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Speech Recognition System Generates Highly Accurate
Endoscopic Reports in Clinical Practice

Hiroshi Takayama', Toshitatsu Takao', Ryo Masumura®, Yoshikazu Yamaguchi®,
Ryo Yonezawa®, Hiroya Sakaguchi', Yoshinori Morita®, Takashi Toyonaga',
Kazutaka Izumiyama® and Yuzo Kodama'

Abstract:

Objective Endoscopic reports are conventionally written at the end of each procedure, and the endoscopist
must complete the report from memory. To make endoscopic reporting more efficient, we developed a new
speech recognition (SR) system that generates highly accurate endoscopic reports based on structured data
entry. We conducted a pilot study to examine the performance of this SR system in an actual endoscopy set-
ting with various types of background noise.

Methods In this prospective observational pilot study, participants who underwent upper endoscopy with
our SR system were included. The primary outcome was the correct recognition rate of the system. We com-
pared the findings generated by the SR system with the findings in the handwritten report prepared by the
endoscopist. The initial correct recognition rate, number of revisions, finding registration time, and endoscopy
time were also analyzed.

Results Upper endoscopy was performed in 34 patients, generating 128 findings of 22 disease names. The
correct recognition rate was 100%, and the median number of revisions was 0. The median finding registra-
tion time was 2.57 [interquartile range (IQR), 2.33-2.92] seconds, and the median endoscopy time was 234
(IQR, 194-227) seconds.

Conclusion The SR system demonstrated high recognition accuracy in the clinical setting. The finding reg-
istration time was extremely short.
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the highest rate being 96% in radiology (1-4). In contrast,

Introduction

In recent years, advances in speech recognition (SR) tech-
nology have been remarkable, with voice commands being
used for many routine activities related to smartphones, the
Internet and even housework. Although not common in the
medical field, SR has been reported in radiology, emergency
medicine, pathology, nursing, endocrinology, dentistry, and
psychiatry. The recognition rate has also been reported, with

only a few studies have described the use of SR in endo-
scopic reports, and none have accurately evaluated the rec-
ognition rate (5-8).

Gastrointestinal endoscopy findings are conventionally
handwritten or typewritten at the conclusion of the endo-
scopic procedure. As such, the endoscopist is required to
memorize the findings during the procedure, as the report
can only be prepared after endoscopy has concluded. How-
ever, this practice poses problems, as the endoscopist may
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miss documenting important details of the lesions. Further-
more, there is an increased risk of bacterial infection associ-
ated with the doctor touching the keyboard, mouse, and
finding sheets (9). Completing handwritten or typewritten
reports is also time consuming, which limits the number of
procedures that can be performed daily.

To address these issues, we developed a new SR system
for endoscopic procedures that was based on structured data
entry (10). Our SR system selectively extracts endoscopic
findings from spoken conversation and automatically inputs
these into the appropriate columns of a structured report. We
tested this system in a preliminary study with an endoscopic
simulator, which demonstrated that our SR system is 98.4%
accurate in recognizing the relevant terminology. It also sig-
nificantly shortens the overall examination time (10). How-
ever, our preliminary study with an endoscopic simulator
was conducted in a quiet environment, whereas clinical en-
doscopy is performed in a space with ambient noise, such as
the voices of the patient or nurse, suction sound of the en-
doscope, and noise from the endoscope washer.

We conducted a pilot study to determine the performance
of our SR system in terms of maintaining the same level of
accuracy in clinical endoscopic settings with various degrees
of ambient noise.

Materials and Methods

Study design

This study was a prospective observational pilot study
conducted in collaboration with Kobe University Hospital
and the Hyogo Prefectural Health Promotion Association.

The study protocol was approved by the Institutional Re-
view Board of Kobe University Hospital (no. B200249, ap-
proved on November 16, 2020) and performed in accor-
dance with the ethical standards laid down in the 1964 Dec-
laration of Helsinki and its later amendments. We obtained
written informed consent from all of the participants.

Study population

Patients who underwent upper endoscopy as part of a rou-
tine health checkup at the Hyogo Prefectural Health Founda-
tion Health Examination Center were included in this study.
Patients who had strong anxiety during a previous endo-
scopic examination were excluded.

SR system

We jointly developed the original Japanese SR system for
reporting endoscopic findings equipped with VoiceRex"
(Nippon Telegraph and Telephone Corporation, Tokyo, Ja-
pan) in collaboration with Fujifilm Medical IT Solutions,
NTT TechnoCross Corporation, and Nippon Telegraph and
Telephone Corporation. The original SR system was used in
a preliminary study with an endoscopic simulator (10). In
the present study, we upgraded the VoiceRex" system by in-
troducing the latest technology (11, 12). We also upgraded

the text-processing method and vocabulary database of the
system. The SR system automatically extracts endoscopic
findings from spoken conversation and inputs these data into
the appropriate columns in structured reports. We opted for
structured data entry because free text entry would likely be
incomplete and difficult to search (13-19).

The SR system processed keywords through a hierarchical
structure that comprised organs, disease names, and remarks.
When an endoscopic finding was identified, the system se-
lected the appropriate terminology from the built-in diction-
ary linked with the Japan Endoscopy Database and inserted
it into the appropriate column. When a lower-level finding
in the column tree was recognized, the corresponding termi-
nology was automatically entered into the upper column.
For example, when “Grade M” was identified from spoken
conversation, the system entered “esophagus,” “reflux esoph-
agitis,” and “Grade M” in the organ, disease name, and re-
marks columns, respectively. Another feature of this system
was the ability to recognize multiple expressions for a single
finding. There were 196 types of findings and 446 ways of
expressing them. For example, when we registered the find-
ings of gastric cancer, we were able to register it by saying
igan in Japanese or using an abbreviation for gastric cancer,
such as "MK” in German. Therefore, malignant findings
were able to be registered by voice alone, even during endo-
scopy for conscious patients. As there were multiple verbal
expressions for a finding, we prepared multiple patterns to
ensure that the findings were registered with a high recogni-
tion rate.

The SR system is a software program that is installed
onto a personal computer. A wireless microphone transmit-
ted all spoken conversation to the computer. The command
“Start examination” launched the report registration screen,
and the program automatically added the relevant data to the
report throughout the procedure. All words spoken by the
endoscopist were displayed in the “All detected words” sec-
tion on the bottom of the screen. The SR system only recog-
nized the findings included in the built-in dictionary, and the
recognized findings were first displayed in the ‘“Pre-
registration findings” section on the upper part of the screen.
If wrong data were added at any time point, we were able to
revise the data by rephrasing our findings in this stage.
When the proper findings were displayed, the endoscopist
used the command “Register” to finalize the findings in the
center of the screen as “Registration findings.” The endosco-
pist was able to directly finalize the registration by uttering
the word “Register” immediately after the findings had been
uttered. The command “Complete examination” closed the
report registration screen at the end of the procedure (Fig-
ure, Supplementary material 1).

Endoscopic procedures

A single endoscope (GIF-PQ260; Olympus Corporation,
Tokyo, Japan) and endoscopic system (EVIS LUCERA
ELITE; Olympus Corporation) were used to perform endo-
scopy. No sedation was used during endoscopy for any par-
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Speech recognition (SR) system workflow. All words spoken by the endoscopist were dis-

first displayed in the “Pre-registration findings” section at the upper part of the screen (a). When the

proper findings were displayed, the endoscopist used the command ‘‘Register” to finalize the findings
in the center of the screen as “Registration findings” (b).

ticipants. All endoscopic procedures were performed by a
single experienced endoscopist in a clinical setting that in-
cluded ambient noise from the endoscopic machines and
washers. Upper gastrointestinal endoscopy was performed
with the personal computer with the SR system positioned
next to the endoscopic image screen. The program was run
throughout each procedure, and a handwritten report was
also completed by the endoscopist at the conclusion of each
endoscopy; this procedure was performed in a blinded man-
ner. The reports from the SR system and endoscopist were
compared, and the accuracy of the automated report was
also analyzed. We also analyzed all audio files recorded us-
ing the SR system.

Outcomes

The primary outcome was the correct recognition rate of
the SR system. Correct recognition was defined as the ratio
of correct identification of a set of data, which included the
organs, disease names, and remarks, corresponding to the
findings in the handwritten report.

The secondary outcomes included the initial correct rec-
ognition rate, number of revisions, finding registration time,
and endoscopy time. The initial correct recognition rate was
defined as the number of rows with correct findings regis-
tered on the first instance divided by the number of rows fi-
nally registered in the system. The number of revisions was
defined as the number of times rephrasing was required
prior to registration of the findings. The finding registration
time was defined as the time from when the endoscopic
findings were first spoken to when a set of findings was reg-
istered in the system. The endoscopy time was defined as
the time between when “start examination” and “complete
examination” were spoken. The finding registration time and
endoscopy time were retrieved from the information re-
corded in the SR system.

Sample size calculation

Our previous study with the SR software program and an
upper gastrointestinal endoscopy simulator demonstrated a
correct recognition rate of 98.4% (10). The role of SR soft-
ware programs in other disciplines has been examined, and
the highest correct recognition rate of 96% was documented
in radiologic reports (1-4). We expected a lower rate in this
study than our previous study due to ambient noise during
the procedure. We hypothesized that the rate in this study
would be 96%, which was the highest rate reported previ-
ously. We set the width of the 95% confidence interval at
4%, so that the correct recognition rate would be between
92% and 100%. The required sample size based on this set-
ting value was found to be 93. We estimated that at least
three findings could be obtained in each patient. As such, 31
patients were required to obtain 93 findings. We expected a
10% dropout rate, so the final required sample size was 34
participants.

Statistical analyses

The number of revisions, finding registration time, and
endoscopy time were presented as medians with interquartile
ranges (IQRs). The statistical program “R”, version 4.0.4 (R
Foundation, Vienna, Austria) was used for analysis. EZR
(Saitama Medical Center, Jichi Medical University, Saitama,
Japan) was utilized for all statistical analyses and sample
size calculations (20).

Results

Upper endoscopy was performed in 34 participants. We
evaluated 128 findings in 22 disease names. The disease
names and number of findings are listed in Table 1. The
number of findings correctly recognized was 128. All of
these were registered correctly on the first instance without
revisions. Thus, the correct recognition rate and initial cor-
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rect recognition rate were both 100%. The number of revi-
sions was 0.

The median finding registration time was 2.57 (IQR,
2.33-2.92) seconds, whereas the median endoscopy time was
234 (IQR, 194-227) seconds (Table 2).

Discussion

We demonstrated that our revised SR system was highly
accurate and practical in the clinical setting, despite the
presence of ambient noise. All findings were accurately reg-
istered at the first instance and did not require revision.

There are a few reports describing the use of SR in endo-
scopic reports, but none have accurately evaluated their rec-
ognition rate (5-8). The SR system we previously developed
had a high recognition rate and contributed to shortening of
the examination time in a quiet environment with an endo-

Table 1. List of All the Endoscopic Findings Obtained
in This Study.

Organs Disease names Remarks Ngll::lli)slg‘:f
Esophagus  Barrett’s esophagus SSBE 14
Esophagus No abnormality 10
Esophagus Hiatal hernia 7
Esophagus Reflux esophagitis Grade M 5
Esophagus Reflux esophagitis Grade A 5
Esophagus Papilloma 2
Esophagus Candidiasis 1
Esophagus Submucosal tumor 1
Stomach Erosion 11
Stomach Fundic gland polyp 8
Stomach No abnormality 6
Stomach Atrophic gastritis O-11 5
Stomach Atrophic gastritis Cc-II 4
Stomach Erosive gastritis 4
Stomach Atrophic gastritis C-III 3
Stomach Atrophic gastritis O-1 3
Stomach Xanthoma 2
Stomach Hyperplastic polyp 1
Stomach Telangiectasia 1
Stomach Ulcer 1
Duodenum No abnormality 32
Duodenum Ulcer scar 2

SSBE: short segment Barrett’s esophagus

scopic simulator. However, we had not evaluated whether or
not the SR system operated accurately during an actual en-
doscopic examination with ambient noise (10). In addition,
our previous SR system involved using a wired microphone.

In this present study, the revised SR system with a wire-
less microphone demonstrated a superior correct recognition
rate of 100% despite ambient noise, such as the voice of the
patient or a nurse, the suction sound of the endoscope, and
the noise from the endoscopy washer. In comparison, our
previous study with the original SR system demonstrated a
correct recognition rate of 98.4% (10). We expected a lower
rate in this study due to ambient noise during the procedure.
However, the result was 100%, which was the highest cor-
rect recognition rate we initially expected. The high correct
recognition rate in this study may be due to the following
reasons: we utilized structured data entry, which allowed our
SR system to selectively extract endoscopic findings that
matched those in the built-in dictionary, so none of the other
noises were considered as findings; and we improved the ac-
curacy of the SR system by using the latest deep learning
technology, adjusting the word processing method, and en-
hancing the vocabulary choices in the software dictionary.

The median finding registration time with the revised sys-
tem was 2.57 (IQR, 2.33-2.92) seconds. This time was ex-
tremely short and had little effect on the overall endoscopy
time. Our system was able to register findings efficiently be-
cause of the high processing power of the software program.
In particular, our system was able to input simultaneous
findings (location, disease name, remarks) based on a single
lower-level finding in the column tree. When a lower-level
finding in the column tree was recognized, the correspond-
ing findings were automatically entered into the other col-
umns. The prompt registration of SR findings during endo-
scopy may shorten the overall examination time by eliminat-
ing the time required to create reports at the end of each
procedure.

Several limitations associated with the present study war-
rant mention. First, it was a single-center study conducted
by a single endoscopist in Japanese participants. The SR
ability of our software may have been influenced by the
age, sex, dialect, speaking volume, and speaking speed of
the endoscopist. As such, our results may not be generaliz-
able. Second, we only evaluated a limited number of find-
ings in our study. Finally, we did not evaluate the usefulness
of the SR system in terms of total time spent on the endo-

Table 2. Correct Recognition Rate, Initial Correct Recognition Rate,
Number of Revises, Finding Registration Time and Endoscopy Time for

128 Findings.

Number of findings correctly recognized
Number of findings correctly recognized on the first instance

Number of revisions
Finding registration time (s)
Endoscopy time (s)

128 (100%)
128 (100%)
0
2.57 (2.33-2.92)
234 (194-227)

Data represent the number (%) or median (interquartile range)
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scopic procedure and report preparation, as in the study of
Yokota et al. (8).

We intend to conduct a multi-center study in the future to
prove that a high recognition rate can be achieved among
various endoscopists and findings. Since we were able to
achieve an extremely high correct recognition rate in an ac-
tual endoscopy setting, which was not evaluated previously,
we believe that this system can improve endoscopic effi-
ciency. Our aim is to increase the operational efficiency of
the endoscopy workflow and decrease the stress of the endo-
scopist.

In conclusion, our SR system demonstrated a high correct
recognition rate of 100% in the actual clinical setting. The
finding registration time was extremely short.

The authors state that they have no Conflict of Interest (COI).
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