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Abstract

Auscultation, a practical skill required in nursing, is an important basic method of noninvasively collecting
patient information and performing physical assessment. However, studies regarding the skills associated with
this method are scarce. Therefore, we aimed to articulate auscultation skills by assessing 10 experienced
nurses, each with at least 5 years of experience in advanced medicine. Our study found that nurses identified
abnormal heart sounds at different time points depending on the associated disease. Points of identification
were defined by at least a 200-ms delay of normal heart rates from the abnormal heart rate frequency bands.
Moreover, our results showed that providing nurses with additional patient information increased the accu-
racy of diagnostic auscultation.
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Background

The Japanese healthcare system will begin restricting overtime work in 2024. Under these circumstances,
it will be extremely difficult to continue providing healthcare services that largely depend on physicians.
Hence, it is necessary to develop a new healthcare system that does not depend solely on physicians.

Accordingly, the expansion of nurses’ roles has attracted an increasing amount of attention in the medical
field. In 2015, the Ministry of Health, Labour and Welfare implemented the Nurse Specified Acts System.
Within the framework of this system, qualified nurses who have completed the relevant education require-
ments can administer certain treatments in place of physicians, in accordance with the instructions given from
them. Substantial changes have been made to the roles of nurses in developed countries, including Japan,
where nurses are required to master a vast array of skills for understanding patients’ conditions and making
diagnoses. Such skills are more advanced than traditional practical nursing skills"”.

Methods of learning practical nursing skills have been systematically developed and cover various topics,
from assisting physicians in providing medical services to providing physical support to patients. However, the
more advanced these skills, the more difficult it is to articulate them verbally. One study found that for a nurse
to acquire advanced skills, he or she must have many years of practical nursing experience’. Auscultation,
which helps a nurse understand the disease condition of a patient noninvasively during physical assessment, is

" However, there is a

a basic practical skill for nurses and is also an essential skill for diagnosing patients
dearth of research on nurses’ auscultation skills. Although many previous studies have assessed vital sign
measurement (which involves auscultation), most of these studies have been examination and intervention
studies of students; they were intended to improve learning efficiency or to help students acquire skills

" These studies were focused on how and to what extent students mas-

through educational interventions
tered auscultation through means such as questionnaires. Few studies have been conducted on nurses’ estab-

lished auscultation skills in real-world settings. Furthermore, limited research exists regarding how nurses ac-
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quire said auscultation skills. The present study focused on the auscultation of heart sounds, which requires
particularly advanced practical skills compared with other types of auscultation. This technique has an ex-
tremely high clinical significance with regard to understanding a patient’s condition. We aimed to define points
at which nurses distinguished sounds during heart-sound auscultation.

Methods

Participants

Ten nurses participated in this study, each with at least five years of practical clinical experience in ad-
vanced medicine. The nurses received an explanation of the study before giving their consent to participate.
Fig. 1 shows the outlines of the experiments for the nurses participated. The purpose of experiment 1 was to
measure the reaction time for individual sounds. The obtained reaction time was used as a correction time for
all experiments. A specific sound was inserted into the sampled sound, and the reaction time at that time was
used as a control example for the sound. The purpose of experiment 2 was to identify diagnostic points by aus-
cultation. The sampled sound source was randomly heard, and the sound, which is the base point for diagnosis
by auscultation, was measured. The purpose of experiment 3 was to clarify the effects of information other
than sound on auscultation. We examined the effects of adding information such as medical history in listening
to patient heart sounds.

Procedures and Ethical Considerations

Participants were asked to identify sounds used to make diagnoses during auscultation. Acoustic analysis
software, which was developed based on VisibleWave (Mitsubishi Electric Engineering Company, Ltd.), was
used in the experiment, in which the frequencies of sounds were analyzed and the identification time points
were measured. Participants were asked to complete a survey form for the diagnosis of heart-sound ausculta-
tion. After obtaining permission from the participants, we provided them with the following information, both
in writing and orally: the aim and methods of this study, the voluntary nature of participation, participants’
right to withdraw from the study at any time, anonymity of participants, and exclusive use of data for research
purposes. Participants indicated their consent to participate in this study by signing the consent form. This
study was approved by the research ethics committee of Aichi Medical University (approval number: 171).

Details of Experiments

Auditory Reaction Times and Identification of Specified Sounds

The free software Audacity was used to create a specified sound with a frequency of 440 Hz and an ampli-
tude of 0.8 size. A task was prepared in which the specified sound was randomly played throughout a period of
8 s. Participants were asked to perform auscultation using a stethoscope and to press the button when they
identified the specified sound during the task. Their auditory reaction times to the specified sound were meas-
ured using VisibleWave. This experiment aimed to assess the reaction times of the participants to the speci-
fied sound.

Thereafter, participants were asked to identify the specified sound in another task, in which the specified
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sound and other sounds were randomly combined for a period of 8 s. These points of identification were meas-
ured in the same manner.

Identifying the Points of Diagnosis by Auscultation of the Model Heart Sounds

Three types of heart sounds were recorded using a Littmann electronic stethoscope (3M Japan Ltd.)—nor-
mal, aortic stenosis, and aortic insufficiency.

Fig. 2 shows the time per pulsation observed in sampled heart sounds and the characteristic differences in
frequency. These sounds were configured in the physical assessment model Physiko (Kyoto Kagaku Co., Ltd.).
The differences in frequency between normal heart sounds and abnormal heart sounds shown in Fig. 2 were
as follows: for aortic stenosis, the difference was observed in the 250-400 Hz band in the 250 ms segment (be-
tween Sl and S2). For aortic insufficiency, the difference was observed in the 400-600 Hz band in the 50 ms
segment following S1 and the 200 ms segment following S2. By using sampled heart sounds, the parts with
clearly different frequencies between normal heart sounds and abnormal heart sounds were defined. By defin-
ing the identification points, the identification points by auscultation of the subjects will be clarified from the
reaction times.

The three heart sounds were randomly allocated throughout the 8-s tasks. Participants were asked to aus-
cultate and identify the sounds using a stethoscope. The sounds that led to diagnoses were identified, and the
associated time points of identification were measured. The time point of identification was defined as the ad-
justed difference between reaction times.

Influence of Physical Findings Other than Heart Sounds

For this assessment, two tasks were administered: one task in which participants made a diagnosis by
auscultating only the recorded heart sounds of a patient, and another task in which participants were provided
with the patient’s current history and radiographs as well as their heart sounds. The number of instances in
which the sound that led to diagnosis was identified, and the results of the diagnosis were compared and exam-
ined between these two tasks.

Analysis

Identifying the Sound that Forms the Basis of Diagnostic Auscultation
We asked Mitsubishi Electric Engineering Company Ltd. to develop special acoustic analysis software
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Table 1 Target person attribute

Sex Medical department experience of year
men emergency room 6
men intensive care unit 10
women intensive care unit 14
women emergency room 10
men emergency room 5
men Respiratory department 8
men Cardiovascular surgery 8
men intensive care unit 7
women emergency room 5
men intensive care unit 13

Table 2 Reaction time to sound
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based on VisibleWave for an experiment to identify sounds. The software was used to play the specified sound
and to analyze the frequencies and the time it took for participants to identify the sound.

Statistical Processing

StatFlex ver. 7 (Medical Statistics Research Institute Co., Ltd.) was used for statistical processing. Pear-
son’s chi-squared test was performed to analyze the difference between correct and incorrect heart-sound
identifications. The Wilcoxon rank-sum test was performed to analyze the differences in results before and af-
ter the participants were provided additional patient information. Fisher’s exact test was also performed to
analyze the changes in participants’ responses after additional patient information was provided. The level of
significance was set at p<0.05 for all tests.

Results

Participant Attributes

The attributes of the 10 participants are shown in Table 1. Seven of the participants were men, and three
were women. Most worked in a ward for patients with serious conditions (e.g., the emergency department or
intensive care unit). The number of years of experience in this type of ward was 514 years.

Identifying the Specified Sound During Auscultation

First of all, we measured the auditory response time for each specified sound three times for each partici-
pant, and defined the average value as the reaction time to sound. Table 2 shows the average reaction time ob-
tained in three experiments for each participant’s designated sound. From Table 2, the auditory reaction time
of each participant ranged from 278 ms to 569 ms.

Next, seven designated sounds were inserted into the 15-second heart sounds, and the auditory reaction
time to the designated sounds was measured.

Table 3 is the auditory reaction time of a specific sound inserted into the heart sound corrected by the
auditory reaction time obtained in Table 2. From Table 3, the mean auditory reaction time obtained from each
subject was 61.7 ms, and there was no significant difference in auditory reaction time.
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Table 3 Auditory reaction time to the specified sound

D First time Second Third 4th 5th 6th 7th Average
1 46.6 354 124.6 384 40.6 326 110.6 61.2
2 919 79 229 79.9 489 1121 129.1 704
3 404 414 58.6 154 314 234 1336 49.2
4 112.0 20.0 230 180.0 830 59.0 129.0 87.3
5 21.3 477 7.3 91.7 65.7 52.3 82.3 526
6 79.9 131 35.1 67.9 133.1 34.1 191.1 79.2
7 238 79.2 282 308 12 71.2 1582 56.1
8 68.0 63.0 24.0 180 34.0 87.0 79.0 533
9 229 79.1 42.1 71 771 73.1 53.1 50.6
10 103.0 23.0 14.0 71.0 46.0 109.0 34.0 57.1
Overall average 61.7
Table 4 Answer results for each disease
n rate Correct Incorrect
Normal sinus 57 64.9 37 20
Aortic stenosis 54 64.8 35 19
Aortic regurgitation 49 51.0 25 24
Table 5 Diagnostic results for each disease and sound diagnosis points
Symptom Answer  Numberof - pniond  200ms  300ms  400ms  500ms 600 ms
response
correct 88 27 20 23 7 11 0
i P=0.064
Normalsinus . orrect 18 4 3 6 5 0 0
Aortic .correct 156 30 71 42 11 0 P=0.024
stenosis incorrect 175 51 48 54 21 0
Aortic correct 75 18 0 1 6 25 25 P<0.001
regurgitation incorrect 95 55 10 5 3 10 12

Pearson’s %2 text

All participants recognized the specified sound and made the relevant decision within 90 ms.

Identification of Sounds Used as a Decision-Making Indicator in Heart-Sound Auscultation

The rates of participants’ correct answers are shown in Table 4. The correct answer rates when partici-
pants relied solely on heart sounds were 64.9% for normal heart sounds, 64.8% for aortic stenosis, and 51.0% for
aortic insufficiency. Meanwhile, Table 5 shows participant responses by diagnosis and the time differences at
the points of identification from the abnormal heart sounds. The results in Table 5 are also corrected based on
the individual reaction times obtained in Table 2. When participants auscultated for normal heart sounds, most
of the correct answers were diagnosed using heart sounds I to II. Many of the wrong answers were given 300
ms later than the heart sound 1-2. Pearson’s chi-squared test was performed to analyze the differences in nor-
mal identification points between participants who gave correct answers and those who did not. The results
indicated no significant difference between the two groups.

Thereafter, auscultation for aortic stenosis was analyzed. The largest percentage of correct answers was
given at 200 ms, whereas the largest percentage of incorrect answers was given at 300 ms. A significant differ-
ence (p=0.024) was observed between participants who gave correct answers and those who did not.

Regarding auscultation for aortic insufficiency, the largest percentage of correct answers was given from
500-699 ms, whereas the largest percentage of incorrect answers was given between heart sound 1 and 2. A
significant difference (p<0.001) was observed between participants who gave correct answers and those who
did not.

Findings from this study showed that when participants auscultated the chest for abnormal heart sounds,
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Table 6 Effect of additional information on sound perception

D No information Additional information
1 10 11
2 18 25
3 28 32
4 8 9
2 8 1(15 2 (1.98) p<0.046
7 4 8
8 12 11
9 15 23
10 19 15

Wilcoxon rank-sum test

Table 7 Relevance of diagnosis and additional information

correct incorrect
No information 1 9
Additional information 5 5 p<0.14

Fisher’s exact test

there was a 200-ms delay associated with aortic stenosis and at least a 300-ms delay associated with aortic in-
sufficiency (relative to the points where abnormal frequencies were observed). Although the largest propor-
tion of participants identified normal heart sounds in the 1-2 segment, the points of identification varied widely
from 200 ms to 300 ms. Indeed, participants identified sounds with at least 200-ms delays rather than at the ex-
act points where characteristic changes in frequency due to pulsation were observed.

Influence of Patient Information When Identifying Sounds in Heart-Sound Auscultation

Table 6 is an experiment using patient heart sounds, which is different from the previous experiments. In
this experiment, we investigated how the perception of sound that leads to diagnosis changes depending on
the presence or absence of patient information. Instances of correct identification increased for all participants
when they were given additional patient information. A Wilcoxon rank-sum test was performed, and results of
the analysis indicated a significant increase in this number after participants received the information (z=1.98;
p=0.046). Meanwhile, Table 7 shows the number of correct answers for heart-sound diagnoses depending on
whether patient information was provided. One participant gave correct answers without receiving patient in-
formation; four participants gave correct answers after receiving patient information. Fisher’s exact test was
performed to analyze the changes in participants’ responses after they received the additional patient informa-
tion. Results indicated no significant difference (p=0.14).

Discussion

Auscultation is a basic, highly versatile nursing skill used in various clinical settings. Effective education
can shorten the time required to learn such basic skills. However, it is still extremely difficult for nurses to im-
prove auscultation skills to the extent where they can correctly use them to diagnose a patient. One underly-
ing factor is that nurses learn practical skills as tacit knowledge. Hence, this study aimed to convert tacit
knowledge into explicit knowledge. In doing so, we attempted to visualize and describe sound identification
skills, which are the primary basis of diagnostic auscultation. The results of this study found that, with regard
to reference sounds in diagnostic auscultation, all participants recognized points approximately 200 ms after
the actual diagnosis/identification point. When identifying a specified sound in the control model, all partici-
pants responded within 90 ms. Previous studies have found that auditory reaction times are faster than visual
reaction times, and that tactile and auditory reaction times are approximately 120-140 ms” . In this study, the
reaction times of participants were measured and adjusted before the results were analyzed. The occurrence
of at least a 200-ms delay after an abnormal heart sound may indicate that participants recognized sounds dif-
ferently in diagnostic auscultation than in the identification of a specified sound. Recognition of sounds involves



110 HARESE - SERFR&E JJOMT Vol. 69, No. 3

differences in frequency (timbre) and changes in rhythm (pitch). Reactions to auditory stimuli are caused by re-
flexes in a manner similar to that of perception. As for the specified sound, the findings from this study corre-
spond with those from preceding studies in terms of general auditory reaction time. However, the auditory re-
action times of participants in this study clearly exceeded the general range of reaction time when they auscul-
tated heart sounds. This delay may exist because experienced nurses do not solely rely on reflexive reactions
to sounds; they also recognize other factors centered around the sounds. Additionally, a significant difference
in diagnostic identification time was observed between participants who answered correctly and those who
did not, suggesting that skills affecting the accuracy of diagnosis led to this slight time difference.

When participants were provided further information in addition to heart sounds, there was a significant
increase in the number of correct identifications of the heart sounds leading to definitive diagnoses. More spe-
cifically, the number of participants who answered correctly increased from 1 to 4. Participants were asked to
answer repeatedly for the point of identification where a decision was made during auscultation as long as
measurement continued. Participants, therefore, continued to answer even after they identified the disease. In
another experiment using heart sounds, 8 of the 10 participants identified sounds associated with diagnoses at
an increased rate after receiving additional information. This suggests that information other than heart
sounds affected the participants’ recognition of sounds. Providing participants with additional information also
affected their response related to the results of diagnoses, suggesting that providing a nurse with further infor-
mation in addition to heart sounds may help increase the accuracy of their diagnoses.

It is a natural assumption that providing participants with more patient information increases the accu-
racy of their diagnosis. Indeed, in this study, the accuracy of sound identification in auscultation by an experi-
enced nurse depended on whether patient information was provided beforehand. In other words, auscultation
by an experienced nurse is not simply a matter of differentiating among sounds. Rather, it is a skill requiring
complex thinking processes that can lead to higher diagnostic accuracy.

We used acoustic analysis software to visualize sound identification points by experienced nurses during
diagnostic auscultation. We suggest that, in order for experienced nurses to effectively apply their auscultation
skills, it is important that they not only distinguish different sounds but that they also consider potential diag-
noses based on the sounds. Therefore, the existing auscultation training methods for nurses may not be effec-
tive; they simply help nurses learn how to distinguish different sounds. In these existing methods, nurses re-
peatedly hear normal heart sounds as a reference so that they can then recognize abnormal sounds. This
study used acoustic analysis software to visualize the points at which experienced nurses distinguished heart
sounds. Visually presenting the points at which heart sounds are recognized helps to reduce the amount of in-
formation required for a nurse to acquire this skill; therefore, it leads them to rely more on their knowledge
than on simply distinguishing sounds.

Future studies are needed to examine how visually presenting points at which experienced nurses recog-
nize heart sounds affects the acquisition of auscultation skills by less-experienced nurses.

Limitations

This study examined only nurses with at least 5 years of experience in an advanced medical setting. As it
was difficult to recruit participants, we presented quantitative results from multiple experiments. Therefore,
selection bias may have largely affected the results. In addition, the sampled sounds used in this study may dif-
fer from those heard in real-world clinical settings. Hence, it was extremely difficult to make a diagnosis based
on the sampled sounds. Given that the rates of correct answers were low (50—60%), the difference between par-
ticipants who answered correctly and those who did not could not be clearly shown. However, no previous
studies have visualized auscultation by experienced nurses using measurement devices such as frequency
analysis software. Therefore, this study has high clinical significance; it found that experienced nurses do not
simply rely on distinguishing sounds when performing auscultation.

Conclusions

Our study found that nurses identified abnormal heart sounds at different time points depending on the
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associated disease. Points of identification were defined by at least a 200-ms delay of normal heart rates from
the abnormal heart rate frequency bands. Moreover, our results showed that providing nurses with additional
patient information increased the accuracy of diagnostic auscultation.
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