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Introduction

Stroke is the leading cause of disability world-
wide1). In Japan, about 1.2 million people had strokes, 
and it is the fourth leading cause of death. In addi-
tion, medical expenses for stroke account for 11% 
in elderly persons, and they are expected to increase 
further in Japan, because Japan is facing a ‘super-
aged’ society.

Ischemic stroke accounts for about 80% of all 
ischemic stroke cases, and it has a variety of mech-
anisms2, 3). In recent years, stroke medical care has 
made dramatic progress due to the spread of intra-
venous alteplase and intravascular thrombectomy 
for acute ischemic stroke, as well as the develop-

ment of preventive medicine due to the emergence 
of various new antithrombotic drugs. However, 
once a stroke develops and severe disability occurs 
due to failure of such acute treatments, the burden 
on the patient and family is immeasurable. So far, 
sorts of agents have been tried and shown as effec-
tive for neuroprotection against ischemia in preclin-
ical studies. However, these agents failed to show 
efficacy and safety in human stroke4). Thus, there 
is an urgent need to develop alternative novel ther-
apies that can facilitate functional recovery based 
on neuroregeneration.

Post-stroke axonal outgrowth is fundamentally 
related to recovery from functional impairment after 
stroke, and the several mechanisms have been 

Yuji UENO1, 2)
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　Axonal outgrowth after stroke plays an important role in tissue repair and is critical for functional recovery. In the peri-
infarct area of a rat middle cerebral artery occlusion model, we found that the axons and dendrites that had fallen off in the 
acute phase of stroke (7 days) were regenerated in the chronic phase of stroke (56 days). In vitro, we showed that phosphatase 
tensin homolog deleted on chromosome 10/Akt/Glycogen synthase kinase 3β signaling is implicated in postischemic axonal 
regeneration. In a rat model of chronic cerebral hypoperfusion, oral administration of L-carnitine induced axonal and 
oligodendrocyte regeneration in the cerebral white matter, resulting in myelin thickening, and it improved cognitive impairment 
in rats with chronic cerebral ischemia. Recently, it has been shown that exosomes enhanced functional recovery after stroke. 
Exosome treatment has less tumorigenicity, does not occlude the microvascular system, has low immunogenicity, and does not 
require a host immune response compared to conventional cell therapy. Several studies demonstrated specific microRNA in 
exosomes, which regulated signaling pathways related to neurogenesis after stroke. Collectively, there are various mechanisms 
of axonal regeneration and functional recovery after stroke, and it is expected that new therapeutic agents for stroke with the 
aim of axonal regeneration will be developed and used in real-world clinical practice in the future.
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elucidated5, 6). In this paper, the results of our exper-
imental research on axonal regeneration after stroke 
are reviewed.

Molecular mechanisms including microRNA for 
axonal outgrowth 

Peripheral sensory neurons activate a pro- 
regenerative program after nerve injury to enable 
axon regeneration and functional recovery. In 
contrast, regeneration of axons is poor in the 
central nervous system after injury. It is thought 
that there are various factors that inhibit axon 
regeneration, including Nogo, myelin-associated 
glycoprotein, oligodendrocyte-myelin glycoprotein, 
chondroitin sulfate proteoglycans present in injured 
scar tissue, and extracellular matrices such as 
semaphorin 3A7, 8). On the other hand, there is an 
endogenous cAMP-mediated signal that regener-
ates axons after injury in neurons9, 10).

An increasing number of studies have found that 
microRNA is involved in axonal growth11, 12). In 
superior cervical ganglia neurons, miR-338 locally 
regulates mitochondrial activity in axons12). It was 
shown that attenuation of miR-9 in embryonic 
cortical neurons facilitated axonal outgrowth by 
targeting microtubule-associated protein 1b11). The 
miR-17-92 cluster is a typical highly conserved 
polycistronic miRNA cluster, which is located in 
human chromosome 13, encoding six mature miRNAs: 
miR-17, miR-18a, miR-19a, miR-19b, miR-20a, and 
miR-92a13). The miRNA-17-92 cluster may be highly 
expressed in a wide range of tumor cells and types 
of cancer, such as lung, breast, pancreatic, prostate, 
and thyroid cancers, and lymphomas14). We focused 
on the miR-17-92 cluster and investigated whether 
the miR-17-92 cluster enhances axonal outgrowth 
in primary cultured neurons. We found that the 
miR-17-92 cluster was expressed in the distal axons 
of the neurons. Overexpression of the miR-17-92 
cluster in cortical neurons significantly increased 
axonal outgrowth, whereas distal axonal attenua-
tion of endogenous miR-19a suppressed axonal 
outgrowth. Overexpression of the miR-17-92 cluster 
reduced Phosphatase and Tensin Homolog Deleted 
from Chromosome 10 (PTEN) (PTEN) proteins 
and elevated phosphorylated mammalian target of 
rapamycin (mTOR) in the distal axons. In contrast, 
distal axonal attenuation of miR-19a increased 
PTEN and inactivated mTOR in the axons, but 

alterations of these proteins were not prominent in 
the cell bodies. Thus, we showed that axonal alter-
ation of miR-17-92 cluster expression enhanced 
axonal outgrowth with regulation of PTEN/mTOR 
signaling15).

Post-stroke axonal-outgrowth in the  
peri-infarct area

Many stroke patients show some degree of func-
tional recovery a few months after their stroke event, 
which is related to post-stroke axonal outgrowth. 
Axonal outgrowth has been studied in experi-
mental stroke models. The stroke induces sprouting 
of axons from contralateral cortex into the ipsilat-
eral red nucleus16) and the ipsilateral cervical spinal 
cord17, 18).

In the peri-infarct area, which is an area from 
the margin of the ischemic core to 300 μm from the 
ischemic core in the middle cerebral artery occlu-
sion model (MCAO), there could be plasticity that 
induces reconstruction of the neural networks and 
brain repair after stroke injury19, 20). It has been 
shown that ATRX and GDF10 are related to axonal 
regeneration in the peri-infarct area5, 21). In our 
previous study, we evaluated axonal outgrowth in 
the peri-infarct area from the acute to chronic 
phases of ischemia6). The expression of phosphory-
lated neurofilament heavy chain (pNFH), a marker 
for axons, decreased on the 7th day of MCAO, but 
it increased substantially to the chronic phase on 
the 28th and 56th days after MCAO. Moreover, 
pNFH+ axons were myelinated by oligodendrocytes. 
Regeneration of dendrites and dendritic spines was 
also observed 56 days after MCAO. In cultured 
cortical neurons, we analyzed the pNFH levels by 
western blotting after oxygen-glucose deprivation 
(OGD) for 3 h which was in vitro model of acute 
ischemic stroke. We found a substantial increase in 
pNFH levels 96 hours after OGD, which corre-
sponds to the chronic stage of cerebral infarction, 
together with downregulation of PTEN and upreg-
ulation of phosphorylated Akt and phosphorylated 
glycogen synthase kinase 3β (GSK-3β). Adminis-
tration of an Akt inhibitor after OGD resulted in 
decreased expression of pAkt, downstream pGSK-
3β, and pNFH, whereas administration of a GSK-3 
inhibitor decreased expression of pGSK-3β and 
increased expression of pNFH. In the peri-infarct 
area, pGSK-3β+ fibers were co-localized with 
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pNFH+ fibers in a rat MCAO model. Collectively, 
we found that axonal outgrowth is regulated through 
PTEN/Akt/GSK-3β signaling after stroke6).

Axonal navigation was facilitated by several guid-
ance molecules with attractive and repulsive signals 
on their growth cones. Reactive astrocytes form 
glial scars that hinder axonal regeneration in the 
peri-infarct area22). On the contrary, it was shown 
that glial scars are essential for axonal regenera-
tion after spinal cord injury23). Semaphorins are a 
large family of guidance cue proteins, and sema-
phorin 3A (Sema3A) is a secreted protein that has 
been shown to inhibit axonal growth. After spinal 
injuries and optic nerve axotomy, Sema3A is impli-
cated in scar formation8, 24). Sema3A is also expressed 
in ischemic neurons after stroke25). A previous study 
showed that inhibition of Sema3A enhanced axonal 
regeneration and improved functional recovery 
after spinal cord injury8). In Sema3A signaling, 
downstream of Sema3A through the NRP1/PlexA1 
complex, Rnd1 and R-Ras are linked with Akt/
GSK-3β signaling. Thus, we had sought to analyze 
whether inhibition of Sema3A regulated Rnd1/
R-Ras/Akt/GSK-3β signaling and axonal outgrowth 
after ischemia. Using cortical neurons in vitro, the 
sema3A inhibitor downregulated Rnd1 and upreg-
ulated R-Ras, which in turn activated Akt and 
pGSK-3β, increasing pNFH after OGD. It was 
found that pGSK-3β was co-localized with pNFH 
axons. In a rat MCAO model, expression of Sema3A 
in neurons increased in the acute phase of stroke, 
reached a peak at 14 days, and then decreased to 
56 days after MCAO. We administered a sema3A 
inhibitor into the peri-infarct area using an osmotic 
mini-pump. A high dose of the sema3A inhibitor 
significantly increased pNFH+ axons and neuronal 
GSK-3β in the peri-infarct cortex, and it enhanced 
functional recovery during the recovery period in a 
rat MCAO model26).

L-carnitine improves cerebral white matter  
injury and cognitive impairment

Ligation of bilateral common carotid arteries 
(LBCCA) induces chronic cerebral hypoperfusion, 
which results in cerebral white matter injury and 
cognitive impairment in rats, and is a model of 
vascular dementia. Administration of edaravone for 
three consecutive days after LBCCA upregulated 
eNOS levels in endothelial cells in the cerebral 

white matter and ameliorated white matter injury 
28 days after LBCCA27).

L-carnitine has potent antioxidant and anti-in-
flammatory effects, and it has been reported to 
improve intermittent claudication in patients with 
peripheral arterial disease and to promote myocar-
dial remodeling in patients with acute myocardial 
infarction28, 29). As for the therapeutic effect of 
L-carnitine on cerebral infarction, it has been 
reported that L-carnitine suppressed the loss of 
neurons due to its antioxidant effect in a rat model 
of transient cerebral ischemia30). In our previous 
study, 600 mg/kg of L-carnitine daily were admin-
istered orally to rats subjected to LBCCA for 28 
days. L-carnitine-treated rats showed a significant 
reduction of escape latency in the Morris water 
maze task 28 days after LBCCA. On western blot 
analysis using samples of corpus callosum, L-carni-
tine increased protein levels of pNFH, together 
with a reduction in phosphorylated PTEN, and it 
increased phosphorylated Akt and mammalian 
target of rapamycin (mTOR) 28 days after LBCCA. 
On immunohistochemistry, L-carnitine suppressed 
lipid peroxidation and oxidative DNA damage, and 
it enhanced oligodendrocyte marker expression 
and myelin sheath thickness after LBCCA. The 
regulation of the PTEN/Akt/mTOR signaling 
pathway by L-carnitine enhanced axonal plasticity 
while ameliorating oxidative stress and increasing 
oligodendrocyte myelination of axons. Thus, L-car-
nitine improved white matter lesions (WMLs) and 
cognitive impairment in a rat chronic hypoperfu-
sion model31).

Exosomes as a therapy for stroke recovery

Exosomes, extracellular vesicles that are 40 to 
100 nm in diameter, and enriched in microRNA, 
mRNA, nucleic acids, lipids, and proteins, exert 
intercellular communication in CNS not only under 
normal physiological conditions, but also under 
pathological conditions32-34). Exosome treatment is 
superior to cell therapy because: (1) it has less 
tumorigenicity; (2) it does not occlude the micro-
vascular system; (3) it has low immunogenicity not 
requiring a host immune response; and (4) tough 
lipid bilayer vesicles retain bioactivity34-37). Treat-
ment with exosomes has been proven to be a good 
candidate for not only myocardial injury, but also 
kidney injury, by suppressing the inflammatory 
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reaction and oxidative stress, and enhancing repair 
of injured tissues38-43).

In the central nervous system, exosomes exert 
important roles in cell-cell communication in brain 
remodeling after stroke34). It has been shown that 
exosomes derived from mesenchymal stromal cells 
(MSCs) in stroke treatment displayed the same 
tissue regeneration capability as MSCs themselves, 
and other studies demonstrated that treatment 
with such exosomes enhanced not only neurogen-
esis, angiogenesis, and axonal outgrowth, but also 
suppression of inflammatory reactions44-47). It was 
demonstrated that prion proteins in astrocyte-de-
rived exosomes increased after ischemia, which 
exerted neuroprotection in vitro48). Xin et al showed 
that administration of MSC-derived exosomes with 
high enrichment of miR-133b facilitated the release 
of astrocyte-derived exosomes, which increased 
neurite outgrowth49). Polarization of microglia induced 
by IL-4 increased miR-26a in microglia-generated 
exosomes, which may promote tube formation in 
vitro and angiogenesis in vivo after ischemia50). In 
our previous study, inhibition of Sema3A in isch-
emic astrocytes downregulated miR-30c-2-3p and 
miR-326-5p in astrocyte-derived exosomes, which 
had the capability of promoting axonal elongation 
in ischemic neurons with upregulation of prosta-
glandin D2 synthase32).

Conclusions

There is an urgent need to develop novel thera-
pies to enhance functional recovery based on axonal 
outgrowth. The inhibition of inhibitory molecules 
for axonal outgrowth and exosomes can be a new 
therapeutic candidate for stroke recovery.
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Introduction

Now that dementia has emerged as an urgent 
issue to be addressed with the number of hospital-
ized patients with dementia was approximately 
75,800 in 2020 in Japan1), clinical psychiatrists are 
often called on to treat not only cognitive dysfunc-
tion but also behavioral and psychological symp-

toms of dementia (BPSD) in patients with Alzhei-
mer-type dementia (AD). BPSD dates back to 
1838 when Esquirol defined senile dementia as 
inclusive of a subtype associated with concomitant 
emotional disturbance. Only in the 1980s did BPSD 
become the focus of intensive study. As a conse-
quence, BPSD were assumed to lead to untoward 
consequences, such as early institutionalization, 
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increased medical costs, decreased quality of life 
(QOL) of both affected patients and their care-
givers, increased stress and excessively impaired 
performance on the part of their caregivers2). BPSD 
are reported in many studies to affect a maximum 
of 97% of dementia patients in nursing homes and 
communities and to occur with the progression of 
their dementing illness and highly frequently during 
a specific period of time3). While, generally, non- 
pharmacological intervention represents a first 
treatment of choice for BPSD, BPSD are deemed 
an indication for pharmacotherapy combined with 
a non-pharmacological intervention when they are 
thought likely to adversely affect the QOL of both 
affected patients and their caregivers or raise 
safety concerns. However, the US Food and Drug 
Administration (FDA) issued a warning in April 
2005 that elderly dementia patients receiving atyp-
ical antipsychotics are at 1.6- to 1.7-fold risk of 
death compared to those receiving placebo4); as a 
consequence, the clinical trials of antipsychotics 
then underway to obtain an indication for BPSD 
were all discontinued, with the result that, to date, 
no drugs are available for the treatment of BPSD.

Against this background, therefore, the authors 
investigated the effectiveness and safety of phar-
macotherapy in dementia patients presenting with 
BPSD in a clinical setting.

Materials and Methods

This study was deemed exempt from review by 
the institutional review board of Hasegawa Hospital, 
Tokyo, Japan as involving only chart reviews and 
related statistical analyses, with the need to obtain 
informed consent waived due to the use of 
anonymized data involving no more than minimal 
risk to the subjects in this study.

Of all outpatients and the new inpatients with 
AD treated at Hasegawa Hospital from March and 
August, 2011, all AD patients newly initiating phar-
macotherapy who were available for 12-month 
follow-up by medical charts were included to retro-
spectively assess improvements in cognitive symp-
toms as core symptoms of AD, BPSD, medication 
adherence, and (reasons for) mediation discontinu-
ation, for 12 months. Outcome measures included: 
Mini-Mental State Examination (MMSE) for cogni-
tive function; and Neuropsychiatric Inventory 
(NPI) for BPSD5). On the assumption that the focus 

should be placed on the assessment of BPSD as 
incurring a heavier burden on families and care-
givers in this study than other outcomes, the study 
was conducted with NPI as its primary outcome 
measure, and MMSE, medication adherence and 
tolerability as its secondary outcome measures. 
During the study, all patients received galantamine 
as the only AChEI, but they were also allowed, as 
the need arose, to concurrently receive any suit-
able psychotropic agent, except for any other 
AChEI. A part of patients (18/102, 17.6%) was 
treated with memantine 10-20 mg/day during the 
course of the study. At the 12 month, the average 
dosage of memantine was 18.1 ± 4.0 mg/day (n= 
16). The background characteristics of the patients 
were also explored for their relationship with their 
course of treatment. All patients had been fully 
explained about the risks and benefits of the off- 
label use of psychotropic agents, so that any such 
psychotropic agent was available for use as needed 
in patients who gave written informed consent. 
Patients were judged eligible for study entry if 
they were diagnosed with probable AD according 
to the National Institute of Neurological and 
Communicative Disorders and Stroke and the 
Alzheimer’s Disease and Related Disorders Associ-
ation (NINCDS-ADRDA) criteria for the clinical 
diagnosis of AD6) or if they met the operational 
diagnosis of AD according to the Diagnostic and 
Statistical Manual of Mental Disorders, Fourth 
Edition (DSM-IV)7). For statistical analyses, logistic 
regression model was used. To examine the changes 
of MMSE and NPI scores between the baseline and 
each time point, paired t-test was used. In all statis-
tical comparisons, the significance level (two-tailed) 
was established at α = 0.05. 

Results

Of all AD patients initiating treatment during 
the period between March and August 2011, a total 
of 102 patients were available for 12-month follow- 
up by medical chart review. The subjects consisted 
of 36 men and 66 women who had a mean age of 
77.7 years (men/women, 76.7/78.2 years), a mean 
(SE) baseline MMSE score of 17.3 (3.6) and a mean 
baseline NPI score of 11.7 (11.2) (Table 1). Of all 
subjects, 68 (66.7%) continued with the treatment 
in the ambulatory or inpatient setting during the 
12-month follow-up (Table 2). Their MMSE scores 
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at baseline was 17.3 ± 3.6 and 18.3 ± 3.53, 17.9 ± 3.80 
and 17.0 ± 4.14 after 3, 6 and 12 months of treat-
ment, respectively. Their MMSE scores were not 
significantly different from baseline at any of the 
time points evaluated (Figure 1). In contrast, their 
NPI scores were significantly different at 4.86 ± 5.40, 
3.56 ± 4.65 and 2.27 ± 3.77 after 3, 6 and 12 months 
of treatment, respectively from baseline (11.7 ± 11.2) 
(P < 0.05, paired t-test) (Figures 2, 3, 4). 

Of the 36 inpatients available for follow-up, 27 
(75%) had been receiving concurrent antipsy-
chotics (chlorpromazine [CP] equivalent, 162.2 
mg) at baseline, which included aripiprazole (45%), 

quetiapine (21%), olanzapine (14%), risperidone 
extended-release injection (10%), paliperidone 
(7%) and risperidone (3%), while 8/13 (61.5%) 
were receiving concurrent antipsychotics (CP 
equivalent, 212.5 mg) after 12 months of treatment, 
which included aripiprazole (75%) and paliperi-
done (25%). 

In contrast, of the 66 outpatients available for 
follow-up, 13 (19.7%) had been receiving concur-
rent antipsychotics (CP equivalent, 93.4 mg) at 
baseline, which included aripiprazole (74%), queti-
apine (9%), and olanzapine (17%), while 14/55 
(25.5%) were receiving concurrent antipsychotics 

Table 1　Patient characteristics (n = 102)
No. of men/women 36/66

Mean age 77.7 years (men, 76.7; women, 78.2)

No. of inpatients/outpatients 36/66

No. of patients with/without complications 67/35

No. of patients with/without prior AD drug use 57 (donepezil, 56; rivastigmine, 1)/45

Baseline MMSE score (mean ± SE) 17.29 ± 3.6

Baseline NPI score (mean ± SE) 11.7 ± 11.2

MMSE, Mini-Mental State Examination; NPI, Neuropsychiatric Inventory

Table 2　Changes in outcome measures and number of patients on treatment
Baseline 3 months 6 months 12 months

MMSE 
Inpatients 17.94 19.31 19.83 19

Outpatients 16.97 17.74 17.07 16.118

NPI
Inpatients 17.47 5.64 3.88 3.72

Outpatients 8.35 4.44 3.44 1.76

No. of patients on treatment
Inpatients 36 18 15 13

Outpatients 66 75 64 55

MMSE, Mini-Mental State Examination; NPI, Neuropsychiatric Inventory

Figure 1　Changes in MMSE scores during follow-up Figure 2　Changes in NPI scores during follow-up
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(CP equivalent, 113.0 mg) after 12 months of treat-
ment, which included aripiprazole (53%) and queti-
apine (47%) (Table 3; Figures 5, 6). 

Discussion

In this 12-month follow-up, pharmacotherapy 
was assessed in a Japanese clinical practice setting 

for its effectiveness and safety in patients presenting 
with BPSD, which are particularly associated with 
AD, of all forms of dementia. Given that the focus 
of this study was on validating its indications in a 
broad Japanese AD population in a routine clinical 
practice setting, but not in a narrow population of 
patients with AD such as those enrolled in clinical 

Figure 3　Changes in NPI scores in patients with or without prior AD drug use

Figure 4　Changes in NPI scores in inpatients and outpatients
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Table 3　 Inpatients and outpatients on antipsychotics and combination therapy at baseline, 3, 6 and 12 months and transition 
of patients from inpatient to outpatient antipsychotic treatment

No. of patients on antipsychotics Baseline 3 months 6 months 12 months

Inpatients (n = 36)
On an inpatient basis 27 17 12 8

On an outpatient basis 0 10 6 4

Outpatients (n = 66)
On an inpatient basis 0 0 0 0

On an outpatient basis 13 13 10 10

Total number of patients on 
antipsychotics

On an inpatient basis 27 17 12 8

On an outpatient basis 13 23 16 14

Proportion of patients on 
combination therapy (%)

On an inpatient basis 75.0 94.4 80.0 61.5

On an outpatient basis 19.7 30.7 25.0 25.5

Figure 5　Proportion of inpatients on combination therapy with antipsychotics

Figure 6　Proportion of outpatients on combination therapy with antipsychotics
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trials, patients were deemed eligible for enrollment 
if they newly initiated treatment with an AChEI 
and an antipsychotic agent, and all patients with 
AD available for 12-month follow-up (n = 102) 
comprised the subjects in this study.

As regards its effects on cognitive function, anti- 
AD therapy often results in an initial moderate 
improvement followed by a gradual decrease there-
after in cognitive function. By the same token, the 
AD patients in this study showed a moderate 
improvement in MMSE scores but this improve-
ment was not statistically significantly different 
from baseline. Again, given that a short-term study 
such as this should be more focused on the effect of 
anti-AD therapy on BPSD (primary outcome 
measure) and its tolerability than on its effects on 
cognitive function, the subsequent discussion will be 
focused on its effects on BPSD and its tolerability.

The NPI scores as a measure of BPSD were 
shown to improve markedly in patients initiating 
pharmacotherapy in this study. While this may be 
accounted for in part by the fact that all patients 
were initially admitted to accommodate their 
respective condition, here, detailed attention will be 
devoted to other potential contributing factors.

The improvement in NPI scores varied widely 
depending on two patient-related factors. First, 
this had to do with the presence or absence of prior 
AD drug use. In this study, the improvement in 
NPI scores was shown to be significant in all 
patients, irrespective of prior AD drug use, but 
even more so in those with no prior AD drug use 
(Figure 3). This was thought likely to be due in 
large part to the differences in NCI severity at 
baseline between the patients. Indeed, the NPI 
scores were shown to be 13.13 at baseline and 
therefore of much greater severity in those newly 
initiating the study treatment (i.e., an AChEI plus 
or minus an antipsychotic agent) compared to 
11.45 in those switching to the study treatment 
from any other AD drug (those with prior AD 
drug use). This large difference noted at baseline 
diminished after 3, 6 and 12 months of treatment 
(5.91/4.03, 3.3/3.8, and 3.2/3.7, respectively, among 
those with no prior AD drug use/those with prior 
AD drug use). The greater improvement in NPI 
scores in the no prior AD drug use group seem to 
be due to severer disease at baseline. However, 
despite this large difference in NPI scores at base-

line, the MMSE scores at baseline were not signifi-
cantly different between those newly initiating the 
study treatment and those switching to the study 
treatment at 18.55 and 16.32, respectively, 
suggesting that the severity of BPSD as assessed 
by NPI scores was not necessarily concurrent or 
consistent with the decline of cognitive function.

Another background factor thought likely to 
have affected the changes in NPI scores was the 
difference in patient status as inpatients and outpa-
tients. As in those newly initiating the study treat-
ment and those switching to the study treatment 
from previous therapy, the NPI scores differed 
widely between the inpatients and outpatients, 
with this difference being even larger than that 
between those newly initiating the study treatment 
and those switching to the study treatment from 
previous therapy. Again, the NPI scores were 
shown to be 21.72 at baseline and therefore of much 
greater severity in inpatients than in outpatients 
(7.00), while this large difference noted at baseline 
diminished after 3, 6 and 12 months of treatment 
(5.63/4.43, 3.88/3.44 and 3.86/3.10, respectively, 
among inpatients/outpatients). This is in complete 
agreement with the observation in our clinical 
practice that in most cases, AD patients are newly 
admitted to our hospital at the request of their 
caregivers (families) who have had difficulty 
managing their BPSD. However, despite this large 
difference in NPI scores at baseline, the MMSE 
scores at baseline were not significantly different 
between inpatients and outpatients at 17.93 and 
16.97, respectively, thus confirming that the 
severity of BPSD as assessed by NPI scores was 
not concurrent or consistent with the decline of 
cognitive function.

Apart from this, the significant improvement in 
NPI scores achieved with the study treatment may 
also be accounted for pharmacologically. The NPI 
scores improved remarkably in inpatients and 
those newly initiating pharmacotherapy; due to 
their greater NPI severity at baseline, however, 
these patients tended to receive antipsychotics 
and/or mood stabilizers concurrently with the 
AChEI (27/36 inpatients and 20/45 patients newly 
initiating treatment). Furthermore, given that, of 
the 10 behavioral domains in NPI, “delusions” and 
“aberrant motor behavior” were significantly 
improved from baseline in these patients, the 
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marked improvement in NPI scores could be 
accounted for in large part by the effects of concur-
rent antipsychotics and/or mood stabilizers among 
these patients. 

In contrast, the NPI scores significantly improved 
in those switching to the study treatment (i.e., 
those with prior AD drug use) who had been 
shown to be of lesser NPI severity at baseline (P < 
0.05, paired t-test) and tended to improve in outpa-
tients newly initiating treatment who had also been 
shown to be of lesser NPI severity at baseline 
(mean NPI score, 7.00). Of note, only 20 of the 58 
patients switching to the study treatment and 13 of 
the 66 patients newly initiating treatment had been 
receiving antipsychotics and/or mood stabilizers, 
respectively. Thus, it was thought unlikely that the 
marked improvement in their NPI scores were due 
to these concurrent medications and quite likely 
that the improvement in their NPI scores was 
primarily due to the effect of the AChEI in 
improving BPSD.

As for evidence for antipsychotic efficacy, the 
Clinical Antipsychotic Trials of Intervention Effec-
tiveness-Alzheimer’s Disease (CATIE-AD) were 
conducted in 421 AD patients who presented with 
psychotic symptoms (e.g., delusions and hallucina-
tions), aggression and irritability to evaluate the 
efficacy of atypical antipsychotics (i.e., olanzapine, 
quetiapine, risperidone) versus placebo, demon-
strating that the atypical antipsychotics were not 
superior to placebo and offered no benefit over 
placebo, given their adverse effects3). On the other 
hand, Yunusa et al. conducted a network meta-anal-
ysis in 2019 of clinical trials conducted to date8) to 
evaluate the relative benefits and safety of atypical 
antipsychotics in the treatment of BPSD, and 
demonstrated the efficacy of atypical antipsy-
chotics (aripiprazole, quetiapine, and risperidone) 
on BPSD. By the same token, this study provided 
enough evidence for the effectiveness of atypical 
antipsychotics in AD patients with BPSD, given that 
the study treatment led to a significant improve-
ment in their NPI scores and significantly improved 
“delusions” and “aberrant motor behavior”, of the 
behavioral domains in NPI, among the study 
subjects.

After the FDA warning4), the J-CATIA study 
was performed in Japan, in which 10,079 Japanese 
patients with AD were followed up for 24 weeks9). 

In this study, 71.4% were taking atypical antipsy-
chotics (quetiapine, risperidone, olanzapine, aripip-
razole, and others) and others were taking typical 
antipsychotics (tiapride, sulpiride, and levome-
promazine). Arai et al. reported that patients with 
AD for whom antipsychotic treatment was started 
during the follow up period had increased mortality. 
The daily chlorpromazine equivalent doses were 
not higher in the patients who died than the whole 
exposed group9). 

 Though there are indications that antipsychotic 
agents are associated with the risk of increasing 
mortality, they exert certain effects on selected 
BPSP (e.g., hallucinations, delusions, and agitation) 
and therefore cannot be dispensed with in real-
world clinical settings. Thus, the authors conclude 
that while antipsychotics may be used, as the need 
arises, in AD patients whose BPSD are so severe as 
to require inpatient care, attention should be 
focused on reducing their dose or discontinuing 
them as their symptoms become alleviated, as well 
as on using antipsychotics with full understanding 
of their characteristics and each patient’s symp-
toms and integrating them nicely with non-phar-
macological therapy.

This study has some limitations. First, it included 
only an insufficient number of AD patients. Second, 
it was conducted as a retrospective study with no 
comparative control group. Third, BPSD were not 
evaluated in those with any other form of dementia 
than AD. Given the paucity of clinical evidence in 
Japan for the effectiveness of antipsychotic agents 
against BPSD, however, this study may represent 
a valuable addition to the literature, in that it 
corroborated the earlier findings reported overseas 
on their efficacy against BPSD.

Conclusions

The authors followed up the medical charts of 
AD patients newly initiating pharmacotherapy 
with the anti-AD agent galantamine and concur-
rent antipsychotic agents in Japanese AD patients 
with BPSD, evaluated a total of 102 patients who 
were available for 12-month follow-up, and confirmed 
the effectiveness and safety of the study treatment 
for up to 12 months. While how best to incorporate 
antipsychotics into the treatment of BPSD in clin-
ical settings lies in the hands of us Japanese clini-
cians, accumulation of further clinical evidence is 
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eagerly awaited in the years to come.
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Introduction

Robust preoperative assessment and appropriate 
management of surgical patients by anesthesiologists 
are essential to optimize postoperative outcomes1). 
Nonetheless, preoperative assessment by anesthe-

siologists has conventionally been carried out during 
a limited time after patients’ hospitalization2). As 
such an approach may result in suboptimal 
outcomes, preoperative patient management at an 
outpatient-based preoperative clinic (POC) has 
been increasing3). Currently, however, there is no 
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standardized structure or guideline for a POC system.
Organizational designs of the POC can roughly 

be divided into single-professional and multi- 
professional models4). Various studies regarding 
single-professional models have been reported5-11). 
However, studies of multi-professional models 
remain limited, and the benefits of preoperative 
evaluation provided by multi-professional POC 
teams remain to be clarified.

This study aimed to introduce a multidisciplinary 
POC team at our institute, consisting of anesthesi-
ologists, dentists or dental hygienists, pharmacists, 
and nurses, and to assess the impact of interven-
tions provided by the POC team on clinical outcomes.

Materials and Methods

The Research Ethics Committee at Juntendo 
University Hospital (JUH) approved this study 
(No. H19-0157, September 20th, 2019) with a 
waiver of informed consent. This study investi-
gated a single-center historical cohort of patients 
who visited the POC and underwent surgery at 
JUH, in accordance with the Strengthening the 
Reporting of Observational Studies in Epidemi-
ology (STROBE) guidelines12).

Conceptual framework of the POC at JUH
Approximately 10,000 surgeries under anesthesia 

managed by anesthesiologists are performed annu-
ally at JUH. Since the establishment of the POC in 
2019, preoperative assessment and evaluation of 
non-obstetric patients scheduled for elective 
surgery have been carried out at the POC. The 
POC is managed by a collaborative team consisting 
of above-mentioned four disciplines. In principle, a 
patient has interviews and/or consultations with a 
pharmacist, dentist or dental hygienist, anesthesiol-
ogist, and nurse in this order. While the order may 
vary depending on provider availability, an inter-
view with a pharmacist and oral screening by a 
dental staff are completed before a consultation 
with an anesthesiologist, as the anesthesiologist 
requires relevant information on medication and 
oral health for anesthetic planning. An interview 
with a nurse is typically performed last as it also 
involves confirmation of written informed consent.

One of the primary roles of pharmacists is to 
manage patients’ medication, such as anti-coagu-
lants, in preparation for surgery. The dental staff 

perform oral health screening, and clearly indicate 
the condition of each tooth by color/shape-coding 
in the medical record. This practice enables anes-
thesiologists and nurses in the operating room to 
recognize any tooth requiring caution during intu-
bation and to compare pre- and post-operative 
oral conditions. The roles of the anesthesiologists at 
the POC, such as evaluating preoperative health 
conditions and providing information on anesthesia, 
remain unchanged from those previously performed 
after patients’ hospitalization. However, the POC 
provides opportunities for patients to receive infor-
mation on anesthesia in advance to have sufficient 
time, allowing for better degrees of comprehension 
of, and self-preparation for, scheduled procedures. 
To promote patient comprehension further, patients 
are encouraged to watch original movies showing 
typical anesthesia procedures for scheduled surgery 
during their waiting time. Nurses’ roles include 
arranging patients’ orders, explaining an in-hos-
pital perioperative flow of care, assessing physical 
conditions such as skin and joint health, confirming 
completion of required documentations, and informing 
a relevant section staff of patient information. 
Having nurses be the final discipline to interact 
with patients also allows patients to ask any open 
questions. Information on preoperative evaluation 
is shared among the multidisciplinary team using 
check sheets and POC medical records.

Preoperative interventions in this study refer to 
any intervention delivered by any POC discipline. 
These may include anesthesiologists ordering addi-
tional examinations based on their POC assessment, 
dentists/dental hygienists ordering oral treatment 
from the Department of Oral and Maxillofacial 
Surgery, and any involved disciplines consulting 
with specialists for expert advice. Among diverse 
roles of nurses, however, nurse-delivered interven-
tions in this study were limited to interactions with 
other disciplines/sections, considering eligible quan-
titative data collection. Interventions are performed 
when each profession deemed them necessary. 
However, necessary interventions are not always 
performed, since some patients are unwilling to 
receive them, e.g. because of the extra time and/or 
expense required to perform them.  In addition, a 
decision as to whether or not a certain intervention 
is necessary for a certain health condition can vary 
among individuals in each profession because there 



380

Umeno Y, et al: Preoperative multidisciplinary interventions and outcomes

are not always strict criteria for interventions to be 
performed by the profession. Therefore, in the 
present study, it was highly likely that not all 
patients in the non-intervention group did not need 
interventions, and conversely, not all patients in 
the intervention group needed interventions.

Patient inclusion and data collection
Included were patients scheduled for elective 

surgery other than cardiovascular surgery and 
obstetric surgery, who visited the POC at JUH 
between May 7th and July 31st, 2019. Patients 
scheduled for obstetric surgery were not included 
because their preoperative conditions are specifi-
cally evaluated by our obstetric anesthesia team. 
Further, patients scheduled for cardiovascular 
surgery were not included because initially, they 
did not visit the POC during the study period, 
although currently, they visit the POC. Excluded 
were patients whose data were insufficient and 
those whose surgeries were canceled subsequently. 
Patients’ demographic, anesthetic, and surgical 
data were collected, including age, sex, clinical 
departments, comorbidities, American Society of 
Anesthesiologists physical status (ASA-PS), surgical 
procedures, and methods of anesthesia. Data on 
POC intervention(s) were collected from POC 
medical records. Patients receiving any interven-
tion and those receiving no intervention were 
grouped into, and defined as, the intervention 
group and the non-intervention group, respectively 
(Figure 1).

Postoperative complications included hospital 
mortality, reoperations, and any deviation from the 
natural postoperative course13), including postoper-
ative nausea and vomiting (PONV), delirium, any 
intubation-related airway injuries, and any organ 
dysfunction categorized into defined body parts14). 
Severities of postoperative complications ranked 
by the Clavien-Dindo classification (CDC)13) were 
also explored. While the CDC is typically classified 
into grades from I to V, we included patients 
without any complications as Grade 0. Further, we 
combined grades IVa and IVb into Grade IV 
because of difficult discrimination between single 
and multiple organ dysfunction(s). Information on 
the type and severity of postoperative complica-
tions was collected from the discharge summary as 
well as from other postoperative records in the 

electronic medical record.

Statistical analysis
Continuous variables are summarized as Median 

[Interquartile Range]. Categorical variables are 
summarized as Number (Percentage). Data were 
compared between groups with the Mann-Whitney 
U test, Fisher’s exact test, or the chi-square test. 
First, clinical backgrounds and postoperative 
outcomes were compared between intervention and 
non-intervention groups in the total cohort. Then, 
these were compared after the nearest neighbor 
propensity score (PS) matching in 1:1 ratio with a 
0.05 caliper was applied to create PS-matched pairs 
of patients by adjusting differences in age, sex, clin-
ical departments, surgical procedures, anesthesia 
methods, and ASA-PS grades, as reported in a 
previous study investigating the effect, on postop-
erative mortality, of a single-profession POC 
involving an intervention to encourage high-risk 
patients to visit the POC6). To compare clinical 
backgrounds between the groups, a p value < 0.05 
was considered statistically significant. Meanwhile, 
to compare two major endpoints, including frequen-
cies of complications and severities of complications 
(ranked by CDC grades), a p value < 0.025 was 
considered statistically significant. Statistical anal-
ysis was performed using IBM SPSS Statistics 

Figure 1　Flow chart outlining the inclusion and exclusion 
criteria of this study
POC: Outpatient-based Preoperative Clinic
PSM: Propensity score matching
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27.0.1.0. (IBM Corp., Armonk, NY, USA).

Results

Clinical backgrounds
During the study period, 1,139 patients who met 

the inclusion criteria visited the POC at JUH. After 
excluding 184 patients whose data were insufficient 
and 46 patients whose surgeries were canceled 
subsequently, 909 patients were included in the 
study (Figure 1). Among them, 455 patients 
(50.1%) and 454 patients (49.9%) were grouped 
into intervention and non-intervention groups, 
respectively (Figure 1, Table 1). Compared to the 
non-intervention group, the intervention group 
included higher proportions of the elderly (≥ 65  
years; 211/455 [46.4%] vs. 148/454 [32.6%], p <  
0.0001), females, patients with hypertension, patients 
with cardiovascular disease, and/or patients classed 
as ASA-PS grades ≥ 2 (338/455 [74.3%] vs. 283/454 
[62.3%], p = 0.0001) (Table 1). 

Interventions provided in the intervention group 
before PS matching

In 455 patients in the intervention group, inter-
ventions were delivered, in the order of higher 
delivery frequencies, by dentists/dental hygienists 
(n = 334 [73.4% of the intervention group]), phar-
macists (n = 116 [25.5%]), nurses (n = 66 [14.5%]), 
and anesthesiologists (n = 59 [13.0%]) (Table 2).

Following dental screening at the POC, 334 
patients (73.4%) received care for any oral prob-
lems, especially for fragile teeth, at the Department 
of Oral and Maxillofacial Surgery, such as mouth 
guard preparation (n = 190 [41.8%]) and/or oral 
cleaning (n = 139 [30.5%]) (Table 2).

Pharmacists performed interventions in 116 
patients (25.5%). Pharmacists instructed 90 patients 
(19.8%) to withhold or continue medications, such 
as complementary and alternative medicines 
(CAMs), including supplements and Chinese herbal 
medicines (n = 71 [15.6%]), and anti-coagulants 
(n = 11 [2.4%]) (Tables 2). In addition, pharma-
cists consulted with specialists for 39 patients 
(8.6%), e.g. regarding perioperative management 
of anti-coagulants (n = 15 [3.3%]) (Table 2).

Nurses performed interventions, which were 
limited in this study to interactions with other disci-
plines/sections, in 66 patients (14.5%), including 
informing other health care providers of patients’ 

critical information (Table 2).
Anesthesiologists performed interventions in 59 

patients (13.0%), including ordering additional 
examinations (n = 41 [9.0%]) and/or consulting 
with specialists for expert advice (n = 20 [4.4%]) 
(Table 2).

Clinical outcomes
Neither frequencies of postoperative complica-

tions nor CDC grades indicating their severities 
differed between intervention and non-interven-
tion groups (Table 3). Frequencies of intubation- 
related complications, mostly sore throats and/or 
hoarseness, did not differ between the two groups. 
No tooth injury occurred in either group. 

By applying PS matching, 382 pairs of patients 
with comparable clinical backgrounds were created 
from both groups (Tables 1 & 3). Neither frequen-
cies of postoperative complications nor CDC grades 
differed between the PS-matched groups (Table 3).

Discussion

Nearly half of preoperative patients visiting the 
multidisciplinary POC received at least one inter-
vention. Interventions were delivered, in the order 
of higher delivery frequencies, by dentists/dental 
hygienists, pharmacists, nurses, and anesthesiolo-
gists.  Initially, we intended to compare postopera-
tive outcomes between patients who underwent 
surgery before and after the establishment of the 
POC to examine effects of the POC on outcomes, 
similar to our previous study investigating the 
effect of the POC system on the surgery cancella-
tion rate15). However, such a study design cannot 
be free from a time-dependent bias resulting from 
comparing data collected in entirely different study 
periods. Further, what could improve outcomes 
was considered to be any intervention(s) provided 
at a POC, and not the patient’s POC visit itself. 
Therefore, we investigated patients who visited the 
POC over the same period of time, and compared 
postoperative outcomes between patients who 
received any intervention(s) at the POC and those 
who did not, to explore effects of the POC interven-
tion(s) on outcomes.

Roles of the POC
The roles of a multidisciplinary POC include 

early assessments of patients’ preoperative condi-
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Table 1　Patients’ demographics, surgical, and anesthetic characteristics in the total cohort, intervention group, and non-
intervention group before and after propensity score (PS) matching

Before PS matching After PS matching

Total cohort
n = 909

Intervention
n = 455

Non-intervention
n = 454

p value Total cohort
n = 764

Intervention
n = 382

Non-intervention
n = 382

p value

Age 58 [41-71] 63 [47-72] 52 [34-70] <.0001 58 [44-71] 60.5 [45-71] 56 [41-71] 0.1530

Gender, females 475 (52.3) 255 (56.0) 220 (48.5) 0.0240 393 (51.4) 204 (53.4) 189 (49.5) 0.3109

Comorbiditiesa) 428 (47.1) 229 (50.3) 199 (43.8) 0.0540 370 (48.4) 183 (47.9) 187 (49.0) 0.8281

  Hypertension 261 (28.7) 146 (32.1) 115 (25.3) 0.0278 223 (29.2) 113 (29.6) 110 (28.8) 0.8736

  Respiratory 149 (16.4) 70 (15.4) 79 (17.4) 0.4214 138 (18.1) 67 (17.5) 71 (18.6) 0.7779

  Cardiovascular 104 (11.4) 65 (14.3) 39 (8.6) 0.0089 77 (10.1) 39 (10.2) 38 (9.9) 1.0000

  Diabetes mellitus 97 (10.7) 49 (10.8) 48 (10.6) 1.0000 82 (10.7) 38 (9.9) 44 (11.5) 0.5592

  Neurological 53 (5.8) 32 (7.0) 21 (4.6) 0.1564 44 (5.8) 23 (6.0) 21 (5.5) 0.8768

ASA-PS

  1 288 (31.7) 117 (25.7) 171 (37.7) 0.0004 231 (30.2) 111 (29.1) 120 (31.4) 0.7641

  2 566 (62.3) 305 (67.0) 261 (57.5) 487 (63.7) 247 (64.7) 240 (62.8)

  3 55 (6.1) 33 (7.3) 22 (4.8) 46 (6.0) 24 (6.3) 22 (5.8)

Clinical departments 0.0003 0.2170

  Orthopedic 262 (28.8) 144 (31.6) 118 (26.0) 220 (28.8) 115 (30.1) 105 (27.5)

  Urological 110 (12.1) 41 (9.0) 69 (15.2) 106 (13.9) 40 (10.5) 66 (17.3)

  Breast Oncologic 103 (11.3) 63 (13.8) 40 (8.8) 87 (11.4) 48 (12.6) 39 (10.2)

  Colorectal 72 (7.9) 38 (8.4) 34 (7.5) 58 (7.6) 29 (7.6) 29 (7.6)

  Esophageal & Gastric 63 (6.9) 34 (7.5) 29 (6.4) 50 (6.5) 30 (7.9) 20 (5.2)

  Pediatric 62 (6.8) 14 (3.1) 48 (10.6) 34 (4.5) 14 (3.7) 20 (5.2)

  Plastic & Reconstructive 61 (6.7) 29 (6.4) 32 (7.0) 51 (6.7) 24 (6.3) 27 (7.1)

  General Thoracic 50 (5.5) 27 (5.9) 23 (5.1) 47 (6.2) 26 (6.8) 21 (5.5)

  Hepatobiliary & Pancreatic 40 (4.4) 19 (4.2) 21 (4.6) 34 (4.5) 15 (3.9) 19 (5.0)

  Otorhinolaryngological 38 (4.2) 18 (4.0) 20 (4.4) 38 (5.0) 18 (4.7) 20 (5.2)

  Gynecological 25 (2.8) 13 (2.9) 12 (2.6) 19 (2.5) 11 (2.9) 8 (2.1)

  Neurosurgical 12 (1.3) 6 (1.3) 6 (1.3) 10 (1.3) 4 (1.0) 6 (1.6)

  Dermatological 3 (0.3) 2 (0.4) 1 (0.2) 1 (0.3) 1 (0.3) 1 (0.2)

  Ophthalmological 3 (0.3) 3 (0.7) 0 (0) 3 (0.3) 3 (0.8) 0 (0)

  Internal Medical 5 (0.5) 4 (0.9) 1 (0.2) 5 (0.7) 4 (1.0) 1 (0.3)

Surgical procedures 0.2078 0.9021

  Open 685 (75.4) 355 (78.0) 330 (72.7) 573 (75.0) 289 (75.7) 284 (74.3)

  Laparoscopic 187 (20.6) 81 (17.8) 106 (23.3) 154 (20.2) 74 (19.4) 80 (20.9)

  Endoscopic 21 (2.3) 10 (2.2) 11 (2.4) 21 (2.7) 10 (2.6) 11 (2.9)

  Robot-assisted 16 (1.8) 9 (2.0) 7 (1.5) 16 (2.1) 9 (2.4) 7 (1.8)

Anesthesia methods 0.2042 1.0000

  General anesthesia 886 (97.5) 440 (96.7) 446 (98.2) 749 (98.0) 374 (97.9) 375 (98.2)

  Other 23 (2.5) 15 (3.3) 8 (1.8) 15 (2.0) 8 (2.1) 7 (1.8)

Regional anesthesia 0.6747 0.4850

  None 486 (53.5) 238 (52.3) 248 (54.6) 425 (55.6) 206 (53.9) 219 (57.3)

  Epidural anesthesia 202 (22.2) 98 (21.5) 104 (22.9) 165 (21.6) 84 (22.0) 81 (21.2)

  Nerve blocks 126 (13.9) 71 (15.6) 55 (12.1) 96 (12.6) 56 (14.7) 40 (10.5)

  Spinal anesthesia 26 (2.9) 15 (3.3) 11 (2.4) 20 (2.6) 11 (2.9) 9 (2.4)

  Spinal-epidural 2 (0.2) 1 (0.2) 1 (0.2) 2 (0.3) 1 (0.3) 1 (0.3)

  Other 67 (7.4) 32 (7.0) 35 (7.7) 56 (7.3) 24 (6.3) 32 (8.4)
Data are shown as Median [Interquartile Range] or Number (Percentage).  Continuous variables were compared between Groups with the 
Mann-Whitney U test. Categorical variables were compared with the chi-square test or Fisher’s exact test.
a) Some patients had multiple comorbidities.
ASA-PS, American Society of Anesthesiologists physical status.
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Table 2　Numbers of preoperative interventions provided by multi-professions at the preoperative clinic (POC) in the 
intervention group before and after propensity score (PS) matching

Providers and interventions Before PS matching
(n = 455)

After PS matching
(n = 382)

Dentists/Dental hygienists 334 (73.4) 288 (75.4)

  Mouth guard preparation 190 (41.8) 159 (41.6)

  Oral cleaning 139 (30.5) 130 (34.0)

  Other 29 (6.4) 23 (7.6)

Pharmacists 116 (25.5) 94 (24.6)

  Medication instructions 90 (19.8) 74 (19.4)

    CAM 71 (15.6) 59 (18.1)

    Anti-coagulant 11 (2.4) 7 (1.8)

    Anti-rheumatic agent 8 (1.8) 1 (0.3)

    Hormonal agent 2 (0.4) 2 (0.5)

    Hypoglycemic agent 1 (0.2) 1 (0.3)

    Anti-hypertensive agent 1 (0.2) 1 (0.3)

    Other 3 (0.7) 3 (0.8)

  Consultations with specialists 39 (8.6) 29 (7.6)

    CAM 3 (0.7) 3 (0.8)

    Anti-coagulant 15 (3.3) 9 (2.4)

    Anti-rheumatic agent 8 (1.8) 6 (1.6)

    Hormonal agents 3 (0.7) 3 (0.8)

    Hypoglycemic agent 1 (0.2) 1 (0.3)

    Anti-hypertensive agent 0 (0.0) 0 (0.0)

    Other 9 (2.0) 7 (1.8)

Nurses 66 (14.5) 49 (12.8)

  Interactions with others 66 (14.5) 49 (12.8)

Anesthesiologists 59 (13.0) 43 (11.3)

  Consultations with specialists 20 (4.4) 16 (4.2)

  Additional examinations 41 (9.0) 29 (7.6)

    Venous ultrasound 15 (3.3) 10 (2.6)

    Blood chemistry test (CMP) 6 (1.3) 6 (1.6)

    Echocardiography 6 (1.3) 2 (0.5)

    Blood coagulation test 3 (0.7) 2 (0.5)

    D-dimer test 3 (0.7) 2 (0.5)

    X-ray 3 (0.7) 2 (0.5)

    Electrocardiogram 2 (0.4) 1 (0.3)

    Pulmonary function test 1 (0.2) 1 (0.3)

    Other 4 (0.9) 4 (1.0)
Data are shown as Number (Percentage).
Some patients received multiple interventions.
CAM, complementary and alternative medicine; CMP, comprehensive metabolic panel.
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tions allowing for early recognition of needs for 
additional examinations and specialty consultations, 
optimization of airway conditions to prevent airway 
injuries and postoperative infections, optimization 
of medication management, and enhancement of 
close, mutual communications among medical 
providers, patients, and their families1, 16). ASA 
practice advisories suggest POC benefits from a 
variety of interventions17). However, only a few 
studies report beneficial effects of the POC on clin-
ical outcomes, mostly by exploring impacts of inter-
ventions provided by a single profession alone5-11). 

Roles of dentists and dental hygienists
In this study, although the dental staff provided 

interventions in 73.4% of patients receiving POC 
intervention(s), frequencies of postoperative infec-
tions did not differ between the groups. Because 
our study included various surgical procedures, we 
could not detect beneficial effects of oral care on 
postoperative infections possibly by overlooking 
such effects in patients undergoing high-risk surgery.

In this study, however, frequencies of airway 
injury did not differ between intervention and non- 
intervention groups, and further, tooth injuries 
occurred in neither group. These results suggested 
that preoperative dental interventions, such as 

Table 3　Frequencies of postoperative complications and their severities according to Clavien-Dindo Classification (CDC) in 
the total cohort, intervention group, and non-intervention group before and after propensity score (PS) matching

Before PS matching After PS matching

Total cohort
(n = 909)

Intervention
(n = 455)

Non-intervention
(n = 454)

p value Total cohort
(n = 764)

Intervention
(n = 382)

Non-intervention
(n = 382)

p value

Complicationsa) 272 (29.9) 143 (31.4) 129 (28.4) 0.3465 224 (29.3) 111 (29.1) 113 (29.6) 0.9367

  Death 2 (0.2) 1 (0.2) 1 (0.2) 1.0000 1 (0.1) 0 (0.0) 1 (0.3) 1.0000

  Reoperation 12 (1.3) 4 (0.9) 8 (1.8) 0.2634 8 (1.0) 2 (0.5) 6 (1.6) 0.2865

  PONV 69 (7.6) 35 (7.7) 34 (7.5) 1.0000 55 (7.2) 30 (7.9) 25 (6.5) 0.5759

  Intubation-related 55 (6.1) 26 (5.7) 29 (6.4) 0.6793 48 (6.3) 24 (6.3) 24 (6.3) 1.0000

    Sore throat/hoarseness 50 (5.5) 24 (5.3) 26 (5.7) 43 (5.6) 22 (5.8) 22 (5.8)

    Lip injury 4 (0.4) 1 (0.2) 3 (0.7) 3 (0.4) 0 (0.0) 3 (0.8)

    Vocal cord paralysis 1 (0.1) 1 (0.2) 0 (0.0) 1 (0.1) 1 (0.3) 0 (0.0)

    Tooth injury 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

  Respiratory 37 (4.1) 22 (4.8) 15 (3.3) 0.3139 31 (4.1) 19 (5.0) 12 (3.1) 0.2711

  Gastric 35 (3.9) 16 (3.5) 19 (4.2) 0.6105 31 (4.1) 14 (3.7) 17 (4.5) 0.7144

  Cardiac 34 (3.7) 20 (4.4) 14 (3.1) 0.3824 27 (3.5) 13 (3.4) 14 (3.7) 1.0000

  Infections 33 (3.6) 20 (4.4) 13 (2.9) 0.2873 26 (3.4) 15 (3.9) 11 (2.9) 0.5503

  Delirium 28 (3.1) 19 (4.2) 9 (2.0) 0.0823 22 (2.9) 13 (3.4) 9 (2.4) 0.5173

  Deep vein thrombosis 8 (0.9) 7 (1.5) 1 (0.2) 0.0691 3 (0.4) 2 (0.5) 1 (0.3) 1.0000

  Other 90 (9.9) 45 (9.9) 45 (9.9) 1.0000 71 (9.3) 30 (7.9) 41 (10.7) 0.2125

CDC gradeb) 0.2056 0.2035

  0 637 (70.1) 312 (68.6) 325 (71.6) 540 (70.7) 271 (70.9) 269 (70.4)

  Ⅰ 157 (17.3) 78 (17.1) 79 (17.4) 130 (17.0) 62 (16.2) 68 (17.8)

  Ⅱ 84 (9.2) 49 (10.8) 35 (7.7) 69 (9.0) 37 (9.7) 32 (8.4)

  Ⅲa 15 (1.7) 11 (2.4) 4 (0.9) 14 (1.8) 10 (2.6) 4 (1.0)

  Ⅲb 10 (1.1) 3 (0.7) 7 (1.5) 7 (0.9) 2 (0.5) 5 (1.3)

  Ⅳ 4 (0.4) 1 (0.2) 3 (0.7) 3 (0.4) 0 (0.0) 3 (0.8)

  Ⅴ 2 (0.2) 1 (0.2) 1 (0.2) 1 (0.1) 0 (0.0) 1 (0.3)

Data are shown as Number (Percentage).  Groups were compared with the chi-square test or Fisher’s exact test.
a) Some patients developed multiple complications.  
b) CDC grades, including CDC grade 0 indicating no complication, were compared between the groups.
PONV, postoperative nausea and vomiting.
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mouth guard preparation and/or oral cleaning, 
could have, at least, reduced frequencies of tooth 
injuries in patients in the intervention group with 
fragile teeth and/or poor oral hygienic conditions 
to a comparable level seen in patients in the non-in-
tervention group almost free from oral problems.

Roles of pharmacists
Pharmacists are more likely to prevent medica-

tion-associated errors at the POC than in the ward 
after hospitalization, through earlier and more 
comprehensive identification of patients’ medication 
requiring appropriate perioperative guidance18). It 
should be noted that along with anti-coagulants, 
substantial numbers of CAMs taken by a number 
of patients require precautions for their periopera-
tive uses19). 

Roles of nurses
Reportedly, roles of preoperative nursing care 

include preoperative screening and assessment, 
coordination, communication and collaboration, 
patient and family education, patient- and family- 
centered care, preoperative patient contact, and 
scheduling20). Our study explored ‘collaboration’ as 
an essential task to enhance preoperative manage-
ment via close, mutual communications among 
nurses, other medical care providers, patients, and 
their families. 

Roles of anesthesiologists
Major roles of anesthesiologists at our POC include 

evaluating patients’ health condition as thoroughly 
as possible, ordering additional examinations 
depending on patients’ comorbidities, and consulting 
with specialists for expert advice. Another essen-
tial role of anesthesiologists at our POC not included 
in this study is responding to consultations from 
attending physicians regarding how to manage 
perioperative care, including anesthesia, in patients 
with severe comorbidities. 

Clinical outcomes
To date, studies regarding a role of the POC in 

reducing mortality are limited. Only one study by 
Blitz et al.6), which compared 35,535 and 28,883 
patients visiting and not visiting a POC, respec-
tively, reported a small but statistically significant 
reduction in mortality in the visitors (0.06% vs.  

0.08%). Given the low mortality rate, studies enrolling 
a large number of patients would be required to 
demonstrate mortality benefits.

Before PS matching in this study, the intervention 
group included higher proportions of the elderly, 
females, patients with hypertension, patients with 
cardiovascular disease, and/or patients classed as 
ASA-PS ≥ 2, compared with the non-intervention 
group. Therefore it could be expected that the 
intervention group would be associated with more 
frequent and severer postoperative complications. 
However, no significant inter-group difference was 
found in frequencies nor severities of postoperative 
complications. These results suggested that POC 
intervention(s) could have improved clinical 
outcomes in the intervention group in such a way 
that frequencies/severities of postoperative compli-
cations in higher-risk patients who required POC 
intervention(s) could have been reduced to a level 
comparable to those seen in lower-risk patients 
mostly not requiring a POC intervention. However, 
we could not detect such beneficial effects of POC 
interventions, as no significant difference was found 
in frequencies or severities of postoperative compli-
cations between the PS-matched groups with 
comparable risk factors. Inclusions of a relatively 
small number of patients and a wider variety of 
surgical procedures, compared with previous 
studies6, 21-24), might have hindered this study from 
showing beneficial effects of POC interventions. 
However, the possibility could not be excluded that 
preoperative dental interventions delivered in 
73.4% of patients in the intervention group could 
have prevented airway injuries, especially tooth 
injuries, and further, postoperative infections in 
patients with fragile teeth and/or poor oral hygienic 
conditions.

Study limitations
There were some limitations of this study. This 

study was a retrospective observational study 
conducted at a single institution including a rela-
tively small number of patients. As this study 
included patients scheduled for various surgical 
procedures, different results might have been 
obtained from studies with different study designs, 
e.g. focusing on specific surgical procedures. A 
larger observational study involving more extended 
periods of time would be required to examine 
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whether POC interventions can exert any benefi-
cial effects on clinical outcomes. 

Conclusion

We introduced our POC consisting of a multidis-
ciplinary team and examined its effects on clinical 
outcomes. We could not clearly demonstrate bene-
ficial effects of interventions provided by the multi-
disciplinary POC team on postoperative outcomes, 
possibly because this retrospective observational 
study included a relatively small number of patients, 
multiple types of POC interventions, and various 
surgical procedures. However, the possibility could 
not be excluded that early interventions provided by 
the multidisciplinary POC team might exert some 
beneficial effect. The impact of POC interventions 
on clinical outcomes warrants further evaluation.
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Introduction

Advancements in surgical and anesthetic tech-
niques and postoperative management has enabled 
for the successful surgical resection of locally 
advanced lung cancers. In particular, tumors 
invading the tracheobronchial angle or carina have 
long presented challenges owing to the complexity 
of airway reconstruction and management. More-
over, sleeve pneumonectomy (SP) was performed 
in only 10 patients (9 with lung cancer and 1 with 

other tumors) according to the annual report of 
thoracic and cardiovascular surgeries in Japan in 
20181); thus, few medical centers have developed 
experience with this type of surgery. In this report, 
we review our experiences with SP and analyze 
both the operative risks and outcomes.

Material and methods

Study population
Between May 2008 to March 2023, 34 SP were 

performed at our institution for centrally located 
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lung cancer and metastatic malignant tumors. A 
retrospective data review was performed on the 
surgical outcomes and clinicopathological charac-
teristics under a waiver of informed consent 
approved by the Juntendo University School of 
Medicine Institutional Review Board, Tokyo, Japan 
(IRB approval number: 23-0118). No data were 
missing for any of the variables used in this study. 

Indication, operative mode, and follow-up policy
When R0 was possible, PS was generally indi-

cated for centrally located malignant tumors. 
Salvage surgery was performed for recurrent or 
persistent non-small cell lung cancer (NSCLC) 
after chemoradiotherapy (CRT) with curative 
intent in patients initially excluded from surgical 
resection. Surgery was considered if there were no 
other therapeutic options or in the presence of 
urgent symptoms, such as hemoptysis, obstructive 
pneumonia, superior vena cava (SVC) syndrome, 
or tracheoesophageal fistula. Patient selection is 
critical to obtain the positive benefits of a salvage 
surgery and careful re-staging should be performed 
before indicating a surgery as a salvage thera-
peutic option. Chest computed tomography (CT) 
and fluorodeoxyglucose (FDG)-positron emission 
tomography (PET) scans are essential for restaging 
when a relapse or recurrent disease is suspected. 
All clinical cases required discussions at multidisci-
plinary lung cancer meetings. In this series, all 
operative approaches were essentially performed 
via open thoracotomy because of the technicality of 
the procedures. All patients underwent double-
lumen endotracheal intubation. The surgical 
approach used was a standard posterolateral thora-
cotomy. No irreversible procedures were performed 
before thoracic cavity exploration and confirmation 
of resectability by frozen-section analysis. If 
required, en bloc resection of the tumor and adja-
cent structures (SVC, brachiocephalic vein, azygos 
vein, esophagus, phrenic nerve, vagus nerve, and 
left atrium) was performed. The recurrent laryn-
geal and vagus nerves were routinely identified 
and preserved, if possible. All tracheobronchial 
anastomoses were end-to-end anastomoses. A 
continuous running suture (4-5 stitches) was 
applied to the deepest site of the bronchial stump 
using 3-0 nonabsorbable monofilament sutures 
(Prolene, Ethicon Inc.). The remainder of the anas-

tomosis was performed using an interrupted suture 
with 4-0 nonabsorbable monofilament sutures, 
called a hybrid anastomosis2, 3). Each suture was 
inserted through the full width of the bronchial 
wall, and all knots were tied outside of the lumen. 
The anastomosis was covered with a pericardial fat 
pad when needed, particularly in cases of severe 
diabetes mellitus, induction chemotherapy, or 
chemoradiotherapy. A chin stitch was frequently 
used to guide the trachea toward the periphery. 
When resection and reconstruction of the SVC 
were necessary, concomitant vascular reconstruc-
tion was performed with an expanded polytetraflu-
oroethylene (ePTFE) graft and 5-0 nonabsorbable 
monofilament sutures (Prolene, Ethicon Inc.). After 
pulmonary resection, a bronchoscopic examination 
was conducted on postoperative day 7 or before 
discharge. Routine bronchoscopic examinations 
were planned on postoperative days 14 and 28 and 
a grading sequence was used to describe bronchial 
healing4).

Results

Table 1 summarizes the surgery types, clinico-
pathological features, and outcomes of the 34 
patients who underwent SP. Nineteen patients 
underwent salvage surgery: no intraoperative 
mortalities were observed. Of the 34 cases, 32 were 
on the right side and approached by standard 
posterolateral thoracotomy. The majority of cases 
were lung cancer, whereas salvage SP included one 
case of SVC syndrome due to metastasis of colon 
cancer and one case of hemoptysis due to metas-
tasis of leiomyosarcoma. In case 2, a left pneumo-
nectomy was performed using standard posterolat-
eral thoracotomy. Because the bronchial stump 
was diagnosed with a positive resection margin by 
intraoperative rapid pathological diagnosis, the 
patient was repositioned, the carina was resected 
with a median sternotomy, and the trachea and 
right main bronchus were anastomosed. In contrast, 
in case 12, left sleeve pneumonectomy was performed 
using standard posterolateral thoracotomy without 
median sternotomy. Case 1 was a 75 mm large cell 
neuroendocrine carcinoma to the right of segment 
6. Pneumonectomy was performed because the 
tumor had spread to the right main bronchus; 
however, a sleeve operation was required because 
of air leakage from the bronchial stump. Lymph 
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Table 1　Summary of sleeve pneumonectomy cases

Patient Indications Side for 
surgery Age/sex Histopathology Stage Preoperative 

therapy
Reason for 

salvage surgery Complications Outcomes (months)

1 non-salvage Right 60/M LCNEC IIB - - - Cancer death (3)
2 non-salvage Left 69/M Adenocarcinoma IIIA - - - Cancer death (21)
3 salvage Right 73/M Squamous cell carcinoma IIB CRT Hemoptysis Af Cancer death (4)
4 non-salvage Right 66/M Squamous cell carcinoma IIIB - - - ADf (159)
5 non-salvage Right 44/M Adenocarcinoma IIIB - - Sinus tachycardia Cancer death (3)
6 non-salvage Right 43/F Adenoid cystic carcinoma IIIB - - b.p fistula Cancer death (11)

7 salvage Right 58/M Small cell carcinoma IIB CRT Obstructive 
pneumonia - Cancer death (2)

8 salvage Right 48/M Metastatic colon carcinoma - chemotherapy SVC syndrome - Cancer death (12)
9 non-salvage Right 48/M Squamous cell carcinoma IIIB - - - ADf (136)

10 non-salvage Right 67/M Adenoid cystic carcinoma IIIB - - Af Cancer death (7)

11 non-salvage Right 66/M Squamous cell carcinoma IIIA - -
b.p fistula
Empyema
Pneumonia

exitus due to 
respiratory failure 
(2)

12 non-salvage Left 78/F Adenoid cystic carcinoma IIIA - - - Cancer death (54)
13 non-salvage Right 73/M Pleomorphic carcinoma IIIA - - - ADf (104)

14 salvage Right 56/F Metastatic leiomyosarcoma - -
Hemoptysis
Obstructive 
pneumonia

Af Cancer death (4)

15 salvage Right 70/M Adenocarcinoma IIIB - SVC syndrome Af Cancer death (9)

16 non-salvage Right 58/M Squamous cell carcinoma IIIA - - b.p fistula
Af

exitus due to 
pneumonia (42)

17 salvage Right 66/M Squamous cell carcinoma IIB CRT Progressive 
disease Af Cancer death (12)

18 salvage Right 47/M Pleomorphic carcinoma IIIB - t.e fistula b.p fistula
Empyema Cancer death (6)

19 non-salvage Right 57/M Squamous cell carcinoma IA - - - ADf (73)
20 non-salvage Right 65/M Squamous cell carcinoma IIIA - - Pneumonia Cancer death (7)
21* salvage Right 65/M Squamous cell carcinoma IIIA RT stable disease - ADf (58)

22 salvage Right 48/M Squamous cell carcinoma IIIA CRT t.e fistula post 
CRT - ADf (56)

23 salvage Right 70/M Squamous cell carcinoma Rec. CRT Obstructive 
pneumonia

b.p fistula
Af 
Empyema
Anastomotic 
stenosis

exitus due to 
respiratory failure 
(43)

24 salvage Right 45/M P/D Carcinoma - CRT t.e fistula post 
CRT

b.p fistula

Empyema

exitus due to 
respiratory failure 
(1)

25 non-salvage Right 77/M
Combined small cell 
carcinoma and squamous 
cell carcinoma

IIIB - - b.p fistula ADf (14)

26 salvage Right 78/M Squamous cell carcinoma IIB - Obstructive 
pneumonia - Cancer death (6)

27 non-salvage Right 56/M Squamous cell carcinoma IIIB - - - ADf (12)
28 salvage Right 64/M Pleomorphic carcinoma IIIA - SVC syndrome AE-IP Cancer death (6)

29 salvage Right 70/F Adenocarcinoma IVA CRT Radiation 
pneumonitis

b.p fistula
AE-IP

exitus due to 
respiratory failure 
(1)

30 salvage Right 72/M Squamous cell carcinoma IIA CRT+ICI ILD related ICI
AE-IP
Anastomotic 
stenosis 

exitus due to 
Anastomotic 
stenosis (6)

31 salvage Right 67/M Squamous cell carcinoma Rec. CRT+ICI Local recurrence - ADf (8)

32 salvage Right 62/F Squamous cell carcinoma IIIB CRT+ICI Progressive 
disease - ADf (5)

33 salvage Right 67/M Squamous cell carcinoma Rec. CRT+ICI Local recurrence - ADf (1)
34 salvage Right 43/M Squamous cell carcinoma Rec. Lobectomy Local recurrence - ADf (1)

*This patient underwent SP as salvage therapy. 
 LCNEC, large cell neuroendocrine carcinoma; Rec, recurrence; CRT, chemoradiotherapy; RT, radiotherapy; ICI, immune checkpoint inhibitor; SVC 
syndrome, Superior vena cava syndrome; t.e fistula, tracheoesophageal fistula; ILD, Interstitial lung disease; b.p fistula, bronchopleural fistula; AE-IP, 
acute exacerbation of interstitial pneumonia; Af, Atrial fibrillation; ADf, Alive and disease-free; P/D, poorly differentiated.
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node #7 was swollen to 72 mm and macroscopically 
N2, but pathologically negative. In case 19, a lesion 
was present in the lumen of the right main bron-
chus from B6. It was 5 mm away from the carina. 
Although there was no invasion at the tracheal 
bifurcation, SP was required because there was 
insufficient distance to close the bronchial stump. 
We identified the tumor as T1 as described in the 
TNM classification of lung carcinomas, “The 
uncommon superficial spreading tumor of any size 
with its invasive component limited to the bron-
chial wall is classified as T1.” Case 21 was judged 
inoperable by another hospital and was scheduled 
for chemotherapy after radiation therapy. However, 
before chemotherapy, the patient visited our hospital 
for a second opinion and underwent salvage 
surgery. Hilar lung cancer in case 24 was discov-
ered due to dysphagia and coughing. The patient 
was diagnosed with Stage IIIB disease at the 
hospital of origin and received chemoradiotherapy 
followed by durvalumab. The patient was referred 
to our hospital with an esophageal-tracheal fistula. 
Right sleeve pneumonectomy with esophagectomy, 
cervical esophagostomy, and enterostomy was 
performed. Four days after the operation, a tracheo-
bronchial anastomotic fistula developed, and reop-
eration was performed. We excised the old anasto-
motic site, anastomosed the trachea and bronchus 
at the new site, and covered it with the omentum. 
Although there was no problem with the anasto-

motic site, respiratory failure subsequently occurred, 
and the patient was lost on postoperative day 
(POD) 18 after the first operation. Postoperative 
pathology revealed no tumor cells after chemora-
diotherapy. Patient 31 underwent sleeve right 
upper lobectomy by a previous doctor and was 
administered cisplatin and vinorelbine as adjuvant 
chemotherapy. Subsequently, local recurrence was 
diagnosed and chemoradiotherapy and then 
durvalumab were administered. Pembrolizumab 
was administered because it was diagnosed as 
recurrence by PET/CT. However, the tumor grew 
and the patient was referred to our hospital. 
Salvage SP was performed, and the patient was 
discharged without complications. Bronchoscopy 
revealed healing of the tracheobronchial anasto-
mosis on POD 6 and 55 (Figure 1) without any 
problems, even after chemoradiotherapy.

Table 2 summarizes the comparison of the char-
acteristics between salvage and non-salvage SP. In 
the non-salvage SP group, 13 (87%) of patients 
were men with an average age of 63.1 years and 13 
(87%) underwent surgery on the right side. In the 
salvage surgery group, 16 (84%) patients were 
men with an average age of 61.5 years; all patients 
underwent surgery on the right side. Distant 
metastases were not observed in either group. The 
T-factors of salvage surgery were unreported in 
certain pathological reports because the salvage 
group included metastatic leiomyosarcoma, meta-

Figure 1　Case 31 underwent salvage sleeve pneumonectomy after chemoradiotherapy. Bronchoscopy showing 
healing of the tracheobronchial anastomosis on postoperative day 6 (A) and 55 (B).
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static colon carcinoma, post-CRT cases, and recur-
rence cases. In cases of non-salvage SP, only the 
SVC and left atrium were resected. However, in 
the salvage surgery cases, there were additional 
cases of combined resection of the esophagus, left 
brachiocephalic vein, and azygos vein. No intraop-
erative mortality occurred. In the salvage group 
the 30-day mortality was 11% (2 of 19): respiratory 
failure after bronchopleural fistula, 1; respiratory 
failure after bronchopleural fistula and acute exac-
erbation of interstitial pneumonia, 1. 

Table 3 summarizes the postoperative morbidity 
between the salvage and non-salvage SP groups. 
Complications occurred in 47% of the non-salvage 
SP and 53% of the salvage SP cases. Bronchopleural 
fistula occurred in 27% of the non-salvage SP and 
21% of salvage SP cases. In contrast, anastomotic 
stenosis was only observed in the salvage group 
(11%; 2 of 19). 

Discussion

Indications for sleeve SP are relatively uncommon 
and have been largely applied solely at specialized 
thoracic surgery centers. This lack of experience 
has led to unfamiliarity with the indications and 
results of tracheobronchial resection, frequently 
preventing it from consideration as a viable treat-
ment option. Indeed, these tumors are often consid-
ered “unresectable” and treated with chemotherapy 
or chemoradiotherapy. Despite the complex tech-
nical challenges and risks associated with carinal 
resection, it offers patients a chance for long-term 
survival when the alternatives are simply pallia-
tive5). Furthermore, salvage surgery—that is, 
surgery for recurrence or tracheoesophageal fistula 
after definitive CRT—is technically demanding and 
can lead to serious anastomotic complications. 
However, preoperative thoracic radiation is no 
longer considered a contraindication to resection6). 
Our institute previously reported salvage surgery 
after definitive CRT in 27 patients with NSCLC. 
The median administered radiation dose was 60 
Gy. Pneumonectomy was performed in nine patients, 
including two carinal resections, and lobectomy 
was performed in 18 patients, including five bron-
choplasties. Although arrhythmia was observed 
more frequently in patients who underwent bron-
choplasty, bronchopleural fistulas were found in 
only two patients who underwent pneumonectomy. 

Table 2　Characteristics of the patients
Characteristics Non-salvage (N=15) Salvage (N=19)

Age 43-78 (63.1) 43-78 (61.5)

Sex

  Female 2 3

  Male 13 16

Side

  Left 2 -

  Right 13 19

Comorbidities

  Diabetes 2 1

  Hypertension 1 2

  Cerebral infarction 2 -

  Arrhythmia 1 -

  Chronic kidney disease 1

  Dyslipidemia 1 1

  Post PCI 1

T status

  1 - - *

  2 1 1*

  3 4 3*

  4 10 6*

N status

  0 4 7*

  1 2 5*

  2 9 5*

M status

  0 15 19

  1 - -

Pathology

  Squamous cell carcinoma 7 11

  Adenocarcinoma 2 2

  Pleomorphic carcinoma 1 2

  Adenoid cystic carcinoma 2 -

  Other 3 4

Combined resection

  Superior vena cava 1 7

  Left atrium 2 1

  Esophagus - 3

  Left brachiocephalic vein - 2

  Azygos vein - 1

Preoperative treatment

  Chemoradiotherapy - 11

  Radiotherapy - 1

  Chemotherapy - 1

Morbidity 7 (47%) 10 (53%)

Mortality 30 day - 2 (11%)

Mortality 90 day 3 (20%) 3 (16%)

PCI: percutaneous coronary intervention
* The T-factors and the N-factors of salvage surgery were not reported 
in some pathological reports because the salvage group included 
metastatic leiomyosarcoma, metastatic colon carcinoma, post-CRT 
cases, and recurrence cases.
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Salvage surgery after definitive CRT is acceptable 
for NSCLC. Bronchoplasty or pneumonectomy 
should be considered as options, even after the 
administration of high-dose CRT7).

Case 22 was previously reported in detail as a 
case report. Tracheoesophageal fistulae are among 
the most serious complications that occur during 
curative chemoradiotherapy for advanced lung 
cancer. Generally, tracheoesophageal fistulas have 
extremely poor prognosis, and most treatments are 
palliative; however, the patient recovered without 
major postoperative complications8). 

The overall morbidity after carinal resection or 
sleeve pneumonectomy ranges from 11% to 50%9). 
Atrial fibrillation (AF) was seen in 17 cases and is 
a common complication after pneumonectomy that 
is relatively benign, easy to treat, and typically 
reversible. Mansour et al. reported no adverse 
effects from AF in patients with this complication. 
AF has not been found to result in prolonged post-
operative hospitalization10). One of the most chal-
lenging complications is acute respiratory distress 
syndrome (ARDS), which occurs in up to 20% of 
patients and has an associated mortality of 50-100%. 
The incidence of bronchopleural fistula (BPF) in 
carinal sleeve resections is generally within the 
range of 3.8-21.6% in the literature. BPF is a serious 
complication and is among the most common 
causes of morbidity and mortality11). Post-pneumo-
nectomy BPF is seen more often after right pneu-
monectomy and is clinically more severe than that 
observed after a lobectomy, with a mortality rate 
ranging from 25 to 71%12, 13). Typically used treat-
ment methods include tube thoracostomy, open 
window thoracostomy, thoracomyoplasty, closure 
of the fistula with rethoracotomy and reinforcing 
the stump with live autologous flaps, and transperi-

cardial closure of the fistula with sternotomy11-14). 
We encountered an anastomotic fistula in eight 
cases. One patient underwent chest drainage, but 
was subsequently lost due to acute exacerbation of 
interstitial pneumonia. Seven cases recovered with 
surgery: fenestration, or re-suturing and covering 
with an intercostal muscle flap or anterior medias-
tinal fat tissue. Some salvage cases had a poor 
prognosis; however, most of the deaths were due to 
cancer, and there were no problems with the indi-
cations for surgery. A notable feature of our study 
was the high frequency of salvage SP after recur-
rence, definitive CRT, and symptoms such as 
hemoptysis that must be treated. It has been 
reported that the mortality rate of pneumonectomy 
after CRT is 24% in North America and is consid-
ered almost contraindicated15). Case 31 was a 
salvage case for recurrence after postoperative 
CRT. As mentioned previously, no complications 
occurred at the anastomotic site. Therefore, post- 
CRT did not result in surgery not occurring. 
Non-salvage cases are treated to achieve a complete 
cure; however, salvage cases include progressive 
diseases after definitive CRT, hemoptysis, obstruc-
tive pneumonia, SVC syndrome, and tracheoesoph-
ageal fistulas post-CRT. As such, no other treat-
ment options are currently available. Morbidity 
was relatively high (47%, non-salvage; 53%, 
salvage), but in our study the 30-day mortality 
was zero for non-salvage and 11% for salvage. We 
believe that it is an option for improving quality of 
life (QOL) through longer desease-free survival 
(DFS) and alleviation of symptoms rather than 
waiting for tumor growth progression and exacer-
bation of symptoms. 

This study was limited by its single-center retro-
spective design. Additionally, only patients who 

Table 3　Postoperative morbidity
Complications Non-salvage (N=15) Salvage (N=19)

Total 7 (47%) 10 (53%)

Arrhythmia 3 (20%) 5 (26%)

Bronchopleural fistula: 4 (27%) 4 (21%)

Empyema 1 (7%) 2 (11%)

Pneumonia 2 (13%) -

Anastomotic stenosis - 2 (11%)

Acute exacerbation of interstitial lung disease - 2 (11%)

    (Broncho-pleural fistula related) - 1 (5%)
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underwent surgical resection were enrolled. Almost 
all patients in our study were initially treated at 
different institutions and were selected for the 
evaluation of salvage surgery for different reasons, 
reflecting the heterogeneity of the population and 
treatment approaches. Nevertheless, this study 
provides new information regarding the surgical 
options for salvage sleeve pneumonectomy. Further 
studies with larger sample sizes are required.

Conclusions

Further research is necessary to determine 
appropriate indications for this challenging proce-
dure; however, salvage sleeve pneumonectomy after 
chemoradiotherapy or in the presence of urgent 
symptoms is feasible with acceptable mortality and 
morbidity and promising long-term results.
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Introduction

Recently, germ cell neoplasia in situ (GCNIS) 
has been well recognized as a precursor lesion to 
testicular germ cell tumor. Although GCNIS is 
frequently found in association with germ cell 
tumors such as seminoma, isolated reports of 
GCNIS are relatively rare in the literature. In this 
report, we present a case of GCNIS incidentally 

discovered in a patient who presented with discom-
fort in the right testis. We also provide a review of 
previously reported cases of GCNIS.

Case report

A 27-year-old man presented with discomfort in 
the right testis in early September, 2021 and visited 
our department shortly thereafter. No abnormali-
ties were found on palpation of the scrotum. Ultra-
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　A 27-year-old man experienced discomfort in his right testis in early September, 2021, and visited the hospital five days later. 
Physical examination did not detect any abnormalities in the scrotum. However, an ultrasound revealed a tumor in the central 
part of the right testis, and a Magnetic Resonance Imaging (MRI) showed a tumor 2.7cm in diameter with clear boundaries and 
a marginally smooth surface.
　The level of alpha-fetoprotein, human chorionic gonadotropin, human chorionic gonadotropin-β subunit, and lactate 
dehydrogenase were within normal limits. A Computed Tomography (CT) scan showed no abnormalities. We can’t rule out the 
possibility of malignancy, right radical orchiectomy was performed with a diagnosis of right testicular tumor in mid-September 
2021.
　The macroscopic lesion was 1.5×1.3 cm in size, and no viable tumorous cells were found pathologically. Atypical cells were 
observed in the seminiferous tubules from the spermatic cord, which were positively stained with immune-histochemical 
staining CD117 (c-kit), D2-40, and MIB-1 but negatively with alpha-fetoprotein, human chorionic gonadotropin, and human 
chorionic gonadotropin-β subunit.
　The pathological diagnosis was germ cell neoplasia in situ, and no continuity was observed between these cells and bleeding 
necrosis. 
　The patient has been followed up for 1 year and 4 months after surgery, with no recurrence or metastasis observed.
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sound revealed heterogeneous neoplastic lesion in 
the central part of the right testis (Figure 1). MRI 
revealed 2.7cm clear boundary and marginally 
smooth tumor in the center of the testis (Figure 2). 
Alpha-fetoprotein level was 1.38 ng/ml, human 
chorionic gonadotropin level was less than 1.0  
mIU/l, human chorionic gonadotropin-β subunit 
level was less than 0.1ng/ml, and lactate dehydro-
genase level was 178 U/l. CT revealed no abnor-
malities. We can’t rule out the possibility of malig-
nancy, right radical orchiectomy was performed 
with a diagnosis of right testicular tumor in 
mid-September 2021. The cut surface showed a 
solid mass 1.5cm in diameter in the right testis 
(Figure 3). 

Bleeding necrosis and granulation tissue were 
observed in the tumorous lesion, but no viable 
tumorous cell component was observed pathologi-
cally. The granulation tissue intervened on the 
boundary line between necrosis and existing testic-
ular tissue, but no findings suggestive of a tumor 
were obtained (Figure 4). The lesion contained 
atypical cells that were observed in the seminif-
erous tubules from the spermatic cord. The atyp-
ical cells were like spermatogonia, large, and had 
clear reticulum. The nucleus had large irregularity 
and included a clear nucleolus. These cells were 

Figure 1　Ultrasound reveals heterogeneous neoplastic 
lesion in the right testis

Figure 2　MRI reveals 2.7cm in diameter, clear boundary, 
and marginally smooth tumor in the right testis

Figure 3　A solid mass 1.5cm in diameter in the right testis

Figure 4　H&E staining × 100
Lower part is hemorrhagic necrosis area. No tumor was 
seen in the bordering granulation tissue.
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arranged like lining the basement membrane. The 
collapse of the basement membrane or extravasa-
tion was not recognized. No extension to epidid-
ymis, vas deferens, and spermatic cord of atypical 
cells was seen (Figure 5). The surgical stump was 
negative for a tumor. The atypical cells were stained 
positively with immune-histochemical staining 
MIB-1 (Figure 6), CD117 (c-kit) (Figure 7) and 
D2-40 (Figure 8), but negatively with alpha-feto-
protein, human chorionic gonadotropin, and human 
chorionic gonadotropin-β subunit. No obvious 
continuity was observed between these cells and 
bleeding necrosis. From these results, the patholog-
ical diagnosis was germ cell neoplasia in situ 
(GCNIS). The patient’s postoperative course was 

uneventful. After surgery, CT scans should be 
performed every 3 months according to the testic-
ular tumor guidelines for the first year. Subse-
quently, CT scans should be conducted annually. 
He has no recurrence or metastasis 1 year and 4 
months after surgery.

Discussion

World Health Organization (WHO) revised its 
classification regarding urinary tract and male 
genital tumors in 2016. One significant change was 
observed with testicular germ cell tumors. Until 
now, the histopathological classification of testic-
ular germ cell tumors was based only on morpho-
logical similarities. In contrast, the new classifica-

Figure 5　H&E staining × 200
Atypical cells do not extend beyond the basement membrane. 
Tumor cells are large, composed of a pale cytoplasm and 
large, irregular nuclei with well-defined nucleoli.

Figure 6　MIB-1 staining × 100
The tumor cell nuclei stain blackish brown color. 30-40% 
are positive, indicating cancer.

Figure 7　KIT (CD117) staining × 100
The tumor cell cytoplasm stains brown color. Consistent 
with GCNIS diagnosis.

Figure 8　D2-40 (podoplanin) staining × 100
The tumor cell membrane stains brown color. Consistent 
with GCNIS diagnosis.
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tion prioritizes similarities in histogenesis over 
morphological similarities. Germ cell neoplasia in 
situ (GCNIS), previously known as intratubular 
germ cell neoplasia of unclassified type, is now 
considered to be a precursor of most testicular 
germ cell tumors except for spermatocytic tumors, 
yolk sac tumors, and mature teratomas.

According to the general rule for clinical and 
pathological studies on testicular tumors, the 2018 
4th edition, GCNIS is regarded as a large tumor cell 
similar to germ cells that appear sparsely or in a 
row on basement membrane. GCNIS cells stain 
positively with immune-histochemical staining 
such as Placental alkaline phosphatase (PLAP), 
CD117(c kit), OCT3/4, SALL4, and D2-40. In the 
current case, large tumor cells were recognized as 
standing in a row, and those cells stained positively 
with immune-histochemical staining MIB-1, CD117 
and D2-40, but negatively with alpha-fetoprotein, 
human chorionic gonadotropin, and human chori-
onic gonadotropin-β subunit. 

As far as searched in Japan, there were only 
three cases where testicular germ cell tumors were 
not recognized other than biopsy, and the tumor 
was GCNIS alone1). Testicular cancer occurs in 1% 
of men worldwide2). On the other hand, CNIS is a 
precursor lesion to testicular germ cell tumors, and 
there is a report that 50% of them in progress to 
testicular cancer in 5 years and 70% of them in 7 
years3). There is a 1.9～5.2% chance that the testic-
ular germ cell tumors occur contralaterally in heter-
ochronous, and contralateral testicular biopsy 
during radical orchiectomy has been considered for 
the detection of GCNIS4-6). The frequency of identi-
fication in contralateral testicular biopsy has been 
reported to be 3～5%7).

It has been pointed out that the risk of contralat-
eral onset of GCNIS is high in cases with low semen 
concentration, small testis volume, irregular internal 
echo image of the testis, and young patients8). On 
the other hand, even if the result of contralateral 
testicular biopsy is negative, the development of 
tumors was about 1%, which can be considered a 
cause that the tumor was not detected due to low 
tumor burden7, 9). 

Two-part biopsy is considered to enhance the 
sensitivity of discovery. GCNIS was detected in 
5.1% of prospective 2,318 case studies. The pathology 
of the biopsy specimens from the paired side was 

reported to be different in 31.1% of GCNIS-positive 
patients, and it was shown that the detection 
frequency increased with a two-part biopsy10). 

The complication rate of contralateral testicular 
biopsy includes hematoma and infection. The 
complication rate by two-part biopsy is reported to 
be less than 3%, and most complications resolved 
with conservative management, and the case 
requiring additional treatment was 0.6%11). The 
treatment of GCNIS is radiation therapy, which can 
result in a complete cure. However, due to differ-
ences in the radiosensitivity of testicular cells, only 
Sertoli cells remain in the seminiferous tubules, 
causing azoospermia. As Leydig cells have low 
radiosensitivity, hormone replacement therapy is 
often not needed12). It is reported that the an irra-
diation dose of 14 Gy causes 8% heterochronous  
incidence rate of germ cell tumor.

GCNIS will be 98% curable by irradiation dose of 
18-20 Gy. But if the irradiation dose increases more 
than this, the possibility of hypogonadism will be 
increase. 

Therefore, irradiation dose of 16-20 Gy is recom-
mended for treatment13). Although contralateral 
testicular biopsy is not recommended in Japan, it 
may be considered in high-risk patients groups.

Because testicular cancer primarily affects young 
people, cryopreservation of sperm is an important 
consideration if radiation therapy is chosen. In such 
case, providing enough information to the patient 
and obtaining informed consent is necessary.

As this case involves a young patient and there 
is some possibility of contralateral onset, careful 
longer-term follow-up is required14).

Conclusion

We described a case of GCNIS and reviewed the 
relevant literature. Since the patient is still young, 
longer-term follow-up is required.
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Introduction

Handgrip strength is a well-known biomarker of 
the aging process and health. Many studies have 
reported the health benefits of higher handgrip 
strength in middle-aged and older adults over the 
quarter of a century1-4). For example, recent large-
scale follow-up studies have repeatedly revealed 
the inverse association between handgrip strength 
and various diseases, such as heart diseases1), 
diabetes2), cancer3), and dementia4). Although these 
analyses were adjusted for several covariates (age, 
education level, body mass index, alcohol, tobacco, 
medical history, etc.), the association still exists1-4). 
In adolescents, low handgrip strength is also asso-

ciated with poor cardiometabolic health outcomes5) 
and premature death6). Therefore, achieving and 
maintaining a high level of handgrip strength may 
be useful7, 8). However, low handgrip strength is 
observed across the lifespan9). If improving hand-
grip strength through physical activity and sports 
is beneficial for future health, it may be helpful as a 
strategy for children and adults with low handgrip 
strength. Therefore, this perspective aims to 
discuss the following three points: 1) the impact of 
an exercise training intervention on handgrip 
strength in adults, 2) the impact of physical activity 
and sports on handgrip strength in children and 
adolescents, and 3) future research directions to 
elucidate the association between handgrip strength 
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and health status.

Impact of exercise training intervention on  
handgrip strength in adults

Previous studies have examined the effects of 
nutrition alone, exercise alone, and combining the 
two on handgrip strength in middle-aged and older 
adults. For example, Bauer and colleagues10) inves-
tigated the effect of dietary supplementation (i.e., 
vitamin D and leucine-enriched whey protein) on 
handgrip strength in 380 independent-living older 
adults. They reported that changes in handgrip 
strength did not differ from those in the control 
group after 13 weeks of the intervention. A meta- 
analysis has observed that nutrition alone has a 
small effect on handgrip strength (increased by 
1.14 kg) compared to the control group11). 

On the other hand, Labott and colleagues12) 
investigated the effects of exercise interventions on 
handgrip strength in healthy community-dwelling 
older adults of 60 years or older. They reported 
that the impact of exercise interventions, including 
aerobic and resistance training in different types or 
multi-dimensional training, was statistically signifi-
cant, but the change in handgrip strength was small 
(standardized mean difference = 0.28). However, 
because this systematic review and meta-analysis 
include different modes of exercise training, it is 
necessary to consider the impact of resistance 
training alone, which might be particularly effec-
tive. Several systematic reviews and meta-anal-
yses have recently reported the effects of resis-
tance training on handgrip strength in older 
adults13-15). Surprisingly, the impact of resistance 
training on handgrip strength in older adults was 
small (the standardized mean difference was less 
than 0.3). These results suggest that handgrip 
strength is unlikely to improve with regular resis-
tance training during late adulthood16). If this is 
true, it is thought that increasing handgrip strength 
as much as possible during the process of reaching 
young adulthood is effective in maintaining high 
handgrip strength during adulthood. 

Incidentally, in the previous studies investigating 
the association between handgrip strength and 
morbidity, the morbidity was observed by dividing 
handgrip strength into three or four groups (e.g., 

low, mid, and high). In these studies, the differ-
ences in cutoff values or mean values between the 
low and high handgrip strength groups were 
approximately 10-15 kg1, 3, 17, 18). These values may 
help inform on what change might be required to 
see an improvement in handgrip strength (at least 
one that might be associated with health benefits). 
However, that is a value that needs to be updated 
through longitudinal studies. More importantly, it 
will be important to identify the minimum level of 
strength required for health (if any). 

Impact of physical activity and sports on handgrip 
strength in children and adolescents

Resistance-type exercises for children and 
adolescents include lifting weights, bodyweight 
movements, and upper-body exercises performed 
during play from an early age. These physical 
activities are expected to contribute to developing 
upper-body and lower-body muscular strength, 
including handgrip strength for children and 
adolescents. A recent review8) investigating the 
impact of physical activity and sports on handgrip 
strength in children and adolescents compared 
changes in handgrip strength in children engaged 
in extra physical activity and sports (i.e., interven-
tion) to normal development (i.e., control). Types 
of interventions included family- and school-based 
physical activity and upper-body resistance 
training. The children and adolescents of the inter-
vention groups increased the intensity and amount 
of physical activity at home or school, but no addi-
tional effects on handgrip strength were observed8). 
Similarly, boys and girls ages 7-12 who underwent 
eight weeks of upper and lower body resistance 
training had no additional improvement in hand-
grip strength8). This might suggest that using 
resistance training equipment for children is not 
enough of a stimulus for the agonist muscles of the 
finger flexors in the forearm and hand. 

However, a recent study reported that handgrip 
strength might increase to a greater extent in 
those who participated in upper-body exercise 
(including gripping) during active play as chil-
dren19). There are sports where players hold equip-
ment in their hands and those in which they do not. 
Therefore, we were interested to know what types 
of sports are more effective for improvement in 
handgrip strength during the developmental period. 
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Fortunately, Juntendo University stores the results 
of handgrip strength measurements taken by 
students in school, and all first-year students 
undergo a handgrip strength test. This data only 
allows cross-sectional comparisons among sports 
events (i.e., an inability to know how much strength 
changed in response to the actual sport). However, 
first-year students usually have specialized in 
practicing one sport during their junior high and 
high school days.

Analysis using Juntendo Fitness Plus 
(J-Fit Plus) Study data

Faculty of Health and Sports Science, Juntendo 
University has conducted anthropometric, physical 
fitness, and motor ability measurements, including 
handgrip strength, as part of the university curric-
ulum, and the test results have been available since 
1973. We used the J-Fit Plus Study data from 1973 
to 2018 to investigate the effects of the type of 
sports practiced on handgrip strength in first-year 
sport university students. The faculty of Health 
and Sports Science used to be exclusively male 
students until 1991, and the initial analysis used 
data only for males20). Privacy measures were 
maintained through Juntendo University, and all 
data were anonymized before analysis. We selected 
two types of sporting events with matching 
physiques (i.e., height and body mass), soccer 
(n=1127) targets the lower body, and kendo 
(n=297) and baseball (n=698) use the lower body 
simultaneously with upper body movement 
(including gripping). As a result, those in the lower 
body-only (soccer) sports had -3.78 (95% CI: -4.27, 
-3.29) kg lower handgrip strength than those in 
the lower + upper (kendo and baseball). Comparing 
each individual sport found that each sport was 
different from each other with kendo > baseball > 
soccer (between each sport, p<0.001)20). The differ-
ence in handgrip strength between kendo and 
soccer was about 5 kg in the overall sample, but 
the difference between the two groups has widened 
since the beginning of data collection.

Next, we tried a similar comparison using data 
from female athletes. The J-Fit Plus Study data-
base from 1996 to 2018 includes 2301 first-year 
female students, and we selected two sporting 
events, i.e., soccer (n=161) and kendo (n=53). The 

mean and standard deviation of age, height, and 
body mass in the soccer and kendo groups was 18.3 
(0.9) years old, 159.7 (5.5) cm and 54.8 (5.8) kg, 
and 18.1 (0.3) years old, 159.2 (5.2) cm and 58.0 
(7.7) kg, respectively. The handgrip strength of 
female kendo athletes was 34.0 (4.3) kg, which was 
significantly higher than that of female soccer 
athletes [27.9 (4.4) kg; difference of 6 (95% CI: 4.7, 
7.4) kg]. The results did not appreciably change 
after height and body mass adjustment. Although 
these findings are cross-sectional, our female and 
male results suggest that performing sports activi-
ties with upper-body gripping movements may be 
able to augment strength during the developmental 
years. It is noted that the sports we selected in this 
study are natural activities that do not directly 
train handgrip strength.

Future tasks

There are associations between handgrip strength 
and markers of health1-6). However, the overar-
ching question is whether increasing handgrip 
strength would lead to an improvement in health. 
Unfortunately, there is not enough evidence at the 
moment. 

In adults, gripping exercise may improve hand-
grip strength, but this might not influence an indi-
vidual’s health status8). At the same time, conven-
tional (traditional) resistance exercise does not 
have a measurable influence12-15). Therefore, hand-
grip strength acquired in early adulthood is unlikely 
to change, except for the influence of aging and 
illness. In addition, it is reported that low to 
moderate intensity (30%-50% of maximal volun-
tary contraction) isometric grip exercise training is 
associated with decreased blood pressure in men 
and women21). However, this improvement in blood 
pressure is unlikely to be related to how strong 
(i.e., improving handgrip strength) someone can 
get. To the best of our knowledge, no studies have 
observed the impact of high-intensity grip training 
on risk factors for lifestyle-related diseases.

On the other hand, during the developmental 
period, sports such as kendo and baseball, which 
involve holding a tool with the hand, may positively 
affect the development of handgrip strength in chil-
dren and adolescents20). However, one of the crit-
ical future issues is whether the improvement in 



403

Juntendo Medical Journal 69(5), 2023

handgrip strength obtained by sports activity 
during the developmental period will change in 
later adulthood (especially the impact of stopping 
sports)20). In addition, the J-Fit Plus Study is 
cross-sectional data and does not compare the 
changes in handgrip strength in each sport during 
development, even though athletes have been 
engaged in a single sport. Thus, it is necessary to 
confirm whether participating in these sports is 
able to augment handgrip strength over that of 
normal development using a longitudinal design. 
Although our cross-sectional work suggests this, it 
is still possible that those with better handgrip 
strength self-select sports that require a gripping 
component (i.e., kendo). Finally, it is possible to 
observe the morbidity of various diseases and 
mortality using the difference in handgrip strength 
according to sports events recognized in the J-Fit 
Plus Study data. As these studies develop, it may 
be possible to clarify what utility handgrip strength 
has as a biomarker. 
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Introduction

Recently, the importance of clinical research has 
been increasing. However, general practitioners or 
primary care physicians’ contributions to clinical 
research have been somewhat limited compared to 
other specialists1), particularly in Japan2). Histori-
cally, the role of primary care physicians has been 
defined by WHO as first-contact, accessible, contin-
uous, comprehensive, and coordinated person-fo-
cused care, and is a key part of primary health care 
in achieving the goals stated in the “Health For All” 

in the Alma Ata Declaration3). Owing to the estab-
lishment of general medicine as a medical board 
subspecialty in 20184), the research contributions of 
primary care physicians are increasing, especially 
from younger primary care physicians. 

Subsequently, it is imperative to promote high-
quality and credible evidence-based research 
designs and international collaborations to conduct 
high-quality clinical research. Training and 
educating principal investigators play a major role 
in research institutions5), but the intricacy of 
unspoken rules regarding the author order (e.g., 
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first author, last author) are not covered in such 
training. In many countries, the order of authors in 
academic publications is as important as the impact 
factor of the journal in which they publish6). With 
increasing multinational research, the lack of a 
standardized policy regarding author order can 
create conflict and misunderstanding due to 
differing practices worldwide, hindering smooth 
collaboration7). Here, we studied author order in 
publications in different countries. 

Methods

In this study, we used publicly available data 
from websites such as Journal Citation Reports and 
Web of Science, focusing on original articles 
published in 2020.

Discipline selection
Of the 178 fields registered in the Journal Cita-

tion Reports database, we selected “Medicine, 
General, & Internal” as our target discipline with 
169 journals and examined the number of articles. 
We then selected the ten countries with the highest 
number of publications in the Web of Science: 
Science Citation Index Expanded database published 
from 2011 to 2020. We compared the number of 
publications in 2020 by country.

Order of author criteria
The corresponding authors are considered to 

have contributed the most since they are the 
primary correspondents with editorial offices and 
are responsible for decisions regarding manu-

scripts8). Therefore, we chose the corresponding 
author as an indicator of the author in charge. To 
determine the perceived credit of author order, we 
categorized the position in which corresponding 
authors are likely to be listed in articles such as 1) 
first author, 2) second author, 3) third author, 4) 
penultimate author, 5) last author, and 6) other 
position. We also set the following criteria: (1) to 
differentiate the first, second, penultimate, third, 
and last authors, we selected articles with more 
than five authors without group investigators; (2) 
we also selected articles with one corresponding 
author with one affiliated institution; and (3) we 
selected articles with the corresponding author 
affiliation and journal from the same country to 
evaluate the characteristics of countries with 
minimal influence from other countries. We then 
examined the position of the corresponding author 
in the author byline and compared countries.

Results

The top ten countries with the highest publica-
tions are the USA, China, Germany, England, Japan, 
France, Italy, Canada, India, and Australia (Table 1). 
Of the top ten countries, the USA, China, England, 
Japan, France, Italy, Canada, and India met the 
study’s criteria. Seven journals were published in 
English, and three were published in the native 
language of the journal’s country. The comparison 
of the corresponding author position by country is 
illustrated in Table 2. The percentage of second 
authors being corresponding authors by country 
was as follows: Canada = 1.8%, China = 3.8%, England 

Table 1　Number of articles published in 2020

Country Journal name Articles published 
(2020)

Australia International Journal of Medical Sciences 307

Canada Canadian Medical Association Journal 86

China Chinese Medical Journal 193

England BMJ Open 2,678

France Revue De Médecine Interne 60

Germany European Journal of Clinical Investigation 168

India Indian Journal of Medical Research 96

Italy Acta Medica Mediterranea 590

Japan Internal Medicine 454

USA JAMA Network Open 1,026

Note. The right column shows the number of articles published by journals in the middle column in 2020.
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= 4.4%, France = 6.8%, India = 18.6%, Italy = 18.2%, 
Japan = 30.2%, and the USA = 1.2% (Table 2). 

Discussion

In this study of author order in general medicine 
journals, the results revealed different patterns of 
author order compared to Japan. The result demon-
strated that the percentage of the second author 
being the corresponding author was the highest in 
Japan compared to other countries. This percentage 
was 25 times higher in Japan than in the USA. The 
second author holding the corresponding author 
position in Japan was greater than in other coun-
tries by the following factors: Canada = 16.6, China 
= 7.9, England = 6.9, France = 4.4, India = 1.6, Italy 
= 1.7, and the USA = 25.1. This finding aligns with 
the previous report that while the number of corre-
sponding authors being first and last authors is 
higher in France, first and second authors being 
the corresponding authors is more common in 
Japan9).

In Japan, laboratory chairpersons supervise 
Ph.D. students, but their priority is often securing 
research funds and laboratory management rather 
than guiding students in daily research. Instead, 
assistants or associate professors are likely to be 
the advisors for students. This suggests that the 
last author position may be reserved for chairper-
sons who provide research funds. 

Although further research is needed, several 
possibilities can be speculated. First, the corre-
sponding author in charge of directly guiding Ph.D. 
students’ daily work is listed as the last author 
outside Japan. Second, as suggested above, super-
vising faculties take a second author position to 
give the chairperson the last author position. 

However, several publications as the corresponding 
author are essential for junior researchers’ promo-
tion opportunities, especially in becoming tenured 
professors in Japan. We speculate that chairper-
sons might designate junior researchers super-
vising Ph.D. students’ daily research as the second 
author and corresponding authors for their future 
carrier path. 

This study has several limitations. First, the data 
used for this study were from 2020, collected during 
the COVID-19 pandemic. Therefore, it might not 
be generalizable. Second, our study focused on 
general internal medicine journals, which may not 
be generalizable as it may not be a representative 
sample worldwide, including other clinical fields. 
Third, we did not differentiate between open-ac-
cess journals and others, which could skew the 
results so that authors with funding were more 
likely to be listed as corresponding authors due to 
the Article Processing Charge. 

In conclusion, academic author order in other 
disciplines and international journals should be 
examined further to clarify global norms and 
explore author order standards. In any case, multi-
national scientific collaborations are key to scien-
tific breakthroughs and should be encouraged in 
any discipline or field, especially in medicine. 
Understanding international norms regarding the 
order of author bylines would facilitate smoother 
collaboration, especially in multinational research 
projects, and clarify the recognition of researchers’ 
contributions.
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Reproducing copyrighted material
If a manuscript includes material that is not under the 
authorsʼ own copyright, the authors must obtain permission 
from the copyright holder(s) to reproduce it.
If a manuscript includes previously published material, the 
authors must obtain permission from the copyright owners 
and the publisher of the original work to reproduce it. The 
authors must cite the original work in their manuscript.
Copies of all reproduction permissions must be included 
with the manuscript when it is first submitted.

Availability of data and materials
Authors must disclose the source of publicly available data 
and materials, such as public repositories or commercial 
manufacturers, by including accession numbers or company 
details in their manuscript, as appropriate.
Authors may make their own data and materials available 
by linking from their manuscript to relevant communi-
ty-recognized public databases or digital repositories. All 
data sets must be made available in full to the editors and 
reviewers during the peer review process, and must be 
made publicly available by the date of publication. Authors 
commit to preserving their data sets for at least three years 
from the date of publication in the journal.
The journal encourages authors to grant reasonable requests 
from colleagues to share any data, materials and experi-
mental protocols described in their manuscript.
Also JMJ encourages authors to disclose any data which is 
the source of their manuscript, in J-STAGE Data （https://
jstagedata.jst.go.jp/）, a data repository developed and 
managed by the Japan Science and Technology Agency 
(JST). When publishing available data and materials from 
J-STAGE Data, authors must submit them to the Editorial 
Committee for peer review, and all research data should be 
distributed as open under the Creative Commons licensing.

Animal/human experimentation
Authors of manuscripts describing experiments involving 
humans or materials derived from humans must demon-
strate that the work was carried out in accordance with the 
principles embodied in the World Medical Associationʼs 
(WMA) Declaration of Helsinki (https://www.wma.net/
policies-post/wma-declaration-of-helsinki-ethical-princi-
ples-for-medical-research-involving-human-subjects/), its 
revisions, and any guidelines approved by the authorsʼ insti-
tutions. For Japanese research institutions, the applicable 
statute is the Ministry of the Environmentʼs notification ̒Cri-
teria for the Care and Keeping of Laboratory Animals and 
Alleviation of their Sufferingʼ. Where relevant, the authors 
must include a statement in their manuscript that describes 
the procedures for obtaining informed consent from partici-
pants regarding participation in the research and publica-
tion of the research.
Authors should respect the privacy of patients and their 

families. Identifying details should be omitted if they are not 
essential, but patient data should never be altered or falsi-
fied in an attempt to attain anonymity. Complete anonymity 
is difficult to achieve, and informed consent should be 
obtained if there is any doubt.
Authors of manuscripts describing experiments involving 
animals or materials derived from animals must demon-
strate that the work was carried out in accordance with the 
guidelines approved by the authorsʼ institution(s), and this 
must be stated within the manuscript.

Clinical trial registration
A clinical trial is defined as any research project that 
prospectively assigns human participants to intervention or 
comparison groups to study the cause-and-effect relation-
ship between an intervention and a health outcome. The 
journal adheres to the International Committee of Medical 
Journal Editors (ICMJE) policy on Clinical Trials Registra-
tion (https://www.icmje.org/about-icmje/faqs/clinical-trials- 
registration/), which recommends that all clinical trials are 
registered in a public trials registry at or before the time of 
first patient enrollment as a condition of consideration for 
publication. Manuscripts describing clinical trials must 
include the registration number of the trial and the name of 
the trial registry.
The following items are to be stated in the Methods section: 
how informed consent was obtained from the study partici-
pants (i.e., oral or written), the approval number from the 
institutional review board or ethics committee, a registra-
tion ID for the trial, and the trialʼs start and end dates.

Various reporting guidelines have been developed for 
different study designs. Authors are encouraged to follow 
published standard reporting guidelines for the study disci-
pline. 

•  CONSORT (http://www.consort-statement.org/) for 
randomized clinical trials 

• CARE (https://www.care-statement.org/) for case reports 
•  STROBE (https://www.strobe-statement.org/) for obser-

vational studies 
•  PRISMA (http://prisma-statement.org/) for systematic 

reviews and meta-analyses 
•  STARD (https://www.equator-network.org/reporting- 

guidelines/stard/) for studies of diagnostic accuracy 
•  SAGER (https://www.equator-network.org/reporting- 

guidelines/sager-guidelines/) for reporting of sex and 
gender information

Please access https://www.equator-network.org/ to find 
the guideline that is appropriate for your study. 
It is extremely important that when you complete any 
Reporting Guideline checklist that you consider amending 
your manuscript to ensure your article addresses all rele-
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vant reporting criteria issues delineated in the appropriate 
reporting checklist. The purpose of a reporting guideline is 
to guide you in improving the reporting standard of your 
manuscript. The objective is not to solely complete the 
reporting checklist, but to use the checklist itself in the 
writing of your manuscript. 
Taking the time to ensure your manuscript meets these 
basic reporting needs will greatly improve your manuscript, 
while also potentially enhancing its chances for eventual 
publication. 

Reporting guidelines
The journal requires authors to follow the EQUATOR 
Networkʼs Reporting Guidelines (https://www.equator-net-
work.org/reporting-guidelines/) for health research. Study 
types include, but are not limited to, randomized trials, 
observational studies, systematic reviews, case reports, 
qualitative research, diagnostic and prognostic studies, 
economic evaluations, animal pre-clinical studies and study 
protocols.

Author competing interests and conflicts of interest
In the interests of transparency, the journal requires all 
authors to declare any competing or conflicts of interest in 
relation to their submitted manuscript. A conflict of interest 
exists when there are actual, perceived or potential circum-
stances that could influence an authorʼs ability to conduct or 
report research impartially. Potential conflicts include (but 
are not limited to) competing commer- cial or financial 
interests, commercial affiliations, consulting roles, or owner-
ship of stock or equity. A Conflicts of Interest statement 
must be includes in the manuscript (see the ʻManuscript 
Preparationʼ section below for more details).
Authors should list all funding sources for their work in the 
Funding section of their manuscript.

Confidentiality
The journal maintains the confidentiality of all unpublished 
manuscripts. By submitting their manuscript to the journal, 
the authors warrant that they will keep all correspondence 
about their manuscript (from the Editorial Office, editors 
and reviewers) strictly confidential.

Self-archiving (Green Open Access) policy
Self-archiving, also known as Green Open Access, enables 
authors to deposit a copy of their manuscript in an online 
repository. JMJ encourages authors of original research 
manuscripts to upload their article to an institutional or 
public repository immediately after publication in the 
journal.

Long-term digital archiving
J-STAGE preserves its full digital library, including JMJ, 
with Portico in a dark archive (see https:// www.portico.

org/publishers/jstage/). In the event that the material 
becomes unavailable at J-STAGE, it will be released and 
made available by Portico.

Peer Review Process

Editorial and peer review process
JMJ undertakes single-anonymized peer review. When a 
manuscript is submitted to the journal, it is assigned to the 
Editor-in-Chief, who performs initial screening. Manu-
scripts that do not fit the journalʼs scope or are not deemed 
suitable for publication are rejected without review. For 
peer reviewing, the manuscripts that pass through the 
initial screening are assigned to two reviewers by the 
Editor-in- Chief. Reviewers are selected based on their 
expertise, reputation and previous experience as peer 
reviewers. The deadline for submission of the reviewersʼ 
reports is basically 3 weeks.
Upon receipt of the two reviewersʼ reports, the Editor-in-
Chief makes the first decision on the manuscript. If the deci-
sion is to request revision of the manuscript, authors are 
requested to re-submit their revised manuscript within one 
to six months, depending on the comments of the reviewers. 
Revised manuscripts submitted after this deadline may be 
treated as new submissions. The Editor-in- Chief may send 
the revised manuscripts to peer reviewers for their feed-
back or may use his or her own judgment to assess how 
closely the authors have followed the Editor-in-Chiefʼs and 
the reviewersʼ comments on the original manuscript. The 
Editor-in-Chief is responsible for making the final decision 
on each manuscript.
If a manuscript satisfies the journalʼs requirements and 
represents a significant contribution to the published litera-
ture, the Editor-in-Chief may recommend acceptance for 
publication in JMJ. If a manuscript does not meet the jour-
nalʼs requirements for acceptance, but it has a high proba-
bility of acceptance after minor or major revision, the 
Editor-in-Chief may ask the authors to revise it accord-
ingly. Revised manuscripts must be submitted within one to 
six months, depending on the comments of the reviewers; 
otherwise they will be treated as new submissions. If a 
manuscript does not meet the journalʼs requirements for 
acceptance or revision, the Editor-in-Chief may recommend 
rejection.

Reviewer selection, timing and suggestions
Reviewers are selected without regard to geography and 
need not belong to the journalʼs Editorial Board. Reviewers 
are selected based on their expertise in the field, reputation, 
recommendation by others, and/or previous experience as 
peer reviewers for the journal.
Reviewers are invited within 2 weeks of an article being 
submitted. Reviewers are asked to review the manuscript 
based on the Acceptance criteria, described below, and 
submit their first review reports within 3 weeks of accepting 
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the invitation to review. Reviewers who anticipate any 
delays should inform the Editorial Office as soon as possible.
When submitting a manuscript to the journal, authors may 
suggest reviewers that they would like included in the peer 
review process. The Editor may consider these suggestions 
but is under no obligation to follow them. The selection, 
invitation and assignment of peer reviewers is at the Editorʼs 
sole discretion.

Reviewer reports
It is the journalʼs policy to transmit reviewersʼ comments to 
the authors in their original form. However, the journal 
reserves the right to edit reviewersʼ comments, without 
consulting the reviewers, if they contain offensive language, 
confidential information or recommendations for publication.

Acceptance criteria
If a manuscript satisfies the journalʼs requirements and 
represents a valuable contribution to the published litera-
ture, the Editor-in-Chief may recommend the acceptance 
for publication in JMJ. The questions addressed when 
considering a manuscript for publication in JMJ are as 
follows: Relevance:

• Is the work within the journalʼs Aims and Scope?
Reproducibility:

• Do authors show sufficient information to reproduce 
their experiments or data?

Written quality:
• Is the manuscript clearly presented? 

Title:
• Does the Title accurately reflect the contents of the 

manuscript?
Abstract:

• Does the Abstract adequately describe the background 
or context of the work, the objectives of the research 
project and the methods used?

Introduction:
• Does the Introduction provide adequate background 

and context for the work?
Materials and Methods:

• Have the authors described the methods in enough 
detail to allow others to replicate them?

• Have the authors adhered to established codes of prac-
tice and ethics if human/animal experimentation has 
been undertaken?

• Did the authors use appropriate methods? 
Results:

• Have the authors explained their results clearly and 
adequately?

Discussion:
• Is the Discussion supported by the results?
• Have the authors considered any alternative explana-

tions for their results?
• Have the authors made unsupported claims or inappro-

priate speculations?
General:

• Are all cited references relevant and necessary?
• Has any relevant literature been omitted?
• Have the authors cited the data described in the manu-

script adequately?
• Is each table and figure necessary?
• Are any potentially useful figures or tables missing?
• Are the tables and figures complete and interpretable?
• Is the manuscript clearly written in English?
• Have the authors adhered to established codes of publi-

cation ethics?
• Are there any errors in fact, methodology, or analyses?
• Has the manuscript been published previously, in part 

or in whole, in any language?
If a manuscript does not meet the journalʼs requirements for 
acceptance or revision, the Editor-in-Chief may recommend 
rejection.

Editorial independence
As the journal owner, the Juntendo Medical Society (JMS) 
has granted the journalʼs Editorial Board complete and sole 
responsibility for all editorial decisions. The JMS will not 
become involved in editorial decisions, except in cases of a 
fundamental breakdown of process.
Editorial decisions are based only on a manuscriptʼs scien-
tific merit and are kept completely separate from the jour-
nalʼs other interests. The authorsʼ ability to pay any publica-
tion charges has no bearing on whether a manuscript is 
accepted for publication in the journal.

Appeals
Authors who believe that an editorial decision has been 
made in error may lodge an appeal with the Editorial Office. 
Appeals are only considered if the authors provide detailed 
evidence of a misunderstanding or mistake by a reviewer or 
editor. Appeals are considered carefully by the Editor-in- 
Chief, whose decision is final. The guidelines of the 
Committee on Publication Ethics (https://publicationethics.
org/) (COPE) are followed where and when relevant.

Confidentiality in peer review
The journal maintains the confidentiality of all unpublished 
manuscripts. Editors will not:

1.  disclose a reviewerʼs identity unless the reviewer makes 
a reasonable request for such disclosure

2.  discuss the manuscript or its contents with anyone not 
directly involved with the manuscript or its peer review

3.  use any data or information from the manuscript in 
their own work or publications

4.  use information obtained from the peer review process 
to provide an advantage to themselves or anyone else, 
or to disadvantage any individual or organization.

https://publicationethics.org/
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Conflicts of interest in peer review
A conflict of interest exists when there are actual, perceived 
or potential circumstances that could influence an editorʼs 
ability to act impartially when assessing a manuscript. Such 
circumstances might include having a personal or profes-
sional relationship with an author, working on the same 
topic or in direct competition with an author, having a finan-
cial stake in the work or its publication, or having seen 
previous versions of the manuscript.
Members of the journalʼs Editorial Board undertake to 
declare any conflicts of interest when handling manuscripts. 
An editor who declares a conflict of interest is unassigned 
from the manuscript in question and is replaced by a new 
editor.
Editors try to avoid conflicts of interest when inviting 
reviewers, but it is not always possible to identify potential 
bias. Reviewers are asked to declare any conflicts of interest 
to the Editor, who will determine the best course of action.

Errata and retractions
The journal recognizes the importance of maintaining the 
integrity of published literature.
A published article that contains an error may be corrected 
through the publication of an Erratum. Errata describe 
errors that significantly affect the scientific integrity of a 
publication, the reputation of the authors, or the journal 
itself. Authors who wish to correct a published article should 
contact the editor who handled their manuscript or the 
Editorial Office with full details of the error(s) and their 
requested changes. In cases where co-authors disagree over 
a correction, the Editor-in-Chief may consult the Editorial 
Board or external peer reviewers for advice. If a Correction 
is published, any dissenting authors will be noted in the text.
A published article that contains invalid or unreliable results 
or conclusions, has been published elsewhere, or has 
infringed codes of conduct (covering research or publication 
ethics) may be retracted. Individuals who believe that a 
published article should be retracted are encouraged to 
contact the journalʼs Editorial Office with full details of their 
concerns. The Editor-in-Chief will investigate further and 
contact the authors of the published article for their response. 
In cases where co-authors disagree over a retraction, the 
Editor- in-Chief may consult the Editorial Board or external 
peer reviewers for advice. If a Retraction is published, any 
dissenting authors will be noted in the text.
The decision to publish Errata or Retractions is made at the 
sole discretion of the Editor-in-Chief.

Editors as authors in the journal
Any member of the journalʼs Editorial Board, including the 
Editor-in-Chief, who is an author on a submitted manu-
script is excluded from the peer review process and from 
viewing details about their manuscript.
A manuscript authored by an editor of JMJ is subject to the 

same high standards of peer review and editorial decision 
making as any manuscript considered by the journal.

Responding to potential ethical breaches
The journal will respond to allegations of ethical breaches 
by following its own policies and, where possible, the guide-
lines of COPE.

Reviewer Confidentiality
As part of their responsibilities, reviewers agree to maintain 
the confidentiality of unpublished manuscripts at all times. 
By accepting the invitation to review a manuscript, 
reviewers agree not to:

1.  disclose their role in reviewing the manuscript
2.  reveal their identity to any of the authors of the manu-

script
3.  discuss the manuscript or its contents with anyone not 

directly involved in the review process
4.  involve anyone else in the review (for example, a post- 

doc or PhD student) without first requesting permis-
sion from the Editor

5.  use any data or information from the manuscript in 
their own work or publications

6.  use information obtained from the peer review process 
to provide an advantage to themselves or anyone else, 
or to disadvantage any individual or organization.

Use of Artificial Intelligence (AI)-Assisted Tools/ 
Technologies 
Reviewers are prohibited from uploading the manuscript to 
software or AI-assisted tools/technologies where the confi-
dentiality is not assured. It is required to disclose to the 
journal if any AI-assisted tools or technologies are used to 
facilitate the review. Reviewers should be aware that AI can 
generate authoritative-sounding output that can be incor-
rect, incomplete, or biased. 

Copyright, Open Access and Fees

Copyright and licensing
JMJ is fully Open Access and uses the Creative Commons 
CC BY 4.0 (Attribution 4.0 International) (https://creative-
commons.org/licenses/by/4.0/). This license allows users to 
share and adapt an article, even commercially, as long as 
appropriate credit is given.
Authors are required to assign all copyrights in the work to 
the Society, who then publish the work under the CC BY 4.0 
International license.
Some funding bodies require articles funded by them to be 
published under a specific Creative Commons license. Before 
submitting your work to the journal, check with the rele-
vant funding bodies to ensure that you comply with any 
mandates.

https://creative-commons.org/licenses/by/4.0/
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https://creativecommons.org/licenses/by/4.0/
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Article Processing Charge
There are many costs associated with publishing scholarly 
journals, such as those of managing peer review, copy editing, 
typesetting and online hosting. To cover these costs in the 
absence of journal subscriptions, authors (or their represen-
tatives) are asked to pay article processing charges (APCs). 
There is no submission fee.
All articles, with the exception of those requested by the 
Editorial Board, attract publication expenses which must be 
borne by the authors. Authors will be notified of the exact 
sum.
The APC depends on the article type and the total number 
of typeset pages. The table below indicates how many pages 
are free of charge for each article type. Each page over this 
limit attracts a fee of 24,000 JPY/printed page.

JMS Members All others

Original articles The first 5 pages The first 3 pages

Review articles The first 5 pages The first 3 pages

Case reports The first 2 pages The first 1 page

Color printing charges: 30,000 JPY per page

Reprint charges: All reprints will be charged according to 
the actual printing costs.

Waiver policy
Waivers for APCs are provided automatically when the 
corresponding author is from a “Group A” Research4Life 
country (https://www.research4life.org/access/eligibility/). 
In cases of demonstrated financial hardship, the journal will 
consider a presubmission application for a waiver from any 
corresponding author to [provide email address of person to 
contact]. Applications cannot be made after the peer review 
process has begun.
The ability of an author to pay the APC does not influence 
editorial decisions. To avoid any possibility of undue influ-
ence, editors involved with the decision-making process on 
submitted manuscripts are not involved in any deliberations 
on waivers.

Manuscript Submission

Manuscripts should be submitted online via the Juntendo 
Medical Journal online submission and peer review page on 
ScholarOne Manuscripts (https://mc.manuscriptcentral.com/ 
jmj).
Simply log on to ScholarOne Manuscripts and follow the 
onscreen instructions for all submissions. You will need to 
register before your first submission to Juntendo Medical 
Journal. If you have any technical problems or questions 
related to the electronic submission process, please contact 
our Editorial Office:

Juntendo Medical Journal Editorial Office 
c/o International Medical Information Center 
2F Shinanomachi Rengakan,
35 Shinanomachi, Shinjuku-ku, Tokyo 160-0016, JAPAN
Phone: +81-3-5361-7089
E-mail: jmj@imic.or.jp

Manuscript Preparation

Style
Manuscripts should be prepared in Microsoft Word or other 
appropriate software using double line spacing throughout, 
page numbers on the lower right, and with margins of at 
least 2.5 cm.

English standards
Manuscripts should be written in clear, grammatically 
correct English. Authors whose native language is not 
English are strongly encouraged to have their manuscript 
checked by a native English speaker or by an editing service 
prior to submission; a certificate of English editing that 
accompanies submissions can be useful in many circum-
stances. If a manuscript is not clear due to poor English, it 
may be rejected without undergoing peer review.

Format
The first page of each manuscript should contain: Title, 
Authorsʼ full names, Affiliations, Key words, Running Title, 
and the name and full address (including telephone number, 
facsimile number, and e-mail address) of the corresponding 
author. Manuscripts should be divided into the following 
sections and presented in this order: Introduction; Materials 
and Methods; Results; Discussion; Acknowledgements; 
Funding; Authorsʼ contributions; Conflicting interest state-
ment; and References.
Manuscripts should be arranged in the following order: 1. 
Title page; 2. Abstract and keywords; 3. main text; 4. 
Acknowledgements, Funding, Author Contributions, Conflict 
of interest statements; 5. tables together with any accompa-
nying legends; 6. figure legends; 7. other as required. Each 
of the numbered items should begin on a separate page.

Title page
The first page should include:

1.  The title of the manuscript in sentence case. No abbre-
viations other than gene names or in common use

2.  Full names of all authors and ORCID ID (https://orcid.
org/) if desired

3.  Affiliations of the authors; use numbers not symbols
4.  If authors make an equal contribution, indicated with an 

asterisk （up to 2 authors, including the first author） 
and a note indicating this under the author names

5.  Name, full postal address, including street number and 
name, and e-mail address of the corresponding author(s)

6.  Key words (no more than five key words). Refer to 

https://www.research4life.org/access/eligibility/
mailto:jmj@imic.or.jp
https://mc.manuscriptcentral.com/jmj
https://orcid.org/
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Medical Subject Headings in MeSH or Index Medicus
7.  Running title preceded by the first authorʼs name 

(maximum 120 characters with spaces, including the 
authorʼs name).

Title
The title should describe the content of the article briefly 
but clearly and is important for search purposes by third-
party services. Do not use the same main title with 
numbered minor titles, even for a series of papers by the 
same authors. Do not use abbreviations in the title, except 
those used generally in related fields.

Footnotes
Footnotes, if any, should be typed in a separate sheet (the 
second page of the manuscript). Abbreviations should also 
be listed on this page.

Abbreviations
Each abbreviation should be defined in parentheses together 
with its non-abbreviated term when it first appears in the 
text (except in the Title and Abstract).

Units
SI or SI-derived units should be used. More information on 
SI units is available at the Bureau International des Poids et 
Mesures (BIPM) website (https://www.bipm.org/en/home).

Abstract
The second (and, if necessary, the third) page of the manu-
script should contain only the abstract (maximum 250 
words). The abstract must be fully comprehensible without 
reference to the text. Abstracts should be divided into 
sections as follows:

1. Objectives
2. Materials (or “Design”)
3. Methods (or “Interventions”)
4. Results
5. Conclusions

Introduction
The Introduction should provide sufficient background 
information to allow the reader to understand the purpose 
of the investigation and its relationship with other research 
in related fields, although it should not include an extensive 
review of the literature.

Materials and Methods
The description of the methods should be brief, but it must 
include sufficient details to allow the experiments to be 
repeated. The sources of unusual chemicals, animals, micro-
bial strains or equipment should be described, and the loca-
tion (city, country) of the company should be provided in 
parentheses. If hazardous materials or dangerous proce-

dures are used in the experiments and the precautions 
related to their handling are not widely recognized, it is 
recommended that the authors provide the necessary 
details.

Results
This section includes the results of the experiments. The 
Results and Discussion sections may be combined if this 
helps readers to understand and evaluate the study. Tables 
and figures, including photographs, can be used to present 
the experimental results (see below). Excessive explana-
tions of the data presented in tables and figures should be 
avoided.

Discussion
The Conclusion or Discussion should be concise and should 
deal with the interpretation of the results. Novel models or 
hypotheses may be proposed in this section only if they are 
suggested by the results obtained in the experiments. Do 
not repeat the description of the experimental results in this 
section.

Acknowledgments
Contributors who do not meet the criteria for authorship 
should be listed in the Acknowledgements section. Exam-
ples of those who might be acknowledged include a person 
who provided purely technical help, or a department chair 
who provided only general support. If you do not have 
anyone to acknowledge, please write “Not applicable” in this 
section.

Funding
All articles should have a funding acknowledgement state-
ment included in the manuscript in the form of a sentence 
under a separate heading entitled “Funding” directly after 
Acknowledgements section, if applicable. The funding 
agency should be written out in full, followed by the grant 
number in brackets. Multiple grant numbers should be 
separated by commas and spaces. Where the research was 
supported by more than one agency, the different agencies 
should be separated by semicolon, with “and” before the 
final funder. If the research is not funded by a specific 
project grant, please state in the manuscript as follows: “The 
author(s) received no financial support for the research” or 
“No funding was received”.

Author contributions
The individual contributions of authors to the manuscript 
should be specified in this section after Funding section. 
Please use initials to refer to each authorʼs contribution in 
this section, for example: “AU analyzed and interpreted the 
patient data regarding the hematological disease. KT 
performed the histological examination of the liver, and was 
a major contributor in writing the manuscript. All authors 
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read and approved the final manuscript.”

Conflicts of interest statement
All manuscripts must include a “Conflicts of Interest state-
ment” in line with the ʻAuthor competing interests and 
conflicts of interestʼ section above. If no conflicts exist, please 
state that “The Author(s) declare(s) that there are no 
conflicts of interest”. If the Editorial Board member(s) of 
JMJ is (are) included as author(s) of the manuscript, please 
state that "AUTHOR (the name of the member), one of the 
Editorial Board members of JMJ was not involved in the 
peer review or decision-making process for this paper.

References
References, including those given in tables and figure 
legends, should be numbered sequentially in the order they 
appear in the text and listed in numerical order at the end 
of the manuscript under the heading “References”. Including 
AI-generated material as the primary source in the refer-
ence is not allowed. In the text, citations should be indicated 
as superscript numbers with an end parenthesis character 
following each citation number. Three or more consecutive 
citations should be indicated as a range using a hyphen, e.g. 
“3-5)”. Journal titles should be abbreviated as shown in 
Index Medicus and List of Journals Indexed. When there 
are six or fewer authors, all should be listed; when there are 
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編 集 後 記
今年は記録的な猛暑でしたが、ようやく過ごしやすくなり、論文を書いたり読んだりするのに最適の

季節となってきました。最近の論文発表の状況は大きく変化し、いささかとまどいがあります。新規の
科学雑誌が増加し、毎日何通も査読の依頼がありますが、見覚えのある雑誌はわずかです。馴染みの雑
誌も、その評価が年々変化し、いわゆるインパクトファクター（IF）は、基礎系の雑誌はトップジャー
ナルを除くと大きく下落しています。一方、臨床系の雑誌の IF の上昇は驚くほどです。トップジャーナ
ルに掲載される論文は、数十頁を超えるサプリメンタルデータが付属する分厚い論文が少なくなく、多
くの著者、膨大な研究費と研究時間を要する研究が主体となり、研究の方法の変化も顕著です。しかし、
これらの IF 超高得点雑誌に掲載された論文でも、再現性のない論文もあることはよく知られており、変
化の激しい IF に右往左往させられる状況にはため息がでます。オープンジャーナル化は、便利性を高め、
引用件数も増加させますが、論文掲載料の高さには閉口します。論文発表について色々考えさせられる中、
講義資料をネット検索していたところ、J-stage で閲覧可能な「免疫学 100 年史」という川喜多愛郎先生
の講演記事が検索トップに出てきました。川喜多先生は、伝染病を患って回復すると同じ病気にならな
いという法則 ’non-rècidive’ に「二度なし」という訳語を考案したことでも知られています。含蓄のある
内容で、面白く読み進めていくと、なんと順天堂医学 28 巻 4 号（1982）に掲載された順天堂大学医史学
開講 20 周年記念会特別講演の記事であることがわかりました。論文掲載について苦悩する中、順天堂医
学（現在の順天堂醫事雑誌）が出版物として残していくことの重要性をあらためて思い出す機会をくれ
たことに、驚きと感動を覚えました。完全英文化された Juntendo Medical Journal は、このような機会
を日本のみならず世界中に与えてくれることを期待しています。

三宅　幸子
医学部免疫学講座

イラスト作者より
もうすぐハロウィンなので、花屋の店先におもしろい柄や型のカボチャがたくさん並んでいました。全部本

物だそうです。最近は、日本でも、このお祭りが定着したようですが、私もカボチャを描いてみたくなりまし
た。（宮道明子）

　順天堂醫事雑誌の記事については既に明治 8 年の創刊号から電子化されており，J-STAGE（科学技術情報発信・流通
総合システム）の電子ジャーナル公開システムにおいて閲覧することができます．順天堂医学会のホームページからも
ご覧いただけますので，ご活用頂ければ幸いです（https://www.juntendo.ac.jp/journal/）．

特集の企画募集
「順天堂醫事雑誌」では，医学界の最新知識を紹介するために，特集として総説を毎号に掲載しています．
読者の皆様には，特集として相応しい企画等がございましたら，編集室宛にご提案下さいますようお願い申し上げます．

編集委員長　　長　岡　　　功

副編集委員長　射　場　敏　明
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上　野　祐　司1, 2)

1)山梨大学大学院総合研究部医学域内科学講座神経内科教室
2)順天堂大学神経学講座

本邦における脳卒中の患者数は約 112 万人に達し，要介護となる原因疾患の第 2 位を占める．脳
梗塞急性期では再灌流療法が普及したが，依然多くの患者が後遺症に苦慮しており，脳梗塞後の機
能回復を目的とした治療法の確立は喫緊な課題といえる．脳梗塞後慢性期における軸索再生は，損
傷後の組織再構築において重要な役割を担い，個体の機能回復とも関連する．筆者らは，ラット中
大脳動脈閉塞モデルの peri-infarct area において，7 日後の急性期に脱落した軸索や樹状突起は 56
日後の慢性期では再生していることを確認した．In vitro では，虚血後軸索の再生には Phosphatase 
tensin homolog deleted on chromosome 10/Akt/Glycogen synthase kinase 3βシグナルが関わる
ことを報告した．ラット慢性脳低灌流モデルでは，L-carnitine 経口投与により脳白質において軸
索再生と oligodendrocyte の再生によるミエリンの肥厚が生じ，慢性脳虚血ラットの認知機能障害
が改善した．近年，骨髄間葉系幹細胞由来のエクソソームによる脳梗塞後の組織再生効果が報告さ
れている．脳梗塞後の軸索再生，機能回復のメカニズムは多岐にわたり，今後軸索再生を目的とし
た脳梗塞新規治療薬の開発，実用化が期待される．

キーワード：  脳梗塞，軸索再生，セマフォリン 3A，エクソソーム，機能回復

脳梗塞後軸索再生と機能回復の病態

この抄録は，順天堂醫事雑誌 69 巻 5 号，p364-369，2023 掲載の『Mechanism of Post-stroke Axonal Outgrowth and Functional Recovery』
の和文抄録です．

抄　録

順天堂醫事雑誌
2023. 69(5), 443
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順天堂医学会 会員の皆様

順天堂医学会短期海外留学時助成金給付制度

順天堂医学会では短期海外留学時助成金給付制度を開始いたしました。

1．要件
　 下記すべての要件を満たす者
　 （1） 順天堂大学（大学院を含む）の学生で 1 か月以上 12 か月未満の海外留学をする者
　 （2） 留学先の研究機関または財団などからの援助がない者
　 （3） 医学会の正会員として 1 年以上の経歴を有し、医学会費を完納している者
2．申請書類
　 （1） 順天堂医学会短期海外留学時助成金申込書
　 （2） 所属長の推薦書
　 （3） 申請者の主な研究テーマ・研究業績
　 （4） 留学受け入れ機関の指導者からの推薦状
3．助成金の給付金額

4．申請スケジュール（年 2回）

5．選考機関：順天堂医学会短期海外留学時助成金選考委員会
6．助成後の義務
　 （1）  帰国後直近の順天堂医学会学術集会において研究成果の発表および、その内容を「順天

堂醫事雑誌」に報告する。
　 （2） 帰国後は、順天堂大学またはその関連機関に原則として 3 年以上勤務する。
7．本件の照会先
　 HP：https://www.juntendo.ac.jp/journal/membership/benefit_plan.html
　 順天堂医学会事務局（順天堂大学総務部総務課内）
　 TEL：03-5802-1586　　E-Mail：j-igaku@juntendo.ac.jp

以上

順 天 堂 医 学 会
会長　服部　信孝

留学期間 助成金額
1 か月以上 4 か月未満 10 万円
4 か月以上 7 か月未満 20 万円
7 か月以上 12 か月未満 30 万円

申請期限 助成決定時期
6 月末 8 月
12 月末 2 月
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　356th Triannual Meeting of the Juntendo Medical Society
　“Medical Research Update” ［1］
　Mechanism of Post-stroke Axonal Outgrowth and Functional Recovery
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Case Reports
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