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Abstract

Japan is the world’s leading aging society, and increasing medical expenses for elderly peo-
ple is an urgent issue. Since aspiration pneumonia in elderly people with impaired swallow-
ing function is a huge problem in Japan, their expected long-term clinical course should be
clarified. Accordingly, we collected data from 991 elderly (>75 years old) patients whose
swallowing function was evaluated by Kitasato Institute Hospital’s speech therapists (Janu-
ary 1, 2010 to December 31, 2017). We analyzed the relationship between swallowing func-
tion and the subjects’ long-term prognosis. To clarify the prognostic factors of patients with
dysphagia, we obtained their clinical information (age, gender, activities of daily living, nutri-
tional status, availability of alternative feeding pathways such as percutaneous endoscopic
gastrostomy, and cognitive function). We confirmed 372 death cases and stratified the
cases into three groups using Fujishima’s swallowing ability grade, which is used to predict
elderly people’s real-world life expectancy. Results showed the median survival days were
331 and 952 days in Groups | (Grades 1-3, n=308) and Il (Grades 4-6, n= 153), respec-
tively, whereas the median survival days for Group Il (Grades 7—10, n=530) could not be
calculated. We conducted a multivariate analysis using the Cox proportional hazards model
with Group I, which revealed that initial grade and percutaneous endoscopic gastrostomy
were significant prognostic factors for the subjects’ long-term survival. Nevertheless, further
discussion is necessary, particularly to determine advanced care planning regarding indica-
tions for alternative feeding pathways in elderly patients with severe dysphagia, since percu-
taneous endoscopic gastrostomy could significantly prolong their survival.

Introduction

According to the Statistics Bureau of the Japanese Ministry of Internal Affairs and Communi-
cations, Japan has a rapidly aging society, with increasing life expectancy and decreasing birth
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rates [1]. According to a 2017 report, the proportion of the population aged 65 years and over
was 27.7% and that of the population aged 75 years and over was 13.8% [2]. In 2016, life expec-
tancy at birth was 80.98 and 87.14 years for men and women, respectively [3]. As a result, med-
ical expenses for the elderly are increasing rapidly [4]. In the 2017 fiscal year, the medical costs
to treat later-stage elderly were 16.0 trillion yen, comprising 37.9% of the national medical care
expenditure [5]. Since pneumonia is one of the most common causes of death in the elderly, it
is a significant cause of the increase in medical expenditures for this population Pneumonia in
the elderly has often been correlated with reduced cognitive function and impaired swallowing
function [6]. Further, earlier studies have revealed that aspiration pneumonia is common in
patients aged 70 years and older; in some studies, 306 among 382 pneumonia patients were
diagnosed with aspiration pneumonia [7, 8].

Once pneumonia occurs in the elderly, both the patients and their family members encoun-
ter multiple problems, such as ethical issues pertaining to life-prolonging treatments and
increase in financial burden [2, 9-11] For effective decision-making, patients and their families
require clinical evidence to determine the expected long-term prognosis. However, to date,
most studies have only focused on the short-term prognosis or the recurrence rate of readmis-
sion for pneumonia; alternatively, they have reported the long-term prognosis in a limited
number of patients who have undergone a percutaneous alternative feeding pathway proce-
dure [12]. In other words, these studies do not discuss the prognoses of patients who did not
undergo procedures to prolong their lives; however, from an ethical perspective, it is impossi-
ble to conduct randomized trials to assess the effectiveness of life-prolonging treatments.
Therefore, we collected detailed medical records to obtain real-world data for all the elderly
patients who were assessed for the possibility of impaired swallowing function.

The Kitasato Institute Hospital was founded in 1893 and is located in central Tokyo; its
location enabled us to collect long-term medical records of a large proportion of patients who
were living in the neighborhood. Furthermore, since this hospital cooperates with nearby
nursing homes, home doctors, clinics, and university hospitals, we could obtain long-term fol-
low-up data.

The current study reveals the effectiveness of an initial swallowing ability test in assessing
elderly patients’ expected life span. Furthermore, it reveals a strong correlation between the
prognosis and the existence of alternative nutritional pathways in elderly patients with severe
dysphagia. Since it focuses on elderly people with impaired swallowing function, the study is
expected to help the patients themselves and their families make decisions on care planning by
clarifying the expected clinical courses after being diagnosed with severe dysphagia.

Materials and methods
Data acquisition

We conducted an observational study of long-term prognoses. The study adhered to the fol-
lowing inclusion (exclusion) criteria: The participants were all aged > 75 years at the time of
the study, and their swallowing function had been evaluated by a speech therapist (ST) at Kita-
sato Institute Hospital from 2010 to 2017. The following clinical data were collected from med-
ical records retrospectively, until December 31, 2018, based on earlier reports [6, 13-15]: age,
gender, initial swallowing ability grade (Fujishima’s swallowing ability grade), residence before
admission, activities of daily living (ADL), existence of an alternative feeding pathway such as
percutaneous endoscopic gastrostomy (PEG) or a central venous (CV) port, cognitive func-
tion, existence of close relatives as key persons (whether relatives of the third-degree of kinship
are involved), and survival outcome. We determined ADL status by retrospectively assessing
patients’ medical records on their ability to stand on their own without assistance. Regarding
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cognitive functioning, the attending physician’s judgment (whether the patient had cognitive
impairment) was obtained from medical records.

This study was approved by the Ethics Committee of Kitasato University’s School of Medi-
cine (approval number #17071). In accordance with the requirements of our institutional
review board, participants were not required to provide written consent and were included on
an opt-out basis. Information on the study was provided on the research website, and the
patients and their relatives could terminate their participation whenever they wanted to. The
study was conducted as per the principles expressed in the Declaration of Helsinki.

Fujishima’s swallowing ability grade

At initial evaluation, we classified the cases into three groups according to their Fujishima’s
swallowing ability grade [16, 17]. Swallowing ability was assessed by the ST once the attending
doctor suspected a swallowing dysfunction and consulted the rehabilitation department
(Table 1). In this study, we focused on the initial evaluation of swallowing function during the
study period, though some of the patients’ swallowing function was repeatedly evaluated. In
the hospital, swallowing function was evaluated by one of two well-trained STs who shared
information with each other. They made their evaluation of Fujishima’s swallowing ability
grade by combining the results of several tests and observations.

Statistical analyses

In this study, statistical analyses were performed using Prism version 8 for Mac (GraphPad
Software, San Diego) and SPSS 19.0 for Mac (IBM SPSS Statistics, Chicago). Each group’s sur-
vival time was plotted as a Kaplan-Meier survival curve, and the groups’ survival times were
compared using the log-rank test. The effects of several variables on survival time were investi-
gated using Cox proportional hazards regression analysis. Serum albumin levels were com-
pared using Student’s t-test. The significance level was determined as a p-value < 0.05.

Results
Overall impact of Fujishima’s swallowing ability grade on the elderly

Table 2 summarizes the baseline characteristics of patients. We confirmed 372 death cases
among the 991 patients who had been evaluated for swallowing function by an ST in our hos-
pital. We classified the cases into three groups according to the subjects’ Fujishima’s swallow-
ing ability grades at the initial evaluation during the study period: Group I (Grades 1-3, severe
dysphagia) with 308 people, Group II (Grades 4-6, moderate dysphagia) with 153 people, and

Table 1. Fujishima’s swallowing ability grade and corresponding number of cases.

Grade Method of Nutrition (1) Groups
1 No therapy indication (n = 27) I Severe dysphagia
2 Indirect therapy (n = 105) (n=308)
3 Direct and indirect therapy (n = 176)
4 Minimal intakes for oral satisfaction (n = 32) II Moderate dysphagia
5 Meals, once or twice a day (n = 36) (n=153)
6 Meals, three times a day with alternative feeding (n = 85)
7 Dysphagia diet (n = 243) III Mild dysphagia
8 Easy chewable diet (n = 154) +
- - Normal
9 Normal food with observation (n = 73) (n = 530)

—_
(=}

Normal swallowing ability (n = 60)
https://doi.org/10.1371/journal.pone.0239440.t001
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Table 2. Baseline characteristics of all patients evaluated for their swallowing ability by a speech therapist.

Variables Numbers

Age at initial evaluation 75-103 years (mean 87.18)

Gender (M/F) 409/582

Fujishima’s grade at initial evaluation (Group I/II/III) 308/153/530

Median number of observation days (range) Group I 129 (1-2297)
Group II 110 (1-2345)
Group III 317 (2-2364)

Median (average) number of observation days of patients who survived Group I 215 (518)
Group II 221 (416)
Group III 382 (595)

Outcome (alive/dead) 619/372

https://doi.org/10.1371/journal.pone.0239440.t002

Group III (Grades 7-10, mild dysphagia and normal) with 530 people (Table 2). By using the
Kaplan-Meier method, we calculated the median survival days from initial evaluation to death
of the cases in each group, which were 331 and 952 days for Groups I and II, respectively.
Group III did not reach valid median survival values (Fig 1). Follow-up periods of patients
who survived did not differ much among the groups, with an average of 518 days for Group I,
416 days for Group II, and 595 days for Group III. Further, as expected, the prognosis of
Group I was worse than the prognoses of Groups II and III.

Characteristics of elderly patients with severe dysphagia

After obtaining the results of initial analysis, we focused on Group I to elucidate the prognostic
factors of elderly patients with severe dysphagia since there were fewer deaths in Groups II and
I11. Table 3 summarizes the detailed clinical information collected from these patients. Further,
we selected the following features as prognostic factors based on earlier reports [6, 13-15]: age,
gender, initial swallowing ability grade (Fujishima’s swallowing ability grade), residence before
admission, ADL, nutritional status (serum albumin), existence of an alternative feeding path-
way such as PEG or a CV port, cognitive function, existence of close relatives as key persons,
and survival outcome. Since multiple causes of dysphagia such as senility, dementia, and cere-
brovascular disease simultaneously exist in some patients, it makes it difficult to collect this
information unambiguously. Among the patients with severe dysphagia (n = 308), the mean
age was 87.2 years, and 264 patients were considered cognitively impaired.

Initial Fujishima’s swallowing ability grade and existence of PEG as
significant prognostic factors in elderly patients with severe dysphagia

We performed multivariate analysis using the Cox proportional hazards model to determine
the predictors of prognoses among the collected clinical information. Among the results, PEG
and the initial Fujishima’s swallowing ability grade were identified as significant predictive
markers for the prognosis (Table 4, Fig 2A and 2B). There were no other significant prognostic
factors in our analysis, which suggests the utility of the swallowing ability function test in pre-
dicting the prognosis of elderly patients with severe dysphagia. Interestingly, Fujishima’s swal-
lowing ability grade had significant efficiency in predicting the patients’ prognosis
independently of the existence of an alternative feeding pathway.

The variables included in this analysis are as follows: age at initial evaluation, gender (male
or female), initial Fujishima’s swallowing ability grade (Grade 3 vs Grade 1 or 2), residence
before admission (nursing home or community living), ADL (yes or no), impaired cognitive
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Fig 1. Kaplan-Meier survival curve of all patients in this study. Each point indicates days between initial evaluation

and death in the death cases. All cases were divided into three groups according to the patients’ initial swallowing
ability (*p < 0.05, ***p < 0.001). HR, hazard ratio; CI, confidence interval.

https://doi.org/10.1371/journal.pone.0239440.9001

function (yes or no), existence of percutaneous endoscopic gastrostomy (PEG; yes or no), exis-
tence of central venous port (yes or no), having key persons of close relatives (yes or no).

Significant impact of PEG on survival in Grade 1 and 2 patients

We performed a univariate analysis using the Kaplan-Meier method and correlated PEG with
the prognosis alone in patients with initial swallowing ability Grades 1 and 2 (Fig 3A and 3B).
We could not find any survival benefit of PEG in patients with Grade 3 swallowing ability,
which suggests that PEG is necessary for only those patients with very severe dysphagia (Fig
3C). In contrast to the significant life-prolonging effect of PEG in patients with severe dyspha-
gia, a CV port failed to improve the prognosis in our analysis regardless of the existence of
PEG (Fig 3D and 3E). Based on the data we could collect, patients with a CV port had poorer
nutritional status than did patients without a CV port (serum albumin level was 2.48 [with CV
port] vs. 2.88 [without CV port]) (Fig 4). In addition, the initial swallowing grade was strongly

Table 3. Detailed clinical information of patients in Group I.

Variables Numbers
Age at initial evaluation 75-103 years (mean 87.2)
Grade 1 mean 80.8, median 84
Grade 2 mean 84.9, median 86

Grade 3 mean 85.7, median

86.5
Gender (M/F) 132/176
Initial Fujishima’s swallowing ability grade (1/2/3) 27/105/176
Residence before admission (nursing home/home) 194/114
Activities of daily living (not able to stand/able to keep standing with 202/106
assistance)
Percutaneous endoscopic gastrostomy (yes/no) 65/243
Central venous port (yes/no) 19/289
Impaired cognitive function (yes/no) 244/64
Key persons are close relatives (yes/no) 290/18
Outcome (alive/dead) 110/198

https://doi.org/10.1371/journal.pone.0239440.t003
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Table 4. Results of the Cox regression analysis in Group I patients.

Variables Partial regression coefficient p-value Hazard ratio (HR) 95% CI for HR
Lower Upper
Grade 1 0.89 0.001 2.431 1.448 4.083
Grade 2 0.48 0.003 1.619 1.179 2.222
PEG (-) 0.67 0.001 1.962 1.325 2.907

CI, confidence interval.

https://doi.org/10.1371/journal.pone.0239440.t004

correlated with the prognosis, particularly in patients without any alternative feeding pathway
(PEG or a CV port) (Fig 5A and 5B).

Discussion

The number of deaths from pneumonia has been increasing in Japan because of the increase
in proportion and number of elderly people among the nation’s population. In most of the
elderly patients with pneumonia, swallowing function is impaired and, hence, should be evalu-
ated [2, 8]. Based on our findings, Fujishima’s swallowing ability grade helps predict the

A Initial Fujishima’s swallowing grade
Grade 1 MST 70 days _ * — Grade 1
100 Grade 2 MST 210 days ] p:gq;gg ]
_ Grade 3 MST 501 days-—-l p=0. —— Grade 2
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2 ]
> 2
w -
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< ]
8
[ ]
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0 T T T T ]
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1004 PEG (-) MST 214 days :I — PEG(-)
- 1 PEG (+) MST 589 days — PEG (+)
2 1
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Fig 2. Group I patients’ survival curves classified by significant prognostic factors identified by Cox regression
analysis. (A) Patients were initially classified using Fujishima’s swallowing ability grade (*p < 0.05). (B) Patients were
classified by the existence of PEG (**p < 0.01). PEG, percutaneous endoscopic gastrostomy.

https://doi.org/10.1371/journal.pone.0239440.g002
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Fig 3. Assessment of the survival benefit of an alternative feeding pathway (PEG or CV port). (A), (B), and (C)
Survival curves of patients in each initial grade. (D) and (E) Survival curves of patients with or without PEG. PEG,
percutaneous endoscopic gastronomy; CV port, central venous port.

https://doi.org/10.1371/journal.pone.0239440.9003

prognosis of elderly patients. We have shown that PEG significantly extended life expectancy
in patients with very severe dysphagia alone. This observation is consistent with recent reports
from Japan [12, 18] but inconsistent with earlier reports from other countries [19, 20]. The dis-
crepancy regarding PEG’s utility in elderly patients between the findings of a recent Japanese
paper and old reports from other countries can be explained by differences in the patients’
background characteristics, health insurance system, or use of sophisticated medical devices
[12, 13, 18]. In general, the elderly do not prioritize prolonging their life over ensuring the
quality of their life [21-23].

On the other hand, we did not find any survival advantage for the use of a CV port. This is
probably because the general condition of patients requiring a CV port is severe. Hence, we
should carefully select candidates requiring a CV port with thorough informed consent. Since
PEG can improve the prognosis in elderly patients with severe dysphagia, we need to decide
the indications for these patients, since euthanasia is not allowed in Japan and, once a life-pro-
longing device is started, it is very difficult to stop using it. Since most patients with severe dys-
phagia cannot decide on their medical procedures by themselves because of their decreased
cognitive function, their families must face this decision and select appropriate procedures.
This issue involves not only a medical problem but also ethical and social problems [24].
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Fig 4. Correlation of nutritional status (serum albumin concentration) in patients with central venous port.
Serum albumin level of patients with or without central venous port (CV port). Student’s t-test was performed.
*p < 0.05 for patients with CV port (n = 9) versus patients without CV port (n = 142).

https://doi.org/10.1371/journal.pone.0239440.9004

It is easy to speculate that lower nutrition levels in patients without oral intake may reduce
their survival time. However, no previous study has clearly reported on the limitation of paren-
teral nutrition, which may increase family’s excessive expectation for the survival of the
patient. It is often difficult for patients’ family or relatives to understand the connection
between impaired swallowing function and their survival rate of elderly people. Although pre-
vious literature has suggested the utility of percutaneous endoscopic gastrostomy, our study
revealed there is a limit, as we could not find any difference in prognosis in Grade 3 patients.
Importantly, patients with severe dysphagia will die in a very short time if they are given only
peripheral venous nutrition rather than a central venous port. Thus, our data may facilitate
better decision-making by family members or close relatives in clinical settings. Furthermore,
previous studies have suggested the utility of PEG, but our study revealed there might be a
threshold, as we could not find any difference in the prognosis of Grade 3 patients.

The current study has certain limitations, since it was a retrospective study and all the
patients’ data were obtained from a single institute. Previously, in our institution, one well-
trained ST alone had been assessing the swallowing function for all patients since 2008. Since
2010, another ST collaborated with him to evaluate patients. Because the first ST mentored the
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Survival curves of patients with or without PEG. Patients were classified into three groups according to their initial
grade. PEG, percutaneous endoscopic gastronomy.

https://doi.org/10.1371/journal.pone.0239440.9005

second one, their evaluation criteria were similar. Thus, we need to consider the limitation of
lack of inter-individual reproducibility.

However, issues surrounding an individual’s end of life are very sensitive and cannot be
clarified by interventional trials. We successfully collected long-term follow-up data, since this
study involved a hospital based in the study area. Despite these limitations, our study is
expected to benefit clinical settings and, particularly, individuals involved in the terminal care

of elderly people.
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