shows that they had practical knowledge of the reason
for the use of the filter. Nurses having knowledge of filters and their
proper use can reduce the risk of infection that can develop when
many different patients use a device.

During NIMV application, NIMV can be interrupted for medication, nu-
trition, and physiotherapy. Saltiirk et al. (1) showed in their study that
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during NIMV application, under the supervision of experienced person-
nel, patients removing the mask of their own accord and being off-the-
mask for a short time do not hinder the success of NIMV; instead, the
adaptation of the patients is increased. This question was answered well
by the nurses, since it requires knowledge about implementation (5).

One important issue is equipment maintenance. Maintenance and
calibration of the device should be performed once a year if there
is no unusual situation. However, when a new breathing circuit or
a mask is purchased and if the device has a mask or circuit feature,
mask and circuit calibration should be performed by technical ser-
vices. In our study, the nurses'rate of knowledge regarding the issues
related to equipment maintenance was low.

Invasive intensive care ventilators are often used for NIMV. Invasive
mechanical ventilators have very highly technical features, and their
ability to provide high pressure, FiO,, and detailed monitoring are
their main advantages. Their basic disadvantages are that they are
costly and they declare false emergencies because of clinically insig-
nificant small air leaks. Studies have shown that NIMV is as effective
as IMV for the treatment of acute respiratory failure (36). The least
correctly answered question by the nurses was the differences be-
tween intensive care ventilators and service ventilators; the percent-
age of nurses who answered this question correctly was 2.7%. The
reason for this situation might be that not all nurses have intensive
care experience, and thus, they have not performed any application
of intensive care ventilators.

CONCLUSION

It is obvious that the nurses’knowledge of NIMV, a therapy that is fre-
quently used in chest disease hospitals, should be improved. Consid-
ering the nurses’ different knowledge levels on different topics, the
development of evidence-based clinical guidelines and protocols is
recommended. Basic and continuing education programs should be
organized for nurses who play active roles in the field of NIMV ap-
plication. In this training program, nurses should be informed about
what to do before, during, and after NIMV application; what they
should pay attention to; and what they are responsible for. In addi-
tion, all the equipment should be introduced to them, and their tasks
should be determined. In addition to theoretical training, implemen-
tation training should also be performed, and it should be ensured
that the procedures are diligently practiced.
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