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Abstract 

Objective: The study objective is to evaluate the effeteness of an existing educational platform blending didactic 
presentation and hands-on simulation for university doctoral SRNAs in the area of basic, 4 view identification and 
performance of transthoracic echocardiography (TTE).

Methods: Following IRB approval, SRNAs were exposed to a pre test to evaluate existing skills, then they were 
exposed to a graphic rich, live presentation of basic 4 view TTE. The presentation was then followed by hands on 
simulation and performance of the 4 basic TTE views on live models.

Results: Pretest scores averaged 58% and post tests scores rose to 95%. See Table 1.

Conclusion: Our results support the concept that the existing blended platform is effective to train university 
SRNAs in basic 4 view, bedside transthoracic echocardiography.
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Background
Achieving proficiency in identifying and perform-
ing focused transthoracic echocardiography (TTE), 
defined as four dynamic ultrasound images of the heart, 
is deemed a valuable point of care ultrasound (POCUS) 
skill set. Numerous studies [1–10] support the hypothesis 
that POCUS skills are easily attainable and that varied 
curricular methods promote learning. Disciplines such 
as critical care,  emergency medicine, sonographers, and 
residents in anesthesiology have been formally studied in 
terms of learning POCUS. The research reinforces that 
learning occurs best when didactic curriculum is coupled 
with a simulation hands-on type experience.

Performing POCUS at the bedside, and specifically 
TTE, is now considered an  important component of an 
advanced pre-anesthesia assessment in several patient 
care scenarios. Current anesthesia professionals are rec-
ognizing the criticality in acquiring this skill set with the 
overarching goal of promoting favorable patient care 
outcomes related to the information known about the 
health status. In addition, the Council on Accreditation 
of Nurse Anesthesia Educational Programs (COA) has 
revised their educational standards for accredited gradu-
ate nurse anesthesia programs and now include POCUS. 
This adds further importance to establishing an effica-
cious platform to manage POCUS material to the nurse 
anesthesia education institutions.

TTE skills of basic view identification and image pro-
duction offer valuable and important patient physiologic 
detail for certain patients who present for surgery and 
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anesthesia. Preoperative physiologic detail and health 
conditions achieved by performing TTE can lead to 
pathology identification initiating, formalized studies, 
comprehensive planning and help determine the most 
appropriate anesthetic. However, developing POCUS 
programs for providers and execution of these programs 
are still in their infancy. Development of bedside TTE 
skills has yet to be characterized in both content and 
execution. The effectiveness of teaching TTE skills and 
associated educational curriculum, and the capacity to 
assimilate the information by entry level anesthesia pro-
viders, is not yet known. To do so requires a formalized 
evaluation of a TTE program, curriculum experts teach-
ing TTE, and the SRNA participants who can be assessed 
for learning. While evidence exists supporting the incor-
poration of TTE skills effectively into medical residency 
training programs, none thus far have addressed the 
importance of adding this valuable skill to nurse anesthe-
sia students in graduate educational programs. We there-
fore formally evaluated the effectiveness of an existing 
blended teaching program that included focused, bedside 
TTE concepts, basic view identification, skill attainment, 
and evaluated SRNA learning.

Review of relevant literature
In 2021, Neelankavil et  al compared a formalized simu-
lation based TTE learning platform vs. a traditional 
non- simulation platform. Approximately 60 anesthesia 
residents participated in the study and those in the sim-
ulation group scored significantly higher compared to 
the non-simulation based training (control) group. This 
research also supports the incorporation of a hands- on 
simulation component to bedside TTE skills develop-
ment [2]. A similar finding was noted by Kusunose et al 
(2016) after evaluating a simulation based bedside basic 
view TTE skills instructional platform. Results confirmed 
that when simulation was an integral component of the 
instruction, posttest scores were higher than a non- sim-
ulation group [3].

In addition, Vignon et al., evaluated learning by “non-
cardiologist” ICU residents. The residents received 
three hours of didactic TTE curriculum followed by five 
hours of guided hands-on simulation at the bedside. 
They established that ICU residents without any prior 
focused TTE content and using POCUS applications 
can be taught and performed by novices in this arena [8]. 
Gibbs [9] also emphasized the importance of simulation 
‘laboratory experiences’ as well as didactic curriculum 
for teaching sonography students. Faculty observed the 
student sonographers demonstrated improved hand- 
eye coordination after practicing in the simulation labo-
ratory and that teaching the fundamental material to 
the students took less time when simulation laboratory 

experiences were part of the entire curriculum. The stu-
dents also communicated an increase in familiarity with 
the procedure and confidence with scanning concepts 
before touching a patient or live model.

Further considering a blending teaching platform, Ber-
nard et  al conducted a teach-ability study that engaged 
a multi- disciplinary resident cohort group: cardiology, 
critical care medicine, and anesthesiology. The results of 
their research revealed all residents, regardless of disci-
pline, made improvements from baseline skill levels when 
exposed to an electronic learning platform followed by 
hands- on simulation experience [5].

The Journal of Hospital Medicine published research 
in 2009 also related to teaching a hospitalist to read 
basic TTEs. However, the intent was for the hospital-
ist to then train others following a determination by a 
cardiologist (that the hospitalist faculty) was a suitable 
candidate to complete this task [6]. The hospitalist fac-
ulty (new instructors) then created didactic curriculum 
and taught other hospitalists. While significantly differ-
ent from more typical approaches, it was validated that 
the hospitalists were able to successfully perform moder-
ate to excellent diagnostic accuracy in 6 unique cardiac 
pathologies [6]. Critical to note however, is the objective 
of the research to train hospitalists to identify common 
TTE pathologies.

In contrast, Tanzola and colleagues [4] conducted 
research involving a small cohort of 10 medical residents. 
Following a pretest, the residents were given four presen-
tations on focused transthoracic echocardiography, each 
three hours in length. This totaled 12 contact hours of 
TTE content. After the didactic presentations they were 
administered a posttest to evaluate learning. Despite 
a comparatively large exposure to the material results 
showed only modest improvement in posttest scores. 
Similar findings were published by Martin et al. [7]. Their 
research aimed to evaluate the effectiveness of a training 
program for hospitalists with the objective being that the 
hospitalists could use hand-held devices to identify and 
create bedside TTE images. The learners were exposed 
to 35 cardiac echocardiograms and subsequently could 
identify but not always replicate the basic views. This 
supports the theory that didactic learning methods alone 
may not be adequate to effectively improve competency 
or for attaining knowledge [4].

The consistent theme in the published literature 
emphasizes two different curriculum and teaching meth-
ods. The first is didactic teaching formats, however the 
length and content of the curriculum was noted to be 
quite varied. The second curriculum method, a blended 
method of sorts, reveals a positive relationship between 
didactic and simulation. These concepts support the 
blended format used in this study. Our literature search 
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also found recommendations made by the American 
Society of Echocardiographers related to training focused 
bedside echocardiography. While significantly more in 
depth, specific language is found addressing the impor-
tance of both didactic and hands on simulation [10].

Methods
Following university IRB approval, 26 graduate student 
registered nurse anesthetists (SRNAs- the study par-
ticipants) all enrolled in an Advanced Health Assess-
ment course that included extensive POCUS curriculum 
were invited to participate. Participation was voluntary 
and students were informed that declining participa-
tion would not adversely affect their matriculation. After 
explanation of the research, a written information sheet 
was distributed to each student, and time was allotted 
for questions. Study participants were administered a 
pretest that included a demographic section (gender and 
age range) and two additional questions about receiving 
formal training in ultrasound and/or ultrasound technol-
ogy. If participants had received formal training in ultra-
sound and/or ultrasound technology, they were asked to 
explain. We considered that prior exposure to Transtho-
racic echocardiography (TTE) would alter study results.

In addition, each study participant was asked to gener-
ate a 4- number code and place it at the top righthand 
corner of the pretest. They were instructed to use this 
same 4- number code for the posttest so scores could 
be compared individually (in addition to group mean 
scores). All doctoral students agreed to participate in the 
study.

The images provided on the pretest included four basic 
views of common focussed TTEs, converted from sono-
gram to graphic form: sub-costal 4 chamber, apical 4 
chamber, parasternal short axis at the level of the papil-
lary muscles (PSAX), and parasternal long axis (PLAX). 
These same four views were also presented as actual TTE 
sonograms, for a total of eight questions. Participants 
were allowed 20 minutes to complete the eight question 
pretest. Following the pretest, an existing, formalized, 
well established, and blended curriculum was provided 
that included, but not limited to, basic TTE view identi-
fication. The curricular program was part of an existing 
training program created to assist anesthesia provid-
ers to learn both basic four-view and focused TTE, but 
also generalized bedside POCUS skills. The didactic 
presentation was one hour in length and included only 
the focused TTE views with descriptions that would be 
included in the pre and posttest. It should be noted that 
coupled with the didactic curriculum were three pro-
jection screens in the auditorium classroom setting for 
viewing while listening. Following the didactic curricu-
lum, a second hour of live hands- on simulation practice 

took place. This involved not only identification of the 
four views but also production of the views on live mod-
els. After the completion of the blended curriculum and 
exposure to the four basic and focused bedside TTE 
views, the study participants completed the posttest. The 
posttest was the same as the pretest in both structure 
and images. Upon data collection, a t-test scoring was 
selected and used to complete the analysis.

An example of the actual exam is listed below in Figs. 1 
and 2. Figure  1 shows a graphic of a PSAX TTE view. 
Figure 2 shows the corresponding TTE sonogram of the 
same PSAX view.

See also the learning graphics and corresponding TTE 
images included in the study. They have been placed into 
summary form for viewing and include sub-xiphoid 4 
chamber, apical 4 chamber, as well as parasternal long 
(PLAX) and short axis (PSAX). See Figs.  3, 4, 5, and 6 
below.

Results
The average pretest score was 59% and after the blended 
two hour curriculum, the average posttest scores 
increased to 95%. A total of four participants (4/26) 
scored 100% on both the pre and posttest. Notably, 18 
of the 26 participants (18/26) scored 100% on the post-
test. All but one participant demonstrated a significant 

Fig. 1 Example of actual graphic study question
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increase from pre to posttest scores. A paired t- test was 
applied to the pretest and posttest scores of the 26 stu-
dents participating in the study. There was a significant 
difference in the pretest scores (M = 58.65, SD = 23.66) 
for interpreting the four most common transthoracic 
echocardiography (TTE) images compared to the post-
test scores (M = 95.19, SD = 9.41) of the same images 
after the blended curriculum [observed t statistic 7.24, 

P < 0.001; 95% CI [26.15, 46.93]. The application of the t 
test was justified by Shapiro-Wilk normality test; primar-
ily due to a -12.5 difference between post and pre score. It 
is worth noting that one participant produced the exact 
same low score on both pre and posttest. This may be due 
to an error in data collection, or lack of interest in study 
participation. When removed from the overall analysis, 
the results reflect a more favorable post test score. See 
the below Table 1, for raw collected data from the study.

Discussion
The outcome of this research supports several distinct 
concepts. First, SRNAs successfully identified the four 
basic and focused transthoracic echocardiography (TTE) 
views following an established TTE blended curriculum. 
The curriculum content is owned by Twin Oaks Anes-
thesia and developed and delivered by Twin Oaks Anes-
thesia faculty. Twin Oaks Anesthesia seminars specialize 
in comprehensive CE approved courses for anesthesia 
techniques with emphasis on ultrasound guidance for 
anesthesia professionals and other healthcare related 
disciplines. Second, it was discovered that the existing 
content delivery method was efficacious for learning, 
and teaching methods were more than satisfactory and 
validated by improved posttest scores. This notion, while 
not a study question, was considered an incidental find-
ing. This project demonstrated that SRNAs are adept at 
absorbing and mastering the content, but the way the 
content was delivered appears highly successful for learn-
ing. The blended curriculum for example involved a 
didactic presentation in a slide show format with real life 
images from clinical scenarios. After the didactic pres-
entation, there was immediate live model (standardized 

Fig. 2 Example of actual sonogram study question

Fig. 3 Study graphic and corresponding sonogram of sub-costal TTE view
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volunteers) scanning and the learners demonstrated 
attainment of skills in a controlled and supportive simu-
lation environment. It is noteworthy that all study par-
ticipants were exposed to a ‘fundamentals of ultrasound’ 
curriculum the previous day prior to the TTE section. 
The study faculty believe it is essential for learners to 
first comprehend ultrasound physics, terminology, and 
machine function, and these concepts should be taught 
prior to attempting basic 4 view TTE assessments.

The results illustrate the effectiveness of the pro-
gram. Note the increase from average pre test scores 
of 59% to average post test scores of 95%. This project 
was part of an experimental pilot program to evaluate 

if incorporating comprehensive POCUS curriculum, 
including use of an existing basic and focused TTE plat-
form, successfully achieved the objectives of the required 
advanced health assessment course and as mandated 
by the Council of Accreditation (COA). The hands- on 
simulation portion of the blended curriculum was val-
ued and enhanced SRNA learning. This was based on not 
only posttest scores but also by informal student feed-
back (in evaluations of the course) and during general 
conversation following the experiences and program.

This blended curriculum was successful for this 
cohort of students, and an extensive literature review 
revealed that variations in methods of teaching may 

Fig. 4 Study graphic and corresponding sonogram of sub-xyphoid TTE view

Fig. 5 Study graphic of parasternal short axis graphic and corresponding TTE view
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lead to inconsistencies in learner outcomes. Several 
studies deemed a blended type teaching platform led 
to successes in skill attainment and conceivably, a non- 
blended curriculum or simply didactic curriculum may 
be a barrier to the successful attainment of skills for any 
healthcare provider. For example, Coker and Zimmer-
man (2017) defined and emphasized the importance of 
bedside focused transthoracic echocardiography (TTE) 
skills for the anesthesia community to embrace. They 
defined basic TTE skills as understanding and creating 
four views: a sub-costal 4 chamber view; apical 4 cham-
ber view; parasternal short axis at the level of the papil-
lary muscles (PSAX); and parasternal long axis [1]. The 
value of attaining these basic TTE skills is not in dispute, 
however the teaching method used may create incon-
sistencies in learning. Interesting to note that a blended 
teaching platform appears to support attainment of skills 
greater than lone didactic formats.

Limitations
We recognize several limitations to the study. A co-inves-
tigator was also the primary curriculum presenter. This 
could potentially influence bias in the results. Another 
limitation to note is the duplicity in the pretest and the 
posttest as the images used were the same for both. The 
argument could be made that simple patten recognition 
is possible of nearly any reasonable study participant, and 
that testing should have included a posttest highlighting 
the same content but ‘different’ images. While we foresaw 
this as a possible weakness, the opposite can also hold 
true. True data collection, demonstrating patten rec-
ognition can be determined by administering the exact 
same pre and posttest. This would validate the rationale 

Fig. 6 Study graphic of parasternal long axis graphic and corresponding TTE view

Table 1 Original data collection illustrating pre and post test 
scores for the study

Study 
participant 
number

Pretest 
scores 
(%)

Posttest 
scores 
(%)

(1) Used ultrasound
(2) Formal US training

1 37.5 100

2 37.5 100 1 (IV insertions)

3 87.5 100

4 37.5 87.5

5 62.5 100

6 100 100

7 25 100

8 37.5 87.5

9 100 87.5

10 75 87.5 2 (curriculum /regional course)

11 62.5 87.5

12 50 100 2 (IV and arterial catheter)

13 75 100

14 50 100

15 25 100

16 50 100 1 (IV insertions)

17 62.5 100

18 25 100

19 62.5 62.5

20 50 100 1 (IV insertions)

21 50 75

22 62.5 100

23 100 100

24 50 100

25 50 100

26 100 100
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for employing the same tests to study participants. We 
also recognize that the testing design, while effective 
is a limitation of the data collection. The use of multi-
ple choice design can introduce some bias as there is a 
generally accepted notion that study participants have 
essentially a 1 in 4 chance of guessing the correct answer. 
This however is offset by the standardization power, and 
convenience of rapid data collection. Another limita-
tion is the population size. We were fortunate to have a 
robust (100% of possible 26 participants) study popula-
tion, but it consisted of a relatively low number. We hope 
that future studies will exceed our capabilities if the study 
is repeated. We also acknowledge that while 18 of the 26 
study participants scored 100 on the post test, there were 
4 who also scored a 100 on the pretest.

The use of immediate simulation hands-on practice also 
may have played a role in SRNA engagement, understand-
ing and retention, thereby impacting their overall increase 
in posttest scores. Searching the literature confirmed 
that excluding the hands- on simulation component low-
ered posttest scores compared to when a hands-on com-
ponent was included. This also gave us rationale for our 
study design. While not a typical pretest- posttest research 
design, we trust that immediate hands- on simulation 
training holds great value to not only assist SRNAs in 
absorbing the content, but also enhances clinical relevance.

Conclusion
The results of our data collection revealed two distinct 
concepts. Following a blended curriculum that included a 
didactic component and a one- hour live, hands- on sim-
ulation, posttest scores significantly increased compared 
to pretest scores. And the existing transthoracic echo-
cardiography (TTE) blended curriculum developed and 
produced by the Twin Oaks Anesthesia is high efficacious 
for learning basic, focused 4 view TTE. More research 
is needed specific to POCUS, focused TTE, and SRNA 
learning.
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