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Complications in Patients with Progressive Supranuclear Palsy

International Congress of Parkinson’s Disease and Movement Disorders 2022.9.17 Spain
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i PD BB 21T DIFEEM B~ L ARt g T 7 —F ~
Nonpharmacological Treatment of Elderly Patients with PD: A Multidisciplinary Approach
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ODaryl Tan, Kazuyuki Shimizu
Asian Patient Support Committee

47TH Annual Asian Myeloma Network Summit 2020.10.18 Singapore(Virtual)
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OMakoto Tahara, Hiroshi Takami, Yasuhiro Ito, Takahiro Okamoto, Iwao Sugitani, Kiminori Sugino, Shunji
Takahashi, Hiroshi Takeyama, Hidemitsu Tsutsui, Hisato Hara, Ayako Mitsuma, Hiroyuki Yamashita, Yasuo
Ohashi, and Tsuneo Imai
Planned drug holiday in Cohort study exploring the effect of lenvatinib on differentiated thyroid cancer

2021 ASCO Annual Meeting 2021.6.4-8 (Virtual)
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Nontuberculous Mycobacterial Lung
Disease With Multilobar Lesions
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Background. Nontuberculous mycobacterial lung dis-
ease often spreads to multiple lobes, and extensive lung
resection (ELR) is sometimes required to control the dis-
ease. The safety and feasibility of ELR for nontuberculous
mycobacterial lung disease remain unclear, however.

Methods. This retrospective study included patients
with nontuberculous mycobacterial lung disease who
underwent adjuvant lung resection. Characteristics were
compared between patients who underwent ELR and
those who underwent simple anatomic lung resection
(SALR). The outcome data were analyzed by a Cox
regression analysis.

Results. A total of 146 patients underwent ELR (n =
54) or SALR (n = 92). ELR was associated with a longer
operative time (306 vs 237 minutes; P < .001) and higher
incidence of prolonged air leak (17% vs 3.3%; P = .016)

Ithough antimicrobial therapy is the main treatment

for nontuberculous mycobacterial lung disease
(NTM-LD), treatment success rates in patients receiving
antibiotic therapy remain unsatisfactory despite the
introduction of newer macrolide-containing regimens."”
Surgery may thus play an important adjunct role for
achieving disease control in refractory cases.

Many studies have shown that lung resection in
combination with multiple antibiotics is associated
with favorable outcomes in patients with NTM-LD.***
When lesions exist within a single lobe, simple
anatomic lung resection (SALR) consisting of lobectomy
and segmentectomy or wedge resection is usually
performed. When lesions spread to multiple lobes,
however, pneumonectomy or extensive lung resection
(ELR) is required.
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than SALR. Rates of mortality, sputum culture conver-
sion (positive to negative), and microbiological recur-
rence did not differ markedly between the groups. In the
multivariate analysis, ELR was not a significant risk fac-
tor for an unfavorable outcome after nontuberculous
mycobacterial lung disease surgery (hazard ratio, 2.23;
95% confidence interval, 0.82-6.03; P= .11).

Conclusions. ELR for nontuberculous mycobacterial
lung disease has some drawbacks compared with SALR
but seems as safe and feasible as SALR. ELR may provide
improved disease control in some cases of non-
tuberculous mycobacterial lung disease with multilobar
lesions.

(Ann Thorac Surg 2021;111:253-60)
© 2021 by The Society of Thoracic Surgeons

Pneumonectomy for NTM-LD is reported to be a high-
risk procedure'”'*"* and may be one reason why physi-
cians are reluctant to suggest surgery for patients with
multilobar lesions. Nevertheless, the outcomes of ELR for
NTM-LD remain unexplored. The present study evalu-
ated the safety and feasibility of ELR for NTM-LD with
multilobar lesions.

Patients and Methods

Study Design and Participants

We retrospectively reviewed the medical records of all
patients who underwent adjuvant surgical treatment for
NTM-LD at the National Hospital Organization Higa-
shinagoya National Hospital (415-bed hospital in Nagoya,
Japan) and the National Hospital Organization Nagoya
Medical Center (740-bed hospital in Nagoya, Japan) from
January 2008 to April 2019. All patients met the 2007
American Thoracic Society/Infectious Disease Society of
America diagnostic criteria for NTM-LD.'® Ethics com-
mittee approval was obtained. The requirement for
informed consent was waived because of the retrospec-
tive nature of the analysis.

0003-4975/$36.00
https://doi.org/10.1016/j.athoracsur.2020.05.067
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Preoperative and Postoperative Antimicrobial Treatment

All patients received antimicrobial therapy before and
after surgery. Those with Mycobacterium avium complex
lung disease (MAC-LD) received standard combination
antibiotic therapy (oral macrolide [clarithromycin],
ethambutol, and rifampicin) for at least 3 months before
surgery. If necessary, an intramuscular aminoglycoside
injection was added to the regimen. Postoperatively,
antimicrobial therapy was continued for at least 1 year
using the same regimen as before surgery.

Surgical Procedure
Patients in whom lung resection was likely to enhance the
outcome of medical treatment and control disease were
selected based on discussions in a multidisciplinary
conference, including pulmonary physicians and sur-
geons. Indications for pulmonary resection were deter-
mined with reference to the 2007 American Thoracic
Society/Infectious Disease Society of America guidelines,
and generally included: (a) a poor response to medical
therapy and disease progression, (b) remnant cavity le-
sions and/or severe focal bronchiectasis, and (c) the
development of complications, such as massive hemop-
tysis.'® Surgical candidates should have a sufficient pul-
monary function (>40% of the predicted postoperative
forced expiratory volume in 1 second) to tolerate lung
resection.'” Except for patients with massive hemoptysis,
patients generally performed daily respiratory training
for more than 3 months before surgery.

Surgery was performed under general anesthesia using
a double-lumen endobronchial tube. Video-assisted
thoracoscopic surgery (VATS) was generally performed.
If dense pleural adhesion was found, VATS was con-
verted to posterolateral thoracotomy. Bronchial stumps
were not routinely buttressed. All patients were followed
postoperatively in our outpatient clinic. Chest computed
tomography and sputum culture were performed at least
every 3 to 6 months during the follow-up period.

Data Collection

The data included the baseline patient demographic and
clinical characteristics (age, sex, body mass index, respi-
ratory symptoms, causative pathogen, type of disease,
antimicrobial treatment, and treatment period before
surgery), operative details (type of resection, surgical
approach, operative time, estimated blood loss, and blood
transfusion), postoperative outcomes (mortality, compli-
cations, indwelling time of the chest tube, postoperative
hospitalization period, sputum culture conversion,
microbiological recurrence, death during follow-up
period), pulmonary function before and after surgery,
and follow-up period after surgery.

Chest radiography and computed tomography findings
were classified as showing a nodular-bronchiectatic,
fibrocavitary, or nodular-bronchiectatic-+fibrocavitary
form."”® ELR was defined as a procedure in which 2 or
more lesions were resected from separate lobes, with at
least one SALR. The operative time was the time from
incision to wound closure. Complications were defined

Ann Thorac Surg
2021;111:253-60

according to the Common Terminology Criteria for
Adverse Events version 3.0 (CTCAE v 3.0)."” Microbio-
logical recurrence was defined as 2 or more positive
sputum cultures, regardless of the radiologic findings.”

Endpoint

Patients in whom sputum culture conversion (positive to
negative) was not achieved after surgery or who had
microbiological recurrence during the follow-up period
were classified as the unfavorable outcome group.

Statistical Analyses

All analyses were in accordance with the Statistical and
Data Reporting Guidelines for the European Journal of
Cardiothoracic Surgery and Interactive Cardiovascular and
Thoracic Surgery.”' The probability of a favorable outcome
was estimated according to the Kaplan-Meier method
and calculated from the date of surgery to the date of
recurrence; otherwise, patients were censored at the date
of death or last follow-up. For patients in whom sputum
culture conversion was not achieved, the date on which
the first sputum examination was performed after surgery
was defined as the event date. Continuous variables in
the 2 groups were compared using the Mann-Whitney U
test, and categorical variables were compared using
Fisher’s exact test. A Cox regression analysis was used for
risk analyses. Independent variables were selected based
on their clinical significance determined in previous
studies.>*>** For the multivariate analysis, 2 independent
variables were selected, taking into account the number
of patients in the smaller group.

All tests of significance were 2-sided; P values of less
than .05 were considered statistically significant. The
statistical analyses were performed using EZR (version
1.40; Saitama Medical Center, Jichi Medical University,
Saitama, Japan), which is a graphical user interface for R
(version 3.5.3; The R Foundation for Statistical
Computing, Vienna, Austria).**

Results

During the study period, 708 patients were diagnosed
with NTM-LD. Among these, 168 (24%) underwent
adjuvant surgical treatment. Excluding 13 patients who
underwent surgery twice (bilateral, n = 12; completion
pneumonectomy, n = 1) and 9 who underwent wedge
resection, 146 patients were enrolled in this study (ELR,
n = 54; SALR, n = 92) (Figure 1).

The study population of 146 patients included 106 (73 %)
women with a mean age of 56 years (range, 20-77) and a
mean body mass index of 19.8 kg/m? (range, 13.5-24.5).
Seventy-nine of the 146 (54%) patients had preoperative
respiratory symptoms (eg, cough, mucous/purulent
sputum, and hemoptysis). The causative pathogen was
Mycobacterium avium in 93 patients (64%), M. intracellulare
in 37 (25%), M. abscessus in 10 (6.8%), and other in 6 (4.1%).
The radiographic features were nodular-bronchiectatic
form in 95 patients (65%), fibrocavitary in 18 (12%), and
nodular-bronchiectatic-+fibrocavitary in 33 (23%).
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Patients diagnosed with NTM lung disease
between January 2008 and April 2018 (n=708)

Patients who underwent adjuvant surgery for NTM lung disease (n=168)

Excluding patients who underwent surgery twice (n=13)
(Bilateral, n=12; Completion pneumonectomy, n= 1)

hd

Patients who underwent adjuvant surgery once for NTM lung disease (n=155) ‘

—| Excluding patients who underwent wedge resection (n=9) ‘

Patients who underwent adjuvant surgery for NTM lung disease

excluding wedge resection (n=146)

" 4

Patients who underwent Patients who underwent

extensive lung resection (n=54) simple anatomic lung resection (n=92)

Figure 1. Selection of patients in the present study. (NTM, non-
tuberculous mycobacterial.)

No significant differences were observed in the age,
sex, body mass index, respiratory symptoms, causative
pathogen, additional aminoglycoside, or time from initial
chemotherapy to surgery between the ELR and SALR
groups. However, the nodular-bronchiectatic form was
more frequently observed in the SALR group (P = .012),
and the nodular-bronchiectatic+fibrocavitary form was
more frequently observed in the ELR group (P < .001)
(Table 1).

The main types of lung resection in the ELR group were
lobectomy+wedge resection (n = 14; 26%); bilobectomy
(n = 12; 22%); and lobectomy+segmentectomy (n = 10;
19%). The types in the SALR group were lobectomy (n =
65; 71%) and segmentectomy (n = 27; 29%). VATS was
used as the surgical approach in more than 90% of cases
in both groups, and the conversion-to-open rate did not
significantly differ between the groups. The operative
time was significantly longer in the ELR group than in the
SALR group (306 vs 237 minutes; P < .001). However, the
estimated blood loss and rate of perioperative blood
transfusion did not differ markedly between the groups
(Table 2).

Regarding the postoperative outcomes, there were no
significant differences between the ELR and SALR
groups in the mortality at 30 and 90 days, sputum

YAMADA ET AL 255
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culture conversion, microbiological recurrence, death
during follow-up period, or follow-up period after sur-
gery. In the ELR group, however, the incidence of
complications was significantly higher (24% vs 7.6%; P =
.003), the indwelling time of the chest tube was signifi-
cantly longer (mean, 4.6 vs 3.0 days, P = .005), and the
postoperative hospitalization period was significantly
longer (mean, 8.8 vs 7.3 days; P = .035) than in the SALR
group. Prolonged air leak was the only complication for
which a significant difference was observed between the
groups; however, a significant difference was observed
in the incidence of grade 2 prolonged air leak (P = .004),
but not grade 3 (P > .99). No patient developed bron-
chopleural fistula. In all 79 patients with preoperative
respiratory symptoms, the symptoms improved or dis-
appeared after surgery. There were 3 late deaths during
this series. Two patients died of unrelated causes 4.6 and
5.7 years after ELR (1 each), and 1 patient died of res-
piratory failure 4.7 years after SALR (Table 3). Kaplan-
Meier curves for the probability of a favorable
outcome are shown in Figure 2.

The pulmonary function was tested 2 weeks before
and 3 months after surgery, and data were available
for 119 patients (ELR, n = 48; SALR, n = 71). There
were no significant differences in the forced volume
capacity or forced expiratory volume in 1 second
before and after surgery between the groups, but a
trend toward lower forced volume capacity and
forced expiratory volume in 1 second values after
surgery was noted in the ELR group (Figure 3). No
patients required long-term oxygen therapy after
discharge.

The Cox regression analysis revealed that ELR was not
a significant risk factor for an unfavorable outcome
(hazard ratio, 2.23; 95% confidence interval, 0.82-6.03;
P = .11) (Table 4).

Comment

This study compared the safety and feasibility of ELR for
NTM-LD with that of SALR. Our results showed that ELR
achieved similar results to SALR regarding the rates of
mortality, sputum culture conversion, and microbiolog-
ical recurrence, although ELR was associated with a
longer operative time and higher incidence of prolonged
air leak. In addition, more than 90% of ELR operations
were able to be performed by VATS. The most important
finding of this study was that ELR was not a risk factor for
unfavorable outcomes after surgical treatment for NTM-
LD with multilobar lesions.

Bronchiectatic and cavitary lesions are 2 main forms of
NTM-LD. A previous study suggested that surgical
treatment for bronchiectasis should be limited to patients
with localized disease, that complete resection was asso-
ciated with a better prognosis than incomplete resec-
tion,”® and that most infections after treatment
completion were due to new strains that primarily
occurred in patients with nodular bronchiectasis.”® Simi-
larly, cavitary lesions have been reported as a cause of
disease progression and recurrence after the
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Table 1. Demographic and Clinical Characteristics of Patients Who Underwent ELR or SALR

Variable ELR (n = 54) SALR (n = 92) P Value
Age at surgery, y 56.9 (24-75) 54.8 (20-77) 31
Female 39 (72.2) 67 (72.8) >.99
Body mass index, kg/m2 19.8 (16.0-24.5) 19.8 (13.5-24.2) .81
Respiratory symptom 32 (59.3) 47 (51.1) .39
Cough and/or mucous/purulent sputum 23 (42.6) 37 (40.2) .86
Hemoptysis 14 (25.9) 18 (19.6) 41
Causative pathogen
M. avium 40 (74.1) 53 (57.6) .052
@) M. intracellulare 9 (16.7) 28 (30.4) .077
) M. abscessus 3 (5.6) 7 (7.6) 75
é M. gordonae 2 (3.7) 1(1.1) .56
% M. lentiflavum 0 (0) 1(1.1) >.99
: M. chelonae 0 (0) 1(1.1) >.99
; M szulgai 0(0) 1(1.1) >.99
2 Type of disease
8 Nodular-bronchiectatic 28 (51.9) 67 (72.8) .012
Fibrocavitary 3 (5.6) 15 (16.3) .070
Nodular-bronchiectatic+fibrocavitary 23 (42.6) 10 (10.9) <.001
Additional aminoglycoside 43 (79.6) 64 (69.6) 25
Time from initial chemotherapy to surgery, mo 47.7 (5-184) 42.5 (3-176) 19

Values are presented as mean (range) or number (%).

ELR, extensive lung resection; SALR, simple anatomic lung resection.

discontinuation of antimicrobial therapy for MAC-LD.”’  previous findings suggest that one of the key points in
In addition, a residual cavitary lesion after surgery has surgical treatment for NTM-LD is to ensure that no
been reported to predict microbiological recurrence and a destructive lesions of the lung are left and thereby pre-
poor prognosis in patients with NTM-LD."? These vent recurrence.

Table 2. Operative Details of Patients Who Underwent ELR or SALR

Variable ELR (n = 54) SALR (n = 92) P Value
Type of resection

Segmentectomy 27 (29.3)

Segmentectomy+wedge resections 6 (11.1)

Segmentectomy+sub-segmentectomy 2 (3.7)
Lobectomy 65 (70.7)

Lobectomy-+wedge resections 14 (25.9)

Lobectomy-+sub-segmentectomy 2(3.7)

Lobectomy+sub-segmentectomy-+wedge resections 1(1.9)

Lobectomy-+segmentectomy 10 (18.5)

Lobectomy+segmentectomy+wedge resections 3 (5.6)

Lobectomy+two segmentectomies 2 (3.7)

Lobectomy+three segmentectomies 1(1.9)

Bilobectomy 12 (22.2)

Bilobectomy-segmentectomy 1(1.9)
Approach

Video-assisted thoracoscopic surgery 50 (92.6) 85 (92.4) >.99

Conversion to open thoracotomy 4 (7.4) 7 (7.6) >.99
Operative time, min 306 (110-669) 237 (79-688) <.001
Estimated blood loss, mL 109 (5-600) 126 (2-2243) .20
Perioperative blood transfusion 0 (0) 3 (3.3) .30

Values are presented as mean (range) or number (%).

ELR, extensive lung resection; SALR, simple anatomic lung resection.
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Table 3. Postoperative Outcomes in Patients Who Underwent ELR or SALR

Variable ELR (n = 54) SALR (n = 92) P Value
Mortality at 30 days 0 (0) 0 (0)
Mortality at 90 days 1(1.9) 0 (0) 37
Complications 13 (24.1) 7 (7.6) .003
Prolonged air leak 9 (16.7) 33.3) .016
Grade 2 7 (13.0) 1(1.1) .004
Grade 3 2 (3.7) 2 (2.2) >.99
Arrhythmia 2 (3.5) 1(1.1) 56
Empyema 0 (0) 2(2.2) .53
Pneumonia 1(1.9) 0 (0) .37 )
Acute exacerbation of interstitial pneumonia 1(1.9) 0 (0) .37 %"
Wound dehiscence 0 (0) 1(1.1) >.99 ‘;’
Indwelling time of the chest tube, d 4.6 (1-40) 3.0 (1-32) .005 Z
Postoperative hospitalization period, d 8.8 (3-40) 7.3 (2-81) .035 E
Sputum culture conversion 52 (96.3) 92 (100) 14 o)
Microbiological recurrence 6 (11.1) 8 (8.7) 77 E
Death during follow-up period 2(3.7) 1(1.1) .56 %
Follow-up period after surgery, mo 52.7 (3-129) 61.6 (4-136) 13

Values are presented as mean (range) or number (%).

ELR, extensive lung resection; SALR, simple anatomic lung resection.

In the present study, the nodular-bronchiectatic form
was more frequently observed in the SALR group
because the bronchiectatic lesions were often in a single
lobe and removed by SALR, whereas the nodular-
bronchiectatic+fibrocavitary form was more frequently
observed in the ELR group because bronchiectatic and
cavitary lesions were often identified in separate lobes

Logrank test P= .17

0.4 7

Favorable outcome probability

0.2 7

SALR — ELR ---

T T T T T
0 2 4 6 8 10

Years since surge!
Number at risk sty

SALR 92 63 50 25 12 4
ELR 54 33 20 8 3 2

Figure 2. A Kaplan-Meier curve showing the probability of
favorable outcome in patients who underwent extensive lung resection
(ELR; dotted line) or simple anatomic lung resection (SALR; solid
line).

and thus required ELR to remove both lesions.
Nondestructive lesions, however, such as scattered and/
or small nodule lesions, may be left in order to preserve
the pulmonary function. A previous study hypothesized
that the resection of major bacterial foci might facilitate
the chemotherapeutic management of lesions that are
not associated with cavities or bronchiectasis.” Indeed,
nondestructive lesions have often been found to shrink
or disappear entirely after surgery. The purpose of
surgical treatment for NTM-LD is to control the disease
and reduce the pathogen presence in the lung through
resection of lesions, not to remove all lesions
completely. The selection of nondestructive lesions that
may safely be left may require expert judgment,
however.

When the lesions to be resected are spread over mul-
tiple lobes, pneumonectomy or ELR is required to remove
them, although pneumonectomy has been reported to be
a high-risk procedure for NTM-LD. In addition, ELR
generally preserves the pulmonary function better than
pneumonectomy. In cases where lesions have spread to
all lobes on one side but nondestructive lesions that do
not require resection make up a certain percentage of the
lesions, ELR may be performed instead of pneumonec-
tomy. However, whether or not surgical treatment should
be performed if the involved area cannot be completely
removed without pneumonectomy, such as in cases of
total lung destruction, remains controversial.

In general, ELR involves a longer operative time than
SLR because ELR requires additional procedures. In the
present study, the mean operative time of ELR was 69
minutes longer than that of SALR, although it was
within the acceptable range. The rate of prolonged air
leak in the ELR group was higher than that in the SALR
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Figure 3.  Forced volume capacity (FVC) and forced expiratory volume in 1 s (FEVy) before and after surgery in patients who underwent extensive
lung resection (ELR) or simple anatomic lung resection (SALR). The lowest bar shows the 10th percentile, and the highest bar shows the 90th

percentile.

group. One reason for this may be that the parenchymal
dissection line is usually longer in ELR. In that case, the
occurrence of prolonged air leak may be reduced by a
more rigorous sealing test of the dissection line.
Although prolonged air leak was suspected to have
caused the longer indwelling time of the chest tube and
the longer postoperative hospitalization period, the
rates of other complications did not differ markedly
between the groups. Furthermore, although the post-
operative pulmonary function tended to be lower in the
ELR group than in the SALR group (without signifi-
cance), this is considered to be a normal phenomenon,
as ELR generally requires a larger resection area than

SALR. No significant differences were recognized in the
30- or 90-day mortality, sputum culture conversion, or
microbiological recurrence. These results indicate that
ELR is as safe as SALR.

A previous study reported that thoracoscopic resection
was attempted in 83% of cases of infectious lung disease,
including NTM-LD.?® Another report demonstrated that
VATS lobectomy could be performed safely for bronchi-
ectasis with better results in comparison to thoracot-
omy.”’ In the present study, 93% of ELR operations were
performed by VATS, which was comparable to the rate in
SALR. Minimally invasive ELR is usually feasible if there
is no dense pleural adhesion.

Table 4. Predictors of Unfavorable Outcomes in Patients Who Underwent Surgery for NTM-LD

No. (%) of Patients

Univariate Analysis Multivariate Analysis

Unfavorable Adjusted HR
Variable Favorable (n = 130) (n =16) HR (95% CI) P Value (95% CI) P Value
Extensive lung resection 46 (35.3) 8 (50.0) 1.96 (0.73-5.27) 18 2.23 (0.82-6.03) 11
Body mass index < 18.5 kg/m2 39 (23.1) 1(6.3) 0.17 (0.02-1.29) .09 0.15 (0.02-1.17) .07
Age > 65y 25 (19.2) 5 (31.3) 2.05 (0.71-5.92) 18
M. avium 81 (62.3) 12 (75.0) 1.61 (0.52-5.01) A1
Nodular-bronchiectatic lesion 83 (63.8) 12 (75.0) 1.48 (0.47-4.62) .50

CI, confidence interval; HR, hazard ratio; NTM-LD, nontuberculous mycobacterial lung disease.
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The outcomes after ELR for NTM-LD in the present
study were as follows: mortality rate 1.9%, complication
rate 24%, sputum culture conversion rate 96%, and rate of
microbiological recurrence 11%. Except for the compli-
cation rate, the outcomes of ELR in the present study
were comparable to those in previous reports on surgical
treatment for NTM-LD or MAC-LD.”"® However, in
previous reports on antibiotic treatment, newer
macrolide-containing regimens were found to success-
fully eradicate MAC-LD in only 60% to 80% of cases ."” In
a meta-analysis of studies concerning MAC-LD therapy,
the treatment success rate was 39% to 60%."“° Further-
more, the rate of recurrence after successful treatment
was high (32%).® In our study, 85% of patients showed a
favorable outcome after ELR. Although a standard defi-
nition of successful surgical treatment for NTM-LD has
not yet been established, this may be an acceptable result,
given that many patients participating in this study were
refractory to antibiotic therapy. In addition, the symptom
improvement rate (100%) in this study was very prom-
ising in comparison with the previously reported
improvement rate (79%), assessed by clinical parameters
at the end of antibiotic treatmen.’® Because some bias is
applied when considering surgical indication, ELR cannot
simply be compared with antibiotic treatment alone.
However, in the current situation, where the effectiveness
of chemotherapy has not been established, some patients
with lesions that are not confined to a single lobe but are
refractory to antibiotic treatment may benefit from more
aggressive surgery.

Our study was associated with several limitations. In
particular, it was performed at 2 hospitals, utilized a
retrospective design, and included a small number of
patients. Prospective multicenter studies with a large
number of patients are required to confirm the present
results. In addition, because we did not perform a mo-
lecular analysis, we were unable to distinguish between
relapse and reinfection.

In summary, ELR for NTM-LD is associated with some
drawbacks compared with SALR, but the available data
indicate that ELR for multilobar lesions is as safe and
feasible as SALR for single lobar lesions. ELR may pro-
vide improved disease control in some cases of NTM-LD
with multilobar lesions.
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Abstract

Aim: To present the techniques of transvaginal mesh surgery for pelvic organ
prolapse without the blind maneuver and elucidate its safety and efficacy.
Methods: This retrospective study included 45 women with a mean age of
77.9 years old. We investigated surgical outcomes including complications, ana-
tomical recurrence rates, and changes in both subjective symptoms and quality
of life.

Results: The surgery required 111 + 18 min and blood loss was 40 * 24 g. Minor
injuries of the bladder and rectum occurred in two and one patient, respectively.
The urethral catheter was removed on postoperative day 1.1 and patients were
discharged on postoperative day 4.4. No one experienced voiding dysfunction
requiring catheterization. Wound infections occurred in two patients but they sub-
sided with only antibiotics administered. Five patients had anatomical recurrence
during a median follow-up of 17 months. Of these, two underwent reoperation
and the remaining three were solely followed-up because there were no or few
associated problems. Chronic pain, mesh erosion, and exposure were absent in all
cases. Subjective symptoms and quality of life significantly improved after surgery
at 12 months postoperatively.

Conclusion: It is considered that transvaginal mesh surgery without the blind
maneuver is a safe and effective way to treat women with pelvic organ prolapse.

KEYWORDS

pelvic organ prolapse, reconstructive surgery, surgical outcome, transvaginal mesh

most facilities, therefore, surgeons created a mesh insert
by cutting polypropylene mesh (Gynemesh PS; Ethicon,

It was reported that pelvic organ prolapse (POP) and
stress urinary incontinence (SUI) are major health issues
for older women, and 11.1% had a risk of requiring one
or more surgeries by the age of 80." Various surgeries
such as hysterectomy with/without sacrospinous ligament
fixation, anterior/posterior colporrhaphy, and colpoclei-
sis had been carried out for POP before 2000. However,
several studies revealed higher recurrence or reoperation
rates with native tissue repair than transvaginal mesh
(TVM) surgery.” > TVM surgery was first reported in
2004 by French gynecologists.® Afterwards, various mesh
kits were marketed and then TVM surgery rapidly spread
throughout the world. In Japan, commercial ready-made
kits were not made available because the Ministry of
Health, Labour and Welfare did not license them. In

Somerville, NJ, USA or Polyform synthetic mesh; Boston
Scientific, Natick, MA, USA) to match the pattern of the
Prolift System (Ethicon, Somerville, NJ, USA), other
kits, or the original pattern.”®

TVM surgery reportedly involved the risk of complica-
tions during or after surgery, such as injury of the bladder,
rectum, and ureter, accidental massive bleeding/hema-
toma, urinary dysfunction, infection, dyspareunia, chronic
pain, mesh erosion/exposure, and vaginal scarring.” " In
2019, The US Food and Drug Administration ordered the
manufacturers of all surgical mesh products indicated for
the transvaginal repair of POP to stop selling and distrib-
uting their products.'* Accordingly in Japan, the supply of
polypropylene mesh for transvaginal was suspended, and
polytetrafluoroethylene (PTFE) mesh (ORIHIME; Kohno

J Obstet Gynaecol Res. 2023;1-7.
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Seisakujo, Chiba, Japan) was approved for TVM surgery.
Thus, in Japan, surgeons can select TVM surgery as well
as laparoscopic sacrocolpopexy (LSC) or native tissue
repair according to the POP type and/or patients’ general
conditions.'>'®

Conventional TVM surgery includes blunt paravesi-
cal dissection toward the pelvic wall and trocar/needle-
guided puncture. A large mesh was reported to cause
problems. In order to reduce complications, it is impor-
tant to avoid the blind maneuver, minimize dissection,
and make the mesh size as small as possible. In the pre-
sent study, we described our POP repair under direct
vision and evaluated the surgical outcome.

METHODS
Patients

This retrospective study was reviewed and approved by
the Institutional Review Board of Higashinagoya hospi-
tal. The POP stage was diagnosed according to the
POP-Q system. The indication of surgery was stage II or
greater, and problematic symptoms caused by POP. In
this study, we included 45 patients who underwent TVM
surgery at the above hospitals between April 2018 and
December 2020. Approval of the research protocol: Yes
(No. 1-3). Informed consent: N/A but Opt-out was done.

Analytical methods

The patients were followed-up in the 3rd and 12th postop-
erative months. In this study we defined postoperative
anatomical recurrence as the most distal portion of pro-
lapse greater than 0 cm beneath the hymen. Prolapse
symptoms, urge urinary incontinence (UUI), SUI and
voiding symptoms, and quality of life (QoL) were assessed
by prolapse quality of life questionnaire (PQoL)."” For
scoring symptoms, “not applicable” or “none” was scored
as 0, “a little” as 1, “moderately” as 2, and “a lot” as
3. The prolapse symptom score was defined as the highest
score of the four questions: “feeling a bulge/lump,” “heavi-
ness or dragging feeling,” “vaginal bulge interfering with
emptying bowels,” and “discomfort in the vagina aggra-
vated on standing and alleviated on lying.” The voiding
symptom score was defined as the highest score of three
questions: “poor urinary stream,” “straining,” and “urine
dribbles.” QoL was calculated using the standard method.
We investigated surgical outcomes including complication
and recurrence rates, changes of symptoms, and QoL.
Post-void residual urine (PVR) was measured with a por-
table ultrasound machine. Basically, patients with PVR of
more than 200 ml should be catheterized. Data were
analyzed using SPSS Statistics Version 20.0 (SPSS Inc.,
Chicago, IL, USA). We used paired-sample r-tests
for comparisons between pre- and post-operative data.

A p-value <0.05 was considered significant. Recurrence
was analyzed with the Kaplan—Meier method.

Surgical procedure

Mostly under spinal anesthesia, surgery was carried out
in the lithotomy position. As shown in Figure 1, Orihime
was cut in the shape of “T.” First, 20 ml of saline contain-
ing 1:1 000 000 epinephrine was injected between the pos-
terior vaginal wall and rectum for the purpose of
hydrodissection, and a midline full-thickness incision was

FIGURE 1 Shape and size of TVM mesh. Both mesh arms 1 cm
distal to the end were fixed on the coccygeal muscle when hysterectomy
was not performed, but 3 cm distal when hysterectomy was performed

FIGURE 2 Coccygeal muscle visualized using three Breisky-Navratil
vaginal speculas. Two stiches were placed in the coccygeal muscle.
CM, coccygeal muscle; R: rectum; RVF, rectovaginal fascia
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TVM SURGERY WITHOUT BLIND MANEUVER

FIGURE 3 Schematic overview of our TVM surgery

made. Using three Breisky-Navratil vaginal speculas
(2.5, 3.0 and 3.5 cm width of blade), we mobilized the
rectum medially, incised sharply and/or bluntly tore the
rectovaginal fascia, visualized the coccygeal muscle, and
then placed two deep stiches of 55 cm 2-0 PTFE coating
polyester suture (Tefdesser II: Kohno Seisakujo, Chiba,
Japan) with a 26 mm 1/2 circle round needle in the coccy-
geal muscle on both sides (Figure 2). When the peritoneal
bulge of Douglas’ pouch was seen, the peritoneum was
dissected and fixed by suturing.

Second, after hydrodissection between the anterior
vagina and bladder, a vaginal midline incision was made.
The bladder and uterine cervix were gently dissected from
the vagina by a sharp or blunt maneuver. Dissection toward
the pelvic wall was not required. Through the posterior
incision toward the anterior incision of the vagina, the
route of mesh arms was created adjacent to the uterine cer-
vix or vaginal apex when hysterectomy had been done, and
the bilateral arms were pulled out. The central part of
T-mesh was fixed on the cervix/apex by four stitches and
the vaginal wall around the prolapsed bladder by six to
eight stitches. The redundant mesh was excised according
to the size of the cystocele. The anterior vaginal wall was
closed with 3-0 absorbable sutures.

The mesh arms were fixed with the two sutures on the
coccygeal muscle on both sides (Figure 3). The portion to
fix was 1 cm distal to both ends of mesh arms in patients
without a history of hysterectomy, or 3 cm for ones with

@2

past hysterectomy. Finally, the posterior vaginal wall
was closed.

RESULTS

Backgrounds of the 45 patients are shown in Table 1.
The mean age was 77.9 £ 7.4 years old. There were
32 patients (71.1%) aged 75 or older and only 5 (11.1%)
aged younger than 70. Twenty-one patients had lost
their husband and 40 did not maintain a sex life. Thirty-
three patients (73.3%) were classified as Stage III and
five (11%) as Stage IV. Eighteen patients (40.0%) had

TABLE 1 Patients’ characteristics

Age (years) 77.9 + 7.4 (61-92)

BMI 24.1 +3.8(17.3-32.4)
Husband Present: 24, lost: 21
Sex life Present: 5, absent: 40
Parity 20+0.8

Use of pessary 15 (33.3%)

POP stage 1I: 7 (15.6%), I11: 33 (73.3%),
IV: 5(11.1%)
Types
Cystocele main 16
Cystocele of identical stage to 25
uterine or vaginal prolapse
Uterine or vaginal prolapse 4
main
Prior abdominal surgery 18 (40.0%)
Hystectomy Total: 6, supracervical: 1
POP surgery LSC: 2, AC: 1

Abbreviations: AC, anterior colporrhaphy; LSC, laparoscopic sacrocolpopexy.

TABLE 2 Surgical and perioperative outcomes

Surgical time (min) 111 * 18 (68-152)

Bleeding volume (g) 40 £ 24 (5-105)

Intraoperative complications Bladder injury: 2
Rectal injury: 1

Duration of indwelling urethral 1.1 £0.6 (1-4)

catheter (POD")
Start of meal On the day night: 36
1POD morning: 8
6POD morning: 1
19 + 38 (0-200)
4.4+2.1(2-12)
Wound infection: 2
SUI requiring TVT: 5
16 (35.6%)

Post-void residual urine (ml)
Discharge from hospital (POD")

Postoperative complications

Prescription of anti-OAB medicine

Abbreviations: POD, postoperative day; SUI, stress urinary infection; TVT,
tension-free vaginal tape.
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undergone some abdominal surgeries. Of these, there
were six total hysterectomies, and one supracervical hys-
terectomy concomitantly performed with LSC. The
median follow-up was 17.0 (11.5-42.1) months.

Forty-four patients (97.7%) underwent surgery under
spinal anesthesia but one did so under general anesthesia
because she had spinal bone lesions of multiple myeloma.
The uterine cervix and vaginal apex were fixed to the coc-
cygeal muscles in 39 patients (86.7%) and 6 (13.3%),
respectively. In one patient, we concomitantly repaired
an enterocele without mesh.

Surgical and perioperative outcomes are presented in
Table 2. The mean surgical time was 111 * 18 min and
bleeding volume was 40 + 24 g. In this study, massive
bleeding/hematoma requiring blood transfusion never

occurred either intra- or postoperatively. Difficult dis-
section from the vaginal wall caused small injuries of the
bladder in a patient with prior total hysterectomy and in
another with severe prolapse. Rectal injury occurred near
the perineal body in a patient with a shortened posterior
rectal wall caused by prior total hysterectomy. These
injuries were closed with absorbable sutures in two layers.
The Foley catheter was removed on the fourth postopera-
tive day in one of the former patients, and a patient with
rectal injury needed a 6-day abstinence from foods. The
urethral catheter was removed on the first postoperative
day in the remaining 44 patients. After then, no problem
occurred in these patients. The average PVR was 19 * 38
(0-200) ml. None of the 45 patients experienced urethral
catheterization. Although an 8l-year-old patient had
PVR of 200 ml, she did not undergo catheterization to
preserve her QoL because she could void 400 ml of urine
with straining. She had an underactive bladder caused by

1.0

T spinal canal stenosis, with PVR of 400 ml after voiding

200 ml preoperatively. The median duration of hospitali-

0.87) * zation was 4 (4.4 + 2.1) days. Wound infection occurred

in two patients. An 87-year-old woman had pyrexia

0.6 2 days after surgery, and computerized tomography dem-

onstrated moderate inflammation and some fluid retention

between the bladder and vagina. She was treated with

047 mainly oral antibiotics for 10 days and discharged from

the hospital on the 12th postoperative day. Her course was

0.24 subsequently uneventful. Another patient developed

pyrexia and vaginal discharge on the postoperative sixth

day after leaving the hospital. She was given oral antibi-

0.0 ' . . . : otics, and the infection spontaneously subsided without

0 10 20 30 40 (Months) surgical drainage. Sixteen patients had overactive bladder

(OAB) symptoms after surgery and they were prescribed

FIGURE 4 Anatomical recurrence free rate beta-3 adrenocepter agonists and/or antimuscarinics.
(a) (b)
3 * 100
: ¥ precp S
r‘ * ¥ 3 months 80 = S
* ¥ 12 months . M 12 months

2 * W
60
* * ko

0 - T T T — 0
Prolapse  UUI Sul Voiding

Rk

FIGURE 5 Changes of symptoms and QoL. (a) Symptoms. Preoperative prolapse, urgency urinary incontinence, stress urinary incontinence,
and voiding symptoms were compared with those in the third and 12th postoperative months. *p < 0.0001, **p = 0.454, ***p = 0.041. (b) QoL. Nine
preoperative domains of QoL were compared with those in the third and 12th postoperative months. E, emotion; GHP, general health perception; PI,
prolapse impact; PL, physical limitations; PR, personal relationships; RL, role limitations; SE, sleep/energy; SL, social limitations; SM, severity

measures. *p < 0.000001, **p < 0.01, ***p = 0.084, ****p = 0.078
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Anatomical recurrence-free rates are demonstrated in
Figure 4. Four patients (8.9%) experienced recurrence of
cystocele and one (2.2%) recurrence of prolapse of both
the uterus and bladder between 5.6 and 23.9 months. We
have not encountered mesh slip or deterioration of the
tissue by stitch. Three patients whose recurrence was
cystocele had no or few bothersome symptoms and were
solely followed-up. The remaining two patients under-
went surgery: the former with transvaginal anterior mesh
implantation alone and the latter with LSC. Mesh-related
problems such as erosion or exposure were not encoun-
tered in our series.

Changes of symptoms and QoL are demonstrated in
Figure 5. Eleven patients were excluded from this study
because they had not been given QoL questionnaires.
Prolapse symptoms, UUI, and voiding symptoms had
significantly improved in the 3rd and 12th months after
surgery; however, SUI did not improve in the third
month. Five patients had de novo SUI, which required
surgical intervention at 2, 4, 7, 11, and 18 months postop-
eratively. Eight domains of QoL also significantly
improved postoperatively, excluding the personal rela-
tionship domain.

DISCUSSION

Conventional TVM surgery requires: (1) blind dis-
section through the paravesical space toward the pelvic
wall and, (2) puncture with trocars or needles to fix mesh
arms through the perineal skin incision. These maneuvers
occasionally cause unexpected blood loss, visceral injury,
voiding dysfunction, pain, and dyspareunia.”*”'* Uphold
Lite Vaginal Support System (Boston Scientific) was a
unique method that can help avoid puncture, but requires
vigorous dissection on using the Capio Suture Capturing
Device (Boston Scientific) which connects the mesh to the
sacrospinous ligaments; therefore, it might have similar
possibilities.”'%1”

Although our technique involves the following proce-
dures: (1) incising the posterior vaginal wall, (2) perform-
ing medial traction of rectum, and (3) rupturing the
rectovaginal fascia, all procedures could be performed
with direct vision. PTFE mesh is slippery; therefore, fixa-
tion is very important. We succeeded in secure anchoring
through the posterior route. Thick fixation of mesh to
coccygeal muscle may be almost identical to sacrospinous
ligament fixation, because the sacrospinous ligament lies
under the coccygeal muscle. We can fix the vaginal vault
as well as uterine cervix. Furthermore, we can also repair
an enterocele through this route.

Visceral injuries occurred in three patients on full-
thickness dissection in this study but they were very
minor, and simply closed in two layers without any con-
sequent problems. Bleeding could also be easily treated;
therefore, massive bleeding or hematoma never occurred
and the bleeding volume was small. In a case with blood

@l
aglFos

loss of 105 g in this study, we took some time to stop
bleeding from a small artery crossing the rectovaginal
fascia. While, the conventional TVM surgery could not
only rarely cause unanticipated massive bleeding during
the operation but also hematoma in the early postopera-
tive period, 5 10:15:16.18.19

Our surgery may take more time (111 + 18 min) than
conventional TVM surgery; however, Caveney et al.
reported that it took 108 min for TVM surgery using the
National Surgical Quality Improvement Project database in
the United States.”” Our TVM surgery was completed dur-
ing efficacious spinal anesthesia in all patients. We believe
that there is no issue regarding the length of surgical time.

Voiding dysfunction is an occasional perioperative
complication after conventional TVM surgeries. When it
occurs, patients require catheterization and/or prolonged
hospitalization. However, because of the minimal dis-
section in our method, voiding dysfunction never occurred
in our series. De novo SUI reportedly occurred after POP
surgery at rates between 15% and 50%.”' Also in this
study, five patients (11.1%) underwent tension-free vaginal
tape (TVT) surgery afterwards. Sixteen patients (35.6%)
were received anti-OAB medication after surgery. Because
OAB increases with aging, we considered that surgery
might not cause the symptoms.

Chronic pain affecting QoL, is also a serious compli-
cation following TVM surgery. The incidence ranged
from 0% to 30%.”” The pudendal nerve travels beneath
the sacrospinous ligament; therefore, a trocar or needle
maneuver fixing mesh with the sacrospinous ligament
might injure the pudendal nerve. Pudendal neuralgia is
considered to be one of the causes, but the incidence is
not known. Our technique, suturing mesh in the coccy-
geal muscle, which covers the sacrospinous ligament,
could not cause nerve injury. The other causes of pelvic
pain are infection and mesh contraction resulting in pel-
vic floor muscle spasm.””** In our series, two patients
had infection but they did not feel pain. No patients expe-
rienced chronic pain during the 17.0-month median
follow-up. In addition, no patients complained of pain on
sitting because there were no skin incisions for trocar or
needle puncture.” Dyspareunia was not investigated in
this study because most patients were very elderly, more
than half had lost their husband, and/or most had no sex
life. When patients are younger and sexually active, we
believe that they would be suitable for LSC.

Mesh troubles were critical problems in TVM surgery;
however, we did not encounter any erosion/exposure on
the anterior vaginal wall or vaginal vault.'® 3151624 Fy]]
thickness vaginal wall dissection, which is certainly impor-
tant in TVM surgery, may have contributed to absence of
such complications in our series.

Anatomical recurrence occurred in five patients
(11.1%), and the rate was thought to be relatively
low, 33811 13.15.16.18.19.24 Yy defined the most descended
pelvic organ at the hymen (0 cm) level or above as
anatomical success. Three patients with anatomical
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recurrence continued to be solely followed-up because
there were no or few associated symptoms. The remain-
ing two underwent reoperation. For the elderly, subjec-
tive success (no bother symptoms) would be more
important. Our criteria for recurrence may be appropri-
ate for the elderly. To assure tension-free fixation, we
mostly fixed at 1 cm distal to both ends of arms for
patients without a history of hysterectomy and at 3 cm
for ones with past hysterectomy. LSC supports the uter-
ine cervix or vaginal apex vertically, while two-arm TVM
surgery supports them rather horizontally. The axis of
the vagina and/or uterus might be important to prevent
recurrence. Furthermore, the mesh covering bladder her-
niation may be smaller than ideal. We consider that it
may be necessary to determine the proper length of the
arm affecting an axis and the appropriate size/shape of
mesh for individual patients in the future.

According to PQoL, symptoms and QoL markedly
improved after the surgery, as demonstrated by other inves-
tigators.'>'® However, concomitant treatments for OAB:
medication and instructions regarding water intake, blad-
der training and pelvic floor examination, and transvaginal
tape surgery for SUI may be other factors influencing
symptoms and QoL improvement. Furthermore, the qual-
ity of the survey might be limited because this excluded
11 patients without PQoL assessment.

In conclusion, our technique of TVM surgery without
the blind maneuver demonstrated practical success and
low serious complication rates. Further follow-up is nec-
essary. Although this study had the following limitations:
(1) small size, (2) retrospective nature, (3) absence of a
control, and (4) selection bias, we believe that our surgi-
cal method is useful for elderly patients with POP.
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Long-term management of recurrent s

papillary thyroid carcinoma treated
with lenvatinib for over 5 years: a case report

Tsuneolmai "' ®, HironobuKobayashi '3, TetsuSenaha ', Toshiakilmaizumi 'and YoshiharuMurata '

Abstract

Background: Few reports exist of the long-term management of recurrent and progressive papillary thyroid carci-
noma (PTC) with a tyrosine kinase inhibitor for over 5years.

Case presentation: A 57-year-old woman was referred to a psychiatric hospital for the treatment of schizophrenia.
The patient had been diagnosed with a PTC at the age of 40 and subsequently underwent a left thyroid lobectomy. At
47, completion total thyroidectomy and lymph node dissection were performed and the patient assessed as radioac-
tive iodine refractory postoperatively. External radiation therapy was performed for Rouviere lymph nodes. At 57, neck
and mediastinal lymph nodes, and lung metastases had progressed, and the trachea became narrowed by para-tra-
cheal lymph node compression. After 2weeks of sorafenib therapy on an outpatient basis, the patient was discovered
unconsciousness at home and transferred to hospital by ambulance; sorafenib therapy was stopped. The patient was
diagnosed with reversible posterior leukoencephalopathy syndrome by brain magnetic resonance imaging. Exter-

nal radiation therapy to the site of the tracheal stenosis in the neck and mediastinum was performed. The patient’s
mental symptoms worsened, and she was referred to a psychiatric hospital, Kachi Memorial Hospital, in July 2015. In
September, the patient’s mental state stabilized and in November, after computed tomography revealed rapid disease
progression, lenvatinib was commenced at a daily dose of 24mg. Measurable solid recurrence sites were neck lymph
nodes in the pre-laryngeal subcutaneous space, right lobe of the lung, and left adrenal. After 3months, the tumors
shrank in a partial response (PR). Because of several adverse events, occasional dose reductions or discontinuations of
lenvatinib were sometimes necessary. Since re-starting lenvatinib, treatment with this for 51 consecutive months was
achieved while maintaining a PR. Although a new bone metastasis was noted after 57months of lenvatinib, treat -
ment was continued for another 9months. The patient subsequently passed away in June 2021.

Conclusions: The long-term treatment of recurrent PTC with lenvatinib was feasible, with manageable adverse
events, for more than Syears.
Keywords: Adrenal metastasis, Bone metastasis, Lenvatinib, Long-term PR, Lung metastasis, Lymph node metastasis,

Papillary thyroid cancer, RAl refractory, Recurrence, Reversible posterior leukoencephalopathy syndrome, Tyrosine
kinase inhibitor

Background
After the initial clinical application of tyrosine kinase
inhibitors (TKIs), these became a standard systemic
treatment for radioactive iodine (RAI) refractory, pro-
Correspondence: timai@aichi-med-uacjp ressive, and metastatic or locally advanced differenti-
! Kachi Memorial Hospital, 456 Fujimi, Minami-ohshimizu-cho, Toyohashi, 8 i Y .
Aichi 441-8555, Japan ated thyroid cancer. Two TKIs have been widely used
Full list of author information is available at the end of the article clinically: sorafenib, which was approved by the US Food

. ©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
@ Sprlnger O pe n permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
— original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.
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and Drug Administration in 2014 after it was found to be
effective in a phase 3 DECISION study [1]; and lenvatinib
in 2015 according to the results of a phase 3 SELECT
study [2]. Both TKIs have various adverse events, some
of which are serious. Therefore, in Japan, the indica-
tion and timing of the use of TKIs are strictly regulated
according to various settings, such as being based on a
specific institutional decision, academic society, or medi-
cal instruction under Japanese health insurance. Patient
experiences and outcomes from the use of TKIs have
been reported from high-volume centers such as a Can-
cer Center or University Hospital [3, 4]. In these reports,
the duration of most TKI treatments was from 1 to
3 years [5, 6]. In the case of general hospitals, physicians
are not sufficiently specialized to manage TKIs or treat
thyroid cancer. Therefore, even if TKIs are indicated for
patients with recurrent and progressive papillary thyroid
cancer (PTC), it is likely that the administration of TKIs
is discontinued early. In this report, we present a case
of metastatic, recurrent, progressive PTC in which len-
vatinib was shown to be markedly effective for more than
5 years after several treatments, such as surgery, external
radiations, and sorafenib.

Case presentation

A 57-year-old woman (height, 164 cm; weight, 50 kg)
was referred to Kachi Memorial Hospital, a psychiatric
hospital, for the treatment of schizophrenia. An initial
diagnosis of schizophrenia was made at the age of 18,
and the patient was later repeatedly treated in several
psychiatry hospitals. The patient was found to have
PTC at the age of 40 and a left thyroid lobectomy was
subsequently performed at Aichi Cancer Center Hospi-
tal. At 47 years of age, the patient showed pulmonary
metastases and lymph node recurrences, and a com-
pletion total thyroidectomy and lymph node dissec-
tion were performed. After the operation, a whole-body
scan with 10 mCi of RAI revealed no uptake in both
pulmonary metastases and residual parapharyngeal
metastases. An expert panel concluded there was no
indication for high-dose RAI therapy and thus external
radiation therapy was performed for Rouviere para-
pharyngeal lymph nodes. At 57 years of age, the patient
showed metastases to cervical and mediastinal lymph
nodes as well as lung metastases that had progressed.
The trachea became narrowed by a para-tracheal meta-
static lymph node compression. Therefore, sorafenib
was started on an outpatient basis. After 2 weeks of
sorafenib therapy, the patient was discovered uncon-
scious at home and transferred to hospital by ambu-
lance. Sorafenib therapy was then stopped. The patient
was subsequently diagnosed with reversible poste-
rior leukoencephalopathy syndrome (RPLS) by brain
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magnetic resonance imaging (MRI). External radiation
therapy to the site of a tracheal stenosis in the neck and
mediastinum was performed. However, the patient’s
mental symptoms worsened, and she was referred and
transferred to Kachi Memorial Hospital in July 2015.

Two months after hospital admission, the patient’s
mental state stabilized. Although Kachi Memorial Hospi-
tal is a psychiatric hospital, the director is an endocrinol-
ogist and specialist in thyroid diseases. Furthermore, two
endocrine surgeons worked at the hospital on a part-time
basis. Therefore, the stage of thyroid cancer was evalu-
ated and a treatment strategy formulated. According to
computed tomography (CT), the largest recurrence sites
were in cystic lymph nodes in the right para-tracheal
space beyond the neck to the mediastinum. In addition,
measurable solid recurrence sites existed, such as neck
lymph nodes in the pre-laryngeal subcutaneous space,
the right lobe of lung, and the left adrenal. A follow-up
evaluation by CT after 2 months revealed such tumors
to be enlarged (Fig. 1). After 2 months’ treatment for
schizophrenia, the patient’s mental condition was good:
she was calm and intelligent enough to spend most of the
day reading English books written by Shakespeare, for
example. However, the PTC was considered progressive
enough to become lethal in the near future if an effec-
tive therapy was not tried. Therefore, we concluded that
lenvatinib treatment should be started immediately. We
explained the lenvatinib treatment to the patient includ-
ing any possible adverse events. Accordingly, the patient
agreed and gave written, informed consent.

Lenvatinib was commenced at a daily dose of 24 mg in
November 2015. Other medications were 20 mg olan-
zapine, 4 mg risperidone, 3 mg flunitrazepam, 1 mg
clonazepam, 100 pg levothyroxine sodium hydrate,
0.5 pg alfacalcidol, 48 pg lubiprostone, 1500 mg magne-
sium oxide, and 36 mg sennoside, per day, respectively.
Hypertension was managed with daily 5 mg amlodipine
besilate, and 20 mg azilsartan. Hand—foot syndrome with
fever developed twice, and required a repeated discontin-
uation or a dose reduction of lenvatinib on each occasion
(Fig. 1).

Before starting on lenvatinib, measurable solid recur-
rence sites for the cancer were noted in the neck lymph
nodes in the pre-laryngeal subcutaneous space, right
lobe of lung, and left adrenal, with maximal diame-
ters of 33 mm, 32 mm, and 46 mm, respectively (Fig. 2,
Nov/2015, A-C). Within 3 months after lenvatinib
administration, the sum of tumor sizes was reduced by
more than 30% and, thus, this was assessed as a partial
response (PR) according to Response Evaluation Cri-
teria in Solid Tumors (RECIST) version 1.1 ([7], Fig. 2,
Feb/2016, A—C). After 5 months, the neck cystic lesion
ruptured spontaneously, and a small amount of bleeding

- 183 -



Imai et al. Surgical Case Reports (2022) 8:21

Page 3 of6

Nov/ Feb/ Sep/
2015 2016 2016

Aug/
2020

JATFAN

I
——————————————————————————————————————————— i——————*****(Death)
i

Maximal diameter of the tumor

S — I

—o0— Neck
- = = Lung
—-/-= Adrenal

(CT) scans shown in Fig.2

30 - R A N e T e
20 -\ A D e R e
) ~T:.::_E::_______'
10 - T
Months after admission
0 I T T T T T T
0 10 20 30 40 50 60 70

Fig.1 A series of measurable tumor sizes and lenvatinib doses over time. Lenvatinib dose and duration of treatment are shown in the upper part of
the graph (black boxes). The size of the three measurable sites (neck: pre-laryngeal lymph node, lung: largest mass in the right lobe, adrenal: left) are
represented by dashed or solid lines with open circles, boxes, and triangles, respectively. Four arrows indicate the dates of computed tomography

occurred intermittently. Therefore, lenvatinib was
stopped for 5 months.

During the discontinuation of lenvatinib, the tumors
became enlarged, and neck lymph nodes and lung metas-
tases regrew to almost 100% of the pre-treatment size
(Fig. 1, Fig. 2, Sep/2016, A—-C). Pre-laryngeal lymph
node, lung, and adrenal tumors were not attached to
large vessels, and the para-tracheal lymph nodes were
mainly cystic. Thus, the endocrine team assessed that
the risk of massive bleeding would be low, and lenvatinib
was restarted at a dose of 10 mg a day in October 2016.
After resuming lenvatinib, the patient showed only a few
adverse events and therefore the medication was con-
tinued for another four and half years. However, it was
discontinued in 2017 when her psychological condition
worsened. After an improvement in psychological state,
lenvatinib was restarted again after one month. Measura-
ble tumors continued to be reduced in size, and a PR was
observed until August 2020 (Figs. 1, 2 Aug/2020, A-C).
However, in August 2020, a new bone metastasis in the
sternum was found by CT scan (data not shown). For-
tunately, the symptoms of bone metastasis were absent,
and lenvatinib was continued despite progressive disease.
Other than measurable lesions, cystic lymph nodes in the
neck and mediastinum, and millions of tiny lung metas-
tases, were also markedly reduced during lenvatinib
treatment (Fig. 2D-F).

In February 2021, tumors in the neck and mediasti-
num, including the sternum, became enlarged, and the
patient occasionally developed aspiration pneumonia.
Lenvatinib was discontinued and restarted several times,
being administered twice a week (10 mg/day) from April
2021 onwards. However, the multiple tumors progres-
sively grew, and the patient’s general condition became
worse, with multiple, large, cystic bone metastases evi-
dent. The patient subsequently passed away in June 2021.

Discussion
Since publication of the SELECT trial, which was sub-
sequently approved in USA, Europe, and Japan for the
treatment of RAI refractory and progressive differen-
tiated thyroid carcinoma in 2015, lenvatinib has been
widely used in clinical practice [2]. The SELECT trial
demonstrated an improvement in progression-free
survival (PFS) with lenvatinib compared to placebo of
18.3 vs. 3.6 months. Interestingly, in a prespecified sub-
analysis of the SELECT trial, improved overall survival
(OS) was found in lenvatinib-treated patients compared
with OS in placebo patients over 65 years of age [8].
An updated analysis of the SELECT trial showed that
patients with a complete or partial response to lenvatinib
achieved a median PFS of 33.1 months [9].

In clinical practice, lenvatinib tends to be used in
patients with more advanced tumor stages, who have
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Fig.2 Changes in images from computed tomography (CT) scans (A-D) and chest X-rays (Xp) (E), and macroscopic appearances of the patient’s
neck (F) during her clinical course. Enlarged pre-laryngeal lymph node (LN), lung metastasis, left adrenal metastasis, and cystic lymph nodes in the
neck and mediastinum are shown in A-D, respectively

been more heavily pretreated, are sicker, or have more these case reports, the median lenvatinib treatment was
comorbidities, and who are not suitable candidates for =~ 6-27 months and the longest was 64 months. In the
trials. Indeed, several reports exist of lenvatinib treat- current report, the patient was treated for 66 months
ment for advanced thyroid carcinoma [4, 10-16]. In  from start to finish, though a tentative discontinuation
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of lenvatinib was required at the beginning of her
therapy.

A requirement exists within a clinical trial for treat-
ment to be stopped when progressive disease is noted.
However, in real-world practice, when no other effective
treatment exists, therapy is allowed to continue if drug
toxicity is manageable. In the present case, lenvatinib
treatment was maintained after a new bone metastasis
was noted since adverse events were minimal and lesions
such as those in the lung, lymph nodes, and adrenal
metastases could be controlled by lenvatinib. Accord-
ingly, lenvatinib treatment beyond progressive disease
lasted for a further 9 months until just before the patient’s
death.

Lenvatinib was the sole remaining therapy available
to this patient after multiple treatments, such as surger-
ies, external radiations, and sorafenib, were tried. Since
sorafenib was discontinued because of severe adverse
events (i.e., RPLS), we did not re-challenge with sorafenib
in the present case.

PTC is normally defined as RAI refractory when high-
dose RAI treatment has no effect on metastatic lesions.
However, the patient was never treated with high-dose
RATI therapy since her cancer was assessed as being RAI
refractory from the results of RAI scintigraphy after
administering small amounts of RAI This may not be a
standard treatment, globally, but is a common practice in
many cities in Japan. High-dose RAI therapy is not per-
formed for many patients with recurrent differentiated
thyroid cancer in Japan due to the very limited number of
facilities available for high-dose RAI therapy since the use
of radiation is unpopular for historical reasons [17, 18].
Furthermore, there was a report that the diagnostic RAI
scintigraphy using small amounts of RAI can predict the
efficacy of high-dose RAI therapy [19]. This was the rea-
son why high-dose RAI therapy was not performed in the
present case. In addition, Nakanishi et al. reported a low
prevalence of RAI uptake by metastatic lesions of PTC in
patients older than 55 years [20]. From this point of view,
it was applicable in the present case that the patient was
given lenvatinib omitting high-dose RAI therapy.

In 2015 when we saw the patient at Kachi Memo-
rial Hospital, we evaluated her thyroid cancer as
becoming progressively worse and predicted that she
would die within one year. Indeed, the median OS of a
patient with lung metastases of >2.0 cm was reported
as 19.3 months in the placebo group in a phase 3 trial
(SELECT) (21). Of note, in this SELECT trial, crosso-
ver from placebo to lenvatinib was allowed. As a matter
of fact, 89% of patients of the placebo arm took len-
vatinib after a judgment of progressive disease. If any
of the patients had not taken lenvatinib, the OS would
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have been much shorter than 19.3 months. Because
the patient in this report had multiple lung metas-
tases of >3.0 cm, her prognosis was very poor with-
out lenvatinib. Considering that the patient lived for
66 months from the initiation of lenvatinib therapy
without any severe adverse events, such treatment not
only allowed her to survive longer, but also improved
her quality of life. Therefore, the outcome of treatment
with lenvatinib in the present case should shed light
upon the prognosis of patients with differentiated thy-
roid cancer, and multiple and sizable lung metastases.

Conclusions

Long-term lenvatinib treatment of recurrent PTC was
feasible, with manageable adverse events, for more than
5 years.
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Background: Progressive supranuclear palsy (PSP) is a parkinsonian-like
progressive neurodegenerative syndrome. Key clinical features include ocular
motor dysfunction, postural instability, and cognitive dysfunction. Maintaining
and improving balance function and gait function are very important for
patients with PSP with severe postural dysfunction and repeated falls.
In addition, patients with PSP have a poor response to pharmacological
treatment; hence, rehabilitation is a key approach in dealing with this
syndrome. However, no conclusion on the beneficial effects of rehabilitation
for patients with PSP have been established in the literature.

Objectives: The effectiveness of multiple therapeutic exercise program with
probable or possible PSP according to the Movement Disorder Society criteria
for the clinical diagnosis of PSP was validated.

Methods: Participants underwent multiple therapeutic exercise program
customized for each participant, including resistance training, balance training,
and walking exercises that were performed for 60—-80 minutes a day, 5 days a
week for 4 weeks. The outcomes measured were as follows: pull test, Berg
Balance Scale (BBS), timed up and go test (TUG), and gait speed test.

Results: A total of 117 patients with PSP were enrolled and the analysis
was performed on 20 patients with probable PSP. Four-week rehabilitation
significantly improved pull test (p = 0.034) and BBS scores (p = 0.001). There
were no significant differences both TUG (p = 0.502) and gait speed (p = 0.813).

Conclusion: The multiple therapeutic exercise program had beneficial effects
on balance performance in patients with PSP in 4 weeks and could be
an essential element in their rehabilitation. Although this pilot study was
conducted without a control group, it provided valuable information for future
prospective randomized controlled trials.

KEYWORDS

progressive  supranuclear  palsy, exercise, rehabilitation, rehabilitation
research, balance
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Introduction

Progressive supranuclear palsy (PSP) is a parkinsonian-like
progressive neurodegenerative syndrome. Key clinical features
include ocular motor dysfunction, postural instability, akinesia,
and cognitive dysfunction (1, 2). In addition, mobility problems
are the most common early feature in PSP, and onset of falls
within 1 year has been associated with a worse prognosis (3).

Maintaining and improving balance function and gait
function are very important for patients with PSP with severe
postural dysfunction and repeated falls. Rehabilitation for
idiopathic Parkinson’s disease (PD) was proven to be effective for
improving the motor and balance function (4-6). Furthermore,
rehabilitation combined with pharmacotherapy is known to
improve motor symptoms, gait, and quality of life of patients
with PD (7, 8). However, patients with PSP respond poorly
to pharmacological treatment (2); consequently, rehabilitation
could be highly relevant for maintaining the motor function and
activities of daily living (ADL) in PSP (9).

Several studies related to rehabilitation interventions for
patients with PSP used therapies designed for them. These
therapies included balance and eye movement training (10, 11),
harness-supported treadmill training (12-14), weighted vests
during ambulation (15), and robot-assisted gait training (12, 16),
of these, balance exercise (10, 11) and gait training (12-14, 16)
indicated potential benefit. However, a recent systematic review
concluded that the effects of structured physical activity for
patients with advanced PSP remain unknown (17).

Moreover, the impact on patients with PSP of different
multiple therapeutic exercise program (including resistance
training, balance training, walking exercises) effective for motor
and balance function in the elderly and patients with PD has not
been investigated in a sufficient manner yet.

Our study aimed to determine whether multiple patient-
specific customized therapeutic exercise program are effective in
improving balance and motor functions of patients with PSP.

Methods

Participants

We conducted a pre-post study between January 2016
and December 2021 that included probable or possible
patients with PSP according to the Movement Disorder
Society criteria for the clinical diagnosis of PSP (2) in the
National Hospital Organization Higashinagoya National
Hospital. The exclusion criteria were: (1) a score of the
modified Rankin Scale (mRS) > 5, (2) patients with
subtypes except Richardson syndrome (RS), (3) patients
who underwent rehabilitation treatment for 4 consecutive
weeks in the past, (4) inability to walk without assistance

for at least 10 meters, (5) patients who were discharged
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within 4 weeks, and (6) patients with missing values in the
outcome data. Patients were hospitalized for the purpose
of rehabilitation. The medication of all participants was
not changed to maintain a stable condition during the
rehabilitation period.

Measured outcomes

The age, disease duration, sex, subtype, frontal assessment
battery (FAB), mini-mental state examination (MMSE), mRS,
and the PSP rating scale (PSPRS) scores of all patients were
evaluated (18). The balance and basic motor functions were
evaluated using the Berg Balance Scale (BBS) (19), timed up and
go test (TUG) (20), and gait speed. All patients were evaluated
for balance and basic motor functions within 2 days before
and 4 weeks after rehabilitation. Participants underwent the
following tests:

(1) PSPRS (18): The PSPRS was developed to assess disease
severity in patients with PSP. Furthermore, PSPRS assesses
characteristic symptoms associated with PSP, including
behavioral change, ocular-motor, gait, and balance

disfunctions. The maximum total score is 100 points.

Higher scores indicate high disease severity. The PSPRS

subitem scores and total score were evaluated as baseline,

and the scores of V: limb movements and VI: gait and
midline were evaluated pre and before interventions.

Pull test (18, 21, 22): The pull test is used for evaluating

postural stability (0-4 points) as a component of PSPRS.

@)

The examiner stands behind the patient and applies a strong
pull on the shoulders with the patient erect with eyes open
and feet comfortably apart.

BBS (19): This evaluated the individual’s balance abilities
during the performance of 14 items (0-4 points per

A3)

item), such as sitting, standing, and one leg standing, and

positional changes. The maximum total score is 56 points.

Higher scores indicate good balance ability.
(4) TUG (20): This evaluation consisted of the participant
standing up from a sitting position in the chair with a
seat height of 40 cm, walking a distance of 3m, then
passing around a cone, returning, and sitting back down
in the chair. Comfortable and maximum gait speeds were
both measured once each. To assess comfortable speed
walking, participants were instructed to walk at their
normal comfortable (natural) speed. To assess maximum
walking speed, they were asked to walk as fast as possible
without running.
(5) Gait speed: Comfortable and maximum gait speed were
both measured once each. Participants were required to
accelerate and decelerate 2 m before and after the 10 m test
distance. To assess comfortable speed walking, participants
were instructed to walk at their normal comfortable speed.
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To assess maximum walking speed, they were asked to walk
as fast as possible without running.

This study was not considered about an assessment bias,
therefore it included cases that the evaluators are the same
professionals in charge of performing the therapies.

Intervention programs

The multiple therapeutic exercise program consisted of
balance training, resistance training, range of motion (ROM)
exercises, stretching, walking exercises, and ADL training and
was customized for each patient by physical and occupational
therapists. More details about multiple therapeutic exercise
program are provided in Supplementary Table 1. The program
was performed for 60-80 mins a day, 5 days a week for 4 weeks.

Statistical analysis

We evaluated the normality of the distribution of all
variables using the Shapiro-Wilk test. For comparison before
and after the rehabilitation, we used the Wilcoxon signed-rank
test or paired f-tests. In addition, we calculated the effect size
(r) by the test statistic. Data were reported as mean =+ standard
deviation for normally distributed data and number for discrete
variables. We performed the statistical analysis using the SPSS
software, version 26 (IBM Inc., Armonk, NY, USA). A p-value of
<0.05 was considered statistically significant.

Results

We enrolled 117 probable or possible patients with PSP. We
excluded the following patients who met the exclusion criteria:
(1) a score of mRS > 5, n = 53; (2) patients with subtypes
except RS, n = 2; (3) patients who underwent rehabilitation
treatment for 4 weeks in the past, n = 2; (4) inability to walk
without assistance for atleast 10 m, n = 12; (5) patients who were
discharged within 4 weeks, n = 11; and (6) patients with missing
values in the outcome data, n = 17. Consequently, the analysis
was performed on 20 patients with probable PSP (Figure 1).

Table 1 lists the participants demographic and clinical
characteristics.

Table 2 shows the results of PSPRS V: Limb motor and
VI: Gait and midline pre (OW) and post (4W) rehabilitation.
Four-week rehabilitation significantly improved V: Gait and
midline total scores (p = 0.004, r = 0.645). Similarly, significant
improvements were observed in the VI subitems of arising from
chair (p = 0.007, r = 0.607), and postural stability (p = 0.034,
= 0.474).

Table 3 shows the results of the motor function pre (OW)
and post (4W) rehabilitation, and the plot data are shown
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Probable or possible patients with PSP
n=117

Excluded
+ MRS 25(n=53)

mRS €4
n =64

Excluded

+ Patients with subtypes except RS (n = 2)

+ Received rehabilitation treatment for 4 weeks
in the past (n = 2)

+ Inability to walk without assistance for at least
10 meters (n = 12)

+ Discharge within 4 weeks (n = 11)

+ Missing values in the outcome data (n = 17)

.
Analysis
n=20

FIGURE 1
Flow chart.

TABLE 1 Demographic and clinical characteristics of participants.

N=20

Age, years 72.3 £6.2 (61-83)
29.3 & 18.2 (10-82)

13/7

Disease duration, months

Sex, men/women

FAB, score 12.2 +3.2(6-17)
MMSE, score 26.0 £ 2.6 (22-30)
mRS, score 33+0.6(2-4)
PSPRS, score

I 7.3+£24(3-11)
I 3.2+£2.4(0-8)
111 2.7+£1.2(1-5)
v 6.7 £3.9(0-12)
A% 39+1.3(2-7)
VI 8.2+2.1(6-12)
Total 31.8 & 10.0 (16-50)

Data were reported as mean =+ standard deviation (minimum—maximum) and numbers.

in Supplementary Figure 1 in the Supplemental material. Four-
week rehabilitation significantly improved pull test results
(p = 0.034, r = 0.474, Supplementary Figure 1A) and BBS
total scores (p = 0.001, r = 0.679, Supplementary Figure 1B).
There were no significant differences between pre and post
in TUG (comfortable: p = 0.502, r =
p = 0.956, r = 0.013, Supplementary Figure 1C) and gait speed
(comfortable: p = 0.813, r = 0.055; maximum: p = 0.566,
r = 0.133, Supplementary Figure 1D). These results suggest that

0.150; maximum:

4-week rehabilitation improved postural control and balance
function in PSP.

Table 4 shows the results of each subitem of BBS pre (0OW)
and post (4W) rehabilitation, and the plot data are shown
in Supplementary Figure 2 in the Supplemental material. There
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TABLE 2 Each subitem (V: Limb motor and VI: Gait and midline) score of PSPRS pre (OW) and post (4W) rehabilitation.

Pre Post p-value Effect size
V. Limb motor Limb rigidity 14409 1.34+09 0.655 0.100
(full score = 4) (0-3) (0-3)
Limb dystonia 03£06 03+05 1.000 0.000
(full score = 4) (0-2) (0-1)
Finger tapping 0.9+0.5 0.8£0.5 0.564 0.129
(full score = 2) (0-2) (0-2)
Toe tapping 1.0+ 0.4 0.9+0.4 0.317 0.224
(full score = 2) (0-2) (0-2)
Apraxia of hand movement 0.14+0.3 0.1£0.2 0.317 0.224
(full score = 2) (0-1) (0-1)
Tremor in any part 0304 03+£05 1.000 0.000
(full score = 2) (0-1) (0-2)
Total 39+ 1.6 36+19 0.406 0.186
(full score = 16) (2-7) (0-7)
VI.Gait and midline Neck rigidity or dystonia 1.4+£09 1.3£09 0.083 0.387
(full score = 16) (0-3) (0-3)
Arising from chair 1.7+£07 12408 0.007* 0.607
(full score = 4) (1-3) (1-3)
Gait 1.7£0.7 1.5+0.7 0.102 0.365
(full score = 4) (1-3) (1-3)
Postural stability 20408 1.7+£038 0.034* 0.474
(full score = 4) (1-3) (1-3)
Sitting down 1.5+0.5 1.3+£06 0.102 0.365
(full score = 4) (1-2) (1-2)
Total 82421 6.9+26 0.004* 0.645
(full score = 20) (5-12) (5-11)
Data were reported as mean =+ standard deviation (minimum—maximum). *Indicates p < 0.05.
TABLE 3 Motor function pre (OW) and post (4W) rehabilitation.
Pre Post p-value Effect size
Pull test, score 2.0+0.8(1-3) 1.7+ 0.8 (0-3) 0.034* 0.474
BBS, score 40.6 + 8.2 (20-52) 44.6+ 8.5 (20-56) 0.001* 0.679
TUG, sec Comfortable 15.3 + 3.7 (10.6-26.4) 14.9 + 3.5 (10.4-22.0) 0.502 0.150
Maximum 12.5 4+ 3.1 (8.0-20.2) 12.5+2.9 (8.4-20.1) 0.956 0.013
Gait speed, m/min Comfortable 56.6 4 12.9 (28.3-83.3) 57.4 £+ 13.4 (26.4-82.8) 0.813 0.055
Maximum 74.8 £ 13.8 (48.9-113.0) 73.3 +16.6 (43.8-111.7) 0.566 0.133
Data were reported as mean = standard deviation (minimum—maximum). *Indicates p < 0.05.
were significant improvements in the items of reaching forward Discussion

with outstretched arm (p = 0.011, r = 0.566), turning to
look behind (p = 0.039, r = 0.461), turning 360 degrees
(p = 0.046, r = 0.447), standing with one foot in front
(p = 0.047, r = 0.445), and standing on one foot (p = 0.009,
r = 0.588).
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The present study shows that multiple therapeutic exercise
program can improve the balance function in patients with
PSP. As no standard pharmacological treatment them has been
established yet (recall that PSP has poor response to Levodopa)

frontiersin.org

- 191 -



Matsuda et al.

10.3389/fneur.2022.955893

TABLE 4 Each subitem score of Berg Balance Scale pre (0W) and post (4W) rehabilitation.

Pre Post p-value Effect size
Sitting to standing 3440.8(2-4) 3.6+0.8(1-4) 0.453 0.168
Standing unsupported 3540.5(3-4) 3.7+0.5(3-4) 0.102 0.365
Sitting unsupported 4.0 +0.0 (4-4) 4.0 +0.0 (4-4) 1.000 0.224
Standing to sitting 3.54+0.7 (2-4) 3.5+ 1.0 (0-4) 0.705 0.085
Transfers 3.0+0.8(1-4) 324+0.8(1-4) 0.157 0.316
Standing with eyes closed 3.6 +0.5(3-4) 35+0.5(3-4) 0.564 0.129
Standing with feet together 33+0.7(1-4) 3.5+0.6(2-4) 0.257 0.254
Reaching forward with outstretched arm 3.1+ 1.1(0-4) 3.6 0.9 (0-4) 0.011* 0.566
Retrieving object from floor 3.0+ 1.1(0-4) 3.1+1.1(0-4) 0.083 0.387
Turning to look behind 34+1.1(0-4) 39+0.5(2-4) 0.039*% 0.461
Turning 360 degrees 1.8 1.0 (0-4) 2.3+ 1.0 (0-4) 0.046* 0.447
Placing alternate foot on stool 2.0+ 1.4(0-4) 2.3+1.3(0-4) 0.165 0.310
Standing with one foot in front 2.0+ 1.4(0-4) 2.5+ 1.2(0-4) 0.047% 0.445
Standing on one foot 1.2+ 1.0 (0-3) 2.0+ 1.4(0-4) 0.009% 0.588

Data were reported as mean =+ standard deviation (minimum—maximum). *Indicates p < 0.05.

(9, 23), therapeutic exercise is a key non-pharmacological
approach for maintaining their motor function. However, the
eventual positive effects of therapeutic exercise in patients
with PSP have been insufficiently documented yet (17);
therefore, our investigation is among the first to reveal the
effectiveness of therapeutic exercise for these patients. This
study excluded a control group. Therefore, this limitation
hinders the applicability of the results. However, this pilot
study provided valuable information for future prospective
randomized controlled trials.

PSPRS

In PSP with similar severity, rehabilitation interventions
improve PSPRS items V: Limb motor and VI: Gait and
midline (12, 13). In this study, multiple therapeutic exercises
improved items VI and VI subitems; arising from chair and
postural stability post-intervention. Therefore, rehabilitation
was expected to enhance the stability of gait and basic
movements such as standing, sitting, etc., in patients
with PSP.

Balance functions

The pull tests and BBS provided useful measures for changes
that are related to balance function. The pull test easily evaluates
postural instability and predicts falls in PD (21, 24). The BBS
is a wellaccepted, comprehensive evaluation of balance that has
excellent reliability and validity with older adults (25). It can
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also continuously monitor balance function and predict falls in
patients with PD and neurodegenerative diseases (26, 27).

In the pre-intervention evaluation of balance function, the
pull test showed that the participants had moderate postural
instability. The total BBS score of participants who had moderate
balance dysfunction was 40.6. In PD, the fall risk cutoft
score on BBS reported by Dibble was 54 of 56 (28), that
reported by Landers was 44 (29); the participants of this
study had a higher fall risk. The results of the BBS subitems
(Table 4) showed particularly low values for turning 360 degrees,
placing alternate foot on a stool, standing with one foot in
front, and standing on one foot. These results suggest that
participants have particularly impaired anticipatory postural
adjustments (APA), reactive postural adjustments (RPA) and
the more challenging balance items. The main lesions of PSP
are the substantia nigra, subthalamic nucleus, brain stem,
globus pallidus, tegmental portion pons, subthalamic nucleus,
cerebellar dentate nucleus, and frontal lobe (1, 30). Postural
instability is the primary symptom of PSP, which impairs
the ability to maintain balance while standing, rising, seated,
changing direction, and walking, making the patient susceptible
to falls. The balance dysfunction observed in patients with PSP
is primarily a disruption of reactive and anticipatory postural
coordination and is associated with dysfunction related to the
basal ganglia and brainstem. In addition, cerebellar disturbances
may potentiate postural instability.

A few recent reports have assessed the effect of several
rehabilitation programs (12-14, 31, 32) for balance function in
PSP. In the post-intervention assessment of balance function,
our multiple therapeutic exercise program were found to
improve balance function in patients with PSP, similar to
earlier studies.
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Several subsystems contribute to postural stability, such as
the functional level of motor systems, anticipatory postural
control, dynamic stability, static stability, sensory integration,
functional stability limits, reactive postural control, cognitive
influences, and verticality (33). Balance training was conducted,
including exercise to cope with postural changes when moving
the body voluntarily as an intervention for APA disorders
and exercise to control posture against external disturbances
as an intervention for RPA disorders. In addition, ROM
exercises adjusted the participants’ optimal postural alignment
by improving ROM of limited joints, and strength training
focusing on antigravity muscles was performed to maintain
posture. These multiple approaches may have improved the
balance function such as RPA, APA, static stability, functional
stability limits in patients with PSP.

Motor functions

The TUG and gait speed provided useful measures for
changes that are related to motor function and the risk of
fall. A previous study reported fall risk cutoff score for TUG
comfortable time to be 11.5s in PD (34), whereas another
reported it to be 13.5s in elderly persons (35); the score
in this study was 15.3s. The fall risk cutoff score reported
for comfortable 10-m gait speed was 1.1-1.2 m/sec in PD
(36) and 1.0 m/sec in elderly persons (37), whereas the score
in the present study was 56.6 m/min (converted value 0.94
m/sec). In the pre-intervention evaluation of motor function,
participants’ motor function was found to be lower than both
patients with PD and elderly persons, who were at a higher risk
for falls.

In patients with PD, therapeutic exercise, including ROM,
stretching, balance training, resistance training, and treadmill
walking, was effective for improving motor function, muscle
strength, balance function, and gait speed (4, 8). The effect of
the same multiple therapeutic exercise program was found to
be beneficial for balance function in patients with PSP as well;
however, their gait function did not improve as expected.

The fall risk cutoftf score for both TUG and gait speed
suggests that greater speed is associated with a lower risk of
falls in patients with PD and the elderly. In contrast, as postural
instability appears in the early stages in patients with PSP, it leads
to difficulties in balance control and thereby to an increased risk
of falls. As the disease progresses, gait instability due to cerebellar
damage is observed in addition to symptoms of parkinsonism,
such as rush symptoms and frozen gait (38). Therefore, we argue
that primary rehabilitation for patients with PSP should focus
on improving their gait stability instead of their gait speed. This
study did not assess gait stability; therefore, evidence on the
effects of gait stability on fall reduction needs to be validated in
the future.
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Limitations

This study has several limitations. First is the fact that it
was a retrospective study in a single facility involving a small
sample size, the lack of a control group, and absence of follow-
ups. Further prospective multicenter studies with a larger sample
size, randomized controlled trial setting, and follow-up of long-
term rehabilitation can help validate and support our findings.
Second, in some cases, the intervention and evaluation were
conducted by the same therapists, and there might be concerns
about the assessment bias. Therefore, pre-determination and
arrangement are needed in which intervention and evaluation
are not performed by the same therapists in further prospective
studies. Lastly, we lacked the assessment of the quality of
life (QoL). This study mainly focused on motor and balance
functions of PSP, but the impact of the therapeutical intervention
on patients’ QoL should be known. In the future, the effect of
rehabilitation on QoL of patients with PSP by PSP-QoL (39) or
EQ-5D (40) should be investigated.

Conclusion

In this pre-post study, multiple 4-week long therapeutic
exercise program known to improve several functions of patients
suffering from PD were shown to induce beneficial effects on
balance function in patients with PSP.

Data availability statement

The original contributions presented in the study are
included in the article/Supplementary material, further inquiries
can be directed to the corresponding author/s.

Ethics statement

The studies involving human participants were reviewed and
approved by the Ethics Committee of the National Hospital
Organization Higashinagoya Hospital (approval number 30-
11). Written informed consent from the patients/participants
or patients/participants’ legal guardian/next of kin was not
required to participate in this study in accordance with the
national legislation and the institutional requirements. All
participants were verbally informed of the study and their
consent was obtained.

Author contributions

NM and YT prepared and repeatedly revised the
manuscript. TA is responsible for the ethics application
and contributed to the development, procedure, and funding

frontiersin.org

-193 -



Matsuda et al.

for research. YT and IA revised the manuscript. All authors
reviewed the manuscript and provided final approval for
the manuscript.

Funding

This work was supported by Grants-in Aid from the
Research Committee of CNS Degenerative Diseases, Research
on Policy Planning and Evaluation for Rare and Intractable
Diseases, Health, Labor, and Welfare Sciences Research Grants,
the Ministry of Health, and Labor and Welfare, Japan (20FC1049
to IA).

Acknowledgments

The authors thank the patients and their families
We would also like to thank
(Department

for their contributions.
the
therapists (Department of Rehabilitation) at the National

doctors of Neurology) and physical

Hospital Organization Higashinagoya National Hospital for
their support.

References

1. Steele JC, Richardson JC, Olszewski J. Progressive supranuclear palsy. a
heterogeneous degeneration involving the brain stem, basal ganglia and cerebellum
with vertical gaze and pseudobulbar palsy, nuchal dystonia and dementia. Arch
Neurol. (1964) 10:333-59. doi: 10.1001/archneur.1964.00460160003001

2. Hoglinger GU, Respondek G, Stamelou M, Kurz C, Josephs KA, Lang AE,
et al. Clinical diagnosis of progressive supranuclear palsy: the movement disorder
society criteria. Mov Disord. (2017) 32:853-64. doi: 10.1002/mds.26987

3. Nath U, Ben-Shlomo Y, Thomson RG, Lees AJ, Burn DJ. Clinical features
and natural history of progressive supranuclear palsy: a clinical cohort study.
Neurology. (2003) 60:910-6. doi: 10.1212/01.WNL.0000052991.70149.68

4. Goodwin VA, Richards SH, Taylor RS, Taylor AH, Campbell JL. The
effectiveness of exercise interventions for people with Parkinson’s disease:
a systematic review and meta-analysis. Mov Disord. (2008) 23:631-40.
doi: 10.1002/mds.21922

5. Keus SH, Munneke M, Nijkrake MJ, Kwakkel G, Bloem BR. Physical therapy in
Parkinson’s disease: evolution and future challenges. Mov Disord. (2009) 24:1-14.
doi: 10.1002/mds.22141

6. Yitayeh A, Teshome A. The effectiveness of physiotherapy treatment on
balance dysfunction and postural instability in persons with Parkinson’s disease:
a systematic review and meta-analysis. BMC Sports Sci Med Rehabil. (2016) 8:17.
doi: 10.1186/513102-016-0042-0

7. Frazzitta G, Maestri R, Bertotti G, Riboldazzi G, Boveri N, Perini M, et al.
Intensive rehabilitation treatment in early Parkinson’s disease: a randomized pilot
study with a 2-year follow-up. Neurorehabil Neural Repair. (2015) 29:123-31.
doi: 10.1177/1545968314542981

8. Radder DLM, Ligia Silva de Lima A, Domingos J, Keus SHJ, van Nimwegen
M, Bloem BR, et al. Physiotherapy in Parkinson’s disease: a meta-analysis of
present treatment modalities. Neurorehabil Neural Repair. (2020) 34:871-80.
doi: 10.1177/1545968320952799

9. Litvan I. Parkinsonian features: when are they Parkinson disease? JAMA.
(1998) 280:1654-5. doi: 10.1001/jama.280.19.1654

10. Zampieri C, Di Fabio RP. Balance and eye movement training to improve
gait in people with progressive supranuclear palsy: quasi-randomized clinical trial.
Phys Ther. (2008) 88:1460-73. doi: 10.2522/ptj.20070302

Frontiersin Neurology

07

10.3389/fneur.2022.955893

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fneur.2022.955893/full#supplementary-material

11. Zampieri C, Di Fabio RP. Improvement of gaze control after balance
and eye movement training in patients with progressive supranuclear palsy: a
quasi-randomized controlled trial. Arch Phys Med Rehabil. (2009) 90:263-70.
doi: 10.1016/j.apmr.2008.07.024

12. Clerici I, Ferrazzoli D, Maestri R, Bossio F Zivi I, Canesi M,
et al. Rehabilitation in progressive supranuclear palsy: effectiveness
of two multidisciplinary treatments. PLoS One. (2017) 12:¢0170927.

doi: 10.1371/journal.pone.0170927

13. Di Pancrazio L, Bellomo RG, Franciotti R, Iodice P, Galati V,
D’Andreagiovanni A, et al. Combined rehabilitation program for postural
instability in progressive supranuclear palsy. NeuroRehabilitation. (2013)
32:855-60. doi: 10.3233/NRE-130909

14. Suteerawattananon M, MacNeill B, Protas EJ. Supported treadmill training
for gait and balance in a patient with progressive supranuclear palsy. Phys Ther.
(2002) 82:485-95. doi: 10.1093/ptj/82.5.485

15. Wallace R, Abbott C, Gibson-Horn C, Skubic M. In-home measurement of
the effect of strategically weighted vests on ambulation. Annu Int Conf IEEE Eng
Med Biol Soc. (2013) 2013:949-52. doi: 10.1109/EMBC.2013.6609659

16. Sale P, Stocchi F, Galafate D, De Pandis MFE, Le Pera D, Sova I, et al.
Effects of robot assisted gait training in progressive supranuclear palsy (PSP): a
preliminary report. Front Hum Neurosci. (2014) 8:207. doi: 10.3389/fnhum.2014.
00207

17. Slade SC, Finkelstein DI, McGinley JL, Morris ME. Exercise and physical
activity for people with progressive supranuclear palsy: a systematic review. Clin
Rehabil. (2020) 34:23-33. doi: 10.1177/0269215519877235

18. Golbe LI, Ohman-Strickland PA. A clinical rating scale for progressive
supranuclear palsy. Brain. (2007) 130:1552-65. doi: 10.1093/brain/awm032

19. Berg KO, Wood-Dauphinee SL, Williams JI, Maki B. Measuring balance
in the elderly: validation of an instrument. Can ] Public Health. (1992)
83 Suppl 2:57-11.

20. Podsiadlo D, Richardson S. The timed “Up & Go™ a test of basic
functional mobility for frail elderly persons. ] Am Geriatr Soc. (1991) 39:142-8.
doi: 10.1111/§.1532-5415.1991.tb01616.x

frontiersin.org

-194 -



Matsuda et al.

21. Hunt AL, Sethi KD. The pull test: a history. Mov Disord. (2006) 21:894-9.
doi: 10.1002/mds.20925

22. Munhoz RP, Li JY, Kurtinecz M, Piboolnurak P, Constantino A, Fahn S, et al.
Evaluation of the pull test technique in assessing postural instability in Parkinson’s
disease. Neurology. (2004) 62:125-7. doi: 10.1212/WNL.62.1.125

23. Lamb R, Rohrer JD, Lees AJ, Morris HR. Progressive supranuclear palsy
and corticobasal degeneration: pathophysiology and treatment options. Curr Treat
Options Neurol. (2016) 18:42. doi: 10.1007/s11940-016-0422-5

24. Munhoz RP, Teive HA. Pull test performance and correlation with
falls risk in Parkinsons disease. Arq Neuropsiquiatr. (2014) 72:587-91.
doi: 10.1590/0004-282X20140082

25. Berg KO, Maki BE, Williams JI, Holliday PJ, Wood-Dauphinee SL. Clinical
and laboratory measures of postural balance in an elderly population. Arch Phys
Med Rehabil. (1992) 73:1073-80.

26. Steffen T, Seney M. Test-retest reliability and minimal detectable change on
balance and ambulation tests, the 36-item short-form health survey, and the unified
Parkinson disease rating scale in people with parkinsonism. Phys Ther. (2008)
88:733-46. doi: 10.2522/ptj.20070214

27. Qutubuddin AA, Pegg PO, Cifu DX, Brown R, McNamee S, Carne
W. Validating the berg balance scale for patients with Parkinson’s disease: a
key to rehabilitation evaluation. Arch Phys Med Rehabil. (2005) 86:789-92.
doi: 10.1016/j.apmr.2004.11.005

28. Dibble LE, Christensen ], Ballard D], Foreman KB. Diagnosis of fall risk
in Parkinson disease: an analysis of individual and collective clinical balance test
interpretation. Phys Ther. (2008) 88:323-32. doi: 10.2522/ptj.20070082

29. Landers MR, Backlund A, Davenport J, Fortune J, Schuerman S, Altenburger
P. Postural instability in idiopathic Parkinson’s disease: discriminating fallers from
nonfallers based on standardized clinical measures. ] Neurol Phys Ther. (2008)
32:56-61. doi: 10.1097/NPT.0b013e3181761330

30. Kovacs GG, Lukic MJ, Irwin DJ, Arzberger T, Respondek G, Lee EB, et al.
Distribution patterns of tau pathology in progressive supranuclear palsy. Acta
Neuropathol. (2020) 140:99-119. doi: 10.1007/500401-020-02158-2

Frontiersin Neurology

08

10.3389/fneur.2022.955893

31. Nicolai S, Mirelman A, Herman T, Zijlstra A, Mancini M, Becker C, et al.
Improvement of balance after audio-biofeedback. a 6-week intervention study in
patients with progressive supranuclear palsy. Z Gerontol Geriatr. (2010) 43:224-8.
doi: 10.1007/s00391-010-0125-6

32. Croarkin E, Robinson K, Stanley CJ, Zampieri C. Training high level balance
and stepping responses in atypical progressive supranuclear palsy: a case report.
Physiother Theory Pract. (2022) 1-12. doi: 10.1080/09593985.2022.2032509

33. Sibley KM, Beauchamp MK, Van Ooteghem K, Straus SE, Jaglal SB. Using
the systems framework for postural control to analyze the components of balance
evaluated in standardized balance measures: a scoping review. Arch Phys Med
Rehabil. (2015) 96:122-32 €29. doi: 10.1016/j.apmr.2014.06.021

34. Nocera JR, Stegemoller EL, Malaty IA, Okun MS, Marsiske M, Hass CJ, et al.
Using the Timed Up & Go test in a clinical setting to predict falling in Parkinson’s
disease. Arch Phys Med Rehabil. (2013) 94:1300-5. doi: 10.1016/j.apmr.2013.02.020

35. Shumway-Cook A, Brauer S, Woollacott M. Predicting the probability for
falls in community-dwelling older adults using the Timed Up & Go Test. Phys Ther.
(2000) 80:896-903. doi: 10.1093/ptj/80.9.896

36. Lindholm B, Nilsson MH, Hansson O, Hagell P. The clinical significance of
10-m walk test standardizations in Parkinson’s disease. ] Neurol. (2018) 265:1829~
35. doi: 10.1007/s00415-018-8921-9

37. Imms FJ, Edholm OG. Studies of gait and mobility in the elderly. Age Ageing.
(1981) 10:147-56. doi: 10.1093/ageing/10.3.147

38. Takamatsu Y, Matsuda N, Aiba I. The combination of short-step and
wide-based gait is a gait characteristic in progressive supranuclear palsy:
a retrospective, cross-sectional study. Eur Geriatr Med. (2019) 10:809-15.
doi: 10.1007/s41999-019-00211-2

39. Schrag A, Selai C, Quinn N, Lees A, Litvan I, Lang A, et al
Measuring quality of life in PSP: the PSP-QoL. Neurology. (2006) 67:39-44.
doi: 10.1212/01.wnl.0000223826.84080.97

40. Group TE. EuroQol-a new facility for the measurement of health-related
quality of life. Health policy. (1990) 16:199-208 doi: 10.1016/0168-8510(90)
90421-9

frontiersin.org

- 195 -



woy

aqua Aq

wnogz|

3UIPH+EPNIO

8. +AAOANOMYEEAAIAVO/PONEIOPIASALLIKIPOOTEIEAHDID AUMY L XOMA!

2202/12/20 U0

ORIGINAL ARTICLE

Medication Errors in the Operating Room: An Analysis of
Contributing Factors and Related Drugs in Case Reports from
a Japanese Medication Error Database

Ryohei Suzuki, BS,*7 Tsuneo Imai, MD, } Takamasa Sakai, PhD,§
Kouichi Tanabe, PhD,§ and Fumiko Ohtsu, PhD§

Objective: The aim of this study was to prevent drug-related medication
errors in the operating room by clarifying the association between the med-
ication error category with related drugs and contributing factors.
Methods: We used data from the Japan Council for Quality Health Care’s
open database on the web. We researched the medication error category, re-
lated drugs, and contributing factors. We classified each medication error
category into case groups and other medication error categories into control
groups. We compared the medication error factors of the 2 groups using
multivariate logistic regression analysis on the medication error factors.
Results: The total number of analyzed cases was 541. Incorrect dose was
the most common medication error category in 170 cases, followed by incor-
rect drug in 152 cases. Medication error factors (odds ratio, 95% confidence
interval) that were found to be significantly positively associated with incor-
rect dose were “pressor drugs” (3.0, 1.4-6.4), “anesthesia-inducing drugs”
(6.3, 1.7-23.4), “lack of knowledge” (2.0, 1.3-3.3), and “drug administra-
tion” (3.4, 1.6-7.4). The medication error factors that were found to be sig-
nificantly positively associated with incorrect drug were “preparation” (5.7,
3.1-10.5) and “medication passed or picked up” (102.2, 35.7-292.8).
Conclusions: Medication errors are frequently occurring during drug
preparation and administration in the operating room. Medical staff should
thoroughly learn about operating room-specific drugs and closely monitor
every step of the drug preparation and administration process. It is also im-
portant to create a workflow and improve the environment so that it reduces
the likelihood of medication errors.

Key Words: medication error, operating room, logistic regression analysis,
database

(J Patient Saf 2022;18: ¢496-¢502)

n operating room is a place where the most invasive treatment
takes place in a hospital. High-risk drugs such as those that
are narcotic, poisonous drugs, and/or powerful drugs are routinely
used, and the main route of administration is an intravenous injec-
tion that has an immediate effect. The wrong choice or incorrect
usage of high-risk drugs can have a high likelihood of leading to
a serious accident. Medication errors in the operating room are re-
ported from 4.2% to 0.02%.'~® Surveys from 687 anesthesiolo-
gists in Canada revealed that 85% of the anesthesiologists committed
at least 1 medication error, and 4 resulting deaths were reported.’
Surveys of Australian anesthesiologists revealed 3 deaths out of
896 cases of medication errors.'°
Medication errors, such as an incorrect dose or drug, are com-
mon in operating rooms.> 7' In addition, muscle relaxants and/or
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narcotic analgesics have been most frequently reported as related
drugs in the operating room.>*> There are many reports on the
number and frequency of contributing factors and related drugs
in the medication errors.>*>1%13 There are also reports on the re-
lationship between the level of provider experience and medica-
tion errors. However, there are no reports that used spontaneous
reports collected from multiple centers to investigate the details
of medication errors and how related drugs contribute.

In the operating room, there is a need for anesthesiologists to
improve the quality and safety of anesthesia care.'* In Japan, the
number of anesthesiologists is insufficient. The anesthesia is per-
formed by surgeons or anesthesiologists from outside of the hos-
pital in approximately 40% of general hospitals, except for university
hospitals.!> Therefore, it is necessary to ensure the safe use of
drugs in the operating room in any environment.

‘We conducted database research to reveal the relationship between
the medication error category with related drugs and contributing
factors to prevent drug-related medication errors.

METHODS

Data Collection

We used data from the Japan Council for Quality Health Care’s
spontaneous report database (JCQHC-DB) on the web (http://
www.med-safe.jp/, April 7, 2019).

The JCQHC provides services related to improving the quality
of medical care and providing reliable medical care, with the aim
of contributing to the improvement of public health and welfare.
As part of this effort, the JCQHC collects information on medica-
tion errors, such as medical near misses and medical adverse
events. The JCQHC-DB contains cases that are drug-related cases
and medical devices related as well as cases that occur during care,
such as patient falls and aspiration reported from national medical
centers and hospitals, university hospitals, etc. When a medication
error is reported to the JCQHC-DB, the reporter selects and enters
the year and month, time, place of occurrence, his or her occupa-
tional category, action of the person involved, human error factor,
and other factors from the checklist/pull-down menu. In addition,
the reporter describes related drugs and the details of the case in
free-text format.

The term medical near miss includes information on the fol-
lowing!®: (1) potentially erroneous medical procedures identified
before they are actually performed on patients; (2) erroneous med-
ical procedures that are performed but did not affect the patient’s
condition; and (3) erroneous medical procedures that were per-
formed and patients required only a minor procedure or treatment
as a result. The JCQHC database contains 64,696 medical near-miss
cases (November 18, 2019, confirmed).

The term medical adverse event includes information on the
following'®: (1) an apparent error in treatment or management that
resulted in a patient’s death or mental or physical disability or
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required unexpected treatment, treatment to an unexpected extent,
or other medical procedure; (2) an inapparent error in treatment or
management that resulted in the patient’s death or mental or phys-
ical disability, or required unexpected follow-up treatment, treat-
ment to an unexpected extent, or other medical procedure; and (3)
other than the previous information described, the term can also in-
clude information conducive to the prevention of adverse medical
events and their recurrence at medical institutions. The JCQHC
database contains 31,947 medical adverse event cases (November
18, 2019, confirmed).

We selected only drug-related cases from the case summary
section of the JCQHC-DB and further selected “operating room”
from the place of occurrence section and focused on those medica-
tion errors cases. We surveyed medication error cases that occurred
in operating rooms between January 1, 2010, and September
30, 2018.

Research Items

We researched the medication error category, related drugs, as-
sociated factors, and the background of the person who commit-
ted the error. We defined related drugs and associated factors and
the background of the person who committed the error as medica-
tion error factors.

Medication Error Category

We classified medication error categories based on the classifi-
cation suggested by Llewellyn et al* and Nanji et al': (1) incorrect
dose, (2) incorrect drug, (3) incorrect route of administration, (4)
administration of allergic or adverse reaction—inducing or contra-
indicated drug, (5) omitted medication, (6) extravascular or route
leakage, (7) repetition, and (8) others.

Medication Error Factors

Related Drugs

We extracted related drugs from the related drug section and case
contents. We listed all related drugs by their generic names. We
excluded isotonic sodium chloride solution and glucose, which
are used as solvents. We classified related drugs into “antibiotics,”
“pressor drugs,” “muscle relaxants,” “muscle relaxant antagonists,”
“narcotic analgesics,” “analgesics,” “anesthesia-inducing
drugs,” “anesthesia drugs,” “disinfectants,” “insulin,” and “an-
ticoagulants.” We also investigated related drugs written in the
drug category, and these were also included in this study.

Associated Factors

We used the classification provided in the database and classi-
fied associated factors into “action of the person involved,” “hu-
man error factors,” “timing,” and “other factor.”

We classified the action of the person involved into “neglected to
check,” “inadequate (or neglected) explanation to patient,” “misjudg-
ment,” “neglected to observe patient,” “inadequate documentation,”
“inadequate coordination between staff,” and “delayed reporting.”
We classified human error factors who committed the error into

9 ¢

“lack of knowledge,” “busy working conditions,” “working under
unusual physical condition,” “performing under unusual psycho-
logical condition,” and “deficiency of technique or skill.”

We read case reports, and we classified timing errors into errors
“ordering medication or giving instruction,” “receiving order or
instruction,” “preparation,” “medication passed or picked up,”
“drug administration,” and “other timing” with reference of Aronson'’
and Weant et al'® classification.

We used the classification provided in the database and classi-

fied other error factors as “inadequate rules,” “inadequacy of ed-
ucation or training system,” and “workflow deficiencies.”

© 2021 Wolters Kluwer Health, Inc. All rights reserved.

Background of the Person Who Committed the Error

We used the classification provided in the database and classi-
fied occupation and experience into “doctor” or “nurse” and “ex-
perience (e.g., >2 or <2 y),” which were provided by the database.

Classification of Case and Control Groups

We excluded duplicate cases, cases where the location of the
medication error was incorrectly typed as operating room, cases
where an adverse reaction was not related to medication error,
cases of drug mismanagement that were unlikely to directly affect
patients such as dropped and broken drugs, and cases for which
information was inadequate.

We classified the case reports that corresponded to the medica-
tion error category into case groups and other medication error cat-
egories into control groups to analyze the medication error factors.

Statistical Analysis

We calculated the medication error categories and medication
error factors.

We compared the medication error factors between the 2 groups
using univariate logistic regression analysis on the medication error
factors found in each. In addition, multivariate logistic regression
analysis was performed by selecting medication error factors with
a P value of less than 0.2 in univariate logistic regression analysis.
The significance level was set at 5%. We used SPSS Statistics Ver-
sion 24 (IBM Corporation, Armonk, NY) to analyze the data.

RESULTS

Summary of Medication Error Cases

We included only drug-related cases and cases occurring in the
operating room in the JCQHC-DB search, resulting in 727 cases.
In addition, we excluded 186 cases from the 727 cases for various
reasons, for a total number 541 analyzed medication error cases

(Fig. 1).

Medication Error Categories

Incorrect dose was the most common medication error category
in 170 cases, followed by “incorrect drug” in 152 cases, “omitted
medication” in 85 cases, “administration of allergic or adverse
reaction—inducing or contraindicated drugs” in 35 cases, “extravas-
cular or route leakage” in 21 cases, “incorrect route” in 16 cases,
“repetition” in 7 cases, and “other” in 55 cases.

Medication Error Factors

Related Drugs

Cefazolin, referred to by its generic name, was the most com-
mon related drug noted in all medication error cases with 48 cases
found, followed by fentanyl citrate in 36 cases, remifentanil in 31
cases, and rocuronium bromide in 23 cases.

Of all the medication error cases, “antibiotics” was the most
common related drug category with 117 cases, followed by “anes-
thesia drugs” in 77 cases, “narcotic analgesics” in 67 cases, “pres-
sor drugs” in 42 cases, “analgesics” in 30 cases, and “muscle
relaxants” in 27 cases.

Associated Factors

Of all the medication error cases, “neglected to check” was the
most common action of the person involved, noted in 439 cases,
followed by “misjudgment” in 85 cases and “neglected to observe
patient” in 63 cases. “Lack of knowledge” was the most common
human error factor in 139 cases, followed by “busy working
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Methods of data collection

JCQHC-DB: 96,643cases

Neither drug related case nor occurring in the

operating room: 95,916cases

’ Drug related cases in the operating room: 727cases

drug storage management: 99cases

inadequate information: 31cases

incorrectly typed as occurring in the operating room: 29cases
adverse reaction: 25cases

duplicate reports: 2cases

122

’ Analyzed medication error cases: 541cases

Medication error category ‘ Case group
Incorrect dose 170cases
Incorrect drug 152cases
Omitted medication 85cases
Administration of allergy or adverse
35cases

reaction-inducing or contraindicated drug

FIGURE 1. Methods of data collection.

conditions” in 95 cases and “working under unusual physical con-
dition” in 68 cases. “Preparation” was the most common timing
error, noted in 217 cases, “drug administration” in 114 cases, “med-
ication passed or picked up” in 61 cases, and “receiving order or in-
struction” in 55 cases. “Inadequacy of education or training system”
was the most common other factor in 100 cases, “inadequate rules”
in 58 cases, and “workflow deficiencies” in 39 cases.

Background of the Person Who Committed the Error

“Nurses” were responsible for 311 cases and “doctors” were re-
sponsible for 209 cases. The person who committed the error re-
sponsible had more than 2 years of experience in 382 cases and
less than 2 years of experience in 159 cases.

Analyses of 4 Top Medication Error Categories
Concerning Medication Error Factors

Incorrect Dose

The related medication error factors with a P value of less
than 0.2 in univariate logistic regression analysis were “antibiotics,”

e498 | www.journalpatientsafety.com

‘ Control group Total
371Cases 541cases
389cases 541cases
456c¢ases 541cases
506c¢ases 541cases
“pressor drugs,” “anesthesia-inducing drugs,” “anesthetics,” “neglected

2

to check,” “misjudgment,” “lack of knowledge,” “working under
unusual physical condition,” error in “ordering medication or giv-
ing instruction,” “preparation,” “receiving order or instruction,”
“medication passed or picked up,” “drug administration,” and
“inadequacy of education or training system.” Figure 2 shows the
results of the multivariate logistic regression analysis. Medication
error factor (odds ratio, 95% confidence interval [CI]) with a signif-
icant positive association were “pressor drugs” (3.0, 1.4-6.4)
“anesthesia-inducing drugs” (6.30, 1.7-23.4), “lack of knowledge”
(2.0, 1.3-3.3), and “drug administration” (3.4, 1.6-7.4)

Incorrect Drug

The related medication error factors with a P value of less
than 0.2 in univariate logistic regression analysis were “antibi-

otics,” “pressor drugs,” “muscle relaxants,” “narcotic analge-
sics,” “analgesics,” “neglected to check,” “neglected to observe
patient,” “inadequate coordination between staff,” “lack of knowl-
edge,” “ordering medication or giving instruction,” “preparation,”

2

“medication passed or picked up,” “other timing,” and “inadequate
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Incorrect dose

Other

Odds
(n=170) (n=371) ) 95CI P
Ratio
n % n %

Antibiotics 24 14.1 93 25.1 st 0.5 0.3-0.9 0.02

Pressor drugs 24 14.1 18 4.9 —— 3.0 1.4-6.4 <0.01
Related drug

Anesthesia-inducing drug 11 6.5 4 1.1 —— 6.3 1.7-23.4 0.01

Anesthesia drugs 18 10.6 59 15.9 [~ 0.5 0.3-1.0 0.05
Action of the Neglected to check 131 77.1 308 83.0 f ad] 0.7 0.4-1.2 0.14
person involve  Misjudgment 41 24.1 44 119 - 1.8 1.0-3.1 0.05
Human error Lack of knowledge 67 394 72 19.4 (=™ 2.0 1.3-33 <0.01
factor Working under unusual psychological condition 26 153 Y 113 E— 1.6 0.9-3.0 0.11

Ordering medication or giving instruction 16 9.4 15 4.0 ] 2.6 0.9-7.3 0.06

Preparation 78 459 139 37.5 - 2.0 1.0-4.1 0.07
Timing Medication passed or picked up 1 0.6 60 16.2 ot 0.04 0.01-0.4 0.01

Drug administration 55 324 59 15.9 —— 34 1.6-7.4 <0.01

Other timing 5 29 58 15.6 ———1 0.3 0.1-0.8 0.02
Other factor Inadequacy of education or training system 41 24.1 59 15.9 T-‘ 1.1 0.7-1.9 0.70

0.01 0.1 1 10 100
Odds Ratio

FIGURE 2. Multivariate logistic regression analysis of incorrect dose.

rules.” Figure 3 shows the results of the multivariate logistic re-
gression analysis. Medication error factors with signi ficant posi-
tive associations were “preparation” (5.7, 3.1-10.5) and “medication
passed or picked up” (102.2, 35.7-292.8).

Figure 4 shows the results of the multivariate logistic regression
analysis. Medication error factors with a significant positive asso-
ciation were “antibiotics” (4.1, 2.2-7.7), “narcotic analgesics”
(3.6, 1.6-8.0), “neglected to observe patient” (3.8, 1.8-7.8),
“receiving order or instruction” (3.7, 1.6-8.4), and “drug adminis-
tration” (3.4, 1.8-6.4).

Omitted Medication
The related medication error factors with a P value of less
than 0.2 in univariate logistic regression analysis were “antibi-

2

otics,

2

ment,

of knowledge,” “busy working conditions,
unusual psychological condition,

2

pressor drugs,
“anesthetics,” “doctor,

2 2

'muscle relaxants,

2 < 2 <

nurse,

”»

narcotic analgesics,”
neglected to check,” “misjudg-
neglected to observe patient,” “delayed reporting,” “lack

performing under
receiving order or instruc-

Administration of Allergic or Adverse Reaction—
Inducing or Contraindicated Drugs

The related medication error factors with a P value of less
than 0.2 in the univariate logistic regression analysis were “antibi-

2 ¢

otics,” “analgesics,

2 <,

anesthetic drugs,” “disinfectants,” “inadequate
(or neglected) explanation to patient,” “inadequate documentation,”

tion,” “medication passed or picked up,” and “drug administration.” “inadequate coordination between staff;” “workflow deficiencies,”
Incorrect drug Other Odds
(n=152) (n=389) ‘s 95CI P
Ratio
n % n %
Antibiotics 26 17.1 91 234 i 0.6 03-1.1 0.09
Pressor drugs 16 10.5 26 6.7 —— 1.1 0.5-2.6 0.75
Related drug Muscle relaxants 12 79 15 39 —l— 0.4 0.1-1.2 0.10
Narcotic analgesics 12 79 55 14.1 —— 0.2 0.1-0.5 <0.01
Analgesic 2 13 28 72 —l— 0.2 0.1-1.2 0.08
Neglected to check 137 901 302 77.6 —— 2.0 1.0-4.1 0.07
Action of the
. Neglected to observe patient 10 6.6 53 13.6 il 0.3 0.1-0.7 0.01
person involved
Inadequate coordination between staff 33 21.7 109 28.0 1.1 0.6-2.0 0.79
Human error factor Lack of knowledge 30 19.7 109 28.0 0.8 0.5-1.4 0.46
Ordering medication or giving instruction 3 2.0 28 72 0.9 0.2-3.5 0.91
Preparation 78 513 139 35.7 R 57 3.1-10.5 <0.01
Timing
Medication passed or picked up 54 355 7 1.8 — 1022 35.7-292.8 <0.01
Other timing 1 0.7 62 159 pefty 0.2 0-1.3 0.09
Other factor Inadequate rules 21 13.8 37 9.5 e — 1.6 0.7-3.4 0.26

0.01 0.1 1
QOdds Ratio

10 100

FIGURE 3. Multivariate logistic regression analysis of incorrect drug.
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Omitted medication Other Odds
(n=85) (1=456) " [_5 95C1 P
n % n % e

Antibiotics 38 44.7 79 173 —— 4.1 2.2-77 <0.01

Pressor drugs 1 12 41 9.0 B 0.2 0.03-1.8 0.16
Related drug Muscle relaxants 1 1.2 26 5.7 — 0.2 0.03-2.1 0.20

Narcotic analgesics 15 17.6 52 114 ] 3.6 1.6-8.0 <0.01

Anesthesia drugs 7 8.2 70 15.4 —— 0.8 0.3-2.0 0.65

Neglected to check 75 88.2 364 79.8 —— 1.8 0.8-4.1 0.14
Action of the Misjudgment 5 5.9 80 17.5 —.— 0.3 0.1-0.9 0.02
person involved  Neglected to observe patient 18 212 45 9.9 —— 3.8 1.8-7.8 <0.01

Delayed reporting 5 59 13 29 o 2.7 0.7-10.2 0.13

Lack of knowledge 13 153 126 27.6 —— 0.4 0.2-0.9 0.03
Human - error Bi ki diti 24 282 71 15.6 1.5 0.8-2.8 0.21

usy working condition ¥ . L— . .8-2. .

factor Y € §

Performing under unusual psychological condition 16 18.8 52 114 - 2.1 1.0-4.6 0.06

Receiving order or instruction 14 16.5 41 9.0 —.— 3.7 1.6-8.4 <0.01
Timing Medication passed or picked up 2 24 59 12.9 —.— 0.2 0.1-1.1 0.06

Drug administration 30 353 84 18.4 —.— 34 1.8-6.4 <0.01

Doctor 26 30.6 183 40.1 = . 2.0 0.7-5.6 0.20
Occupation ]

Nurse 56 65.9 255 559 I 2.7 0.6-11.6 0.17

0.01 0.1 1 100
QOdds Ratio

FIGURE 4. Multivariate logistic regression analysis of omitted medication.

and “less than 2 years of experience.” Figure 5 shows the results of
multivariate logistic regression analysis. Medication error factors
with significant positive associations were “antibiotics” (11.1,
3.5-34.8), “analgesics” (11.1, 2.5-49.8), “disinfectants” (60.8,
14.5-254.6), “inadequate documentation” (7.2, 2.1-24.8), and
“workflow deficiencies” (3.1, 1.1-8.6).

DISCUSSION

The results of this study were similar to previous studies of
medication errors in operating rooms' >'%!? and reflected a trend
of medication errors, with incorrect doses or related drugs being
administered, such as antibiotics, anesthetics, narcotic analgesics,
pressor drugs, and muscle relaxants. The related drugs in this
study were operating room—specific related drugs, including anes-
thetics, narcotic analgesics, pressor drugs, and muscle relaxants ver-
sus those in medication error reports in the hospital as a whole.2**! In
this study, the most common medication error factor was

neglecting to check before administering it, followed by the ad-
ministrator’s lack of knowledge, inadequacy of education, and
training system. Therefore, it is recognized that there is a need
for doctors and nurses to be better educated to identify the medi-
cation name and doses to be checked in the operating room.
Nurses were the most frequently reported to commit medication
error, but doctors also had a high error percentage. The results
were specific to the operating room environment, including the
fact that doctors and nurses are often the final administrators of
drugs in the operating room and that they are responsible for per-
forming such tasks that have a high impact on patients. There was
a high rate of medication errors committed by doctors and nurses
with more than 2 years of experience, which might be due to the
low number of medical staff with less experience working in the
operating room. Furthermore, there are other factors contributing
to medication errors committed by medical staff with years of ex-
perience, such as protocol drifts that deviate from established pro-
cedures or rule violations due to familiarity, including omission of

other

Odds

(n=506) ) 95C1 P
Ratio
n % n %

Antibiotics 17 48.6 100 19.8 —— 1.1 3.5-34.8 <0.01

Analgesics 4 11.4 26 5.1 — 11.1 2.5-49.8 <0.01
Related drug

Anesthesia drugs 2 5.7 75 14.8 e fle— 22 0.4-12.3 0.39

Disinfectants 7 20.0 11 22 el 60.8 14.5254.6 <0.01

Inadequate(or neglected)explanation to patient 1 2.9 2 0.4 —— 298 1.0-896.5 0.05
Action of the .

X Inadequate documentation 6 17.1 10 2.0 — 7.2 2.1-24.8 <0.01

person involved

Inadequate coordination between staff 13 37.1 129 255 1.3 0.6-2.8 0.58
Other factor Workflow deficiencies 7 20.0 32 6.3 3.1 1.1-8.6 0.03
Experience Less than 2 years 5 14.3 154 304 = 0.3 0.1-0.9 0.03

0.01 10 100

0.1 1
Odds Ratio

FIGURE 5. Multivariate logistic regression analysis of administration of allergic or adverse reaction-inducing or contraindicated drugs.

e500 | www.journalpatientsafety.com

© 2021 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.

- 200 -



| Patient Saf e Volume 18, Number 2, March 2022

Medication Errors in the Operating Room

routine rules and distraction due to habituation. Persistent and
chronic deviations from practice standards or rule violations
may become normalized, i.e., normalization of deviancy, resulting
in lower safety standards.?>%* Those with years of experience also
reported being responsible for complex cases and reporting med-
ication errors without delay.*

Incorrect dose was the most common error in the medication
error category. Lack of knowledge and drug administration were
significantly positive medication error factors. Drugs that can be
life-threatening when administered in too high or low dosages,
such as pressor drugs and anesthesia-inducing drugs, were signif-
icantly positively associated with incorrect dose. Related drugs,
such as pressor drugs and anesthesia-inducing drugs, are adapted
to different situations such as partial or full administration of the
drug prepared in advance in a syringe according to the patient’s
condition. Therefore, incorrect dose could be more likely to occur
in these situations. It is necessary for multiple staff to confirm the
dosage and administer the drug accurately in each medical situa-
tion. Similarly, lack of knowledge and drug administration, which
were extracted as factors, showed significant positive associations
with medication errors. It is necessary to adjust the dosage of the
drug based on careful monitoring of the patient’s condition. A
positive association between dosage error and lack of knowledge
was shown, because one must know the drug’s efficacy and use to
administer it correctly. It is highly suggested to take other mea-
sures to prevent incorrect dose, such as simulation education, be-
cause simulation education has been shown to help learners apply
acquired knowledge to practical situations.>*2°

The incorrect drug being administered was the second most
common medication error after incorrect dose. No significant
positive association—related drugs were found, but narcotic anal-
gesics showed a significant negative association. When narcotic
analgesics are used during surgery, checking the remaining dose
allows you to predict when to change the dose and prepare for it
with less hurry than other medications used in an emergency. In
addition, narcotic analgesics are considered less likely to be mis-
taken for other medications because they must be administered
with special caution. This may be the reason for the low incidence
of errors committed with these drugs compared with other drugs.
A significant positive association was found between medication
errors occurring during preparation or when the drug was physi-
cally passed or picked up. The drugs used in the operating room
are often refilled from ampoules or vials into syringes or other
containers, which are similar in shape, size, and color to the re-
lated drug itself and the container in which the drug was refilled.
Therefore, it is likely to have medication errors during preparation
or when the medication is passed or picked up.

In this study, there were cases where incorrect drugs with dif-
ferent medicinal effects were administered, such as ephedrine hy-
drochloride or phenylephrine being given by mistake instead of
rocuronium bromide. These types of errors can have a significant
impact on and/or cause adverse events in the patient. It is also nec-
essary to confirm that the medication is correct and to prepare it
with labels and other materials for easy identification to prevent
mistakes.?” In addition, it is necessary to carefully check the drug
name before administering the prepared syringe, instead of only
recognizing it by its color, shape, or size.

Accidentally omitted medication was the third most common
medication error. Significant medication error factors included
antibiotics and narcotic analgesics, neglected to observe the pa-
tient after drug administration, errors when receiving medication
order or instruction, and errors during drug administration. Antibi-
otics are used before making a surgical incision to prevent infection.
In addition, additional medications may be required if the surgery
is prolonged. As a result, there are multiple occasions where the
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initial, then additional antibiotic dosing times need to be checked
as well as the progress of the surgery and the patient’s condition.
Another factor that may contribute to accidentally omitted medi-
cation is that it may not be clear who among the medical staff is
administering the antibiotics. The use of checklists was reported
to improve the correct administration of antibiotics from 37% to
83%.° The development of guidelines for redosing antibiotics
in hospitals and the use of a reminder function linked to the hos-
pital’s electronic medical record have been reported to improve
compliance rates from 51.4% to 68.5% and from 11% to 99%.3!
Therefore, we think that adopting system-based methods can min-
imize medication errors and reduce the effects on patients. The re-
lated drug in 14 of the 15 cases of narcotic analgesic medication
errors was remifentanil. When they forgot to administer remifentanil,
many of them ware because they only administered a saline solution
with no remifentanil dissolved in it; that is, it was impossible to
distinguish whether the drug had been dissolved or not in the so-
lution. In checking the cases listed in the JCQHC-DB, we found
that when narcotic analgesics were omitted, this triggered observ-
able symptoms in patients, such as elevated blood pressure and
tachycardia. Therefore, when administering narcotic analgesics,
it is necessary to monitor the patient’s blood pressure and pulse,
and if elevated blood pressure or tachycardia is observed, it is neces-
sary to confirm that narcotic analgesics have indeed been administered.

The procedure of dissolving a drug in a vial increases the over-
all workload for administer compared with liquid products. It is
expected that standardization of procedures, such as dissolving
the drug, labeling, and taking the drug into the syringe, will re-
duce the number of omitted medications due to administration
forgetting to dissolve the drug. The procedure should be standard-
ized when preparing drugs.>> Errors when receiving order or in-
struction is a significant medication error factor. Because the
database used in this study was a spontaneous reporting database,
errors when receiving the order or instructions were more often re-
ported by those who received the order or instruction than those
who gave it. When requesting the administration of a drug, both
the person giving the instruction and the person receiving the in-
struction should be sure to confirm them with each other to avoid
omitted medication due to lack of communication.

Administration of a drug that the patient was allergic or adverse
reaction—inducing or contraindicated drugs was the fourth most
common medication error. Antibiotics and analgesics, disinfec-
tants, inadequate documentation, and workflow deficiencies were
significant positive medication error factors. Allergies and ad-
verse reactions to antibiotics and analgesics can directly lead to
death. It is difficult to predict allergic or adverse reactions to a
drug in advance; however, it is necessary to avoid administration
of drugs where there is a known patient history of allergic or ad-
verse reaction—inducing or contraindicated drugs. In this study, al-
though some medical staff knew patients’ allergies, past adverse
reactions, and contraindicated drugs, this information was not
shared to the entire team. In some cases, a staff member simply
forgot to share it, or the information sharing system was inade-
quate, which is believed to have led to the medication error. There-
fore, it is important to learn and share each patient’s history of
adverse reactions to drugs, such as antibiotics, analgesics, and dis-
infectant before surgery, and to construct a fail-safe system and
mechanisms to share this information appropriately within a
multimedical professional team.

As a limitation of the study, reporting bias cannot be excluded
because the reports of medication error cases from the database
used in this study are spontaneously and voluntarily reported. In
addition, in the case of spontaneous reporting, there is no denominator
to calculate the percentage of expression. Furthermore, the method
we used fails to compare the medication error occurrence group for
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each medication error category with the nonmedication error occur-
rence group. The odds ratios derived from the present results do not
indicate the strength of the causal relationship with the medication
error content, so caution should be taken in interpreting the results.
However, the medication error cases are reported by a multicenter
that shares information useful for improving medical safety mea-
sures and promotes the prevention and recurrence of similar inci-
dents. With this in consideration, we think that the results may
reflect common medication errors throughout Japan, and the results
of this study could possibly be used by many medical institutions.

CONCLUSIONS

There is a certain association between medication error catego-
ries with related drugs and contributing factors that occurred within
the operating room. Revealing medication error factors will reduce
the recurrence of similar medication errors. It is important to take
countermeasures against medication error factors for each incident
category, share medication errors, and repeat the process of investi-
gating their cause to prevent recurrence.
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Abstract

Background: In the rehabilitation ward, many elderly patients require continuous use of medication after a stroke or
bone fracture, even after discharge. They are encouraged to self-manage their medications from the time of admis-
sion. Medication errors, such as a missed dose or incorrect administered medication can worsen conditions, resulting
in recurrent strokes, fractures, or adverse effects. The study was aimed to identify risk factors, such as medication and
prescription, contributing to errors in self-management of medication.

Methods: This study was conducted on patients who self-managed their medication in the rehabilitation ward of
Higashinagoya National Hospital from April 2018 to March 2020. The patient background including age and sex were
investigated. The medication factors examined include the number of medications and administrations per day, dos-
ing frequency on indicated days, prescription and start date are the same, medications from multiple prescriptions,
and one package or one tablet at each dosage. The group of medication error cases were defined as the medication
error group and that of control cases as the no-medication error group. A logistic regression analysis was performed
for factors related to medication errors.

Results: A total of 348 patients were included in the study, of which 154 patients made medication errors, with 374
total medication error cases. The median number of medications in the medication error group was six, and that in
the no-medication error group was five. Statistically significant factors correlated with errors made during self-man-
agement of medication were the number of medications, number of administrations per day, dosing frequency on
indicated days, and medication from multiple prescriptions.

Conclusions: When a patient is self-managing their medications, errors are likely to occur due to a high number of
medicines they are taking and the complexity of the dosage regimen. Therefore, to prevent medication errors, review-
ing the prescribed medications and devise ways to simplify the dosage regimens is crucial.

Keywords: Medication error, Self-administration of medication, Rehabilitation ward, Medication factor

Background

Patients whose symptoms stabilize after acute stroke
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tation to improve and/or maintain their activities of daily

- 203 -



Suzuki et al. BMC Health Services Research (2022) 22:292

living (ADL) so they can return to society. In Japan, reha-
bilitation wards allow long-term hospitalization for up to
180days, depending on the target disease and severity of
conditions. Many of the patients admitted to rehabilita-
tion wards are elderly and/or have underlying conditions.
They need continuous medication to prevent recurrent
strokes or fractures and to maintain and/or prevent exac-
erbations of their comorbid conditions. Therefore, appro-
priate management of medication is required.

There are two types of medication management in
hospitals: management by patients and management
by medical professionals, mainly nurses. In cases where
the patient is incapable to self-manage their medication
due to deterioration of their condition or decline in their
cognitive functioning, or when they are taking medica-
tion that requires careful management, such as narcotics,
nurses, and other medical professionals often perform
this task. In contrast, self-management of medication is
a method that is being implemented as the number of
patients with chronic diseases and the need for continu-
ous treatment is increasing with the aging of society. In
addition, self-management of medication is conducted
because patients themselves wish to face their own dis-
eases and manage their own medications in their phar-
macotherapy. Patients in this group practice medication
management as preparation for life after discharge. It is
necessary to accurately manage medication, but medi-
cation errors, such as missed doses or taking the wrong
medication have been reported.

In outpatient self-management, the relationship
between adherence, medication errors, and the Medi-
cation Regimen Complexity Index (MRCI), which is a
measure of the complexity of prescriptions consisting of
the number of medications and the number of admin-
istrations per day, which contributed to the medication
error, has been reported [1-5]. It has also been reported
that unused medication that remains after patients for-
get to take medication by self-administration leads to
increased medical costs and has become a health eco-
nomics problem [6, 7]. However, it was reported that
self-management of medication led to a reduction in
nursing time used check and administration [8], and cost
savings due to time savings [9]. And self-management in
the hospital setting has been shown to be beneficial in
improving patient satisfaction, adherence to medication,
and self-care skills [10]. Self-administration has been
reported to have a lower rate of medication errors than
that of administration by nurses [11]. Although, medica-
tion errors occurred in self-management.

Studies on the analysis of risk factors, such as prescrip-
tion background and medication, are lacking. Under-
standing the risk factors correlated with medication
errors is important for improving the quality of medical
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care. This may prevent errors from occurring and recur-
ring through self-management. This study was aimed to
identify risk factors, such as medication and prescription,
contributing to error in self-management of medication.

Methods

Methods of medication self-management

In the rehabilitation ward of Higashinagoya National
Hospital, physicians, pharmacists, and nurses check the
type and number of medications patients are adminis-
tered, their Functional Independence Measure (FIM)
[12], and a Mini-Mental State Examination (MMSE) [13]
from the perspective of medical safety. A self-manage-
ment training was conducted when patients were capable
of taking medication. When starting self-management,
pharmacists and nurses provided information such as
the name of the medication, its purpose, the number of
administrations, the timing, and adverse effects. We also
trained patients in self-management by ensuring that
they can open their medications on their own and under-
stand when to take them appropriately. We gave them
press-through pack and/or one packaged medication, in
which medications are placed in bags or other container
with dosing schedules. In this study, self-management
of medication was defined as self-management of more
than 1 day’s worth of medication. Based on the Ameri-
can Society of Health-System Pharmacists classification
system [14], medication errors during self-management
were defined as omitted medication, taking the incorrect
medication, taking it at an incorrect time, and taking an
incorrect dose.

Methods of recording medication error cases

The way to check for medication errors was to let the
patient who was self-managing leave the package of the
medication after taking it. Nurses subsequently checked
this package at each dosage time to ensure that the cor-
rect medication and dose was taken at the correct time,
as prescribed during the self-management training and
confirmed a medication error. In addition, when a medi-
cation error occurred, the nurse recorded the details of
the errors.

Survey targets and methods for extracting medication
error cases

In this study we included self-management medica-
tion error cases that occurred in a rehabilitation ward
between April 1, 2018, and March 31, 2020. We extracted
these cases by reviewing all nursing records during the
study period.

- 204 -



Suzuki et al. BMC Health Services Research (2022) 22:292

Research items

This study retrospectively surveyed patient background
and medication factors based on electronic medical
records and dispensing records, such as prescriptions.

Patient background

This study surveyed the following aspects of patient back-
ground from the electronic medical records: age, sex, pri-
mary medical department, length of self-management of
medication, and length of hospital stay. This study was
also surveyed the MMSE score, functional independ-
ence measure-motor (FIM-M) score, which is the sum of
the scores of 13 items related to exercise, and functional
independence measure cognition (FIM-C) score, which is
the sum of the scores of five items related to cognition.

Medication factors

We surveyed the following medication factors from elec-
tronic medical records and dispensing records: number
of medications [4, 15], number of administrations per day
[4, 15], dosing frequency on indicated days [16], prescrip-
tion and start date are the same, orders prescribed by
more than one physician and/or by the same physician at
different times (medication from multiple prescriptions),
continuous use of medications received prior to admis-
sion, and not one package [17] or tablet at each dosage.

Research design and statistical methods

We conducted a case-control study to analyze factors
correlated with medication errors. A patient who made
a medication error was considered the case patient. In
addition, as one patient could make multiple medication
errors, each medication error occurring during medica-
tion self-management within the period of study was
considered as one medication error case. Then a patient
who didn’t make a medication error during their hospi-
talization was considered the control patient. The corre-
sponding cases were defined as case of a control patient,
the control cases were randomly selected from control
patients who were admitted to the same rehabilitation
ward at the time the medication error case was con-
firmed. If a patient made multiple medication errors, a
control case was included for each medication error case.
The group with medication error was defined as the med-
ication error group, and the group with control cases was
defined as the no-medication error group.

We compared patient backgrounds and medication fac-
tors between patients who made a medication error (the
medication error group) and those who did not (no-med-
ication error group) using univariate logistic regression
analysis. In addition, a multivariate logistic regression
analysis was performed by selecting medication factors
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(»<0.2 in univariate logistic regression analysis). We
confirmed the variance inflation factors (VIF), which are
indicators of multicollinearity.

We also calculated medication factors that were sta-
tistically significantly correlated in multivariate logis-
tic analysis for the medication error and no-medication
error groups. This study compared the number of medi-
cation factors in the medication error and no-medica-
tion error groups using the Mann—Whitney U test. The
number of medications was a risk factor if the number of
medications was five or more from the aspect of polyp-
harmacy [18], and if the number of administrations per
day was three or more from the aspect of adherence [19].

The significance level was set at 5%. IBM SPSS Statis-
tics Version 27 (IBM Corporation) was used to analyze
the data.

Ethical considerations
This study was approved by the Ethical Review Commit-
tee of the Higashinagoya National Hospital.

Results

Patient backgrounds

A total of 348 patients self-administered their medica-
tions during the study period. The medication error
group comprised of 154 patients who had medication
errors and 374 cases of medication errors. A total of 194
patients did not make medication errors and 374 cases
in the no-medication error group. The case group con-
stituted 84 patients with multiple medication errors and
304 medication error cases.

The backgrounds of the 154 and 194 patients who
made and did not make medication errors are shown in
Table 1. The median age of the patients who made a med-
ication error was 76years, with 79 men and 75 women in
this group. Furthermore, the median age of patients who
did not make medication error was 75 years, consisting of
84 men and 110 women in this group. When comparing
the patient backgrounds of each group, age, sex, FIM-M,
FIM-C, or MMSE scores were not statistically signifi-
cantly different. However, compared to the patients who
did not make medication errors, those who made medi-
cation errors showed a statistically significant increase
in the duration of the hospital stay and medication via
self-management.

Medication factors

The medication factors for each group are shown in
Table 2. The median number of medications in the med-
ication error group was six, and the median number of
administrations per day was three. In the no-medication
error group, the median number of medications was
five, and the median number of administrations per day
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Table1 Patient background
Patients who made a medication Patients who did not make a P
error (n=154) medication error (n=194)
Age, median (IQR), years 76 (65-82) 75 (65-82) 0652
sex, n (%)
men 79 61)) 84 43) 0.14%
women 75 (49) 110 (57)
Length of hospital stay, median (IQR), day 48 (34-71) 42 (24-57) 0012
Length of self-administration of medication, median 34 (24-57) 27 (15-44) <0012
(IQR), day
Primary medical department, n (%)
Neurology 65 (42) 79 41) 0.78 "
Orthopedic Surgery 60 (39) 81 42) 060
Neurosurgery 29 (19) 34 (18) 075"
MMSE, median, (IQR), score 28 (25-29) 27 (25-29) 0382
Unknown, n (%) 18 (12) 44 (23)
FIM, median, (IQR), score
FIM-M
admission 61 (52-70) 64 (52-72) 037?
discharge 83 (76-87) 83 (77-87) 0372
FIM-C
admission 31 (28-34) 31 (28-34) 0407
discharge 34 (31-35) 34 (31-35) 0612

IQR Interquartile range, MMSE Mini-Mental State Examination, FIM-M Functional Independence Measure-Motor, FIM-C Functional Independence Measure-Cognition,

a) Mann-Whitney U test, b) x? test

Table2 Medication factors

Medication error group No-medication error group P

(n=374) (n=374)
Number of medications, median (IQR) 6 (4-8) 5 (3-7) <0019
Number of administrations per day, median (IQR) 3 (2-4) 2 (1-3) <0012
Dosing frequency on indicated days, n (%) 22 6) 8 (2) <001P
Prescription and start date are same, n (%) 10 (3) 14 (4) 0419
Medication from multiple prescription, n (%) 194 (52) 124 33) <001?
Continuous use of medication received prior to admission, n (%) 62 (17) 63 (17) 092Y
Not one package or one table at each dosage, n (%) 287 (77) 250 67) <001 "

IQR Interquartile range, a) Mann-Whitney U test, b) x? test

was two. The medication factors that exhibited p<0.2 in
the univariate analysis were the number of medications,
number of administrations per day, dosing frequency on
indicated days, medication from multiple prescriptions,
and not one package or one tablet at each dosage. The
results of the multivariate logistic regression analysis of
medication factors are shown in Table 3. The medication
factors that showed a statistically significant correlation
in the multivariate logistic regression analysis were the
number of medications, number of administrations per
day, dosing frequency on indicated days, and medication
from multiple prescriptions. The VIF was less than two

for the medication factors, and multicollinearity was not
observed.

Number of medication factors that were statistically
significantly correlated with medication errors

The medication factors that showed statistically sig-
nificantly correlation in the multivariate logistic regres-
sion analysis were identified as number of medications,
number of administrations per day, dosing frequency on
indicated days, and medication from multiple prescrip-
tions. The median number of medication factors in the
medication-error group was two, which was statistically
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Table3 Multivariate logistic regression analysis of medication factors
Medication error No-medication error Odds Ratio 95%Cl P
group (n=374) group (n=374)
Number of medications, median (IQR) 6 (4-8) 5 (3-7) 1.1 1.0-1.2 0.01
Number of administrations per day, median (IQR) 3 (2-4) 2 (1-3) 1.1 1.0-13 0.04
Dosing frequency on indicated days, n (%) 22 6) 8 (2) 26 1.1-6.2 0.03
Medication from multiple prescriptions, n (%) 194 (52) 124 (33) 1.8 1.3-25 <0.01
Not one package or one table at each dosage, n (%) 287 (77) 250 (67) 0.7 0.5-1.1 0.13

IQR Interquartile range

Table4 Number of medication factors that were statistically
significantly correlated with medication errors

Medication error No-medication P
group error group
Number of medica- 2 (1-3) 1(0-2) <0012

tion factors, median
(IOR)

IQR Interquartile range, a) Mann-Whitney U test

significantly higher than that in the no-medication error
group, which was one (Table 4).

Discussion

This study aimed to identify risk factors associated with
medication error during self-management. It was found
that the risk factor, such as the number of medications,
number of administrations per day, dosing frequency
on indicated days, and medication from multiple pre-
scriptions were statistically significantly correlated with
medication error. In this study, there was no difference
in patient background with respect to age, sex, cognitive
function, or motor function, except for the length of hos-
pital stay and the length of medication self-management.
This suggests that the influence of medication factors is
more important than patient background when patients
make errors while self-managing their medication.

The median number of medications in the medication-
error group was six. There was a statistically significantly
correlation between the number of medications taken
and medication errors, as previously reported [4, 5]. The
high number of medications might be a factor influenc-
ing medication errors due to their complicated manage-
ment. The median number of administrations per day in
the medication error group was three which was statis-
tically significantly higher than that in the no-medica-
tion error group. It has been reported that adherence to
medication when administered over three times or more
per day is lower than that of medications taken once a
day [19]. The results of this study were similar to those
reported in a previous study [19]. This may be because as

the number of administrations per day increases, there
are more opportunities for medication errors, such as
missed doses or taking the wrong medication. Elderly
patients often suffer from multiple diseases and are likely
to require multiple medications [20]. This leads to a high
number of medications and the number of administra-
tions per day. Therefore, it is necessary to review medi-
cations before discharge, considering the patient’s life
history. In addition, if patients are taking medications
that can be discontinued as their symptoms and labora-
tory values improve, the medications should be reviewed.

Furthermore, the dosing frequency on indicated days
was statistically significantly correlated with medica-
tion errors. Previous reports have shown that medica-
tion adherence was higher with once-weekly medications
than with daily medications. However, these studies
were based on self-reporting and medication possession
ratios [21, 22]. Therefore, it was not possible to confirm
whether the medication was administered on a speci-
fied day. In this study, medication confirmation was per-
formed by nurses at each dosage, and it could be detected
if a dose was missed or wrong medication was taken, dos-
ing frequency on indicated days of medication leads to
medication error. In addition, the patients in this study
took multiple medications daily, which included weekly
and alternate doses. This may lead to a decrease in atten-
tion and awareness of how to take these medications,
which could be a factor responsible for missed doses.

The presence of medications from multiple prescrip-
tions was statistically significantly correlated with medi-
cation errors. As the condition of the patient changes
during hospitalization, additional medications are added
by the attending physician and other physicians, result-
ing in multiple prescription configurations that must be
taken at one time. As a result, the complexity of medi-
cation management is considered a factor in medication
errors.

The number of medication factors in the medication
error group was statistically significantly higher than that
in the no-medication error group. The MRCI is an indi-
cator of prescribing complexity, but the MRCI is compli-
cated to score and does not include medication factors,
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such as medication from multiple prescriptions. There-
fore, the number of medication factors that are statisti-
cally significantly correlated with medication errors can
be easily used to predict the risk of medication errors.

One limitation of the study was that it relied on nurses’
records, which might lead to underreporting of medica-
tion errors due to omissions and mistakes. This study was
not able to assess patients’ knowledge and understanding
of their medications. However, there was no difference
in patient background at the time of admission and dis-
charge, such as FIM-M and FIM-C. Although data defi-
cits were present in the MMSE, it has been shown that
cognitive measures such as the MMSE are correlated
with FIM-C [23]. As there were no differences in the
MMSE scores, the effect of differences in cognitive abil-
ity was considered to be small. Therefore, it is thought
that medication errors when self-managing one’s medi-
cation are influenced by risk factors, such as the number
of medications, the number of administrations per day,
and medication from multiple prescriptions. Therefore,
physicians, pharmacists, and nurses cooperatively need
to reduce these factors after confirming the patient’s
condition and social background. In addition, this sur-
vey only included patients in the rehabilitation ward,
whose background may differ from that of patients with
other diseases. Therefore, in the future, it will be neces-
sary to conduct a survey regardless of the disease. In
addition, the length of hospital stay, and medication self-
management were longer in the medication error group.
This may have increased the opportunity for medication
errors, leading to their occurrence. Another limitation
of the study was that the length of self-management was
not considered a factor. This study was, for the first time,
able to identify the risk factors of medication errors. We
believe that these factors could be used to improve the
medical treatment of the patient and, thereby, medication
safety.

Conclusions

This study identified risk factors contributing to medica-
tion errors during medication self-management; these
were the number of medications, number of administra-
tions per day, dosing frequency on indicated days, and
medication from multiple prescriptions. To prevent the
occurrence of future medication errors, it is necessary to
review these factors.
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Analysis of medication and prescription
background risk factors contributing to oral
medication administration errors by nurses

A case-control study

Ryohei Suzuki, BS*** @, Takamasa Sakai, PhDe, Mariyo Kato, MS9, Masaaki Takahashi, PhDP,
Akira Inukai, MD, PhD¢¢, Fumiko Ohtsu, PhD°

Abstract

Medication errors, including overdose and underdose, have a significant impact on patients and the medical economy.b
need to prevent or avoid recurring medication errors. Therefore, we conducted a survey to identify medication and prescription
background risk factors contributing to the administration of medication by nurses. This study surveyed cases of medication
administration errors. This study was conducted at Higashinagoya National Hospital from April 1, 2018, to October 31, 2019.
Patients’ backgrounds and medication and prescription background risk factors were investigated. Three control cases were
randomly selected for each medication error case. We defined the group of medication error cases as the medication error
group and the group of control cases as the no-medication-error group. A logistic regression analysis was performed for factors
related to medication errors. A total of 202 patients were included in the medication error group. The median age and number
of medications were 78 years and 7, respectively. A total of 606 cases were included in the no-medication-error group. The
median age and number of medications were 77 years and 6, respectively. The factors that exhibited a relationship with the
medication error group were the number of administrations per day, dosing frequency on indicated days, prescription and start
dates were the same, medications from multiple prescriptions, and continuous use of a medication received prior to admission.
This study identified existing medication and prescription background risk factors. Overlapping risk factors from these groups
might contribute to medication administration errors. Therefore, reviewing these factors is necessary to avoid recurring medication

administration errors.
Abbreviation: MRC| = Medication Regimen Complexity Index.

Keywords: administration error, case-control study, contributing factor, medication factor, prescription factor

1. Introduction

Medication errors are the most commonly reported errors in
hospitals.!! The most frequently reported medication errors,
including incorrect dose, incorrect medication, and omitted
administration, occur during medication administration.*”!
Medication overdose, possibly due to administration of an
incorrect dose, enhances the effect of the medication and some-
times leads to adverse effects, unnecessary hospitalization, and
increased medical costs.!*® Conversely, medication underdose,
possibly due to omitted administration or administration of an
incorrect dose, delays the patient’s treatment, deteriorates the
condition, and prolongs hospital stay. Therefore, medication
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errors have a significant impact on patients and the medical
economy; thus, it is necessary to avoid them and prevent their
recurrence.

Medical professionals, mainly nurses, often manage oral
medications in hospitals. This is because patients with deteri-
orated condition or decline in cognitive function are unable to
self-manage medication. Furthermore, the administration of
medication, such as narcotics, requires careful management.
Common medications whose incorrect administration can result
in medication errors include cardiovascular drugs, neurological
drugs, anticoagulants, nonsteroidal anti-inflammatory drugs,
and methotrexate.’'!l The association between the number of
medications and medication errors has also been reported.*
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Risk factors, such as identical prescription and treatment ini-
tiation dates, as well as medication that were prescribed by >1
physician and/or by the same physician at different times are
important risk factors during medication administration errors
in clinical practice. However, studies on the analysis of these risk
factors have not been sulfficiently conducted.

Clarifying the risk factors of medication errors is import-
ant for preventing the recurrence of medication administration
errors, ensuring patient safety, and improving healthcare quality.
Therefore, this study was conducted in an effort to identify the
existing medication and prescription background risk factors
related to medication administration errors.

2. Methods

2.1. Reporting system for medication administration error
cases

At Higashinagoya National Hospital, all nurses who encoun-
tered or were related to a medication error promptly reported
errors to their supervisor or departmental risk manager. They
also wrote a medication error report.

We collected medication error reports of 2 types: for cases
where patients were not subjected to incorrect actions by nurses,
and for cases where patients were subjected to incorrect actions
by nurses, regardless of their impact. The medication error
reports included the date of occurrence, patient age, sex, specific
details of the case, and countermeasures.

2.2. Surveyed cases

We surveyed cases of oral medication administration errors
between April 1, 2018, and October 31, 2019. We excluded the
same case reported in duplicate. The American Society of Health-
System Pharmacists defines medication administration errors as
omitted medication, incorrect dosage intervals, incorrect doses,
incorrect medication, and/or incorrect patients.['? We excluded
the survey cases of inadequate medication management such
as dropped or broken drugs, cases caused by medication to be
administrated as needed, cases caused by inadequate prescription
orders or dispensing errors, and cases with insufficient informa-
tion. Furthermore, incorrect patient errors were excluded from
the survey cases because they were caused by factors other than
the medication, such as the influence of the same name or lack of
confirmation of the name of the patient. Then, we only analyzed
oral medication administration error cases by nurses, including
medication and prescription background factors.

2.3. Research items

This study retrospectively surveyed medication error factors
such as patient background and medication, prescription back-
ground based on medication error reports, electronic medical
records, and dispensing records such as prescriptions.

2.3.1. Patient background. This study surveyed the following
parameters for patient background from medication error
reports and electronic medical records: age, sex, primary
medical department, modified Rankin Scale score, and route of
administration.

2.3.2. Medication and prescription background. This study
surveyed the following medication and prescription background
factors from medication errors based on medication error
reports, electronic medical records, and dispensing records:
number of medications, number of administration per day,
dosing frequency on indicated days, prescription and start dates
were the same, orders prescribed by >1 physician and/or by the
same physician at different times (medications from multiple

Medicine

prescriptions), continuous use of a medication received prior to
admission, and not 1 package or 1 tablet at each dosage.

2.4. Research design and statistical methods

We conducted a case—control study to analyze the factors asso-
ciated with medication administration errors. A patient who
was confirmed to have a medication administration error was
considered in the medication error case. The corresponding
control cases were randomly selected from patients in the same
ward on the same day that the medication administration error
case was confirmed in the medication error cases. Additionally,
we excluded self-administered cases, in which nurses did not
manage medications for the corresponding control cases. Three
control cases were randomly selected for each medication error
case. The group with medication error cases was defined as the
medication error group, and the group with control cases was
defined as the no-medication-error group.

We compared medication error factors between the 2 groups
using univariate logistic regression analysis. In addition, multi-
variate logistic regression analysis was performed by selecting
patient background, medication and prescription background
factors (P < .20 in univariate logistic regression analysis). The
number of samples required for logistic regression analysis is
>10 times the number of explanatory variables to be included
in the prediction model."* Then, we conducted a logistic regres-
sion analysis, provided that the sample size was at least 10
times the number of explanatory variables. Additionally, we
calculated the correlation coefficients of each factor to check
multicollinearity. Subsequently, multivariate logistic regression
analysis was performed after confirming the absence of any cor-
relation between each factor.

We also calculated medication and prescription background
factors that showed a relationship in multivariate logistic anal-
ysis for medication error group and no-medication-error group.
We compared the number of medication factors in the medi-
cation error group and no-medication-error group using the
Mann-Whitney U test. The number of medications was a med-
ication factor if the number of medications was 5 or more from
the aspect of polypharmacy,"¥ and if the number of adminis-
trations per day was 3 or more from the aspect of adherence.!”!

The significance level was set at 5%. IBM SPSS Statistics
Version 27 (IBM Corporation, Armonk, NY, USA) was used to
analyze the data.

2.5. Ethical considerations

This study was approved by the Ethical Review Committee of
the National Hospital Organization Higashinagoya National
Hospital.

3. Results

3.1. Summary of medication administration error cases

There were 362 cases of medication errors. This study excluded
79 cases of inadequate medication management, 9 cases caused
by medication to be administered as needed, 42 cases of inade-
quate prescription order or dispensing error, 17 cases of insuffi-
cient information, and 13 cases of incorrect patient error; thus,
a total of 202 medication administration error cases were ana-
lyzed in the medication error group. There were 606 cases in the
no-medication-error group (Fig. 1).

3.2. Patient background, medication, and prescription
background

Table 1 shows the patient background, medication, and pre-
scription background factors for each group. The median age
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Medication error cases related to oral medication
n=362

Medication error cases not related to oral medication administration or
medication and prescription background factors
Cases of inadequate medication management : n=79
Cases of inadequate prescription order or dispensing error : n=42
Cases of insufficient information : n=17
Cases of incorrect patient error : n=13

Cases caused by medication to be administeredas needed : n=9

Oral medication administration error cases reported Random selection of controls

by nurses n=202

1:3
L]
Control cases were patients whose medication was being managed

by nurses in the same ward on the same day the medication error was
confirmed in the medication case.

Medication error group No-medication-error group
n=202 n=606

Figure 1. Summary of data extraction.

Patient background, medication and prescription background factors.

Medication error group (n = 202) No-medication-error group (n = 606) Pvalue
Age, median (IQR), yr 78 (67-83) 77 (67-84) 9*
Sex, n (%)
Men 112 (55) 282 (47) .03t
Women 90 (45) 324 (53)
Primary medical department, n (%)
Neurology 99 (49) 288 (48) 1t
Respiratory 29 (14) 91 (15) .82t
Pediatrics 22 (11) 63 (10) .84t
Neurosurgery 20 (10) 63 (10) .84t
Orthopedic surgery 19(9) 64 (11) .64t
Others 13 (6) 37 (6) 87t
mRS, n (%)
(0-3: Able to walk independently 52 (26) 92 (15) <01t
4-5: Unable to walk independently 150 (74) 514 (85)
Route of administration, n (%)
Oral 156 (77) 432 (71) 10t
Not oral 46 (23) 174 (29)
Number of medications, median (IQR) 7(6-10) 6 (4-8) <.01*
Number of administrations per day, median (IQR) 4(3-5) 3(3-4) <.01*
Dosing frequency on indicated days, n (%) 8(4) 5(1) <01t
Prescription and start dates were the same, n (%) 38 (19) 34 (6) <01t
Medications from multiple prescriptions, n (%) 136 (67) 271 (45) <.01F
Continuous use of a medication received prior to admission, n (%) 74 (37) 110 (18) <01t
Not 1 package or 1 table at each dosage, n (%) 189 (94) 525 (87) <01t
IQR = interquartile range, mRS = modified Rankin Scale.
*Mann-Whitney U test.
T2 test.
3
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of the medication error group was 78 years (112 men and 90
women). The median age of the no-medication-error group
was 77 years (282 men and 324 women). The primary med-
ical departments included neurology and respiratory in both
groups. The median number of medications was 7 in the medi-
cation error group and 6 in the no-medication-error group. The
median number of administrations per day was 4 in the med-
ication error group and 3 in the no-medication-error group.

The medication error factors that exhibited P < .2 in uni-
variate logistic regression analysis were sex, modified Rankin
Scale, route of administration, number of medications, num-
ber of administrations per day, dosing frequency on indicated
days, prescription and start dates were the same, medication
from multiple prescriptions, continuous use of a medication
received prior to admission, and not 1 package or 1 tablet at
each dosage.

Table 2 shows the results of multivariate logistic regression
analysis. Medication error factors that exhibited a relation-
ship with the medication error group were the number of dose
administrations per day, dosing frequency on indicated days,
prescription and start dates were the same, medications from
multiple prescriptions, and continuous use of a medication
received prior to admission. The medication error group in this
study included 202 cases, which was 10 times more than the
explanatory variables in the multivariate logistic analysis; thus,
the required sample size was satisfied. Moreover, the correlation
coefficients were <0.6 for each factor, and multicollinearity was

not observed.

3.3. Number of medication and prescription background
factors that showed a relationship with medication
administration error

The medication and prescription background factors that
showed a relationship with medication errors were number of
administrations per day, dosing frequency on indicated days,
prescription and start dates were the same, medications from
multiple prescriptions, and continuous use of a medication
received prior to administration. The median number of medi-
cation error factors that showed a relationship with the medica-
tion error group was 2, and that with the no-medication-error
group was 1 and was significantly higher in the medication error

group (Table 3).

4. Discussion

This study identified medication and prescription background
risk factors in medication administration errors. It was found

Medicine

that risk factors, such as the number of administrations per day,
dosing frequency on indicated days, prescription and start dates
were the same, medications from multiple prescriptions, contin-
uous use of a medication received prior to admission showed a
relationship with medication administration errors.

The number of administrations per day showed a relation-
ship with medication administration errors. There are multiple
parameters that need attention during medication administra-
tion, such as understanding the medication instructions, con-
firming the medication route, dose, and medication name, and
administering the medication.»!®71' When the number of admin-
istrations per day became high, the chances for omissions and
mistakes by nurses in each check also increased. This may have
been a factor in medication administration errors.

The presence of prescription and start dates were the same
showed a relationship with medication administration errors. It
is necessary to add or review medication when there are changes
in the patient’s condition and when the prescription is suddenly
changed. Therefore, insufficient communication between phy-
sicians and nurses, and among nurses may have had an effect.
It has been empirically understood that prescription date and
start date were the same factors in medication administration
errors. However, actual data are not shown. This study was
able to clarify that prescription and start dates were the same
factors in medication error. Medications with prescription and
start dates were same and must be administered promptly to
patients. This is because they are urgent medications for the
patient’s condition. Therefore, it is difficult to avoid medications
with prescription and start dates were the same in actual clinical
practice. The importance of communication between medical
professionals has also been suggested to avoid the occurrence
of medication errors.!'$! Therefore, it is necessary to accurately
communicate information and confirm the latest prescription
details of patients, especially when the medication prescription
and start dates were the same.

The presence of medications from multiple prescriptions
showed a relationship with medication administration errors.
The reason for this is thought to be the addition or change of
medications owing to diagnosis by multiple department physi-
cians or changes in medical conditions. This may result in mul-
tiple prescription configurations at each time of administration,
making drug management more complex. This also supports the
WHO’s Patient Safety Curriculum Guide for Medical Schools
and points out that multiple prescriptions from different physi-
cians should be considered as a background factor for patients
and should be considered when a medication error occurs.!*”!

Moreover, the dosing frequency on indicated days of med-
ication showed a relationship with medication administration
errors. Administering daily medications is an integral part of

Results of multivariate logistic regression analysis of patient background, medication and prescription background factors.

Medication error group (n =202) No-medication-error group (n =606)  Odds ratio  95% CI Pvalue
Sex, n (%)

Men 112 (55) 282 (47) 14 1.0-2.0 .06
mRS, n (%)

0-3 52 (26) 92 (15) 14 0.9-2.2 13
Route of administration, n (%)

Oral 156 (77) 432 (71) 0.9 0.6-1.4 74
Number of medications, median (QR) 7 (6-10) 6 (4-8) 11 1.0-11 1
Number of administrations per day, median (IQR) 4(3-5) 3(3-4) 1.2 1114 <.01
Dosing frequency on indicated days, n (%) 8 (4) 5(1) 6.3 1.9-21.0 <.01
Prescription and start dates were the same, n (%) 38 (19) 34 (6) 2.8 1.7-4.8 <.01
Medications from multiple prescriptions, n (%) 136 (67) 271 (45) 1.7 1.2-2.4 <.01
Continuous use of a medication received prior to 74 (37) 110 (18) 2.0 1.3-3.0 <.01

admission, n (%)

Not 1 package or 1 table at each dosage, n (%) 189 (94) 525 (87) 1.0 0.5-2.0 97

Cl = confidence interval, IQR = interquartile range, mRS = modified Rankin Scale.
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Number of medication and prescription background factors that
showed a relationship with medication administration errors.

Medication error No-medication-
group error group

2(1-9) 1(1-2)

Pvalue
<.01*

Number of medication and
prescription background
factors, median (IQR)

IQR = interquartile range.
*Mann—Whitney U test.

daily practice. However, irregularly administered medications,
such as medications administered on alternate days or less
frequently, are different from routine daily doses. As a result,
nurses tend to omit tasks such as conformation, thus leading to
medication errors. Therefore, it is necessary to share informa-
tion on patients’ latest prescriptions and dose timings to prevent
medication errors.

It has been reported that the number of medications is a fac-
tor in medication errors.'®”) However, the results of this study
did not show a relationship with the number of medications
used. Previous studies have focused on the number of medica-
tions.!*? However, the prescription context, such as medications
from multiple prescriptions or prescription and start dates were
the same, has not been sufficiently examined. In view of this,
it is necessary to confirm not only the number of medications
but also the medication factors, such as the prescription back-
ground, when the number of medications is high. These medica-
tions need to be reduced.

The number of medication and prescription background fac-
tors was significantly higher in the medication error group than
in the no-medication-error group. The Medication Regimen
Complexity Index (MRCI) has been reported as an index of pre-
scription complexity.?”! The number of medications and dosing
frequency on the indicated days were included in the MRCIL.
However, considering the complexity of the MRCI scoring pro-
cess and the fact that it does not include medication factors,
such as prescription and start dates were the same, medications
from multiple prescriptions, and continuous use of a medication
received prior to admission. Conversely, the number of med-
ication and prescription background factors includes factors
that have a significant impact on the occurrence of medication
administration errors. Therefore, it can be easily verified that
in clinical settings, it may be easily used to predict medication
administration errors. And if there were many medication and
prescription background factors, we need to reevaluate the cur-
rent drug therapy based on the patients’ condition and living
environment and consider reducing the number of medication
factors. So, it can be expected to reduce medication errors and
prevent the recurrence.

As some factors such as the timing and method of prescribing
are controllable by medical professionals, it is possible to inter-
vene by reviewing medication error factors in clinical practice.
The limitations of this study are as follows: The data used for
the study were a collection of spontaneous reports by medical
professionals, and it is possible that some medication errors
were overlooked or unnoticed. Additionally, the data used for
this study were obtained from only 1 hospital that focused on
patients with chronic diseases with long hospital stays. This may
not represent all hospitalized patients.

5. Conclusions

This study identified the medication and prescription back-
ground risk factors contributing to medication administration
errors: the number of administrations per day, dosing frequency
on indicated days, prescription and start dates were the same,
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medications from multiple prescriptions and continuous use of
a medication received prior to admission. A few studies have
analyzed medication administration errors from the viewpoint
of medication and prescription background factors. The results
of this study are expected to contribute to the prevention of
medication administration errors.
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Pharmacist’s interventions in factors Gt

contributing to medication errors reduces
medication errors in self-management
of patients in the rehabilitation ward

RyoheiSuzuki '*"®, TakakoUchiya ', TakamasaSakai 2, Masaaki Takahashi'and FumikoOhtsu 2

Abstract

Background: The number of medications, number of administrations per day, dosing frequency on indicated day,
and medication from multiple prescriptions are the medication factors prone to medication errors in self-manage-
ment that have been previously reported. However, whether pharmacists actually intervene in medication factors that
affect medication error occurrences in self-management is unclear. Therefore, we conducted this study to clarify these
issues.

Method: This study included patients who underwent self-management in the rehabilitation ward of Higashina-
goya National Hospital. From April 2019 to March 2020, a one-pharmacist period existed, and from April 2020 to
March 2021, a two-pharmacist period existed. The number of patient instructions and interventions were expected
to increase with an increase in the number of pharmacists. Considering this to be an environment of differential
interventions by pharmacists, a pre-post-test design was conducted with all self-managed patients in both the time
periods. The primary and secondary endpoints were the proportion of medication error occurrences and proportion
of pharmacist’s interventions in medication factors, respectively.

Result: The proportions of medication error occurrences during the one-pharmacist and two-pharmacist periods
were 41% (71/173) and 28% (51/180) (relative risk 0.690, 95% confidential interval 0.515-0.925), respectively. The
proportion of pharmacist’s interventions in medication factors in the one-pharmacist period was 13% (22/173) and
22% (40/180) in the two-pharmacist period; there was an increase in the proportion of pharmacist’s interventions in
medication factors in the two-pharmacist period.

Conclusion: The proportion of medication error occurrences was significantly lower in the two-pharmacist period
than that in the one-pharmacist period. This can be attributed to the increase in the proportion of pharmacist’s inter-
ventions in medication factors. Therefore, an environment in which pharmacists could intervene in the medication
factors to prevent medication errors in advance is necessary.

Keywords: Pharmacist intervention, Medication factor, Self-management, Medication error

Background

The number of patients with chronic diseases and the
“Correspondence: 194331506@ccmailg.meijo-u.acjp need for continuous medication is increasing with age.
! Department ofPharmacy, National Hospital Organization Higashinagoya Self-management of medication (self-management)
National Hospital, 5-101 Umemorizaka, Meito-Ku, Nagoya, Aichi, Japan is required because of the increase in the number of
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elderly people living alone or in households with only
elderly couples, due to the shift to nuclear families.
Additionally, self-management is conducted due to
the patients’ desire to face their own disease and man-
age their own medications. Self-management has been
beneficial in improving patient satisfaction, medication
adherence, and self-care skills [1]. Furthermore, medi-
cation errors are found to be lower when patients self-
manage medication than when administered by nurses
[2]. Therefore, considering patients’ life after discharge,
self-management training is provided from the time of
admission. However, there is a report that a patient for-
got or mistakenly took medication during self-manage-
ment. [1].

A relationship between medication factors such as
related medication has been reported [3, 4]. In addi-
tion, the number of medications and administra-
tions per day, Medication Regimen Complexity Index
(MRCI), which indicates the complexity of prescrib-
ing in self-management were reported to be associ-
ated with adherence and medication error [5-9]. The
MRCI is complex to score, and its items do not include
medication and prescribing factors, such as medication
from multiple prescription orders and one-packaging,
which are problems in clinical practice. Therefore, we
conducted a case—control study to identify the factors
contributing to medication errors based on the hypoth-
esis that these medication error factors, which are a
problem in daily clinical practice, might contribute to
medication errors, using patients who made a medica-
tion error as the case group and patients who did not
make medication errors as the control group [10]. Con-
sequently, it was previously found that medication fac-
tors, specifically, the number of medications, number of
administrations per day, dosing frequency on indicated
days (on alternate days or less frequently), and medica-
tion from multiple prescriptions (orders prescribed by
more than one physician and/or by the same physician
at different times) were associated with medication
errors, and that the traditionally mentioned factors of
patient cognitive and motor functions were less related
to medication errors [10].

On the other hand, there are reports that pharma-
cist confirmation of prescriptions contributed to the
reduction of medication errors when prescribing [11],
pharmacist medication counseling improved medica-
tion adherence, [12, 13] and pharmacist’s interven-
tions to review prescribing content reduced the MRCI
score [14].

However, it is unclear whether pharmacists actually
intervene in medication factors that affect the proportion
of medication error occurrences in self-management.
This study aims to address these issues.

(2022) 8:37
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Methods
Research design
This was a pre-post test design.

Subject of the survey

To prospectively examine this study, we need to compare
the proportion of medication errors between instances in
which pharmacists intervened in medication factors and
instances in which pharmacists did not intervene. How-
ever, it is not ethically feasible for pharmacists to avoid
intervention.

In the rehabilitation ward of Higashinagoya National
Hospital (60 beds), there was one pharmacist A with
3 years of experience from April 2019 to March 2020 and
there were two pharmacists, pharmacist A with 4 years of
experience and pharmacist B with 7 years of experience
from April 2020 to March 2021. Starting in April 2020,
the two pharmacists divided the beds into two equal
groups and regularly checked the medication therapy of
all inpatients and evaluated them in terms of therapeu-
tic effect, adverse effects, interactions, and renal and
hepatic function, with reference to various guidelines.
The pharmacist checked the pharmacotherapy, suggested
prescriptions to the physician, and made changes to the
prescription based on the patient’s and family’s wishes
and medication status if intervention was required. The
increase in the number of pharmacists had naturally
led to an increase in the number of patient instructions
and associated interventions in prescriptions. Then, all
patients who self-managed medications in the two time
periods of April 2019 to March 2020 with one ward phar-
macist and April 2020 to March 2021 with two ward
pharmacists were included to compare whether differ-
ences in the intensity of the pharmacist’s interventions
had an effect on the proportion of medication error
occurrences during self-management. In this study, self-
management was defined as self-management of more
than one day’s worth of medication.

Methods of medication self-management

In the rehabilitation ward of Higashinagoya National
Hospital, physicians, pharmacists, and nurses checked
the type and number of medications that patients were
administered, their Functional Independence Meas-
ure (FIM) [15], and a Mini-Mental State Examination
(MMSE) [16] from the perspective of medical safety.
Self-management training was conducted when health-
care professionals determined that the patients were
capable of taking medication. When starting self-man-
agement, pharmacists and nurses provided information
such as the name of the medication, its purpose, num-
ber of administrations, timing, and adverse effects. They
also trained patients on self-management by ensuring
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that they could open their medications on their own
and understand when to take them appropriately. The
criteria for initiation of self-management did not change
during the study period.

Patient background and environment of healthcare
professionals
This study surveyed the following patient backgrounds
from electronic health records: age, sex, primary medi-
cal department, methods of medication management
on admission, length of self-management of medication,
length of hospital stay, mini-mental state examination
(MMSE), functional independence measure motor (FIM-
M) score, which is the sum of 13 items related to exercise,
and functional independence measure cognition (FIM-C)
score, which is the sum of 5 items related to cognition.
This study also surveyed the environmental factors
affecting healthcare professionals as the number of phy-
sicians, nurse staffing structure, number of medication
counseling and instructions by pharmacists per month in
the rehabilitation ward during the study period.

Primary outcome and method of measurement

The primary endpoint was the proportion of medication
errors occurring in patients undergoing self-manage-
ment. The method to check for medication errors was to
instruct the patients who were self-managing to not dis-
card the packages of the medications after taking them.
Nurses confirmed a medication error by subsequently
checking the packages at each dosage time to ensure that
correct medications and doses were taken at the correct
time, as prescribed during the self-management training.
Additionally, when medication errors occurred, the nurse
recorded the details of the errors. Therefore, we extracted
the cases of medication errors during self-management
by reviewing all nursing records in the electronic health
records of patients who were self-managed during the
study period. This study then determined and compared
the proportion of medication error occurrences during
one-pharmacist and two-pharmacist periods. The pro-
portions of medication error occurrences were calculated
with the denominator as the number of self-managed
patients during the study period and the numerator as
the number of patients who had at least one medication
error. Based on the American Society of Health-System
Pharmacists classification system, medication errors
during self-management were defined as omitted medi-
cation, taking the incorrect medication, taking it at an
incorrect time, and/or taking an incorrect dose [17].

Secondary outcome and the method of measurement
The secondary endpoints were the proportions at which
pharmacists’s intervened prior to medication errors in

(2022) 8:37
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patients’ medication factors and the details of the inter-
vention. Pharmacist’s interventions after medication
errors were excluded from the study.

Proportion of pharmacist’s interventions in medication
factors

This study surveyed pharmacist’s interventions in medi-
cation factors from the pharmacist record. Intervention
in the medication factors was defined as one or more of
the following items: the pharmacist made a prescription
suggestion to the physician that resulted in a reduction
in the number of medications or administrations per day,
resolved the dosing frequency on indicated days, and
resolved the medication from multiple prescriptions. The
resolution of dosing frequency on indicated days specifi-
cally means reviewing the usage every other day or less
frequently. The resolution of medication from multi-
ple prescriptions specifically means that when there are
multiple prescriptions, the dispensing process should
be the same as when a single prescription is dispensed,
with one-packaging and re-dispensing. This study then
compared the proportions of pharmacist’s interventions
in the one-pharmacist and two-pharmacist periods. The
proportion of pharmacist’s interventions in the medica-
tion factors was calculated with the denominator as the
number of self-management patients during the study
period and the numerator as the number of patients who
intervened in at least one of the four medication factors.
We focused on pharmacist’s interventions in the medi-
cation factor; thus, patients who received some other
intervention or instruction based on pharmacological
knowledge were counted as patients for whom the phar-
macist did not intervene in the medication factors.

Details of pharmacist’s intervention in the medication
factors

In the one-pharmacist and two-pharmacist periods, the
patients were divided into ones with and without medi-
cation error. Furthermore, they were also divided based
on whether there was an intervention by the pharma-
cist on the medication factor, including the details of the
intervention.

Statistical methods

In this study, the patient backgrounds such as the age,
length of hospital stay, length of self-management of
medication, MMSE, and FIM score in the one-pharma-
cist period and two-pharmacist periods were compared
using the Mann—Whitney U test. Sex and primary medi-
cal departments, methods of medication management on
admission were compared using the x2 test. The x2 test
was used to compare the proportion of medication error
occurrences for self-management. The significance level
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was set at 5%. All data were analyzed using IBM SPSS
Statistics version 27 (IBM Corporation).

Ethical considerations

This study was approved by the Ethical Review Commit-
tee of the National Hospital Organization Higashinagoya
National Hospital.

Results

Patient background and environment of healthcare
professionals

During the one-pharmacist period, there were 461 inpa-
tients, of whom 173 were self-managed. During the two-
pharmacist period, there were 438 inpatients, of whom
180 were self-managed.

The backgrounds of the self-managed patients in each
period are shown in Table 1. A comparison of patient
backgrounds for each period showed no differences in
age, sex, methods of medication management on admis-
sion, length of self-management of medication, FIM-M,
and FIM-C at admission and discharge. However, there

(2022) 8:37
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were differences in the number of patients admitted to
the neurosurgery department and MMSE. The number
of physicians during the one-pharmacist and two-phar-
macist periods were 8 and 10, respectively. The nursing
staff of the wards remained constant in both periods,
with one nursing staff assigned to every 13 inpatients.
The number of medication counseling and instructions
per month during the one-pharmacist and two-phar-
macist periods were 89 and 231, respectively. During
the two-pharmacist period, there were 117 and 114
medication counseling and instructions per month for
pharmacists A and B, respectively.

Primary outcome

The proportions of medication error occurrences dur-
ing the one-pharmacist period and two-pharmacist
period were 41% (71/173) and 28% (51/180), respec-
tively (relative risk 0.690, 95% confidential interval [CI]
0.515-0.925, P=0.012) (Fig. 1).

Table1 Patient background and environment of healthcare professionals

One-pharmacist Two-pharmacist P
period period
Patient background n=173 n=180
Age, median (IQR), years 75 (66-82) 74 (64-82) 07339
Sex, n (%) Men 87 (50) 90 (50) 09579
Women 86 (50) 90 (50)
Length of hospital stay, median (IQR), day 44 (29-64) 42 (29-63) 09989
Methods of medication management on admission
Self-management from admission, n(%) 39 (23) 51 (28) 02129
Nurse-management from admission, n(%) 134 (77) 129 (72)
Length of self-management of medication, median (IQR), day 27 (16-42) 28 (17-42) 05582
Primary medical department, n (%)
Neurology 75 43) 0 (50) 021"
Orthopedic Surgery 67 (39) 73 (41) 0726
Neurosurgery 31 (18) 17 9) 00209
MMSE, median, (IQR), score 27 (25-29) 28 (26-30) 00419
Unknown, n (%) 27 (16) 23 (13)
FIM, median, (IQR), score
FIM-M Admission 61 (51-71) 61 (52-75) 03832
Discharge 83 (77-87) 84 (79-88) 03837
FIM-C Admission 31 (28-34) 32 (29-35) 0.101°
Discharge 34 (31-35) 34 (32-35) 01202
Environment of healthcare professionals
Number of physicians, n 8 10
Nurse staffing structure (Patients: Nurse) 13:1 13:1
Number of medication counseling and instructions per month, n 89 231

IQR, interquartile range; MMSE, Mini-Mental State Examination; FIM-M, Functional Independence Measure-Motor; FIM-C, Functional Independence Measure-

Cognition; a) Mann-Whitney U test; b) x? test
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Secondly outcome

The overall proportions of pharmacist’s interventions
in the medication factors in the one-pharmacist period
and two-pharmacist period were 13% (22/173) and 22%
(40/180), respectively. In addition, pharmacists A and B
intervened in 19 and 21 patient cases, respectively. In the
one-pharmacist period, nine patients (5%) had a medi-
cation error despite the pharmacist’s interventions, and
13 patients (8%) did not have a medication error. In the
two-pharmacist period, 11 patients (6%) had a medica-
tion error despite the pharmacist’s interventions, and 29
patients (16%) did not have a medication error, indicating
a substantial increase. Contrastingly, in the one-pharma-
cist period, 62 patients (36%) had medication errors with
no pharmacist’s interventions, and 89 patients (51%) did
not have medication errors with no pharmacist’s inter-
ventions. In contrast, during the two-pharmacist period,
40 (22%) patients had a medication errors, which was a
significant decrease from the one-pharmacist period due
to an increase in the proportion of pharmacist’s interven-
tions in the medication factors (Table 2).

Pharmacist’s interventions details for medication factors

Table 3 shows the breakdown of the pharmacist’s inter-
ventions in the medication factors in the one-pharmacist
and two-pharmacist periods, divided into patients who
had and did not have a medication error. In particu-
lar, when pharmacists intervened to reduce the number
of administrations per day, there were no medication
errors in 19 of 23 patients in the two-pharmacist period

compared to 3 of 6 patients in the one-pharmacist period.
In addition, in the case where medication from multiple
prescriptions was resolved, there was no intervention
in the one-pharmacist period, but there were interven-
tions in three patients and no medication errors in two
patients in the two-pharmacist period.

Discussion

The purpose of this study was to determine whether the
intervention of the pharmacists in medication factors
affect the proportion of medication error occurrences
in patients undergoing self-management. There were
no differences in the backgrounds of the self-managed
patients in each period in terms of age, sex, methods of
medication management, and length of self-management
of medication. On the other hand, there was a statisti-
cal difference in MMSE scores, with 27 and 28 points
in each period. However, the cutoff score for dementia
in the MMSE was set at 23 [18], and the median MMSE
score for patients in each period exceeded the cutoff
score. MMSE scores and FIM-C correlate with cognitive
function [19], and since FIM-C showed no significant
difference, the influence of clinical cognitive differences
between the two groups is considered to be small. The
number of physicians in charge increased during the
two-pharmacist periods, while the number of neuro-
surgery patients was lower because there was a period
when neurosurgery physicians were temporarily unavail-
able and did not accept patients, and a neurology physi-
cian temporarily served as the attending physician. In
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addition, nurse staffing structure in the wards has not
changed; thus, the environment of these healthcare pro-
fessionals is not expected to have an impact on the occur-
rences of medication errors. The number of medication
counseling and instructions by pharmacists was about
three times greater in the two-pharmacist period than in
the one-pharmacist period. The number of medication
counseling and instructions by each pharmacist during
the two-pharmacist period was similar, and there was lit-
tle difference in ward duties between each pharmacist.
Thus, it can be concluded that patient background and
environment of healthcare professionals were the same in
these two periods and that there was a quantitative differ-
ence in the intervention of pharmacists.

The primary endpoint of the proportion of medica-
tion error occurrences decreased significantly from 41%
(71/173) in the one-pharmacist period to 28% (40/180) in
the two-pharmacist period. The relative risk was 0.690,
and the relative risk reduction was 0.310—that is, the risk
of occurrences of a medication error was reduced by 31%.
This can be attributed to the increase from 13% (22/173)
to 22% (40/180) in the proportion of pharmacist’s inter-
ventions in medication factors in the two-pharmacist
period compared to the one-pharmacist period. Par-
ticularly, compared to the one-pharmacist period, there
was an increase in the proportion of patients who did
not have a medication error with pharmacist’s inter-
ventions to reduce the number of administrations per
day in the two-pharmacist period. It is believed that
the two pharmacists in charge were able to evaluate
the pharmacotherapy of all inpatients. Subsequently, to
enable self-administration, the pharmacist combined
the medications with different dose timings to the same
time. There were also interventions, such as varying the
amount of medication to be taken at one time so that
it can be taken in one dose. This may have reduced the
chances of erroneously taking the medication. A previ-
ous study reported that using an administration timing
simplification protocol aimed at maintaining medica-
tion adherence in patients with chronic disease reduced
the number of administrations and improved medication
adherence [20]. Therefore, pharmacist’s interventions
to reduce the number of administrations are considered
effective in reducing medication errors.

In the two-pharmacist period, the number of patients
who did not have medication errors increased from 13
(8%) to 29 (16%) due to the increase in the proportion of
pharmacist interventions. This suggests that if the phar-
macist determined that there was a medication factor
that required intervention during pharmacotherapy, they
intervened in the medication factor without any leakage,
thereby preventing medication errors. The number of
patients who had a medication error without pharmacist’s
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Page 8 of 9

interventions decreased from 62 (36%) to 40 (22%). The
reason for no intervention for these 40 patients was that
they were taking therapeutically necessary medications
for their primary disease or complication and could not
reduce the number of medications, number of adminis-
trations per day, and dosing frequency on the indicated
day, such as bisphosphonates once a week, and they had
medication factors that could not be intervened upon.
In these 40 patients, for whom intervention was not pro-
vided, it was important to improve medication support to
avoid medication errors, maintain good adherence, and
provide personalized medication management for each
patient.

Nine patients (5%) in the one-pharmacist period and 11
patients (6%) in the two-pharmacists period had a medi-
cation error despite the pharmacist interventions. These
patients were also taking therapeutically necessary medi-
cations for their primary disease or complications, and
the inability to reduce the number of medications or the
number of administrations and dosing frequency on the
indicated day, such as bisphosphonates once a week, was
often the cause of medication errors. Nonadherence has
been reported to be caused by barriers such as patients’
beliefs and perceptions about their medications and dis-
ease [21] in addition to medication factors. If these factors
are considered, assistance by pharmacists to remove these
barriers is necessary.

This study has several limitations because of its ret-
rospective design. We cannot exclude the influence of
unknown confounding factors, except for those inves-
tigated in this study. Therefore, factors other than phar-
macist’s interventions may reduce the occurrences of
medication errors. In this study, the number of medica-
tion counseling and instructions increased because the
number of pharmacists had increased, and there was an
improvement in the patients’ own medication knowledge
and disease awareness, which may also have contributed
to the decrease in proportion of medication error occur-
rences. However, there was no survey regarding the influ-
ence of changes in patients’ medication knowledge or
disease awareness. The number and content of interven-
tions may vary depending on the years of experience and
skills of pharmacists, and there is a need for a large-scale
study to be conducted at many facilities.

This study is considered to be the first report of a sig-
nificant reduction in the proportion of medication error
occurrences in patients undergoing self-management, as
there was an increase in the proportion of pharmacist’s
interventions in medication factors. The most effective
way to prevent or reduce medication errors in hospital
wards is to assign pharmacists to wards [22]. Thus, it is
necessary to provide an adequate pharmacist so that
pharmacists can determine if intervention is needed in
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medication factors for all inpatients. It is believed that
pharmacist’s interventions in medication factors will help
prevent the occurrences of medication errors.

Conclusions

Pharmacists regularly need to evaluate the medica-
tion regimens of all inpatients, and there needs to be an
increase in the proportion of interventions in medication
factors that require intervention. This would ultimately
reduce medication errors in self-management.
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DL; distal latency, MCV; motor conduction velocity, CMAP; compound muscle action potential,
SCV:; sensory conduction velocity, SNAP; sensory nerve action potential, FCV; F wave conduction velocity,

NE; not evoked
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Novel REEPT mutation in Charcot-Marie-Tooth disease

Rina HASHIMOTO", Ikuko AIBA", Akira INUKAI",
Akihiro HASHIGUCHI? and Hiroshi TAKASHIMA?

" Department of Neurology, National Hospital Organization Higashinagoya National Hospital, Aichi
? Department of Neurology and Geriatrics, Kagoshima University Graduate School of Medical
and Dental Sciences, Kagoshima

We report a case of a patient with Charcot-Marie-Tooth disease caused by novel REEPI
mutation. The patient was a 30-year-old male who experienced difficulty in moving hands and was
diagnosed with Charcot-Marie-Tooth disease that was suspected at the age 14. He was referred to
our hospital because he developed gradually worsening weakness that spread to the hands and
legs, affecting his activities of daily living. Pes cavus, hammer toes, weakness with atrophy, sensory
loss, areflexia, and lack of Babinski sign were dominantly observed in the distal extremities. Nerve
conduction study revealed compound muscle action potentials declined in the upper limbs but were
normal in the lower limbs. His genetic examination revealed novel mutation in REEPI gene (c.
260T > G, p.L87R, heterozygous mutation) that was considered as de novo mutation because the
same one was not found in his parents. Though hereditary spastic paraplegia (SPG31) with
REEPI mutation had been previously reported, this was the first peripheral neuropathy with
REFEPI mutation in Japan.

Key Words : Charcot-Marie-Tooth disease, REEPI, sensory disturbance, pes cavus, hammer toe
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-Marie-Tooth disease : CMT), #iZ A a7 14—
(progressive muscular dystrophy : PMD), # A
i 4% (inclusion body myositis : IBM), %54
3 % 73F—(congenital myopathy : CM), #fir%l
3 4 73F—(distal myopathy : DM) @ 8 fi¥ A
- AR IR R S A2 YBET
X 2017 A6 ERBEOUNE ) F— 3 v
BALTWAS,

— M PR T a5 Y Pe T HAL® AATd# %
AIMEEA L7 BEONHR A% T O REHA T
DEBRLLELIIHRET .

Ok e H*

2017 4 2 A 6 2021 4 3 HOWIRIZ 4RI A
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®1 HRBEER
| EGE Fiin () AR ()
ALS 6 63.5%7.1 3.0+3.2
IEEMEEE | SBMA | 14 60.0£8.6 18.7+£6.6
CMT 2 425178 29.519.2
et 22 59.4+9.6 — | 15.4%+10.2 —
IBM 73.0x7.2 9.31£7.6
mEMRER | MD 44.0£2.0 (*)| 17.0£10.6 (**)
L-G 2 67.5+9.2 36.5+£10.6
Mt 9 62.1+148— | 17.9+13.8 —
ait 31 60.2+11.2 16:1E11.1
(*) 1 p=0.5430 (*%*) :p=0.5750

HREEEBEHEMRBETER, BREEICEL VBRI LD o1,

F2 HAL"JisB®E

A X x * Py T | 8
i ABR& HAL®
vl AISFE
AL EE N
woa| racewim |27 05V e 275 | acme
b = o B by iasat o g
] JNE! b UNE! b JNE!
wam | DEINEY L e [ EFUNEY | e |BFYNEY
TR 37 b B g
wEUNED BEUNE!
wam| vaccam |20V pacam |27 | A
T =SS T A=A
L DINA T DI
wom | ERINEY N L egi | EFYNEY HAL® %59/
TT—3./ TS

HAL" Blir 2R £ L5 G WL SISBBUNEY T—Ya tiladhd k.

Bid9 2, HAL® E#H T % 4 7 (HAL-MLO05)
BAT I MEE A L7, ALS 6 1, BSMA 14 #,
CMT 2 ffl, IBM 4 5, PMD #&IZ&F 5D myo-
tonic dystrophy (MyD) 3 #, Hai®fhs A o
7 4 — i (limb-girdle muscular dystrophy :
L-G) 2 o> 6 #5%Y, &at 31 JEBI DAY RO %
HiEWEEITo 72, BB EFHOT L
(1) (R L7z HALY BATAIMUE R U A5
DBRELUIEITT 22020, oL LR
PR B720, SRORGHIES I L 2w
ATONMBRIR DA% 7.
AHEBHEEABED D 2, AT OB Z 17
WV, 0%, 4~5EIZh @) NE) T—
varEMIma, AitonodlMEiTof. ¥
AT L & AN R R 2 B &, EBR D HAL® %%
A CORITIRERER L, 10d7-0 20 53 FE TH -
7z, #4478 CiL, Cybernic voluntary control
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(CVC) €E—F%RMHELL.

k2 Fa—f—&24

7 ¥ AF 2 —F— T RI I &0 B L
7o, 9 MIOBATABMEATH, O RSl %
fiofz (F&2). EEAGFMISH L, 2 75 W4T HUsE,
Berg balance scale (BBS), visual analog scale
(VAS) Z FiV TR e e, 6 m ARATIReR], A2
A RYEREMIEAL ] (kgf), manual muscle test-
ing (MMT) TOJyafii (Ae A7 e B i &
i, FeATEDS I s A, A A B &
f#571)., modified Rankin scale (mRS), Func-
tional Ambulation Categories (FAC), Barthel
Index (BI), Functional independence measure
(FIM), Mini-mental state examination(MMSE)
EHWIz FREBEMERG I Ny FAVEY
1 FEA—%—(uTas F-1, 7=<HhALH, X
W) ZHOTHE L7z Mt icig 2 5 AT
Bl VAS, 6m AATRER, SRR )2
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2 S RISITRERE BBS HITHEE (VAS)
p<0.01 p<0.01
0 3
150 1 60 100
| p<0.01
50 80 e
100 40
4 60
® 30
& 40 T
50 20
10 201
0 0 0-
(m) HAL®HT HAL®# (&) HAL®HT HAL®# (%) HAL®ET HAL®#
p<0.01 p<0.01
150 60 100
i p<0.01
50
80
#
# 100 — 40
7 60
E 30
40 :
?; 50 20
10 201
0 0 0
(m) HAL®AT HAL®# (&) HAL®#T HAL®# (%) HAL®AT HAL®#%
150 —p<0.05 60 100 52007
50 80 T
% I T
2 100 40 3
i 30
=
= 40
2 501 20
10- 204
0 -

(m) HAL®HT HAL®#
HAL #ETRTE TOELIEROEL

i paired-t 7 A F%, BBS, MMT, mRS, FAC,
BI. FIM, MMSE 2%, Wilcoxon %5 1) Z {7
HIBEZ vz, 2B, BIUMBREERER
B AR RO 2 BIZFT TERERIZOW
TOMERIT 217572, #EHBHTIZIE Stata @ Re-
lease 14. Statistical Software. 2015. College Sta-
tion, TX : StataCorp LP. Z Hlv», & &K#EIL 5%
L
ARF7E SRR R S ORRE R TIT- 72,
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OA
(R) HAL®AT HAL®#

04
(%) HAL®AT HAL®#

0O s

AR R & AR B L Oz,
W, RS R o, SBEEE A
FEVEHR B TIE, 2 HAITHIEE, BBS (il#
MHETHEICSELTBY, FTmeEbAEL
i 2 17, MEMERBEETIE, 2 SR AT R
BT RE AT BB 2 147225, BBS 1L, flix
B S A28 LTz, HatiaaEEEms
Whidrol: (B). 6mAfThFM S £ BATE, M
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[T %

&3 FOMOIER
AEERE 2% HRETHERE EhE R REY
6 m 1T HAL®B7 9.02+11.41 | HAL® BT 9.00+£13.06 | HAL®#T 9.08+5.51
(#) HAL®#% 6.48+481 |HAL®#% 6.24+523 |HAL®#% 7.13%3.72
Rt- EREBMESH |HAL®AT 1394106 |HAL®#T 150105 |HAL®AT 11.0+11.0
(kgf) HAL®#% 14.4+110 |HAL®# 158+114 |HAL®# 105198
Lt- SRUBMESHH | HAL®AT 131296 |[HAL®ET  14.0+91 |HAL®AT 10.4=114
(kgf) HAL®# 132496 |HAL®# 141195 |HAL®# 10.8+10.2
T — HAL®#7 3.6*0.8 |[HAL®AT 35+09 |HAL®®T 3.8+08
5 HAL®# 37+1.0 |HAL®# 35%10 |HAL®# 4.1+09
(. R HAL®#1  36+1.0 |HAL®*#7 35+1.0 |HAL®#T 3.7%1.0
g HAL®#%  36%11 |HAL®# 35+12 |HAL®#& 4.1%+09
i R HAL®#1  3.1+1.0 |HAL®aT 31%11 |HAL®AT 2.9+08
; HAL®#%  3.3+1.0 |HAL®#& 3.3+10 |HAL®*#& 3.3%1.1
T —— HAL®#1  31+1.0 |HAL®#T 32+11 |HAL®AT 2.9+08
; HAL®#% 33+1.2 |HAL®#& 34%12 |HAL®#& 3.1+14
MMT . HAL®# 36+09 |HAL®AT 35+09 |HAL®AT 3.6+09
(manual HAL®#%  3.6+09 |HAL®# 36+09 |HAL®*# 3.7+08
mus_cle R r— HAL®#7 34%1.0 |HAL®@T 35+1.0 |[HAL®A1 3.2+1.0
testing) HAL®#  36+09 |HAL®# 36+1.0 |HAL®# 34108
T HAL®®] 24+10 |HAL®#T 24%11 |HAL®AT 24110
5 HAL®# 23+10 |HAL®# 24+10 |[HAL®# 2.3%+13
i HAL®#1 24409 |HAL®#T 24+09 |HAL®#T 26+10
3 HAL®#  23+10 |HAL®# 23+09 |HAL®#% 23+13
S AT HAL®#1  3.3+13 |HAL®#T 34+14 |HAL®#T 3.1+09
; HAL®#  3.3%14 |HAL®#% 34%15 |HAL®# 3.0%1.2
L R HAL®#1  3.2+£15 |HAL®#T 3.3%16 |HAL®#T 29%15
; HAL®#  3.1+16 |HAL®#% 33+16 |HAL®#% 27+14
_— HAL®#1  29+1.0 |HAL®#T 3.0+1.0 |HAL®#1 2.8+08
HAL®#%  2.8+10 |HAL®# 28+11 |HAL®#% 2.8+08
— HAL®#T  31+18 |HAL®#T 3.3%18 |HAL®#T 25+18
HAL®#%  3.2+17 |HAL®#% 34+18 |HAL®#%& 27+15
. HAL®#1 85.8+14.5 |HAL®®#T 87.9+9.4 |HAL®#T 82.1£21.0
HAL®#% 86.6+14.0 |HAL®#% 89.2+76 |HAL®#% 82.1+21.0
ki HAL® AT 11274127 | HAL® AT 1121131 | HAL®#T 114.0£12.6
HAL®#% 107.9+27.2 | HAL®# 1055+31.9 | HAL®# 113.0£12.6
ik HAL®®T 77.8+126 |HAL®#T 77.2+13.0 |HAL®#1 79.0+12.6
HAL®# 75.2+21.0 |HAL®# 73.0£24.0 |HAL®# 80.0+13.1
FIM-cog HAL®#1 34.9+03 |HAL®#1 34.9+04 |HAL®#1 35.0+00
HAL®#% 32.7+7.9 |HAL®# 325+90 |HAL®# 33.0%53
o HAL®#1 296%11 |HAL®#1 29.9+0.3 |HAL®# 29.0+17
HAL®#% 296%11 |HAL®#% 29.9+03 |HAL®#% 29.0%17

HAL" Rif& THEICEE LSRR L b o 12,

EVESRTE, HEMERBEHTEOMIZSE LTy D, BEMER s, L REERTY IR SR 5 ), mRS,
Tos, AR EE I -7 (R 3). SR FAC, Bl FIM, MMSE ® &5 EE XIS4T
MEMPREAG 2, MMT Catill L7 BePaEn e i i g iin 2 bidZeh o7z (K3). FLeAEHRE, H—F
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ARG T O, EEB TR LML D
DTHY, THRLHIEEL.

Ozx

ERAB LR AEREFTORE T, 2
SrHPRATHIME, BBS, AT A SIS
A7z BEMERERBETIE, 2 Mk AT,
T EIC®E L. —F, BBS Dffiix
HSICEE L T, HEEEZRHLICIEES
Lol EBE, AREMR B HEERE
BEL I 6m BRATRERI O IZ S EZ R L72A, #
A EEICEES o BITRLEE RS
SRV (kegf), MMT T&El L 728 BY
SR PR AT ), BB R 20, T BE B R
TR DI E bid e d o7 HLKZ: ADL OfFEE
T&H% mRS, Bl, #EMHZEOHiTdH 2 FIM
TIABELREE %L, BRI WG
ThadFACIZOE LI R o7 LIzHoT, 2
ST TR SN BT O EH LU
DEFICEHBDERFEZII o7 2BEDS
X ORI 2 E R BB T3 BBS Ol B 122Gk
LTED, RITHONRT y A0EERFS LIk
2 HN5A, WAV ER T BBS Offildd#%
L T4 TR SO & 4 RIS S MiAE LT,
AW AEE TH AP ED LD AET S 72
B, WEREERTONT » AONHFIZBEETH- /-
EEEAZEZOND E LD, 9B L PHPITH-
7:2ibdh, MEMWARES O Eh o720
DEEZTWD., ShbylEhXEp 2 &R LR
T ALENRD L. FHOEBFERIE, MMSE ©
AR LD, REEENHBEICG 22 EEIEHT
EhbnrEZONT.

—a—OYNEYF—3arTid EHEEOM
BEMICHETSE, ELEfER BEL, EBOK
IR E 2D, T HBRI AT S
NAHZ DL SNG, ME))EE ShAZ ki,
Al % B 2 2 &2 & 0 KK B o n] ¥k As
N, FEE SR L O MR AT
ST RAT ORI H 2B S, BB GE A iRt
FTAHIEIENREhBEEZLNTWA. JIMT,
iz 2o KW B s 2 o BhRF I B S h b 2
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ik, BRI S hTwa™, ghbb, KK
HOvy THEATSY. 612, fhifEnlgs LT,
B2 Bl (HEfREE) 2SR S5 & bRk i
B, AREEAEREEE (HEMRALER) DAY 2 ) & Bk
AEETHIELMESH TS,

HE A BT, ROy FT—
THBIREING (FifE7V— 7 RIRGE, The
theory of neuronal group selection : Neural Dar-
winism)®. F7:, —a—oOrMESHOIFTA
VY BELEBTEIET, TOYFTAOLE
SRR END, (A 7Dk, Hebbian the-
ory)”. L7:H%>T, @Y7 lsha: 2 3458 Y)
7 KB BB o n] Wik 2 ke L, SRR E) & %
BEEHZLIl%bDT, HHEMLME)/ Y —
DREFHVPEETH 5.

AR AR LTI, Tk, B RERG B
s (Brunnstrom %), PNF ([E45 S 25k w48 i 4
k), Bobath ik, i BEHEE UIPFEE) §H°
fAAET 525 4, afy P LEOREICLD O
FKv b A= HAL" (Hybrid Assistive Limb) &
Mz iEdmsg s,

HAL" &, A KBS E BRI EmEZREL, o
OMTEEOEB)EH L EML, AR S
JE, MR, fARAEL -0t
b, B, BESioT—2=v b5,
BB LAV ZRERDL, FTEEE T &
2 +9 % (Cybernic voluntary control : CVC).
CDLE, Bol BNy —rOFEREHRL,
HAL" W2 data fb S AL 7- PRAE MY 7 R AT & 2 7.
INY — v BRI S 5 B HE (Cybernic
autonomous control : CAC) 3 X OVl 8273 %h
A HAL" ZRW7Z2H b MFFE N5 L5 HALY @
HEERL LT, WFROMAREL) T VY
A L2 L B 72 @il (Cybernic impedance
control ; CIC) bHIZEEL TWAH DI L THD.
F7z, N, 7YAPMVZONL EATH) AE—
FEMEITAH MV Fa—F—, Wi-hino 7
YAMMNTDINT Y ARHETHNT Y AF 2 —
F—7% BEWE & ORBIZ L - CREIFEE L i 7e
AR 2 R E D 3 2 LAY RETH A, L7
oT, BERIAFDY A IV ZIH>TIELWY
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BATEER N HTHMD B LET LI LATE,
BATOLED B E 20, PR HRA LA T
%,

PMERIECII R, BB E ARSI
ThEALIHREZRL, AZZETHEN)
H A=y AHRFIC TS W aEy b HALY @32
k¥ data TiX, 2 M5BT 7T A MT, SITHERE
1T HAL" I L 2 EREEHR (70 R F—13—
#:T10066%, p=00369) #/xLTw5a",

Vi 3. 9 > 0 4 R U L KRR A & /NI T
L. ThE, KBRS g (2
X B HEI{EH & LT Allen-Tsukahara @€ 7V
K ENTY, 74— F7 27— F(feedforward)
il & 7 4 — K232 7 (feedback) M|l % 47— Tw
VRN 1 QYN B 33 S SN T A MO N
FERCHEERY) (T, EERE, MERR, A S
O3 OOBBHIMESNTVDY, KK H
A SANEAND AL, K A AR o -
AN, KBEEH R - T4 ) — 78 - SRk
BT /AR 2 DORE#AS, T 72N S
KR EA~OM M, A7 F = fifg—h
A~ L/ i B R — K i B B o iR B A3 S h
TWwa", BBSHdHEERLADIE, KEHE
< T OZEACIT P AN B & R T A%

ik e

1) CYBERDYNE#RE#H - HALERATERY 1 7HRAXE:
http://www.cyberdyne.jp/products/pdf/HT010910A-U01 _
R2.Pdf/ (2021 £ 8 B 20 HME)

Nakajima T et al : Cybernic treatment with wearable cyborg
Hybrid Assistive Limb (HAL) improves ambulatory function in
patients with slowly progressive rare neuromuscular dis-
ease : a multicentre, randomized, controlled crossover trial
for efficacy and safety (NCY-3001). Orphanet J Rare Dis
16 : 304, 2021.

3) Nudo RJ et al : Neural substrates for the effects of rehabili-
tative training on motor recovery after ischemic infarct. Sci-
ence 272 : 1791-1794, 1996.

Hosp JA, Luft AR : Cortical plasticity during motor learing
and recovery after ischemic stroke. Neural Plast 2011 : 1-9,
2011.

Kleim JA et al : “Functional reorganization of the rat motor
cortex following motor skill learning”. J Neurophysiol 80 :
3321-3325, 1998.

Nudo RJ et al : Use-dependent alterations of movement
representations in primary motor cortex of adult squirrel
monkeys. J Neurosci 16 : 785-807, 1996.

N

4

5

=~

6

ik EEd

WAoo smibsh, 52 A (K& R EK
THE) BNAE Izt Bbhi:.

HAL® #4738, jck, BHARssicids
W, L72Ao T, BEMIER ) (kgf), TR RIE
T/ (MMT) IS BEDSA SR h ol
ZEiLBROZELEREDLND.

RIZED D, BEASPATOEITIHE &S
KU HNEZ L Quality of life (QOL) %) |
TALRELH R THELLEERA.

Slid, H—-HigkcolBBlcomiETth ik
&, HAL" O#VEEICH D AL L 2 REtE D 5
Tl HOBEWTEBRSERORMGES X UL R
2L TW i wilREtEA S 5 2 L ASARBGEED R
RCThHL. Zifiak, LHAOLET TORFH L
WTHb.

&by

HAL" A4, BB A 2 Fli e[l i (K
f, FERCHE M) o EEE AL, MY
HTLET, NIy A(KELERTHEE) 28#EL
HFiTEB A YE I L OLEZ LN
AERGIUIFEM SO ) THIR EREE 25
Rl > €7/ 2 D
MAMFEIZ Y72 > THRRTRE COLIEH ) A

7

—

Isa T et al : Role of direct vs indirect pathways from the mo-
tor cortex to spinal motoneurons in the control of hand dex-
terity. Front Neurol 4 : 191, 2013.

Edelman GM : Neural darwinism : selection and reentrant
signaling in higher brain function. Neuron 10 : 115-125, 1993.
Hebb DO : The Organization of behavior : A neuropsycho-
logical theory. Wiley, New York, 1949.

Wall A et al : Clinical application of the Hybrid Assistive Limb
(HAL) for gait training - a systematic review. Front Syst Neu-
rosci 9 : 48, 2015.

Allen Gl, Tsukahara N : Cerebrocerebellar communication
systems. Physiol Rev 54 : 957-1006, 1974.

Nambu A et al : Functional significance of the cortico-sub-
thalamo - pallidal-pallidal “hyperdirect” pathway. Neurosci
Res 43 : 111-117, 2002.

Alexander GE, Crutcher MD : Functional architecture of bas-
al ganglia circuits : neural substrates of parallel processing.
Trends Neurosci 13 : 266-271, 1990.

Hoover JE, Strick PL : The organization of cerebellar and
basal ganglia outputs to primary motor cortex as revealed
by retrograde transneuronal transport of herpes simplex vi-
rus type 1. J Neurosci 19 : 1446-1463, 1999.
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HITWEES 10 (4), 2021 323
OF &
i MRS L PEDTRR T (203 2 AMEHAF O 85 & B
W BRiESD B OREEY ZHBOTC B FED B R
VA <R I S ¥ NS 1/ B (TR VI - e

EE  SREOMIEEZMERBEA (nontuberculous mycobacterial lung disease : fifi NTMAE) (CXd 3 F
fiTEIe S LOFMRBEICERL ZREG DBV, AREEZEITL Z70 R LOMNTME16ESI 17 4%
BAHROICHETU 2. KISEIER1 4, TUIBR8M, IEAUIBRE 84HICITLY, 161IC(3 2 HARMERAIYIBR Z 1T > /-
TRl ICPFIRZRAEIR A E2H /- 8H1S, MELEBI TEROREZERO . WHEFLTIE AL, MESHEIRIH
(17.6%), IEBHEHREI24E (11.8%) TH-o7/. MM THIOhIEFMNECIBZFELRABETHY, ShHE

FENTMAEICX T 29 FHEEEREL OB TH 3.

F—7J— N : IEEREREEE (NTMIE), BhiMycobacterium avium complexfE (fii MACJE),

=g, SFNERE, FimEks

Nontuberculous mycobacterial lung disease (NTM-LD),
Mycobacterium avium complex lung disease (MAC-LD),
Elderly people, Surgical treatment, Surgical indication

*

Hili RS A% EPUBE I E  (nontuberculous mycobacterial
lung disease : fili NTM{iE) OWEBIIALFHEDEATD
B0, FHIOFRVECRAD D ) HEOER D D7 { 7
V. D) BIER G, 1950 4E A & AVEHEEDS
BIRENDL X)o7Y,

Jili NTMAE VX3 % EHED 72 0 TTAREGI A5 0 5 &
B, AT 20% B OIRGEHHIL E 22 25, bHHE
2BV TIE I E TH% K & IR TH -
7299 L L, RIETIX20% G 05D 209, HiNTM
FEGHEC BT BEHRRE O R ENIIEEIC > TE
TWhEEZONS. F72, bAENIBIT 5 20144EED
ATIE, BiINTMAEO REFRIZ AT 1077 At 14.7 & it
EENTEBY, NEBEVEH L TWDL Z L5 NI
o727, BEBOBIME & HITESHIVEHREN R D
Bmd vHING.

i

JESE I RRME

T 465-8620  Z2 AR A4 R 1 A4 S X AR 5-101
A [ 3797 BE A 44 1 9 e I 2 AV B

b [N bR 4 TR P v 7 — IR AR

© 1 37995 AR B 4 vt R o B - 2 P R

(E-mail: k123yamada@gmail.com)

(Received 2 Feb 2021/Accepted 17 Mar 2021)

2008 4F1C H AR A h DR Sz [HidERsBEDT
RT3 A AVEHRHR OFREE ] 1BV T, FAlio @IS
ElE LT (705 T CHMBHERON S EEZ 2 5N
5785, MAEDITCR G EEE OIS, FERSGEOWfE %
EEEETHETVEATOFMEEDH Y ) 5] LHED
NTVBY P, Wi RARIIOR SN TES Y, 72, 70
i PL O T A TR IS L ComE XL
ALRBDT N,

Z 2 THE, Fx O TIT - 72703 L LB NTM
FECK T 2 BRI AT L, Bl i NTME 1253
LAEHBEROBICE X O Ret & AR MGE L 72,

MAEMR, Tk

20084E3 A 225 20204F 11 A RIS, 3755 Beasms 5L
SRS L OCENOEEEE TR R v Y — 1B
WCHINTME & 2 S 3+ AL Lo ks %
1T o 72\ T 2 AT L 72208 B0 9 B, THTOBE LT
T0U L TH o2 16ER 172 x5 L L, Fim, M,
body mass index (BMI), #iifs OIM-EieIR, R,
B, ATETALEEEII ], bk, B, F
s, MRS, WA PHE, WMEERESE, WRR
WBIE I S ICD X B HIIICRE L 7.

I e R, B OFRZ A TR - 3 - D
WENDDRERD D - 725G I TIPREHER D D & L, 1l
B2 DIEIRDYE - AL - BAL L 72 2 b L7z,
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RO R1
DO | ||
D1 I Iva/Ilvb

[Class]

10 (4), 2021

D:destructive lesion

R: resistance to medication
a:macrolide sensitive

b: macrolide resistant
0:no

1:yes

I:No indication for surgical treatment

Il: Indications for surgical treatment in the case of localized lesion

[ll: Indications for surgical treatment to prevent relapse/recurrence

IVa: Indications for surgical treatment

IVb: Strong indications for surgical treatment

Fig. 1

Indications for surgical treatment of nontuberculous mycobacterial lung disease

(DR classification). The combination of destructive lesions such as cavities and bronchiec-

tasis (factor D) and resistance to medication (factor R) is used to classify the disease into
four classes, numbered I to IV. Class IV is subdivided into IVa and IVb according to the
presence or absence of sensitivity to macrolides. Class II and above are indications for
surgical treatment, and class IV requires surgical treatment.

P& ORiik T, MiNTMIED FAES I L, 22H
REAESILR R £ OSEBIEMIRE O I L, ALk
W 2 IO 2ODORFEBEEM L TE /2. RET
&, BEMERZ %D (destructive lesion) K-, b
FEICHT 2 PuE % R (resistance to medication) M-
LL, TOMAEDETclass 1225 class VO 425
L, PHNESOEE LTwh, w7154 Figxs
HIEZEOFMIZ X Y class VidVa & Vb IZH 4 L,
class TLL L2 ANBHEREOBEIRD Y, class VIZHEHEHE
PLEEHEL TS (DR, Fig.1). TO5EIIT
T B ) &I U7k LR 2 M L,
B FE X R IR R BE AR A 55 1 CLOMIARRE IS R D320 <
AT T 5 & FIE L 75BN R L C P05 % HifT L 7z

FARAAICE LT, ISR & SEED RN & HOMF
TN IBRAT, 2DOLL LdRE & B4 DIiZEA SRR L,
B2 L &b 1D @Y F IR % & Tt & S 8)
Bt & g3 L7z, it & PiElE, Common Terminology
Criteria for Adverse Events version 3.0 (CTCAE v 3.0)
WZHE-> TEFK LY. MitckaBRBglm, Fhdr» o
KA kZZIED LCIECREE T L, WML, B
WOHMIhb 6T, kOB ICREECTIC
THAFRZEDOEAL D U I W E O LB % i b
HEE AR LER, Le®mLi.

FEMRATICIZEZR 2K L7210, 28RN BT 285
R EZEME I Mann-Whitney M E 2 FIW TV, p<
005 FEAMEL L7z, RIFRIEANVY VFEF, BL
OCANEXIRE L2 EERFEC BT 2 W B4 61 % 3 5F
L, Yk TOMEERRTORRERT.

B R

HBETRB XOHRG% Table 11IRT. FRglE 70~
78 (hYAft72) %, BHE6Hl, M1060, BMIIE 159~
238 (H9LfiE205) kg/m*TH -7z, 36 (188%) 2Nl
Wi OB 2 520 72, METNCIFIRZHEIR Z B 72 b DI
8% (50%) TH o7z, KIKEIX, Mycobacterium avium
23961, M. intracellulare H35%1, M. abscessus complex
M2BITH Y, WA, K - SGESKILRAA 106, 22
i & RE IR OMIRE % B 5 RATD6 B TH - 7=
(L& BAE D S Tl £ TORMIE 6~184 (HhJufii42) »
HTdho7-.

i fbeegik (Table 2) &, &KW M. avium ¥ 72
& M. intracellulare T&H - 7214B1, ) 77 ¥ ¥
(rifampicin : RFP), =% 7 ks — ) (ethambutol : EB),
791y 2u~A ¥ (clarithromycin : CAM) ® 3%l %
BEHL T2 DI396IT, o) bahlizy ¥ 7aF¥
¥ v (sitafloxacin : STFX) d x5 E N Twiz g,
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Table 1 Demographic and clinical characteristics
. Median (range) or number (%)
Variable
(n=16)
Age at surgery, years 72 (70-78)
Female 10 (62.5)

Body mass index, kg/m?*
Underlying pulmonary disease
Old pulmonary tuberculosis
Respiratory symptom
Cough
Sputum
Hemosputum
None
Causative pathogen
Mycobacterium avium
M. intracellulare
M. abscessus complex
Type of disease
Nodular-bronchiectatic
Nodular-bronchiectatic + fibrocavitary

Time from initial chemotherapy to surgery, months

205 (15.9-23.8)

3(188)

5 (31.3)
7 (438)
3(188)
8 (50.0)

9 (56.3)
5 (31.3)
2 (125)

10 (62.5)
6 (37.5)
42 (6-184)

Table 2 Preoperative medications

Preoperative medications (mg/day)

Case Causative pathogen

Aminoglycoside CAM resistance

RFP EB CAM Others (none=0) (no=0,yes=1)
1 M. avium 450 750 800 KM 0
2 M. avium 450 750 800 KM 0
3 M. avium 750 800 STFX (100) KM 0
4 M. avium 450 750 800 STFX (100) 0 0
5 M. abscessus complex 800 FRPM (150) 0 0
6 M. intracellulare 600 1,000 800 KM 0
7 M. intracellulare 300 800 KM 0
8 M. avium 450 500 800 STFX (200) KM 0
9 M. avium 300 500 800 KM 0
10 M. intracellulare 300 500 800 STFX (200) KM 0
11 M. intracellulare 450 STFX (100) KM 1
12 M. abscessus complex 800 FRPM (600), LVFX (500) 0 0
13 M. intracellulare 500 800 AMK 0
14 M. avium 300 500 800 0 0
15 M. avium 450 500 800 STFX (100) AMK 0
16 M. avium 450 500 STFX (100) AMK 1

RFP: rifampicin, EB: ethambutol, CAM: clarithromycin, STFX: sitafloxacin, FRPM: faropenem, LVFX: levofloxacin,

KM: kanamycin, AMK: amikacin.

EB+CAM, EB+CAM+STFX, RFP+CAM, RFP+
STFX, RFP+EB+STFX 3% 1615 25TH -7 H
WASM. abscessus complex T& - 72 2 B DAL 2EHED:
i, 1BI2SCAM & 7 7 @ X% A (faropenem : FRPM),

1612SCAM+FRPM + LR 7043 » (levofloxacin :

LVEX) Tdh o7z, WM. avium complexit (M. avium
complex lung disease : filiMACHE) #ld 9 5, 201944
HECTIXFM 2T 72108 9BNIIZ A F~ 4 ¥~ (ka-

namycin : KM) O RS2, 2019425 F LRI FAli %
T 7248 36012127 2 4 ¥~ (amikacin : AMK) @
MIEPEG- %, AL E B E L TR AT - 72

FAREISICE LT, APl & T L7z 1749 141
DR % ¥iCclass I, 14fF7%class Va, 2F4%class Vb T
FATEISIE B & 72 - 72

FAli (Table 3) &, XBUIREZIT-72d DA, 2
YIBR A AT 5 72D ODIHET, KD O SHITIRE AL ZE IS
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Table 3 Operative details

Case  Type of disease Location of lesion Type of resection Approach
1 NB R. middle lobe Lobectomy VATS
2 NB R. middle and lower lobe Lobectomy + wedge resection VATS
3 NB R. middle lobe Lobectomy VATS
4 NB + FC R. upper and middle lobe Lobectomy + segmentectomy oT
5 NB R. middle lobe Lobectomy VATS
6 NB R. upper lobe Lobectomy VATS
7 NB + FC R. upper and middle lobe Segmentectomy + wedge resection VATS
8 NB R. middle and lower lobe Lobectomy + wedge resection VATS
9 NB R. middle lobe Lobectomy VATS
10 NB + FC R. upper and middle lobe Bilobectomy VATS
11 NB + FC R. lower lobe Lobectomy VATS
12 NB R. middle lobe Lobectomy VATS
13 NB L. upper lobe Segmentectomy + sub-segmentectomy VATS
14 NB R. middle lobe Lobectomy VATS

NB L. upper lobe Segmentectomy VATS
15 NB + FC R. upper and lower lobe Lobectomy + segmentectomy VATS
16 NB + FC L. upper and lower lobe Lobectomy + segmentectomy VATS—O0T

R. right, L. left, VATS: video-assisted thoracoscopic surgery, OT: open thoracotomy, NB: nodular-bronchiectatic,

NB + FC: nodular-bronchiectatic + fibrocavitary.

Table 4 Postoperative outcomes

Median (range) or number (%)

Variable (n=17)
Mortality 0 (0)
Complications 3(176)
Prolonged air leak 3(17.6)
Grade 2 3(176)
Grade 3 0 (0)
Arrhythmia 1(59)
Hepatic dysfunction 1(59)
Empyema 0 (0)
Indwelling time of the thoracic duct, days 2 (1-15)
Postoperative hospitalization period, days 8 (3-20)
Improvement of symptoms 8 (100) (n=8)
Sputum culture conversion 16 (94.1)
Relapse/recurrence 2 (11.8)
Death during follow-up period 1(5.9)
Follow-up period after surgery, months 60.5 (1-125)

AR L7272 DRI % 4T 5 72, WA AILHEPE & T3 L
72 1R BB Al 2 IR L 7225, 3% 0 o 16113 Hafpess T
WKL, 2o b1, tHmay re—nvzEHK
ELCHMTMCRIT L2, b, ArAiERENEE, H
MR =PI BRTEC8~126 (FPYLfii22) » H, K EIkk
HET28~184 (FFULfii735) » H &, MEIFINITAEE
RO o7 (p=0065) A%, MATHEFEMHAEL &
% L PRGBS E & 7 D AH ) % 3D 7.

TR DOWT, Table 412587, WHEIETIEZRL,
WA PHEIX 3 (176%) ICRDz. GIHEDONEIL,
RN OB 21, AP+ TEYGRZIT-721

PRSI O BIE DAL LA E) & TR HERR & % 720
7o WEND HAREL, HFEMELEE LboE%
Mo dz MitglEE N L — R E 1 ~15 (PYLfE2)
H, i ABEWIIE3~20 (FHfii8) HTH o7z, Ml
VPR ERE IR D & - 72 S BT 4B THER D % 520 72
MRS LR THFIC performance status (PS) OKTF %
RO IIEBNL 2o 72, BITBIT LB O ElR{biX 16 4
(94.1%) \ZRRD 7z, MikkLRBIZ ML 1 ~125 (FpyefE
605) » AT, FMETRE2M (118%) (2, #aEpigh
DR (HHEIE) % 117 (5.9%) IC#D 7.
WHEOILFFRIE, LY A VIR E R L TH Y, M
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WL, WAk OB E DB TH - 72 b DL 1AM,
Btk T o 72 b DIE24EMZFE L7z, 4, 9
R E 20, BIEES (2021465 H) T3BIM by
[ER 1 T S QSR

z =

7058 2L b o Sl il NTM E 2R3 2 28Rk 3 O #)s
BIUREM L AL MAEL 7. BEETH, XEK
BEEIRA % ROALAHRE ISP TH D, L IRED T
i B EHW SN, HEE LR SRRGHE O
& 72 1872, MRS IFIREHEIR % F20 72 E BN 4] T
IEROUGE 2 58D, MBRBTE, SIHERES, Wi
L&, FRERRIZBWT, I T CTICHE SN0
NTMEIZH T 2N EHERE O E FSEThH ), s
i NTMAE 3§ 2 A FHER I L EP OGN TH S &
L7,

i NTM E AV EHRHE 2 2 AR L LCix, OZ=R
RREIIRHRENIZIZE B O W DIV EE DI S A3
PR SEOMBBATEDTE Wz, BUTOREIIZZ L v
LR 3e G B v S/ IR (AR I @) Rl (Y0))
LOBMEMERZIIW O ) = =& 7 ) BALR I DR
K& 2nY @FM CRERENIREZIRT 5 &1
IO REEBASE, EUHEORRMEZ ED, HIRE
TOMHIRHERO T L 2 BMPHOUEI MG T
W OHRIEROUGEENSFRFTE 5919 0328155
nas.

I E THEWNSZ DM NTMAE TS 54 B HGH#
DA FATEEHE SN TV RIWID2 23 F 220 EHE R
DRADD - L BATH UL BN AEMNZ LIFLIE
BT 5. ZORKNE LT, OIFHEHROBILIZET S
IR A B I 4 YA L v, QBRI O A Rk
MRS N TV vy, ORERZE RO 2o\ EHF 123
L CTHRHRE L W) BRERZE) BEZBOICCY, @
slow growing 2 & SNTHB Y NEHEBRE~NI AT S ¥
A IV 7HHEL, GO NTMIELS S 2 4VEHER % 1T -
TWAERARENTE Y, SHEEAO T T a—F
LW, S0 EZLNS.

JNTMJEICB L, i Tld, 2017 402 35 = g SR
#24%[British Thoracic Society (BTS)] 7252, X512
2020 4F V13K [ R 8 5 2/ R M PR 2 2% 2 /R P Bl R
AW G RE 25 2 /R BN GE 7 4% [American Thoracic
Society (ATS)]/ [European Respiratory Society (ERS)]/
[European Society of Clinical Microbiology and Infec-
tious Diseases (ESCMID) ]/ [Infectious Diseases Soci-
ety of America (IDSA)] &7 A4 F54 BB I,
HEHEHRICE L TOB R 2RO L%, TO@ISIZE LT
ORI IR EN T2V, MifEcBV»TiE, wiY

HEAT DOFEEE 2 7R3 7280 12 TNM B R G  2 Fi sl b ¢
BD, HEFEORBICAHRE ShTwb, il NTME
ZBWTY, BB ADY A IV 7R ELBEVED
123 5720121, MRS BI 2 TNM GHED & 5 % H#
LGIMEPUFELE 2 KA O TIIERIC X 2R L
(LI T Bk A A b2 AL, 4t
FHBHE OG22 R LD gL L CTv 5.

EERE IS LT CosEe#En L, OMitE DS
Tho72T0m U LD 1617 T Z2iT-7:. Zh
FTICHE SN TV AIINTMAE D L < 130 MACHE 12k
T HHNFHAER D TR, MR ER0~T7%, APHE
FEREH5~29%, WEIRILFT79~100%, FHRFIEHR3I~
20% TdH W2 23 Al FEEEE M NTMAEICR LT
bSO R & 1572

BB, AT R R & RO T AE B, AR A
BITHERDOUE W LIHREZRDTE Y, EIRSGHICE
WTHNEHBIRIIA R RIEHETH L L EZ DN,

IR AR O HGEE E LT, 70l Lo
M BHICB VT, MBROGIHERIES - JECHER R
DEFERDPEEZ LA TH o 72, L OGN H 53,
filide & B NTMAES B 5 Pl RO, ) Vo3
BEOHETH L. FUHBHOYREE 225G, ) v
JSEERTY 2 B & L 72 Wl NTM AE O T4l 3 g o Tl
AR VKRR EEZ SR, SEEICE > TH 2R
RE i L E 2 6Nb. MifIcBL T80 TOT
REBID B L 13 o TV B, Bl boELBIAE,
Fi NTMAEIZ BT b 80 At TR AN & 72 HIEH]
LShHVEDLEEZD.

Llal, 17RO T4 151 (882%) #* Mulesi ¥ R4l T
1o 7z Bl iR 3 2 SRR BT, W
WEGE T NI BT 12 R, Wi A BHE %2 W S ¢,
fle F L — B EE & AR 2 EHE S5, Lo
D DY, — I, WO RYE AT 2 Tl IE, WA
AERFERLE L H Y, MPESE T FMICIZZEChrvED
BHRLDLD, Lok TIE, WMNTMIECHT 5 F
WD IBPL E &M T T IS T > T B, Sl
BiNTMAEICE - T, MEERETFMIE, Sl c
WEENLEDDOLEFRABEDO A v F3EZ SR, MRS
FTHONEFHLEEZD.

P2, M NTMAE 03 2 95K BN O B A
DI B R BE U B 72 & 0 HUREAR ) SF G D BRAT 1225 & 2o
TEEWE LAY A, A, 1708 (47.1%) 12HK
YIRA 2 MiAT L7z, M Tl o Ll B AEAE R AR
FEIC B L2 DNBH, IEKYIBRN % ifT L7281 %
EOIZFTRTOIEBIT, MHRIZPSOKT 2 RDBI%
Aotz IR & 0 PRSI L IR RE DA
HPHNTH B L HMr S iU, BEH LB S
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LT HILRYIBEMAT R L E 2 5.

L L7%A0, FHMRERHEITEEROM S, i
KB & ) B ZTREOIF ) R FE L2 Lidw
I FEFTHRV. KWK E LERO 222X, BT
HIUTHAMFH FOYBRTT TN L BN LHD
R B, Al 16 61H 5 E1 A G AT 100 # A DL
LTho7z BB I L COARHERIZARITH 528,
% DHNCHFHERANE N AT L e HELE
25, HAIZLEL MIMACEEGIZBWT, fbaHkm
17 5 Tt £ TOPMARE W 2 & AR 0 FIR I
THIVRAZNTTHS LG L72W DS, FiiREZ
B L LIMBROTFRBREZIZ 2 L) irsd, @it
DB HIEFNIT R ONEHEHEN AL I N 5.

), Bl MACHE® 140, 471 RFP+EB +CAM
O 3HEHREBIIITON TV 2DIERIFTH 7255, 5 b
4603 EERILZ B9 e U TSTRX 2S5BS S hTw
7o, =75, 4B S ENEEIVERIC & ) BEEEGRE AT R T
BOT, ALFBPRIRICHEE L 722 &%) b7z,
$72, CAMEEBICBIL Tid, sl @ e H s8I §
AMI LY AZNTTHEB, LOWENDH LY. BTS
DAA FF4 12i%, [THiNTMAEBEELZ BT 2 HliY) B
OfEENE, BWIRECHE L, HRtE o/ SR
HIRETHAH] LRI NTWBEY, EEEHICHRS 72
L TRV, FRNEIGASH 5 &HIE S A EFNS T
LT3 51 bR R 20Tl R L, @bk
¥4 3V T THERBEAN AT B 2 &A%l NTMAE O
SRICBVWTIROFAE LRI L D—DTHDLEERA.

AWFFED limitation & LT, 2Hizk D% A I & 58 THE
BIgLRENTVWDEZ L, BERBFICBWTEL Y Vg
UNATAPRESNS Z L, FRTEICBVWTHEHTO
FEAS SN T RWIEFIAE T TWAEZ L, o bu—
WEER W &, 2D 5.

70 DL E O NTMAE K § 2 A FHEH D@L B & O
REVEEHRMEICOWTRE L, ®iEEiZswTbitF
BRDPHE RIS H B 2 EDRBENT. EEH &
AL, PGS E B L#EY Ry 4 IV THhATS
ZENHEETHA.
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Indications and outcomes of surgical treatment for elderly patients
with nontuberculous mycobacterial lung disease

Katsuo Yamada®P, Ayaka Makita®, Ayuko Yasuda®,
Yukio SekiP?, Masahiro Sano¢, Mitsuaki Yagi¢,
Yuta Hayashi€, Taku Nakagawa® and Kenji Ogawa*“
4Department of Thoracic Surgery, National Hospital Organization Higashinagoya National Hospital

bDepartment of Thoracic Surgery, National Hospital Organization Nagoya Medical Center

¢Department of Respiratory Medicine, National Hospital Organization Higashinagoya National Hospital

There are few reports referring to the indications and outcomes of surgery for nontuberculous mycobacteri-
al lung disease (NTM-LD) in the elderly. We retrospectively reviewed 17 cases of NTM-LD in 16 patients aged 70

years and older who had undergone adjuvant surgical treatment. One segmentectomy, eight lobectomies, and

eight extensive resections had been performed, and one patient had undergone a two-stage bilateral resection.

Eight patients who had had respiratory symptoms preoperatively showed improvement in all cases postopera-

tively. There were no postoperative deaths, three (17.6%) postoperative complications, and two (11.8%) postopera-

tive recurrences. If the patient can tolerate surgery, the indications for surgery are the same as for younger pa-

tients, and surgical treatment of NTM-LD in the elderly is safe and effective.
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BliMAC (Mycobacterium avium complex) JiE DG
W A B

EE  MMACHEDEREHRIIY /T T M FER=R L LZHPERERETH 525, HERIIERIEA
15 TH 5. MMACKEIZZWENAEMMG L ZRS T, VAIZXRLA T4 v b2 ZE L CHIET 2 RE
Thbo MHVOEIEFEHRET AR T AL, 77 Au~xA T EI) TR0~ A Y 2 EET S
KR - A SIREN I L CHIRINIEHR AT ) KSR e %, TIA Y Y BIU TV AU V>
AR RBE S OFAFH & LCORES N, RREELEOOND L) holz, V77 YV ET IS
EVIZC WG~ 7854 N+ 7 b—)v (EB) @ 2ANGHE S BIULIC AR Y 5 %, HEEMEN
MACHEIZK T2 T I 43 v )R Y — 2B AR RS RO BN OH R A CONVERT iER THEP & h
202004 o4 v CHEEINT, FPHARRY U0 T4 FifEx B <720 IZEB B #iHEd 5 =
LOBEFEDPREN TV D, FAFEIIERAIGH, 2260, MW, 6= FE S SR 2 &
DBEFEZBELT, HEMRLOM#HRD I ZNFHHEROMIEEE LTI . IEEMHEE LT, I
W) NE) T =g ARG, LY - AR - BHEWNER LR SN T T a—F s
BHThb,

X—T—=X 2084 K54, TyAu~YA Yy, BRINER TIAVY, TIHT VY EY—

21

ENU NGRS T

1. IZC®HIC

AR, FERSBEPEPUREE (NTM: nontuberculous mycobac-
teria) 12 & 2 i NTMJE O EH M FIICHM L TE T
Wb, bo &b LoDl MAC (Mycobacterium avium
complex) JETH Y, HADIINTMAEDRK 9 H% L5 1,

il MACHE (3 AR IR\ HEAT 5 B 12 1k 0GPl R e C
0, EEHBRSENAOT AL FI4 00l Fldohn
TWbb0OD, TOT 7 M AXIAYTHY ¥ ATHE
KD 50~60% TH DI~ 0+ 5L IdF R %V ARTIE
i MACHE DIBBICDOWTOBUIRE F L iz,

2. fiMACTEDEREEI & & VRIS

Jili MACHE X FEE BT S T ENERR AR & L1
RS, ZoOHHIE LT, E~oEgMrx%w, H
FAERD LB, EATORIECTH B, EIEHD D 5,
SHICHEHLTHRIATERLIEILT LIS AN E

BHTFoNhsd, BHEOEDVVEDVDYATIXRET 4 v b
WZOWTHE R, SRR, BARER, MR, TR
i, BB ORHLEEBEHE L TERE LG L T
TEONLEE L\, fili MACHE % MG HR R B EE L 72
WM TIIBLE2~34ET5 ~ 6 EOBHIHAEDFGE
SNTHY, BALL THBBBS NS RN & LT%
R N IR T, BB, RHiP o, H4
B EDIRENT VR0, REEEFES (ATS), WM
MW 235 25 (ERS), BRINERORBUAE W % - R GIE % &
(ESCMID), KEEGEY 2 (IDSA) 233L[E TIER L 72
2020 4F- ATS/ERS/ESCMID/IDSA 7' 4 K5 4 > (LLF 2020
HAFSTA )T, EICEAEET 0D 5 I3
PR W R EB TR T 2 A 5 O Tld % < R2ITH
MR 5 2 LRSI TV D, —RICERMAR R
EEEPIEF SO LTk LR Ww—7, ERZEH 8
BRI XIEL S OETHTERIRI B I2{ v,
Oshitani 5 1%, 220025 1 cm ML L CTRIPICEE 2 1E) &

ARSLAT BN B S RS A o = eI AR

MERESE Il Ah, ARNZAT B T S B B SR A v R B
W EEr, AR R A R IXAE AR 5-101

(E-mail: nkgwtk2011@gmail.com)
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BRLTOHELLRLTVWERE LD, Imb5OW|ET
W HIHEHLE £ TOMIIX 6 & H LN OB B
LB LOEHRC L OHEIZA LN 057205, 6 7 DL
WOREBILIIRC L AELZAOMBEEZR L2, 2
DOFERIZ [watchful waiting | ¥l % LHE9 525, BiaEka
PEALER AN 2 5 13 & F THEALE & A HNTEFRMNA
FTAHLLEDPRIBEINTZLDFZ SS9,

3. FiMACTEDIREERHE

a. AREBIDIFEREL Y X > DEWN

HAIZ BT % i MACHE OBEHAER I [ IERS A% BT
FRTRREAL B 5 WU —2012 R ET I 2 1R S
Twb, Y77 ¥ ¥ (RFP), =% ¥ 7 +—) (EB),
770 AuvA Y (CAM) © 3 FIP KIS LEIN
LTAMLTERA LY (SM) HDHVIEAF<A T
(KM) 2z 5, £W)dbDTHb, —HilErtOBAER
FEIE2020 74 R4 I TRENTED, 200740 ATS/
IDSAH A FFA4 ¥ (LUF2007 44 R4 ) SR —
A&l 5T 5o BAER B ARG A CPEER! (Nodular
Bronchiectatic type: DL NB#&) 12k L Cidid 3 MORHIK
MiaR, 22l &) eI HERE T I 2 ) 3y
FEFHEOFHS R I N TV 2, FiEHREE 6 7 UL
FATo CHREEBEDOHEGIET I v Ry — 2]
A ¥ {8 i amikacin liposome inhalation suspension (ALIS)
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HIZAMK, 20204FE 2 HIZ AZMADVRB S, B b
BOOLNDL L) holW, 7272817 TH KMIZNTM
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F1 202044 K5I 4 2B B MiMACHEEHRICE S 5 Clinical Question (CQ) &

HEIRDO L L (k3 £ Y FEHD)

CcQ HEAE HEAERE T etk
1. Bl vsHHERIA Z2 R BRI M 13 B15E & 0 R B AR conditional very low
I, &S PEatsR CAM, AMK DRSS bk conditional very low
M. ~7uJA4 FLEEME X7 U 74 FEELLHBERE strong very low
IV.AZM vs CAM CAM X ) b AZM & R— R & L7z {59 conditional very low
V. 73/79avk 7l ) R0 9 ) T U AT A 5 AMK & 7213 SMAEH conditional moderate
VI. WA AMK BBIERIZIZ A AMK b ALIS b #fE3E L 22\ conditional very low
6 N RUETA BT A4 iGBRMBIIE ALIS §F strong moderate
VIL 3% vs 24 2 AR L D b 3 A6 conditional very low
VI 33 H vs BRI EHE 2 D W NB AN IZE H X ) 38 3 0] B 3 5 conditional very low
A 22 2 HEAT / FEAE B CUE R & 0 3 H R conditional very low
X. {GHHUI B LWL 12A HEL L conditional very low

CAM: 7 7Y AuxA4 ¥ AMK:73IAY Y AZIM: TV AUuXA ¥ Y SM:AMLTh<Af >
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~ ,‘Am)ﬁ‘;f RFP 600 me 43 i 5/180 (3%) | 147/172 (85%)
B k H K EB 25 mg/kg 3 3 [1] % PG T
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RT.MED LT.MED

Fig. 1 (A) Axial views of head MRI FLAIR images (1.5 T, TR = 8,002, TE = 144.7) obtained at 2 months after onset. (B) 123I-IMP SPECT

images obtained at 2 months after onset.

(A) In addition to evidence of an old cerebral infarction (in the precentral gyrus, postcentral sulcus, superior parietal lobule, supramarginal

gyrus and angular gyrus of the right hemisphere), a new cerebral infarction was identified in the precentral gyrus, postcentral sulcus,

supramarginal gyrus, insular gyrus, superior parietal lobule, frontal pars opercularis and parietal pars opercularis of the left hemisphere. (B) In

the right hemisphere, a hypoperfusion in the parietal lobe corresponded with the old cerebral infarction. In the left hemisphere, extensive

hypoperfusion was present in the internal carotid artery region.
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Fig. 2 Results of Standard Language Test of Aphasia (SLTA).
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onset
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B Fragmentary syllables
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B Phonological paraphasia

& Empty phrases

50% 60% 70% 80% 90% 100%

@ Neologism

BIrrelevant paraphasia

Fig. 3 Breakdown of speech analysis results for object naming tasks.

At 27 months after onset, the patient’s neologisms had mostly disappeared, but the phonological paraphasia persisted.
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Table 2 Symptomatic comparison between conduite d’approche and iterative pattern of phonemic variation.

Conduite d’approche
in conduction aphasia

Iterative pattern of phonemic variation
in jargon aphasia

Language effort for word-finding difficulties
How to find words

Number of moras

Duration of repetitions

Duration of speech interruptions

Amount of speech

Automaticity of speech

Awareness of illness for spontaneous speech
Psychiatric symptoms (manic state)

Speech examples

Effortful
Spontaneous self-correction
Constant
Short Long
Long Short
Normal

No automaticity
(a “trial-and-error” exercise)

Aware of illness
Absent

“Wani” “Te”
(meaning “crocodile” in English)
-> “Eni,” “Wani”

No effort
No self-correction

Not constant

Excessive

Automatic
(disinhibited)

Unaware of illness

Present

(meaning “hand” in English)
-> “Kocho” or “Ocho”

*The solid line indicates phonological paraphasia, while the broken line indicates a neologism.

Table 3 Past reported cases of jargon aphasia due to bilateral hemispheric lesions.

Dominant Lesion
Reporter Age  Sex hand
an Initial onset Recurrence
Hadano?” 75 Female Right Left frontal lobe, left temporal and parietal lobe ~ Right temporal and parietal lobe
1986 lesions lesion
Izawa et al.?V 63 Female Right Left temporal lobe, right temporal and parietal Left inferior precentral gyrus, right
1998 lobe temporal lobe
Funayama et al.?? 68  Male Right Posterior part of the left superior temporal gyrus  Right inferior frontal gyrus to middle
2007 to the supramarginal gyrus, pars triangularis of  frontal gyrus
the inferior frontal gyrus
Author of this 84  Male Right Right precentral gyrus and postcentral sulcus, Left precentral gyrus and postcentral

article et al. 2020
angular gyrus

superior parietal lobule, supramarginal gyrus and sulcus, supramarginal gyrus, insular

gyrus, superior parietal lobule
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Abstract

A case of conduction aphasia with specific jargon utterance

Takeharu Tsuboi, S.T.V?, Hiroshi Tatsumi, S.T., Ph.D.?, Masahiko Yamamoto, M.D., Ph.D.?,
Yoshiya Toyosima, S.T., Ph.D.?, Taiji Katayama, M.D.* and Kazuo Hadano, M.D., Ph.D.”

1 National Hospital Organization Higashi Nagoya National Hospital Rehabilitation Department
2 Graduate School of Psychological and Physical Science, Aichi Gakuin University
9 Department of Health Science, Aichi Gakuin University
4 National Hospital Organization Higashi Nagoya National Hospital Neurology
» Holy Cross’s Welfare Group

We report a patient with bilateral hemispheric lesions caused by two episodes of cerebral infarction who exhibited
conduction aphasia with unique jargon. The patient was an 84-year-old, right-handed man. Beginning after the second
episode of cerebral infarction (defined as the time of symptom onset), neologistic jargon and an iterative pattern of

phonemic variation became prominent, whereas phonological paraphasia and conduite d’approche were observed in the

patient’s overall speech. Therefore, the aphasia was characterized by the combination of conduction aphasia and
neologistic jargon. At 27 months after symptom onset, the neologisms and iterative pattern of phonemic variation had
disappeared, but a wide variety of phonological paraphasia and conduite d’approche persisted, clarifying the pathological

features of the conduction aphasia experienced by this patient. The conduction theory (Kertesz et al., 1970) provides a

convincing explanation for the mechanism of the onset of neologisms in the present case. Thus, we propose the

existence of a symptomatic relationship between neologisms and phonological paraphasia.

(Rinsho Shinkeigaku (Clin Neurol) 2021;61:297-304)
Key words: conduction aphasia, neologistic jargon aphasia, conduite d’approche, iterative pattern of phonemic variation,

conduction theory
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