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Abstract: In this study, we developed a similar text retrieval system using Sentence-BERT (SBERT)
for our database of closed medical malpractice claims and investigated its retrieval accuracy. We
assigned each case in the database a short Japanese summary of the accident as well as two labels: the
category was classified as a hospital department mainly, and the process indicated a failed medical
procedure. We evaluated the accuracies of a similar text retrieval system with the two labels using
three different multilabel evaluation metrics. For the encoders of SBERT, we employed two pretrained
BERT models, UTH-BERT and NICT-BERT, that were trained on huge Japanese corpora, and we
performed iterative optimization to train the SBERTs. The accuracies of the similar text retrieval
systems using the trained SBERTs were more than 15 points higher than those of the Okapi BM25
system and the pretrained SBERT system.

Keywords: closed claims; medical malpractice; BERT; Sentence-BERT; BM25; information retrieval;
natural language processing; multilabel machine learning

1. Introduction

To prevent the recurrence of medical accidents, it is important to learn from past
accidents. In Japan, the Project to Collect Medical Near-Miss/Adverse Event Information
operated by the Japan Council for Quality Health Care [1] and the Medical Accident In-
vestigation System operated by the Japan Medical Safety Research Organization (Medsafe
Japan) [2] collect and analyze data on medical accidents that meet certain requirements
and conduct educational activities to prevent the recurrence of similar medical accidents.
The Japan Council for Quality Health Care created a database of information on medical
accidents for their near-miss and adverse event project and made a part of the informa-
tion publicly available, and medical institutions use this database for risk management
by searching for similar medical accidents using keywords. However, because medical
terminology is not uniform, it is not yet possible to fully derive similar medical accident
cases through keyword searches.

One source of medical accident case studies is insurance companies’ closed claims.
A representative example is the Data Sharing Project of the MPL Association, in which
~70% of MPL (medical professional liability) insurers in the United States participate. The
closed claims collected through this project are analyzed from various aspects and used for
medical institutions’ risk management [3].

In Japan, Sompo Japan Insurance Inc. (S]) holds ~70% of the MPL insurance market.
We have analyzed the SJ closed claims and reported on their usefulness as a source of
information on medical accidents and medical disputes [4-6]. Currently, we are creating
a database of closed SJ claims including textual information for more efficient analysis.
Furthermore, we are also developing not only a keyword search system but also a similar
case search system with higher accuracy for this database. In the future, we hope to return
these results to medical institutions so they can utilize them in their risk management.

To effectively utilize our closed-claims database, it is essential to have a system to
extract past medical accidents that are similar to the one being investigated. Because our
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database contains textual information, we considered that a similar document retrieval
system would be useful. There are two main types of similar document retrieval systems:
lexical similarity and semantic similarity. A lexical similarity system matches keywords
or phrases in a search query to text content; it focuses on exact word matching without
considering the context or the meanings of words. A representative system based on lexical
similarity is Okapi BM25 [7], whose implementation began in the 1990s; it is based on term
frequency-inverse document frequency (TF-IDF) and is still widely used today.

In contrast, a semantic similarity system focuses on the meaning and context of the
words in a query, considering synonyms, related concepts, and the context of a word’s
usage. This type of search produces more relevant results by understanding the intent
behind an input query. Retrieval systems based on semantic similarity are built using
machine learning models that output word-embedding vectors. Representative models
are Word2Vec [8], Doc2Vec [9], Glove [10], fastText [11], BERT [12], and GPT-3 [13] in the
order of publication. Among these models, we chose to employ BERT (bidirectional encode
representations from transformers) because of the large numbers of research publications
in the fields of medicine and Japanese natural language processing, as well as available
frameworks and libraries.

BERT is a pretrained language model that can be fine-tuned for a variety of natural
language processing (NLP) tasks. The algorithm uses an encoder—decoder architecture with
a transformer-based encoder. The first key feature of the BERT algorithm is bidirectional
training. BERT models are trained on a large corpus using a bidirectional approach where
the model can consider left-to-right as well as right-to-left context. This allows the model
to understand the meaning of words based on the surrounding context. The second key
feature is the Masked Language Model. During pretraining, a certain percentage of input
tokens are randomly masked, and the model is trained to predict the original tokens based
on the surrounding context. This forces the model to learn a deeper understanding of
the context. Then, the pretrained BERT model can be fine-tuned on a specific NLP task,
such as sentiment analysis, question answering, or named entity recognition, by adding an
additional output layer and training the model on a smaller dataset. The feature of only
requiring a small dataset is suitable for this study without a large dataset.

Among the various derivatives of BERT, Sentence-BERT (SBERT) [14] is highly re-
garded for its search accuracy and speed. Therefore, we decided to develop a similar
accident retrieval system for our closed-claims database using SBERT and to investigate its
retrieval accuracy.

2. Materials and Methods
2.1. BERT

In this study, we adopted SBERT as a semantic search system to find similar medical
accident summaries for our Japanese database of closed medical accident claims. To imple-
ment SBERT, we used Sentence-Transformers [15], a library in the Python language. This
library is based on PyTorch, a deep learning framework, and the Transformers repository
of Hugging Face, Inc.

As shown in Figure 1, there are two types of SBERT: the bi-encoder model, which uses
two BERT encoders to compare two texts, and the cross-encoder model, which uses only
one BERT encoder. The bi-encoder model has the advantage of operating at high speed,
but the cross-encoder model is more accurate and is suitable for re-ranking small numbers
of documents [15]. Because our final goal was to eventually be able to find similar texts
from more than 30,000 texts in the future, we chose the bi-encoder model, which is suitable
for this application.
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Figure 1. SBERT architectures: (a) the bi-encoder model and (b) the cross-encoder model.

We employed the two Japanese pretrained BERT models shown in Table 1 for the
SBERT encoders. UTH-BERT [16] was trained with ~120 million lines of clinical texts stored
in the electronic health record system of the University of Tokyo Hospital (UTH). Although
UTH-BERT does not have a large vocabulary (25,000 tokens), it is rich in medical terms.
Therefore, we considered UTH-BERT to be suitable for this study of medical accidents.

Table 1. The specifications of the pretrained BERT models.

UTH-BERT NICT-BERT

The National Institute of Information

Publisher The University of Tokyo Hospital and Communications Technology
Pretraining corpus Clinical text (120 million) All Japanese Wikipedia
Morphological analyzer MeCab
Tokenizer
External dictionary Mecab-ipadic-neologd, J-MeDic Jumandic
Maximum sequence length 512
Number of vocabularies 25,000 100,000 !

1 We used the BPE version.

In contrast, NICT-BERT [17] is a generic BERT model created by the National Institute
of Information and Communications Technology (NICT) and trained on all articles in
Japanese Wikipedia. Because it has a rich vocabulary of 100,000 tokens, we chose it for
comparison with UTH-BERT. For both the UTH-BERT and NICT-BERT tokenizers, we used
the morphological analysis engine MeCab [18] implemented in Hugging Face Transformers
with the external dictionaries specified for each BERT model.

2.2. Datasets of Medical Accidents

We used 1165 closed claims handled by SJ’s Tokyo office from April 2018 to March
2019 as the dataset for medical accidents. For each case, we manually created a short text
summarizing the medical process, patient outcome, and legal liability outcome based on
paper documents stored in the SJ office. Figure 2 shows a histogram of the number of
tokens in the short texts; there is little difference between the histograms for the UTH-BERT
and NICT-BERT tokenizers. The mean and maximum numbers of tokens were 123 and 399
for the UTH-BERT tokenizer and 126 and 425 for the NICT-BERT tokenizer, respectively.
The maximum numbers of tokens were smaller than the maximum sequence length of 512
in both UTH-BERT and NICT-BERT, and no sentence truncation occurred.
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Figure 2. A histogram of the numbers of tokens in the short summary texts of medical accidents. The
purple area is where the NICT-BERT tokenizer area shown in blue overlaps the UTH-BERT tokenizer

area shown in red.

We also manually annotated each accident case with its category and process; the
category identified the hospital department, medical profession, and property damage
(e.g., patient’s spectacles dropped and broken), and the process indicated a failed medical
procedure. Figure 3 shows the different categories and processes and the frequencies of
appearance of each in the dataset. The most frequent categories were internal medicine,
surgery, obstetrics and gynecology, orthopedics, and dentistry, and the most frequent
processes were diagnosis, surgery, treatment, and management. There was no intentional

bias in the data collection.

Category

Process

Internal Medicine
Surgery

Pediatrics
Obstetrics and Gynecology
Psychiatry
Dermatology
Ophthalmology
Otorhinolaryngology
Urology

Orthopedics
Neurosurgery

Plastic Surgery
Emergency Medicine
Anesthesiology
Radiology
Rehabilitation Medicine
Pathology
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General Medicine
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Surgery
Treatment
Management
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Follow-up
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First-aid
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Figure 3. The (a) categories and (b) processes that occurred most often in the dataset according to

their frequency of appearance.



Appl. Sci. 2023,13, 4051

50f19

Y. Otaki, a physician and lawyer, and an assistant on the project performed the
documentation and annotation through trial and error from March 2019 to August 2022.
Specific examples of the short texts and the labels are listed in in Tables 4 and 5 Section 3.2.

2.3. Similarity Scores

The similar text search engines we developed extracted the top-K texts with good
similarity scores for a given query. Here let D be a multilabel dataset consisting of | D|
multilabel instances (s;,Y;),i = 1,2,---, |D|. The short text s; contains M; keywords
(w,‘,l, Wio, -, W Mi)' In creating the keywords, we performed word segmentation using
the UTH-BERT tokenizer or the NICT-BERT tokenizer and stop word removal using the
dictionary of Japanese stop words from SlothLib [19]. The multilabel Y; is defined as a
one-hot vector of Y; = (vi1,Yi2, -~ ,¥ir), yis € {0,1}, 1 <1 < L.

In similar text retrieval by SBERT, we measured the similarity between two texts with
the Euclidean distance in the following formula:

euc_dist (s;, sj) = |si — S]'H M

where s; is the embedding of the text s; derived by the BERT encoder. The smaller the
Euclidean distance, the more similar the two texts.

We also built a similar text retrieval system using Okapi BM25 to compare with the
SBERT system. For the Okapi BM25 system [7,20], we measured the similarity given by

@

M; s -(k 1
BM25(D,s;,5;) = Y IDE(D, wi,,)- f(Wim,sj)- (k1 +1) __
" (i) + - (1= 0+ b

where f (w; , s;) is the number of times that w; ,, occurs in the text s;, avgdl is the average
text length in the dataset D, and k; and b are free parameters. IDF(D, w; ,,) is the inverse
document frequency weight of the query keyword w; ,,,. This is given by

|D| — TZ(D, wi,m) +0.5
n(D,wjm)+05

IDF(D,w;,,) = log 3)

where 1n(D, w; ,,) is the number of texts that contained w;,,. A higher BM25 indicates
greater similarity between the two texts.

2.4. Evaluation Metrics

In this study, we employed the degrees of agreement between labels of a query and
labels of similar texts as measures of similar text retrieval accuracy. We focused not on
ranking the extracted similar texts but rather on how many of the top-K similar instances
had labels that matched the query. In multilabel machine learning [21], there are three
possible states of label agreement: complete match, partial match, and complete mismatch.
First, we defined the exact match ratio as a measure of complete match. Here the top-K
instances similar to a query instance (s,, Y;) found by search engines in dataset D are
(sk(D,sq), Zk(D,sq)), k = 1,2,---, K. The multilabel Z;(D,s,) is given by a one-hot

vector of Zy(D,s,) = (quk/l,zq/klz,' . ,zq/k,L), zgks € {0,1}, 1 < I < L. Then, the exact
match ratio is given by
1 K
ExactMatchRatio (D, (s4,Yy)) = z Y 1(Yy = Zk(D,sq)), 4)
k=1

where 1(x) is the indicator function: 1(x) = {1if x is true, 0 otherwise}.
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AveragedExact MatchRatio (Dt”’in, Dt“t) =

In some of the extracted similar texts, one label matches that of the query, but the other
label is different (e.g., surgical vs. dental anesthesia accidents). Therefore, we defined the
Hamming score in the following equation as a measure of partial match:

1 & YN Z(D,sq)|

HammingScore(D, (sq,Yy)) = Ek_l Y, UZ(D,sq)|

©)

The Hamming score is sometimes referred to simply as accuracy in multilabel classifi-
cation tasks; we also defined the Hamming loss as a measure of mismatch:

‘ 1 K L
HammingLoss(D, (sq, Yy)) = s Y)Y (yq,l + zq,k,l). (6)
k=11=1

Finally, we averaged the above evaluation measures defined for individual queries for
all queries. Let D" be a training dataset and D'*! be a testing dataset, and we defined
the averaged metrics with the following equations:

1 . train
= /e o ExactMatchRatio (D , (sq,Yq)), (7)
q:Yq
: train test 1 : train
Averaged HammingScore (D ,D ) = —— HammingScore (D , (sq, Yq)>, (8)
|Dt85t ‘ (Sq,Yq)G'DtESt
. 1 )
: train test\ __ : train
Averaged HammingLoss (D ,D ) = D] . Y)ZQ;DW HammingLoss (D , (sq, Yq)). )
q:Yg

Larger averaged exact match ratios and Hamming scores and smaller averaged Ham-
ming losses are better. In the results discussed below, K, the number of extracted similar
instances, was fixed at 10.

2.5. Optimization Method

Table 2 lists the hyperparameters used when training SBERT. We used the loss function
of multiple negatives ranking (MNR) loss [22] to train the SBERT used in the search engine.
MNR loss has the advantage of only requiring a pair of original text and similar text,
whereas the loss function of triplet loss used in the first SBERT paper [14] required a set of
original text (anchor), similar text (positive), and dissimilar text (negative). For optimizer,
batch size, learning rate, pooling strategy, and warmup rate, we followed the parameters
used in the first SBERT paper. We adopted 15 as the optimal number of epochs based
on preliminary experiments with other parameters fixed. The maximum sequence length
was given by the maximum number of tokens in the dataset plus 3, the number of special
tokens ([CLS] and [SEP]), and a trailing blank. We split the dataset into training, evaluation,
and testing sets and allocated 80% to training, 10% to evaluation, and 10% to testing. We
used random numbers for the data splitting and for the initial value setting during training.
We calculated the evaluation metrics based on the means of the results with 10 different
random seeds.

We note here that it is very labor intensive to manually create the text pairs needed
to train SBERT with MNR loss; therefore, we developed the iterative method shown in
Figure 4. First, as the zeroth iteration, a search engine using a pretrained SBERT and given
the entire training dataset as a database corpus would find 10 similar texts for one query
selected from the training dataset in order of best similarity score defined as Euclidean
distance; here the same text as the query was excluded. If any of the 10 similar texts had
labels that exactly matched those of the query, we created label-matched pairs with the
query and the similar texts, and we repeated this with all texts in the training dataset as
queries to build a dataset of label-matched pairs. Next, as the first iteration, we trained
SBERT using the dataset of label-matched pairs with MNR loss. Then, we created a renewed
dataset of label-matched pairs for the second iteration using a search engine with the trained
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SBERT (first optimized SBERT in Figure 4). We performed these iterations 10 times. We
expected that this iterative process would efficiently expand the dataset of label-matched
pairs and gradually improve the accuracy of the search. Finally, we chose the SBERT model
that yielded the best retrieval accuracy among the 10 iterations.

Training corpus

=5 g~

Training query

Label-matched pairs
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Top-10 similar texts

e
T
I
I

2 B

Pretrained
SBERT

1st iteration —
Training corpus

Training query

Label-matched pairs

Semantic
search engine

1st Optimized
SBERT

| B

)

Training

Top-10 similar texts

>Rl

I
1§

Pretrained
SBERT

2nd iteration —

Training corpus

Training query

Semantic ;
search engine ;|
1

2 E

'y

Top-10 similar texts

SRR B

B

Figure 4. The SBERT iterative optimization method. Documents of the same color indicate that the

labels are an exact match.
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Table 2. Specific hyperparameters for SBERT training.

Parameters UTH-BERT NICT-BERT
Loss function Multiple negatives ranking loss
Optimizer Adam (warmup rate: 0.1)
Pooling strategy Mean
Batch size 16
Learning rate 2x107°
Epochs 15
Maximum sequence length 399 + 3 =402 425 +3 =428
Split ratio of the dataset Training:Evaluation:Testing = 0.8:0.1:0.1
Random seed 1,2,5,10, 20, 50, 100, 200, 500, 1000
3. Results

3.1. Effectiveness of the Iterative Optimization Method

In this section, we present the results of training SBERT with the iterative optimization
method described in Section 2.5. Figure 5a shows the number of label-matched pairs versus
the number of iterations; as expected, the number of pairs showed a monotonic increase
with the number of iterations and almost saturated at the eighth iteration. Figure 5b
shows the averaged exact match ratio, a measure of complete match, versus the number
of iterations; overall, UTH-BERT performed better than NICT-BERT. For UTH-BERT, the
averaged exact match ratio was 27% with the pretrained model (zeroth iteration in the
graph), but it improved to 45% at the fifth iteration, after which it declined. Figure 5c
shows the averaged Hamming score, a measure of partial match, against the number of
iterations, which showed the same characteristics as the change in the averaged exact match
ratio. Figure 5d shows the averaged Hamming loss, a measure of mismatch, versus the
number of iterations; a smaller averaged Hamming loss means fewer mismatches. Both
UTH-BERT and NICT-BERT improved until the fourth iteration, after which we observed
almost no change.
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Figure 5. Cont.
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Figure 5. Changes in the numbers of label-matched pairs and evaluation metrics with the optimization
iterations: (a) number of label-matched pairs, (b) averaged exact match ratio, (c) averaged Hamming
score, and (d) averaged Hamming loss. The dots and the error bars indicate the mean and the
standard deviation of the results from 10 different random seeds, respectively. To distinguish between
UTH-BERT and NICT-BERT symbols, the UTH-BERT iteration number is offset by +0.1, and the
NICT-BERT iteration number is offset by —0.1. The zeroth iteration shows the results from the
pretrained SBERT systems.

3.2. Comparison between Search Engines

In this section, we compare the search accuracies of the search engine using the
optimized SBERT with those of the search engines using the pretrained SBERT and Okapi
BM25 as shown in Table 3; we found that the pretrained SBERT and Okapi BM25 were
equally accurate. Using the trained SBERT system optimized by the iterative method
described in the previous section, both the averaged exact match ratio and averaged
Hamming score improved by more than 15 points. In addition, UTH-BERT performed two
to three points better than NICT-BERT. Tables 4 and 5 show specific examples of search
results for a specific query by search engines using the pretrained SBERT and the trained
SBERT with UTH-BERT, respectively. Comparing the results in Tables 4 and 5, it is clear
that the trained SBERT is more accurate.

Table 3. Comparison between search engines; bold type indicates the best results. The value of each
evaluation metric is the mean and the standard deviation (SD) of the results from 10 different random
seeds. The UTH-BERT and NICT-BERT results are derived from the fifth and sixth iterations in the
iterative optimization, respectively.

Averaged Exact I?Zﬁ:;?i‘:ld Averaged
System Models Match Ratio, Score & Hamming Loss,
Mean (SD) Mean (SD) Mean (SD)
. UTH * 0.264 (0.011) 0.390 (0.012) 0.0643 (0.0016)
Okapi BM25 NICT * 0.268 (0.014) 0.395 (0.012) 0.0637 (0.0016)
Pretrained UTH 0.277 (0.016) 0.412 (0.011) 0.0612 (0.0012)
SBERT NICT 0.251 (0.018) 0.381 (0.011) 0.0651 (0.0010)
Trained UTH 0.448 (0.018) 0.577 (0.016) 0.0421 (0.0019)
SBERT NICT 0.423 (0.020) 0.548 (0.018) 0.0458 (0.0022)

* We did not use the BERT models, only their tokenizer for the Okapi BPM25 system.
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Table 4. An example results of a similar text search by the PRETRAINED SBERT with the UTH-BERT
model. The labels in red are those that match the labels in the query.

Summary Text of Medical Accident
Upper Row: Japanese Original Text; Lower Row: English Translation

Euclidean
Distance

Category

Process

Query

KENMRASFRIEDF AL D BEMFEH NI W ZM Ao Lz, SRk

BIIRATZARAT (200 — KA HErTd. A<= > 7 h 5 —F L hefidH

L. WA ol iRR AR IC R L 7z, mLE R A 253 . X TE TRkt s % >

e BEFES . KL L ToOSEoitl & SRR EMEIC DLW ToE

TRDDEVWD VL —LhidoT, —HOEROBEEEE - 120 B R
HRIET . BEEOTIWHY .

A newborn child with aortic stenosis was referred to the hospital for close
examination and treatment. During percutaneous aortic valvuloplasty (balloon
enlargement), an external pacing catheter was broken, and a fragment remained in
the peripheral pulmonary artery. Attempts were made to retrieve the catheter, but
the debris could not be recovered, and the patient was discharged from the
hospital. The patient’s family complained to the hospital requesting
documentation of this incident and future treatment and testing. The issue was the
appropriateness of the treatments, the hospital was found liable, settlement was
completed, and compensation was paid.

Internal
Medicine

Surgery

First hit

7055 (M. P OJE TS FijIcPCL (GEEIR A 7> NI ERD) fE51T L =B h. =
B EH . InFEZE2s Lz, Dy 7 —F L i Th . sk Hs
FAEL. FATRENIRIRAE X TR L 72, WWCT fifr L. BE AT REIRE IR
7% 5 CICAHTEEIR S 4 S ARTHEIT & 2 - 7= BEREALS . 77 —T L FHo
WIS kL BN RENIRAREAE Z FIE L SR A SRE IR R O EEIR Y A o3 AT =
5. 20RO MEDIE T h. TS X D 10EFRTHEIC R 3Tt & 72 0 ks IR S
BBROBREEZE 22\ I L —Lhd T2, — B RO & hebHH &
Totz. MIEFAKEMREL . KBS - 2. E. BESoTwWE L,

A woman in her 70s who had undergone PCI (coronary artery stenting) five years
ago for angina pectoris came to a hospital for a thorough examination of her
coronary arteries. During cardiac catheterization, first the right coronary artery
was dissected, and this then extended to the ascending aorta. Following
contrast-enhanced CT, emergency ascending aortic replacement and right coronary
artery bypass surgery were performed. The patient’s attorney claimed that due to
negligent catheterization, the patient developed an acute aortic dissection and
underwent partial aortic replacement and coronary artery bypass surgery, which
should have taken ~20 min. The issue was the suitability of her medical treatments.
After a long period of time with no movement, the patient received a termination,
but the hospital was found not liable, and no compensation was paid.

1.8459

Internal
Medicine

Examination

Second hit

405 KM ERRFEESFoEE . BEMEZHNIC, Kz Lz, i

WCT MufT L. EREROZRO . ARRIE N R ER OFRE M TREB MR % fi

TH. D ELFATET. F2—T7%2%ET LI F = — 7OEMI8 mm HH{kA

ICHEELRE. KRt enFHEzb . BErS, MHEZARET LW 7L =L

oz WHENF = — 7O RNEERD R E 205 /2 BREICIEEmE e 5 &

LTHESR 2N, %&*’J%%%ﬁi&i(ADR) TRik. HHE. ikt 1. HHHS
25-&INRE VB

A male patient in his 40s with a chief complaint of left scrotal pain visited a
hospital for close examination and treatment. Contrast-enhanced CT confirmed a
left ureteral stone. He received epidural anesthesia for transurethral ureteral stone
removal, but the tube could not be inserted properly, and the 18 mm tip of the tube

remained inside the body. The patient complained of pain and requested
compensation. Leaving the foreign object behind in his body was considered
negligent, and the hospital was found liable. This case was settled through
alternative dispute resolution (ADR). Compensation was paid.

1.8505

Urology

Anesthetic
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Table 4. Cont.

Summary Text of Medical Accident
Upper Row: Japanese Original Text; Lower Row: English Translation

Euclidean
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Third hit

80 A, IR EF ». WEMFRH IS, Wiz Lz, SRS
DHBRIT. AR E R 520 "= A F—H—M2AAaF, LOF ) —RICksH
LHHEILZERE T 209 2 K+-—Fhfd Lz, CIEIE M Tirobg. %
Bz B RS E (PCPS) DRI % 5 — 5 L hsHZ o T KEflkZ 2270 U EREN
AL 72 2 R THTICE - /2. B> S . TN 2l zirnid. T
AICIF->TnErdb LNawEn) 7L —Lbdh o tm. — MO HIEOE & h3R
Eh s BEMEIX. KALZESATCT 25 THRiTL Wi, Lzl
Lozl LT, —EEE MR, BE. BESO XTI WS Y.

A female patient in her 80s with dyspnea visited a hospital for close examination
and treatment. She was hospitalized for acute heart failure. During pacemaker
implantation, cardiac tamponade occurred due to perforation of the right atrial

appendage by atrial lead. During a cardiovascular surgery, a percutaneous
cardiopulmonary support system (PCPS) debridement catheter perforated the
inferior vena cava in the abdomen, causing bleeding into the abdominal cavity,
which resulted in death. The bereaved family members complained that had it not

been for the technical failure, the patient might have returned home in good health.

The appropriateness of a series of treatments became an issue. The medical
specialist concluded that the death would not have occurred if a CT had been
taken and surgery had been performed at the time of the incorrect insertion and
that the hospital was partially liable. Compensation was paid.

Internal

1.8762 Medicine

Surgery

Fourth hit

70RO PHREED )« IR CRERAMRGRT O EE . BEIRz HN
I, ibEZ s Lze MRT MEREST L. fAEm e HEIEEET oM Sz,
ARMUE R 2179 2 21078 5 7=, fredr e © U Mg, i, it
PREEZ A U R 2 QRGRIRIEE A ST IC R S 2 [BIREIEIETH
2| oWEFICHTsERFL L yIc. [EREKICH T 2114 oFERED”
RSNz, —HORROM G DR & 74 - 7z, ERI2IE. SOFEICH T 5780
WESEN»SHY . AR AN 2 LimoT 7z 8. HHEod\wa ).

A man in his 70s with facial spasm who was being treated with stabilizers by his
primary care physician visited a hospital for close examination and treatment. An
MRI scan was performed, and a diagnosis of neurovascular decompression
syndrome was made. Neurovascular decompression surgery was performed.
Subdural hematoma, cerebellar hemorrhage, and brainstem edema occurred as
postoperative complications, and the patient died without improvement in
consciousness despite reoperation. Along with the statement of opinion from the
report of the Medical Adverse Event Investigation Committee, a claim for
“compensation for medical accident” was submitted. The issue was the
appropriateness of the treatments. The medical board found that there was a delay
in diagnostic treatment for the complication and concluded that this hospital was
liable. Compensation was paid.

1.8835 Neurosurgery

Surgery

Fifth hit

50k XM, MO NPUELE o B EHH. FMENEZ HIC. IRtoRCEIE
=i Uiz, KENRA B SN 0l T RENIRA B IRRETHE T L 7= he. i, B
MAD 2 A~y FTHEMRZITW. ER] NI L 2 DAz S L .
KER L =2 s A ey 2 BEIRS A S AR Z 1T 5 720 T2 H HICOE
BEMEFFCE 9. PCPS =XH L. @A LLIKES D20 KEHbE Tkt &
%o fmht. LEIREE. DRREMIE R ST S OFEZEIC X VT L 7.
HIEGHEZE2rRM I . TEMS RENRERT R R - 22 & Sl
THRWEL AT TR USROS/ E T EE L 7= 2 & BT R o 1EIREN B
B & D IERT FATRAIRO OFEEEIS T 0 S OFIZEN LT L 2 EH e % 5 /-
afREME S E 2 S BEEHIORMEERE L. DIEIILEMEF— 2005 £ <8
REIN TV S EhiTFons v Iftme -7 BifEPS . R¥EFERE
WAEROBIEIC DLW NS 5 128D 7 L — Ldvds - o, —HORBEDORE G
DR 7 5 720 ML, I KEIRAE SRR F D T LA ZE & R b
. KENNRAE T & 0T L 1T BB fhd B L=, MR R T
L—Fa E\%frﬁémﬂiﬂ\\\ﬁ l/u

1.8997 Surgery

Surgery
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Upper Row: Japanese Original Text; Lower Row: English Translation

Euclidean
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Fifth hit

A female patient in her 50s with a chief complaint of chest discomfort visited a
hospital emergency department for close examination and treatment. She
underwent aortic valve replacement with a diagnosis of aortic regurgitation.
Intraoperatively, she underwent revision due to a mismatch of the mechanical
valve, which was complicated by extensive myocardial infarction in the left
anterior descending branch region, and she underwent aortic balloon piping and
coronary artery bypass surgery. On the second postoperative day, cardiac function
could not be maintained, and the patient was placed on PCPS and transferred to a
university hospital for placement of an artificial heart. However, her general
condition and cardiac function did not recover, and she died of acute myocardial
infarction. An accident investigation committee was convened that concluded that
the unscheduled prolonged aortic blockade time, the presence of a stenotic lesion
in the left anterior descending branch region that was discovered in the autopsy
case, and the management of circulatory dynamics after unblocking may have
contributed to the progression of the left anterior descending branch region from a
loss of cardiac function to myocardial infarction. The conclusion was that the
cardiovascular surgery team was not well organized. The family complained that
there was a problem with the delay in transporting the patient to the university
hospital. The issue was the appropriateness of the treatments. The medical
specialist concluded that the death appeared to be a perioperative myocardial
infarction associated with aortic valve replacement and that there was a causal
relationship between aortic valve replacement and death. This hospital was not
liable. The claim was withdrawn. No compensation was paid.

1.8997

Surgery

Surgery

Sixth hit

7055 XM . AU IRIEIES B b BEMWRH IS, Wiz Lz, fiiio
WS EEOEHARHS RS TFRTEIC & 20 Iz, (MREEIE AR
#T(MICS-MVP) fafrik. MHESHETHEARG T332 hr—LTEF, itk
O EIEMERE(LOS) & 7Y . R MATHEST U 7=, 4Rt . MATENHERY
ET. IEHUMIBITL Y > R+ =T &Rz, 3l HoFhi cHERI 1EdE)
Wb RS L . EE A SHIE L < k. B -7z BENS. MAE
B ERLEOI. ERBETIIZVWD L ED 7L —Lhdh - 2. —HOIREDIH
Wh & 7% 5 /. REEEDRIHZ R L 72, 8. Rk 1. HEeod,
Wb,

A man in his 70s with benign prostatic hyperplasia visited a hospital for close
examination and treatment. Preoperative examination revealed that he had severe
mitral regurgitation and was indicated for surgery. After minimally invasive mitral

valvuloplasty (MICS-MVP), the patient’s blood pressure was elevated and
uncontrolled despite drug administration, resulting in postoperative low cardiac
output syndrome (LOS). 4 h later, the patient was hemodynamically unstable and
had cardiac tamponade through a median incision. After the third operation, he
was discharged from the hospital after suture hemostasis was achieved through a
reopened chest (median incision) hemostasis without serious complications. The
patient complained that the elevated blood pressure was medical malpractice. The
appropriateness of a series of treatments became an issue. A permanent disability

certificate was prepared. This case was liable. Settlement was completed.

Compensation was paid.

1.9071

Surgery

Surgery

Seventh hit

50k Xt KRR L 77 ) — BBl ChiEZp L= BBy BEWRZE
M1, TREZEZH L. MEOME. BIRMERIC X 2 EIGSEIIREE & FE
ARIEIEIC & % 9 I & T 3 N7z, WRTEZSUIR T B T FAiET & . & 2
202 & EIIREEE - 2. BEPS . IIRFREFEICKERT 2IHA ) A7 DO~
. FRICHEI BB L CICOWTHERT LW I /L — L o7z, —
HEOHROW G R L 5 7=, BT, FER oK 2 212 &k 228000 %
LTI ARMHShEfEmT 2. Bl Take 1. BHEoXivwdY,

A woman in her 50s, who had been seen by her previous physician for left toe pain
and cyanosis, visited a hospital for close examination and treatment. After close
examination, she was diagnosed as having left iliac artery stenosis due to a pelvic
mass and congestion due to compression of the iliac vein. The patient requested
bilateral adnexectomy and underwent surgery, but due to a miscommunication,
the left ovary remained. The patient claimed that she was concerned about the risk
of disease due to the residual ovary and claimed compensation for the associated
cost of medical examinations. The appropriateness of a series of treatments became
an issue. A consultant physician concluded that the mistake was obvious, as the
organs were left behind due to miscommunication within the hospital. This case
was liable. Settlement was completed. Compensation was paid.

1.9101

Obstetrics and
Gynecology

Surgery
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Eighth hit

605 XAt Rt d 2R Lo BEh . MEMRENIC, MEORIMEE
2 L ze NIEPRUIED Dl TERRTRERIIRIE R A R ORI TREENIR 2% 7> b
BRI Lz FROC O FE. RIBUS AL KERRPEE Sz, &
EPS . QRSN G EER I AZERTL L —Lbbo . —HOER
PO N & % 5 J=. B EHEDLEL. 7L THRFRD > 2hs, #iE %
SHEERT . IIAL 25 R, K. BifHeosdlvzl.

A female patient in her 60s with a chief complaint of persistent chest pain visited
the emergency department of a hospital for close examination and treatment. She
underwent emergency coronary angiography and percutaneous coronary stenting
with a diagnosis of unstable angina pectoris. Haematoma, skin erosion, and blister
formation were observed following the surgery. The patient made a complaint
alleging medical malpractice, such as having been made ill. The appropriateness of
a series of treatments became an issue. The hospital took a complication stance.
There was a request for disclosure of medical records, but the case was closed

without action. In the case of relapse, this case was reinstated. The case is not liable.

No compensation was paid.

1.9495

Internal
Medicine

Surgery

Ninth hit

WilsonJifo i VB E b FFMZ HNIC. ABEL /= FLEIR S 4 > 35 ARFIC

LGB TEIRZZN L /=, £/ A RHEEFRRICIRE L =BRIcG e TEik

ORI 7z, BERE X ) IBMEHS . FELolERIc &) M. s

B . R RIaRSEER E 2 - /- & U URFRHEG RS - 1=, SN bERER = &

ﬁéﬁmm@%%%m%%taqgiﬁﬁt@ﬁtuﬁ%o%ﬁ%To%ﬁém
Wdh b,

A girl patient with Wilson’s disease was admitted to a hospital for liver
transplantation. The right subclavian artery was punctured during the insertion of
a central venous line. She also suffered massive bleeding from the right subclavian

artery during extubation after living donor liver transplantation. The patient’s
family claimed damages for hemopneumothorax, brain parenchymal disorder, and
higher brain dysfunction caused by the above procedure. The causal relationship
between the higher brain dysfunction and the massive hemorrhage became an
issue. This case went to arbitration. The case was liable. Settlement was completed.
Compensation was paid.

1.9499

Unknown

Surgery

Tenth hit

60\, HpCCEF Rz, MiEd AP L TV imEE ., EEREm &R

EEmOORENRE HNIC. TAbi 2= L7z, ARPRIE I RS O Bl it L

7o MTHREREBHEEL . HEL TRER « M EITICTBRERL 7z, BErs. Tl

BRI L CRFREERT 2 LW I L —Lbidh 5 2. —HORROME S he

RIRE & 7% 5 7= BHME L. BEORERD S FHTBICICFEf hds ) oh Il B

C IR (ESW) D8R % 3 2 LD d - 72 Tl w W e Effiim i 7z, HH.
RTE T o e WdH ).

A man in his 60s, who had been hospitalized at another facility after a single traffic
accident injury, visited the hospital for close examination and treatment of a left
renal cyst hemorrhage and left renal calculus. He underwent transurethral ureteral
lithotripsy. The ureter was injured intraoperatively and was repaired by
laparotomy with ureteral end anastomosis. The patient claimed for compensation
for the unexpected laparotomy. The appropriateness of a series of treatments
became an issue. The specialist concluded that the patient’s symptoms called into
question the indication for surgery and that external shock wave lithotripsy (ESW)
should have been the treatment of choice. This case is liable. Settlement was
completed. Compensation was paid.

1.9531

Urology

Surgery

Exact match ratio: 0.200; Hamming score: 0.433; Hamming loss: 0.0529.



Appl. Sci. 2023,13, 4051

14 of 19

Table 5. An example results of a similar text search by the TRAINED SBERT with the UTH BERT
model. The query is the same as in Table 4. The labels in red are those that match the labels in

the query.

Summary Text of Medical Accident
Upper Row: Japanese Original Text; Lower Row: English Translation

Euclidean
Distance

Category

Process

Query

KENRASEAEFEDH AL L e KEEIEE 1S TRz s Lz ARk

BIRATZARIT (290 — KT BEATH . IR — > T — L heidE

U HeA el AR A I TR L 7= BIULER 2 5 3 . [T Filbe s % -

Fo. BEZHENS . IR E L CoSEOE & S0 L IS DWW T o SGHE

EROBHLEVT IL =Lt 5T, —HOBRREOME I & A 5 72 BHE. R
KT, BHeEOXHT WS .

A newborn child with aortic stenosis was referred to the hospital for close
examination and treatment. During percutaneous aortic valvuloplasty (balloon
enlargement), an external pacing catheter was broken, and a fragment remained in
the peripheral pulmonary artery. Attempts were made to retrieve the catheter, but
the debris could not be recovered, and the patient was discharged from the
hospital. The patient’s family complained to the hospital requesting
documentation of this incident and future treatment and testing. The
appropriateness of a series of treatments became an issue. This case was liable.
Settlement was completed. Compensation was paid.

Internal
Medicine

Surgery

First hit

705 X AckE . PR OVE CHFATICPCI( Bk A 7 > - SiEfl) fefr L7z 8E b,
FIRHEEH T, btz Lz, LD T — T L MR T . ATl REEH
FAL . LATREIRAEE £ TR L7z, BWRCT fadr L. BRE LT RENIRIE 1T
%S CICHETRHEIR S A XA T & % - 7. BERMADS . 7T —T L T
I & o SERENIRRE = FEE L ROy 2 ERE R R ORI S A X ATz
F. 200 FEDME D LT 0 FRUC & 0 10WF RIS R To il & 20 ) K i 4
MROREREEW > T28\W D 7L —Lhtd 5 fz. —HOBIRO G HfiH &
Ttz WIELSRMFEL . MRS - 2. . BifHeoivwzl.

A woman in her 70s, who had undergone PCI (coronary artery stenting) 5 years
ago for angina pectoris, came to a hospital for a thorough examination of her
coronary arteries. During cardiac catheterization, dissection of the right coronary
artery occurred, which spread to dissection of the ascending aorta.
Contrast-enhanced CT was performed, and emergency ascending aortic
replacement and right coronary artery bypass surgery were performed. The
patient’s attorney claimed that due to negligent catheterization procedures, the
patient developed an acute aortic dissection and underwent partial aortic
replacement and coronary artery bypass surgery, which should have taken
~20 min. The suitability of a series of medical treatments became an issue. After a
long period of time with no movement, a termination offer was made. This case is
not liable. No compensation was paid.

3.5913

Internal
Medicine

Examination

Second hit

70RENIAME. SR LEIREZE. RO RORE . Fivze HIIC AREL 7z, CT
CHRIMER GRS . NEBRNRIE Y Ol 2T S N7z IMEEEIC &)
MR R = FEE L 7=, B HICHIO Sl R ORERE R L - — 2 =fifrd . —HF
WEDEMNFEE»rOD TIIC X Y B 3 v 7 &4 ST L. NWEBENRE
HHE U Cifr O TR & 7% 5 7=, BMEIEFRIC R Lo MBI S
T, GHIETH D CHIRTL 7z BHEORIE S GHFE L SN S FE. T
HBEHWL 72, BF. maoE 1. lBHEEOZH BB .

A male patient in his 70s with acute myocardial infarction and cholelithiasis was
admitted for surgery. The patient underwent immediate cholecystectomy and
abdominal drainage, and although he temporarily improved, he went into
hemorrhagic shock due to bleeding from a rectal ulcer and died. The technique of
endoscopic choledocholithotomy was problematic. The specialist found no medical
problems with the procedure and concluded that it was a complication. He
determined that the extent of the injury was too subtle to be considered a
complication, etc. This case is liable. Settlement was completed. Compensation
was paid.

4.0901

Internal
Medicine

Treatment

Third hit

80sE Aok, MR B . MENFRENIC. Tz L, SO Re
ODHMTT. ABNINREE G 5T =2 A —H—hiZAREE. LB —RICXEG
LDHZEILZER T 207 > RF—FhREL 72, LILE M TFR oS, ##
1z {9 S8 (PCPS) il % 5 — 7 L BB T AR % 2271 L B
AL 72 2 & RN TTIETIC A » 720 #E» S . S 2Bz rug. oc
ACIES>TWEPYL LTV EWD 7L —Lhd o 1m. —HOBIHOWEE Hf
ot BMEIR. WALRSETCT & - TRl i, il
ol LT, —E8bE®E EfmtT-. A&, BHELoTHWHY,

4.4096

Internal
Medicine

Surgery
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Summary Text of Medical Accident
Upper Row: Japanese Original Text; Lower Row: English Translation

Process

Third hit

A female patient in her 80s with dyspnea visited a hospital for close examination
and treatment. She was hospitalized for acute heart failure. During pacemaker
implantation, cardiac tamponade occurred due to perforation of the right atrial

appendage by atrial lead. During a cardiovascular surgery, a percutaneous
cardiopulmonary support system (PCPS) debridement catheter perforated the
inferior vena cava in the abdomen, causing bleeding into the abdominal cavity,
which resulted in death. The bereaved family members complained that had it not

been for the technical failure, the patient might have returned home in good health.

The appropriateness of a series of treatments became an issue. The medical
specialist concluded that the death would not have occurred if a CT had been
taken and surgery had been performed at the time of the incorrect insertion and
that it was partially liable. Compensation was paid.

Surgery

Fourth hit

705 (N LR EERENRE NICHERZ 2o LTz AT —TL T 7
L=y ar&E LYY RF+—=FT2RIC RNy 3 v 7 &%) | e LEIC
& B OFIEMIREEE % 5 720 OfFIE D SERAEBRIE & % 5 720 BEZE»S. T
MR NE D& BEFIENIKE ST 2T RV WwW) 7L —
Lo Tz —HOHROME R E % - 720 S hn. FPTIx. FICER
OEENHE B 572 B, BB, fifeod vwhy,

A male patient in his 70s with ventricular tachycardia visited a hospital for close
examination and treatment. After catheter ablation, he went into cardiogenic shock
due to cardiac tamponade and myocardial ischemia due to coronary angina
pectoris. After resuscitation from cardiac arrest, the patient became encephalitic.
The patient’s family complained that such complications would not have occurred
had the patient not undergone surgery. The appropriateness of a series of
treatments became an issue. A lawsuit was filed, and at trial, the main issue was
the adequacy of medical care. This case was liable and settled in the first instance.
Settlement was paid.

Surgery

Fifth hit

40 RBME. EE TS EE . HEEZHNIC, EEERIAZS Lz O
FEPIED =0 AT—F L 7 7L —2 3 Y (ABL) fEfr L. —EDRE»ESR
R LIBREL 72 EEMRIAAHEBLIL . BaMAESMERITC T L.
MEABL fifr. BeRBEE7ny /&G Lz. BE7ry 7olERSN
FNAN S —= A = A —OMAFHTHET & % - Fz, BED S S5O SR »
o TRIBL 725 EITHHEL TO 52500 R D 7 L —Lihd 5 2. WL TH
TREERBR. FEAE Ko7 2HABL OFEZ T 0y 7 ORI EIC W T &
%o e HMEIL2M E3HORETHEE 7 a7 %iRi Uil ik it A
WZFE7Tmy 71C13% S % n - fza] fEEpsE & L TR - 7= &fdam T
o fEFE N, BT, 7L = 3 2 o RE RGBS E S
7o #HPTIE. FURENS Lz BE. S0, BESOHT WS,

A male patient in his 40s with a chief complaint of palpitations was referred to a
hospital for close examination and treatment. He underwent catheter ablation
(ABL) for ventricular tachycardia and was discharged after confirming that the
procedure was effective. Supraventricular tachycardia reappeared, and during

another ABL for atrioventricular nodal regression tachycardia, complete
atrioventricular block occurred. The atrioventricular block did not improve, and
the patient underwent surgery for implantation of a permanent pacemaker. The
patient complained that he was restricted from working and wondered if he would
be compensated if he lost his job. After a request for disclosure of medical records,
a lawsuit was filed. The specialist concluded that there was a problem because if he
had recognized the AV block at the 2- and 3-s time points and stopped the
energization, there was a good chance that permanent AV block would not have
occurred. The case was filed, and the trial court took issue with the point of
appearance of the abnormal waveform during the ablation. The court
recommended settlement. This case was liable and settled in the first instance.
Compensation was paid.

Surgery

Sixth hit

8Os f\EM: . SHERFELIN b o E ». KEEMRERGIC. WiEZH L= 7l
BETa Y 712555 > ML TARLE B> 72 ESHE T =2 A= —
F2 IAARI(PMI) fEfT L7z, PMI HEfTR. Bl SO MR TR L — 246 A
E% otz BIRBEAC - T8 A AERBHEENIZ TN A A - ) — RIFERT =T L
1zo GRIANEPMI fE1T L 72 BERE,S . NOELFRIEH. ML 7= AR
WENWHZERDZ EVI VL —Lhd T, —HlOGRBEOE G h I e 72 -
1z R N PERREFO AR AR WK [l 5 (F R o, BB B IIERAE - Eo#L
RN TH-722 s, BIEHEIEL . BFfr. ABMR»ER T2k
IC% -2 LT RES»r bhnr, m#E, REKTET. RELOTT WS,

Euclidean Catego
Distance gory
4.4096 Internal
’ Medicine
Internal
4.4647 Medicine
Internal
46217 Medicine
Internal
47687 Medicine

Surgery




Appl. Sci. 2023,13, 4051

16 of 19

Table 5. Cont.

Summary Text of Medical Accident
Upper Row: Japanese Original Text; Lower Row: English Translation

Euclidean

Distance Category

Process

Sixth hit

A male patient in his 80s with a chief complaint of shortness of breath on exertion
came to a hospital for close examination and treatment. He was admitted to the
hospital with a diagnosis of congestive heart failure due to complete
atrioventricular block. A left subclavian pacemaker implantation (PMI) was
performed, and a drain was inserted due to difficulty in stopping bleeding from
the wound during PMI. Device and lead removal was performed to prevent
wound necrosis and device infection. Re-PMI was performed on the right side. The
patient’s family complained about unnecessary surgical costs and extended
hospitalization, demanding compensation. The appropriateness of a series of
treatments became an issue. The patient was awarded compensation for the
avoidance of rupture of muscle tissue during pocket creation and inadequate
observation of the site and amount of bleeding at the time of wound closure, which
resulted in wound necrosis, reoperation, and prolonged hospitalization. This case
was not liable. Settlement was completed. Sympathetic compensation was paid.

Internal

4.7687 Medicine

Surgery

Seventh hit

6055 (N Ao, FJEDEE v, BENWFEZHNIC, JikiZ<is L. =EIkCT

fifr 2 . FFENR SN 7T — T UM T U7z, OFRERL HPH RS % & b

LA THE L. FREEEZESHHI N, 27 —TL#EH Y . DI

OTANIHEL < . SIFEOTF TR 2 L WO imE w2 B S . By A

FURNFRTHELEOIIMETE LW EWS 7L —Lhtd o 2. —HDEED

WE PRI L %5 2. BoBHERELoHmb S MEIR . WAEEHIMm KT &
%otz MEE. Rk . BEEOSI VR L.

A woman in her 60s with angina pectoris visited a hospital for close examination
and treatment. She underwent a coronary CT scan, which revealed stenosis, and
catheterization was performed. The patient died of cardiac rupture complicated by
extensive infarction of the anterior myocardial wall. An accident investigation
committee was held and concluded that catheterization was indicated, that it was
difficult to predict cardiac rupture, and that it was within the scope of
complications. The family complained that they were not satisfied that a simple
stent procedure had caused death. The appropriateness of a series of treatments
became an issue. The third-party committee concluded that there was no liability,
and the case was closed without further action. The case was not liable. Settlement
was completed. No compensation was paid.

Internal

4909 Medicine

Surgery

Eighth hit

70i XM . R OISO EE . MEZHMNIC. WEE<s L. RN
TEEIIRIZ AT (PCT) HE47#2. MR AR L v zh. RICERTH D . LF
1B L. DHfiRERLE L 7= 0 > R+ —T800 . BEL 7 TPCL fiifr L=, 15
HoPIC HEfTiBlc s Lidedr. AT > NEBME L 2. fidk. (INES0E FE
LB E 2 . IMEIC X DI L . @iiin S . IR TEL .
HIHEOENEL HIHZRDL VW) 7L —Lhd 5 12 FREOEE heE5E &
%o/ BRTIZ. PCT fifrEBoZfLARIIn — 9 — 7L — 9 —IC &k % GHFE
T LIS 2 B0h. MNOMAT Ao & UIREESEMIEZ L S L /= 2 L ilok
LI NS 122 9 LA, BEI N, HHTIE. FICTHREISe T
ML & 57 B, BB, BHE2oTIVWHY.,

A 70-year-old male with painless myocardial ischemia came to a hospital for a
thorough examination. After percutaneous coronary angioplasty (PCI), the patient
was doing well, but suddenly his blood pressure dropped, and he had a cardiac
arrest. The patient had a perforation at the site of the first PCI, and an additional
stent was implanted. After resuscitation, hypoxic encephalopathy developed,
resulting in prolonged loss of consciousness, and the patient died of sepsis. The
bereaved family complained, demanding a copy of the medical records, an
investigation of the accident, and an explanation of the incident. The
appropriateness of the process was in question. A consultant physician concluded
that the perforation of the PCI site itself was a complication from the rotablator and
could not be considered negligence, but that the lack of blood circulation to the
brain and the hypoxic encephalopathy that resulted could be evaluated as
negligence. This case was filed, and the main issues at trial were surgical
indications and technique. This case was liable and settled in the first instance.
Compensation was paid.

Internal

4.9403 Medicine

Surgery
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Ninth hit

WilsonJ§ oo i W& hs. Mz Hivic. ABEL 7=, HOEIRS 4 > 36 ARFIC
AR THIIRZZER L 7=, E7=. AREFREA TR L =BRIc A8 Tak
PO ZEBIML /-, BEFKEL YV IBAERS. Lilofinc X v maiW. mEH
P ERIESEEREE 7 B 5 1= & L CTHEEREFE RS - 7=, BIEREERE E
KB o> RSB (S R & 7 - ZZ& Rgen iz, He. w5 T. BEE0

EINEES Y

A girl patient with Wilson’s disease was admitted to a hospital for liver
transplantation. The right subclavian artery was punctured during the insertion of
a central venous line. She also suffered massive bleeding from the right subclavian

artery during extubation after living donor liver transplantation. The patient’s
family claimed damages for hemopneumothorax, brain parenchymal disorder, and
higher brain dysfunction caused by the above procedure. The causal relationship
between the higher brain dysfunction and the massive hemorrhage became an
issue. This case went to arbitration. The case was liable. Settlement was completed.
Compensation was paid.

5.1120

Unknown

Surgery

Tenth hit

705\ HIATERE OB b, BEhEZ HNiC, Wz L=, |

WE S SO iET L. frdhicBim L 7z, B H S 2R L. Bk

FEAA A & 7% 5 7m0 BBF AL SRS 2 NEATE I BB RNE TS &

L CEHLREH T &b - 720 WHEARIEICIB A hd » o R & 205 7= BEME IR

FI I AR BGHETH S L HRTL . BB R 5 2 e Uiz, MERIERE) S
ML UBH 2. MEH., Tk T. BESoTH WKL,

A male patient in his 70s with suspected cholelithiasis was referred to a hospital for
close examination and treatment. Endoscopic choledocholithotomy was performed,
and bleeding occurred during the procedure. The next day, he underwent a
vascular embolization procedure and was referred to another hospital after
discharge. The patient’s attorney filed a motion for the preservation of evidence for
tortious behavior or breach of duty in relation to the treatment. The question arose
as to whether there was negligence during treatment. The specialist determined
that there was no procedural error, but rather a complication, and that there was no
problem. After the no-fault answer, the case went away without any motion. This
case was not liable. Settlement was completed. No compensation was paid.

5.1246

Internal
Medicine

Surgery

Exact match ratio: 0.700; Hamming score: 0.800; Hamming loss: 0.0176.

4. Discussion

The purpose of this study was to develop an information retrieval system to find
similar accidents to a specific medical accident with high accuracy and high speed for a
Japanese database of 1165 closed medical malpractice claims. In the database, we manually
created a short text summarizing each accident and assigned each a category and a process
(e.g., orthopedics and surgery or plastic surgery and follow-up). We developed the semantic
search engines based on SBERT, which was reported to have excellent speed and accuracy
in extracting similar texts [14]. The search engines extracted 10 similar summary texts that
were close to a given query in the Euclidean distance of the embedding. To train SBERT, we
conducted iterative optimization to efficiently expand the training dataset and gradually
increase the retrieval accuracy. We defined three evaluation metrics that indicated how well
the labels of the 10 extracted similar instances matched the labels of the query: averaged
exact match ratio, averaged Hamming score, and averaged Hamming loss. For the SBERT
encoder, we employed UTH-BERT, the medical BERT model pretrained on clinical records,
and NICT-BERT, a generic BERT model pretrained on Japanese Wikipedia articles, and
we compared the results from these models. We also built search engines based on lexical
similarity using Okapi BM25 for comparison.

In the early stages of the iterative optimization, the number of label-matched pairs
increased with the number of iterations, and the search accuracy improved as expected.
This could mean that the SBERT model gradually adapted to the style of texts in our
database through the iterative optimization while updating the dataset. The evaluation
metrics were highest around the middle five of the ten iterations, after which there was
a gradual decline. The reason the search accuracy did not monotonically increase with
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the number of iterations could have been duplicated label-matched pairs in the dataset
and/or over-training on the training dataset. The current implementation allowed for
duplicating the pairs created when the query was ‘A’ and its similar text was ‘B’ (s4,sp)
and pairs created when the query was ‘B’ and its similar text was ‘A’ (sp, s 4). Duplications
increased with each optimization iteration, which might have prevented accuracy from
improving. In the future, the iterative optimization algorithm should be modified to
prevent this duplication.

The search engine using the best SBERT obtained via iterative optimization showed
higher search accuracy than the search engine using Okapi BM25 using both UTH-BERT and
NICT-BERT as encoders. In both the study on detecting COVID-19 misinformation on social
media [23] and the study on unsupervised FAQ retrieval with question generation [24],
the information retrieval systems using BERT are 15 to 20 points more accurate for mean
reciprocal rank (MRR) than those using BM25. Our results are consistent with these
previous studies in that BERT performs better than BM25.

In the search engine using trained SBERT, the system using UTH-BERT as the encoder
showed a higher search accuracy than the one using NICT-BERT as the encoder. In a
study on extracting pain expression from medical records using UTH-BERT [25], UTH-
BERT showed ~10 points higher accuracy in the Fl-score evaluation than Kyoto University
BERT, which was pretrained on Japanese Wikipedia articles. Our result is consistent with
the previous study’s finding in that UTH-BERT performed better than the general BERT
models for medical texts. We consider that the higher retrieval accuracy of UTH-BERT
than of NICT-BERT is largely owing to the accuracy of morphological analysis. To give an
example, RIAFEIZI (the Japanese expression kennel cough) became a single token with
the UTH-BERT tokenizer, where the vocabulary was created from the corpus of clinical
records. In contrast, the NICT-BERT tokenizer split KIAFEIZHK into four tokens, K (dog),
WKH% (barking-like), 1% (cough), and W (gargling), which have somewhat different meanings.

As described above, a similar document retrieval system using the trained SBERT
demonstrated high retrieval accuracy in our closed-claims database. Currently, we are
working on expanding our database, which we expect to eventually have more than 30,000
cases. By applying the search system we established in this study, we expect to be able
to utilize the expanded closed-claims database more effectively when extracting similar
medical accidents.
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