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PROGNOSTIC VALUE OF COEXISTING CONDITIONS AND COMPLICATIONS
IN PLEUROPARENCHYMAL FIBROELASTOSIS: A SINGLE-CENTER
RETROSPECTIVE STUDY

Kazuhiko Iwasaki, Satoshi Watanabe, Kazumasa Kase, Noriyuki Obkura, Keigo Saeki, Yuichi Tambo,
Johsuke Hara, Miki Abo, Hideharu Kimura, Seiji Yano

Respiratory Medicine, Kanazawa University Graduate School of Medical Sciences, Takara-machi, Kanazawa, Ishikawa, Japan

ABSTRACT. Background: Pleuroparenchymal fibroelastosis (PPFE) is a rare idiopathic interstitial lung disease
(ILD) characterized by subpleural parenchymal fibrosis and elastosis mainly in the upper lobes. PPFE occurs in
a secondary form that overlaps with underlying medical conditions or complications. This study evaluated the
clinical impact of coexisting factors on the survival of patients with PPFE. Mezhods: Fifty-five PPFE patients
were retrospectively evaluated. The patients’ diagnoses were categorized as “idiopathic PPFE” with no known
cause or “secondary PPFE” with underlying medical conditions or complications. The clinical characteristics
and survival rates of these groups were compared. Results: Twenty-eight patients (50.9%) were diagnosed with
idiopathic PPFE and 27 (49.1%) with secondary PPFE, including cases of occupational dust exposure, con-
nective tissue disease (CTD), post-hematopoietic stem cell transplantation (HSCT), and a family history of
ILD. The idiopathic and secondary PPFE groups had similar clinical features, laboratory tests, and pulmonary
function profiles, including a low body mass index, normal Krebs von den Lungen-6, high surfactant protein-D,
and high residual volume/total lung capacity. In the secondary PPFE group, post-HSCT was associated with
a worse prognosis, and CTD was associated with better prognosis. A multivariate analysis demonstrated that
post-HSCT and a reduced forced vital capacity were significantly associated with a worsened survival in patients
with PPFE. Conclusions: The prognosis of PPFE is highly influenced by underlying medical conditions or com-
plications. Patients with post-HSCT PPFE should be monitored particularly closely, as they are at higher risk
of a poor prognosis than others.

KEY worbs: pleuroparenchymal fibroelastosis, PPFE, interstitial pneumonia, pulmonary fibrosis, hematopoietic
stem cell transplantation

INTRODUCTION by visceral pleural and subpleural parenchyma elas-
tic fibrosis and atelectasis, mainly in the upper lobes.

Pleuroparenchymal fibroelastosis (PPFE) is a The concept was proposed by Frankel et al. in 2004

rare idiopathic interstitial pneumonia characterized as an issue causing subpleural elastic fibrosis and
atelectasis mainly in the upper lobes. Although the
clinical entity had been acknowledged for at least 20
Received: 23 October 2022 years, PPFE was formally recognized as a rare idi-
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thorax, rapid decrease in forced vital capacity (FVC),
high residual volume/total lung capacity (RV/TLC)
ratio on pulmonary function tests, recurrent pneu-
mothorax, pneumonia, and type 2 respiratory failure
(3, 4). Although this is a clinicopathological entity,
recent studies have proposed diagnostic criteria for
PPFE in patients without a surgical lung biopsy (5).

The etiology of PPFE has yet to be clearly es-
tablished; however, possible etiologies have been
described for a large proportion of reported PPFE
cases, including lung transplantation and hemat-
opoietic stem cell transplantation (HSCT), connec-
tive tissue disease (CTD), chronic hypersensitivity
pneumonitis, occupational exposure after the inhala-
tion of dust (e.g. asbestos and aluminum), and a ge-
netic predisposition (6-13). These cases are described
as “secondary PPFE”. However, the similarities and
differences between idiopathic and secondary PPFE
have not yet been sufliciently investigated. Further-
more, while numerous studies have explored the
prognostic value of the annual decline in the pulmo-
nary function, visual and computer-based computed
tomography assessments, and distinct clinical phe-
notypes (14, 15), the impact of the etiology of PPFE
on the survival has not been fully examined.

The present study compared the clinical features,
disease course, and prognosis of PPFE patients with
several underlying conditions.

METHODS
Patient selection and data collection

The study protocol was approved by the Ethics
Review Committee of Kanazawa University Hospital
(approval number: 3652), and the need for individual
consent for this retrospective analysis was waived.
We reviewed the medical record research database of
the Department of Respiratory Medicine, Kanazawa
University Hospital between January 2004 and De-
cember 2020. High-resolution computed tomogra-
phy (HRCT) data were carefully reviewed by at least
two interstitial lung disease specialists, and a diag-
nosis of PPFE was made based on the clinical diag-
nostic criteria for PPFE described by Enomoto et al.
(5), with some modifications. In brief, a diagnosis of
PPFE was made based on the following two criteria:
(1) a pattern of PPFE (predominantly bilateral up-
per lobe with subpleural infiltration, banding shad-
ows, and few or no lower lobe lesions) on chest CT
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and (2) worsening of the shadows on imaging. Since
this study intended to compare these etiologies, we
decided not to use the third criterion “cases with a
known cause excluded.”

Patients with known underlying conditions,
such as CTD, occupational dust exposure, post-
HSCT, and a family history of interstitial lung
disease (ILD), were classified as having secondary
PPFE. CTD was diagnosed by a rheumatologist
or dermatologist using appropriate classification
criteria (16-18). Occupational dust exposure and
familial connection were determined based on
medical records or a questionnaire with a detailed
exposure history and family history (two or more
primary biological family members diagnosed
with ILD) distributed at the initial visit. Cases in
which no possible causes were identified were clas-
sified as idiopathic PPFE. The patterns of ILD in
the lower lobes were assessed according to official
clinical practice guidelines (19), with categories in-
cluding a “usual interstitial pneumonia (UIP) pat-
tern,” “probable UIP pattern,” “indeterminate for
UIP pattern,” and “alternative diagnosis.” Chest
CT findings were evaluated by two observers (K.I.
and S.W.), and CT reports were obtained from ra-
diologists. Disagreements between observers were
resolved by consensus. As an indicator of thoracic
flattening, we assessed the “flat chest index” defined
as the ratio of the anteroposterior diameter of the
thoracic cage to the transverse diameter of the tho-
racic cage, measured at the height of the sixth tho-
racic vertebra (20, 21).

The following baseline data were collected
from the medical records: age, sex, body mass in-
dex (BMI), smoking status, occupational exposure,
previous illness, medications, clinical symptoms
(dyspnea, cough, etc.), chest CT findings, and pul-
monary function test results. We also collected the
following follow-up data: the occurrence of pneu-
mothorax, pneumonia, respiratory failure, acute
exacerbation, and outcome. The diagnosis of “acute
exacerbation” was based on the criteria reported by
the International Working Group of Acute Exacer-
bation of IPF with minor modifications: (1) acute
worsening or development of dyspnea of with less
than a one-month duration, (2) chest CT with new
bilateral ground-glass opacity and/or consolidation
superimposed on a background PPFE, and (3) de-
terioration fully explained by heart failure and fluid
overload (22). Pneumonia was defined as clinically
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significant respiratory deterioration characterized
by evidence of a new widespread alveolar abnormal-
ity that required antibacterial treatment. We com-
pared the clinical features at baseline and outcomes
of the groups.

Statistical analyses

Continuous values are presented as medians
and ranges. The Mann-Whitney U test was used to
compare the two groups. Qualitative variables were
compared using Fisher’s exact test. Kaplan-Meier
survival curves were generated, and the groups were
compared using the log-rank test. Cox proportional
hazards modeling was used for the univariate and
multivariate analyses. All statistical analyses were
performed using the software programs EZR on R
Commander version 1.54 (23) and IBM SPSS Sta-
tistics version 20. P <0.05 was considered to indicate
a significant difference.

ResuLts

Of 4,441 patients with interstitial lung disease
from the medical record research database between
January 2004 and December 2020, 55 met the diag-
nostic criteria of PPFE. These 55 patients included
32 men (58.2%) and 23 women (41.8%), with a median
age of 62 years old at the initial diagnosis. Most pa-
tients had a relatively low BMI (median, 17.8 kg/m?).

Table 1. The comparison between idiopathic and secondary PPFE

The Krebsvon den Lungen-6 (KL-6) levels were almost
within the normal limits (median, 512 U/mL; normal
range, <500 U/mL), whereas the surfactant protein-
D (SP-D) levels were high (median 189.4 ng/mlL;
normal range, <126 pg/mL). Pulmonary function tests
showed a low FVC and high RV/TLC, consistent
with previous studies (3, 10). The median follow-up
period was 31 (16-92) months. During the follow-
up period, pneumothorax, pneumonia, and acute ex-
acerbations occurred in 28 (50.9%), 26 (47.3%), and
8 (14.5%) patients, respectively (Table 1).

Among the 55 patients, 28 (50.9%) were diag-
nosed with idiopathic PPFE, and 27 (49.1%) were
diagnosed with secondary PPFE. Secondary PPFE
included occupational dust exposure (n=9), CTD
(n=7), post-HSCT (n=6), a family history of inter-
stitial lung disease (n=3), a family history of occu-
pational dust exposure (n=1), and a family history of
CTD (n=1). Occupational dust exposure included
exposure to aluminum (n=2), iron (n=2), paint
chemicals (n=2), asbestos (n=1), and unknown met-
als (n=2). CTD included systemic sclerosis (n=>5),
antineutrophil cytoplasmic antibody-related vascu-
litis (n=2), and Sjogren’s syndrome (n=1). The un-
derlying diseases of post-HSCT recipients included
malignant lymphoma (n=2), acute myeloid leukemia
(n=2), chronic myeloid leukemia (n=1), and my-
elodysplastic syndrome (n=1). All patients received
chemotherapy, and two patients received total body
irradiation.

Characteristics Total cases (n=55) Idiopathic PPFE (n=28) Secondary PPFE (n=27) P value
Age, years, median [IQR] 62 [54,71] 62 [54, 70] 63 [54, 73] 0.794
Female, n (%) 23 (41.8) 8 (28.6) 15 (55.6) 0.058
Smoker, n (%) 25 (45.5) 15 (53.6) 10 (37.0) 0.282
BMI, kg/m?, median [IQR] 17.8[16.8, 19.9] 17.8 [16.4,19.8] 17.8[16.8,19.9] 0.986
HRCT

Flat chest index, median [IQR] 0.52[0.48,0.59] 0.52[0.48,0.58] 0.56 [0.48,0.59] 0.853
Lung involvement in lower lobes 38 (69.1) 18 (64.3) 20 (74.1) 0.562
UIP pattern 3(5.5) 2(7.1) 1(3.7) 0.673
Probable UIP pattern 3(5.5) 1(3.6) 2(7.4) -
Indeterminate for UIP pattern 8 (14.5) 5(17.9) 3(11.1) -
Alternative diagnosis 24 (43.6) 10 (35.7) 14 (51.9) -
Arterial blood gas analysis

Pa0,, Torr, median [IQR] 87.2[75.8,98.2] 89.4[76.9, 98.9] 86.2 [74.7, 98.6] 0.473

Table 1 continues
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Table 1. The comparison between idiopathic and secondary PPFE (continued)

Characteristics Total cases (n=55) Idiopathic PPFE (n=28) Secondary PPFE (n=27) P value
PaCO,, Torr, median [IQR] 44.8 [41.3, 47.4] 42.7[39.0, 45.4] 46.3 [44.1,49.1] 0.011
Biomarker

KL-6, U/mL, median [IQR] 512 [341, 684] 512 [289, 670] 524 [359, 719] 0.482
SP-D, ng/mL, median [IQR] 189.4 [79.3, 335.0] 177 [76, 425] 200 [85, 331] 0.806
Pulmonary function tests

FVC %pred, median [IQR] 72.0 [54.3,93.8] 70.4 [59.0, 90.8] 77.6 [50.1, 94.7] 0.897
RV %pred, median [IQR] 90.9 [73.1, 106.8] 94.5 [68.5,116.0] 87.9 [73.3,101.7] 0.350
TLC %pred, median [IQR] 74.4[61.8,89.9] 72.0 [61.4,101.3] 77.8[61.1, 88.0] 0.776
RV/TLC, %, median [IQR] 40.7 [33.6, 49.0] 38.2 [33.6, 49.0] 42.5 [32.4, 48.4] 0.630
RV/TLC %pred, median [IQR] 122.4 [98.9, 141.6] 125.0 [100.9, 146.1] 122.2 [97.1, 141.0] 0.657
DLco %pred, median [IQR] 57.6 [42.4,71.9] 56.2 [40.5, 72.5] 59.5 [44.8, 71.1] 0.582
Clinical course

Pneumothorax, n (%) 28 (50.9) 15 (53.6) 13 (48.1) 0.790
Pneumonia, n (%) 26 (47.3) 12 (42.9) 14 (51.9) 0.593
Acute exacerbation, n (%) 8 (14.5) 4(14.3) 4(14.8) 1.000
Follow-up time, months, median 31[16,92] 24 (16, 94] 38 [16,90] 0.368
[IQR]

Death, n (%) 27 (49.1) 11 (39.3) 16 (59.3) 0.181

Abbreviations: PPFE, pleuroparenchymal fibroelastosis; IQR, interquartile range; BMI, body mass index; CT, computed tomography; UIP,
usual interstitial pneumonia; KL-6, Krebs von den Lungen-6; SP-D, Surfactant protein D; FVC, forced vital capacity; RV, residual volume;
TLC, total lung capacity; DLco, diffusing capacity of the lung for carbon monoxide.

Next, we compared the patients with idiopathic
and secondary PPFE. Except for the greater number
of female patients and higher partial pressure of car-
bon dioxide (PaCO,) in the secondary PPFE group
than in the idiopathic PPFE group, the character-
istics of the patients in the two groups were similar.
The survival curves did not differ markedly (log-rank
p=0.540) (Figure 1).

Kaplan-Meier survival curves according to eti-
ology are shown in Fig. 2. The median survival was
24 months for post-HSCT, not available for CTD,
45 months for dust exposure, and 52 months for a
family history of ILD. Patients with post-HSCT
PPFE showed a significantly worse survival than
those without post-HSCT PPFE (log-rank test,
P =0.002) (Figure 2A). All patients with post-
HSCT PPFE died during the follow-up period.
Causes of death in these patients included respira-
tory failure (n=4) and pneumonia (n=2). In contrast,
patients with CTD showed a significantly better
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Figure 1. Kaplan-Meier survival curves. A comparison of idi-
opathic and secondary PPFE.
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Figure 2. Kaplan-Meier survival curves. A comparison of PPFE patients with and without (A) post-HSCT, (B) CTD,
(C) dust exposure, and (D) a family history of interstitial lung disease. HSCT, hematopoietic stem cell transplantation;

CTD, connective tissue disease.

survival than those without CTD (log-rank test,
p=0.036) (Figure 2B). Dust exposure and a family
history of ILD did not affect the survival of patients
with PPFE (Figure 2C and 2D).

The continuous variables were binarized as follows:
age (< 65 vs. 2 65 years old), BMI (< 18 vs. > 18 kg/
m?), flat chest index (< 0.57 vs. = 0.57), KL-6 (< 500 vs.
> 500 U/ml), SP-D (< 110 vs. 2 110 ng/ml), FVC %pred
(< 70 vs. = 70%), and DLco %pred (< 80% vs. > 80%).
These cutoft values were determined according to previ-
ous studies (24). A univariate analysis showed that post-
HSCT and FVC %pred <70% were associated with a
worsened survival (Table 2). Although not statistically
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significant, CTD tended to be a favorable prognostic
factor in patients with PPFE. The multivariate analysis
used to predict a worsened survival was adjusted for the
following factors: age, gender, post-HSCT, and FVC
%pred <70%. The variables capable of the independent
prediction of worsened survival were post-HSCT and

FVC %pred <70% (Table 2).
Discussion
Our study demonstrated that the prognosis of

PPFE is strongly influenced by underlying diseases
and conditions. Although the clinical features of
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Table 2. Univariate and multivariate analyses of factors associated with the survival in PPFE patients

Univariate analysis Multivariate analysis
HR 95% CI P value HR 95% CI P value
Age (>65 years) 1.350 0.625-2.917 0.444 1.605 0.718-3.589 0.249
Sex, female 0.540 0.246-1.185 0.124 0.473 0.210-1.063 0.069
Smoked, yes 1.501 0.696-3.239 0.301
BMI (<18 kg/m?) 1.941 0.873-4.315 0.104
Idiopathic, yes 0.721 0.337-1.544 0.399
CTD, yes 0.236 0.055-1.021 0.053
Dust exposure, yes 2.014 0.605-5.036 0.135
Post-HSCT, yes 3.921 1.527-10.07 0.004 3.799 1.386-10.41 0.009
Family history, yes 1.097 0.327-3.677 0.881
Flat chest index (<0.57) 1.950 0.882-4.313 0.099
KL-6 (>500 U/mL) 1.589 0.736-3.431 0.238
SP-D (>110 ng/mL) 2.226 0.919-5.393 0.076
FVC %pred (<70%) 3.652 1.617-8.248 0.002 3.044 1.342-6.904 0.007
DLco %pred (<80%) 2.240 0.301-16.66 0.431

Abbreviations: PPFE, pleuroparenchymal fibroelastosis; HSCT, hematopoietic stem cell transplantation; CTD, connective tissue disease;
IQR, interquartile range; BMI, body mass index; CT, computed tomography; UIP, usual interstitial pneumonia; KL-6, Krebs von den
Lungen-6; SP-D, Surfactant protein D; FVC, forced vital capacity; RV, residual volume; TLC, total lung capacity; DLco, diffusing capacity

of the lung for carbon monoxide; CI, confidence interval.

patients with idiopathic PPFE were similar to those
of patients with secondary PPFE, post-HSCT PPFE
was significantly associated with a poor survival.

The influence of the PPFE etiology on the
survival has not been fully investigated. To date,
two studies have compared idiopathic and second-
ary PPFE. Oda et al. reported no marked differ-
ences in the clinical characteristics or outcomes of
patients with idiopathic versus secondary PPFE.
However, their cohort included only one patient
with post-HSCT PPFE (25). Ikegami et al. assessed
the clinical, radiological, and pathological findings of
patients with PPFE who underwent lung transplan-
tation. They reported similar pathological findings
in the idiopathic and secondary PPFE groups (26).
However, they could not evaluate mortality because
all of their patients were lung transplant recipients.
Previous studies on the prognostic factors of PPFE
have included a mixed population of idiopathic and
secondary PPFE, and the number of patients with
secondary PPFE has been relatively small (24, 27).
In addition, the factors associated with a poor prog-
nosis in patients with secondary PPFE have not been
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sufficiently examined. To our knowledge, this is the
first study to show the prognostic significance of the
underlying diseases and conditions in PPFE.

PPFE is a rare late post-transplant complica-
tion after HSCT, and the incidence of PPFE among
HSCT recipients is reported to be 0.28%-1.5%.
Patients who develop pneumonia more than three
months after HSCT are at particularly high risk for
PPFE (6, 28, 29). Our cohort had a slightly higher
number of post-HSCT patients than the other co-
horts because we were a joint team of pulmonologists
and hematologists and had more opportunities to see
patients with pulmonary complications after HSCT.
To our knowledge, relevant literature does not include
any data on the survival of patients with post-HSCT
PPFE. To assess the prognosis of post-HSCT PPFE
in a greater number of patients, we searched for cases
of post-HSCT PPFE that were published and/or
freely available on the Internet from 2011 to 2021.
A total of 14 publications were identified from our
database search, 7 of which (n=20) were eligible for
inclusion in the prognostic analysis (6, 28, 30-34).
The characteristics of the 20 patients are summarized



SARCOIDOSIS VASCULITIS AND DIFFUSE LUNG DISEASES 2024; 41 (2): €2024014 7

in the Supplemental Table. Most patients were
young (median age, 38 years old). Ten patients (50%)
had chronic graft-versus-host disease (GVHD). The
median time from HSCT to the PPFE diagnosis
was 54 (range, 38-107) months. The median sur-
vival time was 37 (range, 23-66) months, which was
shorter than that of patients with idiopathic PPFE
(96 months—11 years) (10, 27). Although several ad-
vances in HSCT practice have reduced the overall
incidence of infectious pulmonary complications, the
incidence of noninfectious pulmonary complications
continues to increase. PPFE has been recognized as a
major cause of morbidity and mortality after HSCT
(35). Thus, early consideration of lung transplanta-
tion and close monitoring of disease progression are
required in patients with post-HSCT PPFE (36).

Several limitations associated with the present
study warrant mention, including its single-center,
retrospective cohort design and relatively small study
population. Our cohort did not include patients with
chronic or recurrent bronchopulmonary infection,
short telomeres due to mutations in genes encoding
the telomerase complex, hypersensitivity pneumo-
nitis, or lung transplant recipients (11). The survival
time of patients with post-HSCT PPFE depends on
the timing of the PPFE diagnosis, as a late diagnosis
will lead to a shorter survival time. The prognosis of
hematological malignancies and the therapies that
were given to the patients also influence the survival
of post-HSCT PPFE. To minimize selection bias,
we reviewed the relevant literature to identify post-
HSCT PPFE cases. This helped us understand the
clinical and prognostic significance of post-HSCT
PPFE.

In conclusion, the prognosis of patients with
PPFE is strongly influenced by underlying diseases
or conditions. Among patients with PPFE, those
with post-HSCT PPFE showed a poorer prognosis,
while those with CTD showed a better prognosis.
Although the clinical course and prognosis of PPFE
vary, physicians should closely monitor disease pro-
gression and consider lung transplantation in pa-
tients with post-HSCT PPFE. Further studies are
needed to elucidate the mechanisms responsible for

PPFE progression.
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Abstract. [Purpose] To confirm the reliability and validity of the acromion-greater tuberosity (AGT) distance
measured using ultrasound and to investigate its relationship with functional impairments inpatients with stroke.
[Participants and Methods] Twenty-four patients with stroke admitted between May and September 2024 were
evaluated. Physical function assessments included motor paralysis, spasticity, pain (numerical rating scale [NRS]),
shoulder range of motion (ROM), sensory impairments, and shoulder subluxation using the fingerbreadth palpation
method. Ultrasound was used to measure the AGT distance and the thickness of the long head of the biceps tendon.
[Results] A significant correlation was found between the AGT distance and subluxation, measured using the fin-
gerbreadth palpation method, confirming its validity. The AGT distance was positively correlated with spasticity,
tendon thickness, and NRS during movement but negatively correlated with motor paralysis and shoulder ROM.
These findings suggest that an increased AGT distance may be associated with severity of subluxation, reduced mo-
tor function, and a higher pain level during movement. [Conclusion] The AGT distance measured using ultrasound
is a valid tool for assessing shoulder subluxation and related impairments in patients with stroke. Further studies are
required to explore the causal relationship between pain and tendon inflammation to guidebetter clinical manage-

ment strategies.
Key words: Stroke, Subluxation, Ultrasound imaging equipment

(This article was submitted Dec. 5, 2024, and was accepted Jan. 10, 2025)

INTRODUCTION

In post-stroke shoulder subluxation on the paralyzed side (hereinafter, subluxation) is a condition in which the glenohu-
meral joint is displaced due to relaxation of the supraspinatus and deltoid muscles due to paralysis, together with sustained
downward traction from the weight of the upper limb!-2). Subluxation is a common secondary complication, with incidence
ranging from 15% to 81% depending on the timing of measurement®. While the exact impact of subluxation on shoulder
pain and functional recovery of the upper limb remains unclear, it is considered one cause of shoulder pain* 3. Several recent
reviews focusing on shoulder pain have described subluxation management as a primary intervention for preventing shoulder
pain®.

Against this backdrop, subluxation is a significant secondary complication for individuals with hemiplegia after stroke, yet
its primary evaluation methods in physical therapy are limited to X-rays and the fingerbreadth palpation method. Measuring

*Corresponding author. Takahiro Okazaki (E-mail: takahiro428968@gmail.com)
©2025 The Society of Physical Therapy Science. Published by IPEC Inc.
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the distance between the acromion and the humeral head on X-rays is considered the best method for quantifying sublux-
ation). However, due to concerns such as radiation exposure, cost, and time, frequent measurements in the clinical setting
are challenging, making it less feasible for routine evaluations aimed at determining the effectiveness of physical therapy.

In the fingerbreadth palpation method, the evaluation results are described as “1-fingerbreadth”, “2-fingerbreadth”, and so
on, based on the examiner’s fingerbreadth. This method does not require specialized equipment and can be easily performed
from the body surface, but it cannot follow detailed changes over time and is limited to binary (“present” or “absent”)
assessments”). Since this method is almost the only evaluation method used routinely in physical therapy, there are few
studies investigating the causal relationship between the degree of subluxation and the degree of functional impairment. This
situation is likely one of the reasons why the relationship between subluxation and shoulder pain remains largely unknown.

In recent years, ultrasound imaging has increasingly been used in physical therapy. The key features of ultrasound include
its non-invasiveness and the development of compact and portable devices. Additionally, unlike computed tomography or
magnetic resonance imaging, it has the ability to capture images during joint movement, making it widely applicable for
locomotor disorders®. Several studies on subluxation have used ultrasound to measure the distance between the edge of the
acromion and the apex of the greater tuberosity (acromion-greater tuberosity, AGT), which demonstrated sufficient intra- and
inter-rater reliability®~!!). Moreover, it has been reported that a difference of 0.2 cm or more in AGT distance measured by
ultrasound between the paralyzed and non-paralyzed sides suggests subluxation!!). These findings indicate the potential of
using ultrasound to evaluate subluxation in physical therapy settings.

The aims of this study were 1) to confirm the reliability and validity of AGT distance measured by ultrasound and 2) to
statistically investigate the link between AGT distance and functional impairments caused by stroke.

PARTICIPANTS AND METHODS

The participants were 24 stroke patients admitted to our hospital between May and September 2024. We included first-
time stroke patients undergoing inpatient treatment who were 1 to 5 months post-onset and exhibited motor paralysis of the
upper limb on one side. The participants’ basic characteristics, including diagnosis, age, sex, height, weight, body mass index,
and disease duration, was collected from the medical records.

Physical function assessment was performed by the attending physical or occupational therapist and involved evaluating
motor paralysis using the Brunnstrom Recovery Stage (BRS) for the paralyzed upper limb and assessing spasticity using the
Modified Ashworth Scale (MAS). For pain assessment associated with physical function, pain at rest and pain on movement
were evaluated using a numerical rating scale (NRS)!?). Shoulder range of motion (ROM) was assessed using passive flexion,
abduction, and external rotation (first position).

Sensory impairment was evaluated using the sensory impairment component of the Stroke Impairment Assessment Set,
assessing light touch and position on a 4-point scale (0-3). Upper limb light touch was initially tested on the non-paretic side
(C5 dermatome) and then on the paretic side. Position was assessed by evaluating joint position sense using the thumb!3).

Shoulder subluxation was measured using the fingerbreadth palpation method and ultrasound examination. For both
palpation and ultrasound, the patient sat upright on a bed or chair with both feet on the ground, the forearms resting on the
knees, and the elbows unsupported. Some patients with high muscle tone were unable to let the affected arm hang freely at
their side®. For these patients, the shoulder was maintained in an internally rotated position with a slight bend in the elbow
and the forearm resting on the knee.

Evaluation using the fingerbreadth palpation method involved measuring the space between the underside of the acromion
and the top of the humeral head on the affected side. The measurement was categorized into a six-level ordinal scale: no sub-
luxation, 0.5-fingerbreadth gap, 1-fingerbreadth gap, 1.5-fingerbreadth gap, 2-fingerbreadth gap, and 2.5-fingerbreadth gap.

Ultrasound examination was performed using an ultrasound scanner (LOGIQ P5, GE Healthcare Japan Corp., Tokyo,
Japan) with a 11 L probe (GE Healthcare Japan Corp.) in B (Brightness) mode. A sufficient about of ultrasound gel (Pro
Jelly, Jex Co., Ltd., Osaka, Japan) was used for imaging. Ultrasound examination measured the AGT distance and the long
head biceps tendon thickness on the paretic side. For the AGT distance measurement, the probe was positioned to visualize
the shortest distance between the lateral edge of the acromion and the apex of the greater tuberosity of the humerus'®. The
supraspinatus tendon was clearly visible as a thick band (high echogenicity image) at its attachment site, making it easy to
identify the greater tuberosity (Fig. 1).

The long head biceps tendon thickness on the paretic side was measured by positioning the probe at the level of coracoid
process between the greater and lesser tuberosities in a short-axis view. The probe was then rotated 90° to visualize the long
axis of the tendon'#). To measure the tendon thickness, a line was drawn vertically at the most proximal end of the bicipital
groove, and the distance from the superficial to the deep layer was measured. The captured image was imported into ImageJ
image analysis software (National Institutes of Health, Bethesda, MD, USA) for distance measurement.

All measurements were performed by one physical therapist with 7 years of experience as a physical therapist and 3 years
of experience using the ultrasound scanner.

For each participant, the AGT distance and long head biceps tendon thickness on the paretic side were measured once each
on the same day. To confirm intra-rater and inter-rater reliability, all measurements were performed a second time within 7
days in 7 stroke patients, and the intraclass correlation coefficient (ICC) was calculated. The results for the evaluation items
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are expressed as mean + standard deviation. For statistical analysis, Spearman’s rank correlation (p) was calculated for the
AGT distance and the evaluation of subluxation using the fingerbreadth palpation method, as well as for the evaluation
of functional impairment due to stroke. Intra-rater reliability was calculated as ICC(1, 1), and inter-rater reliability was
calculated as ICC(2, 1). Statistical analysis was performed using JMP17.1 (SAS Institute Inc., Cary, NC, USA).

This study was conducted in accordance with the Declaration of Helsinki. The purpose of the study was explained to the
participants, and written informed consent was obtained from either the participants themselves or their family members.

This study was conducted under the supervision and approval of the attending physician and was also approved by the
Ethics Committee of Kaga City Medical Center (Approval No: R6-2).

RESULTS

Tables 1 show the results of intra-rater and inter-rater reliability. The AGT distance demonstrated high reliability, with
values of 0.8 or higher for both the affected and unaffected sides. Table 2 presents the participants’ basic characteristics and
the results of the physical function evaluation.

In the correlation between AGT distance and subluxation assessment using the fingerbreadth palpation method, a sig-
nificant correlation of 0.65 was observed. Additionally, the correlation between AGT distance and functional impairment
assessment due to stroke showed a positive correlation with the MAS, Paretic Biceps long head tendon thickness, and NRS
during movement, while a negative correlation was found with the upper limb BRS and shoulder ROM (flexion, abduction,
and external rotation) (Table 3).

DISCUSSION

The aims of this study were 1) to confirm the reliability of AGT distance measured by ultrasound, and 2) to statistically
investigate the relationship between AGT distance and functional impairments caused by stroke.

We confirmed high intra- and inter-rater reliability for AGT distance measurements, with ICC values exceeding 0.8 for
both the paralyzed and non-paralyzed sides. Generally, reproducibility issues are cited as a drawback of ultrasound evalua-
tions; however, ultrasound evaluation of AGT distance demonstrated high intra- and inter-rater reliability in this study, show-
ing no such issue in this context.

We also found a moderate correlation between AGT distance measured by ultrasound and the subluxation evaluation
by the fingerbreadth palpation method, indicating that measuring AGT distance using ultrasound is valid. Moreover, AGT
distance was found to be negatively correlated with motor paralysis (BRS) and positively correlated with spasticity (MAS),
suggesting that greater AGT distances resulted in more severe functional impairments. As mentioned above, subluxation
evaluations to date have relied heavily on the fingerbreadth palpation method, effectively resulting in binary “present” or

.
AC

Fig. 1. Measurement of acromion-greater tuberosity (AGT) distance between the lateral border
of the acromion (AC) and the nearest superior margin of the greater tuberosity (GT).

Table 1. Intra- and inter-rater reliability (ICC [1.1] and [2.1])

Paretic Non-Paretic
ICC (95% CI) SEM (+ cm) ICC (95% CI) SEM (+ c¢cm)
AGT distance Rater 1 0.96 (0.79-0.99) 0.1 0.98 (0.88-0.99) 0.1
Rater 2 0.89 (0.56—0.98) 0.1 0.98 (0.93-0.99) 0.1

AGT: acromion—greater tuberosity; [CC: intraclass correlation coefficient; CI: confidence interva; SEM: standard
error of measurement.
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Table 2. Basic patient characteristics and physical function evaluation (N=24)

Variables Mean + SD
Age (years) 76.5+12.7
Height (m) 157.0 £ 10.9
Weight (kg) 493 +£11.2
BMI (kg/m?) 20.0+3.4
Time since stroke onset (days) 62.9+41.3
Paretic shoulder ROM (°):

Forward flexion 1243+32.9
Abduction 111.2+36.4
External rotation 31.6 194
NRS for shoulder pain at rest 0715
NRS for shoulder pain on movement 24+3.0
Ultrasound method:

Non-paretic AGT distance (cm) 1.7+ 0.4
Paretic AGT distance (cm) 1.9+0.6
Non-paretic long head biceps tendon thickness (cm) 0.3+£0.1
Paretic long head biceps tendon thickness (cm) 04+0.1
Variables n

Sex (men/women) 10/14
Ischemic/hemorrhagic/subarachnoid hemorrhage 10/12/2
UE BRS (I/II/II/TV/V/VI) 2/2/3/5/8/4
UE MAS (0/1/1+/2/3/4) 16/2/2/2/2/0
Sensory function:

Touch (0/1/2/3) 1/4/8/11
Position (0/1/2/3) 1/6/8/9
Fingerbreadth palpation method (0/0.5/1/1.5/2/2.5) 17/0/1/1/5/0

Data are presented as mean =+ standard deviation or as the number.

BMI: body mass index; ROM: range of motion; NRS; numerical rating scale; AGT: acromion-
greater tuberosity; BRS: Brunnstrom Recovery Stage; MAS: Modified Ashworth Scale; GHS:
glenohumeral subluxation.

Table 3. Correlation between AGT distance and functional impairment (N=24)

Item AGT distance
Time since stroke onset 0.18
UE BRS —0.40*
UE MAS 0.51**
Sensory function:

Touch -0.14
Position -0.34
NRS:

Rest 0.06
Movement 0.51%*
ROM:

Forward flexion —0.66%*
Abduction —0.64**
External rotation —0.52%*
Fingerbreadth palpation method 0.65*
Paretic long head biceps tendon thickness 0.45%

*p<0.05 **p<0.01. p: correlation coefficient; AGT: acromion-greater tuberosity; ROM: range
of motion; BRS: Brunnstrom; NRS: numerical rating scale; Recovery Stage; MAS: Modified

Ashworth Scale.
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“absent” assessments. This reliance has limited comparative research between subluxation severity and functional impair-
ments”). Demonstrating correlations between AGT distance and multiple functional impairments in this study may offer a
promising avenue for further elucidating the largely unresolved causal relationships between subluxation and shoulder pain®.

Regarding the relationship between subluxation and shoulder pain, a systematic review reported mixed findings from 14
studies: seven studies found a close association between hemiplegic shoulder pain and subluxation, while the other seven
did not find a significant association'®. In the present study, a positive correlation was observed between AGT distance and
pain on movement or the biceps tendon thickness. Previous studies on post-stroke shoulder pain have suggested that the
long head of the biceps tendon is a primary lesion site in painful post-stroke shoulders, with inflammation leading to tendon
thickening!® 17). Therefore, our findings indicate that there may be a causal relationship between greater AGT distance and
stronger pain during movement with inflammation of the biceps tendon. While further investigation is needed, comparisons
with AGT distance are expected to lead to better understanding.

This study has several limitations. First, the cross-sectional design means that any considerations regarding causal re-
lationships remain hypothetical. Future longitudinal analyses should be conducted to examine the impact of the amount of
change in AGT distance on related factors. Second, this study was conducted at a single facility with a limited sample size,
which may limit the applicability and generalizability of the results. Third, post-stroke shoulder pain can be broadly classi-
fied into mechanical pain and neurological pain, but this study did not distinguish between these types. Therefore, the link
between subluxation and pain needs to be further investigated.

Fourth, in this study, functional impairment assessments were performed by the attending physical or occupational thera-
pist, while ultrasound examinations were conducted by a single physical therapist with experience in using the ultrasound
scanner. Although the assessments and ultrasound examinations were conducted separately, all procedures took place within
the same ward, and thus, the study was not fully blinded.

At present, fingerbreadth palpation method, which is low objectivity, remains the primary means of assessment. However,
measuring AGT distance using ultrasound may be a viable superior alternative for evaluating subluxation in stroke patients.
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A survey about factors that contributed
to the recruitment of junior residents
to an integrated rural hospital
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Kaga Medical Center was established in 2016 through the merger of two public hospitals in the Kaga

region of Ishikawa Prefecture. As a core training hospital, We began recruiting residents in 2019 and have

consistently attracted sufficient residents since that time. To determine what factors contributed to the

success of our recruitment program amidst disparities in resident acquisition among training hospitals, a

questionnaire survey was given to 10 core training residents at the hospital. The results indicated that the

assurance of exposure to and training in emergency care had a particularly significant impact on resident

recruitment: We had successfully resolved the issue of emergency medical service refusal by adopting a

policy of accepting all emergency patients. Additionally, a high degree of freedom in training, an

appropriate number of residents, abundant opportunities to learn various medical procedures, an

attractive staff, and a satisfactory salary system were also reported to have influenced resident

recruitment.
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3. 3 EHEIAE

RS WTEEIE (X Aplio500 (TOSHIBA f#h#) %{HF L, B (Brightness) £— FT
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BH.OEIE (Region of interest) (&, MilBECHE Z kT, BRIR L - Hi#ibH %z nlRe 7[R Y & %4,
MU CRl 2 EE L 72 (4 6).

R 1T O A %l CTEHAI % strain elastography (BAF SR) # W 7=, SR (3 L
D2 ODOYEIC RO ZFET 5 Z & THEBNO T A%ZEHAIL 72 (M 7). SR DEFREICEEL
T, NRAICPUMIZD ROT % ATREARIR D K& (FE L 7. SR OBEBICERL T, MizikiEe
LHMEA RS 2720, i/ Bk e L Ol RERZHEBE CNEI LTS Y 7
FY 27 IC KXo CHBIIICER I D O 2R e L 7.

IR AL, TPERE R O AR & PRI 2 B C X D ISR ETLCTH D, R &
D37 3R E L7z (K8). Wil ATEgEiE O MIE T iEE, TR & KRG O
EODITIPER L Ty 2l S 2 WTEGREEZ TR L, v — 7% 4T3
DEALRIC, KO IR~ — A=Wt F % L7z, 204~ — A — % HHE i i 58
xRl 90° 2> & il 457 ~oBEIEORIE, WEREH NHIEE X EBIEIKE 30° 225K
Ji 00 ~OBEEDOHEIEZIT- 72 (K9).

T OME IR Z HBEREWEE L L R0 5 5 1 L oM AEEL8 =L 7.

BEXNREF LT, B, FEEE, PR, BRERL, il TEREIE 2 R H I 1 [
E LT 72720, MAEENEEEZERT 2201, HERFEON 10 ADOMAFHICH LT,
TOHPEZFEIHIC 2TV, RPIMHEIRE (Intraclass Correlation Coefficients, ICC)
zEEL %
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TOSHIBA

X5 #HE X 6 AAREREE

TOSHIBA

X8 KA

IEREATE DB &

X9 FRBITHOBEE
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3. 4 fHETWLIE

et i, FalbiiatE & L CREDEM O & B R A% R /2. FREMl, JE
R D R D 720 ICRIED B 5« BEZIT - 7=, bR —5Ef, BEEMmNEEO I, i
FEEE, AR, SPRA, MR TR EIR & Ek, AR, BRS, MASTAE T v
DIENAHBS (p) ZFEHL 2. BENGEMER ICCA, DEHEL 2. T,
JMP17. 1(SAS #H8) % L CTHEET L 7z,

RWFFEIE, ~vy v FEFICHKIE, WRFICIAMEOBE ZHAL, FHICTARA
b LA RKE» DFABROEL R ETEML 2. AR SIRK MR B S 0K
KGR 1 2023-05 5) B X OMETER L v 2 —mIEEES0KR EIHEFS  R4-2
5) BE7 ETHEML 7.

IV #8

R 1 ICHENGEEEORREZ TR L7z, WM PRIEE O JERRERI,  JFREIRNIC 35 v R TEEE
120. 72, ZRUIDOIEHICEWTO. 8L LEEENEHEETH - 7.

WRFDOEARGERE R 2 10K L7z,

AR, FRREEE, PURA, BIREELIC B W, BROEEL JEREMICEEEII RS Nk o 7z,
EWi AR o AT RE IS VT, KRB SBBEEBRAKE WERE R
(M=1. 0, SD=0. 7, t(23)=2. 35, p<0. 05, r=0. 44). [RIKEIC PR N RIEE O i ik
TRBERICENTD, WEHOTPBEEENKE WIER L 2572 (M=0. 6, SD=0. 2,
t(23)=2. 70, p<0. 05, r=0. 49)(% 3).

R 41 T BER o R ETEAGHE AR & EG, AR, BRS, MAS O BT DR
R L7z, R, BEHIEO A p =-0. 5948 (p<0. 0D HEARAOHERR LN
(4 10). fMEEECIx, D& p =0. 6765(p<0. 01t AEAMBEAR N, M
TEREEIRIC BT MAS D& p =0. 5988(p<<0. 01) L AEAMBEAED b=

2R 5 1 RS A PRI SE o SRR EARHE AR & ke, AR, BRS, MAS OMHBE ST o
RBERRLZ. L, FHT-0. 5871(p<0. 0) & AHDOBEAR LK 11). FHRAIE,
-0, 4780(p<0. 01) : BB R o7, Bl fToBEIREICE T, MAS & 0.
715 (p<0. 01) EHHBEAR S N7z,
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®1 SHEMEEIREO ICCA, 1) n=10

HITE B R lig L HE =88/ 1CC ERE A7 A BIEE 1CC
JERRE R mE 0. 9819 0. 9276
iEE 0. 8958 0. 9768
TR A 0. 8448
SR 0. 8711 0. 7194
NTJ DB EIE 0. 8268 0. 8022
R mE 0. 9438 0. 9309
iEE 0. 9054 0. 8838
TR A 0. 8712
SR 0. 8590 0. 7183
MNTJ DB EE 0. 9468 0. 8632
SR : strain elastography
MTJ (myotendinous junction) : A5REFSITER
ICC: Intraclass Correlation Coefficients
=2 HEEOEKNFER n=23
8 () 77 7x12. 6
MBI (B/% : %) 13/10
A4 22 /i S 19/4
g& m 1. 6£0. 1
AE ke 56. 4+16. 6
BM I (kg/m?) 21. 4+4. 6
FEEHM (7) 67. 6x34. 0
LEBXBRS(I, O, m, IV, V, V) 1, 6, 3, 3, 6, 4
THEXBRS(I, O, W, v, V, VI) 3, 4, 2 3, 8 3
EREMAS(O, 1, 14+, 2, 3, 4 (7,5, 3,5 2, 1)
TEEMAS(O, 1, 14+, 2, 3, 4) (7, 6, 4, 4, 1, 0)
THE + BERE,
BMI : Body Mass Index, BRS : Brunnstrom Recovery Stage
MAS : Modified Ashworth Scale
% 3 RREME L IERRE R DR IEAE D) LBk n=23
HBIE HBITE B FAlE (cm) AR (a. u. ) FHRAC ) SR MNTd 8= (cm)
FHEi—5ER  JERREE 0. 8+0. 4 68. 5+22. 4 0. 5+0. 7 0. 7=%0. 4:|*
R 0. 8+0. 4 74 1£24. 5 0. 6x£0. 5 1. 0x0. 7
BERE AR JERREER 1. 0£0. 3 79. 3+26. 1 16. 7&5. 1 0. 3+0. 2 0. 5+0. 2:|*
R 0. 9+0. 3 83. 1£23. 9 16. 7&5. 7 0. 4+0. 5 0. 6x0. 2
*:p <0. 05

SR : strain elastography
MTJ (myotendinous junction) : A5REFSITER
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x4 MEA LB &RIEIEE & D8RS n=23

BHE g SR NTJ o#EI=E
& (o) -0. 2414 0. 6765% 0. 2422 0. 0766
BB (o) -0. 5948x 0. 0899 0. 1955 0. 0342
LBZBRS (0) 0. 139 -0. 3410 -0. 3912 0. 1688
LBENMAS () -0. 0573 -0. 1673 0. 3TN 0. 5988%

HR84%%k (p), BRS:Brunnstrom Recovery Stage, MAS : Modified Ashworth Scale

SR : strain elastography, MTJ(myotendinous junction) : FlEFEITER
*:p<0. 01

2.5
. °
£
S 2 *
iy
@
R 15 o
S °
j=aX
#
& o
& ! b d
iy °
= °
R ® s
2 0o 8 ]
_.1_]

"

0 1 2 3

FHMAS

10 FRER{A| ERRARRRFS1TERD B ENE & LA MAS (DAARIRI 1R

[ J

[}
p =0. 5988
p<0. 01

4

Bl MAS & BRI TE R BRI (X IEOAHBIBA GRS B &, S IR R R T

DHHENIRE BB R LR,

x5 FEAIBHESHNAIEERIEERE & DOERE n=23

B BRI KA e W) DBEE
£ (o) ~0. 5871% 0. 2535 0. 4780% ~0. 1575 -0. 0454
BEHM (o) 0. 1810 0. 2647 -0, 2506 -0 1260 0. 276
THBRS(p) 0. 0175 -0. 0878 0. 0234 -0. 1311 -0. 3810
TRMS(p) 0. 0146 ~0. 2358 -0. 0379 0. 1303 0. 715%

fHEE%%k (o). BRS:Brunnstrom Recovery Stage, MAS : Modified Ashworth
*: p<0. 01

SR : strain elastography, MTJ(myotendinous junction) : FRlRFEITER

o4
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1.2

E o
= ] )
i . !
W_‘E?\ 0.8 Y [ J
5\&
=y [ ]
06 e { . o
R
w04 8
= -
= 02 o p=0. 715
k= ¢ p<0. 01
0
0 1 2 3 4 5
THEMAS

11 BREATERAREITHOBEE & Tk MAS OEERMER
Tl MAS & IR ATE B R I E O MIBIRIR A R B AL, RS shy VR B RS T E8 0
BORSKE S ROERL ol

V E®

5. 1 BRENEEHE

KRR EERT 51CH72 Y, SR oOMFNEEEL2HRAL - 5, HHEHN
MIBHDFAIERE A 0. 7 A b, 2t oFHlITEH T 0. 8 L Eomw ICC 23gb vz, —fik
IS IR EREZ W E CoFHliIc B T 3 R AD 1 D3 FHEEORERE T 50525, 4
DINAEFIC 31T 2 T B2 MR E % o 22 R R < g, S uRE EENE 2SS S
NTHH, ZOHRCEVTERBEEIENC L BERINSZ. 2770, AFECIBENGE
FMEDOBET DA TH Y, SRMERSHEMIEIC O W TR 2 0H ) H 5.

5. 2 BEKDHEREEDHIMERIC & S RER & IERER DL

bR, DR RS, AR, PR, ARRERZ T, RN & JERREH O
MCcAEZRDRh o, FITHIFRIC XL, AR, BHcl, B & IRREMHC
i, M, PRACTHEERZENIECRr o728 3N, HlEICEWCIHEREND
BRI X o TR 5 PO S E O FHEN R T B 5 _EESEf & PRI PHIEEI,
A Ry Y X ZAFHR-FA DGR EB VLT VHDO—DOTH Y 2, FEHEORED =
WTH 5. HPNLEBREZ A LT 2 RN 3o TIRRREA & Fele L <A RFHIERE ©
ZAEDE T 5 EREZILT T2, BRI L IERRBEHCiERA bRl o7 5
[l DHE TR B L C, Kihehs < B ga,  WERE ISR 1 fthB) cBAER 2 Bh 2 L,
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FEOL % FEE L CRE 21T\, BIfioB) & 2Ebha WiilE, AiEEE, KA, i o H
EHEHIZ, GEESPRONRDL 72, TRUE, FERICHE S S 0L IR LI IZ RS
NEWIEEERLTWE EEZ D, 2D, FEMEIHREKEIC X 2 fIGED KIE 5
iz gl gt L 2V, FERICHIZENT 225, R 3 c 2 id i <, FREH,
R CHEERRON Ao/ b EZ D,

—75, SEEHAL 72 fhaHifife iR o hcix, ME—, BRSBTS BRI L T SEm, S
i PEISE G 1 SRR, FEIRRIEMN & PR L 72 BRICHE B R S N7z, BIC b i~ 7= 23S
FTER R Bl 2 O WM O S & LT ST v 35l C©H 5. SefTifgE < i,
WA DA O 3R L T Y, BIfPIRIh T EbhTnd 2 ZD7ko,
FEME (XA & e L <RI L C B Y, B 2R3 2 T o B EIE 238N L
FEEVPRONZEEZS.

PlbEoz b kb, HEHSWERER %23 i<k, RERHICIZHEE o &2k
<, L2 LIRS X 2 BliieE o KA ka8 &, WSEGRBITHOBEREIL, K
FEE], FERREMIC B W CHBEER O N RS S 5.

5. 3 HEERLHEBZRLEEDHHEEE S OHEEREE

SRR - —SEA <, AR T R & B o HE DS, MREEES (XA E  AHBA A R b

JERIER RS A PN BB I TR & PR A 23R & AHBE Y L O 7z, AR &l E O R,
FOIRRE % LB L 7298 lE, AR o MRS <, BiE ISV E Fbh T 528,

JERREM], BB CHE L 258 R AEEER R wESbhTng W22 KifgekiRic s
WD, HEEIRE, Ko Pk EK & MBI R b N0, T D20, Fiff,
HAR L AHBEA 2 © &1, HEEIKZWEGREE 2 v 2 el fe e Lok, XD
LFEMEOHERBKRE VW EBEZLND,

5. 4 JEHEISXT A~ LFHEIERORET

FEHEIC BT, BEIRERZWEEE 2 v 2 5HlE, BRAIC AT O & a2 T
ST T 2720 DEERY —LDO—DTh 5. TF, METEDOEMTICE T
PWHEREBOT IR 77 7 4 A L %23 TN TE D, MAS b Y &7 25F
liffE e TN TECTWBE D, LaL, MAS & SRICHWTIE, HEBEESH 2 Ebhne X
NTW3 DWW KZEIC BT, MAS & SR IZMHEAAR O d»72.  SRILERE
72 ROI NORGEDHMNI ZRMIPEZ BT EN/7 7 7FRTHET 2D DTH 528, M
PR CHfR % IR 2RO BMTRIREIX, 7 ) — v Pl 2SR LA S B EN
DBARETHZBHFEZOND. T, FHEOFHEL, ARUFFEIC I W TZLHFHRIC IR
FEH] & JERRERIC AL R S i o 7272, SR % Fv CHERBIS CREMEmn D= HE(L L 72 374l
ELTHwRZ LW RTINS,

—75, AWRICE T MAS & AT B R O MHBIRENCBI L <, BB —BEARIL 0. 6,
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ERERR 1E 0, 7 LHEE~IRGHHES & 2 b, FRYERREZ YRS B B AIRETED R IR T T
MAS DFFliD & T, BAEIRAOB) X ICH S FIERPITTEL T2 2 HIlNICE 225,  H
— DA DFHINC AT Z 2w, BRETHBEEONE X, hE) TR ZEINL, £
DEEFERZHET 2 ETHL. 2ok, MEMELZHERFINS DD, LI —H
i & RIS A PSR & v 5 R 2 Gl AT RE e b, BRI T IR E S TH B C
b, KA LT3 ERNC MK 5. £ 7, HIEE D [HIFE R CASHE R 5 HEl A3 AT
RECH 2 Lpb, MAS DD Y OFHIifEIRIC 72 2 WREMEDS H 5.

5. b AHMRDREHRESEDEE

AWFZITIZN L 22 DRABH 5. 1 DHIC, AWFFRIIHEBIIMRIETH v, RO RE
BIROEZRICE L CIIKER O Z B 2 v, SRITHIM 2 airic X v, W&, ik,
Pk, WREEE, R TSR R 02 LE & BER T L OB A R T A LE R D 5.
2 DHIZ, KRR IHRENGEEIEZL b 00, REMGEERFEREZIT > Tk,
—HRIC, EEHERZEEEEICE T 2RI —E BB LECH Y, MEMGEEEZHE
R 2 -0 I IFEHAIE O XA BRI R TH 2 Z L b, —MBALATREE IS IZTE BB EE T
H5. 3 OHIC, HEEIIEEHERZHEEDOEMEIC Lo TRL 2L INTEY, R
CIIFEYET 3. 4 oHIC, RUIEDH v I 4 XI2onT, 23 4 DREGIECCHENEH
WHEISED 77 b H 2% 72BRD Power (1- 8 err prob) 1%, 0. 61 THYH, HEEZIEL
SR 201, 0. 8 LAEDMERET 29, KR v T34 X1t 35 B\ 5 Z LA E
LnwEINT w3, KIFFETCIIY Y IAH A XA 23 L4070, L5, BEIEDPIHIEE
DIFNEEATHSER CAEZER D 57228, & 1| HOBER (a7 —) DAJRENED H 2 729,
SRITIEFEZ L LTRSS 3 e BEE L WEER S,

VI #Ei%
Mz 1d, FEMEIC X D ABRIRAE IE E BB TR II R T wE WS R E o
7o, ¥72, MAS ¢l ITHEE R CIIPEE~ECHEE L 20, MAS ofb b o7
TR 7o B ATHEME AR X 7z,

VI F|ZEER
AGESCCE I L, BRI E R I 7w,

VI S51%F
AL D FE i 7 & ICARG X DIE K D@L &g, BYUIZ 2 THEZTH W - KR
FheY N~ ) T — v a VR ORI RBBICHEHIE L £5 £/, RGO RE,
e LCIHG BT ER 2 v 2 —EHRE, Ve ) 7 —va vty X —OBRICHE
HEL E5

o7



SE 5| FX#
1) Gao]J, He W, etal. : Quantitative Ultrasound Imaging to Assess the Biceps Brachii
Muscle in Chronic Post-Stroke Spasticity. ; Preliminary Observation. Ultrasound Med Biol.
2018 ;44(9):1931-1940.
2)Blackburn M, van Vliet P, Mockett SP: Reliability of measurements obtained with the
modified Ashworth scale in the lower extremities of people with stroke. Phys Ther.
2002 ;82(1):25-34.
3)Naghdi S, Ansari NN, etal. : Electrophysiological evaluation of the Modified Tardieu
Scale (MTS) in assessing poststroke wrist flexor spasticity. NeuroRehabilitation.
2014;34(1):177-84.
4B Bk MR OB, fh - RBAETRRMRIEREE I X 5 BT R T 4 7 A AFHAE OB
F&. NAF AN =X LFRGE,. 2024; 48:148-155.
5)IRH WAKER « &M 0 ML AE T T3k & AR T ENTE. N4 F X = X LEEEE,
2018;42(4): 211-128.
6)Naruse M, Trappe S, Trappe TA : Human skeletal muscle size with ultrasound imaging:
a comprehensive review. ] Appl Physiol. 2022; 1:132(5): 1267-1279.
7) Monjo H, FukumotoY, etal. : Muscle Thickness and Echo Intensity of the Abdominal
and Lower Extremity Muscles in Stroke Survivors, ] Clin Neurol, 2018; 14(4):549-554,
8) Drakonaki EE, Allen GM, et al. : Ultrasound elastography for musculoskeletal
applications, Br ] Radiol, 2012;85(1019):1435-1445.
9) Morse CI, Degens H, etal. : The acute effect of stretching on the passive stiffness of
the human gastrocnemius muscle tendon unit. ] Physiol. 2008; 586(1):97-106.
10) Thielman G, Yourey L: Ultrasound imaging of upper extremity spastic muscle post-
stroke and the correlation with function: A pilot study: NeuroRehabilitation.
2019;45(2):213-220.
11) fotje W, R FHI, At RN B 35 5 5 KRS A D=,
RS & B R O fRET,  BEAAREERIY:, 202237 (1):39-44,
12)Kesikburun S, Yasar E, et al. : Assessment of Spasticity With Sonoelastography
Following Stroke: A Feasibility Study, PMR, 2015;7(12):1254-1260.
13) Hong MJ, Park JB, et al. : Quantitative Evaluation of Post-stroke Spasticity Using
Neurophysiological and Radiological Tools: A Pilot Study. Ann Rehabil Med.
2018 ;42(3):384-395.
14) Yasar E, Adigiizel E, et al. : Assessment of forearm muscle spasticity with
sonoelastography in patients with stroke. Br J Radiol. 2016;89(1068):20160603.
15) Morse CI, Degens H, etal. : The acute effect of stretching on the passive stiffness of
the human gastrocnemius muscle tendon unit. ] Physiol. 2008 ;586(1):97-106.

98



16)Nakamura M, TIkezoe, et al. : Time course of changes in passive properties of the
gastrocnemius muscle-tendon unit during 5 min of static stretching. Man Ther.
2013;18(3): 211-215.

17) Mateos-Angulo A, Galén-Mercant A, et al.: Muscle Thickness and Echo Intensity by
Ultrasonography and Cognitive and Physical Dimensions in Older Adults. Diagnostics
(Basel). 2021 Aug 13;11(8):1471.

18) Korhonen MT, Mero AA, et al.: Biomechanical and skeletal muscle determinants of
maximum running speed with aging. Med Sci Sports Exerc. 2009 Apr;41(4):844-56.

19) Tanikawa H, Mukaino M, et al.: Development of a simple mechanical measurement
method to measure spasticity based on an analysis of a clinical maneuver and its concurrent
validity with the modified Ashworth scale. Front Bioeng Biotechnol. 2022 Aug 15;10:911249.
20) KW, Z0R HE, fibh 0 L VBR3P RO R RREEF 20 R e L7z A
BR Y Y X 2HEHUFE SR DA, Jpn ] Rehabil Med, 2015;52(7):421-430.

21)Lee CH, Lee SH, Yoo JI, Lee SU. Ultrasonographic Evaluation for the Effect of
Extracorporeal Shock Wave Therapy on Gastrocnemius Muscle Spasticity in Patients With
Chronic Stroke. PM R. 2019 Apr;11(4):363-371.

22) Zhao H, Ren Y, et al. : Ultrasonic evaluations of Achilles tendon mechanical properties
poststroke. ] Appl Physiol (1985). 2009 Mar;106(3):843-9.

23) MonjoH, FukumotoY, etal. :Muscle Thickness and Echo Intensity of the Abdominal
and Lower Extremity Muscles in Stroke Survivors, ] Clin Neurol. 2018;14(4):549-554.
24) Monjo H, Fukumoto Y, et al. : Differences in muscle thickness and echo intensity
between stroke survivors and age- and sex-matched healthy older adults. Phys Ther Res.
2020 ;23(2):188-194.

25) Roots ], Trajano GS, etal. : Ultrasound elastography in the assessment of post-stroke
muscle stiffness: a systematic review. Insights Imaging. 2022 ;13(1):67.

26) Cohen]. A power primer. Psychol Bull. 1992 ;112(1):155-9.

99



BIRKRFREFEISE (2025) 19-23 (2024411 H 30 B S 1)

BEREGZHEEZ AV RENRAREEIZE TS
J& B L fu & 2 A E3 D Bl

PFARE "™ KHFR ™ - kA "

Evaluation of Scapulohumeral Subluxation in Post-Stroke

Hemiplegics Using an Ultrasound Imaging System

OKAZAKI Takahiro, NAGAI Shota, YAKOU Ume

1=

fEEF %O BRASERE (CLT, ERE) 1L 16 ~81% & BRAEIZHET 3 “KIEETH 5.
BEERELAVCEERARER, FiELREE (LAT, AHD) Rl L Bk (BT,
AGT) BN H D5, YL XAV THIEZIT I PREB XL TEAR S, AWED AL,
BEREhE OFEMRFA L BEHRE 2 AT Z 1TV, AHD, AGT BREEITEW 3 H 502 RFE
L, — M TEMT RO TRIF~OMM S A O 5 MEPBEOEBIA % K3
B ENTHENERIE L.

I, UMREARE LM EFRERE 254 & L. BHEFFME, M2 8T ERE
% BV 7o AHD BERE & ACT BEBEDH R AT~ 7-. FOKE, ERAOCHECELT, 2T
12254984 (32%) IHBFAD Y &M SN BBEHRE S A7 AHD BT, 10
4 (40%), AGTPEHEO & (36%) LEWEREe-7-. F7, BITHRES AW/ AHD Infk
& AGT BEHfEIY, 0.83 (p < 0.01) E3VWEREARED L.

BERESAVWDZ LT, EHRHOM-OELRMNIZ, ERAOCEBERENTE, &M
AT LRET BZAREMER H B0, FRMEMRD D LEXH. £/, AHD BERE, ACT 2R
OME L GIZERAFEMATETH AP, BEHEAOARZ— 2 5HT2 L2 @& 0OES)
MRS E AT D LI TERI o

F—0—F
WA, ERE, BERERBEKE

*1 MWEHIEFL ZF— V) F—arzr 72—
*2 BMKFERZRBE VAU F— 2 VEPERHELRE
*¥3 BHRKERFREAGI Y F—2 3 VEPFREH
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Mg - kH: - K BEREGDHER LAV RS PEAREE LR 5 H B L EREAOFE

1 [FESHIC

MEFHEOFEMEMRA (LT, B|EE) 115
~81% L BHIEILBET S - REETHS V. EBR
i, EEOEBEECHEBESERICEXREE
FRIETEIT A< Activities of Daily Living
(ADL) OHELMMETS Y. F0kd, ERAOEHF
L EEME L RIS 5 Z EBFFARTHS.

HAEAOFERIFMFIEL, MB L XBRREND
A, p2ix, ARmromBERVWTHEOREEZE
Bz 8 TTHE) &REIND. T0FHE
i, HFAERLVWLT, BRELIALMND T
ETABICRENFETHS. LL, HIETERE
BHWENWT, MrRELEZRFHIZED 2 &8
TEY, WEE THo) el) OFHELR>TL
30 ABREQEEHEZ XBRTE L THEE~ L
BB SR O EEEE T A FENLH Y BERAZE
BT 2RROFELEZLNTWE ", LaL,
XRBETOFRIIIBROMBEL X b, RAMH
OELOMBEETITO ZLNELL, VYY) F—
YaviRRE BRE L A EREME XSV
W, ZD i, MEEHEOERFEMzHWT, B
BRIREBERTITX, ol b3 RISFRIZ8 L
ZREBLOIENBETHY, FALFMFED
FESIBBETHD.

W, VA YF—va siaiamics T, B
ERERPHERFBO-BEEREXFHZIN
T3, BEEREOHEIL, AKCHT3EERN
2, WY A XOBR LR INEITHICENT
WAHRERBITLNS. £/, CTRMRI LEWVEY
S % 4 5 R T HMETRER D, BEBHBERE
TCHELKFIHEND X S IciroT&E T,

HEERELAW-BRAOKITHA T, FAik
Ok L KRGS OKXBROMOER % RE L~ FgX
& (Acromion-greater tuberosity: LA T, AGT)
HEEZ R 2008800 7Y £ MIRASE
RA A MNEFRETRAVWON S FEE- L
BB T8 (Acromion-humeral distance : LAF, AHD)
g Y 0, R TIEE R O (L O R
FICHEHENT VS "D, AND IEH#E, AGT MRk
FOLHICHEBOREN - REMBWEEIZRIFT
HBERUN LELLERAWTRIELZITI NIRRT
Lo TRAS.

AFROBEL, REFEOHEBH L EEERE
RWTHEME 2 1TV, AHD PEEE, AGT BBz Ev A3

HBPERIEL, —RENC TBAZT &R o
HADRES BN DREFBEOERS ™ %
ST B = & B ATRED A RFE L 7.

2 ®EEXUVFE

2.1 B[R

R ERIE, 202445 A5 10 A TOMICY
BEABE LI RIEGR L #» BE~6» AOMMEPETH
0, BViAZELEDT, ABMIEP C—METRRICE
BAREE & LRk 25 AL L.
REEOEAERE UT, B4, BLHEE, £,
R, E, &E, Body Mass Index (BLTF, BMI)
BB HIE LI,
MEERORINIRT S REREDL, KRORE
WM, F£i, EEREOEERE & UCREN LI
Brunnstrom Recovery Stage (LLF, BRS), A& T
OEERAFETH Y, £ TH L O EFE A 31
L.

2.2 MBHIVHETRERECIPIFHHEREA
DAEHZE

BEOHEEE, M2, BEEREL LITXY
Fo LSIBFICESZ LTEY, MREPHmEic>
i, HiEEBORCEX, Xz hho® .

AbEs DR FIFEG X, B EERE AN
R s ERBHEOMOME 22 L, ZOFHLE
RRTHIT>7., B¥TEE RS EmOMIZ,
BIROESL EOfMATELBMR L 554 HF
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Streptococcal Toxic Shock Syndrome Caused by
Streptococcus dysgalactiae subsp. equisimilis-related

Empyema: A Novel Case Report

Kazuhiko Iwasaki'?, Ryo Okino', Akihito Okazaki' and Masa-aki Kawashiri'

Abstract:

Streptococcal toxic shock syndrome (STSS) caused by Streptococcus dysgalactiae subsp. equisimilis
(SDSE)-related empyema is rare but can result in shock vitals, acute kidney injury, and extensive erythema.
In the present case, a 92-year-old woman with empyema caused by SDSE developed STSS after pleural
drainage and antibiotic therapy. Despite temporary improvement with clindamycin and pleural drainage, the
patient ultimately died due to malnutrition. Autopsy findings suggested that the infection was well controlled,
but infections with Streptococcus spp., including SDSE, can trigger STSS in patients with empyema.
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Introduction

Streptococci are a large, diverse group of Gram-positive
cocci-shaped bacteria that comprise agents of human dis-
eases as well as members of the normal human flora. Lance-
field grouping can be used to classify this species. Among
various groups, pyogenic streptococci of Lancefield groups
C and G have emerged as significant human pathogens (1).
The number of invasive infections caused by B-hemolytic
streptococci other than Lancefield groups A and B, such as
Streptococcus pyogenes [group A Streptococcus (GAS)] and
S. agalactiae [group B Streptococcus (GBS)], is increasing
and has become a global issue (2, 3).

S. dysgalactiae subspecies equisimilis (SDSE), a commen-
sal organism found in the skin, upper respiratory, gastroin-
testinal, and genital tracts, is clinically associated with a
wide range of skin and soft tissue infections, including im-
petigo, cellulitis, and necrotizing fasciitis. Streptococcal
toxic shock syndrome (STSS), a rare but severe invasive in-
fection mainly caused by GAS, has become a serious health
problem in both developed and developing countries. Al-
though the mortality rate of SDSE is lower than that of S.

pyogenes, SDSE infection is still considered fatal. Indeed,
between 2014 and 2016, approximately 173 SDSE strains
were reported in Japanese patients with STSS, with a mor-
tality rate of 31.2% (27.8% in men and 34.9% in
women) (4).

We herein report a case of STSS that developed due to
empyema in which the patient died despite the successful
control of SDSE.

Case Report

A 92-year-old Japanese woman with a medical history
significant for hypertension and pseudogout was admitted to
our hospital due to a high-grade fever and altered conscious-
ness. One year before admission, the patient had been diag-
nosed with left-sided pleural effusion, which persisted de-
spite unsuccessful treatment with diuretics and ceftriaxone
for one week. The patient had also experienced recurrent
episodes of a fever for a month before admission, which had
been treated with acetaminophen.

Upon admission, her Glasgow Coma Scale score was 14
(E4V4M6), and her vital signs were significant for a body
temperature of 38.2°C, blood pressure of 97/53 mmHg,
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Table 1. Laboratory Findings of the Patient.

Blood Pleural effusion examination

WBC 22,520 /uL K 5.4 mEq/L  Appearance Dark brown, viscous
Neut 99 % Cl 92 mEq/L  Cell count 433 /uL
Eo 0 % Ca 8.6 mg/dL Neut 20 %
Baso 0 % P 3.7 mg/dL Lymp 80 %
Lymp 1 % T-Bil 0.55 mg/dL.  Total protein 2.4 g/dL
Mono 0 % D-Bil 0.19 mg/dLL.  Glucose 70 mg/dL

RBC 381 x10%uL  AST 4 IU/L Total cholesterol 27 mg/dL

Hb 11.1 g/dL ALT 6 IU/L Neutral fat 5.5 mg/dL

Plt 24.1 x104%uL  ALP 85 TU/L AMY 35 Ul

Fbg 511 mg/dL 7-GTP 17 TU/L LDH 207 U/

PT 154 s LDH 175 IU/L CEA 1.7 ng/mL

PT-INR 1.2 AMY 36 IU/L pH 7.29

APTT 48.7 s BUN 383 mg/dL  Hb 0.1 g/dL

FDP 17.3 pg/dL Cre 1.35 mg/dL  Hct 1.1 %

D-dimer 6.06 pg/dL UA 2.6 mg/dL.  Hyaluronic acid 9 pug/mL

CRP 26.6 mg/dL TP 6 g/dL RF 1.3 IU/mL

Procalcitonin 19.4 ng/mL Alb 1.6 g/dL ADA 29.5 U/L

Glu 90 mg/dL BNP 83.7 pg/mL

HbAlc 4.6 % B-DG 36 pg/mL

Na 126 mEq/L IGRA (-)

WBC: white blood cell, Neut: neutrophil, Lymp: lymphocyte, RBC: red blood cell, Hb: hemoglobin, Plt: platelet,
Fbg: fibrinogen, PT: prothrombin, PT-INR: prothrombin time-international normalized ratio, APTT: activated partial

thromboplastin time, FDP: fibrin/fibrinogen degradation products, CRP: C-reactive protein, Glu: blood glucose level,

HbAlc: hemoglobin Alc, Na: sodium, K: potassium, CI: chlorine, Ca: calcium, P: phosphorus, T-Bil: total bilirubin,

D-Bil: direct bilirubin, AST: aspartate aminotransferase, ALT: alanine aminotransaminase, ALP: alkaline phospha-

tase, y-GTP: y-glutamyl transpeptidase, LDH: lactate dehydrogenase, AMY: amylase, BUN: blood urea nitrogen,
Cre: creatinine, UA: uric acid, TP: total protein, Alb: albumin, BNP: brain natriuretic peptide, f-DG: (1—3)--D-

glucan, IGRA: interferon-gamma release assay, CEA: carcinoembryonic antigen, pH: potential hydrogen, Hct: he-

matocrit, RF: rheumatoid factor, ADA: adenosine deaminase

pulse rate of 114 beats/min, respiratory rate of 20 breaths/
min, and oxygen saturation of 95%. Chest auscultation re-
vealed diminished respiratory sounds on the left side and no
discernible wounds or oral cavity contamination.

Laboratory tests revealed elevated inflammatory markers,
including C-reactive protein (26.6 mg/dL), white blood cell
count (22,520 cells/uL), and procalcitonin (19.41 ng/mL), as
well as abnormalities in the albumin levels, renal function,
and sodium levels (Table 1). Computed tomography (CT)
demonstrated a thickened pleura and atelectasis in the left
lower lobe, consistent with advanced empyema, but no obvi-
ous pneumonia was noted in the left lung field (Fig. 1).
Thoracentesis of the left dorsal side revealed purulent
yellowish-brown pleural fluid with a hemoglobin level of
0.1 g/dL and lactate dehydrogenase level of 207 U/L, indi-
cating the absence of hemothorax with exudative effusion
(Fig. 2A). Gram staining of the pleural fluid revealed the
presence of streptococci. After adequate pleural fluid drain-
age, antibacterial therapy with sulbactam/ampicillin (6 g/
day) was initiated.

However, subsequent CT on day 3 showed recurrence of
pleural effusion, and the renal function worsened. On day 4,
extensive erythema appeared on the buttocks and lower legs,
and blood cultures showed SDSE in two sets (Fig. 2B, C).
The same SDSE was also isolated from pleural fluid.

Transthoracic echocardiography did not reveal any infectious
endocarditis verrucae. Anti-streptolysin O antibody (1,195
IU/mL) and anti-streptokinase antibody (2,560x) were both
positive. The patient was diagnosed with STSS due to shock
vitals secondary to sepsis, acute kidney injury, and general-
ized erythema.

A drain was placed in the left thoracic cavity to control
the pleural infection, and antibacterial therapy was enhanced
with clindamycin (1,800 mg/day) in addition to sulbactam/
ampicillin. The erythema gradually resolved by days 6-8,
and after several thoracic cavity lavages, the appearance of
thoracic fluid improved, and the cultures turned negative
(Fig. 2D, E). However, despite successful control of the
SDSE infection, the patient experienced a loss of appetite,
disuse syndrome, and massive ascites, likely due to malnu-
trition. Unfortunately, the patient passed away on day 27 of
hospitalization. Her clinical course is shown in Fig. 3, and
the antimicrobial susceptibility of the SDSE is shown in Ta-
ble 2.

An autopsy was conducted on the same day, and the asso-
ciated pathological images are depicted in Fig. 4. Fibrous
thickening of the left visceral pleura was observed, although
no bacterial mass or pneumonia was found. The kidneys ex-
hibited signs of subacute, all-nodal sclerotic changes related
to a recent SDSE infection. No signs of infection were ob-
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Ao
Figure 1. Chest CT on admission showing pleural effusion predominantly in the left lung (arrow).
Pleural effusion suspected of being turbidity and heterogeneous thickening of the pleura can also be
seen, but there is no evidence of pneumonia. Images A and B show the lung window, and images C and
D show the plain mediastinal window.

Figure 2. (A) Left pleural fluid on admission. (B) Day 4, right thigh. (C) Day 4, left thigh. (D) Day
8, left thigh. (E) Day 8, left pleural fluid.

served in any systemic organs, and no invasive portal of en-

try was detected. Throughout the body, there was collagen- Discussion

like degeneration of adipocytes, which suggested that severe

malnutrition had been the direct cause of death. A molecular SDSE is known to cause a range of invasive infections,
analysis of the strain revealed that it belonged to group G, including bacteremia (39%), cellulitis (33.8%), septic arthri-
emm-type stG6792.3. tis (6.8%), blood culture-positive pneumonia (5.9%), and

nonskin abscesses (4.5%) (5). However, only a small per-
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Figure 3. Clinical course of the patient.

Table 2. Antimicrobial Susceptibility of the SDSE in
This Case.

Antimicrobial agent MIC (ung/mL) MIC interpretation
Penicillin G <0.06 Susceptible
Ampicillin <0.12 Susceptible
Cefotaxime <0.06 Susceptible
Ceftriaxone <0.25 Susceptible
Cefepime <0.25 Susceptible
Meropenem <0.06 Susceptible
Erythromycin <0.25 Susceptible
Clarithromycin <0.25 Susceptible
Azithromycin =0.25 Susceptible
Clindamycin <0.25 Susceptible
Vancomycin <0.25 Susceptible
Levofloxacin <1 Susceptible

MIC: minimum inhibitory concentration

centage of SDSE infections, approximately 0.4%, result in
STSS. A molecular analysis of the SDSE strain isolated
from our patient revealed that it belonged to the emm-type
stG6792.3, which is the most common invasive SDSE strain
in Japan and has been associated with poor outcomes (5, 6).
To date, only one case of SDSE causing empyema has been
reported, although it was not complicated by STSS (7). In
our case, chronic empyema in the chest was the only possi-
ble source of infection, and no other organisms besides
SDSE were detected. During the course of treatment, there
was a temporary improvement in inflammatory findings,
skin rash, and renal involvement associated with STSS, and
the infected foci were effectively controlled during the
autopsy. To our knowledge, this is the first case report of
STSS triggered by SDSE-associated empyema.

The incidence of pleural infections, including empyema,
has been reported to increase annually by 2.8% (8). Ap-
proximately half of community-acquired infections are
caused by Streptococci, with an annual mortality rate of ap-

proximately 22% (9). Besides appropriate antimicrobial ther-
apy, prompt thoracic drainage is crucial to control pleural
infection (10). In our case, although the sulbactam/ampicil-
lin therapy showed good sensitivity to antibacterial agents,
the infection was not fully controlled. The addition of clin-
damycin and frequent flushing of the drainage proved effec-
tive in controlling the infection. Generally, SDSE is highly
sensitive to P-lactam antibiotics, such as penicillin and
cephalosporins, which are used as the first-line therapy in
the treatment of infections caused by SDSE (6). STSS is
conventionally treated with a combination of -lactam anti-
biotics and clindamycin, as this combination controls toxin
production during the extreme phase of infection when anti-
biotic efficacy is weakened due to an increased bacterial
load (11). However, the concomitant use of clindamycin has
not been associated with reduced hospital mortality in non-
group A PB-hemolytic streptococcal infections, including
SDSE (12). In the present case, drainage was presumed to
be the most useful intervention for reducing the infection.

Only one case of empyema caused by Streptococcus other
than SDSE causing STSS has been reported (13), where
STSS caused by GAS-related empyema was treated with
chest drainage and a combination of penicillin and clinda-
mycin therapy, in addition to hemodialysis; we did not need
hemodialysis in the present case.

Several limitations associated with the present study war-
rant mention. First, the infectious route by which SDSE led
to empyema is unclear. In a previous report, pneumonia was
detected, but our case showed no evidence of pneumonia on
chest CT (13). Repeated episodes of a fever for the past
month suggested the possibility of a respiratory tract infec-
tion due to aspiration or other causes. Second, the relation-
ship between the STSS that developed on this occasion and
the pleuritis from one year prior is unknown.

In conclusion, STSS caused by SDSE can result in seri-
ous, life-threatening complications, such as multiple organ
failure and death. Elderly patients with preexisting comor-
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Figure 4. Autopsy samples. (A) Left lung parenchyma. (B) Left lung visceral pleural area with fi-
brous thickening and no bacterial mass, Elastica van Gieson staining, x40. (C) Subacute glomerulo-
nephritis findings with mixed deposits and normal areas, periodic acid-Schiff staining, x400.

bidities are more susceptible to invasive SDSE infections
than those without (14). Our patient showed no residual ef-
fects of SDSE at autopsy, suggesting that STSS from em-
pyema can be effectively managed with drainage therapy
and antibiotics that are effective against SDSE.

Written informed consent to publish this report was obtained
from the patient’s relatives before the submission process, as the
patient had passed away.

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

This case demonstrates the risk of tumour seeding after medical thoracoscopy for EGFR-mutated lung adenocarcinoma.
Clinicians should balance the diagnostic benefits against potential complications, closely monitor intervention sites, and consider
early local control strategies such as radiation therapy to effectively manage procedure-related risks.

1 | Clinical Image

A 71-year-old man presented with progressive dys-
pnea. Computed tomography (CT) revealed a large left
pleural effusion (Figure 1A). Medical thoracoscopy con-
firmed lung adenocarcinoma with EGFR L858R mutation
(Figure 1B-E). Following pleurodesis, the patient was di-
agnosed with cTxN2Mlc lung cancer with multiple bone
and pleural metastases (Figure 1E). First-line osimertinib
therapy was initiated; however, a lesion appeared 2 months
later at the thoracoscopic intervention site (Figure 2A). CT
confirmed tumour progression and local seeding from the
thoracoscopic insertion site (Figure 2B,C). A skin biopsy re-
vealed metastatic adenocarcinoma. The patient's condition

worsened to a performance status of 4, and palliative care was
initiated.

This case highlights the utility of medical thoracoscopy for diag-
nosing cancers of unknown primary origin and obtaining suffi-
cient tissue for genetic mutation analysis. Although previously
reported mainly in mesothelioma, procedure-related tumour
seeding is now recognised in lung cancer, especially with adeno-
carcinoma, pleural thickening, and invasive interventions [1, 2].
These findings emphasise the importance of careful monitoring
and the early detection of seeding to optimise patient outcomes.
Local control measures such as radiation therapy should be con-
sidered when managing complications associated with thoraco-
scopic procedures.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original

work is properly cited, the use is non-commercial and no modifications or adaptations are made.
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FIGURE 1 | (A) Chest computed tomography (CT), horizontal sec-
tion. Left pleural effusion and pleural thickening were observed, but no
metastases were noted on the skin. (B) Medical thoracoscopy findings.
A random biopsy was performed because of the suggestion of dissemi-
nated pleural metastasis on the wall side. (C) Simple chest x-ray after the
procedure. The drain insertion site is the thoracoscopic puncture site
(red arrow). (D) Pleural specimen, HE stained. Histology showed pleu-
ral dissemination of lung adenocarcinoma. Immunostaining was posi-
tive for CEA and Claudin 4, and negative for D2-40 and Calretinin (data
not shown). PD-L1(IHC)22C3 was highly expressed with a TPS of 95%.
(E) 18F-fluorodeoxyglucose positron emission tomography/computed
tomography showed a slight accumulation in the thoracoscopic area
(yellow arrow) in addition to accumulation throughout the lung pleura.

FIGURE 2 | (A)Thoracoscopic area 2months after the start of treat-
ment. An elevated lesion is observed, with touching induration and pain

with Numerical Rating Scale 9/10. (B, C) CT, coronal and horizontal
sections. Tumour development from the thoracoscopic insertion site
was confirmed and local progression was observed.
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1 | INTRODUCTION

The initial treatment for acute pleural empyema includes
antimicrobial therapy and pleural drainage, usually
performed in the supine position." However, when the
empyema is localized dorsally, computed tomography
(CT)-guided drain placement is performed by an interven-
tional radiologist (IVR) or surgeon because the difficulty
of chest tube insertion is high in such cases.”

The clinical problem is that immediate drainage for
empyema may be necessary even in hospitals without a
surgeon or IVR practitioner.

Herein, we describe a case of dorsal empyema in which
ultrasound-assisted small-diameter catheter insertion was
performed with the patient in an orthopneic position.

Key Clinical Message

| Kazuhiko Iwasaki?

Ultrasound-assisted small catheter placement may be considered in cases where
computed tomography guidance is unavailable, and ultrasound can identify pleu-
ral effusions clearly, even in cases where empyema is localized solely on the dor-

Thoracic catheter insertion for empyema can be challenging when the pleural
effusion is localized dorsally and computed tomography guidance is unavailable.
We report the case of a 40-year-old man with acute dorsal bacterial empyema
who underwent successful ultrasound-assisted catheter placement in an ortho-

acute dorsal empyema, orthopneic position, pleural drainage, small-diameter catheter,

2 | CASE PRESENTATION

A 40-year-old man with untreated diabetes mellitus pre-
sented with 2weeks of persistent fever and right back
pain in January 2023. Blood tests showed elevated C-
reactive protein (12.9mg/dL) and HbAlc (11.4%) lev-
els, indicating poor diabetic control. Chest CT revealed
a right dorsal encapsulated pleural effusion (Figure 1).
The pleural effusion was simple and encapsulated, not
accompanied by septation on ultrasound. Thoracentesis
showed pale red pleural effusion with a pH of 6.99 and
a glucose level of 117mg/dL. Culture of the pleural ef-
fusion revealed Prevotella intermedia and Fusobacterium
nucleatum, confirming the diagnosis of an acute bacte-
rial empyema.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2024 The Authors. Clinical Case Reports published by John Wiley & Sons Ltd.
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FIGURE 1 Chestimaging findings on admission. (A) The chest radiograph reveals decreased permeability in the right lung field and
an elevated right diaphragm. (B-E) Chest computed tomography reveals a lung abscess in the right upper lobe (green arrowhead) and large
dorsal encapsulated pleural effusions (red arrowheads) that also extend into interlober spaces. Images (B) and (D) show the lung window,
and images (C) and (E) show the plain mediastinal window.

P

FIGURE 2 (A) A 12-Fr catheter
inserted dorsally in the orthopneic
position. (B, C) Chest computed
tomography performed after 15days of
pleural drainage reveals the successful
insertion of the thoracic catheter and
decreased pleural effusions. (D) Chest
radiograph showing remarkable
improvement in right empyema after

6 weeks of treatment.
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The patient was hospitalized, and intravenous treat-
ment with sulbactam/ampicillin was initiated. We at-
tempted a thoracic drainage procedure with the patient
in the supine position; however, this was unsuccessful
because pleural effusion was not identified on ultrasound
imaging. Our institution had neither an interventional
radiologist nor a thoracic surgeon, and the COVID-19
pandemic prevented immediate referral to a nearby
advanced-care hospital. Therefore, the patient was placed
in an orthopneic position, and a 12-Fr aspiration catheter
(Argyle™ Fukuroi Trocar Aspiration Kit, Cardinal Health,
Dublin, OH, USA) was inserted in the right eighth in-
tercostal space at the back under ultrasound assistance.
Continuous aspiration was initiated under a negative
pressure of 7 cmH,0. Drainage was successful, and the
catheter could be removed after 20 days. The empyema re-
solved after approximately 6 weeks of antimicrobial ther-
apy (Figure 2).

3 | DISCUSSION AND
CONCLUSION

The present case suggests two clinical implications. First,
it is possible to insert a catheter for dorsal empyema at
the back and in an orthopneic position under ultrasound
assistance instead of CT guidance. If the empyema is
localized dorsally, the catheter is generally inserted in
the prone position under CT guidance because of the dif-
ficulty identifying pleural effusions with ultrasound in
the supine position.? In contrast, thoracentesis is com-
monly performed in the orthopneic position, which is
the easiest position to observe and puncture a pleural
effusion. Therefore, we used ultrasound, were able to
identify pleural effusions, and successfully inserted the
catheter in the orthopneic position without the need for
CT guidance.

Second, although there is no consensus on the appro-
priate drain size for empyema,' using a small-diameter
catheter for the initial treatment of empyema is accept-
able. The lateral thoracic intercostal space can be wid-
ened by elevating the upper extremities; however, the
dorsal intercostal space is narrow and difficult to widen
by posture. Furthermore, dorsal thoracentesis requires
more caution because, at sites close to the spine, the in-
tercostal artery is exposed within the intercostal space.’
Therefore, a 12-Fr catheter was inserted to ensure suc-
cessful drainage.

In conclusion, pleural drainage of acute empyema lo-
calized to the dorsal aspect is challenging. Ultrasound-
assisted small catheter placement may be considered in

14
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cases where CT guidance is unavailable, and ultrasound
can identify pleural effusions clearly.
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Abstract

Osimertinib has emerged as the standard first-line treatment for advanced non-small cell lung cancer (NSCLC) with EGFR
mutations, offering improved tolerability and demonstrating superior efficacy against brain metastases in comparison with
other tyrosine kinase inhibitors. The Meckel’s cave is a dural recess in the posteromedial part of the middle cranial fossa
that acts as a conduit for the trigeminal nerve between the anterior pontine cisterna and the cavernous sinus, and houses the
Gasserian ganglion and proximal radicle of the trigeminal nerve. Trigeminal neuropathy, characterized by numbness and
dysesthesia of the skin and mucous membranes of the face, poses diagnostic challenges and often requires differentiation
from conditions, such as compression neuropathy, inflammation, and drug-induced reactions. Here, we report the case of
Meckel’s cave metastasis. She presented headache, anorexia, left facial numbness, and pain indicative of trigeminal neu-
ropathy. Imaging revealed metastasis to Meckel’s cave, consistent with her clinical symptoms. EGFR L858R mutation was
detected by primary lesion of the lung DNA analysis. Treatment with osimertinib led to regression of the primary tumor
and improvement of the trigeminal neuropathy within 3 months. Importantly, our review of the relevant literature identified
only two similar cases with metastasis of lung adenocarcinoma to Meckel’s cave. Ours was the only case in which symptom
resolution was achieved. We underscore the utility of MRI and PET/CT studies in evaluating trigeminal-related symptoms
and discuss imaging characteristics that may aid in their differentiation.

Keywords Osimertinib - Meckel’s cave - NSCLC - EGFR - Case report

Introduction with sustained systemic and intracranial responses and
improvement in neurological symptoms.

Osimertinib has become the standard first-line treatment

for advanced NSCLC with EGFR mutations. Osimertinib is

generally well tolerated and has better activity against brain ~ Case presentation

metastases than other tyrosine kinase inhibitors [1]. How-

ever, its efficacy has not been confirmed in cases of intrac-  An 89-year-old woman presented with headache, anorexia,
ranial metastasis to Meckel’s cave or trigeminal symptoms. left-sided facial numbness, pain, and intraoral numbness on
In this study, we report a rare case of osimertinib treatment  the left side. The patient’s medical history included hyper-
tension, constipation, osteoporosis, and insomnia. She had
no history of cancer but had undergone cholecystectomy at
75 years of age due to cholecystitis. Medications included
antihypertensive drugs, lipid-lowering agents, osteoporo-
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yahuu42japann @ gmail.com
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Five years prior, she had been diagnosed with left upper
lobe lung adenocarcinoma (cT2aNOMO, stage I1B) during
a comprehensive examination and biopsy, following the
detection of abnormalities of chest images. She declined
surgery and underwent regular X-ray and MRI follow-up.
In March of the present year, she developed left-sided facial
numbness, pain, intraoral numbness, and headache, leading
to reduced food intake. Initial treatment at an orthopedic

Fig.1 A Head computed tomography (CT) on arrival. B Head mag-
netic resonance imaging (MRI) on arrival. C, D Positron emission
tomography (PET) on admission

Fig.2 Response of Meckel’s
cave metastasis following the
initiation of osimertinib. MRI
imaging course at baseline
before treatment (A) and at
108 day post-treatment (B)

@ Springer
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clinic provided no improvement, prompting her to seek care
in the internal medicine department.

On admission, her general condition was good with no
cognitive impairment (performance status 1). A physical
examination revealed no abnormal neurological or motor
findings, except for sensory abnormalities on the left side
of the face and tongue.

Further investigations revealed a lung mass on chest radi-
ography and a 50-mm tumor in the left upper lobe on chest
CT, with infiltration into surrounding tissues and bilateral
hilar lymphadenopathy. The left middle cranial fossa medial
Meckel’s cave showed low intensity on T2-weighted imag-
ing, high intensity on T1-weighted imaging, and contrast
enhancement on gadolinium-enhanced MRI (Fig. 1B).
Blood tests revealed elevated CEA levels. PET-CT revealed
FDG accumulation in the left lung apex with mediastinal,
pulmonary artery, and chest wall involvement, along with
contralateral hilar lymph node metastasis and a lesion in the
left Meckel’s cave (Fig. 1C, D).

The patient was diagnosed with trigeminal nerve dysfunc-
tion secondary to tumor infiltration based on the imaging
findings and clinical course. Molecular biological analysis
of a primary tumor sample obtained 5 years prior revealed
an EGFR L858R mutation. Despite refusing a biopsy of the
Meckels’s cave and chemoradiotherapy, she opted for treat-
ment with osimertinib (80 mg daily) because of her good
performance status and familial support. After 108 days,
tumor regression and improvement in trigeminal nerve dys-
function were observed (Fig. 2). Mild residual oral discom-
fort persisted, but other symptoms disappeared. Osimerti-
nib-related adverse effects included manageable grade 1 nail
inflammation and thrombocytopenia. The tumor size and
symptoms remained stable after 11 months of treatment.




International Cancer Conference Journal

Discussion

In this case, the findings of imaging studies performed to
investigate the new appearance of trigeminal symptoms
suggested metastasis of lung adenocarcinoma, which was
consistent with the post-treatment course of the disease.
The mechanism of metastasis from the primary lung tumor
to Meckel’s cave is thought to be the hematogenous spread
of tumor cells. The trigeminal nerve is the fifth cranial
nerve that passes through Meckel’s cave inside the skull.
Trigeminal neuropathy is a disease that causes numbness
and dysesthesia of the facial skin and mucous membranes
(the eye, skin, and oral cavity). It can also cause anorexia
and depression, but these are often treated as indeter-
minate complaints, and their detection may be delayed.
Bone metastases from adenocarcinoma of the lung occur
in approximately 40% of cases, but only approximately 3%
of metastases are found in the skull, including the sphe-
noid bone [2]. The incidence of nearby posterior menin-
geal metastases in EGFR mutation-positive NSCLC is
approximately 9%, which is higher than that of other dis-
ease types, and the median overall survival from the diag-
nosis is 3—10 months [3]. There are few reports of patients
with trigeminal symptoms due to lung cancer metastasis
to Meckel’s cave. The characteristics of the previous
reports and this case are summarized in Table 1 [4, 5].
The two cases of metastasis to Meckel’s cave we reviewed
involved compression from sphenoidal metastases and
metastasis to the trigeminal ganglion. In those cases, one
patient survived for 18 months after starting gefitinib, and
another was treated with radiotherapy. However, our case
is unique in that osimertinib was administered, result-
ing in the improvement of trigeminal symptoms within

3 months, with the imaging course of improvement docu-
mented. MRI is useful for the evaluation of patients with
symptoms and signs related to the trigeminal nerve, and a
low signal intensity on T2-weighted imaging may indicate
metastasis from adenocarcinoma, lymphoma, or inflam-
matory disease. During differentiation, meningiomas
progress slowly and show a signal similar to that of the
brain parenchyma on T1-weighted MRI, while trigeminal
schwannomas show a slightly lower signal than gray mat-
ter on T1-weighted imaging. Understanding these imaging
features is helpful in differentiating special head lesions
[5]. In addition, a contrast with surrounding bone tissue
on PET-CT may be useful. Regarding the Meckel’s cave
tumor extension in this case, the MRI showed a similar
type of nerve tumor with blood flow control, and the fact
that the patient presented with imaging extinction and no
bony changes could suggest trigeminal nerve metastasis.
With regard to the treatment of neurological findings, an
analysis of osimertinib versus standard EGFR-TKI in a
subset of FLAURA study patients with documented CNS
metastases on brain scans showed a significant improve-
ment in CNS PFS and a 52% reduced risk of CNS progres-
sion [1]. The efficacy of osimertinib in EGFR mutation-
positive lung cancer with leptomeningeal metastases has
also been investigated, showing an improvement in neuro-
logical status in 57% of patients [3]. Although the precise
location was not Meckel’s cave, these studies show that
osimertinib can be a treatment option for patients who
cannot undergo invasive treatment. In our patient, anorexia
was likely due to oral symptoms associated with trigemi-
nal neuropathy, osimertinib treatment alone provided early
improvement, contributing to a better quality of life, even
in a very elderly patient. The only limitation of this case
was that a biopsy of the head lesion was not performed.

Table 1 Case report of Meckel’s cave metastasis in a patient with lung cancer

Case Age/sex Primary cancer Symptoms Metastasis site Treatment Outcome/
prognosis
Bandoh et al. [4] 74/F Lung Adenocarci- Left cheek dyses- Left foramen Gefitinib No improvement in
noma thesia rotundum in the symptoms/alive
sphenoid bone (18 months)
Cerase et al. [S] 69/M Lung Adenocarci- Right cheek sensory  Cisternal and Palliative irradiation No improvement in
noma loss, Paresthesia Meckel’s cave seg- symptoms/dead
ments of ipsilateral (some weeks)
trigeminal nerve
Our Case 89/F Lung Adenocarci- Left facial numb- Trigeminal nerve Osimertinib Symptom resolution,

noma ness, Left facial

pain, Left intraoral
numbness, Head-

ache, Anorexia

(Meckel’s cave)

Tumor regres-
sion/stable for
11 months

11
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Conclusion

Lung cancer metastasis to Meckel’s cave is rare. However,
when facial symptoms are present, physical and imaging
findings should be reviewed with trigeminal neuropathy in
mind, and metastasis should be considered. In that case,
osimertinib should be considered for patients with EGFR
mutation-positive lung cancer.
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