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Abstract: On-field screening for ‘elbow injury in baseball’, a condition commonly seen in youth
baseball players, was conducted over two years on 160 elementary school students in Ibaraki Pre-
fecture, Japan. This on-field screening was conducted in collaboration with the Ibaraki Prefecture
High School Baseball Federation. Pitchers, catchers, symptomatic players, and players who had
previously experienced elbow pain were given a comprehensive evaluation that included a physical
exam and ultrasound. Out of the 135 students who were successfully screened, 10 were diagnosed
with osteochondritis dissecans of the humeral capitellum (OCD). Notably, seven among these were
asymptomatic. This assessment identified limited range of motion and pain when extending their
elbow as significant risk factors for OCD. An attempt at on-field screening for baseball elbow injuries
in collaboration with the local baseball federation was introduced. The risk factors for OCD were
identified. Considering these factors, more efficient screening will be possible in the next attempt.

Keywords: on-field screening; elbow injury in baseball; osteochondritis dissecans of the humeral capitellum

1. Introduction

Elbow injuries related to baseball are broadly classified into medial, lateral, and
posterior types. Osteochondritis dissecans of the humeral capitellum (OCD), a disease rep-
resentative of the lateral type of elbow injury in baseball, is more common in schoolchildren
aged 9-12 years [1-3]. If the condition becomes severe, it causes functional impairment to
the extent that the player cannot continue to play baseball [4]. Therefore, it is of paramount
importance to focus on the early identification and appropriate intervention for OCD in this
demographic. Notably, OCD is an affliction that often begins with minimal or no symptoms,
a factor that can lead to delayed medical attention and, consequently, a deterioration of the
condition by the time treatment is sought. Therefore, proactive early screening initiatives
are vital. They hold the potential for enabling conservative treatments that focus on the
repair of the lesion, thereby preventing the escalation to more serious stages that could
imperil a young player’s ability to continue in the sport.

OCD involves the separation of a section of articular cartilage and the underlying sub-
chondral bone, leading to varying degrees of sclerosis, fragmentation, and resorption [5,6].
OCD affecting the trochlea is less common, accounting for 2.5-7% of all elbow OCD le-
sions [6-8]. While the exact underlying mechanism remains unclear, one hypothesis points
to the tenuous blood supply to the posteroinferior aspect of the lateral trochlea [9,10]. Over-
head athletes experience repeated impingement when extending their elbows, which can
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exacerbate blood flow disorders [11]. In recent years, on-field screening for baseball elbow
injuries for elementary and junior high school students has been conducted throughout
Japan [1-3,12-14]. Past reports have shown a variety of target age groups, ranging from
elementary school students [1,2,12,14] to extending the target to junior high school students
and beyond [3,13]. Ultrasonographic examinations are valued in these screenings and
have even been conducted at ground level in some cases [2,12]. The size of each screening
session varies widely from approximately 100 to 1000 individuals, depending on the region
and the environment.

In this context, it has been noted that until now, no screenings for elbow injury in
baseball have been conducted in our region (Ibaraki Prefecture). This was due to a lack
of know-how and human resources. On the other hand, upon request from the Prefec-
tural High School Baseball Federation, post-game medical checks began to be conducted.
Through these checks, it was discovered that a significant number of elementary and ju-
nior high school students have experienced throwing-related issues. In Ibaraki Prefecture,
elbow-injury-in-baseball on-field screening for elementary school students has been con-
ducted at the same time as youth baseball lessons organized by the Ibaraki High School
Baseball Federation since 2016. Considering the number of players and the fact that screen-
ings have not been conducted so far, it is conceivable that initiating screenings in these
unscreened regions could potentially detect previously unrecognized cases. Furthermore,
conducting elbow injury screenings could raise community awareness about this issue.

This study aimed to evaluate the effectiveness of our prefecture’s approach to diag-
nosing and managing elbow injury in baseball among school-aged athletes and to consider
more efficient screening methods with regard to detecting factors related to the develop-
ment of OCD.

2. Materials and Methods
2.1. Participants

The study involved 160 subjects, including pitchers, catchers, players showing symp-
toms of elbow pain, and players with a previous history of elbow pain from a total of
470 baseball players of elementary school students (50 teams in total) who participated in
youth baseball lessons organized by the prefectural high school baseball federation over a
two-year period from 2017 to 2018 (Figure 1). None of the players had a medical check-up
two years in a row.

Participants in Baseball lesson
n=470
Participants in Baseball lesson 2017 } [ Participants in Baseball lesson 2018

n=210 n=260

[ [

pitchers, catchers, symptomatic players, and players with a history of elbow pain

[\ |

Examination subjects Examination subjects
n=106 n=54
Check-up Check-up
n=81 n=54
Total Check-up
n=135

Figure 1. In total, 135 athletes were screened in two years.
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2.2. Field Screening

First, the subjects were given a medical questionnaire in which they were asked to
provide their name, team, position, and history of elbow pain. Physiotherapists and trainers
then assessed the elbow for pain, limited motion, tenderness of the medial epicondyle,
tenderness of the humeroulnar or humeroradial joint, tenderness of the olecranon, and
instability with valgus stress tests at 30 degrees, 60 degrees, and 90 degrees of elbow
flexion for both the throwing and non-throwing sides. The elbow joint was then examined
by a physician using ultrasound to confirm the presence of OCD; the Okada’s pattern
classification was used to assess OCD [15] (Figure 2). The ultrasound examination focused
solely on the lateral side of the elbow, checking both the short axis and the long axis.
The equipment used for the ultrasound examination was a portable ultrasonography and
an 11-MHz linear array transducer (SONIMAGE MX1, KONICA MINOLTA JAPAN Inc.,
Tokyo, Japan). The ultrasound examinations were performed by orthopedic surgeons with
3-10 years of experience. For the final analysis, the ultrasound images were interpreted by
multiple physicians, including a specialist with over 20 years of experience in orthopedics.
In this study, following the pattern classification, those with marginal irregularities were
extracted, and the pattern S, which is typically not counted as OCD in a single examination,
was also included as OCD for the purposes of this screening.

Pattern |

S : Subchondral bone surface lesions
[ : Cancellous bone disorder
Il : Separated cartilage

Pattern 11

Figure 2. Characteristic ultrasound images of OCD extracted during the current screening are shown.
This study followed Okada’s pattern classification.

Players exhibiting severe pain, limited motion, or abnormal ultrasound findings
were flagged for further investigation. The medical information form was prepared for
a nearby medical facility, and they were instructed to undergo a secondary screening. In
this study, if there were physical findings such as elbow pain, immediate aftercare instruc-
tions were provided on the spot. If the ultrasound examination indicated the presence
of OCD, or if there was a suspicion of this condition, patients were advised to undergo
a follow-up examination.

Additionally, an orthopedic surgeon lectured the participants and their parents about
baseball-related elbow injuries (Figure 3). In the lecture, we primarily discussed medial
and lateral elbow injuries in baseball. Furthermore, it was emphasized that screening tests
are of utmost importance in the case of lateral elbow injuries which can lead to long-term
absence from play. Early detection and prompt therapeutic intervention were highlighted
as crucial factors.
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Figure 3. A scene at the lecture on elbow injuries related to baseball.

2.3. Statistical Analysis

We analyzed the association between the physical findings and the occurrence of OCD,
using the chi-square test. Individuals in the study were stratified into two distinct groups
for analytical clarity. The subjects who did not exhibit OCD were labeled as Group N,
while those diagnosed with OCD were categorized as Group O. Following the chi-square
analysis, we proceeded with logistic regression analysis on the variables that exhibited a
statistically significant difference.

3. Results

There were 160 subjects eligible for screening, of whom 135 completed the screening.
The subjects were distributed across grades as follows: 43 were 12 years old, 47 were
11 years old, 21 were 10 years old, 17 were 9 years old, and 7 were 8 years old; the
grade was unknown for four subjects. In terms of positions, 67 were pitchers, 28 were
catchers, 23 were infielders, 15 were outfielders, and two were unknown positions. Of
the total subjects who completed the screening, 31 warranted further evaluation. This
determination was based on a combination of physical examination results and ultrasound
findings, emphasizing the importance of a multi-faceted approach to screening. Within
this subgroup necessitating additional investigation, 10 subjects, which constituted 7.4% of
those who were screened, were diagnosed with OCD. The distribution by position was five
pitchers, two catchers, two outfielders, and one position unknown. Within this subset of
players, seven were identified as being asymptomatic. There was one symptomatic case in
Pattern S (Case 4) and two symptomatic cases in Pattern 2 (Case 9, 10).

Those with complaints of elbow pain and joint tenderness were considered symp-
tomatic. Physical examination revealed pain in 19 players, including 2 who were part of
Group O. There was limited extension observed in eight players, half of whom belonged to
Group O. Pain during extension was present in five players, with two being from Group
O. Limited flexion was found in eight players, with two in Group O; pain on flexion was
noted in four players, with none in Group O. Tenderness at the medial epicondyle was
evident in 27 players, with 3 in Group O, while tenderness at the humeroradial joint was
reported in 10 players, including 1 in Group O. Furthermore, tenderness at the olecranon
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was found in five players, with one from Group O. The valgus stress test was positive at
30 degrees of elbow flexion in 13 players, with 1 in Group O; at 60 degrees, it was positive
in 16 players, with none in Group O; and at 90 degrees, it was positive in 13 patients, with
none in Group O (Table 1). Of those diagnosed with OCD, five exhibited pattern S, one had
pattern 1, and four presented with pattern 2 (Figure 4).

Table 1. Results of physical examinations.

Group N Group O p Value
Total number of players 125 10
Throwing pain 17 2 0.58
Limited ROM in extension 4 4 <0.001
Extension pain 3 2 0.005
Limited ROM in flexion 4 0 0.57
Flexion pain 6 2 0.0501
Tenderness of medial epicondyle 24 3 0.41
Tenderness of brachial joint 9 1 0.74
Tenderness of olecranon 4 1 0.27
30° valgus stress test 12 1 0.97
60° valgus stress test 16 0 0.23
90° valgus stress test 13 0 0.28

Pattern S g Pattern S

Case 1 Case 4 Case 9

Pattern S Pattern Il

Pattern |

Case 8

Case 5

[r—

Pattern 11

Pattern Il

Case 3 Case 7 Case 10
Figure 4. Ultrasound images of the lateral elbow for each case in this study. For one case (case 6),

only the record was available, and the image was not preserved. Arrowheads indicate sites of OCD.

In our investigation, we employed the chi-squared test to assess the correlation be-
tween various physical signs and the incidence of osteochondritis dissecans (OCD). This
statistical test indicated a notable correlation between the manifestation of OCD and spe-
cific physical symptoms: notably, individuals with OCD experienced significant pain
upon elbow extension (p = 0.005), and there was a marked restriction in their range of
motion during elbow extension (p < 0.001), highlighting these as potential indicators of
the condition. Subsequently, we conducted a logistic regression analysis with the goal of
establishing the presence of OCD as the dependent variable. In this model, we incorporated
the physical findings that exhibited statistically significant differences in the chi-squared
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test as the independent variables. Limited range of motion in elbow extension (OR, 19.42;
CI, 3.61-104.60; p < 0.001) and pain in elbow extension (OR, 9.38; CI, 1.03-85.67; p = 0.047)
were identified as significant risk factors for OCD (Table 2).

Table 2. Risk factors for developing OCD by logistic regression analysis.

OR (95% CI) p Value
Extension pain 19.42 (3.61-104.60) <0.001
Limited ROM in extension 9.38 (1.03-85.67) 0.047

4. Discussion

There are approximately 200 youth baseball teams in Ibaraki Prefecture. Each year,
approximately 25 teams from Ibaraki Prefecture participate in the screening, which is a
small fraction of the nearly 200 youth baseball teams in the region. By examining a specific
subset of positions within these teams, it is estimated that the participants in this screening
represent about 3-5% of the total youth baseball population in the prefecture. One hundred
and thirty-five patients were examined for on-field screening of elbow injuries related to
baseball. It was found that ten of the subjects had OCD, seven of whom were asymptomatic.
Twenty-five of the subjects did not join the screening because of team or family reasons.

In the youth baseball, the role of the pitcher is frequently assumed by those players
who possess a rich background in the sport and can deliver pitches at high velocities.
This group, as a result, is subject to substantial chronic elbow stress. The notably high
occurrence rate of osteochondritis dissecans (OCD) detected in our study may be largely
ascribed to our focus on central team players, namely pitchers and catchers, as well as
those individuals reporting elbow discomfort. Existing research reports that the prevalence
of elbow pain among young pitchers is roughly 26% [16]. It has been postulated that
pitchers, due to the significant physical demands placed on their upper limbs during play,
suffer from an increased rate of elbow pain in comparison to their counterparts in other
positions [17-20]. With the objective of improving the effectiveness and precision of our
screening process, we strategically confined our examination to pitchers, catchers, and
those players with a documented history of elbow issues. The duration necessary for
conducting this examination was approximately one and a half hours. Should we have
extended this screening to encompass all members of the baseball teams, we estimate it
would necessitate about four and a half hours—a threefold increase in time. Despite the
overarching goal of a screening being to evaluate as comprehensive a player population as
possible, we found that the examination proceeded efficiently, albeit within the constraints
posed by limited staff and time availability. In a comparative light, our findings align with
or diverge from other regional or international studies in intriguing ways. We selected the
specific sampling method employed to target pitchers, catchers, and those experiencing
elbow pain. Although this method efficiently detects OCD cases, it may have introduced a
selection bias, warranting a discussion on the potential skewness in the data representation.
It also raises the question of how universal screening across all player positions could
reveal OCD prevalence more broadly.

Previous reports have shown that the prevalence of OCD in baseball elbow screening
ranges from 1.2% to 3.4% [3,12,21]. In our study, the proportion of subjects who were
deemed to require a secondary, more detailed screening was found to be 23.0%, which
is substantially higher than previously reported. Moreover, a significant 7.4% of all the
subjects examined were conclusively diagnosed with OCD by means of ultrasound evalua-
tion. Both of these percentages represent high rates, which can be attributed to the specific
selection of subjects for the study.

This investigation has determined that a limited range of motion during elbow exten-
sion and pain experienced upon extending the elbow are significant risk factors associated
with OCD. Interestingly, there have been scant previous reports that make a connection
between the specific pain during elbow extension and the onset of OCD, which positions
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our findings as potentially groundbreaking. By bringing into focus the symptom of elbow
extension pain—a facet that has not been extensively explored in prior research—we can
potentially broaden the scope of candidates eligible for screening examinations. Should
further research consolidate the link between elbow extension pain and OCD, this symptom
could become a crucial criterion for advising against continued pitching. This advance-
ment would not only contribute to medical guidelines but could also inform immediate,
on-the-spot decisions to cease pitching activities at the field level, enhancing preventive
measures and safeguarding the health of players.

Prevention, timely detection, and early intervention of elbow injuries in school-aged
athletes are crucial to mitigating the onset of chronic elbow pain later in life. Baseball-
related elbow injuries, especially osteochondritis dissecans (OCD), often present without
symptoms in their initial stages. However, more severe cases may necessitate surgical inter-
vention, raising concerns about potential lasting functional impairments. Consequently,
conducting regular medical checkups focused on the elbow is essential for pre-empting
injuries related to pitching. In the context of youth baseball, the early identification of
OCD can pave the way for recovery through rest and non-invasive treatments. In contrast,
delays in detection can lead to extended periods of discomfort and substantial challenges
in maintaining pitching performance. Moreover, while a player might not experience pain
during their youth baseball activities, it is possible that sudden pain could manifest as
they progress in the sport. Under such circumstances, opportunities for repair through
conservative treatment may diminish, often making surgical solutions a more common
recourse. Therefore, implementing consistent screening protocols and promptly addressing
any signs of discomfort are vital. These measures can facilitate the early detection and
management of elbow injuries, thereby safeguarding the player’s long-term engagement
and performance in baseball.

In recent years, the scope and methods of elbow injury screenings in baseball have
varied across regions. Iwame and Matsuura et al. have successfully promoted the im-
portance of elbow screening over the years. They have now been able to secure a large
population by holding the examinations in conjunction with youth regional baseball tour-
naments [22,23]. Kida et al. carry out baseball screenings for youth aged 12-18 during
the off-season, synchronizing these examinations with regional baseball training camps to
effectively capture a substantial participant base. Additionally, they conducted the program
at the request of the Rubber Baseball Association, the Junior High School Baseball Federa-
tion, and the High School Baseball Federation. Over the course of a year, approximately
2500 participants, ranging from elementary to high school students, took part in these
examinations [3]. They have successfully conducted large-scale elbow screenings by syn-
chronizing the examinations with events such as regional tournaments and training camps,
ensuring the participation of a broad range of young players. Sakata et al. conducted
a pre-season medical check-up on 593 youth players aged 6—12 by the same examiner.
Their findings indicated that pitchers had a significantly higher incidence of medial elbow
injuries compared to other positions [18]. Tajika et al. screened 164 baseball players from
regional youth baseball teams. They studied the occurrence of pain pre- and post-season,
examining its correlation with physical changes and other clinical observations. Their
findings revealed a significant relationship between pre-season body weight and the onset
of elbow pain [24]. Otoshi et al. carried out baseball screenings post-season and studied the
relationship between elbow pain and the off-season’s length. Their findings indicated that a
prolonged off-season corresponded to reduced occurrences of medial elbow pain. Yet, they
observed no association between the off-season duration and the onset of OCD [1]. They
have shown through pre- and post-season screenings that there is a correlation between
the players’ physical changes, the length of the off-season, and clinical symptoms. This
information could be valuable for choosing future treatment and prevention strategies.
Takata et al. conducted a screening of 1045 players with current or past elbow pain. There
was a notable difference in the detection of OCD between those who received an ultrasound
examination and those who did not, with a higher detection rate in the former group. Fur-
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thermore, the ultrasound group also showed a higher follow-up examination attendance,
underscoring the efficacy of ultrasound in such screenings [14]. Harada et al. conducted
baseball screenings using ultrasound examinations and found that, out of 153 players, 35
presented with medial abnormalities detected by the ultrasound [12]. They demonstrated
that the use of ultrasound allowed for more accurate detection of elbow abnormalities
and promoted increased attendance at follow-up examinations. Outside of Japan, Holt
et al. examined both elbows using MRI before and after the season to track any changes in
condition. Their findings suggested that continuous play throughout the year significantly
exacerbated MRI-detectable abnormalities [25]. However, given the use of MR], this study
goes beyond a simple screening examination. While baseball elbow screenings occur in
many places, their scope and setting differ regionally. Similarly, proactive prevention
approaches differ. When introducing screenings to previously underserved areas, chal-
lenges arise, such as selecting an appropriate venue, determining necessary staffing, and
ensuring the availability of equipment like ultrasound machines. Given these screenings’
nature, it is vital to swiftly and effectively assess many players to fulfill the screening’s
intended purpose.

In Ibaraki Prefecture, baseball lessons are held twice a year for members of the high
school baseball teams. It was thought that the number of participants could be increased
if the elbow screenings were held at the same time. The prefectural high school baseball
federation readily agreed to the event because some players are unable to pitch in high
school due to injuries sustained during their youth baseball days, and the event may
lead to an increase in the future population of high school baseball players. Many of the
youth baseball players also aspire to play in the Koshien National High School Baseball
Championships. Therefore, we believed that the participation rate of screening would
increase if they were encouraged by high school baseball players and coaches. As the new
project, Ibaraki Prefecture also introduced elbow-injury-in-baseball on-field screening. It
was not an easy task to raise awareness in areas where there had been no elbow injury
screening in the past. We believe that holding the on-field screening at the same time
as baseball lessons sponsored by the High School Baseball Federation helped to raise
awareness. Unlike other sports, baseball has many federations. While soccer, athletics and
other sports have their own federations under a larger federation, baseball, especially junior
high school baseball, has many individual federations. This situation makes it difficult to
hold health screenings. Therefore, we thought about collaborating with the High School
Baseball Federation, to which most players belong if they continue to play baseball until
their high school age. High school baseball is still very popular in Japan, and the prefectural
high school baseball federations believe that popularization of preventive medicine will
lead to the prevention of injuries. In addition, we also conducted on-field screening using
mobile MRI [26]. When combined with mobile MRI, it may be possible to make a definitive
diagnosis at the time of screening.

Limitations of this study include limited human resources and time. As this was a
new project, the number of participants on the medical side was small and only pitchers,
catchers, symptomatic players, and players with a history of elbow pain were included.
Physical examination findings and ultrasound were used to diagnose OCD in this study.
The study did not extend to the receipt and results of secondary medical examinations and
did not reflect the results of X-rays and MRIs, which are commonly performed at secondary
screening. In the future, we can increase the number of participants through the following:
(1) by increasing the number of medical staff participants, and (2) arranging alternative
dates for teams who are aware of the existence of OCD but are unable to participate due to
tournaments, matches, and other reasons. In addition, it is necessary to increase cooperation
with secondary health screening facilities. In this study, ultrasound examinations were
performed by multiple examiners. While it was possible to evaluate OCD of the lateral
epicondyle of the elbow, it should be noted that the ability to capture images may vary
depending on the skill level of the examiner. Furthermore, while we used the Pattern
classification, it should be noted that our study was designed as a screening procedure. At
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present, we have not implemented changes in the treatment methods based on different
Patterns. Future longitudinal studies with larger datasets might enable more definitive
treatment decisions. It would also be desirable to evaluate medial epicondylitis of the
elbow simultaneously and require even advanced proficiency in ultrasound examination
techniques. There is a need for standardization in the methods of ultrasound imaging
and evaluation across different examiners. Efforts have also been made to standardize
the ultrasound examination method and improve the detection rate for medial baseball
elbow injuries [27]. Moving forward, there will be a continuous search for more effective
examination methods in elbow screenings.

The long-term implications of early OCD detection and treatment go beyond merely
the physical realm. There is a socio-economic dimension considering the cost of treatment
in advanced stages and a psychological facet given the mental strain on young players
and their families. The value proposition of early interventions transcends the immediate
health benefits and delves into the holistic wellbeing of the affected individuals and the
community. Moreover, the success of this initiative in Ibaraki Prefecture beckons the
exploration of it across other prefectures or even on a national scale. Follow-up studies,
coupled with educational campaigns targeting coaches, players, and parents, can propagate
the essence of early detection and preventive measures. The findings advocate for a
structured framework within youth sports safety protocols, emphasizing regular health
screenings and early interventions. The potential to translate these findings into actionable
policies could significantly advance the overarching goal of fostering a safe and health-
conscious sporting environment.

5. Conclusions

We have reported an attempt to conduct on-field screening of elbow injuries in the
areas where elbow joint examinations have not been performed previously. Although we
were able to introduce the system smoothly by cooperating with the local Higher-Level
Baseball Federation, our efforts have shown that there is room for improvement. The
prevalence of OCD was as high as 7.4% in the examination. The incidence was significantly
higher than previous studies in other regions. This high rate may suggest that our on-
field screening was efficient at catching cases that might have otherwise gone unnoticed.
However, it may also be due to the limited population screened, indicating a need for
broader and more frequent screening events. In addition, it is necessary to improve the
efficiency of examinations. It was found that limited range of elbow extension and pain
on elbow extension may be related to the onset of OCD. These findings not only align
with existing medical knowledge but also pave the way for focused preventive measures.
Collaborative efforts, integrating the expertise of medical professionals, the support of
baseball federations, and the advancement in diagnostic technologies, form the cornerstone
of evolving a sustainable and impactful preventive healthcare model within the youth
baseball echo-screening system.
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Abstract

Objectives: Thumb carpometacarpal arthritis has a high incidence. However, the degree of damage to the
cartilage has not been accurately assessed. The purpose of this study was to examine the effects of axial
traction of the thumb carpometacarpal joint during magnetic resonance imaging (MRI) on the visibility of
articular cartilage in patients with thumb carpometacarpal arthritis and to evaluate the articular cartilage
defect using MRI findings.

Materials and methods: Forty-four patients with thumb carpometacarpal arthritis (14 males, 30 females) and
a mean age of 67.3+8.6 years were classified according to Eaton Stages 1, 2, 3, and 4 in 2, 14, 24, and 4
patients, respectively. Axial traction MRI was performed with and without traction (3 kg) using 3-Tesla MRI
(Siemens Magnetom Skyra) with a 3D T2* multiecho data imaging combination. The effectiveness of traction
was verified using the joint space width before and after traction at five points (central, volar, dorsal, radial,
and ulnar margins) and the original articular cartilage outline visibility classification (poor, intermediate,
complete). The rate of remaining cartilage on each joint surface was also evaluated. Statistical significance
was set at p<0.05 in this study.

Results: Joint space width increased significantly at all points with traction (P<0.01). The grade of articular
cartilage outline visibility significantly improved from seven intermediate and 37 poor cases to 15 complete,
23 intermediate, and six poor cases (P<0.01). Significantly more articular cartilage remained in Stages 1-2
compared with Stages 3-4 arthritis of both articular surfaces (P<0.01 in first metacarpal, P=0.01 in
trapezium).

Conclusion: Axial traction of the thumb increased the joint space width and improved articular cartilage
visibility in the thumb carpometacarpal joint. Our results suggested that axial traction MRI can be used for
noninvasive evaluation of articular cartilage defects in patients with thumb carpometacarpal arthritis and
aid in selecting the optimal surgical procedure.

Categories: Orthopedics
Keywords: cartilage defect, articular cartilage, magnetic resonance imaging, axial traction, thumb carpometacarpal
arthritis

Introduction

The thumb carpometacarpal joint is a saddle joint that connects the first metacarpal (MC1) and the
trapezium and can be moved in multiple directions during daily activities such as pinching or grasping
because of its anatomical characteristics [1,2]. The incidence of thumb carpometacarpal arthritis is high,
occurring in >15% of adults aged >30 years and one-third of postmenopausal women, despite it being a non-
weight-bearing joint [3-6]. Thumb carpometacarpal arthritis is usually diagnosed based on patient history,
physical examination, and radiographs. The Eaton classification of thumb carpometacarpal arthritis is
widely used to determine the staging and severity of this type of arthritis [7,8]. However, the degree of
damage to the articular cartilage has not been accurately assessed, because the Eaton classification is based
only on radiographs. One study reported that the intra- and inter-examiner reliabilities of this classification
are low [9], whereas other studies have reported a poor correlation between clinical symptoms and
intraoperative articular cartilage findings [10,11].

Magnetic resonance imaging (MRI) is widely used to evaluate articular cartilage damage. However, accurate
articular cartilage evaluation of the thumb carpometacarpal joint is challenging because of its anatomical
complexity and relatively small size compared to those of large joints such as the hip and knee. Although
some reports have evaluated the articular cartilage of the thumb carpometacarpal joint using MRI [12-14], an
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accurate method of evaluation has not yet been established because of the contact of the articular cartilage
between the MC1 and the trapezium, as well as the underestimation of the degree of cartilage damage
compared with other pathological findings [15].

To enhance the visibility of the articular cartilage, we performed an MRI while applying axial traction to the
thumb carpometacarpal joint in healthy volunteers [16]. The joint space width of the thumb carpometacarpal
joint was significantly increased in accordance with the traction weight, and the articular cartilage visibility
of the thumb carpometacarpal joint was significantly improved by axial traction. This method of applying
axial traction to improve the visualization of articular cartilage has also been previously used to observe
other joints, such as the elbow and knee [17,18].

The aim of this study was to examine the effects of axial traction during MRI of the thumb carpometacarpal
joint on the visibility of articular cartilage and to evaluate the remaining articular cartilage in patients with
thumb carpometacarpal arthritis.

Materials And Methods
Study population

This study was approved by the institutional review board of the Tsukuba University Hospital Mito Clinical
Education and Training Center, Ibaraki, Japan (No. R04-01), and was performed in accordance with the
ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments.

We enrolled 44 patients who visited our facility between April 2021 and October 2022 and were diagnosed
with thumb carpometacarpal arthritis. Written informed consent was obtained from each patient after a
thorough explanation of the objectives, methods, and expected complications.

Image acquisition

We used a 3-Tesla (3T) whole-body MRI system (Magnetom Skyra, Siemens Healthneers AG©, Munich,
Germany) with a 4-channel 3T special purpose coil (Siemens Healthneers AG©, Munich, Germany). For the
MRI sequence, a three-dimensional T2* multiecho data imaging combination (MEDIC) scan was used with
the following parameters: slice thickness, 0.2 mm; slice gap, 0.15 mm; field of vision, 130 x 130 x 78 mm;
matrix, 384 x 292; time to repeat, 20 ms; echo time, 11.0 ms; and flip angle, 25°. The required time,
according to the protocol, was 5 min and 43 sec for each image. The patients were asked to lay supine on a
table with their arms outstretched and their forearms pronated at the side of the body. The wrist and thumb
were fixed with custom-made splints to standardize the limb position during the MRI examination. The hand
under observation was centered parallel to the long axis of the gantry (Figure Ia).

FIGURE 1: Application of axial traction during thumb carpometacarpal
joint MRI

(a) The thumb is enclosed within a Chinese finger trap. Then, the wrist and thumb are fixed using a custom-made
splint. Finally, the microscopy coil is placed around the wrist. (b) The Chinese finger trap is connected to the
traction weight using a nonelastic rope routed through the pulley system.

Application of axial traction during MRI
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The patient’s thumb was enclosed within a Chinese finger trap (Allen® Sterile Mesh Finger Traps, AliMed,
Inc., Massachusetts, USA) using a rope. After fixing the wrist and thumb using a splint to keep the thumb
position at 40-degree abduction during traction, the other end of the rope was hung over the edge of the MR
table via a pulley system and attached to non-magnetic traction weights (Figure /). The MRI was initially
performed without traction (no weight was used), followed by an MRI with traction. A traction weight of 3 kg
was used based on our previous research [16].

Image analysis

We evaluated the effects of traction on the joint space width and articular cartilage outline visibility. In this
study, the joint space width was defined as the space between opposing articular cartilages within the target
joint. All MR images were independently evaluated by two orthopedic surgeons (with 15 and 10 years of
clinical experience, respectively). All study images were interpreted on a workstation (Materialise Mimics,
version 20.0; Materialise©, Leuven, Belgium), which was used to obtain the multiplanar reconstructed (MPR)
images. Specifically, coronal and sagittal images were reconstructed parallel to the longitudinal axis of the
first metacarpal region. The plane connecting the depressed portions of the distal metacarpal condyles with
respect to the long axis was defined as coronal, and the plane perpendicular to the coronal plane was defined
as sagittal. This procedure was performed by the first author for all the images. The images were initially
enlarged, and the grayscale contrast was adjusted to optimize the visualization of the assessed structure.
The images were then randomly numbered to minimize bias.

Measurement of the joint space width

Joint space width was measured on sagittal and coronal images at the center of the proximal articular surface
of the first metacarpal bone as previously described [16]. On the sagittal image, the AB line, the line through
both the volar (point A) and dorsal (point B) borders at the proximal articular surface of the first metacarpal
bone; and the CD line, the line through both the volar (point C) and dorsal (point D) borders of the distal
articular surface of the trapezium were drawn first. Subsequently, a perpendicular line was drawn at the
center of the AB line and the intersection point of the articular surface of the first metacarpal bone was
labeled as point E and the intersection point of the articular surface of the trapezium was labeled as point F.
Furthermore, the intersection points of the perpendicular line drawn from points A and B to the CD line were
labeled as points G and H. On the sagittal image, the following two lines were drawn: the IJ line, the line
through the radial (point I) and ulnar (point J) borders of the proximal articular surface of the first
metacarpal bone, and the KL line, the line through the radial (point K) and ulnar (point L) borders at the
distal articular surface of the trapezium. Subsequently, the intersection points of the perpendicular lines
drawn from points K and L to the IJ line were defined as points M and N. The distance between points E and
F was defined as the center of the joint space width, those between points A and G and B and H were defined
as the volar and dorsal joint space widths, and those between points I and M and ] and N were defined as the
radial and ulnar joint space widths, respectively (Figure 2).

Center - M

3| !
B "kl I A | Radial EI

——
CG

Dorsal

FIGURE 2: Definition of measurement points.

(a) The coronal and sagittal axes are defined using the axial plane at the first metacarpal bone head. (b) Sagittal
image of first carpometacarpal joint. Distances E-F, A-G, and B-H were defined as the center, volar, and dorsal
distances, respectively. (c) Coronal image at the first carpometacarpal joint. Distances K-M and L-N were defined
as the radial and ulnar distances, respectively.

Assessment of the articular cartilage outline visibility

The articular cartilage outline visibility was graded using a three-grade scale as previously described|[16].
Grade 2 (complete) occurred when 100% of the articular cartilage outline was clearly visible in the entire
range when facing the opposing articular cartilage. Grade 1 (intermediate) occurred when >50% but <100%
of the articular cartilage outline was clearly visible in the range when facing the opposing articular cartilage.
Grade 0 (poor) occurred when the articular cartilage outline was visible in <50% of the entire range when
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facing the opposing articular cartilage (Figure 3).

FIGURE 3: Articular cartilage outline visibility grade.

(a) Grade 0 (poor), (b) Grade 1 (intermediate), (c) Grade 2 (complete).

Measurement of the remaining cartilage rate

The rate of the remaining cartilage was evaluated using the same images on which joint space width was
measured. On the sagittal and coronal images, the distance between the subchondral bone of the articular
surface (line A-D) and the remaining cartilage (line A>-D’) was measured both on the first metacarpal bone
and trapezium. The rate of the remaining cartilage (%) was calculated by dividing the distance of the
remaining cartilage by subchondral bone, and the average value of the sagittal and coronal images was used
as the remaining cartilage rate of each bone (Figure 4).

MC1

MC1

Trapezium

Trapezium

FIGURE 4: Calculation method of the remaining cartilage rate.

(a) Sagittal image, (b) coronal image. The remaining cartilage (%) was calculated by dividing the distance of
remaining cartilage (A’ to D’) by subchondral bone (Ato D). A, B, C, D: the distance of subchondral bone, A", B',
C', D": the distance of remaining cartilage, MC1: first metacarpal.

Statistical analyses

GraphPad Prism 8 (GraphPad Software, La Jolla, CA, USA) was used for all statistical analyses. All data were
tested for normal distribution using the Shapiro-Wilk test. None of the data on articular cartilage outline
visibility, joint space width, and remaining cartilage rate followed a normal distribution, owing to the small
sample size. Therefore, the Mann-Whitney and Friedman tests were used to assess the differences in joint
space widths and articular cartilage outline visibility with and without traction and the differences in the
remaining cartilage rate in Stages 1-2 and Stages 3-4 patients. Spearman’s rank correlation coefficient was
used to evaluate the correlation between the Eaton classification and articular cartilage visibility and
changes in joint space width. Statistical significance was set at p <0.05.

Results

The study population comprised 44 patients (men: 14, women: 30), with a mean age of 67.3 + 8.6 (range, 50-
82) years. According to the Eaton classification, 2 patients were in Stage 1, 14 in Stage 2, 24 in Stage 3, and 4
in Stage 4. There is no patient who suspended the MRI examination due to discomfort relating to traction.

The grades of articular cartilage outline visibility were intermediate in 7 and poor in 37 cases without
traction, complete in 15, intermediate in 23, and poor in 6 cases with traction. The visibility of the articular
cartilage outlines significantly improved with traction (P<0.01) (Figure 5). There was a significant
correlation between the Eaton classification stage and the grade of articular cartilage visibility with traction
(r=-0.3096, P = 0.0409), but no correlation was observed without traction (r = -0.2890, P = 0.0571).
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FIGURE 5: Visibility of the articular cartilage outlines.

The visibility is significantly improved by traction. ** P < 0.01.

The joint space width without/with traction was 1.02 £ 0.85/2.25 * 1.04 mm in the center, 2.28 £ 1.41/3.83 +
1.43 mm in the volar edge, 1.60 + 1.77/2.67 + 1.75 mm in the dorsal edge, 3.70 + 1.61/4.93 + 1.66 mm in the
radial edge, and 1.43 + 1.10/2.18 * 1.39 mm in the ulnar edge. The joint space width increased significantly at
all points with traction (P < 0.01) (Figure 6).
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FIGURE 6: Joint space widths at each point (mean % standard
deviation).

Joint space widths significantly widened after axial traction at all points. ** P < 0.01.

The amount of change in joint space width before and after traction at each point was 1.23 + 0.75 mm in the
center, 1.55 * 1.13 mm in the volar edge, 1.06 + 1.11 mm in the dorsal edge, 1.22 + 1.21 mm in the radial
edge, and 0.75 * 1.07 mm in the ulnar edge. No correlation between the Eaton classification stage and the
change in joint space width was observed at any point (P=0.8801 at the center, 0.4884 at the volar, 0.6458 at
the dorsal, 0.6080 at the radial, and 0.2983 at the ulnar edges). After comparing each point, the change in the
ulnar edge was significantly smaller than that in the center (P<0.01), volar edge (P<0.01), and radial edge
(P=0.02).

The rate of remaining cartilage on the first metacarpal surface was 51.0 + 22.8% in Stages 1-2 and 32.5 =
16.8% in Stages 3-4 (P<0.01). The rate of remaining cartilage on the trapezium surface was 46.5 + 23.9% in
Stages 1-2 and 26.8 = 18.7% in Stages 3-4 (P=0.01) (Figure 7). However, when considering individual cases,
large cartilage defect (>50%) was observed in four Stages 1-2 patients (25.0% of all Stages 1-2 patients), and
>50% cartilage remained intact in three Stages 3-4 patients (10.7% of all Stage 3-4 patients).
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FIGURE 7: Remaining cartilage rate on sagittal and coronal images.

(a) Sagittal image; (b) coronal image. The presence of cartilage remained significant in Eaton Stages 1-2. **
P<0.01.

Discussion

Our results showed that the visibility of the cartilage outline of the thumb carpometacarpal joint on MRI was
significantly better when axial traction was applied to the thumb in patients with thumb carpometacarpal
arthritis, similar to that in healthy volunteers. The rate of remaining cartilage was significantly higher in
patients in the early Eaton stages.

Various surgical procedures have been reported on thumb carpometacarpal arthritis [19]. For patients with
mild osteoarthritic changes (Eaton classification Stages 1-2), ligament repair, arthroscopic synovectomy,
and first metacarpal osteotomy are generally selected for joint-sparing surgery; whereas for patients with
advanced osteoarthritic changes (Eaton classification Stages 3-4), ligament reconstruction with or without
tendon interposition, arthrodesis, and artificial joint replacement are generally selected as non-joint-sparing
surgery. Although the clinical outcomes of each surgical procedure are generally good [20], some joint
preservation surgeries have achieved good symptomatic improvement even in patients with advanced
osteoarthritic changes on plain radiographs [21,22]. In the present study, although the articular cartilage
defect was significantly larger in patients with Eaton Stages 3-4, the cartilage remained >50% intact in 10%
of those patients. The change in load distribution due to the first metacarpal osteotomy is one of the
mechanisms used to reduce pain in patients with thumb carpometacarpal arthritis [23,24]. We believe that if
the residual articular cartilage can be evaluated preoperatively, joint-sparing surgery can be performed more
aggressively even in progressive cases. Thus, articular cartilage evaluation using axial traction MRI has the
potential to be useful for surgeons in selecting less-invasive surgical procedures. We also believe that joint-
sparing surgery is preferable for younger patients or those involved in heavy labor, although the risk of
osteoarthritic progression exists even after long-term joint-sparing surgery.

In this study, the widening of the articular surface due to axial traction was significantly smaller on the ulnar
side. The anterior oblique (or volar beak) and dorsoradial ligaments have been reported as key ligaments in
thumb carpometacarpal arthritis [25-27]. These ligaments contribute to the stability of the radiodorsal side
of the thumb carpometacarpal joint. According to the progression of thumb carpometacarpal arthritis,
loosening of these ligaments related to radiodorsal instability of the thumb carpometacarpal joint may have
caused the difference in joint space width between the measurement points by traction in this study.
Although our results suggest that the degree of traction-induced widening of the joint space can be used to
evaluate joint instability, which reflects ligament dysfunction, the sample size was insufficient for evaluating
joint instability (ligament dysfunction). Future research efforts should aim to increase the sample size and
verify whether axial traction MRI can evaluate ligament function and articular cartilage.

Badia et al. reported a treatment algorithm based on the intraoperative thumb carpometacarpal arthroscopy
findings in 2006 [11]. Depending on the degree of articular cartilage damage or loss, joint-sparing or non-
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joint-sparing surgery was selected for this algorithm. This algorithm is more innovative than the Eaton
classification because it assesses articular cartilage damage and loss with higher accuracy before deciding on
the surgical technique. However, several limitations have been encountered, including the inability to
evaluate the articular cartilage preoperatively, invasiveness, and the need to decide the surgical technique
intraoperatively. Our results demonstrate that axial traction MRI of the thumb carpometacarpal joint could
be used to preoperatively evaluate the articular cartilage condition, which would allow the selection of the
optimal surgical technique that reflects the articular cartilage condition, rather than depending on the Eaton
classification.

This study has several limitations. First, the assessment of the rate of remaining cartilage was limited to a
single slice of sagittal and coronal images in this study. Developing an evaluation method encompassing the
whole joint surface, possibly using techniques such as 3D reconstruction, is necessary for a more accurate
assessment of the articular cartilage condition in future studies. Second, the optimal traction weight was not
evaluated in this study. While increasing the axial traction on the thumb with heavier weights might further
widen the joint space and improve the articular cartilage outline visibility, this added traction may induce
pain in these individuals. Compared with our previous result of the change in joint space width in healthy
volunteers [16], there was no significant difference between 3 kg traction in patients with thumb
carpometacarpal arthritis and 2 kg and 5 kg traction in healthy volunteers (Figure 8). Thus, a 3 kg traction
was considered sufficient to evaluate articular cartilage defects in the thumb carpometacarpal joint. Thirdly,
this study did not verify whether articular cartilage was correctly detected by MRI. To evaluate the precision
of detecting articular cartilage through axial traction MRI, a study comparing the consistency between MRI
and arthroscopy findings is necessary for future research. Finally, the axial traction system used in this study
could not control the rotational force on the carpometacarpal joint of the thumb. A slight twist caused by
axial traction may have affected the measurement of the joint space widths at each point. Therefore, the
addition of a system to control the rotational force during axial traction becomes imperative.

ok Il Healthy volunteers with 2 kg traction
[ Healthy volunteers with 5 kg traction

E Thumb carpometacarpal arthritis
patients with 3 kg traction

T T T
Center Volar Dorsal Radial Ulnar

The change of joint space width (mm)
[\*]
1

Measurement point

FIGURE 8: The change of joint space width between with and without
traction.

There is no significant difference between 3 kg traction in thumb carpometacarpal arthritis patients and both 2 kg
and 5 kg traction in healthy volunteers at any measurement point by two-way ANOVA with the Geissler-Green
house correction. ** P < 0.01 between 2 kg and 5 kg traction in healthy volunteers by Tukey’s multiple
comparisons test.

Conclusions

Axial traction of the thumb increased the joint space width and improved the visibility of the articular
cartilage of the thumb carpometacarpal joint on the MRIs of patients with thumb carpometacarpal arthritis.

Our results suggest that axial traction MRI can be used to noninvasively evaluate articular cartilage defects
in patients with thumb carpometacarpal arthritis.

Axial traction MRI holds potential as an evaluation index for selecting the optimal surgical method in
patients with thumb carpometacarpal arthritis.
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Abstract

Introduction: In the last few decades, considerable progress has been made in controlling sur-
gical site infections (SSIs) using a combination of mechanical and oral antibiotic bowel prepara-
tion. However, the number of bacteria present after bowel preparation has not been clarified.
In this study, we investigated the bacterial cultures of intestinal fluid samples from patients un-
dergoing laparoscopic surgery for colorectal cancer after preoperative bowel preparation.

Methods: This prospective observational study was designed as a pilot study at a single center.
We enrolled 25 consecutive patients who underwent laparoscopic surgery for colorectal can-
cer between March 2021 and February 2022 at our institution.

Results: The rate of bacterial culture positivity was 56.0%. The most abundant bacterium was
Escherichia coli (44.0%). The positivity rates for E. coli on the right and left sides were 54.5%
and 35.7%, respectively (P = 0.60). Moreover, there was a significant relationship between a
low American Society of Anesthesiologists Physical Status score and E. coli positivity on the
right side (P = 0.031). In the left-sided group, female sex and large tumor size were significantly
associated with E. coli positivity (P = 0.036 and 0.049, respectively). Superficial SSI occurred in
the patient in the left-sided group, but E. coli was negative.

B Feedback

Conclusion: This study emphasizes the importance of understanding intestinal fluid contamina-
tion and its relationship to infection risk. Future prospective multicenter studies should be con-
ducted to determine the association between intestinal bacteria and different types of preoper-
ative preparation.
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Introduction

Recently, the rapid development of laparoscopic colorectal cancer surgery has enabled sur-
geons to perform total intracorporeal anastomosis (IA) [1,2]. Colorectal cancer surgery is as-
sociated with a higher risk of surgical site infections (SSIs) than other gastrointestinal surgeries
[3]. More than 100 trillion bacterial cells are present in the human gastrointestinal tract [4,5].
There has been an increasing research interest in SSIs, especially among surgeons performing
IA [6]. Moreover, considerable attention has been paid to preoperative bowel preparations,
such as mechanical bowel preparation (MBP) with laxatives and oral antibiotic bowel prepara-
tion (OABP) [7-9].

Previous studies have demonstrated the advantages of 1A [2,6,10-12], but I1A can cause unin-
tended contamination of intestinal fluid during anastomosis, and these studies have not ad-
dressed the following points. First, although previous findings support the importance of IA
over extracortical anastomosis (EA) in SSI control, the mechanism by which intestinal fluid is
contaminated remains unclear. Second, even if surgeons carefully avoid contamination by in-
testinal fluid, the risk of contamination is not eliminated, and the characteristics of patients with
bacterial contamination remain unclear.

In the last few decades, progress has been made in controlling SSIs by utilizing OABP and MBP
[7,8,13]. Several recent studies have shown that SSls, including intra-abdominal abscesses, are
less common with IA than with EA [6,12]. Most SSIs after colorectal surgery are caused by
Escherichia coli, Enterococcus faecalis, Bacteroides fragilis, Enterobacter cloacae, or
Pseudomonas aeruginosa [14]. Thus, preoperative bowel preparation is performed before col-
orectal surgery [8,13]. The latest guidelines published by the World Health Organization [15],
Enhanced Recovery After Surgery Society [16], Society of American Gastrointestinal and
Endoscopic Surgeons [17], American Society of Colon and Rectal Surgeons [18], and American
College of Surgeons [19] recommend a combination of MBP and OABP to reduce SSI risk.

Thus, we hypothesized that a combination of MBP and OABP eliminates bacteria from the
bowel lumen, but the effectiveness differs between right-sidedness and left-sidedness of the tu-
mor. This would contribute to a decrease in the incidence of SSI due to unintended abdominal
contamination. However, the number of bacteria remaining after the combination of bowel
preparation has not been clarified in recent laparoscopic colorectal surgeries. In the present
study, we investigated bacterial cultures of intestinal fluid samples from patients undergoing la-
paroscopic surgery for colorectal cancer after preoperative combinational bowel preparation
with IA and EA. Furthermore, we analyzed the association between patient characteristics and
bacterial cultures based on the sidedness of tumor location.

Materials and methods

Patient selection and study design

https://www.ncbi.nim.nih.gov/pmc/articles/PMC 10894073/ 2115
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This prospective, observational study was designed as a pilot study at a single center. We en-
rolled consecutive patients who underwent laparoscopic surgery for colorectal cancer between
March 1, 2021, and February 28, 2022, at Iwate Prefectural Chubu Hospital, Japan. The patient
selection process is illustrated in Figure 1. The inclusion criteria were as follows: colon or rec-
tal cancer, operation completed using laparoscopic surgery, age > 20 years, no distant metasta-
sis, no invasion into surrounding organs, pathological diagnosis based on preoperative biopsy
examination, and no use of antibiotics within one month. The exclusion criteria were as fol-
lows: no definite diagnosis of colon or rectal cancer, bowel obstruction with cancer, unre-
sectable factors, preoperative chemotherapy administration, stent placement, and history of al-
lergy or other adverse reactions to the antimicrobial agents used in this study. The study was
conducted in accordance with the ethical standards proposed in the Declaration of Helsinki,
1964, and approved by the institutional ethical board of the Ethics Committee of Iwate
Prefectural Chubu Hospital (approval 11000793). Written informed consent was obtained
from the study participants.

Figure 1

Patients underwent laparoscopic surgery
for colorectal cancer
between March 2021 to February 2022
n=29

Excluded | cases without
preoperative pathological diagnosis

Patients with preoperative diagnosis
n=28

Excluded 2 cases with advanced cancer

Patients without advanced cancer
n=26

Excluded 1 cases with conversion
from laparoscopic to open surgery

Patients with data availabie
n=25

Flow diagram depicting the selection of the study participants.

Preoperative bowel preparations

All patients underwent both MBP and OABP since 2020 at our institution as a standard practice
in our hospital. OABP consisted of 500 mg metronidazole and 500 mg kanamycin after

lunch and bedtime on the day before surgery. Intravenous cefmetazole (1 g) was administered
every three hours during surgery. We used 24 mg of sennoside for right-sided colon cancer
and 2 L of a polyethylene glycol solution for left-sided colorectal cancer.

Sample collection for intestinal fluid culture
Intestinal fluid samples were collected by swabbing the mucosal surface of the resected speci-

men around the tumor from the proximal to distal margin in the operating room after resec-
tion. Laboratory technicians who performed the culture tests were completely blinded to peri-

https:/fwww.ncbi.nim.nih.gov/pmc/articles/PMC 10894073/ 315
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operative information, except for the location of the tumor. The technicians used both aerobic
and anaerobic culture conditions. They also aimed to identify bacteria from the blinded
samples.

Evaluation and quantification of cultural results

We classified the growth status of the identified organisms in the culture into five categories: 0
for no growth or minimal colony formation of only a few colonies in less than one-third of the
plate, 1+ for less than one-third of the plate, 2+ for one-third to two-thirds of the plate, 3+ for

more than two-thirds of the plate, and 4+ for the entire plate. The culture was defined as nega-
tive when the medium growth status was 0.

Clinical parameters

We evaluated the following clinical parameters to identify the risk factors for bacterial positiv-
ity after MBP and OABP: sex, age, tumor location, side of tumor location, body mass index,
American Society of Anesthesiologists Physical Status (ASA-PS) classification, presence of a his-
tory of regular use of laxatives, current smoking, diabetes mellitus, anastomosis procedures,
lymph node dissection, pathological differentiation, pathological Union for International Cancer
Control (UICC) 8th edition TN factors and stages, tumor size, tumor markers (carcinoembry-
onic antigen (CEA) and carbohydrate antigen (CA)19-9), operative time, perioperative blood
loss, hospitalization day, adverse effects of antibiotics, and postoperative complications (anas-
tomotic leakage, intra-abdominal abscess, superficial SSI, and deep SSI).

Statistical analysis

We evaluated the association between the bacterial and clinical parameters. Categorical vari-
ables were analyzed using the chi-square and Fisher’s exact tests. Continuous variables were
analyzed using a two-sided t-test and Mann-Whitney U test for parametric and nonparametric
data, respectively. We additionally stratified the patients into two groups depending on tumor
location, considering the difference in bacteria on the side of the colorectal tumor location. JMP
Pro version 17 (SAS Institute Japan, Tokyo, Japan) was used for statistical analysis. Statistical
significance was defined as P < 0.05.

Results

Patient background

A total of 25 patients were enrolled in the study. The patient characteristics are summarized in
Table 1. The median age was 67.0 years, 48.0% of the patients were female, and 56.0% of the
tumors were located on the left side. The proportion of laxative users was 24.0%. Of the pa-
tients, 20.0% were anastomosed with 1A, and 40.0% were anastomosed with a double-stapling
system. The prevalence of superficial SSIs was 4.0%. No anastomotic leakage, deep SSI, or intra-
abdominal abscess were observed.

https://www.ncbi.nim.nih.gov/pmc/articles/PMC10894073/ 4/15
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Table 1

Characteristics of study participants

Effect of Preoperative Oral Antibiotics and Mechanical Bowel Preparations on the Intestinal Flora of Patients Undergoing Lap...

IQR; Interquartile range, SD; Standard deviation, ASA-PS; American Society of Anesthesiologists Physical

Status, UICC; Union for International Cancer Control, CEA; Carcinoembryonic antigen, CA19-9; Carbohydrate

antigen, SSI; Surgical site infection

Characteristics

Age years, median [IQR]

Sex (Female/Male), No. (%)

Tumor location, No. (%)
Cecum

Ascending colon
Transverse colon
Descending colon
Sigmoid colon

Rectum

Sidedness (right/left), No. (%)

Body mass (index kg/m?),

mean+SD

ASA-PS, No. (%)

4

Laxative, No. (%)

Smoker, No. (%)

Diabetes mellitus, No. (%)
Anastomosis, No. (%)
Extracortical

Intracortical

Double stapling system

Lymph node dissection, No.
(%)

67.0 [57.4-79.5] Pathological differentiation, No.

12/13
(48.0/52.0)

5(16.0)
5 (20.0)
2 (8.0)
2 (8.0)
5 (20.0)
7 (28.0)

11/14
(44.0/56.0)

23.1+3.2

7 (28.0)
9 (36.0)
6 (24.0)
3 (12.0)
3 (12.0)

10 (40.0)

2 (8.0)

10 (40.0)
5 (20.0)
10 (40.0)

https://www.ncbi.nim.nih.gov/pmc/articles/PMC10894073/

(%)

Poor

Moderate

High

UICC T (8th), No. (%)
1

2

3

UICC N (8th), No. (%)
0

Tumor size (mm), median [IQR]

CEA (ng/mL), median [IQR]
CA19-9 (U/mL), median [IQR]
Operative time (min)
Intraoperative blooding (mL)
Postoperative hospitalized stay
(days)

Adverse effect of oral antibiotics,
No. (%)

Anastomotic leakage, No. (%)
Superficial SSI, No. (%)
Deep SSI, No. (%)

Intraabdominal abscess, No. (%)

1 (4.0)

6 (24.0)

18 (72.0)

10 (40.0)
7 (28.0)
8 (32.0)

20 (80.0)

5 (20.0)

25.0 (19.0-
30.0)

2.8 (1.9-4.7)
TR (28-12'9)

0 (0.0)

0 (0.0)
1(4.0)
0 (0.0)
0 (0.0)
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Results of microbial culture

Table 2 summarizes the culture results of the samples, and Table 3 summarizes the prevalence
of the five major bacteria causing SSIs: Escherichia coli, Enterococcus faecalis, Bacteroides frag-
ilis, Enterobacter cloacae, and Pseudomonas aeruginosa. The rate of bacterial culture positivity
was 56.0%. There were no significant differences in sidedness. Further analysis revealed that
the most abundant bacterium was E. coli (44.0%). The positivity rates of E. coli on the right and
left sides were 54.5% and 35.7%, respectively. Enterococcus faecalis was detected in 21.4% and
9.1% of patients with left-sidedness and right-sidedness, respectively. However, this difference
was not significant (P = 0.60). These findings indicated that E. coli was the predominant bacte-
rial species on both sides.

Table 2

Identification of bacterial culture species and their colorectal locations

Location

Cecum

Ascending colon

Transverse colon

Descending

colon
Sigmoid colon

Rectum

Characteristic bacteria

Bacillus, Bacteroides fragilis, Candida albicans, Escherichia coli, Klebsiella pneumonia,

Serratia marcescens, Staphylococcus aureus, Streptococcus bovis

Bacillus, Candida albicans, Enterobacter cloacae, Enterococcus faecalis, Enterococcus
raffinosus, Escherichia coli, Klebsiella oxytoca, Klebsiella pneumonia, Pseudomonas

aeruginosa

Bacillus, Escherichia coli, Klebsiella oxytoca, Pseudomonas aeruginosa, Streptococcus

bovis

Enterococcus avium, Enterococcus faecalis, Escherichia coli, Klebsiella oxytoca,

Morganella morganii, Pseudomonas aeruginosa, Streptococcus bovis
Enterococcus faecalis, Klebsiella oxytoca, Streptococcus bovis

Bacillus, Edward, Escherichia coli, Group G, Klebsiella oxytoca, Klebsiella pneumonia

https://www.ncbi.nim.nih.gov/pmc/articles/PMC 10894073/
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Table 3

Positive rate of microbial culture: major risk species for surgical site infection

*P < 0.05 is statistically significant

Bacteria Total Right-sidedness Left-sidedness P-value
No. (%) No. (%) No. (%)
Any five bacteria 14/25 (56.0) 7/11 (63.6) 7/14 (50.0)  0.69
Escherichia coli 11/25 (44.0) 6/11 (54.5) 5/14 (35.7) 0.43
Enterococcus faecalis 4/25 (16.0) 1/11(9.1) 3/14 (21.4) 0.60
Bacteroides fragilis 1/25 (4.0)  1/11(9.1) 0/14 (0.0) 0.44
Enterobacter cloacae 1/25 (4.0) 1/11(9.1) 0/14 (0.0) 0.44
Pseudomonas aeruginosa 2/25 (8.0) 1/11(9.1) 1/14(7.1) 1.00

Clinical factors for cultural positivity

To investigate the association between the clinical background of the patients and culture posi-
tivity for E. coli, we classified them into two groups: right and left sides (Table 4). There was a
statistically significant relationship between low ASA-PS score and E. coli positivity on the right
side (P = 0.031). However, no significant difference was observed between sexes and E. coli
positivity (P = 0.57). In the left-sided group, female sex and large tumor size were significantly
associated with E. coli positivity (P = 0.036 and 0.049, respectively). Superficial SSI occurred in

the patient in the left-sided group, but E. coli was negative.

https://www.ncbi.nim.nih.gov/ipmc/articles/PMC 10894073/
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Table 4

Associations between Escherichia coli positivity and cohort characteristics
*P < 0.05 is statistically significant

IQR; Interquartile range, SD; Standard deviation, ASA-PS; American Society of Anesthesiologists Physical
Status, UICC; Union for International Cancer Control, CEA; Carcinoembryonic antigen, CA19-9; Carbohydrate
antigen, SSI; Surgical site infection

https:/fwww.ncbi.nim.nih.gov/pmc/articles/PMC 10894073/ 8/15
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Characteristics Right-sidedness Left-sidedness
Positive Negative P-value Positive Negative P-value
(n=6) (n=5) (n=5) (n=9)
Age years, median [IQR] 73.5[60.8- 82.0[79.5- 015  54.0[46.0- 60.0[57.5- 0.066
83.5] 83.5] 61.5] 69.0]
Sex (Female), No. (%) 4 (66.7) 2 (40.0) 0.57  4(80.0) 2 (22.2) 0.036*
Body mass index (kg/m2), 22.0+3.8 22.5£0.9 0.52 24024 23.7£4.2 0.59
meantSD
ASA-PS, No. (%) 0.031* 0.78
1 2(33.3) 0(0.0) 3 (60.0) 2(22:2)
2 3 (50.0) 1(20.0) 1 (20.0) 4 (44.4)
3 0 (0.0) 3(60.0) 1(20.0) 2 (22.2)
4 1(16.7) 1(20.0) 0 (0.0) 1(11.1)
Laxative, No. (%) 0 {0.0) 2 (40.0) 0.12 1(20.0) 1:(11.:1) 1.00
Smoker, No. (%) 3 (50.0) 2 (40.0) .00 1(20.0) 4 (44.4) 0.58
Diabetes mellitus, No. (%) 0 (0.0) 1(20.0) 1.00 1(20.0) 0(0.0) 0.36
Lymph node dissection, No. 1.00 1.00
(%)
D2 3 (50.0) 2 (40.0) 3{60.0) 5 (55.6)
D3 3 (50.0) 3 (60.0) 2 (40.0) 4 (44.4)
Pathological differentiation, 0.061 0.58
No. (%)
Poor 0 (0.0) 1(20.0) 0 (0.0) 0 (0.0)
Moderate 0 (0.0) 2 (40.0) 2 (40.0) 2 (22.2)
High 6 (100) 2 (40.0) 3 (60.0) 7 (77.8)
UICC (8th) Stage, No. (%) 0.89 0.49
1 3 (50.0) 3 (60.0) 4 (80.0) 5 (55.6)
2 2(33.3) 1(20.0) 0 (0.0) 2(22.2)
3 1(16.7) 1(20.0) 1 (20.0) 2(22.2)
UICC T (8th), No. (%) 0.24 0.33
1 2 (33.3) 0 (0.0) 2 (40.0) 6 (66.7)
2 2(33.3) 4 (80.0) 1(20.0) 0 (0.0)

~ A rana oAy A4 ran AN N oran N A ran Ay

Although we investigated the association between the clinical background of patients and cul-
ture positivity for any bacteria, no statistically significant relationships were observed (Table 5

) R

https://www.ncbi.nim.nih.gov/pmc/articles/PMC10894073/ 9/15
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Table 5

Associations between any bacteria positivity and cohort characteristics
*P<0.05 is statistically significant

IQR; Interquartile range, SD; Standard deviation, ASA-PS; American Society of Anesthesiologists Physical
Status, UICC; Union for International Cancer Control, CEA; Carcinoembryonic antigen, CA19-9; Carbohydrate

antigen, SSI; Surgical site infection

https://www.ncbi.nim.nih.gov/pmc/articles/PMC10894073/ 10/15
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Characteristics Right-sidedness
Positive Negative
n=7) (n=4)

Age years, median [IQR] 75.0 [67.0- 82.0[78.8-
83.0] 83.8]

Sex (Female), No. (%) 4(57.1) 2(50.0)

Body mass (index kg/m?), 22.3+3.5  22.2%0.3

mean*SD

ASA-PS, No. (%)

1 2(28.6) 0 (0.0)

2 3 (42.9) 1(25.0)

3 1(14.3) 2 (50.0)

4 1(14.3) 1(25.0)

Laxative, No. (%) 1(14.3) 1(25.0)

Smoker, No. (%) 4{57.1) 1(25.0)

Diabetes mellitus, No. (%) 1 (14.3) 0(0.0)

Lymph node dissection, No.

(%)

D2 4(57.1) 1(25.0)

D3 3 (42.9) 3(75.0)

Pathological differentiation,

No. (%)

Poor 0(0.0) 1 (25.0)

Moderate 1(14.3) 1(25.0)

High 6 (85.7) 2 (50.0)

UICC (8th) Stage, No. {%)

1 3 (42.9) 3 (75.0)

2 2 (28.6) 1(25.0)

3 2 (28.6) 0 (0.0)

UICC T (8th), No. (%)

1 2 (28.6) 0 (0.0)

2 3 (42.9) 3 (75.0)

Discussion

We found that the culture positivity rate of the intestinal fluid samples was 56% after combina-
tion preparation, and most samples were positive for E. coli. Sex, tumor size, and ASA-PS scores
were significantly associated with bacterial culture positivity. However, bacterial culture positiv-
ity was not associated with the occurrence of SSI. IA has been shown to reduce the risk of SSIs

and intra-abdominal abscesses compared with EA [6,12]. While the combination of MBP and

hitps://www.ncbi.nim.nih.gov/pmc/articles/PMC10894073/

Left-sidedness

P-value Positive

0.30

0.82

0.92

0.44

1.00
0.55
1.00

0.30

0.31

0.44

0.44

(n=7)

57.0 [47.0-
64.0]

4(57.1)
22.8+29

3 (42.9)
2 (28.6)
2 (28.6)
0 (0.0

1(14.3)
3 (42.9)
1(14.3)

4 (57.1)
3 (42.9)

0 (0.0)
2 (28.6)
5 (71.4)

5(71.4)
1(14.3)
1(14.3)

3 (42.9)
1(14.3)

A ran Y

Negative
(n=7)

60.0 [58.0-
70.0]

2 (28.6)
249 £ 4.0

2 (28.6)
3 (42.9)
1(14.3)
1(14.3)
1(14.3)
2 (28.6)

0 (0.0)

4(57.1)
3 (42.9)

0 (0.0)
2(28.6)
5(71.4)

4 (57.1)
1(14.3)
2 (28.6)

5(71.4)
0 (0.0)

LI £ Ta T ah

P-value

0.18

0.59

0.27

0.55

1.00
1.00
1.00

1.00

1.00

0.80

0.35

Effect of Preoperative Oral Antibiotics and Mechanical Bowel Preparations on the Intestinal Flora of Patients Undergoing Lap...

11/15



2024/04/24 13:39 Effect of Preoperative Oral Antibiotics and Mechanical Bowel Preparations on the Intestinal Flora of Patients Undergoing Lap...

OABP for preoperative bowel preparation minimizes the risk of SSIs, little is known about the
number of bacteria present in the intestinal fluid after preoperative bowel preparation [7,8].
The present study was designed to identify the bacterial species in the intestinal fluid after MBP
and OABP. We collected intestinal fluid for cultures during laparoscopic colorectal surgery.

As suggested in previous studies, we found that the characteristics of cancer patients, including
sex, are related to the bacterial flora of the intestinal mucosa [20-24]. Previous studies have re-
ported that the abundance of Bacteroides is related to physical activity in athletes and gait
speed in healthy elderly women [25,26]. Another study reported a negative correlation be-
tween Enterobacteriaceae and gait speed in Parkinson’s patients [27]. Furthermore, higher
ASA-PS has been reported to be associated with resistance to certain antibiotics [14]. Hence,
the ASA-PS score could be related to intestinal flora through many confounding factors. This
may be because bacterial positivity did not affect the occurrence of SSIs.

We found that approximately 50% of intestinal fluid samples contained bacteria. To the best of
our knowledge, no study has analyzed the culture of intestinal fluid after preoperative bowel
preparation, as conducted in our study. In 1989, Sasaki et al. cultured 1 g of fecal samples after
MBP and OABP [28]. They reported that MBP and OABP decreased the number of aerobic and
anaerobic bacteria from 6.6+1.7 log10/g to 4.2+1.9 log10/g and 7.3+1.9 log10/g to 3.0+2.1
log10/g, respectively [28]. Approximately 24% of aerobic and 70% of anaerobic bacteria were
below the detection limit [28]. Thus, considering these results, our results on the bacterial pos-
itivity rate after preparation are feasible. However, Sasaki et al. administered oral antibiotics at
higher doses and for longer periods than those utilized by us herein. Therefore, our study is
unique in that our preoperative preparations were consistent with the current real-world set-
tings, suggesting that the current preparation is effective and safe.

Our study had several limitations. First, the sample size is small. Given that our findings were
based on a limited number of patients, our results must be interpreted with caution. Although
we could not make strong statements based on our research, we believe that patient character-
istics can influence intestinal bacteria. Second, our study could not evaluate and compare the
microbiomes without antibiotics. We need more data comparing the effects of antibiotics.
Moreover, this study did not provide detailed data on bacterial identification. We investigated
the bacterial culture positivity of intestinal fluid samples; however, recent studies on micro-
biomes have used 16S ribosomal RNA sequencing [29]. The obstruction and chemotherapy can
influence these microbiomes. In this study, we excluded these patients to determine the pa-
tients' backgrounds. However, we need to investigate the microbiomes of these patients be-
cause recent advances in surgery enable us to perform minimally invasive surgery for these
advanced patients. Further investigation that can reflect real-world clinical outcomes from a
clinical perspective remains to be determined.

This study presents novel data on the bacterial characteristics found in the intestinal fluid of
patients undergoing colorectal cancer surgery after MBP and OABP. Our findings can help ad-
vance the understanding of the influence of intestinal preparation and reduction of SSIs during
IA. These can also give the fundamental data to optimize the appropriate MBP and OABP meth-
ods for colorectal cancer surgery. It may contribute to developing the strategy of preparation
and reducing SSIs.

https://www.ncbi.nim.nih.gov/pmc/articles/PMC10894073/ 1215
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Conclusions

Our study provides insight into the risk of SSIs and the safety of IA. Despite these limitations,
our study serves as a starting point for discussions regarding intestinal fluid contamination
and SSI control. Our results suggest that higher ASA-PS and larger tumor size may be risk fac-
tors for bacterial positivity. However, appropriate preparation may allow us to perform IA
safely. Future prospective multicenter studies should investigate the association between in-
testinal bacteria and various types of preoperative preparation. Additionally, further studies
are required to validate our findings.
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Abstract

Background/Aim: The association between resected non-small cell lung cancer (NSCLC) and long-term outcomes
of muscle mass depletion and muscle weakness has also not been well documented. This study evaluated
whether muscle mass depletion assessed by bioelectrical impedance analysis (BIA) and low muscle strength
assessed by the peak expiratory flow rate as a percentage of predicted value (%PEFR) were associated with
surgical outcomes in patients with resected NSCLC. Patients and Methods: This retrospective study included 219
patients with resected NSCLC between 2016 and 2021. The cutoff value for muscle mass depletion was
according to guidelines, for low muscle strength, we defined by receiver operating characteristics analysis for
recurrence-free survival (RFS). Survival analysis was performed, and postoperative outcomes were compared.
Results: A total of 76 patients (34.7%) had muscle mass depletion, and 114 patients (52.1%) had low muscle
strength. Muscle mass depletion and low muscle strength were independent poor prognostic factors for overall
survival [hazard ratio (HR)=2.631, p=0.003; HR=1.983, p=0.044] and RFS (HR=3.120, p<0.001; HR=1.857,
p=0.028) in multivariate analysis. Postoperative complication was associated with low muscle strength (p=0.009).
Postoperative recurrence was associated with muscle mass depletion (p=0.03). Conclusion: Preoperative muscle
mass depletion assessed by BIA and low muscle strength determined by %PEFR are worse prognostic factors
after surgical resection for NSCLC. Our results may provide some important information for preoperative

manaaement.
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Optimal Limb Position for the Stress
Ultrasound Evaluation of Elbow Valgus
Laxity in Baseball Players

Ryuhei Michinobu,* MD, Takeshi Ogawa,Jr MD, PhD, Yuichi Yoshii, S MD, PhD, Akira Ikumi,* MD,
PhD, Kazuhiro lkeda,” MD, Hiromitsu Tsuge,” MD, Shotaro Teruya,” MD, Yuki Hara,! MD, PhD,
and Masashi Yamazaki,* MD, PhD

Investigation performed at Faculty of Medicine, Orthopedic Surgery, Tsukuba University,
Ibaraki, Japan

Background: The optimal limb position during stress ultrasound (SUS) evaluation of elbow valgus laxity has not been
standardized.

Purpose: To compare 2 elbow positions (at 90° and 30° of flexion) and report which position method better represents the
increased valgus laxity characteristics of baseball players.

Study Design: Controlled laboratory study.

Methods: Eighteen college baseball players with no history of elbow pain or elbow disorders who belonged to a college baseball
club between April and November 2021 participated in this study. The medial elbow joint space (MEJS) was recorded by ultra-
sonography at rest and under valgus stress, and the difference in MEJS between the conditions was considered the valgus laxity.
For all participants, the MEJS was recorded at 90° and 30° of elbow flexion. In the 90° of flexion position, the participant was
positioned in the supine position with abduction and external rotation of the shoulder, and 2.5 kgf of valgus stress was applied
proximally to the wrist. In the 30° of flexion position, the participant was positioned in the sitting position with abduction and exter-
nal rotation of the shoulder, and 3.0 kgf of valgus stress was applied to the ulnar head. Valgus laxity on the throwing and non-
throwing sides was compared between the 2 elbow positions using paired t tests or Wilcoxon signed-rank tests after
checking the normality.

Results: There was a significant difference in valgus laxity on the throwing side between the 90° and 30° of flexion positions
(1.9 vs 1.1 mm, respectively; P = .002), whereas no significant difference between positions was seen on the nonthrowing
side (P = .06).

Conclusion: SUS with the elbow flexed at 90° more clearly detected valgus laxity in the study participants than the 30° of flexion
position.

Clinical Relevance: The quantitative evaluation of valgus laxity is important for baseball players to assess the risk of ulnar col-
lateral ligament injury.

Keywords: stress ultrasound; evaluation; elbow valgus laxity; baseball players

In the baseball throwing motion, a large valgus stress is
loaded on the throwing elbow joint from the late cocking
phase to the acceleration phase.” This valgus stress is
repeatedly loaded on the elbow with each throw, resulting
in valgus laxity.?8891113.20 Excessive increase in valgus
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laxity is a reported risk factor for ulnar collateral ligament
(UCL) injury among baseball players.22 Hence, quantita-
tive evaluation of valgus laxity is important.

Stress radiography has been commonly used to evaluate
valgus laxity; however, the use of stress ultrasound (SUS)
is being increasingly reported.>%1%:11:18:20.2223 Noyerthe-
less, the limb position for SUS has not been standardized.
Ciccotti et al* evaluated valgus laxity in baseball players in
the sitting position with 30° of elbow flexion and 90° of
forearm supination and reported that valgus laxity was

This open-access article is published and distributed under the Creative Commons Attribution - NonCommercial - No Derivatives License (https://creativecommons.org/
licenses/by-nc-nd/4.0/), which permits the noncommercial use, distribution, and reproduction of the article in any medium, provided the original author and source are
credited. You may not alter, transform, or build upon this article without the permission of the Author(s). For article reuse guidelines, please visit SAGE’s website at
http://www.sagepub.com/journals-permissions.
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greater on the throwing side. Several reports also applied
the same limb position method for SUS.%!® On the other
hand, Sasaki et al?® evaluated valgus laxity among base-
ball players in the supine position, 90° of elbow flexion,
and forearm neutral rotation; they reported that valgus
laxity was greater on the throwing side. This limb position
method for SUS was applied in similar studies.®11:2224
However, it is unclear which limb position method more
clearly detects valgus laxity in baseball players.

The purpose of this study was to determine the method
that can detect valgus laxity in baseball players (90° or 30°
of elbow flexion) and to directly compare the 2 positions to
report which elbow position method better represents the
increased valgus laxity characteristics of baseball players.
We hypothesized that the 90° of flexion method, with an
elbow joint flexion angle similar to that of the throwing
motion, is superior to the 30° of flexion method.

METHODS
Study Population

Eighteen asymptomatic college baseball players (4 pitchers
and 14 fielders) who belonged to a college baseball club
between April and November 2021 were included in this
study. All participants were young men with no history
of elbow pain or elbow surgery. The overall age of the par-
ticipants was 18 to 20 years (mean *= SD, 18.8 = 0.5 years),
and they had 9 to 12 years (mean = SD, 10.6 = 0.9 years) of
baseball experience. Seventeen were right-handed throw-
ers and 1 was a left-handed thrower. All participants pro-
vided written informed consent. This study was conducted
in accordance with the Declaration of Helsinki, and the
study protocol was approved by the ethics committee of
our institution.

Assessment

For all participants, the medial elbow joint space (MEJS),
defined as the distance between the medial distal end of
the humeral trochlea and the proximal end of the ulnar
sublime tubercle, was measured on rest days when they
had no athletic training. We used an ultrasound system
with an 11-MHz linear array transducer (SONIMAGE
MX1; Konica Minolta Japan Inc) and a standard trans-
ducer gel to capture images at 90° and 30° of elbow flexion,
with the elbow at rest and under valgus stress (Figure 1).

The Orthopaedic Journal of Sports Medicine

Valgus laxity was then calculated as the difference
between MEJS values under valgus stress and at rest.

The elbow limb positions were based on previous stud-
ies.*?2 In the 90° of flexion position, the participant was
positioned supine on the examination table, with 90° of
shoulder abduction, 90° of elbow flexion, and neutral fore-
arm rotation. At rest, the forearm was placed on the exam-
ination table to avoid valgus stress of the weight of the
forearm. If the shoulder joint external rotation was below
90°, a towel was placed under the forearm. Under valgus
stress, the position of the participant was adjusted as
shown in Figure 1B. Additionally, a handheld dynamome-
ter (uWTas F-2; ANIMA Co, Ltd) adjusted to 2.5 kgf of valgus
stress was attached to the proximal wrist joint. In the 30°
of flexion position, the participant was positioned in the sit-
ting position, with 90° of shoulder abduction, 30° of elbow
flexion, and 90° of forearm supination. A processed acrylic
plate was used to maintain the 30° of flexion position of the
elbow. Under valgus stress, the same handheld dynamom-
eter adjusted to 3.0 kgf of valgus stress was attached to the
ulnar head. An assistant supported the upper arm of the
participant with a wooden block to ensure that the valgus
stress was properly loaded on the elbow (Figure 2). Fore-
arm rotation and amount of valgus stress in the 2 limb
positions were based on previous studies.*??

The fiber direction of the UCL was identified, and
a probe was placed parallel to it. Ultrasonographic images
of the medial epicondyle, UCL, medial surface of the
humeral trochlea, and coronoid process of the ulna depicted
in the same field of view were used for MEJS measurements
(Figure 3). ImageJ Version 1.53t (National Institutes of
Health) was used as the image analysis software.

Three orthopaedic surgeons who use ultrasound in their
daily practice (R.M., T.O., and Y.H.) participated in the
acquisition of the images, and MEJS measurements were
performed by a single orthopaedic surgeon with 10 years
of experience (R.M.). We evaluated the intraobserver and
interobserver reliability of the MEJS and valgus laxity
measurements by using the intraclass correlation coeffi-
cient (ICC) on a different set of study participants. Intraob-
server reliability data were obtained twice by a single
orthopaedic surgeon (R.M.) from 10 elbows with a
1-month interval between measurements. Interobserver
reliability data were obtained independently by 2 ortho-
paedic surgeons (R.M. and S.T.) from 10 elbows each.
ICC values were interpreted according to the criteria of
Landis and Koch!®: 0.00 to 0.20, slight; 0.21 to 0.40, fair;
0.41 to 0.60, moderate; 0.61 to 0.80, substantial; and 0.81
to 1.00, almost perfect.
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Figure 1. Measurement positions of a study participant: (A) 90° of flexion position with the elbow at rest, (B) 90° of flexion position
with the elbow under valgus stress, (C) 30° of flexion position with the elbow at rest, and (D) 30° of flexion position with the elbow

under valgus stress.

Figure 2. Photograph showing the 30° of flexion position
under valgus stress. An assistant supported the participant’s
upper arm to ensure that valgus stress was properly loaded
on the elbow.

Statistical Analysis

All data were analyzed using SPSS Statistics Version 27
(IBM Corp). First, the normality of each variable was
checked using the Shapiro-Wilk test. If the P values of
the 2 variables to be compared were >.05, they were con-
sidered to follow a normal distribution and a paired ¢ test
was performed. If either variable had a P value <.05, the
Wilcoxon signed-rank test was performed. The paired

Figure 3. Long-axis image demonstrating the measurement
of medial elbow joint space (MEJS; represented by aster-
isks). E, medial humeral epicondyle; ST, proximal end of
the ulnar sublime tubercle; T, medial distal end of the
humeral trochlea; UCL, ulnar collateral ligament.

¢ test or Wilcoxon signed-rank test was performed for com-
parisons of the measurements between the throwing side
and nonthrowing side in both the 30° and 90° of flexion
positions. Significant differences were set at a level of
5%. The effect size (ES) was calculated using the Cohen d.

RESULTS

The intraobserver reliability (ICC[1,1]) of the MEJS and
valgus laxity measurements ranged from 0.75 to 0.94,
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TABLE 1
Intraobserver and Interobserver Reliability of MEJS and Valgus Laxity”®

Intraobserver (ICC[1,1])

Interobserver (ICC[2,1])

90° of Flexion Position

30° of Flexion Position

90° of Flexion Position 30° of Flexion Position

MEJS
At rest 0.937 0.75
Under valgus stress 0.935 0.872
Valgus laxity 0.824 0.843

0.851 0.788
0.873 0.888
0.748 0.728

“ICC, intraclass correlation coefficient; MEJS, medial elbow joint space.

and the interobserver reliability (ICC[2,1]) ranged from
0.73 to 0.89, indicating substantial to almost perfect agree-
ment for all measurements (Table 1).

Figure 4 shows the MEJS results for each elbow posi-
tion. At rest, MEJS was 3.9 = 0.9 mm on the throwing
side and 3.8 = 1.0 mm on the nonthrowing side in the
90° of flexion position. In the 30° of flexion position, it
was 4.5 * 0.8 mm on the throwing side and 4.7 =
0.7 mm on the nonthrowing side. There was no significant
difference between the 2 sides for both limb positions in the
resting condition (90° of flexion position: P = .62; 30° of
flexion position: P = .56). Under valgus stress, MEJS was
5.8 = 1.2 mm on the throwing side and 5.1 = 1.5 mm on
the nonthrowing side in the 90° of flexion position and
5.6 = 0.7 mm on the throwing side and 5.4 = 0.7 mm on
the nonthrowing side in the 30° of flexion position. In the
90° of flexion position, the MEJS was significantly larger
on the throwing side than on the nonthrowing side (P =
.019; ES = 0.61); whereas in the 30° of flexion position,
there was no significant difference between the throwing
and nonthrowing sides (P = .28).

Valgus laxity was 1.9 = 0.7 mm on the throwing side
and 1.3 = 0.8 mm on the nonthrowing side in the 90° of
flexion position and 1.1 * 0.7 mm on the throwing side
and 0.8 = 0.6 mm on the nonthrowing side in the 30° of
flexion position. In the 90° of flexion position, the differ-
ence was significantly larger on the throwing side than
on the nonthrowing side (P = .022; ES = 0.60), whereas
in the 30° of flexion position, there was no difference
between the throwing and nonthrowing sides (P = .13).

Valgus laxity was significantly larger in the 90° of flex-
ion position than in the 30° of flexion position on the throw-
ing side (P = .002; ES = 0.87). Ultrasound images of
a representative case are shown in Figure 5. In contrast,
there was no significant difference in the valgus laxity
between the 30° and 90° of flexion positions on the non-
throwing side (P = .06).

DISCUSSION

The major findings from our study were that the elbow val-
gus laxity on the throwing side was significantly larger (by
0.8 mm) in the 90° of flexion position than in the 30° of flex-
ion position (1.9 vs 1.1 mm; P = .002; ES = 0.87), whereas
there was no significant difference on the nonthrowing

side. Therefore, the valgus laxity of the throwing elbow
joint was more clearly detected with a static force in the
90° of flexion position than in the 30° of flexion position
among baseball players. This indicates that the 90° of flex-
ion position is the more optimal limb position for SUS eval-
uation of valgus laxity.

The evaluation of valgus instability at the elbow joint in
stress radiography indicated that instability occurs when
the medial joint opening exceeds 1 mm.** Generally, joint
laxity is less severe than joint instability. Considering
these factors, a difference of 0.8 mm is a clinically signifi-
cant value for valgus laxity despite the difference between
SUS and stress radiography. Furthermore, the difference
between MEJS on the throwing and nonthrowing sides
could be detected in the 90° of flexion position but not in
the 30° of flexion position. These results lend further sup-
port that the 90° of flexion position is the more optimal
limb position for the SUS evaluation of valgus laxity.

There are 2 important points regarding this result from
a biomechanics perspective. First, the UCL is the primary
static stabilizer for valgus stress of the elbow joint.'>1” Pre-
vious research on cadavers indicated that the maximum val-
gus instability occurs in 90° flexion position when the UCL
is dissected.® This indicates that the maximum contribution
of the UCL as a static stabilizer to valgus stress is in the 90°
of flexion position. Morrey and An'® also reported that in
the 90° of flexion position, the contribution of the UCL as
a static stabilizer to valgus stress is greater than that of
the bone and joints. Second, the maximum valgus stress
on the elbow joint in the throwing motion occurs immedi-
ately before the maximum external rotation of the shoulder
joint and around 90° of elbow flexion.® At this instant, the
elbow joint is loaded with a large varus torque comparable
to the breaking strength of the UCL.}®25 With each pitch,
the elbow joint is repeatedly loaded with this stress, result-
ing in valgus laxity over time.>®8%111320 Thege 2 state-
ments support the hypothesis that the valgus laxity in
baseball players is best detected in the 90° of flexion
position.

Regarding the difficulty of the procedure in different
limb positions, in actual clinical practice, we consider
that a reproducible and simple technique such as the 90°
of flexion position is visually clear and is considered highly
reproducible. In contrast, we consider that the 30° of flex-
ion position is not visually clear and requires time, effort,
and measurement with an angle meter to ensure
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Bar graph illustrating the MEJS for the (A) 90° of flexion position and (B) 30° of flexion position. Error bars indicate standard

deviation. *Statistically significant difference between throwing and nonthrowing sides (P < .05). MEJS, medial elbow joint space.

A 90°-Flexed Position

30°-Flexed Position

Under valgus stress (ME]S=6.0mm)

Under valgus stress (ME]S=5.2mm)

Figure 5. Ultrasound images from a 19-year-old pitcher showing the medial elbow joint space (MEJS; represented by asterisks)
on the throwing side for the (A) 90° of flexion and (B) 30° of flexion positions. Valgus laxity was greater at the 90° of flexion position

than at the 30° of flexion position (2.1 vs 1.0 mm).

reproducibility. In terms of simplicity, the 90° of flexion
position does not require any special equipment. However,
in the 30° of flexion position, equipment is needed to prop-
erly load valgus stress while maintaining the flexion angle.
In this study, a simply processed acrylic plate was used to
maintain the 30° of flexion position, but multiple assistants

were required to maintain the limb position, such as upper
arm support when loading valgus stress. Some studies
have indicated using dedicated devices; however, they
are expensive and not practical in clinical or sports
fields.>*®10-21:23 We consider that the same can be stated
for limb positions other than 30°, such as 45° and 60°.
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Therefore, the evaluation method using the 90° of flexion
position is easier to use clinically than the evaluation
method using the 30° of flexion position.

In this study, the difference between the 2 limb posi-
tions is the forearm rotation in addition to the elbow flex-
ion angle. In the 90° of flexion position, the forearm was
in neutral rotation, and in the 30° of flexion position, the
forearm was in supination. Safran et al'® investigated
the effect of forearm rotation on elbow valgus laxity at
30°, 50°, and 70° of elbow flexion in a cadaveric study.
Results showed that when the UCL was intact, valgus lax-
ity was greater in the neutral forearm position compared
with forearm pronation or supination at all elbow flexion
angles. In this study, forearm rotation in the 30° of flexion
position was defined as supination on the basis of previous
studies, but it is unclear whether the forearm rotation
affected the magnitude of valgus laxity.

Strengths and Limitations

The strengths of this study include the uniformity of the
technique, the precision of high-resolution ultrasonogra-
phy, and the methods being conducted by experienced
orthopaedic surgeons. It is possible that previous studies
conducted with the 30° of flexion elbow position adopted
in this study have not adequately assessed the valgus lax-
ity characteristics of baseball players.

There are several limitations of this study. First, the study
is limited to college baseball players. It is not known whether
the same results could be obtained for other age or sex groups.
Second, the number of participants in this study is small.
Third, subgroup analyses by age and years of baseball experi-
ence could not be performed because of the small individual
differences in these parameters in the participants. Fourth,
it did not consider the differences in valgus laxity by forearm
rotation within the same elbow flexion angle. Fifth, the 30° of
flexion position was not measured under conditions where
gravity was applied to the forearm, and this approach may
have resulted in differences from the measurements in the
90° of flexion position. Sixth, ultrasound effectiveness
depends on the observer. Although intraobserver and interob-
server reliability was high in this study, results can differ
depending on the observer’s experience with SUS. Seventh,
this study did not investigate the association between valgus
laxity and injuries, such as UCL injuries.

CONCLUSION

In the current study, the 90° of flexion position of the elbow
more clearly detected valgus laxity than the 30° of flexion
position, indicating that the 90° of flexion position is more
optimal for SUS evaluation of elbow valgus laxity in baseball
players.
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Abstract

Background: Proton pump inhibitors (PPls) reduce the bicavailability of several anticancer drugs. The impact of PPls co-administered with
cyclin-dependent kinase 4 and 6 inhibitors is controversial. We aimed to clarify whether the concomitant use of PPls impacts palbociclib and
abemaciclib effectiveness in breast cancer treatment.

Patients and Methods: This multicenter, retrospective, observational study, conducted across 4 medical institutions in Japan, consecutively
included patients with endocrine-resistant metastatic breast cancer, receiving palbociclib or abemaciclib between December 2017 and August
2022. Propensity score-matched analyses were performed. Treatment efficacy and safety with and without PPIs were compared. Progression-
free survival and overall survival were estimated using the Kaplan-Meier method and compared using a log-rank test. A Cox proportional hazards
model was used to estimate the hazard ratio.

Results: The study included 240 patients. After 1:1 matching, 112 patients were treated with and without PPls. The median progression-free
survival period was 1.2 years in the PPl group and 1.3 years in the non-PPI group (hazard ratio, 1.19; 95% Cl, 0.70-2.02). The median overall sur
vival period was 3.6 years in the PP| group, whereas it was not reached in the non-PPI group (hazard ratio, 1.23; 95% Cl, 0.61-2.47). Consistent
results were obtained for subgroups receiving palbociclib (n = 177) and abemaciclib (n = 63) without propensity score matching. Adverse event
incidence and severity were similar in both groups.

Conclusion: The effectiveness of cyclin-dependent kinase 4/8 inhibitors is unlikely to be affected by concomitant PP| use. Future prospective
pharmacokinetic studies are warranted.

Key words: breast cancer; palbociclib; abemaciclib; proton pump inhibitor; propensity score.

Implications for Practice

The impact of the co-administration of proton pump inhibitors (PPIs} with cyclin-dependent kinase 4 and 6 inhibitors is controversial. This
study clarified whether the concomitant use of PPls impacts the effectiveness of palbociclib and abemaciclib in patients with endocrine-
resistant metastatic breast cancer using real-world data. Importantly, we identified that progression-free survival and overall survival were
unaffected by the concomitant use of PPIs. The findings of this study suggest that further consideration should be given to changing the
prescription of PPls for patients receiving palbociclib or abemaciclib.
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Introduction

Breast cancer (BC), the most common cancer and the fourth
leading cause of cancer-related death in women, affected
approximately 2.3 million individuals worldwide in 2020.!
Japan reported approximately 97,000 cases of BC in 2019.2
Approximately one in 9 Japanese women are estimated to
develop BC. Unfortunately, all patients with metastatic BC
(mBC) are incurable. Approximately 60% of mBC cases are
luminal, hormone receptor-positive, and human epidermal
growth factor receptor type 2 {HER2) negative.’

Compared with traditional endocrine monotherapy,
combination therapy with cyclin-dependent kinase 4 and
6 (CDK4/6) inhibitors, consisting of palbociclib, riboci-
clib, and abemaciclib, and endocrine therapy, such as aro-
matase inhibitors or antiestrogen, has remarkably prolonged
progression-free survival (PFS) in patients with hormone
receptor-positive and HER2-negative mBC.** The use of
CDK4/6 inhibitors plus endocrine therapy is recommended
as the new standard of care for first- or second-line treatment
of pre- and postmenopausal patients with hormone receptor-
positive and HER2-negative mBC.'"!" Notably, CDK4/6
inhibitors have a different mechanism of action than other
cancer chemotherapies. They prevent cellular DNA synthesis
by inhibiting cell progression from the G1 to § phase, thereby
suppressing cancer cell proliferation.' In Japan, oral palboci-
cliband abemaciclib are newly approved for hormone receptor-
positive and HER2-negative mBC treatment. However,
ribociclib has not been approved; a reason for this is the high
toxicity profile, including abnormal hepatic function in the
Japanese population.?

The concomitant use of proton pump inhibitors (PPIs) sub-
stantially decreases PES in patients with mBC treated with
palbociclib and ribociclib.'*'¢ The potential mechanism of
these drug-drug interactions (DDIs) may include gastric pH
elevation by PPIs. PPls reduce the bioavailability of several
anticancer drugs through dissolution and absorption.!”??
Conversely, several studies do not support the existence of
the DDIs.22* Therefore, the impact of co-administration of
PPIs with CDK4/6 inhibitors remains controversial. These
previous studies shared a retrospective, observational design
and included patients with hormone receptor-positive and
HER2-negative mBC. However, in scveral of those studies,
treatment lines and the corresponding patient eligibility crite-
ria were not specified and the sensitivity to endocrine therapy
of the patients were not considered. The PFS of endocrine-
sensitive patients receiving palbociclib was reportedly 24.8
months, whereas that in endocrine-resistant patients was only
9.5 months.** As these different results cannot be cqually
evaluated, in the present study, we pursued in patients with
endocrine resistance who had never undergone chemother-
apy, because we thought that the overall survival {OS) of
endocrine-sensitive patients treated with CDK4/6 inhibitors
is influenced by second-line or subsequent therapy and that a
S-year follow-up may be too short since endocrine-sensitive
patients have a relatively favorable prognosis. To the best of
our knowledge, the potential DDIs mentioned above have not
yet been investigated in the Japanese population, and no stud-
ies are available on the DDIs between PPIs and abemaciclib.
Thus, we hypothesized that concomitant PP1 use decreases the
effectiveness of CDK4/6 inhibitors. The present study aimed
to clarify, using real-world data, whether concomitant PPI
use alters the effectiveness of palbociclib and abemaciclib in
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patients with hormone receptor-positive and HER2-negative
mBC.

Patients and Methods
Study Design

This muldcenter, retrospective, observational, case-control
study was conducted across 4 medical institutions: National
Cancer Center Hospiral East (Chiba, Japan), Keio University
Hospital (Tokyo, Japan), Miyagi Cancer Center (Miyagi,
Japan), and Gifu University Hospital (Gifu, Japan). Patient
data were obtained from the medical records of each insti-
tution. Data integration and subsequent analyses were per-
formed at the Keio University Faculty of Pharmacy (Tokyo,
Japan). The methodology adopted herein adhered to the
Strengthening the Reporting of Observational Studies in
Epidemiology statement.®

The eligibility criteria for the patients were as follows: (1)
aged = 18 years and consecutively presenting with a diagno-
sis of hormone receptor-positive and HER2-negative mBC
(hormone receptor-positive was defined as tumors with
estrogen and/or progesterone receptor expression > 1%;
HER2-negative was defined as a score of 0, 1+, or 2 + using
immunohistochemistry; and negative result as per in situ
hybridization''}; (2} received palbociclib (125 mg taken
orally once daily for 21 consecutive days followed by 7 days
off in 28-day cycles) or abemaciclib (150 mg taken orally
twice daily) plus endocrine therapy for the first time between
December 2017 and August 2022; (3) underwent second-line
or subsequent-line endocrine therapy (for patients who have
de novo metastatic cancer or experienced progression during
neoadjuvant chemotherapy prior to surgery); (4) underwent
first-line or subsequent-line endocrine therapy (for patients
who experienced progression during treatment or within 12
months of completion of adjuvant endocrine therapy, and (5)
underwent second-line or subsequent-line endocrine therapy
(for patients who developed recurrent disease > 12 months
of completing that treatment). These definitions of first- and
second-line endocrine therapies were based on the American
Society of Clinical Oncology guidelines 2016.2¢ The dose
reduction of CDK4/6 inhibitors and clinical follow-up were
modified at the clinician’s discretion according to the efficacy
and/or safety profile of each patient,

The exclusion criteria were as follows: (1) refusal to use
medical records for research; (2) insufficient or missing data;
and (3) history of chemotherapy for disease control of mBC
prior to treatment with CDK4/6 inhibitors, except for neoad-
juvant or adjuvant chemotherapy.

Data Collection

Data of patients were de-identified and managed anony-
mously. Collected data included age, sex, menopausal status,
Eastern Cooperative Oncology Group performance status
(ECOG PS), metastatic site, number of metastatic sites, med-
ical history (including CDK4/6 inhibitor and PPI use), treat-
ment line, date of progression andf/or death at the time of
initiation of CDK4/6 inhibitors, and the incidence of adverse
events of grade = 3 while taking CDK4/6 inhibitors or up to
3 months after taking. The date of progression was defined as
the first incidence of disease progression based on computed
tomography using the Response Evaluation Criteria in Solid
Tumours criteria version 1.1% or clinical progression. Adverse
events were graded according to the Common Terminology
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Criteria for Adverse Events version 5.0.% Each attending
physician advised against the intake of strong inhibitors or
inducers of cytochrome P450 3A4 based on their knowledge.
Treatment groups were defined as “concomitant use of PPIs”
if PP1 administration covered the entire or more than half of
the treatment period with palbociclib™** or “no concomitant
use of PPIs” if PPI administration covered less than half of the
treatment period. Morecover, “visceral” refers to lung, liver,
brain, pleural, and peritoneal involvement. The follow-up
period ended on November 30, 2022.

Endpoints

The efficacy endpoints were PFS and OS when treated with
or without PPls. The safety endpoint was adverse events when
treated with or without PPIs. PFS was defined as the period
from the date of initiation of CDK4/6 inhibitors to the date of
disease progression or death from any cause, whereas OS was
defined as the period from the date of initiation of CDK4/6
inhibitors to the date of death from any cause. Patients with-
out documented progressive disease or those who were still
alive were censored for PFS and OS, respectively, on the date
of the last follow-up.

Statistical Analysis

Baseline patient characteristics are reported as median (inter-
quartile range} for continuous variables and proportions for
categorical variables. PFS and OS were estimated using the
Kaplan-Meier method and compared using a log-rank test.
Propensity score-matched analysis was performed to mini-
mize potential selection bias due to lack of randomization.”
Propensity scores of concomitant PPl use were estimated using
a logistic regression model based on the following clinically
selected covariates: age, ECOG PS (0-1 ws. 2), disease site (vis-
ceral vs. non-visceral), number of metastases, and previous
lines of endocrine treatment (1 vs. 2 2). In a sensitivity anal-
ysis, two propensity score-adjusted analyses were performed:
(1) a multivariable Cox proportional hazards model including
the propensity score of concomitant use of PPIs as a covariate
and (2) the inverse probability of treatment weighting (IPTW)
method.*® The results are presented as hazard ratios (HR) and
95% Cls. As a post hoc analysis, the Bayesian posterior prob-
ability of HRs from 0.83 to 1.2 based on non-informative

prior distribution was computed to assess the equivalence.”
The follow-up time was calculated using the reverse Kaplan-
Meier estimate.*? All statistical analyses were performed using
SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) and SPSS
Statistics version 29 (IBM, Armonk, NY, USA). All P-values
were 2 sided, and the significance level was set at 0.05.

Ethics Statement

The study protocol was representatively approved by the
Ethics Committees of the Keio University School of Medicine
(approval number: 20221136). Permission to conduct the
present study was then obtained from each facility. This
study was conducted in accordance with the principles of
the Declaration of Helsinki and the Ethical Guidelines for
Medical and Health Research involving Human Subjects
by the Ministry of Education, Culture, Sports, Science, and
Technology and the Ministry of Health, Labour, and Welfare
of Japan. The requirement for written informed consent
was waived by the ethics review committees owing to the
retrospective nature of this study. Accordingly, we provided
patients with an opt-out method through the official website
of cach hospital.

Results

Patient Characteristics

Figure 1 shows the patient enrollment flowchart. Overall,
596 patients were initially surveyed at the 4 sites, and 240
met the eligibility criteria. Among them, 58 patients were
taking CDK4/6 inhibitors with PPIs. Propensity score-
matched analysis resulted in 112 patients, who were divided
into groups treated with (PPI group; » = 56) and without
(non-PPI group; n = 56) PPls. After matching, the distri-
butions of the propensity score in both groups were simi-
lar (Supplementary Fig. S1). Table 1 presents the baseline
patient characteristics. The median age of the patients was
71 (interquartile range, 61-75) years. Of the 78 partients
who were receiving palbociclib, 58 and 20 were taking it
as capsules and tablets, respectively. Approximately 70% of
patients used CDK4/6 inhibitors in the first- or second-line
endocrine therapy. The number of metastases was within 5,
and more than half of the patients had visceral metastases.

National Cancer Keio University o Gifu University
Center Hospital East Hospital WMiyagh:Crincae Cethar Hospital
n =350 n=112 g8 n=44
I Patients enrolled n=596 I E);-?El:!dzed i ":) 356
. -pos =
- History of CDK4/6 inhibitor (n = 47)
- History of chemotherapy (n = 156)
- - « Endocrine sensitive (n = 223)
i Assessed for eligibility n=240 | + Insufficient information (n = 18)
[ PPigroup n=58 | | Non-PPIgroup n=182 |
- Matching Matching

I PPI group n =56 |

I Non-PPI group n =56 |

Figure 1. Patient enrollment flowchart. Abbreviations: HER2, human epidermal growth factor receptor type 2; CDK4/6, cyclin-dependent kinases 4 and

6: PPI, proton pump inhibitor.
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Table 1. Patient characteristics.
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Characteristics Unmatched patients (n = 240) Matched patients (7 = 112)
PPl (n=358) Non-PPI (n =182) PPl (n = 36) Non-PPI (1 =56)

Age (years), median (IQR}* 71 (60-75) 62 (50-70) 71 (60-75) 70 (62-75)
Sex

Female 57 (98) 180 (99) 55(98) 55(98)

Male 1(2) 2(1) 1(2) 1(2)
Menopause

Premenopause 8 (14) 47 (26} 8 (14) 4 (7}

Postmenopause {or male sex) 50 (86) 135 (74) 48 (86) 52(93)
ECOG PS?

0-1 52 (90) 178 (98) 52 (93) 53(95)

2 6(10) 4(2) 4 (7) 3(5)
Treatment line*

1st 16 (28) 70 {39) 16 (29) 15 (27)

2nd 25 (43) 70 (39) 23 (41) 26 (46)

2z 3rd 17 (29) 42 (23} 17 (30) 15(27)
Number of metastases, median (IQR)? 2(1-3) 2(1-3) 2 (1-3) 2 (1-3)
Metastatic site*

Visceral 36 (62) 107 (59) 34 (61) 36 (64)

Non-visceral 22 (38) 75 (41) 22 {39) 20 (36)
CDK4/6 inhibitor

Palbociclib capsule 34 (59) 91 (50} 33 (59 25 (43)

Palbociclib tablet 11(19) 1(23) 10 (18) 10 (18)

Abemaciclib 13 (22) 50 (28) 13 (23) 21 (38)
Dose reduction of CDK4/6 inhibitor

Yes 36 (62) 125 (69) 36 (64) 40 (71)

No 22 (38) 57 (31} 20 (36) 6 (29)
Concomitant endocrine therapy

Anastrozole 2(3) 19 (10) 2 (4) 7 (13)

Letrozole 15 (26) 34 (19) 15(27) 11 (20)

Exemestane 1(2) 4(2) 0 2 (4)

Tamoxifen 0 1(1) 0 1(2)

Fulvestrant 40 (69) 124 (68) 39 (70) 35 (63)
Concomitant LH-RH agonist

None 51 (88) 139 (76) 49 (88) 53 (93)

Leuprorelin acetate 5(9) 35(19) 51{9) 3(5)

Goserelin acetate 2(3) 8 (4) 2{4) 0
PPI used

Omeprazole 3(5) 31(5)

Lansoprazole 27 (47) 25 (45)

Rabeprazole 8 (14) 8 (14)

Esomeprazole 10 (17) 10 (18)

Vonoprazan 0 (17) 0 {18}

Abbreviations: IQR, interquartile range; PPI, proton pump inhibitor; ECOG PS, Eastern Cooperative Oncology Group performance status; CDK4/6
inhibitor, cyclin-dependent kinases 4 and 6; LH-RH, luteinizing hormom}releasmg, hormone.

Data are presented as the number (%) of patients unless otherwise indicated. Percentages have been rounded and may not total 100.

*Age, LCOG PS, treatment line, number of metastases, and metastatic sites were used to match the two groups.

Approximately two-thirds of the patients in both groups
required dose reduction of CDK4/6 inhibitors, and no sig-
nificant difference in dosage between the two groups was
noted. In total, 66% of the concomitant endocrine therapy
included fulvestrant use. Lansoprazole was the most com-
monly prescribed PPI (45%).

Efficacy

The median follow-up time was 2.6 (95% CI, 2.2-3.1) years.
The median PFS was 1.2 (95% CI, 0.7-1.7) and 1.3 (95%
CL 1.1-2.5) years in the PPI and non-PPI groups, respectively
(log-rank test: P = 0.53; Fig. 2). The crude HR was 1.19 (95%
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Figure 2. Kaplan-Meier survival curves according to concomitant ar non-
concomitant PPl use. Kaplan-Meier survival curves were constructed
according to the use of PPls in the propensity score-matched patients.
Solid and dashed lines represent the PPl and non-PPI groups,
respectively. The number of patients at risk are shown at the bottom. (A)
Progression-free survival. (B) Overall survival. Abbreviation: PPI, proton
pump inhibitor.

CIL, 0.70-2.02) according to the univariable analysis. The
median OS period was 3.6 (95% CI, 2.8-not reached) years
in the PPI group, whereas it was not reached in the non-PPI
group (log-rank test: P = 0.57). The crude HR was 1.23 (95%
Cl, 0.61-2.47) according to the univariable analysis.

Sensitivity analyses using a propensity score-adjusted
model and IPTW analysis for PFS revealed consistent results
(HR, 1.11; 95% CI, 0.73-1.68; P =0.63 and HR, 1.09;
95% CI, 0.76-1.57; P =0.62, respectively). Similar results
were obtained for OS using propensity score-adjusted and
IPTW analyses (HR, 1.21; 95% CI, 0.68-2.15; P = 0.51 and
HR, 1.26; 95% CI, 0.71-2.24; P = 0.43, respectively). The
Bayesian posterior probability of HRs for the PFS from 0.83
to 1.2 ranged from 42% to 77% (Table 2).

Subgroup analyses were performed separately for palbo-
ciclib (# = 177) and abemaciclib (# = 63) without propensity
score matching. The median PFS in the palbociclib group was
1.3 (95% CI, 0.6-2.3) and 1.1 (95% CI, 0.9-1.3) years in the
PPI and non-PPI groups, respectively (Supplementary Fig. 52),
with no significant difference (HR, 0.94; 95% CI, 0.61-1.46;
P = 0.80). Similarly, OS did not differ significantly (HR, 1.47;
95% CI, 0.82-2.62; P = 0.19).

Similar results were observed for abemaciclib (PFS: HR,
1.30; 95% CI, 0.53-3.17; P=0.56 and OS: HR, 1.22; 95%
CI, 0.33-4.47; P = 0.76) (Supplementary Fig. 53).

Additionally, 125 and 52 patients were classified into the
palbociclib capsule and tablet groups, respectively. The analy-
sis indicated no significant differences in either PFS or OS for
the capsule (PFS: HR, 1.06; 95% CI, 0.66-1.71; P = 0.80 and
0S: HR, 1.40; 95% CI, 0.76-2.58; P = 0.28) (Supplementary
Fig. $4). Similar results were obtained for the tablets (data
not shown).

Safety

Table 3 presents grade 3/4 adverse events in the matched pop-
ulation. The proportion of adverse events was similar for each
CDK4/6 inhibitor, regardless of PPT use. Palbociclib was asso-
ciated with a high incidence of neutrophil count decreased,
whereas abemaciclib was associated with a high incidence
of diarrhea. The PPI and non-PPI groups did not differ sig-
nificantly (Fisher’s exact tests: P = 0.75 and P = 1.00, respec-
tively). No grade 5 adverse events were observed.

Discussion

No study to date has focused on the association between
concomitant PPI use and the effectiveness of CDK4/6 inhib-
itors in patients with endocrine resistance who have never
undergone chemotherapy. In the present study, we found that
concomitant PPI use did not significantly reduce PFS and OS
in propensity score-matched patients. Additionally, the sen-
sitivity and subgroup analyses showed consistent results. To
the best of our knowledge, this is the first multicenter study
examining the effect of PPIs co-administered with CDK4/6
inhibitors on survival outcomes in Japanese patients with
endocrine resistance in a real-world setting.

The study population was relatively homogeneous, with a
large number of survival events (i.e., PFS and OS). We focused
on patients resistant to endocrine therapy who had never
undergone chemotherapy. This was determined with refer-
ence to eligible patients in the PALOMA-3 phase III trial.?
We considered this population suitable for clarifying whether
concomitant PPI use alters the effectiveness of palbociclib and
abemaciclib; the efficacy did not differ significantly between
the groups treated with and without PPIs in the sensitivity and
subgroup analyses. These results did not support our hypoth-
esis that concomitant PPT use decreases the effectiveness of
CDK4/6 inhibitors. Sun et al®® stated the pharmacokinetics
of palbociclib capsules with PPIs. Under fasting conditions,
co-administration of PPIs and palbociclib capsules decreased
the palbociclib mean arca under the concentration-time curve
from time 0 to infinity by 62%; however, under fed conditions,
it decreased by only 13%. If patients take palbociclib capsules
appropriately after meals, the effect of PPIs on palbociclib
blood levels may not be clinically significant. The differences
between these DDI studies may be attributed to differences
in the healthcare systems for outpatients among countries.
The present study was conducted at university hospitals with
more than 600 beds and designated cancer centers in Japan,
wherein patients are managed by high-level experts in can-
cer treatment. Particularly, at the National Cancer Center
Hospiral East, patients received individual guidance from
hospital pharmacists regarding oral anticancer drugs. Patient
education is essential for developing adherence. In Japan, hos-
pital pharmacists provide patients with adequate education
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Table 2. HRs of PFS, OS, and the Bayesian posterior probability of HRs from 0.83 to 1.2.

HR (95% CI) P-value Posterior probability (%)

PFS

Propensity score matching 1.19 (0.70-2.02) 0.53 42

Maultivariable analysis 1.11 (0.73-1.68) 0.63 374

IPTW 1.09 {0.76-1.57) 0.62 77
0S

Propensity score matching 1.23 (0.61-2.47) 0.57 34

Multivariable analysis 1.21 (0.68-2.15) 0.51 3

1PTW 1.26 (0.71-2.24) 0.43 38

Abbreviations: HR, hazard ratio; Cl, confidence interval; PFS, progression-free survival; OS, overall survival; IPTW, inverse probability of treatment

weighting.

Table 3. Grade 3/4 adverse events.

Palbociclib (2 = 78)

Abemaciclib (» = 34)

PPI (1 = 43) Non-PPI (7 = 35) PPI (1= 13) Non-PPI (1 = 21)
Hemarological toxicity
Neutrophil count decreased 36 {84) 31 (89) 7 (54) 4(19)
White blood cell count decreased 20 (47) 11 {31} 2 (15) 0
Anemia 5(11) 3(9) 1(8) 3(14)
Platelet count decreased 4(9) 1(3} 0 0
Febrile neutropenia 0 0 1(8) 0
Non-hematological toxicity
Diarrhea 1(2) 0 3(23) 4(19)
Pneumonitis 3(7) (6) 0 2 (10)
AST level increased 0 2 (6) 1(8) 2 (10)
ALT level increased 1(3) 1(8) 2 (10)
Stevens—Johnson syndrome 0 1(8) 0
Skin uleceration 1(2) 0 0 0
Malaise 0 1(3) 0 0
Skin infection 0 1(3) 0 0
Appendicitis 0 1(3) 0 0
Nausea 0 0 0 L)
Anorexia 0 0 1(8) 0

Abbreviations: PPI, proton pump inhibitor; AST, aspartate aminotransferase; ALT, alanine aminotransferase.

Data are presented as the number (%) of patients.

and follow-up on medications.** Moreover, the most import-
ant feature of the Japanese healthcare system is the separa-
tion of prescription and dispensary; community pharmacies
provide thoughtful guidance to outpatients regarding oral
anticancer drugs.®® Therefore, we consider that our patients
sufficiently well-educated to take the palbociclib capsule
after meals according to the package insert of the capsule.
We believe that these factors are associated with the effective-
ness of CDK4/6 inhibitors in patients treated with PPIs. This
hypothesis is supported by the finding that dose reduction of
CDK4/6 inhibitors was independent of concomitant PPI use.
Assuming PPlIs reduce the blood concentration of CDK4/6
inhibitors, more patients in the non-PPl group than in the
PPI group should have required dose reduction of CDK4/6
inhibitors. Notably, the safety was similar between the two
groups. We posited that if concomitant PPl use was to reduce

the blood concentration of CDK4/6 inhibitors, the incidence
and severity of adverse events should decrease; however, this
trend was not observed. This result can be explained in the
same manner as the efficacy results.

To date, no pharmacokinetic data on DDIs between abe-
maciclib and PPIs have been reported. The abemaciclib tablet
formulation is weakly basic, and its solubility is expected to
be pH-dependent. Abemaciclib has structural characteristics
similar to those of palbociclib, potentially explaining the
consistent results. To the best of our knowledge, this is the
first study to demonstrate the DDIs between abemaciclib and
PPIs. Abemaciclib is approved for mBC, and as an adjuvant
therapy, it can be used in more patients than palbociclib,*?3
highlighting the potential clinical significance of our findings.

Concomitant PPI use reportedly reduces the effectiveness
of CDK4/6 inhibitors.'*'¢ Our study is consistent with these
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previous reports in sharing a retrospective, observational
design for patients with hormone receptor-positive and
HER2-negative mBC. However, there are some contrasting
findings.*"** In contrast to our results, Lee et al'® reported
DDIs between palbociclib capsules and PPIs in 1,310 patients
and concluded, using propensity score matching, that con-
comitant PPI use significantly reduced the effectiveness of
palbociclib capsules. The authors attributed this result to the
decreased solubility of palbociclib capsules. However, ECOG
PS and exact PFS were not evaluated because they used insur-
ance claims data. Therefore, the time to the next treatment
was alternatively used for PFS. However, this evaluation
method is inaccurate. In the present study, both palbociclib
capsules (to be taken after meals) and tablets (can be taken
regardless of meals) were included, with no reduced efficacy
observed. Given the reformulation of palbociclib from cap-
sules to tablets, DDIs between palbociclib tablets and PPIs are
unlikely to remain clinically relevant.

This study has various strengths. First, it included patients
from 4 medical institutions across Japan. Therefore, our
data may be applicable to similar populations in clinical
settings and will presumably play a crucial role in shared
decision-making between patients and a multidisciplinary care
team comprising doctors, pharmacists, and nurses. In particular,
we believe that this study provides valuable evidence for their
decision to first-line endocrine therapy for patients who expe-
rienced progression during treatment or within 12 months of
completion of adjuvant endocrine therapy. Second, we focused
on patients with endocrine-resistant mBC who had never under-
gone chemotherapy. Third, the follow-up period was relatively
long. We evaluated both the PFS and OS. Finally, we performed
propensity score matching, resulting in both groups being
well-balanced. This analysis increases the robustness of the
results and is a novel feature of our study.

Limitations

Our study has some limitations. First, this was a retrospec-
tive, observational, case-control study; therefore, information
bias exists. Second, the cohort size was small; therefore, we
could not include any additional factors for propensity score
matching and were unable to match the types of CDK4/6
inhibitors. Third, no exact data on adherence to CDK4/6
inhibitors or PPIs were obtained; we used prescription his-
tory. Additionally, we were unable to perform quantitative or
qualitative assessments to establish the patterns of drug tim-
ing, Fourth, this study was a discovery cohort. Therefore, our
findings need o be validated in future studies. Fifth, no phar-
macokinetic data for the CDK4/6 inhibitors were obtained.
Therefore, prospective pharmacokinetic studies should be
conducted. Finally, the current standard treatment is the use
of CDK4/6 inhibitors and endocrine therapy drugs as first-
line treatments for patients with hormone receptor-positive
and HER2-negative mBC. Therefore, studics in patients with
endocrine sensitivity would be more applicable to current
practice than studies in endocrine-resistant populations. We
aim to evaluate the outcomes for patients in the first-line set-
ting treated with CDK4/6 inhibitors and endocrine therapy
drugs in future investigations.

Conclusions

This study suggests that the effectiveness of CDK4/6 inhibitors
is unlikely to be affected by concomitant PPI use in Japanese

patients with hormone receptor-positive and HER2-negative
endocrine-resistant mBC. Further consideration should be
given to changing the prescription of PPIs for patients taking
palbociclib or abemaciclib. Our findings may also be gener-
alizable to Japanese patients, warranting future prospective
pharmacokinetic studies.
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Abstract
Background Preoperative planning is generally per-
formed to simulate the process of reduction as well as to
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determine the size and placement of implants in patients
undergoing distal radius fracture surgery. We previously
described a three-dimensional (3D) digital preoperative
planning system for the osteosynthesis of distal radius
fractures, and we have developed a novel intraoperative
referencing system that superimposes preoperative plan-
ning (such as plate position and length) onto fluoroscopic
images during surgery; however, its efficacy has not been
evaluated compared with conventional planning and
surgery.

Questions/purposes Does use of a novel intraoperative
referencing system result in (1) better Mayo wrist scores at
3 and 6 months after surgery and (2) less loss of reduction
in terms of ulnar variance, palmar tilt, and radial inclination
on plain radiographs taken 1 week, 3 months, and 6 months
after surgery compared with conventional preoperative
planning?

Methods Between April 2014 and October 2021, we
treated 294 patients with open reduction and volar plate
fixation for distal radius fractures. Of 294 patients, 65%
(191) underwent surgery using either conventional pre-
operative planning or a novel intraoperative referencing
system. The remaining patients were excluded because
they were younger than 18 years, they had some missing
medical records related to the clinical outcomes, or they
had a previous history of upper extremity injuries. During
that time, we generally treated fractures with volar plates
when there was: more than 2 mm of stepoff/gap in the
articular surface, a dorsal tilt more than 15°, radial in-
clination less than 15°, or radial shortening more than
5 mm. Generally, we used a flexor carpi radialis approach.
In some patients who had dorsal fragments, we added a
dorsal approach. At that time, we were developing the new
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intraoperative referencing system, so it was not used con-
sistently. To arrive at a fair assessment, we opted to per-
form propensity matching based on age, gender, and AO
fracture type. During the period in question, 36% (69 of
191) of patients with distal radius fractures who received a
volar plate were treated using our novel intraoperative
referencing system, and 64% (122 of 191) had surgery
using conventional preoperative planning (control group).
Of'those, 91% (63 of 69) of patients who were treated with
the intraoperative referencing system and 89% (108 of 122)
of those in the control group were available for follow-up
with all imaging and Mayo wrist scores at least 6 months
after surgery. After propensity matching, that left us with
two groups of 39 patients, who were well matched in terms
of age and fracture type; these were the study groups. We
also tried to match them according to gender, but there were
fewer patients in the intraoperative referencing group, and
the percentage of women for each group differed: 70% (44
of 63) in the intraoperative referencing group and 76% (82
of 108) in the control group. Also, there were fewer men
with C3 fractures in the control group. Therefore, 64% (25
of 39) of patients in the intraoperative referencing group
were women and 77% (30 of 39) of patients in the control
group were women. In the intraoperative referencing
group, our novel intraoperative referencing system was
used in combination with the 3D digital preoperative
planning system for preoperative planning. In the control
group, preoperative planning was performed manually in a
conventional manner using tracing paper and implant
templates or using a digital template. We compared the
groups in terms of operative duration, the radiation dose
used in surgery, and Mayo wrist scores at 3 and 6 months
after surgery. We also compared the groups in terms of loss
of reduction on ulnar variance, palmar tilt, and radial in-
clination on plain radiographs taken 3 months and
6 months after surgery. We considered the plain radiograph
taken 1 week after surgery as a baseline. Each item was
compared between the image fusion and control groups
using a Welch t-test.

Results Mayo wrist scores were no different between the
intraoperative referencing system and the control group at 3
months (71 = 7 versus 72 £ 11, mean difference 1 [95% CI
-3.7t0 5.7]; p = 0.07) or at 6 months after surgery (76 = 6
versus 79 = 11, mean difference 3 [95% CI-3.5t0 7.9];p =
0.12). There were no differences in surgical duration or ra-
diation doses between the intraoperative referencing and
control groups. We found only a small advantage in favor of
the intraoperative referencing system in terms of loss of
reduction on ulnar variance (3 months after surgery: 0.2 =
0.4 mm versus 0.6 = 0.7 mm, mean difference 0.4 mm [95%
CI 0.15 to 0.69]; p = 0.003, 6 months after surgery: 0.4 *
0.6 mm versus 0.8 = 0.8 mm, mean difference 0.4 mm [95%
CI 0.05 to 0.73]; p = 0.02 for the intraoperative referencing
system and the control group, respectively). This difference
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in radial shortening was so small that it was not likely to have
been clinically important.

Conclusion We found no clinically important advantages
from the use of our novel intraoperative referencing system
except a slight improvement in ulnar variance. Therefore,
we recommend against its use in everyday practice at this
time. However, future improvements may lead to better
clinical outcomes, so we plan further investigations.
Level of Evidence Level 111, therapeutic study.

Introduction

Distal radius fractures are common, representing 44% of all
fractures [7]; they occur most often in elderly patients after
low-energy trauma and in young patients after high-energy
trauma. Peak incidence is in Caucasian women older than
65 years [4]. Distal radius fractures can be treated either
nonsurgically or with reduction and fixation. Although
many patients treated nonsurgically report little pain or
disability, there is evidence that the risk of redisplacement
is up to 64% in those treated conservatively [9]. Generally,
those patients with a dorsal angulation greater than 15°,
radial shortening larger than 3 mm, or an intra-articular
stepoff greater than 2 mm are indicated for surgical treat-
ment to have better results, both in terms of achieving an
anatomic reduction and clinical outcomes [11].

Anatomic fracture reduction provides a better chance of
full functional restoration, since the risk of developing
posttraumatic osteoarthritis is 20-fold higher for intra-
articular fractures [1], and a residual articular stepoff of
more than 2 mm results in posttraumatic osteoarthritis in
100% of patients [9]. Preoperative planning is performed to
simulate the process of reduction as well as the size and
placement of implants. This commonly is done using pic-
ture archiving and communication systems (PACS) [3].
However, this does not allow for planning in three di-
mensions (3D). We previously developed and reported a
3D digital preoperative planning system for the osteosyn-
thesis of distal radius fractures [17]. The initial version of
this system did not allow direct comparison of preoperative
planning and intraoperative fluoroscopic images, so we
developed a novel intraoperative referencing system that
superimposes preoperative planning onto fluoroscopic
images during surgery [19]. However, whether this new
system provides benefits that patients can perceive has not
been evaluated.

We therefore asked: Does use of our novel intra-
operative referencing system result in (1) better Mayo wrist
scores at 3 and 6 months after surgery and (2) less loss of
reduction in terms of ulnar variance, palmar tilt, and radial
inclination on plain radiographs taken 1 week, 3 months,
and 6 months after surgery compared with conventional
preoperative planning?
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Patients and Methods
Study Design and Setting

This was a single-center, retrospective, comparative study
that used propensity matching. Our institution is a core
hospital in a city with a population of 50,000 that supports a
wide variety of both community and referral patients from
surrounding rural area.

Patients and Propensity Score Matching

Between April 2014 and October 2021, we treated 294
patients with open reduction and volar plate fixation for
distal radius fractures. Of 294 patients, 65% (191) un-
derwent surgery using either conventional preoperative
planning or our novel intraoperative referencing system.
The remaining patients were excluded because they were
younger than 18 years, they had some missing medical
records related to clinical outcomes, or they had a previous
history of upper extremity injuries. During that time, we
generally treated fractures with volar plates when there was
more than 2 mm of stepoff/gap in the articular surface, a
dorsal tilt more than 15°, radial inclination less than 15°, or
radial shortening more than 5 mm. Usually, we used a
flexor carpi radialis approach. In some patients with dorsal
fragments, we added a dorsal approach.

As we were developing our novel intraoperative refer-
encing system, which at this time is called the image fusion
system, we used it inconsistently. We started consistently
using the new system in July 2018.

We divided patients into two groups: the intraoperative
referencing group and the control group. We used our
novel intraoperative referencing system and the 3D digital
preoperative planning system for preoperative planning in
the intraoperative referencing group. Currently, this pro-
gram is not commercially available. This program is in
development with a software company (LEXI Co Ltd). In
this study, we collected the data using the program to
obtain a proof of concept. Preoperative planning was per-
formed manually in the conventional manner using tracing
paper and implant templates or using a digital template in
the control group.

To arrive at a fair assessment, we opted to perform
propensity matching based on age, gender, and AO fracture
type (assessed on CT scans). During the time period in
question, 36% (69 of 191) of patients with distal radius
fractures who received a volar plate were treated using our
novel intraoperative referencing system and 64% (122 of
191) had surgery using conventional preoperative planning
(control group). Of those, 91% (63 of 69) of patients in the
intraoperative referencing system group and 89% (108 of
122) of those in the control group were available for

follow-up with all imaging and Mayo wrist scores at least
6 months after surgery. We used a nearest neighbor
matching model to create a comparable control group. The
matching variables of age and fracture type were inserted
for a propensity score matching algorithm with one-to-one
optimum matching between the two groups. Propensity
matching left us with two groups each with 39 patients. We
also tried to match patients based on gender, but because
there were fewer patients in the intraoperative referencing
group, the percentage of women for each group differed:
70% (44 of 63) for the intraoperative referencing group and
76% (82 of 108) for the control group. Also, there were
fewer men with C3 fractures in the control group, with 21%
(13 of 63) in the intraoperative referencing group and 9%
(10 0f 108) in the control group (Table 1). After propensity
matching, the intraoperative referencing group was com-
prised of 64% (25 of 39) women and the control group
included 77% (30 of 39) women.

Descriptive Data

Our two study groups did not differ in important ways after
we applied propensity score matching in terms of age,
gender, and fracture type (Table 2). The study population
included 25 women and 14 men in the intraoperative ref-
erencing group with a mean age of 65 * 14 years. In the
control group, there were 30 women and 9 men with a mean
age of 66 = 12 years.

Preoperative Planning

We planned to use Stellar P/D locking plates (HOYA
Technosurgical Inc) for all patients. This plate system is a
monoaxial volar locking plate system and has three sizes
for width (small, medium, and large) and two sizes for
length (short and long). Distal screw lengths varied from
10 to 24 mm with a diameter of 2.4 mm, and proximal
screw lengths varied from 10 to 20 mm with a diameter of
2.6 mm.

Details on preoperative planning using our novel
intraoperative referencing system were previously reported
[19]. Using the system, contours of bones and implants
from the preoperative plan were extracted, and they could
be superimposed to intraoperative fluoroscopic images. So
the system enables the surgeons to refer to the overlapping
images to determine implant placement. We performed
preoperative planning in the control group by handwriting
on tracing paper and adjusting the scale of the AP and
lateral views of radiographs on PACS or using a digital
template [17]. Radiographs of the contralateral side were
used. The size and placement of the locking plate were
planned in both groups. The surgical goals were identical in
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Table 1. Proportion of patients before propensity matching

Intraoperative

referencing Control group

Fracture type group (n = 63) (n=108)
A2

Women 2(1) 1(1)

Men 0 (0) 0(0)
A3

Women 19 (12) 15 (16)

Men 0 (0) 3(3)
B3

Women 2(1) 3(3)

Men 2(1) 1(1)
c1

Women 2(1) 0(0)

Men 0 (0) 2(2)
2

Women 22 (14) 31 (34)

Men 8(5) 9 (10)
a3

Women 24 (15) 26 (28)

Men 21 (13) 9(10)

Data presented as % (n).

both groups, in terms of anatomical reduction, plate
placement, and prevention of screw protrusion either dor-
sally or intraarticularly.

Surgical Technique and Aftercare

After preoperative planning, we performed osteosynthesis
in all patients under general anesthesia. In the intra-
operative referencing system group, the outline of the
planned image was displayed on a fluoroscopy monitor,
and its size was calibrated and overlapped with the

Table 2. Characteristics of included patients

Intraoperative

referencing Control group

group (n = 39) (n=39) p value

Women 64 (25) 77 (30) 0.21
Age in years 65+ 14 66 = 12 0.44
AO classification 0.63

A3 15 (6) 13 (5)

B3 3(1) 3(1)

Q2 49 (19) 56 (22)

c3 33(13) 28 (11)

Data presented as % (n) or mean = SD.

{
[}

(=), Wolters Kluwer

fluoroscopic image (Fig. 1). Surgeons made an effort to
reproduce the planned reduction and implant position in
accordance with the outline of the intraoperative refer-
encing system, and they referred to the handwritten pre-
operative plan in the control group. Both groups underwent
the same postoperative rehabilitation program. We
immobilized the wrist with a splint for 1 to 2 weeks, then
initiated ROM exercises of the wrist and forearm under the
instruction of hand therapists. ROM exercises of fingers
were initiated soon after surgery.

Data Sources and Measurement

We assessed the surgical duration, radiation dose needed in
surgery, and Mayo wrist scores 3 and 6 months after surgery.
The presence or absence of complications in each group was
recorded at the time of the final hospital visit. All data were
abstracted from the medical records by one surgeon who
participated in the study (Y'Y); this surgeon was not blinded to
the study groups. In addition, the number of distal screws
protruding into the joint or dorsal compartment was assessed
by radiograph and CT. We took postoperative CTs 1 month
after surgery. Bearing in mind the patients’ radiation expo-
sure, we took CT scans with patients standing with both hands
in front to reduce the absorbed radiation dose. We also used
the Advanced intelligent Clear-IQ Engine application (Canon
Medical Systems) for low-dose imaging during CT scans,
which resulted in a reduction of the CT dose index from the
conventional 6.9 mGy to 1.4 mGy. We assessed the loss of
reduction on ulnar variance, palmar tilt, and radial inclination
on plain radiographs taken 1 week, 3 months, and 6 months
after surgery. Two raters (YY and one individual who was
not a study author) independently assessed images. The sec-
ond rater was blinded to the groups. Interrater reliabilities
were excellent [2], with intraclass correlation coefficient
values of 0.97, 0.88, and 0.91 for ulnar variance, palmar tilt,
and radial inclination, respectively. After evaluating the re-
liability of the two raters’ measurements, the mean values for
each parameter were used in further analyses.

Primary and Secondary Study Outcomes

Our primary study goal was to evaluate the usefulness of
our novel intraoperative referencing system on clinical
outcomes. To achieve this, we evaluated Mayo wrist scores
3 and 6 months after surgery and compared them with the
results of patients who underwent surgery with conven-
tional preoperative planning.

Our secondary study goal was to clarify the effect of our
novel intraoperative referencing system on radiological pa-
rameters. To achieve this, we assessed the loss of reduction
in terms of ulnar variance, palmar tilt, and radial inclination
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Fig. 1 The image fusion system is shown here. (A) Preoperative planning is done using a 3D digital preoperative planning
system. (B) Contours were extracted from the preoperative 3D planning. (C) Extracted contours were superimposed onto

intraoperative fluoroscopy images.

with the differences of the measurements between radio-
graphs taken at 3 months and 6 months after surgery and
radiographs taken at 1 week after surgery. We compared
these findings with the results of patients who underwent
surgery with conventional preoperative planning.

Ethical Approval

The study protocol was approved by the institutional re-
view board of Tokyo Medical University (T2019-0178 and
T2022-0041) and was performed in accordance with the
ethical standards of the 1964 Declaration of Helsinki.
Informed consent for surgery and for using the medical
records was obtained from all patients included in the study
at the time of admission. For access to the medical record in
previous cases, the outline of research was published on the
hospital’s website to ensure that patients had the opportu-
nity to decline the use of their data for the study.

Statistical Analysis

Results are expressed as the mean * SD. A loss of reduction
was defined as the difference between the values measured
1 week after surgery and those measured 3 and 6 months
after surgery. Each item was compared between the intra-
operative referencing and control groups using the Welch t-
test. Screw protrusions were also compared between groups
with the chi-square test. Differences were considered sig-
nificant when p values were less than 0.05. All statistical
analyses were performed using BellCurve for Excel version
2.12 (SSRI Co.) and SPSS 28 statistics (IBM Co.).

Results
Mayo Wrist Scores and Other Clinical Outcomes

Mayo wrist scores were no different between the intra-
operative referencing system and the control group at 3
months (71 = 7 versus 72 = 11, mean difference 1 [95% CI
-3.7t0 5.7]; p=0.07) or at 6 months after surgery (76 = 6
versus 79 = 11, mean difference 3 [95% CI-3.5t0 7.9];p=
0.12) (Fig. 2).

There were no differences in surgical duration or radiation
dose. Surgical duration was 105 = 35 and 94 = 25 minutes in
the intraoperative referencing system and control groups, re-
spectively (p = 0.10). Radiation doses were 4.8 * 2.3 mGy
and 5.5 * 3.1 mGy in the intraoperative referencing system
and control groups, respectively (p = 0.33).

Three patients experienced nerve-related complications
(one patient developed carpal tunnel syndrome and two
patients had symptoms of median nerve palmar branch
injury) in each group. Two patients in the intraoperative
referencing system and three patients in the control group
had wrist pain, and two patients in the intraoperative ref-
erencing system and one patient in the control group had
symptoms related to wound scars. There were no between-
group differences in terms of the number of distal screws
protruding into the joint; there was one in the intraoperative
referencing system group (total number of distal screws:
276) and five in the control group (total number of distal
screws: 278; p = 0.10). Likewise, there were no between-
group differences in the number of distal screws protruding
into the dorsal extensor tendon compartment; there were 14
in the intraoperative referencing system group and 11 in the
control group (p = 0.52).

{J:}@Wolters Kluwer
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Fig.2 Mayo wrist scores recorded at 3 and 6 months after surgery show no differences
between the image fusion and control groups.

Loss of Reduction

We found no advantage to using the intraoperative refer-
encing system in terms of loss of reduction in palmar tilt
(3 months after surgery: 1.5° = 1.5° versus 1.5° £ 1.3°,
mean difference 0.0° [95% CI -0.6° to 0.6°]; p = 0.73,
6 months after surgery: 1.3° = 1.0° versus 1.4° = 1.4°
mean difference 0.1° [95% CI -0.4° to 0.6°]; p = 0.71 for
the intraoperative referencing system and the control
group, respectively) or radial inclination (3 months after
surgery: 1.2° = 0.8° versus 1.0° = 0.8°, mean difference
0.2° [95% CI -0.2° to 0.5°]; p = 0.38, 6 months after sur-
gery: 1.2° = 1.2° versus 1.3° = 1.0°, mean difference 0.1°
[95% CI -0.4° to 0.6°]; p = 0.69 for the intraoperative
referencing system and the control group, respectively).
We found only a small advantage to the intraoperative
referencing system in terms of loss of reduction on ulnar
variance (3 months after surgery: 0.2 = 0.4 mm versus 0.6

=+ 0.7 mm, mean difference 0.4 mm [95% CI10.15 to 0.69];
p=0.003, 6 months after surgery: 0.4 = 0.6 mm versus 0.8
* 0.8 mm, mean difference 0.4 mm [95% CI 0.05 to 0.73];
p = 0.02 for the intraoperative referencing system and the
control group, respectively) (Fig. 3). This difference in
radial shortening was so small that it was not likely to have
been clinically important.

Discussion

Volar locking plate fixation has been widely used for distal
radius fractures since it was introduced in 2000 [12]. A
plate must be placed properly to provide sufficient sub-
chondral support [6, 8, 10]. Fragment-specific fixation is
considered important when a fracture is comminuted [7].
We previously demonstrated that the reproducibility of the
distance between the distal end of the volar locking plate

B Image fusion group
M Control group

(mm) UV (deg) PT (deg) RI

3 months 6 months 3 months

ap < 0.01

~N

[

6 months 3 months 6 months

Fig. 3 In this graph, which shows the loss of reduction 3 and 6 months after surgery, the loss of ulnar variance was greater in
the control group. However, no differences were observed in radial inclination or palmar tilt between the groups; UV = ulnar

variance; Rl = radial inclination; PT = palmar tilt.
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and joint surface by our intraoperative referencing system was
high [19]. We believe that precise 3D preoperative planning
and intraoperative reference to the planning may enable sur-
geons to achieve better anatomic fracture reduction, leading
to a better chance of full functional restoration. We aimed to
assess whether our novel intraoperative referencing system
provides patient-perceived benefits. Our results suggest that
the system prevented postoperative radial shortening; how-
ever, we observed no differences in clinical outcomes be-
tween the intraoperative referencing and control groups.

Limitations

There are several study limitations that must be addressed.
Even though our novel intraoperative referencing system is
easy to use, a specific application needs to be installed on the
computer, which is an additional cost. Second, we did not
subanalyze the patients by gender. The results drawn from
the study may not be applied separately to men and women.
In addition, we included patients from a wide range of ages,
and the clinical results among these varying age groups may
differ. We did not have enough patients to evaluate this, so
we will work on it in the future. Third, since this is a retro-
spective study, we cannot completely exclude the possibility
of selection bias. For example, the patients in the control
group were enrolled earlier in the study period, whereas the
patients in the intraoperative referencing group were recently
treated cases. We could not avoid this selection bias because
our intraoperative referencing system had not launched when
we started collecting patients. In addition, we used the AO
classification for the propensity matching. However, there
can be a wide range of displacement and damage among the
same AO fracture types. In the future, we need to take these
into consideration. Fourth, we have used only a single type of
volar locking plate system with the flexor carpi radialis ap-
proach. Our results may vary with different locking plate
systems or surgical approaches. Fifth, our novel intra-
operative referencing system is not yet commercially avail-
able. We are developing this program with a software
company (LEXI Co Ltd). Some modifications may be nec-
essary based on the results of this study. Finally, we believe
that a follow-up period of 6 months would be sufficient to
demonstrate a difference in treatment of distal radius frac-
tures, but a longer follow-up period may affect clinical out-
comes. We will continue to accumulate data for future
investigations.

Mayo Wrist Scores and Other Clinical Outcomes
There was no clinical benefit to using the intraoperative

referencing system as measured by the Mayo wrist score at
either 3 or 6 months after surgery. There were no

differences in operative duration, radiation dose, and the
complication rate. Therefore, this system currently is un-
likely to offer value to patients in terms of any endpoints
they are likely to perceive.

Loss of Reduction

We found no difference in loss of reduction in terms of
radial inclination or palmar tilt at 3 or 6 months, although
there was slightly less loss of reduction in ulnar variance for
the intraoperative referencing system group at both 3 and
6 months. This difference in ulnar variance was so small
that it did not result in any differences in clinical outcomes.

Other Relevant Findings

Appropriate subchondral support is important not only for
radial shortening but also for angular stability [6, 8, 10]. The
results we obtained in this study were only a matter of several
millimeters; therefore, we do not know whether overall sta-
bility was higher in the intraoperative referencing group. The
present study included a wide variety of fractures. The results
may have differed if we had evaluated only comminuted
fractures, but this is speculative. Future studies might eval-
uate systems like ours in a study limited to comminuted
fractures. Greater stability, if it can be achieved, might allow
more aggressive postoperative rehabilitation.

Nerve-related complications, such as carpal tunnel syn-
drome after the osteosynthesis of distal radius fractures using
volar locking plates, may have been associated with improper
plate positioning [5, 15]. Carpal tunnel syndrome occurs in
between 2% and 9% of patients in this setting [5, 16], and in
this study, it occurred in 3% of both groups. Inappropriate
plate positioning has also been reported to cause intra-artic-
ular screw protrusion, especially with monoaxial volar lock-
ing plate systems [13]. In the present study, there was no
between-group difference in terms of the number of screws
protruding into the joint, but we were underpowered on that
endpoint. Future studies, perhaps multicenter collaborations,
would be needed to determine whether there is any advantage
to this system in terms of screw protrusion, and if there is,
whether it is large enough to justify the costs of the system.

Our intraoperative referencing system can be used as an
educational tool for young surgeons. It may help surgeons
predict how each fragment should be reduced based on pre-
operative planning and perform fragment-specific fixation.
For less-experienced surgeons, intraoperative referencing
systems like this one may facilitate teaching and learning
about fracture reduction and plate position. However, before it
can be widely adopted for this purpose, its benefits would
need to be validated in studies about surgical learning curves
and accuracy of plate and screw position.
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Conclusion

We found no clinically important advantages from the use of
our novel intraoperative referencing system except a slight
improvement in ulnar variance. No differences were ob-
served in clinical outcomes, operative duration, or radiation
doses between the intraoperative referencing system and
control groups. We recommend against the use of this
intraoperative referencing system in everyday practice in its
current form. We now are modifying this system with 3D
tracking and 3D reconstructions of the fluoroscopic images,
and we plan to re-evaluate it after we have done so [14, 18].
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Abstract

Background: Calcium channel blockers and angiotensin II receptor blockers are
commonly prescribed to treat hypertension. Massive overdoses can cause both
distributive and cardiogenic shock because of their effects on vascular smooth
muscles and severe myocardial depression.

Case Presentation: We present the case of a 46-year-old man who was brought to our
emergency department after ingesting 1210 mg amlodipine and 936 mg candesartan.
The patient's hemodynamic status deteriorated despite treatment with vasopressors,
calcium gluconate, and hyperinsulinemia-euglycemia therapy with mechanical
ventilation. Venoarterial extracorporeal membrane oxygenation was initiated for
refractory shock. The patient was weaned off extracorporeal membrane oxygenation
on day 5 and discharged on day 18 of hospitalization.

Conclusion: When medical therapies are ineffective, aggressive venoarterial
extracorporeal membrane oxygenation should be considered for the management
of refractory shock in the setting of calcium channel blocker with angiotensin II

KEYWORDS

INTRODUCTION

An overdose of calcium channel blockers (CCBs) can cause
life-threatening hypotension, for which vasopressors might
not be effective. Here, we present a case of drug-refractory
hypotension caused by a massive overdose of CCBs and
angiotensin II receptor blockers (ARBs). The patient was
successfully managed with venoarterial extracorporeal
membrane oxygenation (VA-ECMO).

CASE PRESENTATION

A 46-year-old man was brought to our emergency depart-
ment with general malaise 14h after ingesting 1210mg

receptor blocker overdose.

amlodipine, candesartan, drug overdose, ECMO, toxicity

amlodipine besylate (amlodipine) and 936 mg candesartan
cilexetil (candesartan) in a suicide attempt. He had a history
of hypertension, but no known history of mental illness.
Upon arrival at the emergency department, his vital signs
were as follows: Glasgow Coma Scale score, 13 (E3V4M6);
blood pressure, 60/39 mmHg; heart rate, 95 b.p.m. (sinus
rhythm); respiratory rate, 30 breaths/min; and blood oxy-
gen saturation, 93% on a reservoir oxygen mask at 10L/
min. Blood tests revealed elevated lactate concentration and
metabolic acidosis (Table 1). The 12-lead electrocardiogram
findings were as follows: heart rate, 91 b.p.m.; normal sinus
rhythm; right bundle branch block; and no QTc prolonga-
tion. The transthoracic echocardiogram findings were as
follows: visually estimated ejection fraction, 20%; no asyn-
ergy; and no valvular disease.
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TABLE 1 Laboratory findings on day 1 of hospitalization of a 46-year-old man with intoxication with massive doses of amlodipine and candesartan

Hematology

WBC 18,100/pL (3,500-8,500)
RBC 490 % 10/pL (430-570)
Hb 14.7g/dL (11.5-15.0)
Pt 27.0x10*/pL (15.0-35.0)
Biochemistry

T-Bil 0.7mg/dL (0.3-1.2)
AST 32U/L (10-40)
ALT 48U/L (5-40)
vy-GTP 55U/L (15.0-35.0)
BUN 92.6mg/dL (8-22)

Cre 2.60mg/dL (0.47-0.79)
CK 80U/L (62-287)
CRP 0.05mg/dL (<0.3)

Na 138 mmol/L (138-145)
K 4.1 mmol/L (3.6-4.8)
cl 106 mmol/L (101-108)
Ca 9.9mg/dL (8.8-10.1)

Coagulation

PT-INR 0.98 (0.9-1.1)
APTT 25.9s (28.0-42.0)
Fbg 575mg/dL (150-400)
D-dimer 0.8 pg/mL (<1.0)
Arterial blood gas (Oxygen 10 L/min)

pH 7.299 (7.35-7.45)
pCO, 31.6mmHg (35-45)
PO, 98.6mmHg (80-100)
HCO;~ 15.2mmol/L (20-26)
BE —9.9mmol/L (-3t03)
Na 139 mEq/L (135-148)
K 4.0mEq/L (3.5-5.3)
Cl 103mEq/L (98-106)
Ca 1.24mmol/L (1.13-1.32)
AnGap 25 mmol/L (10-18)
Glucose 238 mg/dL (70-110)
Lactate 7.8 mmol/L (0.5-2.0)

Note: Normal range of values shown in parentheses.

Abbreviations: ALT, alanine transaminase; AnGap, anion gap; APTT, activated partial thromboplastin clotting time; AST, aspartate aminotransferase; BE, base excess;
BUN, blood urea nitrogen; Ca, calcium; CK, creatine kinase; Cl, chloride; Cre, creatinine; CRP, C-reactive protein; Fbg, fibrinogen; Hb, hemoglobin; HCO,", bicarbonate; K,
potassium; Na, sodium; pCO,, partial pressure of carbon dioxide; Plt, platelet; pO,, partial pressure of oxygen; PT-INR, prothrombin time international normalized ratio;
RBC, red blood cell; T-Bil, total bilirubin; WBC, white blood cell; y-GTP, gamma-glutamyl transferase.

Based on the patient's medical history, we suspected acute
amlodipine and candesartan intoxication that led to shock.
However, despite our attempts to improve his condition with
fluid resuscitation and the administration of high-dose nor-
adrenaline and vasopressin, there was no improvement in the
patient's blood pressure or lactic acidosis. To maintain the
patient's blood calcium levels, we administered calcium glu-
conate and regularly monitored the levels using arterial blood
gas tests. Hyperinsulinemia-euglycemia therapy was initiated
at a rate of 0.5 U/kg/h, without a bolus to avoid hypoglycemia
and hypokalemia. Additionally, we administered lipid emul-
sion and glucagon. Unfortunately, the patient's vital signs,
ejection fraction, and left ventricular outflow tract velocity
time integral showed no improvement. We considered using
methylene blue, but it was unavailable at our hospital.

In addition to distributive shock, we suspected impaired
cardiac function contributing to the catecholamine-refractory
hypotension, suggesting cardiogenic shock. Consequently, we
decided to intubate the patient and initiate VA-ECMO ap-
proximately 4 h after arrival. Following the initiation of VA-
ECMO, we observed a gradual improvement in blood lactate
concentration and metabolic acidosis, and we simplified our
management approach by discontinuing hyperinsulinemia-
euglycemia therapy, lipid emulsion, and glucagon.

Despite the improvement observed with VA-ECMO, the
patient still required catecholamines for several days to
maintain mean arterial pressure, indicating persisting re-
fractory distributive shock. Over time, the patient's require-
ment for catecholamines decreased, and cardiac function

gradually improved, ultimately leading to successful wean-
ing from VA-ECMO on day 5 of hospitalization. Although
the patient experienced renal failure due to the intoxica-
tion, renal replacement therapy was not deemed necessary.
Finally, the patient was extubated on day 9 and discharged
on day 18 without experiencing any complications related
to VA-ECMO. Blood levels of amlodipine and candesartan
were determined. The maximum blood concentrations of
amlodipine and candesartan were 536.9 and 8.1 mg/mL, re-
spectively, on day 1 (Figure 1).

DISCUSSION

We encountered a patient with hypotension refractory to
drug therapy, due to the co-ingestion of massive doses of
amlodipine and candesartan, in whom VA-ECMO played a
life-saving role.

Amlodipine is a CCB belonging to the class of dihydro-
pyridines that exerts antihypertensive effects by acting on
vascular smooth muscles. It is characterized by a long du-
ration of action, taking 7.6+ 1.8 h to reach maximum blood
concentration, and has an elimination half-life of 34+5h.!
Dihydropyridines are highly selective for vascular smooth
muscles; however, when administered excessively, they may
lose their selectivity and act on the myocardium, resulting
in a negative inotropic effect.” In addition, the extent of am-
lodipine's antihypertensive effects is based on its serum con-
centrations.’ Fatal cases have been reported at doses of 70 mg
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FIGURE 1 Blood concentrations of amlodipine and candesartan during the clinical course of a 46-year-old man with intoxication with massive
doses of amlodipine and candesartan. dBP, diastolic blood pressure; ECMO, extracorporeal membrane oxygenation; Lac, lactate; sBP, systolic blood

pressure.

and serum drug concentrations of 185 ug/L.* In this case, the
serum drug concentration (536.9 ug/L) was extremely high
compared to that in previous reports. Therefore, the pa-
tient may have experienced both cardiogenic and distribu-
tive shock. Worldwide, cases of survival and discharge after
oral ingestion of doses exceeding 1000mg are extremely
rare,” and a PubMed search found no case report in the past
30years of a patient discharged alive after taking more than
1200mg amlodipine. Therefore, to the best of our knowl-
edge, the oral dose of amlodipine (1250 mg) ingested by our
patient is the highest among all reported survival cases.

Angiotensin II receptor blockers inhibit vasoconstriction
and reduce peripheral vascular resistance and blood pres-
sure by directly blocking the angiotensin II type 1 receptor,
the primary target of angiotensin II. Symptoms of ARB in-
toxication include hypotension, nausea/vomiting, dizziness,
fatigue, and somnolence. Severe symptoms are uncommon,
and according to a case series of 206 ARB overdoses, only
one pediatric patient required intravenous fluids for treat-
ment.® Moreover, long-term use of ARBs can lead to de-
creased sensitivity to hormones that regulate blood pressure,
resulting in catecholamine-refractory hypotension.”

In addition, regarding the interaction between CCBs and
ARBs, the vasodilating effect of CCBs is compensated for by
the activity of the renin-angiotensin system, but suppression
of this compensatory effect by ARBs contributes to severe
hypotension.® Indeed, as previously reported by Huang

et al.® the combined overdose of dihydropyridines and ARBs
resulted in more severe hypotension and required greater
hemodynamic support compared with overdosing on dihy-
dropyridines alone.

The treatment of acute poisoning with amlodipine is based
on systemic management, including airway, respiratory, and
circulatory control. There are several specific treatment
methods to cope with distributive shock due to vasodilation,
such as calcium and glucagon administration, high-dose
insulin therapy, and lipid emulsion therapy. However, as in
this case, if the patient develops refractory shock, VA-ECMO
has the potential to improve the patient's hemodynamic and
metabolic status. In 2021, Upchurch et al.” recommended
the consideration of VA-ECMO in the absence of contrain-
dications for all patients with acute poisoning and refractory
cardiogenic shock. In fact, the use of VA-ECMO for treating
drug intoxication, including several cases of amlodipine in-
toxication, has increased in recent years.9

Similar to drug-induced refractory shock, septic shock
causes a condition that can result in simultaneous cardio-
genic and distributive shock. In recent years, VA-ECMO
has been found to be effective for distributive shock. Falk
et al.'” reported that VA-ECMO may be beneficial for both
the hospital and long-term survival of patients with distrib-
utive septic shock. They argued that VA-ECMO supports the
failing heart but does not directly impact other parts causing
hypotension; however, improving tissue oxygenation may
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play a role in stabilizing circulation and limiting the negative
impact of generalized poor oxygenation.

Consequently, the active management of patients with
drug-refractory hypotension using VA-ECMO appears to be
a reasonable strategy.

CONCLUSION

Venoarterial extracorporeal membrane oxygenation can be
used in patients with severe cardiogenic and distributive
shock caused by massive overdoses of CCBs and ARBs.
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ARTICLE INFO ABSTRACT
Keywords: The excess mortality of coronavirus disease 2019 (COVID-19) solid organ transplant re-
COVID-19 cipients (SOTRs) throughout the pandemic remains unclear. This prospective cohort study
organ transplantation based on the Japanese nationwide registry included 1632 SOTRs diagnosed with COVID-
excess mortality 19 between February 1, 2020, and July 31, 2022, categorized based on dominant phases
standardized mortality ratio of variants of concern (VOCs): Waves 1 to 3 (Beta), 4 (Alpha), 5 (Delta), 6 (Omicron BA.1/

BA.2), and 7 (Omicron BA.5). Excess mortality of COVID-19-affected SOTRs was analyzed
by calculating standardized mortality ratios (SMRs). Overall, 1632 COVID-19-confirmed
SOTRs included 1170 kidney, 408 liver, 25 lung, 20 heart, 1 small intestine, and 8 multi-
organ recipients. Although disease severity and all-cause mortality decreased as VOCs
transitioned, SMRs of SOTRs were consistently higher than those of the general population
throughout the pandemic, showing a U-shaped gap that peaked toward the Omicron BA.5
phase; SMR (95% Cl): 6.2 (3.1-12.5), 4.0 (1.5-10.6), 3.0 (1.3-6.7), 8.8 (5.3-14.5), and 21.9
(5.5-87.6) for Waves 1 to 3 (Beta), Wave 4 (Alpha), Wave 5 (Delta), Wave 6 (Omicron BA.1/

Abbreviations: Cl, confidence interval; COVID-19, coronavirus disease 2019; ECMO, extracorporeal membrane oxygenation; HER-SYS, Health Center Real-Time Information-sharing System; HLA,
human leukocyte antigen; ICU, intensive care unit; JST, Japan Society for Transplantation; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SMRs, standardized mortality ratios; SOTRs,
solid organ transplant recipients; VOC, variants of concern.
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2), and Wave 7 (Omicron BA.5), respectively. In conclusion, COVID-19 SOTRs had greater
SMRs than the general population across the pandemic. Vaccine boosters, immunosup-

pression optimization, and other protective measures, particularly for older SOTRs, are

paramount.

1. Introduction

The coronavirus disease 2019 (COVID-19) pandemic, caused
by the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), has severely affected organ transplantation worldwide,
considerably reducing patient life-years in solid organ transplant
recipients (SOTRs) due to the increased risks of severe disease
and mortality."” The in-hospital mortality rate of COVID-19—re-
lated pneumonia was 2.5-fold higher than that of non--
COVID-19-related pneumonia among SOTRs." In Japan, in the
early period of the COVID-19 pandemic, the number of deceased
donor organ donations and transplantations dropped to 61% and
69%, respectively, of the year-on-year average (2019 vs 2020),”
and living donor kidney transplantation was particularly affected
due to its nonurgent nature and lack of deceased donors.’
Despite measures and therapeutics being implemented to
restore transplant activities, cautionary measures are still
required due to the suboptimal immunogenicity of SARS-CoV-2
vaccines in SOTRs’ and the high infectivity of the Omicron
variant of concern (VOC).”

Previous studies have delineated the short-term outcomes of
COVID-19-affected SOTRs, but mostly in the early phase and
with a limited follow-up period.”'” Furthermore, although guide-
lines published by transplant societies, including the Japan

Society for Transplantation (JST), have recommended treatment
options, most pivotal trials for therapeutics have excluded
SOTRs.? Accordingly, the excess mortality due to COVID-19
among SOTRs compared to the general populations across the
pandemic has yet to be elucidated. In the present study, we
investigated the detailed epidemiology, interventions, and prog-
noses over a year-long follow-up period to reveal the excess
mortality due to COVID-19 among SOTRs throughout the
pandemic period.

2. Methods

This study was conducted by the JST COVID-19 Registry
Study Group (The author list of the JST COVID-19 Registry
Study Group is available in the Supplementary material) involving
multiple centers nationwide. The study participants were SOTRs
diagnosed with COVID-19 between February 1, 2020, and July
31, 2022. In Japan, SOTRs are actively monitored by the trans-
plant centers and encouraged to contact the centers when they
are diagnosed with COVID-19. The inclusion criteria for the
participants are shown in Figure 1. The primary survey was sent
to 122 programs, including 11, 10, and 33 programs for the heart,
lung, and liver, respectively. For the kidney, the primary survey
was sent to the programs performing >10 cases/year. Of these,

[Primary survey 2022/2)
122 Programs
Heart 11
Lung 10
Liver 33
Kidney 78

Agreed to COVID-19
case registration

Eligible 89 Programs
Heart 3
Lung 6
Liver 23
Kidney 57

Excluded: 17 Programs
with no reply

—

4

Registered: N = 1,810
from 72 programs
Heart 2

(heart 20, lung 25, liver 408, kidney 1,170, small intestine 1, muitiple organs 8)

Lung 6
Liver 22
Kidney 42
Excluded: N = 178
d before 2
Infection date not available, 4
Infected after 2022/8/1, 172
N=1632

Excluded: participants with missing oulcome

l

l

[Outcome: severity]
N = 1586
Heart 20
Lung 23
Liver 391
Kidney 1,144
Small intestine 1
Multiple organs 7

[Outcome: mortality]
N =1629
Heart 19
Lung 25
Liver 406

Kidney 1,170
Small intestine 1
Muiltiple organs 8

Analyzed

Figure 1. Outline of the study enrolment process. COVID-19, coronavirus disease 2019.
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72 programs (2 heart, 6 lung, 22 liver, and 42 kidney programs)
were enrolled, with 1632 cases in total. These 72 programs are
geographically dispersed high-volume centers responsible for
>50% of all de novo organ transplant cases in the country. For
example, in 2019, the attending kidney transplant programs
performed 56.5% of de novo kidney transplantations in Japan."
The questionnaire of this study is available in Supplementary
Table S1. The prospectively collected clinical data were analyzed
to comprehensively investigate the outcomes of COVID-19 dur-
ing the pandemic.

2.1. Ethical approval

Ethical approval was obtained from the Institutional Review
Board of Kumamoto University, Kumamoto, Japan (approval No.
2504). The requirement for informed consent was waived owing
to the noninvasive nature of the study.

2.2. Outcomes

The primary outcome was death up to 1 year after the COVID-
19 diagnosis. To capture COVID-19-associated death, deaths
within 30, 60, 180, and 365 days after diagnosis with COVID-19
were also considered. Secondary outcomes included hospital
admission, intensive care unit (ICU) admission, oxygen demand,
mechanical ventilation, extracorporeal membrane oxygenation
(ECMO), graft loss within 1 year, and the severity. Other out-
comes included acute kidney injury, need for hemodialysis,
pneumonia (diagnosed by chest imaging), secondary infection
(bacterial, viral, and fungal), high-flow cannula, noninvasive
positive pressure ventilation, cardiovascular events, cerebro-
vascular events, deep vein thrombosis/pulmonary embolism,
acute rejection, development of de novo antihuman leukocyte
antigen (HLA) antibody, and long COVID. The severity of COVID-
19 was defined as follows: asymptomatic, mild (no oxygen de-
mand and signs of pneumonia on chest imaging), moderate (Oo
demand with a nasal cannula or mask and/or positive for pneu-
monia on chest imaging), and severe (severe hypoxia requiring a
high-flow cannula, noninvasive positive pressure ventilation,
mechanical ventilation, ECMO, and/or ICU admission).'?> We
defined acute kidney injury according to the Kidney Disease
Improving Global Outcomes criteria.’® Long COVID was defined
as symptoms persisting for over 2 months that could not be
explained by an alternative diagnosis according to the World
Health Organization criteria.'*

2.3. Statistical analysis

The background characteristics of the study participants were
compared according to the VOC-dominant phases. The defini-
tions of the VOC-dominant phases and corresponding waves in
Japan were as follows: Wave 1: original strain and Beta VOC
(B.1.1) January 29, 2020, to June 9, 2020, Wave 2: Beta VOC
(B.1.1.284) June 10, 2020, to October 5, 2020, Wave 3: Beta
VOC (B.1.1.214) October 6, 2020, to March 2, 2021, Wave 4:
Alpha VOC March 3, 2021 to June 22, 2021, Wave 5: Delta VOC
June 23, 2021 to December 14, 2021, Wave 6: Omicron-1 VOC

American Journal of Transplantation xxx (xxxx) xxx

(BA.1/BA.2) December 15, 2021 to June 21, 2022, and Wave 7:
Omicron-2 VOC (BA.5) June 22, 2022 to July 31, 2022 (Sup-
plementary Fig. S1). The distribution of variables was compared
between groups using the chi-square or Fisher exact tests for
categorical data and the Mann-Whitney U and Kruskal-Wallis
tests for continuous data. Unless otherwise specified, all
continuous data are expressed as medians (interquartile range).

The standardized mortality ratio (SMR) and 95% confidence
interval (Cl) were calculated using an indirect method with the
age-sex structure of the COVID-19 general population to analyze
the excess mortality of COVID-19-affected SOTRs. In Japan, all
patients diagnosed with COVID-19 were registered into the
Health Center Real-Time Information-sharing System (HER-
SYS) on COVID-19, and the weekly number of newly diagnosed
patients with COVID-19 and deaths by 10-year age categories
and sex were available as Japanese open data.'® The
case-fatality rates of the general population during each
VOC-dominant phase, classified according to 10-year age cate-
gories and sex, were calculated by using the information from
HER-SYS and were defined as the reference for SMR regarding
COVID-19-affected SOTRs. The Japanese government tracked
all COVID-19 cases until September 2022, which falls within the
observation period of the present study. We chose to incorporate
60-day mortality into SMR analysis, aligning with the previous
studies investigating short-term outcomes related to acute in-
fectious disease including COVID-19, wherein 60-day mortality is
often designated as a primary outcome.'®'® We conducted
sensitivity analyses for validating SMRs using 1-year mortality
data after COVID-19 diagnosis or COVID-19-related deaths.
Because Japanese open data included reinfected patients
among the general population, we included the reinfected SOTR
patients in SMR analyses.

Survival of the study participants according to the VOC-
dominant phases, transplanted organs, or age categories was
estimated using the Kaplan-Meier method, and statistical dif-
ferences between the curves were assessed using the log-rank
test. The follow-up period was calculated from the date of the
COVID-19 diagnosis to the date of the last visit to the study
hospital or death. If the dates of diagnosis and the last visit to the
study hospital were unavailable, the date of admission and the
discharge date were used, respectively. y

Univariate and multivariate proportional hazard models were
employed to calculate crude and adjusted hazard ratios and 95%
Cls to investigate the risk factors for death within 60 days after
COVID-19 diagnosis. Risk factors for composite outcomes,
including moderate or severe COVID-19 or death, were exam-
ined by odds ratios and 95% Cls in univariate and multivariate
logistic regression models because the date of disease pro-
gression to moderate or severe condition was not fully collected.
Multivariate models included variables statistically correlating
with the outcome in univariate analyses (P <.05).

Statistical significance was set at P <.05. IBM SPSS Statistics
for Windows version 28 (IBM Corp, Armonk, NY, USA) was used
for all statistical analyses.

All results were reanalyzed, excluding SOTRs with recurrent
infections, for validation.
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3. Results
3.1. Baseline characteristics

A total of 21 923 outpatient SOTRs were identified, of which
7.3% (n = 1600) were confirmed cases of COVID-19. Recurrent
infections (>2) were observed in 2.0% (n = 32) of the patients.
The baseline characteristics of the patients are summarized in
Table 1. The median follow-up period was 125 (33-233) days.
The median age of the participants was 48 (35-59) years, and
most participants were male (61%). The most common comor-
bidities included hypertension (56%) and diabetes mellitus
(22%). tacrolimus and mycophenolate mofetil were commonly
used, and everolimus was used in 19% of the patients. Steroids
were used in 76%. Notably, some kidney transplant recipients
were maintained using the 4 immunosuppressive drugs. Less
than 1% of patients had a history of acute rejection (within 3
months) or administration of either rituximab (within 6 months) or
antithymoglobulin (within 3 months) before COVID-19 diagnosis.
Approximately >50% received at least 1 vaccine during Wave 5
(Delta), which increased to 84% during Wave 7 (Omicron BA.5).

3.2. Disease severity, mortality, and other outcomes

The major outcomes are summarized in Table 2. The all-
cause case-fatality rates at 30 days, 60 days, 6 months, 1 year,
and overall were 1.4% (n = 22), 2.1% (n = 35), 2.4% (n = 39),
2.6% (n = 43), and 2.7% (n = 44), respectively. The number of
COVID-19-related mortalities was 31 (76%), and fatal events
occurred in 61% of patients within 30 days and 97% of cases
within 60 days. The rates of hospital admission, ICU admission,
pneumonia, oxygen demand, mechanical ventilation, and ECMO
decreased over time. Disease severity decreased from 19% in
Waves 1 to 3 (Beta) to 2% in Wave 7 (Omicron BA.5).

The 1-year all-cause mortality corresponding to different
VOC-dominant phases gradually declined over time, with
Kaplan-Meier mortality estimates of 11.2%, 10.6%, 7.4%, 2.7%,
and 0.6% for Waves 1 to 3 (Beta), Wave 4 (Alpha), Wave 5
(Delta), Wave 6 (Omicron BA.1/2), and Wave 7 (Omicron BA.5),
respectively (Fig. 2A for patient survival by waves, and Fig. 2B for
patient survival by age categories). Despite this decline, the SMR
remained persistently high in the population of SOTRs who
expired within 60 days following COVID-19 diagnosis (Fig. 3),
widening the U-shaped gap after the Delta VOC phase that
peaked toward the Omicron BA.5 VOC phase. Specifically, SMR
(95% Cl) values of 6.2 (3.1-12.5), 4.0 (1.5-10.6), 3.0 (1.3-6.7), 8.8
(5.3-14.5), and 21.9 (5.5-87.6) were obtained for Waves 1 to 3
(Beta), Wave 4 (Alpha), Wave 5 (Delta), Wave 6 (Omicron BA.1/
2), and Wave 7 (Omicron BA.5), respectively (Supplementary
Table 52). The same SMR trends were obtained for the sensi-
tivity analysis limited to the 1-year overall or COVID-19-related
mortality. Although the COVID-19-related case-fatality rates for
severe cases declined over time, they remained consistently high
(>25%) during each phase of COVID-19 infection dominated by
a VOC, with rates of 38.9%, 38.5%, 46.2%, 29.7%, and 25.0%
during Waves 1 to 3 (Beta), Wave 4 (Alpha), Wave 5 (Delta),
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Wave 6 (Omicron BA.1/2), and Wave 7 (Omicron BA.5),
respectively.

Details of the short- and long-term outcomes of the pandemic
are available in Supplementary Table S3. Both short- and long-
term outcomes exhibited similar gradual declining trends
across all phases of COVID-19. Specifically, long-term outcomes
included acute rejection (1%), de novo anti-HLA antibodies (6%),
and long COVID (3%). Among the 64 recipients positive for de
novo anti-HLA antibodies, 32.8% (n = 21) were confirmed to
have donor-specific antibodies.

3.3. Treatment and clinical courses

Changes in therapeutic approaches during the pandemic are
shown in Supplementary Figure S2. Remdesivir and molnupiravir
were the gold-standard antiviral drugs. Anti-SARS-CoV-2
monoclonal antibodies, tocilizumab, and antithrombotic therapy
were used in 27%, 2%, and 13% of patients, respectively.

The evolving patterns of immunosuppression adjustments
throughout the pandemic are presented in Supplementary
Figure S3. Notably, a considerable decrease in the frequency of
calcineurin inhibitors and antimetabolites adjustments was
observed over time. Conversely, there was an increase in
steroid dosage (including escalated-pulse and dexamethasone-
switch regimens) in 15% of cases, but this decreased in the
Omicron era.

3.4. Risk factors for moderate/severe disease and
mortality

The results of the independent risk factors for moderate or
severe COVID-19 or deaths are summarized in Table 3 (details
are available in Supplementary Table S4). The multivariate
analysis revealed that harmful factors, including age > 60 years
or having underlying illnesses, mTORi use, steroid use, or
antithymoglobulin use within 3 months before COVID-19 diag-
nosis, were independent risk factors for moderate/severe
COVID-19 or deaths; protective factors included vaccination,
Waves 6 (Omicron BA.1/2) and 7 (Omicron BA.5) infection, and
age <20 years old. The independent risk factors for mortality
within 60 days of COVID-19 diagnosis are summarized in Table 4
(details are available in Supplementary Table S5). In the multi-
variate analysis, independent risk factors impacting mortality
were diagnosis during Wave 7 (Omicron BA.5, protective) and
age > 60 years (harmful). Of note, all results obtained were
consistent after excluding SOTRs with recurrent infections (n =
32, 2.0%).

4. Discussion

This comprehensive and detailed analysis of nationwide
prospective registry data provided valuable insights into the real-
world experiences of Japanese COVID-19 SOTRs from the
beginning to the final stages of the pandemic. To the best of our
knowledge, this is the first study to present the SMR trends of
COVID-19 in the SOTR population. The strength of the present
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A Patient survival by waves
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Figure 2. Patient survival categorized by (A) wave and (B) age categories. P value for the log-rank test.

study lies in the homogenous population of Japanese SOTRs,
who generally have universal insurance and immunosuppression
regimens and demonstrate strict compliance (87.1%-94.4%)
with the safety measures or therapeutics published by the JST
COVID-19 guidelines.® Consequently, this minimized the
possible impact of unexpected confounders.

In the present study, we observed that disease severity and
mortality rates decreased over time, particularly after the Omi-
cron era, which is consistent with the findings of the general
population.’? However, the case-fatality rates for severe disease
and SMR were consistently high, despite the availability of vac-
cines and booster shots in the late phase of the pandemic.?”
Specifically, in the present study, SMR showed a U-shaped
pattern, with a nadir in the Delta era followed by a subsequent
increase thereafter.

The suboptimal immune response to vaccines and boosters in
SOTRs compared to the general population could explain this
widened SMR gap toward the Omicron era.”’*® We speculated
that the original vaccines were effective until the Delta era but
their efficacy declined drastically, which led to increased break-
through infection in the Omicron era.”>® This phenomenon
might also apply to future pandemics. A multicenter study from
Spain conducted from February 28, 2020, to April 7, 2020, with
an observation period of 23 days (median), revealed a low SMR
of 0.96 (95% CI: 0.94-0.97, converted from the percent expres-
sion) in 111 liver transplant recipients compared to that in the
general population.”” Although the author concluded that this
was possibly due to the protective effect of chronic immuno-
suppression on COVID-19 exacerbation, this has now been
refuted and was regarded as a risk in a recent meta-analysis and
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Wave 6 (Omicron BA.1/2) Wave 7 (Omicron BA.5)

SMR

Wave 1-3 (Beta) Wave 4 (Alpha) Wave 5 (Delta)
CFR, solid organ transpiant 8.33% 5.33% 4.84% 1.70% 0.44%
recipients (death/infected) (8/96) (4/75) (6/124) (15/882) (2/452)
CFR, general population 1.74% 1.46% 066% 0.19% 0.03%
(death/infected) * (7,231/146,081) (4.693/321.823) (5.663/854,309) | (11,908/6,422,624) | (610/2,409,783)
SMR (95% CI) 6.2 (3.1-12.5) 4.0 (1.5-10.6) 3.0 (1.3-6.7) 8.8 (5.3-14.5) 21.9 (5.5-87.6)

Figure 3. Standardized mortality ratio (SMR) of solid organ transplant recipients after coronavirus disease 2019 (COVID-19) compared to the general
population. The blue shaded area represents the 95% confidence intervals (Cls) of the SMR. *Open data published by the Ministry of Health, Labour,
and Welfare. https:/covid19.mhlw.go.jp/extensions/public/index.html.'®> CFR, case-fatality rate.

in this study.”” Furthermore, we chose the 60-day mortality for
the SMR calculation because >95% of COVID-19-related
deaths occurred within 60 days of the COVID-19 diagnosis.
Additionally, the year-long follow-up period in this study also
revealed a trend in deaths during the pandemic.

However, within the SOTR population, the present study
showed that vaccines and boosters still provided benefits in
terms of reducing disease severity or mortality, despite un-
certainties in their real-world effectiveness beyond reducing the
immunological response and increasing the risk of breakthrough
infections by 82-fold.”* " In Japan, BNT162b2 vaccines became
available since February 17, 2021, just before the beginning of
the Alpha era, followed by mRNA1273 and ChAdOx1 nCoV-19
on May 23, 2021, and August 16, 2021, respectively, though
the vaccine most administered was BNT162b2 followed by
mRNA1273." As of July 31, 2022 (the end of enrolment of this
study), the first, second, and third doses were completed in
77.4%, 76.9%, and 63.7% of cases, respectively.”” Over 50% of
cases in the Delta era received the vaccine, and there is universal
access to additional booster shots, provided every 3 months by
the government, which resulted in >80% vaccination coverage
during the Omicron era in the present study. Consequently, this
may have contributed to the low mortality rates observed in
Japanese SOTRs. A study from Colombia revealed the benefits
of full vaccination and boosters on prevention, hospitalization,
and death in SOTRs. However, it did not specify the baseline
immunosuppression or transplanted organs.”” Our study
confirmed the independent impact of vaccinations in reducing
disease severity and mortality.

Moreover, this study makes a novel contribution to the existing
literature by directly comparing the VOCs across the pandemic
and revealing that the Omicron VOC had a more favorable impact

on the severity of COVID-19 in SOTRs than other VOCs, inde-
pendent of vaccination and the progress of therapeutics.”** As
expected, the Omicron VOC still warrants further attention
because it has a higher SMR in COVID-19 SOTRs than that in
the general population, as found in the present study, and still
poses a high risk.”” Of note, the vaccine efficacy will decline over
time, and with the emergence of a new VOC; additional boosters
of updated vaccine are recommended along with updated pro-
phylactic monoclonal antibodies.”’

Additionally, steroids and mTORi were identified as indepen-
dent risk factors. This was possibly due to some centers adopting
4 immunosuppressive drug regimens to avoid rejection and anti-
HLA antibodies, which may induce overimmunosuppression that
could have been avoided during the COVID-19 pandemic.”
Moreover, the present study did not find any considerable dif-
ferences in disease severity and mortality rates among different
transplanted organs, which may be attributed to the relatively
small sample size of lung transplant recipients and lower overall
mortality rates than those reported in other studies.”*** Other
risk factors, including older age and underlying ilinesses, were in
line with the previous studies.”*

The potential impact of immunosuppression adjustment on
COVID-19 and other infections remains to be fully elucidated.” In
a previous meta-analysis, adjustments were made in 76.2% and
38.7% of cases for antimetabolites and calcineurin inhibitors,
respectively, resulting in a 1.0% incidence of acute rejection,
which is in line with our data.”® The present study could not
definitively establish the benefits of immunosuppression adjust-
ment because the disease severity was retrospectively assigned
to the highest degree. However, because disease severity
requiring withdrawal of immunosuppression would evoke immu-
nological damage to allografts, attention should be focused on
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Table 3
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Independent risk and protective factors for moderate or severe COVID-19 or deaths per multivariate analysis.

Outcome incidence (N = 15867)

Multivariate model

n/N (%) OR (95% CI) P value
Wave 1-3 (Beta) 58/95 (61) 1.00
4 (Alpha) 48/74 (65) 1.65 (0.59-4.57) .34
5 (Delta) 65/118 (55) 1.22 (0.50-2.95) .66
6 (Omicron BA.1/2) 151/858 (18) 0.23 (0.10-0.52) <.01
7 (Omicron BA.5) 50/441 (11) 0.11 (0.05-0.28) <.01
Age (y) <20 4/178 (2) 0.1 (0.02-0.50) <.01
20-29 22/135 (16) 0.93 (0.42-2.04) .85
30-39 33/186 (18) 0.8 (0.42-1.50) A48
40-49 74/344 (22) 1.00
50-59 87/359 (24) 0.84 (0.51-1.38) 49
60-69 93/242 (38) 1.96 (1.15-3.34) .01
70+ 59/142 (42) 2.61 (1.40-4.86) <.01
(Trend P < .01)
Underlying ilinesses No 45/467 (10) 1.00
Yes 315/1029 (31) 2.33 (1.37-3.97) <.01
mTOR inhibitors No 275/1273 (22) 1.00
Yes 91/300 (30) 1.67 (1.06-2.64) .03
Steroids No 39/367 (11) 1.00
PSL/mPSL 322/1202 (27) 2.4 (1.24-4.63) <.01
Antithymoglobulin <3 mo before No 363/1571 (23) 1.00
COVID-19 diagnosis Yes 5/6 (83) 23.47 (2.07-265.92) .01
Vaccination before infection No 146/409 (36) 1.00
Yes 189/984 (19) 0.46 (0.28-0.76) <.01
Number of vaccinations 0 146/409 (36) 1
1-2 120/412 (23) 0.49 (0.29-0.84) <.01
3-4 59/412 (14) 0.29 (0.15-0.55) <.01

(Trend P < .01)

Logistic regression model.

The multivariate model included variables associated significantly with disease severity in univariate analysis (P < .05). Details are available in Supplementary Table S4.
Cl, confidence interval; COVID-19, coronavirus disease 2019; mTOR, mammalian target of rapamycin; mPSL, methylprednisolone; OR, odds ratio; PSL, prednisolone.

# Forty-six participants without disease severity and outcome status were excluded.

reducing the risk of severe disease.®” Trends in therapeutics
suggest that remdesivir and molnupiravir remain the gold stan-
dards for treating inpatient and outpatient SOTRs, respectively.

Long COVID is a multimodal disease occurring in 10% of the
global population (>65 million cases). The incidence is increased
in severe cases: 50%—70%, 10%-30%, and 10%-12% in hos-
pitalized, nonhospitalized, and vaccinated cases, respectively.®
Evidence regarding long COVID in SOTRs is limited. A recent
prospective study via phone survey including 780 kidney trans-
plant recipients with a prior COVID-19 infection revealed that
27% had experienced long COVID and 17% had been unable to
return to work within 3 months.® The risk of long COVID was

related to the number of symptoms, similar to that in the general
population.®**° The reported incidence of long COVID was much
lower (3%) in this study, reflecting a difference in the perspectives
of the respondents. However, the decline in long COVID preva-
lence over time was in line with the previous study, possibly
reflecting the intensity of acute illness.* Further follow-up is
warranted.

The limitations of this study include its retrospective assign-
ment of the disease severity, which was defined as the highest
degree during the disease course, as the initial grading was not
collected in this study. Because this registry was designated only
for COVID-19-positive SOTRs, we could not analyze whether
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Table 4

Independent risk factors for mortality within 60 days of COVID-19 diagnosis.

American Journal of Transplantation xxx (xxxx) xxx

n/Observation periods

Mortality rate per 1000 Multivariate model

(Person-months) person-months HR (95% Cl) P value
Total (N = 1629%) 35/2578.3 13.57
Wave 1-3 8/151.8 52.70 1.00
4 4/124.6 32.10 0.63 (0.12-3.37) 59
5 6/198.0 30.30 0.86 (0.19-3.94) .85
6 15/1444.6 10.38 0.25 (0.05-1.39) A1
T 2/659.4 3.03 0.05 (0.00-0.55) .02
Age (y) <20 0/315.4 0.00 NA
20-29 0/238.4 0.00 NA
30-39 0/293.2 0.00 NA
40-49 1/536.0 1.87 1.00
50-59 7/579.4 12.08 4.48 (0.52-38.60) 17
60-69 12/389.8 30.79 10.65 (1.32-86.07) .03
70+ 15/226.1 66.34 24.34 (3.06-193.42) <.01

(Trend P < .01)

Cox proportional hazard model.

The multivariate model included variables associated significantly with death within 60 days in univariate analysis (P < .05). Details are available in Supplementary

Table S5.

Cl, confidence interval; COVID-19, coronavirus disease 2019; NA, not applicable; OR, odds ratio.

# Three participants without outcome status were excluded.

SMR was higher in the COVID-positive subgroup than comparing
COVID-19-negative SOTRs to the COVID-19-negative general
population, as well as SMR for SOTRs prior to the COVID-19
pandemic. We have collected data from the transplant centers
on whether SOTRs were initially treated at transplant centers or at
different institutions. There is a possibility that some data from
different institutions might have been missing. Although the num-
ber of nonabdominal SOT programs is low, the majority of the
nonabdominal SOTs were performed in the participating pro-
grams. Therefore, the results of this study sufficiently represent the
national trend for COVID-19-affected nonabdominal SOTRs.
Regarding the observation period, patient enrolment ended in
July 2022, in the middle of Wave 7 (Omicron BA.5), and the
Japanese government stopped tracking all COVID-19 cases in
September 2022, 2 months after the completion of the study.
Thus, the SMR calculated in this study is based on accurate
statistics and the maximum observation period available in our
patient cohort. The standardized incidence ratio was difficult to
calculate from the present study. However, the prevalence of
confirmed cases was 7.3% in SOTRs in the present study,
whereas it was 10.2% (calculated from open data as of July 31,
2023) in the general population.'” The reason for the discrep-
ancy in the data might be explained by the recommendation of
self-quarantine by the transplant societies, including JST, after
the COVID-19 pandemic.” Although the evidence was scarce on
whether transplant recipients were more likely to seek testing
and care in COVID-19, a study from Finland on seasonal influ-
enza before the COVID-19 era revealed that the risk of

laboratory-confirmed influenza was significantly higher among
kidney transplant recipients than the general population, possibly
due to lower threshold for acquiring laboratory testing in trans-
planted patients.'’ Because accurate data on the type of vaccine
were not available, we were unable to investigate whether the
difference in vaccine affected outcomes. Because the Japanese
open data for COVID-19 mortality rates in the general population
are only available for the overall case-fatality rate, comparing the
granular mortality rates, such as at 30, 60, 180, and 365 days
after diagnosis, was difficult in the present study. The de-
mographic data for the general population stem from confirmed
COVID-19 daily cases and deaths recorded in the HER-SYS in
Japan.'” Unfortunately, the HER-SYS only records simple out-
comes and lacks detailed baseline data (such as diabetes and
immunosuppression) beyond age and sex. Thus, tracking indi-
vidual outcomes in the general population across the waves was
difficult. Furthermore, our registry of transplant recipients may be
encompassed within this general population reference for SMR
analysis. However, alongside SOTRs,”’ individuals with immu-
nosuppressed conditions such as autoimmune rheumatic dis-
eases, inflammatory bowel diseases, and hematopoietic stem
cell transplantation may be included.”’** These limitations of the
SMR analysis, consistent with other reports, were disregarded
due to the substantial disparity between the number of COV-
ID-19-affected SOTRs and that of COVID-19 in the general
population.””*'"** The generalization of the results of this study
in another geographical setting may be difficult due to genetic
differences, overall risk factors such as obesity, and management
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of SOTRs during the COVID-19 pandemic. In the early phase of
the pandemic, there were insufficient supplies of remdesivir, and
hospital admission itself was difficult because of the exponential
increase of COVID-19 patients. Thus, various nonauthorized
drugs, such as favipiravir and ivermectin, were used globally for
outpatients as there was no choice at that time, which may have
affected the outcomes of COVID-19-positive SOTRs.

Conclusively, in this large-scale national registry study, we
showed the epidemiology of the real-world experience in Japan,
including the efficacy of vaccines, risk factors of moderate/severe
disease, including older age and intense immunosuppression,
and the consistently higher mortality risk than that in the general
population, even in the final phase of the pandemic. Therefore,
SOTRs need to undergo protective measures and receive addi-
tional booster shots to mitigate the risk of moderate/severe dis-
ease and death.
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FaHlidyveT 1 eNOM O :stagel & B2HF L 720

MEE G S 8 » HRIC. FLWIRGMN

(LB SR + £ F A0y 23 EiAR)
AT U7e MIESERITT, B4 HIE
Bl 7z

SEHESHET L, RBSEAYSE 2R (pathological
Complete Response : pCR) L“ﬁ)of:o_ TR
XSS EMI IR AL, ~ET T Lk
B LOLTEMBOY S 2EEER®EL,
L7220 @il B Do ok

(Fig. 7)o

FHF7 B BEOBRAEE TPEMEZEIE A% <

W THh B,

[E==]

KEYNOTE-522&BiIC B v TpCRE X,
PEM (F4 FV—5") BET64.8% (95%CI -
599, 695), 7T EREETH12% (95%CI : 44.1,
533) THYH, PEM (F4 A —57) ﬁﬂif
FEEBEICH L CpCREAFHICHELL?

(HeEBERTZE £ 13.6%. 959%CI: 54. 218, p=
0.00055, [EHIMiettinen and Nurminenik [Fr
B8], FEAREG =0003), B TIZ2024% 1
AW E ¢, WrsEpRee L TPEMDEH

& 9% o0 g A AR, '3!).

Fig.6 Pembrolizumab + EC 4 J—A#THEDSEC
EEOSFEIVERSI.

Fig. 7 FHaikofmEEE (x1008)
HEEENEOEESEOEH L, ~NTEVFURBEERD
HOHF CEEBOHSHEHEERDSTEN 2.

FAGEFE D OB L T\ b (Table. 2),
PEMMER O i 5 FIcFMEERL, 3 fﬁl}?frs‘
P AYSE B TH - 72 (pCRE: 60%). &
DEVEENRFERT A I &P TE,

— 5T, ICIOBEEIC X HirAESPILFEEC
LAFEESOEMERDOIEHRESNLTY
% (Table. 3}, AJEFTIE, ATRISEMRIE
$¥1ZPEM + ECIS5-HHZEITER %%uﬁ&:;ﬂ«b»
DEEIrARE OENEE L. Fuixghik

CELT, MERETRETTAIENTE

B RERR=

# nasaa 45




PEMER 9 Bl 346112, irAEE U CHIRIRES
FRRTIE & AU HAERETREZRD, &bk
VEVHTEEEE TR o Twbd, FEREIC
T akERL%E 1HEDz. ICIOHICLD
INETREBELLZEOZVEWERFEELE
AEOTEEVPLETH b,

[#5EE]

B TNBCIZx LICIZ A L, BMEHIC
LD HBICHE LY, BIFREEYSRE2ES
NGl EEHRL,

PEMOEEIRIIE ., THICIrAE~OR
WREZ/ AT, FlEEEBEGEMCEHEL

TV FHHTH 5B,

AMEE, F2B3MAWIBFERICH T
[RA ) 7 NRH 71 THISIET = v
7HRA Y PEER RS LR L LTHE
L7z

[&E 3]
(1) TR A V74 20224E M 84
H=CQ16J
{2) Schmid P,et al; Pembrolizumab for early

triple-negative breast cancer. N Engl |
Med.2020;382 (9) :810-21

Teble.1 RIATFVa—I
1¥A 2 2HA4 o0 340 AL Z
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584 s 6HA Z N THAL5 0 8HA 7
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Q O O O O O O O O O O O
15470 24 7 YA on0 444 7
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O O O
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Table.2 HE2OPembrolizumabiRSE—5 (202441 BI)

EP1 | 4ot 1B 44 S | pCR | PEMEEE |
. s gt _— e | TARBRIBEEMET
FEM 2 4081% IA 40 S SD PEM#tH L B EG T
FEf 3 40818 B 42 32l pCR PEMkis
; e o e g KRR R T
A 4 GOREAL B 34 I SD SIS TSR
. - weoe | RIS
#ﬁf’w 5 60&{{: IIA 28 %jﬂ.[ DCR PEMH&@L E-U F}%E Eﬁﬁ%{ﬁ—ﬁ‘
FEAH 6 S0REAT 1A 21 RFEH (cCR)
HE 7 4084%; - 1IB 26 FILIE (cCR)
FE4) 8 SOHEAL IIA 27 FeFEH (cPR) ' Eisk Grsdi)
HEH O 408548 oA 22 Fe ki {cCR)
PEM : Pembrolizumab
$E 1 ASAAE 1

DEZSHER

—VE S TIREE
Grade 3 BL L 4xGrade Grade 3 BL.E
B F B 98.9% 77.1% 99.7% 73.3%
E o 63.2% 34% 4 63.0% 1.5%
T & 60.2% 0 56.6% 0
# m 54.8% 18.0% 55.3% 14.9%
i v S A 46.9% 34.5% 47.6% 334%
95 % 42.1% 3.6% 38.8% 1.5%
T #] 304% 2.6% 25.2% 2.3%
SEERTELF BRI EE 184% 17.8% 16.7% 15.9%
1 E 176% 1.0% 10.5% 0
MR A 13.3% 2.7% 16.7% 2.8%
AL oD Y2 dE 132% 1.0% 11.6% 0.3%
g WMom 9.7% 0 10.5% 0
Table.3-2 HEHICHFAELEEEEIER
4 Grade Grade3MLE .. | . %£:Grade Grade3 L E
RUR RS T i 15.1% 0.5% 5.7% 0%
HREERE 26% 10% 0 0
KI5 % 17% 0.8% 0.8% 0.3%

GradetdCTCAE v4.0
SEARR ST, F—F Ay b7 H 20215 3 H23H L O —EiREE

FIREEMST wgaa 47




Major Histocompatibility Complex 2023; 30 (3): 133-140

SRS EE R

LA thd s B R

WHIS K G HLA BB H 2 s s B9 2 %
Al SRS CERPT IR TR T

TR wE” - #EY - RE # - BN e

SR A A
KRB R T
D SRS PER K
VRSO RBERLE R TR
LR A2
KA
P YUK SRR
D A RHER Sk
" IR A
" S B AT > 5 —

U i

H ASHUEE G 1252 2 o HLA SRl - fliks &
PEAR SR RRE W 55 18 IR sE W REakBR & 4r 0 5 4F
IAHITI (A) WEWLe S CHERFIMN IOy
AWV (COVID-19) WAL ROMEIZL b, HEAkk
DWW T AR D A Ffli LB B2 0k & LT &/
A, AAEPEIRHE 31 WA S B E 25722 & T3
50 OBHREAE A PIfE U7z B Ul o [ o 4 i
e e, AT D W RTS8t G0 & AR Bk o0 Il e 3 %
LTHT - T& 7222, S INITERIGICRE ) B < ok
BEOE, bW R IOV TREETT D o

8, I 5 AR EEO IR & IERIE, 8k — 2 _—
2 (https://jshismoosy.atlas.jp/ja/ninteikakomon) =
L TV 20 TSI E - w,

-
—

50 7E il BE S BR B 22

FH S AF LD H AN &5 2 HLA A% -
LGB £ P 41 350 2 ) 2 M Sk 1 4 31 Il H AR
HHGE SR REPIZ, KREEW OGRS A0
Ly RIS TERL 2. 7 WM S
RS — 22 B T — I & U L TR A (8%
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TATR) EYEML 7.

BB Z R o R (M550 R) & K$£R
6%, FFEEH1A BEGHKICO VT, ZEWEk
Pl 19 44, REMME SR N E 4 B CThH o7
WEBUIHTEZMEB D -5040 &, + 274 AAiFHE
DRI EZ END DD, LB BT HLE &
DHIML Twize F72, HLA BRI, 5 45 i
25 %, SAEULI0FEMTA44%, T EA184
B 1o

B R U 4 50 [ C 50 duii i & L, BidsE B oo
BOM AT R T30 ), T 229 021, Bk fRE 6.4 17
Tholzo BEABRIZB T 5 KM OEEH1E 149% ~
894%. FI19470%, PEHEME197% THo720 Thb
D BB SR O Ll o 8 05 550 & RRECd -
7oo (FHITCAENE @ 3 242 5, PEHE(R % 74 B, SERk
30 #FHE 1 T3 261 x, PEHE(AE 64 4, T 29 4

e 59 20) (BRI 2~4 SERFPIE Db F— 7 7
Lo

DTIRRSEEORBEMMED S b, IEEH40% LT
Tdh o IZBEDRH %R,
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(N
20

15

10

BE 1. HLA oERIZoWnT,

a~e D) LHhHL—2EN,

a. WREBHEZ S - EF G L Ao mEROEFERK
IBIZX b HLA SRR Eh7

b. W#ITars 2N HLA HilRiZ HLA-A24 TH 5.

c. EMBHO#EE, FEAORITIZE > T HLA %%

Hxhi,

HLA #%W L 7?12 Jean Dausset 1T 5.

e. #fEFERY HLA B3 # v L7291 Paul Ichiro
Terasaki 1+ TH 5.

iEfE-d

EHFE 298% (REWLZHRE o

Jean Dausset 1 13 %5 o & 5 8 #1012 [ i

HraEseahiffofrEx WL, 19524135 L

THEY, CThzUTHIAMEDHBI Y EShTwS,

Jean Dausset & 1-#4% [HLA O] LN AT

Hb. REMLFRETH % e O Paul Ichiro Terasaki

Hloffe maFHREETH LY v kllaE

#=#A % (Lymphocyte cytotoxicity test LCT) (it

TR AR F M5 5% (complement dependent

cytotoxicity: CDC) & dwbird) #RBHL-Z L TH

b RZER 7 ¥ k] LAMIEA TV, &b,

ARIIEES L LA L TWwWADT, 25 503D

S E N,

bo L bEY LRt %

BE4 5ICHLT. d-Lid@AiiddZza~ed
I L H—DER,

a. RNA 2RI 2WETAFIIF—RL V).

b. EEIXV XV —LTirbN 2,

15
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BRofm

m11-15m16-20 m20-25 = 26-30 m31-35 m 36-40 m40-

(=30

c. RNA KYRAF—EBRERDE oI L LD TIA
R—ZLELET S,

d BEEIZBWVWT, RNARYAS—EBR7vFE R
#E 305 HNIE#HT S,

e. mRNA @ 5 KHIZHK) 7F= Vi KV A) #iA
fimzhzs.

E#E:d

IEEFR 298% (RERMILME : b)

O, RNA RY 25 —Eid=4% DNA ®9H b0

HRL LT v F Ly ABCHAETIHEDTOE—S

BFIZHE AL, DNA B L% 3 A6 5 HEICEEL

A5 RNA GZ1 ). VAV — 2R3 RBIETFOEET

B BRICEST20CTERE b IRV TH S, %

B, RNA 28T 28R F—2ThHY, KU 757=

VEE (KY A) $23ISh b0l mRNA @ 37 Kb

Thb.

FEE 5. HLA # LoOROEEFOH 5, iy HLA
77 A1 5 FIC & BHURPOR & HEEFR L 2w
BEFZa~eD) L2,

a. TAPI

b. TNXB

c. PSMB9

d. TAP2

e. TAPBP

EE:b

EER 213% (HEHLZHRE o

TNXB \$HLA 7 7 AM BIEFHBICYy TE3N 5

BET T LT his 77 3 s Al =D Cad



Tenascin XB % 32— FLTWw A5, Z 05Tyt
<MY RS Ny TH Y HLA 5 F O HEIRR
KIS LTwaw, —F, RENLZEETHS c 0
PSMBY &, LAtk LMP2 L WHEhTwi- 7057 v —
LAWEBEFT, 20SHTL=v b &8s bka—FL
TWwb, AHEFIE HLA 27 5 2 11 Bz FHEkicw y 7
ENDBH, GFEMEANTOF 7V —aicBIF2HE
Wy onsorTaty vy yEv, TAP 4F Lk
HLA 7 5 A I3 FIC & AHEIERICE b > T 3,

%8 10. HLA-G O¥GEIC L T,
~eDH) bhb—2EN,

a FEFA<—%2EKT 5.

b. HENTF F2HRT 5,

c. p2A4rurnF) &AL TWS,

RO TWaitilk% a

d. Wtk HLA-G 471k, TCR #4-LT CD8 Btk T
Il % Bl 3= % .

e. BRiATE HLA-G 43 F1 LILR-B2 %4 L T NK 4
WS 5,

Ef:d

IR 234% (RRMLME <o)

IEL M HLA 7 5 R 153 TdhH HLAG 121, ks
BRDIHCER DA T B0 WS HLAG 5813,
ILIRO ~ s D G856 L, CD8 % T il 7
AR b= A% CD4 Btk T MIa o W RIH % 3Fid3 2 =
&T, BMAEREFENO/BEH>TVw2, Shon
BEAS TCR 2 L7z b DTH B & v #5133 5T
BR Oz LRI LA (IEL Vi) ik c TH 228

HLA-G 70-Fi&, s 2 S 215, 29521
BIEFUED afiEp2 I 70T v (WELTIR
REELOMBECTA70ra7) » ERRL TV 22,
AATRIZuso7) Y oRir—KNTH2) 14
ALTBY, RTF FRFRICHERRTF FiiEaT
&%,

FIRE 1. JEldusy HLA 7 5 2 I 4T (HLA-DO, HLA-

DM) IZBILThH - & @Az a~e DI B2 b—

DE,

a. HLA-DO 53¥F% a— F§ % adfifif5EF & g HEET
i W2 5 A DRETF LR, BYa-TH
ELTW3S,
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b. HLA-DM % F it HLA-DR % F~DHIFE R T F |k
AEMHET 5,
c. HLA-DO 45713, i 3HH R 7TF FE2HETE 2w,
d. HLA-DM %-F & HLADO 5 TA%EA$ 5 2 Lidew,
e. HLA-DM %F% HLA-DO 5T O3B IZEHT~
TFFEAD T Y AFBHET 2,
FfE:c
IEER 255% (RRMLBE e
HLA-DM % -DO 73 F M D 1) v — A%z F
Y—=AIRTEL, HLA- 7 7 A I1IZ & 5 HilRIC S
LTWwa Yy Y57 Thb, HLADO 55T D
7F FIERIE I HLA 2 9 A TIC /<2 &8,
PR T F FERETE R (HdRv) T LA
NTWwD, LBk, Mllikke~<y A2 M 9BIZBW
T, DM ¥ DFEBRHR DO 51 055, Hhic
BUIAHMHC 7 7 A N5 T2 X BIELCHE~RTF F
DIREMET I LAME SN TEY, Zhick-T
TR HCHERREFLT 2 LARD ShTw
A%, &t MENTHBRDBEH A LTV AT H Iz o0
TS, BEE 2R OHE I F 2% 0,

BRE12. HLA 27 5 2 T #tzT O FEBLHMBEH 1 L <,

RO TRtk a~e D) b H—D N,

a M/MRTIE, HLA 7 5 A1 5 FHA%EB T 5 25
HLA 7 7 2 1 BIZFDIRGIE %\,

b. HLA 7 7 AT iz T 05 H#EEicE, HLA 2
7 A I #ET- & Mk, NF-Y 25663 5%,

c. #%B0—A2AD HLA 75 A1 #B{ETZEEEY
W% 5,

d. HLA 7 7 A 1 @itz DG HHEF CITA (class I
trans activator) I3 DNA ([C#&T 5,

e. HLA 7 5 A 1 #ZFDiIEE X, TNF % IFN 2k -
THESNBEEHTFIZ X > TH#M S h 5,

IE#E:d

IEFH 234% (UEMZBE )

HLA 77 21 @iz T O@E#H #HE T CITA (class I

trans activator) &, X1 #v 7 2 OREETF X (RFX)

#ifr& (RFX5. RFXANK, RFXAP), X2Kv 7 2®

cAMP-responsive-element-binding protein 1 (CREBI)

& activating transcription factor 1 (ATF1) 4312 &5

B3 5%, DNAICHEERE LAV, 7 M/MIE
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W EIZIEHLA 2 7 A 10 F 2388l 5 575, BIdFEL
B WVWDTZ IR Iéfﬂ%@ﬁx»-ﬂiﬁbﬂ&wo NF-Y it
fiz O#ETOT7OE— 5 —FHIBIZH S Y-box IZHE
TAHEERTTHEA, 77 A1BEZTBIUT 25210
BIEFOELLIZH Y-box B MFET 5.

MIRE 14. ) HLA 5712 X 250 H0RICE L Tisto

T2l ELEEZ a~e DI LR L—DEN,

1. MREAOT AN ARHLHEOME L EOFAC S
YRR BHIZHKT ARTF Fik, ElCzyFy—24
WEIEN T HLA 27 5 Z D412 X b fifa Fim 1232
maN5,

2. BRANEIZIEHC Y v 2 B2 LY IAAT, ShiZ
HETERTFFE2, 7521, 75A0NDWThH
D HLA 3 FICHIIRTHI LA TE S,

3. MRS DS X7 EHERY AR, hh7ToEX Eh
TEU%N7+F¢}&A7§XIF%A . Al

EVE T AR5 2 & 22055 Mﬁthwva

4, HE(D?//\7HJ:‘)TDtZﬁi'LTELZ>I\79"
FiZ, HLA 2721, 77 A00WTHIZHIEL
2w,

5. MBBEHND Y Y37 EO—#ix, 7057V —AT
GREIH, HEULXRTF FiE TAP 2 & Y /AR

ICHixEIND,
al,2 bl4 c23 d34 e45
Ef& b
IEES 170% (URMZZE : d)

FLRBUR (FERRME 2 EoMEDHIED Y 3 s ]
RAXEN R EOREERO 5 282 B) ZMBEPRIZELY
AFNTY VS —LTRTF FANLHMRE R skt~
TFF), TYFV—AICEIhT HLA 277 A0 AT
I AR RS NG, T, AHEPRICHEET %
HED % ¥ 87 8%, HIBENTHMEST %7 4 V24l
NANFFAES 2 A2 HOMBEHED ¥ > 7 EiZ 777
V= LTRSS (NTEHEXRTF F), TAP k5 > AFK—
& =4I & DAV EIZR T HLA 29 A 14
F LG L THIRERRICIOR S 1 s, fE-T, UK 1
L4 . TOMOEIRBUIIE Ly,

BIRE 17. Thl Afa A wHE M 53 2 I >V TIEL w
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k% a~e HH—2FEX,
a. PulkopEd:

b. B #Hilao 5Lt

c. 707 7—YOEMAL
d. A v 2GRN O

e. MMRICHIT B RIEEFOFE
EfE:c
IEEE 234% (REMLEE :a)

Thl Mz, <2707 7 — MKl EdE T s 4
W LT 22 Lz, ZhSOHMEAIIER L b Az
RAL Wi ROPE 2 E T 5, REWNLBRETH S
a WUROELR) (CEEMSLTW201E BMIETH Y
FEAE B D DI Th2 Ml TH 5.

BRE19. BMlL 7 ¥ —#ifzy (fEro7y vl

ZF) KCHLTEsTwSitiiza~e D) 25—

DFE

a. WEHOWZEKIT V, D, ] @ 3 #IEo 85T Fi
- THkENh S,

b, EHIO WA S S RN A S h .

c. BHOERHEBD 7 7 A2 A v FIZX - T IgM,
IgD. 1gG. IgE. IgA 2E & b .

d. EHOGMBERE: 7 5224 v FI2iE UEE
Bh5LTwa,

e. BMllaL 7% —X b THIBL LT % —DlidmEE
ZEREEZEHR LTS

EfE:e

EA%E 213% (REMZME :d)

BillaL t7 % —EHHET (/07 » Hii# =

F) &, WEEBICBIIAV, D, JO3I#EFICXS

PR TR S L d Z oz, BRI b, c DA

b PRz, BRIGEVWEHEEEZMEH XL, T

AL €75 —o X 5 IZHFE ORI MHC 51 % 2%

ELBVWIERS, BRAIEL T4 —DhH L hEER

SR EER L T0b L vz B, UK RS ORI

diZBT2EHORMBERLE 7 FAAL v FOFE

I 13,

IFIEN MRS LHETH 5. AID IFAFEMGIEIZED

FESN7z. B, c TIHXIgM B IO IgD ICB LTI,

MBIUD®2LGAENDZFARAL v F PRI 5,

activation-induced cytidine deaminase : AID &



BIRE 21. COVID-19 CPMi§ 2tk e LCEoTw 3

ilik% a~e D) b H—EN,

a. SARS-CoV-2 EETdH Y, 2019 4£ 12 Ao (&
BT THO THR SR,

b. SARS-CoV-2 IZMIEAICERA LT ACE2 L4 L7
BEREIEKT 5,

c. SARS-CoV-2 DEFRBMPEIZA Y 7NV ¥ L VA
LIZIZMBETH 5,

d. 2284 7 (S) BINUHT 2 RIEW K2 FUT 2«
DT FUHEREINTY S,

e. BAHEAWRA L7z 2023 4 5 AICIEYAeid ot
EOTAB5FU R -7,

EfE:b

IEEE 149% ({CEMZEE o

SARS-CoV-2 ixMN K\ =749 % ACE 2 Lt 7o — &

fia LTHERE IR T 20T, IR b ol

(Efif) &5, clZ2WTld, SARS-CoV-2 % Influenza

ATANAEZEA X7 4V EFBEIZRNA 7 4 VATH

D, TOLRFGEEIZ TR L TP DNA 7 1 L 2045

HEDOK 100 T E G TWDH, 2TV LRk

LB BI 2 ERE{OEETH L5, 94 NAY

7 LRCH O FFHT T id SARS-CoV-2 D% S 13 Influenza

TANVADI2BEE SHTWD, B, 20234E8 Hiz,

R efie (Calu-3) 12 h&He X472 SARSCoV-2 (it iitk)

T ANWAD S HEIET L Influenza A 7 4 V2D NA ¥z

TOMIIFEMTA S, SARS-CoV-2 I3HlACHE A 7= ) o4 i

HBUIREDS Influenza A DY 1/24 ThH o7& DL D B

Bo 127ZL, ZHUIRSAERICINBIT AL RELRET S

T AN AN BT BRERKO B MBI 2 HETH Y,

HEALIZBIT LA L 1IN % BIETH 5,

R 26. RO FHICB VT HLA = v 50
B A b DR VIBEE a ~e D b b—D~,
a. "Bl

b. Lol

c. NI

d. M

e. /N

b

IEEHE 255% (fREMZ28E ¢

FUEIE AR RIS BT, LR HE & HLA = v 7113
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FRICHEL 2 EOHESRESH, averHrl
%o TWhe —7, HEBHIZOWTIXIHV 255 L1
HAHE SN TV, 2B, FBBHICBWTIE, Fh—
AHLA R EEATH LG, Y HLAZAET AL Y
YLy hAOBRIZEETH S,

FERE 30. HLA & BHCHRERBAMM T2 A =Xk

LT, 380X MVRHEZa~e D) BAH—D

A,

a. BPLE HLA 25 T Az i 23573 5.

b, #EME HLA %% B Mg H ey 2574 5,

c. MMRIC B THEBIE HLA A5 E SRS T il %
WS %

d. KW »8fiiic By THEHEICRIE S 5 B Mgt
Wai§ %,

e. BRMBET U & ESASEMICDH 2 N BETF 7 L
NAERBIAE NG5S 5o

EfE:c

IEEH 298% (RKMZME : d)

B CBRUGHE T #iliid, MR B60 2 510 Mt <, W

BREEIC 5 2 VbW 2 [H1ORI 12 X - T3l i

NI & D HEBR & B 7%, Mz kTR I R e

THNEORETIHT L2 EDDHY, NS00 2

A= X2 X DL E D & & ATE TSR % S5

THE&onT b, XoT, MPRPIC Iy T8

HLA 23E CBUSTE T ML % B0 S ¢ 5 = L 3% 2

Mo UK LMETH BRI d IOV TIE, HES

PRABHIAL 75 — LA LB, T HINEA S

B S 7z 4 b A 4 YEDTIIC X > T B ATHY

W, bd AL, HUBRYEE SRS,

FIRE 31. HLA (238 L - S0 AR RE DN & LT, n‘}’t_o
TwbbDEa~e D) Lo b—2HN,

a. TAPI Rif

b. TAP2 ki

c. LMP2 Ki§

d. LMP7 K44

e. B2M R4R

FfE:e

IEER 298% (HREMLRERE )

p2-37uzu7V r (B2M) % 32— F¥ % B2M ¥z
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T35 15 JefufhIcfiil 3 5 720, 45 6 YetafRizfiiE 3
% HLA %, HLA #{xT#HBICHFELE T 5 thos@ R &
WSS i D BIRIZ1E 7 v B2M KIBHRETIX, B2M
WETREICE 25 THRIOKTRKIEA AL L, HLA
7 A155F & B2M EDIERABEEEERATZ T,
MEREA~OEHVBAEONEL 2 b, ZOHKE CD8
B PERE O G PEA L 2SI S s 2w ) BERERERIZ X b
RIEANSIEDFET S,

FIRE 34 BEFENZHECHLTE- TV Eitit% a

~e D) HLhb—IEN,

a. ERWAGHAE NI (NIPT) 12X 545 VEREO
Pt ERi349 97% TH 5.

b. JEEEAGH AR A (NIPT) & 3o fh B4 A8 o 2
7 —= UL LTHRESI N,

. 7% AH I AR 5 ) (A e £ 28 B o0 o M L ol 2 HH
WTERTE %,

d. KEAARIBAD 510% H Yt btk %1 E# EE
K& LBEENHTH 5,

e. DTC (Direct to Consumer) 1 & (ZE#H D
5L VBETFHRETH .

ERE:d

IEEE 362% (REMLHE e

KRG ARIAAD 510% % 5 2 @EREAA () >~

FIEMERERC R ENE RN AR Y A — 2 2 (familial adenomatous

polyposis: FAP) 7z &) R {ZEFLas AL, o i@t (U

%) BEEAE & 2. MOFBRBIIIE L v,

578 38. Primed lymphocyte test(PLT) (22T, -

Twhitihiz a~e D) bR H—2EN,

a. PLT #®AICX D EEINTE 2013 HLA-DP HilE O
WTH 5o

b. PLT FRACiZflsoia, bOsHe & 129 v 3Bkl
35

c. PLT #frid, MLR (2 X U B L 7= 98 i3k B #il
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The condition of Kienbock disease
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Bone marrow transfusion for Kienback disease
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LRTW5, TIT, FESYII S 2HMAED
#, BHICEMMBMEZENT ST BWIEE
DHEPRONLIDOTIRLEWVWNREVWIEZDY &
2, PEHEEREEBEL, TOMETHE L 7.
HEYTIRERLZOBHEBRE, BEHIS
W [$REL L -8 B %2 HIRE AR L, AlYk
% & LIPUS 29T H L wa-dbDTH B, F
HRICRBETHAIZ00b 56T, MFEDERE
HREFEDHEBEETH Y, MRIWZBWTHH6
WOFEGITRIRE OB T HEERD . L3t

¥ — vy 275 (Kienbdck disease), B¥M#B4E (bone marrow transfusion),

RIS+ B1E (external fixation), {EHH#BE R (low intensity pulsed ultrasound ; LIPUS)

B ORI L 724 s & AR E L THWwT
WizAsk, ok oo oaiime B4 5 X
TEELY, LaL, &5 5088 s HwT
bR IR, Wi e DICHE R AR R L,
] B Rl DA O Y & H IR DA IZE G- L
TWB I EAREENLY0 Kz, &OO%
T H 20 FEAHEL L LTWBEY, HikK¥EB L
2Ol LAY S OB TR N7-5F,
PIZB VTR { — I L7z Fi L 3w 2 v,
VL TOEEARE~NENTE S L9, KETIX
Kienbock #1243 % H A5 B LR Al iR 98 0 S2 B8
WIZPOWTHHR L, ZOlEEHRET 5, 2512,
REOEAT & % 5 BHBEWIEIZOWT M IZH
HL, Ao e EET 5,

&b L UBHE

2000 4E 5 A ~2022 4£ 1 H F T2, Kienbock ¥
WL TARER T, THED ERBBETE 5]
Flaesgd Lz, BH206, 26T, HF
2501, EF26HITH o720 M7HI Lichtman 538

1. Ocawa Takeshi : JRITITECE A BRI KPERT > 5 — AR

0286-5394/23/4 - ¥ 100/8F : ¥200/85/JCOPY
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1, stagell 12, MA 2561, MB4BITHY. VAT A ZRRE L, 4% 08mm £

FERLEREMUI RS AT 24 ), B i 27T TH - 720 TJAXY—THEETS(E1)., HEZmm DA
HEERL AL EAO AT T EDH byoS—frEEH FYLVTHRGEMLE

ST R0 A R I RS A & LR L 2 Y Atk AET D, ZOFILATAF Ci‘&n?,k_ﬁlfv_
L.Hﬂb‘)léﬂ TWADT, TR Za3720, LioTBY, EHFICHREGE LIZRET
ARClE, f & RICHRZ A 5. G, B EANHET, 8 AEEILTE 5 L IZ1FR
ﬁ?ér'féﬁ')%fﬂa“@ Mayo wrist score, HiH X %D XNTw5, BHTHAL., 2BEE3 7%
carpal height ratio (CHR), Stahl index (SI}. &L gilcidhid+oThh, EiLLTELLH
TMRIMHETH L. MRI B, 551 ﬁ”* RAT O H B 2 3 Ll S 2 D dvdade v,

L 7z ordinal scale & H\»T, HIAR4T D15 & ifi e 3 A A S WEE R L 224l (B 2) % E$E,
EIEEIN s grade 1 55T L7 qrade 5 S5mL FEHIREIZHEARRET S, 10mL >V
FCHERICEL, FMwikTlEL PUERMGTH R, 18G #HZTHINE
(Ogawa's grade). #taltd t fiEx T, p<0.05 NOFROBBIZ M ERARE LSS 4
»REE LI A=V TWHLDEFEATHIENIVTH
HIRG O 555 L 2mL FEEEDR
%ﬁj— ¥ ilé\ﬁ 700 Fo—ov ez oM, 5mL AT EEINS AT A F
A=A oM TLEID. PLTELE
D BRI T, BT IZAEE Y v # DIFEVWAbHELTA5 (B3, 4), &
B2 PEEBFIC2ARTONAT L, B F A MH A CRWERT- 2L MEEREH
A SR A RIS B B, 2 TG TR DAL 157 & B O TFAELZIE B LT b
LTy, Bz e a8 61k e >~ LEZTVAHIZDYY 2 Tz T
EVUTHDATHD, Wi A Lldfrbd . Mg PRI L 72 At

) HIRAFZHEM L » 77 e —F3_, T BT AR T IR BHL TV b,

L2 3em DML L) 2 i &, M i & O e AR A L CHBI L. BlablEE £
A XTI L, (TR AT b3 AL BIAMEEIL, TRES & A L
HMT 5. MEWERET, o ) THERIEEG| L 7R Tl 3 % (B 5). HEf
HA4AFHRFFEILTAF AV AT H ik, WIS A TF—T7 a7 UMR AT

BNBEEEYESANUYIHA NERE

HSRARUILATR

52 (o) MEAE Vol42 No.8 (2023)



Kienbockfm o & ¥ 2 B S BBEMBEE

AN 2T E LA, MEffioTd Iwu 3AHELAEZEL BTN 2 AR &b

PEZ Tk, L CRERIERUZ S ol b h, BlE
G b, w AR RS LIPUS 24 L. 39 [Z2HHELTWEY, "-ri'-'ﬁ'l'l Yo e A 28

HIAT- (B 6). LIPUS Bz, Y#izd LY. T Tt ETHIERD R S &

HU TR HLI T > Tzt BfEa s I ThiuE, BHIAFRE %) EKbTFHLET 5,

TIA T AONER RER D MR L, B ZOHIE WMESMETI —FMEEZT) .

Fix3HHMELTWA, (DM 3 A HTLIPUS Z# 2 7:4iA 5, Al
6) AR SELE, i FR 8 T L. W KIS U TR L XL & FIFTuwn .

@wmm%ﬂmawaﬂb&uuu — 1]

BB ITER

BRFRELEF 18GHZRWLT, 10mL >
) TR HRET B

BEAMSIE 1

SmL THEENR AT RA—LHSRAHT B, SHIIAND
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BEEMISHE 2

RINEE

BREBADEROERICEEMZERAES
EEESP oKW EHAFANSEATS

2%

TG AERE 15~77 i O 44.0 50, #E 8158
WRE 12~194 & H CCE¥ 5045 4 H 1 424) T
Hodze AIME Y » OEIE T PIERD 72AHY, »
FTAUD P2 T L7z I Tl stage A £
MB O#HBT1IHTOTHY, wihd g T
Hil %2 (Graner i) %17 72, Mayo wrist score
&, excellent 9 . good 29 . fair 8 {4, poor 5

54 )

FRMESEPEG, BEESILCRETEEY 3. 8 BETHRE

BITH - 72 Poor 5 FlOAMEIZER A L 4
Mo 728, stage M/NA/IB ONEIZ 1/1/3 61 & 9
W3R FL T e 7o HEHE X MRIZT,

CHR (34 F38 052 2 5 1P 051 L2 9, (F
IFAETA E S o 720 SLIEHATETEY 037 A
ST 031 ~NEATEASIC F L72e dof Sl Iy
@ HLHE X Lichtman 5-80E. #7 A0 stage TiZ 12 1)
10 ) CHEf T 2 e, stagell A (325 ) 8 )T
HEFF L7z, StagelIBO 4 PNEEDETETH - 720

7L Vol42 No.8 (2023)



BISFEE +LIPUS

External fixation

KienbockfB iz ¢ 2 B C BB tE5E

BHEREE
A BHUEE

\

B L - RS R E L

Mild traction in wrist neutral position

LIPUS & 3 HRMBTD

MRI % ##ili T & 72 EBNL 50 I TH D,
gmde T grade 3~50 11 4.55) 7> & i % grade

5 (¥ 3.30) ~NEFHEIIHHE L 7= (p<0.001)
Grade 1 F7213 2 &L HEWH L GHHIE 18 41(36% ).
TR Em % e B L 31 H1(62%) THh - 7z
—F. REF AL L AAEF D 19 ] (38% ) & 5
L. B2 stagelIB Tid, #HWH R EGE 14 B
P2 BDORTH 7.

Ogawa's

EHIER T

BH B B
E5F AT DI
BBE: WV TRETHNT AR LTHLLET
BRI BE L, BREEMONY v T%
BT BRI BT K% %f‘Lt— A ]
DOPREFERICIIUETH 0. Mt b oz
SHHRE - BREMR | LTHETFMIO L AL
MJEFL Hrge|Z m%ﬁ@toﬁﬁﬁﬁ%m
WEEIE T 407, #IE 10°, EIIEA 46kg
J“IL. i 19kg THiA T o 720 Bl X #%

EaETA R Vol42 No.8 (2023)

Tid. HARFIIBEIEE % 2o, CHR 057, SI
0.36. radioscaphoid angle (RS f1)61° T. Lichtman
78T stagelIB TH - 72 (A 7a, b)., MRI i {%
T, HiRghs7 o b rudadifg, T2 e i
EHRICKREFZELA, 70 b Yz T
TN EE 5O S 8o, Ogawa's grade 4 T
Holz(B7c, d. CTHRIZBVT, HREFD
P b TH - 72720 (3 7d). B
PEMFENGARIE L 1T et L7-.
FM AR XD i, BRI X Y
FRICL 72
WEARB - e 8 M THOEL D B 2 IZEEFE D kg
RO, i) ERETIHRHTH Y, k&
RO IRY B LD B o 7. HT O A %
Rlsd®E L, BIVEE Z R I L AN
FHI LB Lol MBI AHDPLEAIZILD
L2 HBE L, #ik6H HTREIHER L. i
f% 6 4F, &t if <, e FPAHE ] B3 70,
I 60°, $8)71% 45kg (ML 93%)
score (& 90 &1 (excellent) T#H - 7z Disabilities of
the arm. shoulder and hand (DASH)score i 0}

. Mayo wrist

(aa7) bh



Thbd, Hijli X #% T2, CHR 057, SI 031, RS
f163° L, BEOCTEETEZ#EDH AL, Lichtman
T stageIBO E £ TH-7-(E8). MRIT{%
W, WSRO G E AT LTS L)1
RZ5H, EEWE I3 E - ME % 52
B, Witk 6 LT nfEMAIZH D . Ogawa's grade
% grade 3 TH % (A 9).

EG O EIEIRATE

B X SRIFEE
;B X SRR
S MRI 2O b > 53R RS
P MRI 7’0 b >RSIk iR
: CT BIRERR

(LI o Mg R e g -]

56 (s

REEERITH EARFEIBERRT 2 Z L2450
A, BNAZEIEIBEWILEA I, COHERR

R 5 EH SV DT o 7B B E A
5. 7., BHFLHGTHIAHREICH
L 7-3EEEFVELT, HF0HE 4 RHE
vz, M lem DA BIZHEWIEZLTED,
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KienbockfB o4 32 B S BBEMBAEEE

FEBI Diff B X RPRR

a~e ! IFEIF
a'~e’: fllEE
a, a’ . fiig]

b, b’: ik 15
c, C i 25
d d: i35
e, e . fiik6HF
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EFOITEMRIFIR

T e

a~e ! 70O b 88 IR RS _
a'~e’: 70 b igARRENE y
a, a’: {irEl

b’ e 1 £
C itk 24
d, d':iifig 3 F
e’ itk 6 &
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PRy &g TEDbDILTWA E W JTH
REEPEFVE L. WASEEICS gL
e, 42O (ay ba—LlE, KUY XD A
fro7z MU VEE KRz fa L 728, sz
FERLL 7-8F) 250, BEE Mz sd7. 128
fe DA IRy ;.Jb TR BT, i A FERT L
2D P R KM L 2b o LI
HMIIRL D, lﬁf\":” RO B I
1WtLuL‘t-$ﬂﬁ“mdlibfﬁka_ 5§ 11 F%
WO A BT HEE T, EFEWIEEIZE-
A TRV 2 L OOFistRI#ED sk

Sl [ERAZE]DTH[HIET S
N RS HEOHRTHLEEZONSL. H
FAT R R, AT LA AR R Ay S AR A &
W levnbh i b leveling Tl Cld A <. ¥mL

BN RER & BEARIR D L ES

Kienbdck -4 ¥ % B CBRMBiE:S

BRIBIIERZ TV R. ’)iU HIkEFILch oo
FENCBRBEICNS T2 BIZ RV EHELL-E#E
ﬁ#@&@1®,it.ﬁuvﬁ%ﬁﬁ%%Lt%
L1 Bl&, flrai oFriAtE < ariifbz 2L T
Vi 7z Bain 6 A L 2 BIETEIAT WA X B 0 H

PHbberds L. HIREHAE £ 721258k
LTWTh, il st 2 7z e T 2 3B
LAaHib, 0L “3 RAEMTHIVUE HIREGT
4 He o AL, i A H AR NI B s

LEBLEIIEAT B E: C. AT o kA
fFCE5H. 4&[M§nbum.#fnmLLP5

9 BN RA FTEVDELEZ R
PL s, ’Ti‘fliﬁ') Tifri#ile i, Lichtman 7534

stage E LV alle & £ 2 S, stagellA. B 3

By it A b e IE RN IS W 2 B

E%%Iuﬁbf%ﬁﬂﬂ%h%ﬁﬁﬁo Wﬁh%ﬂ]ﬂ@[; ﬁ%btﬁ%%ﬂiﬁc‘:bfi‘ai @ BRI, BFEmIECY, 3FRERIC

B U= REICEBET S
a~c: RRIHE
=1 k=2 =
- SREMEEE 4 B
. BREMBE 128
e : Kienbdck O BIRE MRI Eifg
 fiiTEl
 fiTig

Poo0 T
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WA, REOFEREME LT, 7EHLOMRGIERF
i, fﬁé’-ﬁﬁ%LbﬂT% LTHIBLTHED,
ﬁérllm < ];,1’#35)59

Kb hic

Kienhock #DHREIIIFED 1 D2DOEN L v &
Did, BENLEENESTLZI b TE

TWwh, FABEFEE, BE HREIhTw5
A%, ZFORR BEOREIZIG U7 Tl ik %
HITRETHH., TDOFE, too much 2T Tid sk
<, RO e BIRTRETH A,
FOHIHH ) HEE LT, KEIBRRKED 1 -
WD BEEZOND, SHRIEMNOERE &
Liz, BB T oI @E LTV L%
EZTWA,

1} Chojnowski K, Opielka M. Piotrowicz M. et al. Recent advances
in assessment and treatment in Kienbéck's disease. Clin Med
2022 1 11 - 664,

2) WPk Bk Kienbock 35120803 2 S4Lar o ) Roodiid, B
FUL 1978 1 13 : 860-1.

30 )G IM Shakya, HD SEME (32 USRI 40 1 F R 722
F— iy THOTHEGFEEE || T40E 1999 0 15 : 61852,

L R BRI B SR 32 PO 350 A8
78 5 i o (B NT#E55 — Kienbock 34, AFUATAF DT o @ K A
ALl = 55 3 b T DR AL Sk ek 2000 ¢ 13,

5) fEGNL, TP RIRL Dbk, 3 BRIz e+ 24080 )
TN 56 !“]E.u?&u*ﬁ"*‘f‘ﬁﬂfhﬁ??l@f 2003 : %O

G ) /NI Y HE L T ORLRL s AT RO R - I )
Wil - QAR JL."“f]“” ToF— Xy RO P L winiid: L
DEHMHNI 2T, 1 T4k 2005 022 0 807-12,

7) Ogawa T. Ochiai N, Nishiura Y. et al. A new (reatment strategy

for Kienbéck's disease : Combination of bone marrow transfu-
sion, low-intensity pulsed ultrasound therapy. and external fixa-
tion. | Orthop Sci 2013 @ 18 @ 230-7.

60 o

S NI fE TR MEIME I, (2 T RS R - EHY DR Tk

e - BV E R L2 — o X 2B Lk ko

DIEFERYRIFTE. 1T T 2555 2000 : 25 © 8939,

Ogawa T. Ochiai N, Hara Y. Bone marrow from the iliac crest

versus [rom the distal radius for revitalizing the necrotic

lunate for Kienbick discase. ] Hand Surg Eur 2020 : 45 : 299-

301.

Ogawa T, Ishii T. Mishima H. et al. Effectiveness of hone mar-

row transplantation for revitalizing a severely necrotic small

bone : experimental rabbit model. ] Orthop Sei 2010 @ 15 = 381-

3.

11y Ogawa T. Ikumi A. Kohyama S, et al. Analvzing chronological
change in postoperative magnetic resonance imaging results in
patients with Kienbick's disease by using an original grading
system. Cureus 2022 © 14 : e24178.
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& | BFRIMBCITASFARFMOIVEEY T+ —Ib

4
LI

5

SFRFE (CM) BEEICH T 2BHEERET

B RRYIBRAT

I\1]

2"

7 Key words : SHEFRPFRIEAE (arthritis of carpometacarpal joint of thumb), EEnAE 1 TR IR
(arthroscopic synovectomy), SFT##EF (wide awake surgery), {E22EF (less invasive surgery)

ECEEEd ST ROF (CV) BEEICH T 2 BEiES TBRIBRTOFIMEm P EAFHIC
DWTHEERT 2. FiinEkld, BHE CMBEEDALZEENM RV &, 704 REFINBENTH
BTE, OL2OEERCHECTIETHD. CNFREHFOEEHBEEFBEN(CHD T FIHTD
HOTHD. BFMEBTITIOBROIVO—DIE, FIRETJOVvIZHETHIETHY, BIEES|
BEOEREN > TV, FMiFRERLVTHEEGEVAT, FFREAC1.9mm BEESFEH
EEFRICEAT D CENAETHD. 88 OV EEEICH T 2ARIGEEICB T 2RO UIE
DIFEUTIE, EESERATCREEEEM SV 2 EFMICRD2BDTEHL, HLETENLDH
BREDBEETHVIRETEEEI TV, LWL, FROGEOCBIMENDBRETIEDE, B

EEBEFREG S2TRERDHD.

w

il

FEAR T4 rp T ¥ fiii (carpometacarpal joint of
thumb : LAF, £:45 CM BE) &, FHob Tl
TIRAEMEEZ BT A 0% WHEITHY, T
firindt e Ui, PHENRE M £ 72 3 B S ety A%
L ATh I, BRI SHmE S TWw5E "8,
WL PR EII R E W —T, BRI
LR35 P ETE A TR B BRI R A
EENY, BAEIRIEEITbhTWARW, LaL,
BEI DR EEDSE LB T, IRERIEDMETS
TRBERELEVITELHBY. T2, FEIS

" Takeshi OGAWA, T 311-3193 JIRIR TSI
| HRIRNTRZ DE 280 KRS 5 — AL
B HE

BILTIE JEmMERETH Y, AEEEoL i
BHE CM BB TH AU, BT 2 P B 2 ) b
TAHI LI HENEORA & BEREEZEILOE
TFRE V) HTHIETHAHLEEZOND. §)
WO BEE CM BIHEHE (2563 2 B St T i el Br
WroMEFIIHAL XN D2, T L To#k
I A DRITHFEDATH 2. KFTIE,
REOEBREZRMMALY, FHROBOE Y b7+ —
VEMHTHEELIC, HEHEREILD. 5%
DBEELFOTEET D,

FHTBER

i AT HLAE X it Eaton 2738 (B R <, BEHR
CM MO ZmNEA A 2 <. B8 CM BTN A
704 FEFIIIRZRTVHBLTL X ) ER
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BIPFRLE2PFROXA

i
; ﬁ; FEIZKEODT(>
t

v

B 1. K- 9»@7/F“H7
H#ZE. 1 hPEFEE2HREFD
KMTHbD, ZORL L b2IFLF
w—7&L., KEDT L &[T
Bl ¥RTOR—I LTI 4
@A AZEIIRA

& LTS,
FHTDEE

1. ®yFa2d

FHEIZ 7 ¢ > — b5 9 TR%5 LRy &
T 5. MbEEEIHRENOCTIOR Y F& Heio4
e TS FilnaewlidTid, ki
i TArrr sl L, A I et g~y &
Tul MW i & AL FL .

2. OB

AR IR Tir->THED, FD 3o
T 2R Tn5,
- THESINT T Y 2

20 RE fheikA T e 2

3 R—=F NGO RTTa 7

FFTFMREFNIZI%Fah 4 »5ml TIEH ?ﬂ*
BTOY 7RV, KIZZUERTY V54 1%F
a7 A X 5ml TEAT IR 7Ty 7 2179

F1RFF

2. F—F N LR - O R
BEAT MRS (superficial branch of radial
nerve : SRN)V X, LEBEHEYHERT (abductor
policis length : APL) & i“iﬁifnﬂ]ﬁh exten-
sor policis brevis : EPB) @ E %745
e, KEDZ AL ¥ LT %PL EPB(1st
compartment) D+ f FAE— % Lo
[

EPL : extensor policis longus

FR—=% VIR, 1 U, thenar K—#% L )lE. 1%
OAA rEENENR]ImI L AL G TH A,

3. R—RIERKR

M2, &5 1 T4 2N THOLINTH D
(B1). ZOXRL 25 Fe—2EL, KF
@?f?wwmfﬁ<.f TOR—F LD
Z4 2 RICEPNDLZ L5, Bl
(superficial branch of radial nerve : SRN) 1%, &
FER 7R (abductor policis length @ APL) & ki
FESRAG (extensor policis brevis 1 EPB) O |- &
EITd 570, K¥EDF 1 ¥ T APL, EPB(lst
compartment) D Wit A AR =% Lo &7
%. st compartment D#MIAS, 1 RE—% 1L,
RUAZTUR=%VTHhHsL 1 UK=—7LORM
VAT RPN (EPL) 25E 5720, 2THE56 3
HED—2b 22 (E2). 25HIZHHEHAR -7 L
E LT M thenar K= L 20T 5. 25
HIXHBE D AR A 720 18 7=V §F % i A
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Thenarii—% JL
D 18GEt

X 3. f»ﬁli*hfs:# L HMENRE Y r—<
AT T80 (palmar oblique carpometacarpal ligament : POCL)

alb 4.
a - TLAgrT
b x—sv— HEISRLETREL RSB EEED 5,

V5. HEYFHEEHORRIZHEYBES & Er TAHH. TR OFRERLZELIZ T T 2o,
TEDH DD TIEETS. PET AT A L - 200 A 2 5 ¥ Ttk = 17
1. BIEYIRR 9 £ LA D, FRIZEM TR AT (palmar
FLE 1.9 mm. 30° #H8E (Stryker Co. Ltd. or oblique carpometacarpal ligament : L . POCL)
Smith & Nephew Co. Ltd.) # fEH 3 4. Wjfhio L DD RIEE G BEI AT A2 2 2203 %
WAL FE, FICKZEERSRAS XS (M POCLA L oah EHZ 5 F TR *UJI"‘T %
T¥T 5 (E3). ¥ = —23—(Stryvker Co. Ltd.) (B 5). POCL (&fH CM BIfin 2 gtz d &
LTIV A7 7 (Smith & Nephew Co. Ltd.) % H HThHH7D, WELELIZIEHBTL L, #ikn
WT, ESEE ETERE— V2B 20085 AEEYEEZFR L 2R W 0B ET 5.

5 (B 4). BFEE & IR H ISR
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B 5. L

IR

6.

X% pHOE A %

fEFRCE TP oM A L A% h
., KRR OREMFRD 5 EOFEEFEE) ¥
DA D. & DD TEEEnE 3 %L
T, ANEERETER Grade 1 ~3 Tiilid 5.

Grade 2
Grade 1 Grade 3

—tfeal—

! 7
X A i 1%
PEFMIZE L FAHIZTF A P L A&
V. KEREY O, S Yo R Ead
HhrrAD, 5 1P 0T 3 FrL

T, AVEEMEE Grade 1~3 THHli+ 5.
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X 8.

a o ATHEEG B AR & R O ffE A S

b i ¥ = — 2 =TI

c CEBLEIZIIEL, BV o KERAY O
e P ENR B s LB,

5. SEE

% DAL 21X, Thumb spica @ — & L. it
W2 MWEFTS. LaL. ShfEREEASH IEm L £
<o WHBEHSLATY b (T RAEGRETH
MLTWbo) 2 E2 LTV,

Ev 7=

1. SFiv#Ees

BRECAERE L7 2686 (R 6, 7)T. fETA ML 2
T A MITALENEZFHI L. Grade 1 ®IEFO
A RLEo#e s LTwab, WHOREST Grade
ZHLBIEFENTBO, ¥ VAS IZ#7 100 705
firf% 19 128435 L 2275, DASH 237 51 72 & #i %
65 IZEB L Tw 3

MB Orthop Vol 36

2. tv%{)ﬁ
TG TITO B, LR

WZH2FLHT o 7—

DI S L\J’|7JL'IJ@7\“\ AZFERTE 2o,
L RE v 2/3 BNV PAIET B LI IZTFR
25 H 2t 5
3. B B
N A= ML L B T gy

DARTH-TWIA, Mhic7t > H—bS5yF
THIIL TR HFEEIEABNT, FilroMH#
FENSHE L oo ZIE A RRER L 72, F 2 TR
TOILFHEET T Y 7 Z2BMT 5 L HIZL7cEZ

B, FHNZXBRWADHAE R o, 72,

FIUEN L T TOEPNL, SRR, (5EFiEE
VIZERITAZELLEELTL RV,
No.4 2023 15



a Do) HIT X HLEN T .

alb

b : By TFITME 2 M S METE— 7T 5.

1. FMFER

(1) 1 CM BH#EiE. working space 258 < .
WA L B S LA T, TR
Eldwvz (X 8-a). if EHLE < 1.9 mm &
S FRMEE RIS 5 Z LAvRfT, b
< &b 506, TEHIE100 ﬁﬂli..]:m:ﬁlééﬁﬁiﬁi'ﬁ
M OFEEATHEE Lvy. TS TS L®mE i s
REFE, WHEZZETTE R0, FHALIE
'ﬁ’fns;ﬂ‘iﬁi’ M OBSZBEH L Tuwizizo, B
5 CM gL KE IR AT 2 &
Ta 7

(2) W2 FTIEXMEMEINL. Mg
Wm$MnLtiﬁ# SLTH D (] 9-a). JibE

CAHRRERAT (ST B A>Tz kw2
&%ﬁ%ngé Mo H —7 A CM & ST
TECRLZOT, HUEST CloED) 2 Lh0h
MDD PNEHEL

(3) M E oWy, W THE T %
MM S TF— 795, bR 2 Je
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The outcomes of treatment for distal humerus fracture using A.L.P.S. Elbow Plating System™
Takeshi Ogawa! Sho Iwabuchi?3  Akira Ikumi 2

I Department of Orthopaedic Surgery, NHO, Mito Medical Center
2 Department of Orthopaedic Surgery, Faculty of Medicine, University of Tsukuba
3 Mito Clinical Education and Training Center, University of Tsukuba Hospital, Mito Kyodo General Hospital
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