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ORIGINAL ARTICLE

Percutaneous Endoscopic Gastrostomy Reduces
Aspiration Pneumonia Rate in Stroke Patients with
Enteral Feeding in Convalescent Rehabilitation Wards

Yasunori Ikenaga, MD, PhD #" Tadayuki Kusunoki, DS * and Hiromi Yamaguchi, MS, PhD 2

Objectives: The effect of percutaneous endoscopic gastrostomy (PEG) on the prevention of
aspiration pneumonia and improvements in activities of daily living (ADL) for enteral feeding-
dependent stroke patients is unclear. We sought to clarify differences in the rates of aspiration
pneumonia and ADL improvement between stroke patients receiving PEG and those receiving
nasogastric tube feeding (NGT) in convalescent rehabilitation wards. Methods: We assessed 10
years of data from the Kaga Regional Cooperation Clinical Pathway for Stroke, which covers
patients in the southern district of Ishikawa Prefecture of Japan. Logistic regression analysis
with propensity score adjustment was used to examine how the enteral feeding method affected
aspiration pneumonia rates. Linear regression analysis, adjusted by propensity scores, was also
performed to ascertain the effect of the enteral feeding method on ADL improvement. Results:
Overall, 47 patients with PEG and 49 patients with NGT were analyzed. The incidence of aspira-
tion pneumonia was 4.67 times higher in the NGT group than in the PEG group in the propensity
score-adjusted logistic regression analysis (odds ratio 4.67, 95% confidence interval 1.30-16.67,
P=0.02). The enteral feeding method had no significant effect on ADL improvement in the pro-
pensity score-adjusted linear regression analysis. Conclusions: In convalescent rehabilitation
wards, aspiration pneumonia was more likely to occur in stroke patients with NGT than in those
with PEG; however, the enteral feeding method did not affect ADL improvement. These results
provide a basis for determining the appropriate enteral feeding method for stroke patients who
cannot take adequate nutrition orally during convalescence/rehabilitation.
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INTRODUCTION

Dysphagia is a major complication after stroke that affects
27% to 64% of stroke patients.? About half of these pa-
tients can take food orally within 2 weeks of stroke onset, but
others have prolonged dysphagia.’* Previous studies have
reported that stroke patients with prolonged dysphagia tend
to develop aspiration pneumonia and have a longer hospital
stay, a greater risk of mortality, and a lower rate of home

discharge than patients without prolonged dysphagia.*~®

Percutaneous endoscopic gastrostomy (PEG) and naso-
gastric tube feeding (NGT) are widely applied for stroke pa-
tients who cannot take adequate nutrition orally.”® Previous
studies have reported that long-term NGT causes aspiration
pneumonia because of the presence of the nasal tube in the
pharynx.® ') Other reports have suggested that NGT may
interfere with improvements in the ability to perform activi-
ties of daily living (ADL) because patients sometimes need
to be restrained to prevent self-removal of the NGT tube.!?!3
However, a recent meta-analysis comparing PEG and NGT
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failed to show a statistically significant difference in the rates
of aspiration pneumonia.'” This result indicates that the
preventive effect of PEG on aspiration pneumonia for enteral
feeding-dependent stroke patients remains unclear. In terms
of improvements in ADL, to the best of our knowledge, no
previous study has reported that PEG is more effective than
NGT in improving ADL in enteral feeding-dependent stroke
patients. Consequently, there is still no evidence on whether
PEG is more effective in preventing aspiration pneumonia
and more advantageous in terms of improving ADL than
NGT for enteral feeding-dependent stroke patients.

One reason for the absence of a significant difference be-
tween PEG and NGT in terms of the rate of aspiration pneu-
monia is the heterogeneity among the study patients who had
various diseases such as stroke and head and neck cancer and
were in the acute and chronic phases of disease.'*'") As a
result, it is necessary to investigate the difference in the rates
of aspiration pneumonia between patients receiving PEG
and NGT by focusing on a specific disease and phase (acute,
convalescent, or chronic) to clarify whether PEG or NGT is
the optimal enteral feeding method for stroke patients who
cannot take adequate nutrition orally.

Early PEG placement within 2 weeks after stroke onset
reportedly increases the mortality and complication rates,'®
whereas continuous use of NGT in the chronic phase report-
edly causes complications such as nasal ulcers, sinusitis, and
reflux esophagitis.'? Although there have been reports com-
paring PEG and NGT in the acute and chronic phases, we
found no reports in the literature comparing PEG and NGT
in the convalescence/rehabilitation phase when intensive
rehabilitation is provided.'” Because post-stroke patients are
expected to gain the maximum improvement in motor func-
tion and ADL during the convalescence/rehabilitation phase,
it is important to avoid aspiration pneumonia and to select
the best enteral feeding method.

This study aimed to clarify the optimal nutritional man-
agement of enteral feeding-dependent stroke patients in con-
valescent rehabilitation wards. To this end, we determined
whether there were differences in the rate of aspiration pneu-
monia, self-removal of the enteral feeding tube, and ADL
improvement between dysphagic stroke patients receiving
PEG and those receiving NGT in the convalescence/rehabili-
tation phase. We also examined whether PEG is superior to
NGT in terms of the rate of aspiration pneumonia and ADL
improvement by using regression analysis with propensity
score adjustment.

MATERIALS AND METHODS

Study Design

This study used a case—control design to compare dys-
phagic stroke patients with enteral feeding via PEG or via
NGT at the time of admission to convalescent rehabilitation
wards (CRWs) and who were still receiving the same enteral
feeding (PEG or NGT) at the time of discharge from the
CRWs. PEG was recommended to the patients and/or their
families by the doctors in charge at the acute care hospitals
according to the guideline proposed by ESPEN.?? If a patient
and/or their family rejected PEG, their enteral nutrition was
continued with NGT. All patients entered the CRWs within
2 months of stroke onset. Patients who were transferred to
acute care hospitals from CRWs for intensive care or who
died in a CRW were excluded from this study. All the pa-
tients eligible for analysis had medical care for aspiration
pneumonia in the CRWs. Patients who were dependent on
enteral feeding for diseases other than stroke and patients
who were dependent on enteral feeding before the onset of
stroke were also excluded.

Database

Ten years of data (2010-2019) from the Kaga Regional
Cooperation Clinical Pathway for Stroke (KRCCPS) were
analyzed for this study. KRCCPS is used in the southern part
of Ishikawa Prefecture in Japan, a region populated by about
1 million people, and has been implemented since 2009 in 19
acute care hospitals, 11 hospitals with CRWs, and 466 facili-
ties for community-based rehabilitation. By the end of 2019,
KRCCPS had been used for more than 5000 patients and was
deeply integrated in the district.?!?? Patients’ demograph-
ics; stroke-related assessments; and medical information
from physicians, nurses, physical therapists, occupational
therapists, speech-language-hearing therapists, pharmacists,
nutritionists, health-care workers, and dentists are recorded
in the KRCCPS using Microsoft Excel worksheets. The
information in KRCCPS is shared throughout acute care
hospitals, CRWs, and community-based rehabilitation fa-
cilities. Informed consent for using the data in KRCCPS was
obtained from all the patients or their key persons at the time
of admission to acute care hospitals.

In the KRCCPS database, the type of stroke (cerebral in-
farction, cerebral hemorrhage, or subarachnoid hemorrhage),
the location of the lesion (infratentorial or supratentorial),
paralyzed side/ataxia, first-time or recurrent stroke, date
of onset, and the date of CRW admission and discharge
were recorded. The National Institutes of Health Stroke
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Scale (NIHSS) score?? was recorded to reflect the severity
of the stroke. The NIHSS score on the day of stroke onset
was evaluated by the stroke treatment team belonging to
the acute care hospital. Complications, such as aspiration
pneumonia, self-removal of the enteral feeding tube, hyper-
tension, diabetes mellitus (DM), impaired lipid metabolism,
and atrial fibrillation were recorded. The diagnosis of as-
piration pneumonia was made according to the guidelines
of the Japanese Respiratory Society.”” The physiatrists in
the CRWs diagnosed aspiration pneumonia based on the
results of the infiltrative findings of chest X-rays and/or chest
computed tomography, and inflammatory findings of serum
blood tests such as high levels of C-reactive protein and high
white blood cell counts. Because all the patients in this study
had severe swallowing dysfunction, infiltrative findings on
chest imaging combined with inflammatory findings on
serum blood tests could be considered a diagnosis of aspira-
tion pneumonia. The Dysphagia Severity Scale (DSS) and
Functional Oral Intake Scale (FOIS) scores were recorded to
evaluate the severity of dysphagia. The DSS can be used to
evaluate the patient’s swallowing function because of accept-
able levels of interclass reliability and validity established in
previous studies.?> 2% The FOIS is a well-established and re-
liable scale that is used internationally to evaluate a patient’s
capability for oral intake.’*? Body mass index (BMI; kg/
m?)* was recorded on the dietitian’s sheet. The Functional
Independence Measure (FIM) was used to evaluate the level
of ADL. The FIM is a well-established, reliable, and vali-
dated scale of ADL, with 13 items for motor function and 5
items for cognitive function.’*3) The DSS, FOIS, BMI, and
FIM were evaluated by trained multidisciplinary teams in the
CRWs on the days of admission and discharge. All patients
received indirect and/or direct swallowing training provided
by speech—-language—hearing therapists in the CRWs, and if
possible, patients started eating selected food items.

Variables and Measures

Age; sex; initial or recurrent stroke; type of stroke; lesion
location (supratentorial or infratentorial); and motor impair-
ment features (right, left, bilateral, or ataxia) were compared
between the groups. The NIHSS score was used to compare
the severity of stroke between the groups. The incidence of
aspiration pneumonia is reportedly higher in patients with
DM;3%37) therefore, we also compared the rates of DM be-
tween the two groups. Because a difference in the rate of
aspiration pneumonia has been reported depending on the
severity of dysphagia,’® we compared the DSS and FOIS
scores at admission to the CRWs between the two groups.

Furthermore, low nutritional status has been associated with
the development of aspiration pneumonia;***? as a result,
we compared BMI at admission to the CRWs between the
two groups. The FIM score at admission to the CRWs and
the improvement in FIM score during hospitalization in the
CRW were compared between the two groups. The outcomes
of patients are better in wards managed by board-certified
physiatrists than in wards managed by non-board-certified
physiatrists;*") consequently, we compared the number of
patients who were hospitalized in CRWs managed by board-
certified physiatrists between the groups. The improvement
in FIM score and the increase in BMI during hospitalization
in the CRWs were compared to determine whether there were
differences in ADL improvement and changes in nutritional
status depending on the type of enteral feeding. The duration
of hospitalization in CRWs was also compared between the
two groups.

Data Analysis

SPSS version 26.0 for Windows (IBM Corporation,
Armonk, NY, USA) was used for statistical analysis. De-
mographic data were compared using the Mann—Whitney
U-test or the chi-squared test. Because the aim of this study
was to identify the effect of PEG on the prevention of aspira-
tion pneumonia, we set the rate of aspiration pneumonia as
the dependent factor and the type of enteral feeding (PEG or
NGT) as the independent factor with propensity score adjust-
ment. Logistic regression analysis was used to calculate the
odds ratio of the rate of aspiration pneumonia during hos-
pitalization in the CRWs. A linear regression analysis was
performed with the increase in FIM motor score during hos-
pitalization in CRWs as the dependent variable and the type
of enteral feeding as the independent variable, adjusted by
the propensity score, to examine whether the type of enteral
feeding affected the FIM motor score gain. If no significant
difference was obtained, stepwise linear regression analysis
was used to identify the independent factors that affect FIM
motor score gains.

Ethical Considerations

All data in the KRCCPS were anonymized and the patients
were not identified. This study was approved by the Ethics
Committee of Yawata Medical Center in Ishikawa, Japan.
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Patients enrolled in KRCCPS n=5278

.

Patients with enteral feeding on admission to CRWs n=332

l
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Died in a CRW n=1
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feeding on PEG on NGT on CRWs feeding on
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CRWs =P | CRWs _
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n=34 n=47 n=49 n=109
<PEG group> <NGT group>

KRCCPS: Kaga Regional Cooperation Clinical Pathway for Stroke, CRW: convalescent rehabilitation ward,
PEG: percutaneous endoscopic gastrostomy, NGT: nasogastric tube feeding

Fig. 1. Flowchart of patient selection criteria.

RESULTS

We screened the data of 5278 KRCCPS cases and found
332 patients who were enteral feeding-dependent at the time
of admission to the CRWs. Twenty-six were excluded due to
missing data. Four patients were excluded from this study:
three were transferred to acute care hospitals from CRWs
for intensive care and one patient died in a CRW. Overall,
143 patients were weaned from enteral feeding during their
stay in the CRWs, and 63 patients were switched from NGT
to PEG. Finally, 96 cases were eligible for inclusion in this
study: 47 cases in the PEG group and 49 cases in the NGT
group (Fig. 1).

There were no statistical differences in age, sex, stroke
incidence, type of stroke, lesion location, rate of DM, or
NIHSS scores at stroke onset between the PEG and the NGT
group (Table 1). On admission to the CRWs, the PEG group
had stayed in the acute care hospitals for about 12 days longer
than the NGT group; however, the FIM cognitive score was
lower in the NGT group (Table 2). During hospitalization
in the CRWs, the rate of aspiration pneumonia was higher
in the NGT group than in the PEG group. Furthermore, the

rate of self-removal of the enteral feeding tube was 38.8%
in the NGT group, whereas none of the patients in the PEG
group removed their tube (Table 3). The FIM motor score at
the time of discharge from the CRWs was higher in the PEG
group (Table 4).

The preventive effect of PEG on aspiration pneumonia
during hospitalization in CRWs was analyzed by logistic
regression analysis with propensity score adjustment. The c-
statistic was 0.85, and the adjustment of the propensity score
was deemed appropriate. The odds ratio for the incidence of
aspiration pneumonia in the NGT group was 4.67, indicating
that aspiration pneumonia was 4.67 times more likely in the
NGT group than in the PEG group (B=1.54, odds ratio 4.67,
95% confidence interval [CI] 1.30-16.67, P=0.02). The type
of enteral feeding (PEG or NGT) did not have a statistically
significant effect on the increase in FIM motor score at the
time of discharge from the CRWs in the linear regression
analysis adjusted by the propensity score (f=—0.97, 95% CI
—3.51 to 1.58, P=0.45). We chose the number of days from the
onset of stroke to admission to the CRWs, the FIM cognitive
score at the time of admission to the CRWs, and the type of
enteral feeding as independent factors for contributing to the
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Table 1. Characteristics of patients at the onset of stroke

Characteristic PEG group (n=47)  NGT group (n=49) P values
Age (years) 77.94+10.13 78.53+11.52 0.61
Sex, male/female 26/21 26/23 0.84
Stroke incidence, initial/recurrent 30/17 38/11 0.18
Type of stroke,
ir?tgrction/ hemorrhage/subarachnoid hemorrhage 26/17/4 242055 0.82
Lesion location, supratentorial/infratentorial 38/9 43/6 0.41
Diabetes mellitus, yes/no 6/41 11/38 0.29
NIHSS score 20.04+8.20 19.07+6.99 0.15
Data are presented as mean+standard deviation or n.

Table 2. Characteristics of patients at the time of admission to convalescent rehabilitation wards
Characteristic PEG group (n=47) NGT group (n=49) P values
Efjézzgoglfoog;e\;jo(fdj;‘s’;‘e 47.87+8.09 35.92+14.03 <0.01%
Paresis side or ataxia, right/left/bilateral/ataxia 17/14/15/1 12/26/9/2 0.10
DSS score 1.74+0.79 1.51+0.68 0.14
FOIS score 1.40+0.54 1.41+0.57 0.94
FIM motor score 13.984+3.24 13.86+3.36 0.71
FIM cognitive score 8.57+3.73 7.43+4.29 0.03*
BMI (kg/m?) 20.06+2.40 20.67+3.06 0.06
CRW managed by certified physiatrists, yes/no 38/9 45/4 0.14
Data are presented as the mean+tstandard deviation or n.
*Statistically significant, P<0.05; ** P<0.01.

Table 3. Characteristics of patients during hospitalization in convalescent rehabilitation wards
Characteristic PEG group (n=47)  NGT group (n=49) P values
Aspiration pneumonia, yes/no 6/41 18/31 0.01*
Self-removal of the enteral feeding tube, yes/no 0/47 19/30 <0.01%*
Data are presented as n.
*Statistically significant, P<0.05; **P<0.01.

Table 4. Characteristics of patients at the time of discharge from convalescent rehabilitation wards
Characteristic PEG group (n=47)  NGT group (n=49) P values
FIM motor score 16.87+6.62 15.65+7.01 0.02*
FIM cognitive score 10.49+5.30 9.69+6.94 0.07
FIM motor score gain 2.89+5.11 2.024+4.89 0.08
FIM cognitive score gain 1.91+£3.37 2.27+4.86 0.52
BMI (kg/m?) 19.03£2.55 19.36+3.04 1.0
BMI change (kg/m?) -1.03+2.59 —-1.31£2.24 0.28
Duration of CRW stay (days) 113.74+50.42 122.96+60.16 0.42

Data are presented as the mean+standard deviation.
*Statistically significant, P<0.05.
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increase in FIM motor score at the time of discharge from
the CRWs. Stepwise linear regression analysis rejected the
time from the onset of stroke to admission to the CRWs and
the type of enteral feeding, leaving only the FIM cognitive
score at admission to the CRWs as a significant contributor to
the increase in motor FIM score (=0.45, 95% CI 0.22—0.69,
P<0.01).

DISCUSSION

In this study, we found that aspiration pneumonia was 4.67
times more likely to develop in enteral feeding-dependent
stroke patients in the CRWs managed with NGT than with
PEG. Overall, 38.8% of patients in the NGT group self-
removed the feeding tube during hospitalization, whereas
none in the PEG group did so. The type of enteral feeding
(PEG or NGT) did not have any effect on the increase in FIM
motor score at the time of discharge from the CRWs, but the
cognitive FIM score at the time of admission to the CRWs
was a statistically significant contributor to such gain. No
previous report has clarified the effect of PEG on the preven-
tion of aspiration pneumonia for enteral feeding-dependent
stroke patients in the convalescence/rehabilitation phase or
investigated whether the enteral feeding method affected
ADL improvement.

A recent meta-analysis comparing PEG and NGT did not
show a statistically significant difference in the rate of aspi-
ration pneumonia.'” One of the reasons for the absence of
a statistically significant difference in the rate of aspiration
pneumonia between those receiving PEG and NGT was het-
erogeneity arising from the inclusion of patients with vari-
ous diseases, such as stroke and head and neck cancer, and
those in the acute and chronic phases of the disease.'*"!") In
the current study, we compared the effect of PEG and NGT
only in patients with stroke who were in CRWs and who had
severe dysphagia. We also selected patients who continued
to receive the same method of enteral feeding (PEG or NGT)
during their entire stay in CRWs. In other words, our study
included statistically homogeneous patients, and this may
have helped to clarify the effect of PEG, compared with that
of NGT, in preventing aspiration pneumonia.

Chang et al. evaluated the severity of dysphagia based on
video endoscopic findings and concluded that PEG was more
effective than NGT in preventing aspiration pneumonia in
patients with severe dysphagia who had marked secretions
in their pharynx.'” In our study, patients in both the PEG
and NGT groups had severe dysphagia, and our findings
indicated that PEG was more effective than NGT in prevent-

ing aspiration pneumonia, which was in agreement with the
findings of Chang et al.

Baeton et al. reported that patients in the NGT group were
restrained three times more often than those in the PEG
group to prevent self-removal of the enteral feeding tube.
They also concluded that PEG should be chosen for long-
term tube-feeding management because NGT causes more
discomfort than PEG.!? Allison et al. and Park et al. reported
that more patients self-extracted the NGT than the PEG be-
cause the former caused discomfort of the nasopharynx.!34?
In our study, self-removal of the enteral feeding tube did not
occur in the PEG group, but it occurred in 38.8% of patients
in the NGT group. This result clearly demonstrated that self-
removal of the enteral feeding tube was much more likely
to occur in the NGT group than in the PEG group, which is
consistent with the conclusions of Park et al. and Allison et
al. Therefore, PEG is recommended when prolonged enteral
feeding is required.

In this study, the increase in FIM motor score was higher in
the PEG group, but when linear regression analysis adjusted
by the propensity score was used to examine whether the type
of enteral feeding affected the FIM motor score gain, there
was no statistically significant difference. According to the
stepwise linear regression analysis, which included the time
from the onset of stroke to admission to the CRWs, the FIM
cognitive score at the time of admission to the CRWs, and the
enteral feeding method as independent variables, only the
FIM cognitive score at admission to the CRWs contributed
to the increase in FIM motor score. In previous studies that
examined variables affecting ADL in stroke patients, cogni-
tive function was shown to affect ADL improvement,*~4%)
which was concordant with our result. Whether PEG has a
beneficial effect on ADL improvement compared with NGT
needs to be examined in a database with a larger number of
cases.

This study had several limitations due to its design as a
retrospective case—control study that analyzed data from
multiple centers. First, medication use was not taken into
consideration. It has been reported that angiotensin-convert-
ing enzyme inhibitors can prevent aspiration pneumonia,*®
but a recent analysis with a large number of cases did not
support this finding.*”) Furthermore, it has been stated that
cilostazol can prevent aspiration pneumonia,*® but this was
based on a small number of cases. Consequently, it remains
unclear whether these drugs can in fact prevent aspiration
pneumonia. Therefore, it is unlikely that differences in the
medications used affected the rate of aspiration pneumonia
in our study. Second, chronic obstructive pulmonary disease

Copyright © 2021 The Japanese Association of Rehabilitation Medicine
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(COPD), a respiratory disease that is easily complicated by
pneumonia, 43 was not considered. However, the diagnosis
of COPD requires spirometery,”? and the patients investi-
gated in this study had severe disability, making it almost
impossible to examine them using spirometry. Appropriate
enteral feeding (PEG or NGT) for dysphagic stroke patients
with COPD needs to be clarified by a prospective study
recruiting patients with a diagnosis of COPD before the
onset of stroke. Third, aspiration pneumonia was diagnosed
clinically, and pneumonia types other than aspiration pneu-
monia may also have been included. However, the definition
of aspiration pneumonia remains vague and unclear.’>>)
Because all the patients in this study had severe dysphagia,
and the diagnosis of aspiration pneumonia was made accord-
ing to the guidelines of the Japanese Respiratory Society,>¥
pneumonia that occurred during hospitalization in CRWs in
this study was likely to be aspiration pneumonia.

In conclusion, this study clarified the effect of PEG on the
prevention of aspiration pneumonia in stroke patients requir-
ing enteral feeding during the convalescence/rehabilitation
phase. Our results provide a basis for determining the appro-
priate enteral feeding method for dysphagic stroke patients
who undergo rehabilitation in CRWs.
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