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Abstract
Background: Patients under mechanical ventilation are at risk of 
ventilator-associated complications. One of these complications 
is lung injury due to high tidal volume. Nurses’ competence in 
mechanical ventilation is critical for preventing ventilator-associated 
complications. This study assessed the effects of feedback and 
education on nurses’ clinical competence in mechanical ventilation and 
accurate tidal volume setting.
Methods: This single arm pretest-post-test interventional study was 
conducted in 2019 at Shariati hospital affiliated to Tehran University 
of Medical Sciences.
Participants were 75 conveniently selected nurses. Initially, nurses’ 
clinical competence in mechanical ventilation and ventilator parameters 
of 250 patients were assessed. A mechanical ventilation -based 
feedback and education intervention was implemented for nurses. 
Finally, mechanical ventilation clinical competence of nurses and 
ventilator parameters of 250 new patients were assessed. Moreover, 
patients’ height was estimated based on their ulna length and then, their 
predicted body weight was calculated using their estimated height. 
Accurate tidal volume was determined per predicted body weight.  
Results: The mean score of nurses’ clinical competence increased 
from 8.27±3.09 at pretest to 10.07±3.34 at post-test (p<0.001). The 
mean values of both total tidal volume and tidal volume per kilogram 
of predicted body weight were significantly reduced respectively 
from 529.84±69.11 and 9.11±1.73 (ml) at pretest to 476.30±31.01 and 
7.79±1.14 (ml) at post-test (p<0.001). 
Conclusion: The feedback and education intervention is effective in 
promoting nurses’ clinical competence in mechanical ventilation and 
reducing tidal volume. Thereby, it can reduce lung injuries associated 
with high tidal volume and ensure patient safety. 
Keywords: Body weight, Clinical competence, Educational status, 
Lung injury, Tidal volume
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Introduction
Each year, many patients need advanced respiratory 
support and Mechanical Ventilation (MV) due to 
affliction by critical conditions (1). Despite the 
increasing prevalence of Non-Invasive Ventilation 
(NIV), Invasive MV (IMV) is still used in many 
clinical settings (2,3). Moreover, in some countries 
like Iran, there are various barriers to the use of NIV 
and hence, IMV is routinely used (4).
Inappropriate ventilator settings can result in 
Ventilator-Associated Lung Injury (VALI). VALI 
happens due to barotrauma, volutrauma, biotrauma, 
atelectrauma, cyclic atelectasis, and oxygen toxicity  
(5,6). The prevention and management of VALI 
depend on the use of Lung Protective Strategies 
(LPSs) with appropriate ventilator setting (6,7).  
An important strategy for VALI prevention among 
patients under MV is accurate determination of the 
tidal volume (Vt). 
Vt should be determined based on patients’ ideal 
or Predicted Body Weight (PBW) which should be 
calculated based on patients’ height and gender (8,9). 
Moreover, Vt for all patients under MV should be 
set at low values (10). Previously, Vt for patients 
receiving positive pressure ventilation was set as 
high as 10–15 (ml/kg) in order to prevent atelectasis. 
However, current LPSs recommend that a low Vt of 
6-8 (ml/kg PBW) reduces the risks of VALI and death 
(8,11)
Despite the importance of accurate Vt determination, 
some studies revealed its inaccurate determination. 
For instance, a study in the United Kingdom showed 
that healthcare providers had limited knowledge 
about PBW-based Vt determination and calculated 
Vt based on patients’ actual weight (12). Similarly, 
several studies reported the wide prevalence of 
inaccurate Vt determination based on the visual 
estimation of weight or height which in most cases 
was associated with overestimation of body weight 
(9,13). Moreover, studies showed that LPSs and low 
Vt were not routinely used for patients under MV 
(14,15).For example, a study on 1905 patients in 
six Intensive Care Units (ICUs) in the United States 
reported that 40% of them received a Vt of more than 
8 (ml/kg PBW) (16).
Although primary ventilator settings should be 
determined by medical specialists, most attending 

physicians and nurses are involved in determining 
and controlling ventilator settings. During their daily 
practice, nurses control and document ventilator 
settings and inform physicians about them because 
nurses are responsible for providing top quality care, 
preventing adverse consequences (17), ensuring 
patient safety, and detecting errors, negligence, and 
potential risks (18,19) These responsibilities are 
especially important in case of care delivery to patients 
under MV who either have altered consciousness 
or are unable to talk (17). Nurses’ wise MV-related 
decisions can reduce complications among patients, 
facilitate the early diagnosis of MV-related problems, 
and improve the accuracy of ventilator setting (20).
Adequate knowledge and skills are the most basic 
prerequisites for accurate Vt determination and effective 
VALI prevention. Nonetheless, various studies reported 
nurses’ limited MV-related knowledge and skills. A 
study in South Africa showed that the level of MV 
competence among ICU and non-ICU nurses was 50 
and 38%, respectively (21). Another study in Australia 
reported that although nurses had good knowledge 
about LPSs, they had different levels of confidence and 
autonomy in their implementation (22). Similarly, a 
study on emergency nurses in Canada showed limited 
in-service education, lack of competence evaluation, 
and irregular use of guidelines and protocols as the main 
safety concerns for patients under MV in emergency 
departments (23).
Feedback and education are important strategies 
for promoting nurses’ clinical competence in MV. 
Feedback is a key component of education, without 
which errors are not corrected and learning is not 
effective. A constructive feedback on weaknesses can 
modify clinical practice, enhance care quality, and 
improve patient outcomes (24). Some earlier studies 
evaluated the effects of feedback and education on 
clinical outcomes. For instance, a study on physicians 
and nurses in Netherlands found that feedback and 
education were effective in reducing the rate of high 
Vt (25). Another study in Australia showed that audit, 
feedback, and education were effective in improving 
access to best practice models of rehabilitation 
services among hospitalized patients with stroke (24). 
However, a study showed that audit and feedback had 
small effects on anticoagulant use among patients 
with atrial fibrillation and hence, recommended 
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multi-component interventions consisting of audit, 
feedback, education, and inter-professional dialogue 
for producing better results (26).
Most previous studies into the effects of education 
and feedback were conducted in developed countries 
and on physicians or physicians and nurses. In 
other words, there are limited data on the effects 
of education and feedback on nurses in developing 
countries like Iran. Therefore, the current study was 
conducted to narrow this gap. 
The aim of the study was to evaluate the effects 
of feedback and education on nurses’ clinical 
competence in MV and accurate Vt.

Materials and Methods
Design
This single arm pretest-post-test interventional study 
was conducted in April–September 2019 in Shariati 
Hospital affiliated to Tehran University of Medical 
Sciences.

Setting and sample
Study setting consisted of all medical-surgical wards, 
critical care units, and emergency departments 
of Shariati Hospital, Tehran, Iran. There were two 
emergency departments, and five critical care units in the 
study setting. Moreover, the medical-surgical wards of 
the hospital were orthopedics, neurology, rheumatology, 
cardiology, gastroenterology and endocrinology, surgery, 
respiratory, urology, nephrology, and hematology. There 
was a critical care team in the hospital for care delivery 
to patients who received MV in general wards.
The main study participants were 35 nursing staff and 
40 in-charge nurses, head nurses, and supervisors. 
Head nurses and supervisors were included because 
they supervised nurses’ MV-related practice. Inclusion 
criteria were bachelor’s degree or higher in nursing 
and consent for participation. Exclusion criteria were 
voluntary withdrawal from the study, retirement, or 
service abandonment. Moreover, 500 adult patients 
aged more than eighteen years who were receiving 
volume-controlled IMV were included for Vt 
assessment before (n=250) and after (n=250) the study 
intervention. The only inclusion criterion for patients 
was no injury in the forearms and arms.
Effect size was used for determining sample size. 
Accordingly, with a power of 0.90, a confidence level 

of 0.95, and an effect size of 0.55, the sample size 
calculation formula (Figure 1) revealed that 35 nurses 
were required for the study. At least, two nurses were 
conveniently selected from each of the wards of 
the study setting. The same sample size calculation 
formula (Figure 1) also revealed that with a power 
of 0.90, a confidence level of 0.95, and an effect size 
of 0.21, 238 patients were needed. Accordingly, 250 
patients were selected for pretest Vt assessment and 
another 250 patients were selected for post-test Vt 
assessment. 

Figure 1. Sample size formula.

Data collection
Nurses’ data were collected using a demographic 
questionnaire and a researcher-made MV clinical 
competence scale. The items of the demographic 
questionnaire were on age, gender, educational level, 
history of participation in MV-related continuing 
education programs, work experience, and 
organizational position. The MV clinical competence 
scale was developed through reviewing the existing 
literature. It had two main parts. The first part 
had just one self-report item on nurses’ perceived 
competence in working with ventilator scored on a 
1-10 scale. Its second part contained eighteen items in 
two dimensions, namely “ventilator setting and MV-
related complications” and “two scenarios for setting 
ventilator for two patients”. The first scenario was 
related to a patient with no lung injury who needed 
postoperative MV for 24 hours. The second scenario 
was related to a patient with chronic obstructive 
pulmonary disease who was under MV. Each correct 
answer to items was scored 1 and each wrong or 
blank answer was scored zero. Therefore, the total 
score of the second part of the scale was 0-18, with 
higher scores showing greater clinical competence in 
MV. Nurses were asked to complete the demographic 
questionnaire and the MV clinical competence scale 
through the self-report method.
Patients’ data were also collected using a demographic 
questionnaire and a ventilator data sheet. The items 
of the demographic questionnaire were on age, 
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gender, height, hospitalization ward and the items of 
the ventilator data sheet were on ventilation mode, 
respiratory rate, Fraction of inspired oxygen (FiO2), 
Vt, trigger, inspiratory flow rate, PEEP, and pressure 
support. For accurate Vt determination, PBW of each 
patient was initially calculated based on height, gender, 
and age. Height was determined through measuring 
ulna length using a tape measure and gender- and 
age-adjusted PBW tables proposed in a former study 
(27). After that, PBW was calculated (8,9) and finally, 
the Vt value on ventilator was divided by PBW in 
order to determine Vt per kilogram of PBW. Patients’ 
demographic data were collected from their medical 
records. Initial data on their Vt, respiratory rate, FiO2, 
inspiratory flow, PEEP, trigger, and pressure support 
parameters were collected from ventilator screen or 
were collected from their medical records. 
The face and content validity of the study instruments 
were assessed by ten faculty members in nursing, 
anesthesiology, and pulmonology. For assessing the 
reliability of ulna length measurement, two of the 
authors independently measured the ulna length of ten 
patients and Kappa coefficient was 1. The reliability 
of the nurses’ MV clinical competence scale was also 
assessed through the test-retest method, in which ten 
nurses completed the scale twice with a two-week 
interval. Test-retest correlation coefficient was 0.80.

Intervention
Study intervention consisted of feedback and 
education. Initially, nurses’ clinical competence 
in MV was assessed, the data were analyzed, and 
findings were presented to them in the form of 
tables and diagrams in order to inform them about 
their current status. Then, a three-hour MV-related 
educational session was held for nurses (from 
08:30 to 12:00) with a thirty-minute interval. At the 
beginning of the session, nurses were provided with 
the findings of the primary assessment of their clinical 
competence in MV. Accordingly, they became aware 
of their MV practice. Then, they were provided with 
educations about accurate ventilator setting, VALI, 
injuries associated with inaccurate Vt determination, 
the formula for accurate Vt determination, accurate 
PBW calculation based on height, and accurate 
height calculation based on ulna length. Educations 
were provided through the lecture method and using 

teaching aids and participants exercised ulna length 
measurement, height calculation based on ulna 
length, and PBW calculation based on height. After 
the educational session, the first author independently 
or together with the members of the critical care team 
of the hospital attended different hospital wards 
and provided other nurses with educations about 
ulna length measurement, height calculation, PBW 
calculation, and accurate Vt determination based 
on PBW. Educations were provided in-person or 
in groups and while nurses were providing care to 
patients under MV or while they were in nursing 
station. Moreover, educational posters related to 
ulna length measurement, height calculation, PBW 
calculation, and accurate Vt determination based on 
PBW were hung in the wards. The intervention lasted 
two months. After the intervention, nurses’ clinical 
competence in MV was reassessed using the MV 
clinical competence scale and their Vt determination 
skill was reexamined through assessing the ventilator 
settings of 250 new patients.

Data analysis
Data were analyzed using the Statistical Package 
for the Social Sciences (SPSS) software  (Version 
16.0). The independent-sample t and the Chi-square 
tests were used to compare the two groups of patients 
recruited for pretest and post-test Vt assessment 
respecting their demographic and clinical characteristics. 
The pretest and post-test mean values of Vt were also 
compared using the independent-sample t test, while 
the pretest and post-test mean scores of nurses’ clinical 
competence in MV were compared using the paired-
sample t test. p values less than 0.05 were considered 
significant.

Ethics and research approvals 
This study was approved by the institutional research 
ethics committee at School of Nursing and Midwifery 
and Rehabilitation of Tehran University of Medical 
Sciences, Tehran, Iran (Code: IR.TUMS.FNM.
REC.1398.026). Informed consent was obtained from 
all nurses and they were assured that their data would 
be managed confidentially.

Results
The means of participating nurses’ age and work 
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experience were 34.01±8.56 and 11.23±8.31 years, 
respectively. Most nurses were female (85.3%) and 
worked in medical-surgical wards and emergency 
departments (68%) (Table 1). 
There were no statistically significant differences 
between the two groups of patients respecting their 
age, gender, hospitalization ward, and calculated 
height based on ulna length. However, the mean of 
post-test PBW was significantly greater than the 
pretest PBW (p=0.002). Most patients in both groups 
received MV with a respiratory rate of 10-12 per 
minute. Only 14% of patients at pretest received 

MV with a respiratory rate of 13-15 per minute. At 
post-test, this value increased to 32.4%. The between-
group difference respecting respiratory rate was 
significant (p<0.0001). The post-test mean values 
of trigger and pressure support were significantly 
less than their corresponding pretest mean values 
(p<0.05), while the post-test mean value of PEEP 
was significantly greater than its pretest mean value 
(p<0.001) (Table 2).
The mean score of nurses’ clinical competence 
significantly increased from 8.27±3.09 at pretest to 
10.07±3.34 at post-test (p<0.001). However, there 

Table 1. Participating nurses’ characteristics
Characteristics N (%) or Mean±SD

Age (Years) 34.01±8.56

Gender
Male 11(14.7)
Female 64(85.3)

Work experience (Years) 11.23±8.31
ICU work experience (Years) 4.13±5.37

Educational level
Bachelor’s 67(89.3)
Master’s 8(10.7)

Participation in critical care continuing 
education programs

Yes 31(41.3)
No 44(58.7)

Ward
ICU 24(32)
Medical-surgical or emergency 51(68)

Table 2. Comparison of participating patients’ demographic and clinical characteristics

p valuepost-test 
N (%) or Mean±SD

pretest 
N (%) or Mean±SD

Time
Characteristics

0.089*55.92±16.053.22±18.26Age (Years)

0.366^
148(59.2)137(54.8)Male

Gender
102(40.8)113(45.2)Female

0.138^
196(78.4)209(83.6)ICU

Ward
54(21.6)41(16.4)Medical-surgical or emergency

0.093*166.12±16.46163.68±16.01Height based on ulna length (Centimeters)
0.002*61.87±8.7959.37±8.81PBW based ulna length (Kilograms)

< 0.001^
169(67.6)215(86.0)10–12Respiratory 

rate

Ventilator 
setting

81(32.4)35(14.0)13–15
0.005*3.64±0.9364.33±3.77Trigger

< 0.001*5.24±1.454.76±1.17PEEP
0.394*56.60±11.9257.59±13.99Flow
0.001*11.85±2.4412.65±2.86Pressure Support
0.665*54.02±9.6353.66±8.90Fio2

0.474^
8(2.4)4(1.6)Assist

Mode 3(1.2)4(1.6)CMV
239(95.6)242(96.8)SIMV/SIMV+PS

*: The results of the independent-sample t test; ^The results of the Chi-square test
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was no statistically significant difference between the 
mean scores of their perceived clinical competence 
(p=0.322) (Table 3).
The mean value of total Vt was also 529.84±69.11 
(ml) at pretest which was significantly reduced to 
476.30±31.01 (ml) at post-test (p<0.001). Moreover, 
the mean value of Vt per kilogram of PBW was 
9.11±1.73 (ml) at pretest which was significantly 
reduced to 7.79±1.14 (ml) at post-test (p<0.001). 
As MV protocols recommend the initiation of MV 
with a Vt of 8 (ml/kg) and gradually reducing to 6 
(ml/kg) (28), initial Vt data was divided into the 
two categories of equal to or less than 8 and more 
than 8. Findings revealed that 68.8% of patients at 
pretest received MV with a Vt of more than 8 (ml/kg 
PBW). This value significantly decreased to 36.1% at 
post-test (p<0.001) (Table 3). 

Discussion
This study sought to evaluate the effects of feedback 
and education on nurses’ competence in MV and 
accurate tidal volume. Results showed that the 
feedback and education intervention significantly 
improved nurses’ clinical competence in MV and 
reduced Vt for patients under MV.
Before the intervention, most patients in the study 
setting received MV with a high Vt of more than 8 (ml/
kg PBW). High Vt can cause different complications 
such as inflammatory lung conditions, alveolar 
overdistension, and even death (6,29,30). A study on 
1905 patients hospitalized in six ICUs in the United 
States showed that although the mean of Vt was 6.8 
(ml/kg PBW), 40% of patients received MV with a Vt 
of more than 8 (ml/kg PBW) (16). A multicenter study 
in sixteen ICUs in the United Kingdom also showed 

that the mean of Vt for patients under MV was 7.2±1.4 
(ml/kg PBW) (31). Another study on 433 patients in 
three emergency departments in the United States 
revealed that 60.3% of them received protective MV 
with low Vt (32). These findings, which are contrary 
to our findings, highlight the importance of MV with 
low Vt in developed countries.
Study findings also showed that the feedback and 
education intervention of the study was effective in 
significantly reducing Vt from 9.11±1.73 (ml/kg PBW) 
at pretest to 7.79±1.14 (ml/kg PBW) at post-test and 
hence, most patients at post-test received MV with a 
Vt of less than 8 (ml/kg PBW). The significant effects 
of the feedback and education intervention might 
have been due to the focus of this intervention on the 
existing problems (11) In line with these findings, a 
study in Netherlands showed that feedback-education 
for physicians and nurses significantly reduced Vt 
for patients under MV (25). Another study in the 
United States showed the effectiveness of a lung 
protective intervention implemented using journal 
club review, lectures, and education in significantly 
reducing Vt for patients under MV (33). Moreover, 
a study conducted from 2007 to 2014 on 2185 
patients in emergency departments of United States 
showed that the mean of initial Vt was 9±1.4 (ml/kg 
PBW) which was significantly reduced after eight-
month quality improvement interventions. These 
interventions consisted of lecture-based education for 
physicians and height-adjusted Vt cards attached to 
all ventilators (34). A study in the United Kingdom 
also indicated that the use of large screens which 
displayed Vt delivered to patients significantly 
reduced Vt from 7.7±2.1 to 7.0±2.0 (ml/kg PBW) 
(35).  Another study in Netherlands revealed the 

Table 3. Comparing the pretest and the post-test values of nurses’ clinical competence and Vt-related outcomes

p valuepost-test 
N (%) or Mean±SD

pretest 
N (%) or Mean±SD

Time
Characteristics

0.322^6.68±2.346.38±2.15Perceived (in the range of 1–10)
Nurses’ competence in MV

< 0.001^10.07±3.348.27±3.09Total (in the range of 1–18)

< 0.001*476.30±31.01529.84±69.11Vt value on ventilator (ml)

< 0.001*7.79±1.149.11±1.73Vt (ml/kg PBW)

< 0.001**
90(36.1)172(68.8)> 8 (ml/kg PBW)Vt 

(ml/kg PBW) 160(63.9)78(31.2)≤ 8 (ml/kg PBW)
*: The results of the independent-sample t test;         **: The results of the Chi-square test;          ^: The results of the paired-sample t test
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effectiveness of feedback and education respecting 
lung protective MV in significantly reducing Vt from 
9.8±2.0 to 8.1±1.7 (ml/kg PBW) (11). Our findings 
also showed the effectiveness of the feedback and 
education intervention in significantly increasing 
PEEP value set on ventilator. LPSs state that PEEP 
value should be increased when Vt is decreased 
(6,36). Moreover, study findings showed significant 
increase in respiratory rate and significant decrease 
in trigger and PS after the feedback and education 
intervention. These findings are attributable to the 
fact that before the present study, there were no lung 
protective guidelines in the study setting and most 
physicians and nurses relied on their experiences for 
setting MV parameters.
It was also found that before the intervention, nurses 
had limited competence in accurately determining 
MV parameters. A former study on critical care 
nurses in South Africa also showed that most of them 
had limited competence in MV (37). Another study 
on emergency nurses in Australia showed that they 
had different levels of confidence and autonomy 
in using lung protective strategies (22). Although 
nurses’ perceived clinical competence in MV did not 
significantly change in the present study, their mean 
score of clinical competence in MV significantly 
increased after the study intervention. A study in India 
also showed that education significantly increased 
nurses’ knowledge about ventilator-associated 
complications (38). Studies on other care-related 
outcomes also reported the positive effects of 
feedback and education. For instance, a study in the 
United Kingdom showed feedback and education 
improved proper antibiotic choice for patients with hip 
fracture surgery by 94% (39). Another study showed 
that feedback and education for nurses during the 

placement of peripheral venous catheter significantly 
improved their peripheral venous catheter insertion 
skill (40). Our findings also indicated that most of 
the recruited nurses had not participated in critical 
care continuing education programs and did not have 
the basic qualifications for critical care practice. 
These findings highlight the importance of providing 
critical care nurses with quality education about MV, 
particularly accurate Vt determination. Nurses are the 
only healthcare providers who constantly deal with 
hospitalized patients. Therefore, they need to have 
adequate knowledge about MV in order to prevent 
VALI (41).

Conclusion
Nurses have an important role in preventing 
lung injuries of patients under ventilator due to 
their regular clinical presence. The feedback and 
education intervention is effective in significantly 
promoting nurses’ clinical competence in MV and 
improving their Vt determination skill. Therefore, 
this intervention can be used in healthcare settings 
to improve patient outcomes and patient safety and 
reduce VALI. 
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