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Background: Lung ultrasound (LUS) is a noninvasive point-of-care diagnostic tool used to assess the presence
and severity of various lung disorders and has been widely used in acute care settings for more than two decades.
Respiratory therapists (RTs) play a vital role in managing patients on ventilation and other patients requiring
respiratory support. However, the incorporation of LUS into the scope of practice of RTs has not been well
highlighted despite the prominence of their practice in acute care. This international cross-sectional survey was
specifically designed to evaluate the knowledge, attitude, and practice of RTs with respect to lung ultrasonography.
Methods: This observational cross-sectional study was conducted among RTs from different parts of the world
using a questionnaire-based study tool. In total, 514 RTs responded to all the questions and were considered for
statistical analysis. Descriptive statistics, analysis of variance, Fisher’s exact, Chi-square, Bonferroni posz-boc analy-
sis, and binomial logistic regression analyses were performed to identify the significance of the data.

Results: The majority of the 514 RTs who responded to the survey were from Middle Eastern countries. Out of the
514 responders, 44.9% of the responders were in the age group of 23-30 years; 67.1% were bachelor’s degree holders;
and 40.9% of participants had more than 10 years of experience. The knowledge-based questions revealed that RTs
with higher experience and academic qualification provided more positive responses while in the attitude-related
domain it was observed that standardized training in LUS helps them to enhance the current practice and to add
LUS to the academic curriculum of respiratory therapy schools. However, barriers to practice LUS remains based
on their responses. The practice-based questions revealed that RTs expected some additional seminars/workshops/
webinars to be conducted on LUS. More than half of the participants were found to be knowledgeable with a posi-
tive attitude and working towards the inclusion of LUS in the respiratory therapy profession.

Conclusion: RTs have a positive attribute towards the inclusion of LUS in their clinical practice. Providing more
structured training for professional RTs and including LUS modules in the respiratory therapy school curriculum
may facilitate mastering their diagnostic skills, thereby expanding the scope of practice.
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Background

Over the past two decades, the utility of lung
ultrasound (LUS) has revolutionized and is now an
inevitable tool in assessing and managing critically ill
patients [1]. LUS is a radiation-free imaging tool that
is noninvasive, portable, and rapid, allowing the real-
time examination of pulmonary and related structures.
Many studies, including meta-analyses, that compared
LUS with chest X-ray suggested its higher sensitiv-
ity and similar specificity in detecting disorders such
as pleural effusion, pneumonia, pneumothorax, and
pulmonary edema [2-5]. LUS also provides vital in-
formation at the bedside on lung aeration, ventilation
distribution, and respiratory complications in ven-
tilated patients [6-10]. Moreover, a comprehensive
ultrasonographic approach, including LUS, echocardi-
ography, and diaphragmatic ultrasound, offers detailed
information that could help clinicians individualize
ventilator settings in these patients.

Apart from acute care areas, LUS is found to be
beneficial in other related clinical settings such as car-
diology and rheumatology to assess the presence and
severity of diverse related lung conditions. Integrat-
ing LUS with traditional echocardiography provides
an integrated cardiopulmonary analysis and facilitates
cardiologists in the diagnosis and management of
acute and chronic cardiopulmonary conditions [11].
Similarly, LUS was also found to have a high diagnos-
tic accuracy and significant correlation with the high-
resolution computed tomography findings, thereby
playing an important role in the diagnosis and man-
agement of rheumatoid disorders like interstitial lung
diseases [12].

Respiratory therapists (RTs) are healthcare pro-
fessionals who specialize in the evaluation and treat-
ment of patients of diverse age groups presenting with
respiratory and related disorders. They possess the
knowledge, skill, and ability to offer a wide scope of
diagnostic and therapeutic procedures based on the re-
quirements. Evidence supports the importance of RTs
and RT-driven care in improving patient outcomes
and reducing morbidities [13-15]. It is also of interest
that an outcome with decreasing costs and increased
compliance with established practice guidelines with-
out any increase in adverse events was observed in

RT-driven care compared to the care directed by phy-
sicians [16]. RTs, as one of the primary practitioners of
mechanical ventilation, play a pivotal role in identifying
and fixing various ventilator/ventilation-related disor-
ders, and LUS may facilitate their diagnostic abilities
in the diagnosis of various respiratory derangements
such as pneumothorax, pulmonary edema, etc. [17].
Nevertheless, it is not currently included as one of the
standard practices in respiratory therapy profession.

Despite the paucity of literature on international
consensus on education, assessment of competencies,
and certification on LUS, these available studies de-
scribed the need for training sessions of 1-3 days with
alternating theoretical and hands-on sessions [18-21].
Anecdotal studies have also shown the positive out-
comes of a 1-day training for physicians [22], 2-day
training session for paramedics [23], and 0-12 hours
of training for nurses and medical students resulting in
the identification of B-lines and pleural effusions [24].
Another training study on a multidisciplinary group of
professionals including physicians and RTs concluded
the effectiveness of LUS training with a 2-hour video
lecture, followed by 25 supervised scans [25].

In one of the pioneering studies on LUS train-
ing for RTs, the authors concluded that RTs trained
in ultrasound are independently capable of performing
LUS with an accuracy of > 95% [26]. Another recently
published study concluded that a 2-day (16 hours) of
training resulted in a post-test outcome of > 60% of
the total score in 96% of the participants, reflecting
the importance of didactic theory sessions and practi-
cal sessions [27]. A scoping review published on the
involvement of RTs in LUS identified seven papers
that incorporated different approaches of ultrasound
training for RTs and concluded that training LUS
skills for RTs seems feasible but needs global stand-
ardization [28].

It is evident that despite the increasing trend of
the potential of LUS in the diagnostics and therapeu-
tic areas of respiratory care, a global standardization
of including this tool within the scope of practice of
RTs is yet to be achieved. Therefore, this first cross-
sectional international survey designed specifically for
RTs was performed to set a benchmark regarding their
insights on the knowledge, attitude, and practice re-
garding LUS. We understand that such a survey will
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give understanding to the global practice, and specific
measures might be considered to include this imag-
ing tool within the scope of practice of RTs. We also
anticipate that the outcome of this project will serve
as a point of reference for policy makers and for the
upcoming investigations related to the subject matter.

Methods

Study design

This observational cross-sectional survey adopted
snowball sampling techniques through emails, pro-
fessional social networks, respiratory therapy profes-
sional societies, and RTs of various countries. The
survey targeted RTs worldwide with diverse educa-
tional backgrounds, age groups, and sex. We devel-
oped the survey on an online survey platform (Google
Forms). The study was conducted from January 2022
to May 2022. The study was approved by the institu-
tional ethical committee of Srinivas University, India

(SUEC:2018/001).
Study participants

The targeted participants were RTs with no re-
strictions to age, sex, educational background, profes-
sional experience, and country where they work. An
informed consent was obtained from all the partici-
pants. RTs who gave the consent to participate and
were working in academic and clinical settings were
included in the study. RTs who denied the consent to
participate and those who did not complete the survey
were automatically excluded from the study.

Questionnaire development

The survey questionnaire was created in English.
Previous studies describing the applications of LUS
and the competencies required were reviewed [14-18].
The authors and two critical care physicians, who are
experienced in LUS and research, developed the ques-
tionnaire to investigate the objectives of the study. A
five-member panel of experienced critical care physi-
cians and senior RTs carried out the content validation

of the questionnaire. The panel examined the core con-
tent, language, appropriateness of questions for vari-
ous domains, scoring patterns, etc. A pilot survey was
conducted with an experimental group of 20 randomly
selected participants of various ages, sex, qualifica-
tion, and experience. The internal consistency of the
responses to the questions of knowledge, attitude, and
practice domains in the pilot group was analyzed us-
ing Cronbach’s alpha reliability test, with an acceptable
result of 0.736 (> 0.6).

The survey was segregated into the demographic
and questionnaire segments. In the demographic seg-
ment, respondents’ basic information such as sex, age,
nationality, geographical location, educational quali-
fication, and work experience in years were collected.
The questionnaire segment contained 18 questions,
with 6 questions each in knowledge, attitude, and
practice sections. The objective of the questionnaire
(Supplementary file 1) was to assess the knowledge,
attitude, and practice of RTs regarding LUS, to com-
pare the knowledge, attitude, and practice regarding
LUS amongst RTs across the world, and to investigate
the factors that can facilitate LUS practice in the RT
profession.

1. Knowledge: This domain focused on the tech-
nical and clinical knowledge of RTs in LUS.

2. Attitude: This domain focused on the sub-
jective perspectives of the RTs regarding the
training, clinical, and future application of
LUS.

3. Practice: The practice domain focused on the
subjective exposure, training, and practice ses-
sions of the RTs with LUS.

Data analysis

All data was populated in Microsoft Excel (2013,
Redmond, WA, United States) and then transferred to
SPSS statistical software (SPSS, v.28; IBM, Armonk,
NY, United States) for analysis. The distribution of all
qualitative variables, both demographic and other vari-
ables (i.e., close-ended) of samples were examined with
frequency tables. The descriptive statistics was done us-
ing mean and standard deviation or median and quar-
tile deviation. The mean score of survey domains were
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compared between sexes using independent sample #-
test. Analysis of variance (ANOVA) was used to find
the difference among demographic information such as
age, work country, educational qualifications, and their
experience based on knowledge, attitude, and practice
scores. Bonferroni post-hoc analysis was performed to
determine the significant difference between groups.
Chi-square and Fisher’s exact tests were performed
to find the association between demographic domains
and the ‘barriers to practice’ related question. Statistical
significance was set at p (two-tailed) < 0.05. Binomial
logistic regression analysis was also performed between
the dependent and independent variables to explore the
values of the study outcome.

Results

A total of 514 RTs from 22 countries responded
to this survey. The age of the participants ranged from
23-50, and most respondents were between 23-30
years (n = 231, 44.9%). The sex distribution was com-
parable between males (7 = 250, 48.6%) and females
(n =260, 50.6%), with four respondents preferring not
to disclose their sex. Most of the respondents were
bachelor’s degree holders (n = 345, 67.1%) followed
by diploma holders. Though the group was small, there
were doctorate degree holders (7 = 7, 1.4%) among the
respondents. Most RTs were highly experienced with
more than 10 years (n = 210, 40.9%). More RTs work-
ing in the Kingdom of Saudi Arabia responded to the
survey (7 = 109, 21.2%), followed by the United Arab
Emirates, India, the United States, and Canada. The
distribution of the demographic variables (age, sex,
academic qualification, years of experience, and work
country) were examined with frequency tables pre-
sented in Table 1.

Descriptive statistics were calculated with mean
and standard deviation for the knowledge domain
questions. The correct answer rates of the six questions
on the LUS knowledge questions ranged between
0-100%. The mean knowledge score was 2.80 + 1.49
(range: 0-6) suggesting an overall 46.60% correct
rate on the knowledge domain. Median and quartile
deviation was calculated for attitude and practice-
based questions as these domains were measured on

Table 1. Demographic details of the participants.

Demographic characteristics Frequency Percentage

Age

23-30 231 449
>30-40 187 36.4
>40-50 78 15.2
> 50 18 3.5
Sex

Male 250 48.6
Female 260 50.6
Prefer not to say 4 0.8
Academic qualification

Bachelor’s 345 67.1
Diploma/Associate’s 83 16.1
Intern 15 2.9
Master’s 57 11.1
On-the-job trainee 7 1.4
Ph.D. 7 1.4
Years of experience

0-2 years 104 20.2
>2-5 years 99 19.3
>5-10 years 101 19.6
>10 years 210 40.9
Country where the respondent

currently works

Bahrain 11 2.1
Canada 56 10.9
India 86 16.7
KSA 109 21.2
Philippines 18 3.5
Qatar 44 8.6
UAE 89 17.3
USA 75 14.6
Others 26 5.1

Ph.D., Doctor of Philosophy; KSA, Kingdom of Saudi Arabia;
UAE, United Arab Emirates; USA, United States of America.

an ordinal scale (Table 2). One of the attitude-based
questions (Q. 12) related to the ‘barriers’ was analyzed
separately due to its nature.

The frequency for each question under knowl-
edge, attitude, and practice were calculated and pre-
sented in Table 3. The right and wrong answers in the
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Table 2. Response rate of the participants.

Dependent variables Mean + SD Median (Quartile Deviation)
Knowledge 2.80 + 1.49

Attitude 418 +1.29 5.00 (4.00-5.00)
Practice 2.19+1.73 2.00 (1.00-4.00)

SD, Standard deviation.

Table 3. Knowledge, attitude, and practice questionnaire analysis.

Knowledge-based questions Correct, 7 (%) Incorrect, 1 (%)
Q1: LUS emits radiation (No) 387 (75.3) 127 (24.7)
Q2: Image identification (Pleural reverberation artifacts) 164 (31.9) 350 (68.1)
Q3: Image identification (Bat sign) 276 (53.7) 238 (46.3)
Q4: Image identification (Pleural effusion) 214 (41.6) 300 (58.4)
Q5: Image identification (Pulmonary edema) 198 (38.5) 316 (61.5)
Q6: Sea shore in M-mode (Normal lung) 198 (38.5) 316 (61.5)
Attitude-based questions Yes, n (%) No/not sure, 1 (%)
Q7: LUS within the scope of RTs? 430 (83.7) 84 (16.3)
Q8: LUS promotes safety culture? 439 (85.4) 75 (14.6)
Q9: Need of training for RTs? 454 (88.3) 60 (11.7)
Q10: RTs are competent to do LUS? 377 (73.3) 137 (26.7)
Q11: LUS module in RT school curriculum? 446 (86.8) 68 (13.2)
Q12: Barriers for RTs to do LUS?

Practice-based questions Yes, 1 (%) No, 7 (%)
Q13: Previous learning in LUS? 267 (51.9) 247 (48.1)
Q14: Any formal certification in LUS? 36 (7.0) 478 (93.0)
Q15: Any hands-on experience in LUS? 134 (26.1) 380 (73.9)
Q16: Any feedback on your experience in LUS? 176 (34.2) 338 (65.8)
Q17: Any assistance offered to others in LUS? 244 (47.5) 270 (52.5)
Q18: Ever been an advocate for LUS in RT profession? 269 (52.3) 245 (47.7)

LUS, Lung ultrasound; RT, Respiratory therapist.

knowledge-based domain and the responses of the
attitude-based and practice-based domains were re-
corded individually with frequency and percentage to
validate the strength of each question.

In question 1, the majority of the respond-
ents were aware that LUS does not emit radiation
(n = 387, 75.3%). Question 9 regarding the require-
ment of LUS training for RTs (7 = 454, 88.3%) and
question 11 on the inclusion of an LUS module to RT
school curriculum (7 = 446, 86.8%) were found to have
a more positive attitude in the group of attitude-based

questions. Similarly, among the practice-based ques-
tions, question 18 on the advocacy of LUS in the RT
profession (7 = 269, 52.3%) and question 13 regarding
previous learning in LUS (n = 267, 51.9%) reflected
the keenness of the respondents to learn LUS and in-
volve LUS in their practices. More than half of the
participants were found to be knowledgeable with
positive attitudes and working towards including LUS
in the RT profession.

The mean score of knowledge, attitude, and prac-
tice were compared between male and female sexes
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Table 4. Comparison of sex in the knowledge, attitude, and practice scores.

Domain Sex n Mean SD t P
Knowledge Male 250 2.6080 1.55951
2.55 0.01*
Female 260 2.9423 1.39516
Attitude Male 250 4.0280 1.49538
3.23 0.001*
Female 260 4.3808 0.91175
Practice Male 250 2.3680 1.69590
2.06 0.04*
Female 260 2.0538 1.74786

*, Statistically significant. SD, Standard deviation.

Table 5. Comparison of age groups in the knowledge, attitude, and practice scores.

Domain Age Group n Mean SD SE F P
Knowledge 23-30 231 2.6797 1.54398 0.10159 1.68 0.17
>30-40 187 2.8075 1.44257 0.10549
>40-50 78 2.9872 1.46379 0.16574
>51 18 3.3333 1.37199 0.32338
Total 514 2.7957 1.49303 0.06585
Attitude 23-30 231 4.1602 1.18519 0.07798 0.05 0.98
>30-40 187 4.1872 1.39208 0.10180
>40-50 78 4.1667 1.39029 0.15742
>51 18 4.2778 1.22741 0.28930
Total 514 4.1751 1.29344 0.05705
Practice 23-30 231 2.4156 1.74469 0.11479 4.92 0.002*
>30-40 187 2.1979 1.74701 0.12775
>40-50 78 1.7051 1.59633 0.18075
>51 18 1.3333 1.37199 0.32338
Total 514 2.1907 1.73223 0.07641

*, Statistically significant. SD, Standard deviation; SE, Standard error.

using independent sample #-test (Table 4). Knowledge,
attitude, and practice scores significantly differed be-
tween males and females (p < 0.05). Knowledge and
attitude scores regarding LUS were highest among
females: (2.94 + 1.40) and (4.38 = 0.91), respec-
tively. Practice scores on LUS were higher for males
(2.37 £ 1.70). The mean scores of knowledge, attitude,
and practice were compared between age groups using
ANOVA (Table 5). There was a significant difference
(p < 0.05) between age groups for practice scores re-
garding LUS. The youngest age group (23-30) had a
higher mean score (2.42 + 1.74) than other age groups.
Multiple comparisons between the age groups on the

responses of various domains were performed using
Bonferroni posz-hoc analysis. We observed a significant
difference in the responses of the practice domain be-
tween the age groups of 23-30 and 41-50 (p < 0.05).
The comparison between the rest of the groups was not
significant. Knowledge, attitude, and practice scores
significantly differed between work countries (p <
0.05) by applying ANOVA (Table 6). The mean scores
of participants from India were found to be highest
in all the domains such as knowledge (3.24 + 1.45),
attitude (4.51 £ 0.84), and practice (3.34 + 1.51) com-
pared to participants from the rest of the countries. The
post=hoc analysis revealed a significant difference in the
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Table 6. Comparison of country in the knowledge, attitude, and practice scores.

Domains Work country n Mean SD F ?
Knowledge Bahrain 11 2.2727 1.61808 3.92 < 0.001*
Canada 56 3.0536 1.36741
India 86 3.2442 1.45470
KSA 109 2.3394 1.34178
Philippines 18 1.8333 1.09813
Qatar 44 2.8636 1.19283
UAE 89 2.8764 1.62243
USA 75 2.8133 1.51295
Others 26 3.1154 1.90425
Total 514 2.7957 1.49303
Attitude Bahrain 11 3.8182 1.16775 7.77 < 0.001*
Canada 56 4.6250 61975
India 86 4.5116 .83658
KSA 109 3.5413 1.69166
Philippines 18 4.3333 .48507
Qatar 44 4.5227 190190
UAE 89 3.8202 1.51928
USA 75 4.5333 1.08221
Others 26 4.3846 1.13409
Total 514 4.1751 1.29344
Practice Bahrain 11 2.0909 1.51357 8.58 <0.001*
Canada 56 1.7500 1.68685
India 86 3.3372 1.50771
KSA 109 1.8532 1.60915
Philippines 18 1.7222 1.40610
Qatar 44 2.0909 1.50686
UAE 89 1.6067 1.74263
USA 75 2.3467 1.69653
Others 26 2.8462 1.91191
Total 514 2.1907 1.73223

*, Statistically significant. SD, Standard deviation; KSA, Kingdom of Saudi Arabia; UAE, United Arab Emirates; USA, United

States of America.

response was observed between India and the King-
dom of Saudi Arabia and the Philippines (p < 0.05),
and the differences among the other countries were
insignificant among the responses in the knowledge
domain. In the attitude domain, a significant differ-
ence was observed between Canada and the Kingdom
of Saudi Arabia and the United Arab Emirates, India
and the Kingdom of Saudi Arabia and the United

Arab Emirates, the Kingdom of Saudi Arabia and
Qatar, and the United Arab Emirates and the United
States (p < 0.05). In the practice domain, we observed
a significant difference between India and Canada,
the Kingdom of Saudi Arabia, the Philippines, Qatar,
the United Arab Emirates, and the United States
(p < 0.05). ANOVA was applied to qualifications

and domains. Knowledge and practice scores were
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Table 7. Comparison of academic qualification in knowledge, attitude, and practice scores.

Domains Academic qualification n Mean SD F ?
Knowledge Bachelor’s 345 2.6696 1.50419 6.11 < 0.001*
Diploma/associate 83 2.7108 1.33005
Intern 15 2.3333 1.44749
Master’s 57 3.7544 1.37945
Trainee 7 2.5714 0.97590
Ph.D. 7 3.4286 1.51186
Total 514 2.7957 1.49303
Attitude Bachelors 345 4.0464 1.39482 2.85 0.02*
Diploma/Associate 83 4.5181 0.83171
Intern 15 4.4667 0.63994
Masters 57 4.4035 1.23722
Trainee 7 3.5714 1.51186
Ph.D. 7 4.5714 0.78680
Total 514 4.1751 1.29344
Practice Bachelors 345 2.1797 1.69203 5.08 < 0.001*
Diploma/Associate 83 1.7711 1.72729
Intern 15 1.9333 1.22280
Masters 57 3.1228 1.85232
Trainee 7 1.4286 1.13389
Ph.D. 7 1.4286 1.61835
Total 514 2.1907 1.73223

*, Statistically significant. SD, Standard deviation; Ph.D., Doctor of Philosophy.

the highest among respondents with master’s degree
(3.75+1.38 and 3.12 + 1.85, respectively), whereas the
attitude score was the highest among the Ph.D. group
(4.57 £ 0.79) (Table 7).

After post-hoc analysis, we observed a significant
difference in the responses of the practice domain
between master’s degrees and interns, diploma, and
bachelor’s degrees (p < 0.05). A significant difference
in the attitude responses was observed between bach-
elor’s degree holders and diploma holders (p < 0.05).
In the practice domain, there was a significant differ-
ence between master’s degree holders and diploma and
bachelor’s degree holders (p < 0.05). There was a sig-
nificant difference (p < 0.05) in knowledge regarding
LUS. We observed that respondents with more than
10 years of experience had a higher score (3.02 + 1.47)
than the other groups. The group with 6-10 years of

experience scored higher than other groups in the

practice questions. Attitude scores were not corre-
lated with years of experience. We observed a signifi-
cant difference in the practice responses between the
0-2 years of experience and > 10 years of experience
(p < 0.05) after posz-hoc analysis. No statistical signifi-
cance was observed in the attitude responses amongst
the groups of years of experience (p > 0.05). In the
practice domain, there was a significant difference be-
tween those with 6-10 years and > 10 years of experi-
ence (p < 0.05) (Table 8). Logistic regression analysis
was performed between the dependent and inde-
pendent variables to predict the values of the study
outcome. The dependent variables were years of expe-
rience (up to 5 years and above 5 years of experience)
and academic qualifications (qualifications less than
bachelor’s degree and bachelor’s degree and above).
The independent variables were the knowledge, at-
titude, and practice scores. We attained a regression
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Table 8. Comparison of years of experience in knowledge, attitude, and practice scores.

Domains Years of experience n Mean SD F ?
Knowledge 0-2 104 2.5288 1.56389 2.99 0.03*

>2-5 99 2.6869 1.59493

>5-10 101 2.7129 1.31405

>10 210 3.0190 1.46722

Total 514 2.7957 1.49303
Attitude 0-2 104 3.8942 1.37183 2.34 0.07

>2-5 99 4.2222 1.13888

>5-10 101 4.3465 1.22013

>10 210 4.2095 1.34268

Total 514 41751 1.29344
Practice 0-2 104 2.4519 1.61233 3.98 0.01*

>2-5 99 2.1212 1.76284

>5-10 101 2.5446 1.81397

>10 210 1.9238 1.69827

Total 514 2.1907 1.73223
*, Statistically significant. SD, Standard deviation.
Table 9. Regression analysis among knowledge, attitude, and practice scores and years of experience.
Independent Degrees of 95% C1
variable B SE Wald freedom P Odds Ratio Lower Upper
Knowledge 0.155 0.064 5.920 1 0.015* 1.167 1.031 1.322
Attitude 0.121 0.072 2.847 1 0.092 1.128 0.981 1.298
Practice -0.105 0.055 3.634 1 0.057 0.900 0.808 1.003
Constant -0.272 0.330 0.680 1 0.410 0.762 NA NA
*, Statistically significant. CI, Confidence interval; SE, Standard error.
NA, Not applicable.
Table 10. Regression analysis among knowledge, attitude, and practice scores and academic qualifications.
Independent Degrees of 95% CI
variable B SE Wald freedom P Odds Ratio Lower Upper
Knowledge 0.065 0.080 0.655 1 0.418 1.067 0.912 1.247
Attitude -0.343 0.114 9.023 1 0.003* 0.710 0.568 0.888
Practice 0.224 0.071 9.848 1 0.002* 1.251 1.088 1.439
Constant 2.200 0.524 17.625 1 0.000 9.021

*, Statistically significant. CI, Confidence interval; SE, Standard error.

output that concluded knowledge and attitude had a
positive impact on the years of experience, as higher
experience resulted in an increase in knowledge and
attitude, whereas practice questions had a negative im-
pact on the years of experience (Table 9). Regression

analysis with academic qualification concluded that
knowledge and practice have a positive impact with
the higher academic qualification, whereas attitude
has a negative impact with the academic qualification

(Table 10).
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Question on barriers to practice LUS

There was a question in the attitude domain as fol-
lows: “If formally certified in lung ultrasound to enhance the
scope of practice, do you think that there will be barriers for
RT to perform lung ultrasound?” The options were: ) Yes
) Noc) Not sure. Table 11 shows that 50% of the respond-
ents mentioned that there might be barriers for the RTs
to practice LUS, even if they were formally certified. All
the independent variables such as demographic details
were analyzed against the attitude-based question on
barriers to practice LUS. Fisher’s exact test was applied
to find the association between age groups and barriers
to practice. No significant difference (Fisher’s exact test
= 11.59; p value = 0.07) was found between these two
variables, concluding that there was no association be-
tween age group of the RTs and barriers to practice LUS
(Figure 1, Table 12). The association between sex and
barriers to practice was analyzed using the chi-square

Table 11. Attitude domain question on barriers to practice
lung ultrasound.

Answer Frequency Percent

No 139 27.0
Not sure 117 22.8
Yes 258 50.2
Total 514 100.0

140

120

100

80

60

40

20

0

23-30 31-40

test. Overall, 52.4% of the male and 48.8% of the fe-
male RTs reported that there were barriers to LUS.
No significant difference (Chi-square = 5.44; p = 0.07)
was observed, concluding that there was no associa-
tion between sex and perception of barriers to prac-
tice LUS (Figure 2, Table 13). Fisher’s exact test was
performed to find the association between academic
qualifications and the barriers to practice-related ques-
tion. A significant difference (Fisher’s exact = 18.73;
2 = 0.04) was found indicating that there is an asso-
ciation between academic qualification of the RTs and
barriers to practice LUS (Figure 3, Table 14). The as-
sociation between the years of experience of the RTs
and their attitude towards the barriers to practice LUS
was assessed using the chi-square test. RTs who had
more than 10 years of experience in the field agreed that
barriers to practicing LUS remain even though they
are experienced. We identified a significant difference
(p < 0.05) between the years of experience and the at-
titude towards barriers to practice LUS (Figure 4,
Table 15). Fisher’s exact test was applied to find the asso-
ciation between work countries and barriers to practice-
related question. Nearly 50.2% of the RTs reported that
barriers exist for them to use the LUS irrespective of
the work country, while 27.0% of them responded that
there were no barriers. The remaining respondents were
unsure. There was a significant difference (Fisher’s exact

= 46.68; p = 0.001) (Figure 5, Table 16).

119
93
70
50
42 44
34
27
. II .
2 4
] L

41-50 51 and above

Age Groups

HNo ENotsure MYes

Figure 1. Insight of respondents on the barriers to practice lung ultrasound based on age groups.
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Table 12. Cross tabulation between age and barrier-related question.

If formally certified in lung ultrasound to enhance the scope of
practice, do you think that there will be barriers for respiratory
therapists to use this diagnostic tool?

Parameter No Not Sure Yes Total
Age group in years 23-30 70 (30.3) 42 (18.2) 119 (51.5) 231
>30-40 50 (26.7) 44 (23.5) 93 (49.7) 187
>40-50 17 (21.8) 27 (34.6) 34 (43.6) 78
>51 2(11.1) 4(22.2) 12 (66.7) 18
Total 139 117 258 514
Fisher’s exact test = 11.59; p = 0.07.
140 131 127
120
100
82
80
57 62
60 51
40
20
0
Male Female
Sex

ENo ENotsure HYes

Figure 2. Insight of respondents on the barriers to practice lung ultrasound based on sex.

Table 13. Cross tabulation between sex and barrier-related
question.

If formally certified in lung ultrasound
to enhance the scope of practice, do
you think that there will be barriers

for respiratory therapists to use this

diagnostic tool?
Sex No Not sure Yes Total
Male 57 (22.8) 62 (24.8) 131(52.4) 250
Female 82 (31.5) 51(19.6) 127 (48.8) 260
Total 139 (27.3) 113 (22.2) 258 (50.6) 510

Chi-square = 5.44; p = 0.07.

Discussion

The scope of practice of RTs has been expand-

ing with the evolution of new related technologies

in medicine. LUS appears to be a promising tool in
the diagnostic and prognostic aspects of respiratory
disorders, especially in acute care settings. Consider-
ing the pivotal role of RTs in acute care settings, it is
recommended that RTs should master the knowledge
and skills related to LUS [28, 29]. It is suggested that
as the primary caregivers of ventilated patients, RTs
trained in LUS will have specific beneficial outcomes
in terms of early recognition of pneumothorax, facili-
tation of weaning, and optimization of the positive-
end expiratory pressure in worsening acute respiratory
distress syndrome patients [28].

This study was the first international survey spe-
cifically conducted for RTs to capture a diverse range
of practices, challenges, and insights, offering a com-
prehensive view of how LUS is utilized worldwide by
RTs. Even though the sample size was small compared



12

Multidisciplinary Respiratory Medicine 2024; volume 19: 980

180 166
160
140
120 o5
100 84
80
60
34
40 I 27 22
20 I 3 2
’ InR ‘.
S 2 Q
A
&L )
e \?"
&L
O
Q\Q

40
10 7 223 205
| PP o

S <
& & &
& <

Academic Qualification

ENo M Notsure HMYes

Figure 3. Insight of respondents on the barriers to practice lung ultrasound based on educational

qualifications (Ph.D., Doctor of Philosophy).

Table 14. Cross tabulation between qualification and barrier-related question.

If formally certified in lung ultrasound to enhance the scope of
practice, do you think that there will be barriers for respiratory
therapists to use this diagnostic tool?

Academic qualification No Not sure Yes Total
Bachelors 95 (27.5) 84 (24.3) 166 (48.1) 345
Diploma/Associate 27 (32.5) 22 (26.5) 34 (41.0) 83
Intern 3 (20.0) 2(13.3) 10 (66.7) 15
Master’s 10 (17.5) 7(12.3) 40 (70.2) 57
Trainee 2(28.6) 2(28.6) 3(42.9) 7
Ph.D. 2(28.6) 0(0) 5(71.4) 7
Total 139 117 258 514

Fisher’s exact = 18.73; p = 0.04. Ph.D., Doctor of Philosophy.

to the number of RTs globally, the survey had partici-
pation from many countries where the Ppractice exists,
providing important insights into their shared per-
spectives on LUS. The survey reflected all age groups,
with considerable participation from the young RTs.
Sex-wise, the samples were comparable. RTs with
diverse qualifications participated in the survey, with
prominent representation from bachelor’s degree hold-
ers. From an experience perspective, the groups with
less than 10 years were comparable, but a striking

participation was noted from the senior RTs with more
than 10 years of experience. RTs working in diverse
geographical regions responded to the survey, with
higher responses from the Middle Eastern countries.
From the knowledge domain analysis, the mean
score of 2.80 + 1.49 (range: 0-6) reflected the insuf-
ficiency of LUS knowledge that the RTs possess. One
of the alarming parts of the knowledge domain was
about the ‘seashore sign,” in which only 38.5% of the
RTs correctly mentioned it as a normal lung pattern
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Figure 4. Insight of respondents on the barriers to practice lung ultrasound based on years of
experience.

Table 15. Cross tabulation between years of experience and barrier-related question.

If formally certified in lung ultrasound to enhance the scope of practice,
do you think that there will be barriers for respiratory therapists to use

this diagnostic tool?

Years of experience No Not sure Yes Total
0-2 21 (20.2) 24 (23.1) 59 (56.7) 104
>2-5 45 (45.5) 13 (13.1) 41 (41.4) 99
>5-10 23 (22.8) 19 (18.8) 59 (58.4) 101
>10 50 (23.8) 61 (29.0) 99 (47.1) 210
Total 139 117 258 514
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Figure 5. Insight of respondents on the barriers to practice lung ultrasound based on the

country they work. (KSA, Kingdom of Saudi Arabia; UAE, United Arab Emirates; USA:
United States of America).
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Table 16. Cross tabulation between work country and barriers for lung ultrasound.

If formally certified in lung ultrasound to enhance the scope of
practice, do you think that there will be barriers for respiratory

Country where the respondent

therapists to use this diagnostic tool?

currently works No Not sure Yes Total
Bahrain 3(27.3) 0(0) 8(72.7) 11
Canada 13 (23.3) 12 (21.4) 31(55.4) 56
India 22 (25.6) 22 (25.6) 42 (48.8) 86
KSA 24 (22.0) 19 (17.4) 66 (60.6) 109
Philippines 10 (55.6) 0(0) 8 (44.4) 18
Qatar 17 (38.6) 5(11.4) 22 (50.0) 44
UAE 28 (31.5) 27 (30.3) 34 (38.2) 89
USA 15 (20.0) 29 (38.7) 31 (41.3) 75
Others 7(26.9) 3 (11.5) 16 (61.5) 26
Total 139 (27.0) 117 (22.8) 258 (50.2) 514

Fisher’s exact = 46.68; p = 0.000. KSA, Kingdom of Saudi Arabia; UAE, United Arab Emirates; USA, United States of America.

from the options given. It is understood that the pau-
city of focused training and position statements spe-
cific for the RTs to perform LUS might have led to the
ambiguity as reflected in the responses of the knowl-
edge domain. Additionally, this uncertainty in the
knowledge-related domain of RTs might perpetuate
considering their naiveness in LUS and the infancy of
the profession in some parts of the world [30].

The mean attitude score in this survey was
418 + 1.29 (range: 0-5) reflecting the positive ap-
proach of RTs toward LUS. The majority (83.7%)
stand with the idea of including LUS within their
scope of practice. In general, the attitude of respond-
ents was suggestive of the need to empower the RTs
with LUS with proper training to enhance patient care
and safety culture. We agree with a previous similar
study that such an extended scope can be developed
only through proper training pathways to set up a clear
structure focusing on the outcome, i.e., patient care.

The mean practice score was 2.19 + 1.73 (range:
0-6), indicating an insufficient exposure and practice
of LUS by the RTs. It is of great interest that 51.9% of
RTs have initiated efforts to practice LUS by learning
through workshops/ journals/ textbooks/ webinars/
YouTube. However, only 7.0% of the RTs have some
certification in LUS, with only 26.1% of them having
hands-on experience. The enthusiasm to learn LUS

and their interest to include LUS in the profession was
visible in their responses related to assisting the LUS-
related procedures and their interaction on LUS with
other healthcare professionals.

In our study, the positively attributed responses in
the knowledge and practice domains were high among
the RTs who have completed their master’s and Ph.D.
This corresponded to the years of clinical exposure they
possess. This reflects that the learning trajectory in any
areas such as LUS progresses from basic principles and
techniques to more advanced concepts and skills [31].
Like any other technique, the process of the LUS
learning curve typically starts with exploring the tech-
nical aspects of the equipment and by obtaining and
interpreting basic ultrasound images. With experience,
they may move on to more advanced techniques, such
as using ultrasound to guide procedures or to assess
specific respiratory conditions.

The results obtained from knowledge-based ques-
tions was comparable to a prospective cohort study
conducted by See et al., in which RT trainees were
examined with the same pre-performance and post-
performance-based test in identifying ultrasound im-
ages after undergoing a didactic session, self-learning
module, and practical assessment. It was found that
the trainees were 95% successful in interpreting
the images, and the performance score was directly
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proportional to the number of training cases attended
by the trainees [26]. Hence, systematic training and
practice are essential to master LUS, as the goal of
LUS training is to enable healthcare professionals like
RTs to use ultrasound effectively and confidently in
their clinical practice [32].

The attitude of the working professional RT re-
garding the need for the inclusion of LUS curriculum
in RT school reflected the necessity of the same. This
finding was backed by another cross-sectional study
that focused on the RTs working in Saudi Arabia
where the results showed the need of integrating LUS
into RT curriculum [30].

Hands-on experience is an important part of
training in LUS [33], and we applaud the positive
responses of our respondents related to attitude and
practice reflecting their interest towards the learning
process. One of the ways RTs can gain hands-on ex-
perience in LUS includes the observation of experi-
enced practitioners while they perform LUS exams,
which can provide valuable insight into the technique
and help to build an understanding of the process [34].
Another method is to practice LUS on simulated
models, which helps to develop technical skills and
confidence [35].

The practice-based responses in our study are in
accordance with a study where the trainees includ-
ing RTs were exposed to a didactic session with video
lecture, hands-on session at the bedside, and practical
assessments of LUS. When the trainee’s knowledge
was assessed, almost 80% of the trainees were able to
identify the normal lungs and lungs with interstitial-
alveolar syndrome after a few examinations and su-
pervisions, reflecting the importance of exposure and
training [25]. The most comprehensive way to gain
hands-on experience in LUS is to perform supervised
exams or performance-based assessment on real pa-
tients. This can provide valuable experience in working
with patients and applying the knowledge and skills
learned [36].

To address the identified gaps noted from our
survey, regarding knowledge and practice of RTs, it is
important to implement comprehensive and targeted
professional development programs. Strategies to facil-
itate this include standardized training programs with
a comprehensive curriculum, hands-on workshops,

and simulation-based education [37, 38]. Addition-
ally, continuing education programs such as work-
shops, online courses, and certification programs are
crucial [39, 40]. Interdisciplinary training through col-
laborative learning with other professionals and case-
based learning can also enhance RTS skills [41, 42].
Moreover, mentorship and peer learning opportunities
should be provided to support ongoing professional
growth [43, 44].

An area of concern identified was the barriers to
practice LUS. In our study, irrespective of diverse de-
mographic details, half of the total respondents agreed
that there might exist barriers for the RTs to practice
LUS, and the other half had mixed opinions. Even
though the survey did not subcategorize the types of
expected barriers, the potential barriers to RTs’ in-
volvement in LUS practice, as reflected from the lit-
erature include lack of formal training and curriculum,
lack of resources and mentors, time constraints, lack of
accreditation or standardization, resistance to practice,
and lack of confidence [30]. Strategies to overcome
these barriers include investing in equipment and
resource sharing, providing integrated training ses-
sions and hybrid self-paced programs, implementing
standardized training guidelines and tailored certifica-
tion programs, offering evidence-based education and
inclusive approaches, and providing frequent practice
opportunities and mentorship [37, 39, 40, 43]. If RTs,
even with formal certification, continue to have bar-
riers to practice, then this points at the need of com-
petency assessments with the endorsement from the
respective professional societies or regulatory bodies.

Due to the nature of their educational background
and professional practice, RTs are eligible candidates
to learn and practice LUS. However, the extent and
duration of training/learning, the frequency of scans to
be done, and the competency-based assessment spe-
cific to RTs are still unknown with some repositioned
statements related to other professions.

It has been reported from a few anecdotal experi-
ences and conference abstracts that LUS skills can be
satisfactorily achieved with a training duration ranging
from 2 hours to 4 months and with 20-80 supervised
scans [36, 45-47]. Even though the learning curve as-
sociated with the application of LUS is relatively short,
the diagnostic yield of LUS depends primarily on the
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clinician’s expertise [48-50]. It was highlighted from
a multicentered study with multidisciplinary trainees
including RTs that a training curriculum consisting of
theoretical modules and 25 LUS exams under expert
supervision is optimal to attain the basic skills for iden-
tifying normal lung aeration, interstitial-alveolar syn-
drome, and consolidation in acutely ill patients [25].
There is evidence to support the involvement of
non-physician healthcare professionals such as nurses,
paramedics, and physiotherapists in the practice of ul-
trasonography [51-53], and some articles reflect the
need of inclusion of LUS into the scope of practice of
RTs [17, 28-30]. It was reiterated in these articles that
considering the nature of the profession, equipping
RTs with LUS knowledge will be an added value in
improving the quality of patient care and patient safety.

Conclusion

Foreseeing professional advancement and bet-
ter patient outcomes, this study suggested that RTs
perceive value in the inclusion of a comprehensive
respiratory care-related ultrasound training module
within existing respiratory therapy curriculums inter-
nationally. This study also suggests that a well-struc-
tured respiratory-related ultrasound training module
for the practicing RTs may serve to augment their
technical and clinical decision-making skills for safer
practice. Building on this broader understanding, ad-
ditional study on LUS is warranted in specific coun-
tries/healthcare authorities to understand the nuances
of RT practice in those contexts. Barriers to imple-
ment the practice of routine use of LUS ultrasonogra-
phy by the RTs remains. However, the involvement of
professional organizations of the respective countries,
medical education departments, and credentialing and
privileging committees play a pivotal role in this pro-
cess to reflect the benefit-risk ratio of including RTs in
the imaging taskforce.

Need of future research

This study aimed at exploring the potential and
the outlook of RTs in the practice of LUS. Although

LUS clearly has an impact on respiratory care prac-
tices, there are substantial gaps, as identified from the
available literature. Future research focusing on rand-
omized controlled academic and clinical trials with the
inclusion of LUS as a tool of practice for RTs is highly
recommended. There also exists a need for multicen-
tered prospective studies to propose and standardize
the training and competency requirement in LUS
for RTs. Everything starts at the school level, and we
highlight the need to include LUS modules in respira-

tory therapy curriculum across the globe.

Strengths and limitations of this study

This is the first international survey conducted to
explore the objective and subjective responses of RTs on
LUS. Since this survey only addressed qualified respira-
tory therapy professionals, the responses might be con-
sidered as their global feedback on this imaging tool.
However, we consider the number of participants in this
study to be low compared to the worldwide number of
RTs. We assume this to be due to the specific nature of
the topic, where the practice of LUS by the RTs is still
naive in many parts of the world. This might have led
to a bias of interest in the topic. Another reason might
be survey fatigue as the coronavirus disease 2019 pan-
demic caused a surge in survey-based research activities.
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APPENDIX
SUPPLEMENTARY FILE 1: SURVEY QUESTIONNAIRE

Questions Answer Options

Knowledge-Based Questions [Italic Bold-Correct Answer]

Q1 Lung ultrasound emits radiation. a. Yes
b. No
Maybe

Lung tissue artifacts

Pleural reverberation artifacts
Endotracheal Tube artifacts
Rib shadows

o

Q2 The bright horizontal lines represented by the arrows indicates

o o

Q3 What normal / abnormal sign is visible in the following lung ultrasound image? . Seashore sign
. Bat sign
. Quad sign

. B-lines

Q0o T

Q4 What normal/ abnormal sign is indicated by the arrow? . Pulmonary Edema
. Pleural Effusion
. Pneumothorax

. Atelectasis

Qo o
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Questions

Answer Options
Knowledge-Based Questions [Ttalic Bold-Correct Answer]
Q5 What is the most likely clinical condition reflected by the vertical lines in this lung a. Pulmonary Edema
ultrasound image of a patient in respiratory distress? b. Pleural Effusion
c. Pneumothorax
d. Normal Lung
Q6 Seashore sign in M-mode of Lung ultrasound indicates a. Pulmonary Edema
b. Pleural Effusion
c. Pneumothorax
d. Normal Lung
Attitude-Based Questions Answer Options
Q7 Do you think that Lung Ultrasound should be included within the scope of practice a. Yes
of RTs? b. No
c. Not sure

Q8 Do you think that RT performed lung ultrasound can promote safety culture in ICU,  a. Yes

especially in case of ventilated patients? b. No

c. Not sure
Q9 Do you think that there is a need of development of training-based certification on a. Yes
Lung Ultrasound for the currently practicing RTs? b. No

c. Not sure

Q10 Do you think that your academic and clinical knowledge can make you competent to  a. Yes

perform lung ultrasound? b. No

c. Not sure
Q11 Do you think that lung ultrasound needs to be included in the curriculum of RT a. Yes
schools? b. No

c. Not sure

Q12 If formally certified in lung ultrasound to enhance the scope of practice, do you think  a. Yes

that there will be barriers for RTs to perform lung ultrasound? b. No
c. Not sure
Practice-Based Questions Answer Options
Q13  Have you ever learnt about Lung Ultrasound in any workshops/ journals/ textbooks/ a. Yes
webinars/ YouTube? b. No
Q14 Do you have any formal certification in Lung Ultrasound? a. Yes
b. No
Q15 Do you have any hands-on experience in Lung Ultrasound? a. Yes
b. No
Q16  Have you ever been asked by the Physicians/ Nurses/ Other Healthcare Professionals, a. Yes
regarding your knowledge on Lung Ultrasound? b. No
Q17  Have you ever assisted the Physicians in performing Lung Ultrasound/ prepared the a. Yes
Ultrasound Machine? b. No
Q18  Have you ever interacted/ recommended the scope of Lung Ultrasound in RT a. Yes

Profession, to Colleagues/ Supervisors/ Other Healthcare Professionals/ Management? b. No
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