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Abstract

AIM: To examine the long term survival of geriatric
patients treated with percutaneous endoscopic gas-
trostomy (PEG) in Japan.

METHODS: We retrospectively included 46 Japanese
community and tertiary hospitals to investigate 931
consecutive geriatric patients (= 65 years old) with
swallowing difficulty and newly performed PEG be-
tween Jan 1st 2005 and Dec 31st 2008. We set death
as an outcome and explored the associations among
patient’s characteristics at PEG using log-rank tests
and Cox proportional hazard models.

RESULTS: Nine hundred and thirty one patients were
followed up for a median of 468 d. A total of 502 deaths
were observed (mortality 53%). However, 99%, 95%,
88%, 75% and 66% of 931 patients survived more
than 7, 30, 60 d, a half year and one year, respectively.
In addition, 50% and 25% of the patients survived 753
and 1647 d, respectively. Eight deaths were considered
as PEG-related, and were associated with lower serum
albumin levels (P = 0.002). On the other hand, among
28 surviving patients (6.5%), PEG was removed. In
a multivariate hazard model, older age [hazard ratio
(HR), 1.02; 95% confidence interval (CI), 1.00-1.03; P
= 0.009], higher C-reactive protein (HR, 1.04; 95% CI:
1.01-1.07; P = 0.005), and higher blood urea nitrogen
(HR, 1.01; 95% CI: 1.00-1.02; £ = 0.003) were signifi-
cant poor prognostic factors, whereas higher albumin
(HR, 0.67; 95% CI: 0.52-0.85; £ = 0.001), female gen-
der (HR, 0.60; 95% CI: 0.48-0.75; P < 0.001) and no
previous history of ischemic heart disease (HR, 0.69;
95% CI: 0.54-0.88, » = 0.003) were markedly better
prognostic factors.

CONCLUSION: These results suggest that more than
half of geriatric patients with PEG may survive longer
than 2 years. The analysis elucidated prognostic factors.

© 2010 Baishideng. All rights reserved.

Key words: Percutaneous endoscopic gastrostomy; En-
teral nutrition; Comorbidity; Survival; Risk factor
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INTRODUCTION

Percutaneous endoscopic gastrostomy (PEG) was initial-
ly developed as an enteral nutrition technique by Gaud-
ere et al" and Ponsky ez al” in 1980. Since then, PEG has
been widely used for patients with swallowing difficulty,
because of reduced laryngopharyngeal discomfort and a
lower risk of aspiration pneumonia compared with a na-
sogastric tube”™". However, PEG feeding was found to
be associated with an absolute increase in risk of death
compared with nasogastric feedingls]. In spite of the evi-
dence, PEG has been widely used especially for geriatric
patients with the increasingly aging society. Despite the
very large number of patients receiving this intervention,
there is insufficient evidence to suggest that PEG is ben-
eficial for patients with swallowing difficulty arising from
dementia or other chronic diseases'®”. Therefore, we
conducted retrospective studies in multiple community
hospitals in Japan to examine the long-term survival of
geriatric patients treated with PEG and to delineate the
factors associated with their mortality.

MATERIALS AND METHODS
Study design and population

We conducted a retrospective cohort study of patients
who underwent PEG between 2005 Jan 1st and 2008 Dec
31st at 46 community hospitals all over Japan, selected by
the panel of 103 doctor-experts in PEG and the trustees
of the PEG Doctors’ Network as a non-profit organiza-
tion. The study was approved by the institutional review
board of each hospital. Doctors in charge of PEG in
the selected hospitals were asked to examine 20 consecu-
tive patients on whom a new PEG was performed, after
excluding patients (1) whose age was < 64 years old; (2)
who had previously had a gastrectomy; (3) who had can-
cer considered to affect the patient’s prognosis; and (4)
who had gastrostomy performed for reasons other than
nutritional support. The doctors were further asked to re-
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port the number of excluded cases as well as the number
of patients who were considered as lost to follow-up.

Outcome measure

The primary outcome was set as death and the cut-off date
was set at October 2009. In the case where the patient was
alive, the doctor was further asked the status of the patient
according to the following: (1) admission to this hospital,
(2) admission in other hospital, (3) stay at nursing home, (4)
stay at home, or (5) other. In case of loss to follow-up, the
final date the patient was confirmed as alive was censured.
Causes of death were selected from one from following:
(1) primary diagnosis warranting PEG; (2) pneumonia;
(3) cardiac failure; (4) cancer; (5) the PEG procedure; (6)
other; and (7) unknown. The secondary endpoint was the
removal of PEG because of improvement in the patient’s
condition.

Variables

The following data were collected: (1) age; (2) gender; (3)
height; (4) weight; (5) body temperature; (6) white blood
cell (WBC)/uL; (7) hematoctit (Ht): %; (8) hemoglobin
(Hb): g/dL; (9) aspartate aminotransferase (AST): IU/L; (10)
alanine aminotransferase (ALT): IU/L; (11) blood urea ni-
trogen (BUN): mg/dL; (12) serum creatinine (Cr): mg/dL;
(13) serum albumin: g/dL; (14) C-reactive protein (CRP):
mg/dL; (15) previous history of pneumonia or ischemic
heart disease; (16) comorbidity of dementia, diabetes,
serious malnutrition judged by the doctor in charge; (17)
starvation period before having PEG: none, within 1 wk,
within 1 mo, more than 1 mo; and (18) primary diagnosis
or underlying disease warranting PEG, selected from one
of the following: (1) Neurological disease: (a) Parkinson’s
disease; (b) amyotrophic lateral sclerosis; (c) multiple system
atrophy; or (d) other neurological disease; (1) Cerebrovas-
cular disease: (a) cerebral infarction; (b) cerebral hemor-
rhage; (c) subarachnoid hemorrhage; or (d) other cerebro-
vascular disease; (III) Dementia: (a) severe; (b) mild; or (c)
other type of dementia; and (IV) Other disease, at the time
of the PEG procedure, obtained from medical charts.

Statistics analysis

The Student ~test and Mann-Whitney U test were pet-
formed for continuous variables with normal and not
normal distribution, respectively. Overall survival curves
were drawn using the Kaplan-Meier method and com-
pared for each variable using log-rank tests. The Cox
proportional hazard models were fitted for multivariate
analysis using variables significant in the log-rank tests
and other tests. Adjusted hazard ratios (AHR) and 95%
confidence intervals (CI) were determined. All statisti-
cal analyses were performed using STATA 11.0 (STATA
Cortp., College Station, TX). P < 0.05 was considered sta-
tistically significant.

RESULTS
Of the 1168 patients who underwent PEG at the 46 se-
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Variable Total (n = 931) Alive (n = 429) Dead (7 = 502) P-value
Age (yr) 814+78 80.0+7.9 82.6+7.6 <0.0001"
Height (cm) 153.0 +10.4 1524 £10.5 153.5£10.2 0.20'
Weight (kg) 44.7 +10.7 449+108 44.6 £10.6 0.79'
Body mass index (kg/m’) 193+3.7 19.5+4.0 19.1+3.6 0.22'
Body temperature (C) 36.7+0.5 36.7£0.5 36.7£0.5 0.82'
White blood cell (/uL) 25/50/75 percentile 5470/6770/8700 5500/ 6640/ 8570 5420/6800/8800 0.33
C-reactive protein (mg/dL) 25/50/75 percentile 04/1.2/2.8 0.4/1.0/2.4 04/1.2/3.2 0.016>
Hematocrit (%) 25/50/75 percentile 29.8/33.5/37.1 30.9/34.2/37.7 29.2/32.8/36.6 0.0001°
Hemoglobin (g/dL) 25/50/75 percentile 9.8/11.0/12.3 10.1/11.3/12.6 9.5/10.8/12.1 0.0001°
Aspartate aminotransferase (IU/L) 25/50/75 percentile 18/24/35 18/23/31 18/24/39 0.019*
Alanine aminotransferase (IU/L) 25/50/75 percentile 12/19/33 12/19/29 11/20/40 0.22°
Blood urea nitrogen (mg/dL) 25/50/75 percentile 12.8/17.7/24.8 12.4/17.0/23.1 13.0/18.6/26.1 0.018
Serum creatinine (mg/dL) 25/50/75 percentile 0.42/0.59/0.80 0.40/0.56/0.76 0.44/0.60/0.81 0.0096
Albumin (g/dL) 25/50/75 percentile 2.6/3.0/3.3 2.7/3.0/3.4 2.6/2.9/3.2 0.0013°

'The Student -test was applied because the distribution was considered as normal; *The Mann-Whitney test was applied because the distribution was consid-

ered as not normal.

Figure 1 The distribution of primary diagnosis warranting percutaneous
endoscopic gastrostomy. 1: Parkinson’s disease (7%); 2: Amyotrophic lateral
sclerosis (2%); 3: Multiple system atrophy (2%); 4: Other neurological disease
(2%); 5: Cerebral infarction (40%); 6: Cerebral hemorrhage (11%); 7: Sub-
arachnoid hemorrhage (3%); 8: Other cerebrovascular disease (1%); 9: Severe
dementia (15%); 10: Mild dementia (3%); 11: Other type of dementia (14%).

lected hospitals, 237 were excluded from further analyses,
having met at least one of the exclusion criteria, and thus
931 patients were followed and the median duration was
468 d, ranging from 1 to 1668 d. Among 931 patients,
122 patients were censored due to loss to follow-up at a
median of 71 d, ranging from 6 to 1582 d. Mean age was
81.4 years old, ranging from 65 to 99 years. Females were
predominant (54%). The distribution of primary diagnosis
warranting PEG is shown in Figure 1, where cetebro-
vascular diseases accounted for more than half of the
study population. In the previous history, pneumonia and
ischemic heart disease were reported in 63% and 19% of
patients, respectively. In addition, diabetes comorbidity was
18%. In total, 502 deaths were observed (mortality 53%),
of which 10 deaths (2.0%) occurred within 7 d, 49 (9.8%)
within 30 d, 105 (21%) within 60 d, 216 (43%) within 6 mo,
and 287 (57%) within 1 year. Causes of death classified
by the doctors are shown in Figure 2, and pneumonia was
the major cause of death. Eight deaths were considered
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Figure 2 Causes of death classified by the doctors. 1: Pneumonia (59%); 2:
Cardiac (14%); 3: Cancer (3%); 4: Other (22%); 5: Unknown (2%).

1.00
0.75
0.50 r
0.25 r

0.00 G | ! | |
500 1000 1500 2000
Days after PEG

Survival

o

Figure 3 Kaplan-Meier survival curve of 931 patients. PEG: Percutaneous
endoscopic gastrostomy.

as PEG-related deaths, according to the reports of the
doctors. On the other hand, among 28 surviving patients
(6.5%), PEG was removed.

Continuous variables of demographic and laboratory
data at PEG installation were first compared between
alive and dead patients (Table 1). Age, CRP, AST, BUN
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Figure 4 Kaplan-Meier survival curves compared. A: Gender; B: Previous history of pneumonia; C: Dementia; D: Previous history or comorbidity of diabetes; E: Previ-
ous history of ischemic heart disease; F: Presence of malnutrition as judged by the doctors; G: Starvation period before having percutaneous endoscopic gastrostomy:
none, within 1 wk, within 30 d, more than 30 d; H: Cerebrovascular disease as an underlying disease; I: Neurological disease as an underlying disease. PEG: Percutane-

ous endoscopic gastrostomy.

Variable Single variable analyses Multivariate analysis
Crude HR 95% Cl P-value AHR 95% CI P-value

Age (yr) 1.03 1.01-1.04 <0.001 1.02 1.00-1.03 0.009
C-reactive protein (mg/dL) 1.07 1.05-1.10 <0.001 1.04 1.01-1.07 0.005
Hemoglobin (g/dL) 0.91 0.87-0.95 <0.001 0.98 0.92-1.05 0.530
Alanine aminotransferase (IU/L) 1.01 1.00-1.01 <0.001 1.00 0.10-1.00 0.170
Blood urea nitrogen (mg/dL) 1.01 1.01-1.02 <0.001 1.01 1.00-1.02 0.003
Serum creatinine (mg/dL) 0.99 0.95-1.03 0.640 0.94 0.83-1.05 0.280
Albumin (g/dL) 0.52 0.43-0.63 <0.001 0.67 0.52-0.85 0.001
Female 0.70 0.58-0.83 <0.001 0.60 0.48-0.75 <0.001
No history of pneumonia 0.76 0.63-0.92 0.004 0.99 0.79-1.24 0.950
No history of ischemic heart disease 0.66 0.53-0.82 <0.001 0.69 0.54-0.88 0.003
No malnutrition 0.76 0.63-0.93 0.009 1.09 0.85-1.39 0.490
Cerebrovascular disease 0.78 0.66-0.93 0.006 0.83 0.67-1.02 0.080

Adjusted for all the variables listed in the table. HR: Hazard ratio; CI: Confidence interval; AHR: Adjusted hazard ratio.

and Cr were significantly higher in patients who died than
in those who survived. In contrast, Ht, Hb and albumin
were significantly higher in patients who survived than in
patients who died. Regarding PEG-related death, albumin
levels were significantly lower (Mann-Whitney U test: P =
0.002).

A Kaplan-Meier survival curve of the 931 patients
was drawn (Figure 3): 99% survived more than 7 d; 95%
survived more than 30 d; 88% survived more than 60 d;
75% survived more than 6 mo; 66% survived more than 1
year. Of the 931 patients, 50% and 25% survived 753 and
1647 d, respectively. Kaplan-Meier survival curves were
then drawn for nominal or ordinal data (Figure 4). The
prognosis of female patients was better than that of males
(Figure 4A). Patients who had no history of pneumonia
(Figure 4B) or ischemic heart disease (Figure 4E) survived
longer than those with a history of the diseases. Patients
who were considered as having malnutrition at the time
of operation showed poorer survivals than those without
malnutrition (Figure 4F). Patients whose comorbidity was
cerebrovascular disease had a better outcome than patients
with other comorbidities (Figure 4E). In contrast, the
prognosis of patients with dementia (Figure 4C), diabetes
(Figure 4D), or neurological disecase (Figure 4I) were not
different from those without the conditions. Duration of
starvation before the PEG procedure had no significant
impact on patient survival (Figure 4G).

Finally, using variables significant in the above analy-
ses, Cox proportional hazard models were computed
in single variable and multivariate analyses (Table 2). In
single variable hazard models, patients with older age,
and higher CRP, AST and BUN did show a significantly
enhanced crude HR whereas higher Hb and albumin
reduced the crude HR. In addition, no history of pneu-
monia or ischemic heart disease, no malnutrition, but a

144

&?s:iﬁm"* WJG | www.wjgnet.com

5089

history of cerebrovascular disease significantly decreased
crude HRs. However, in the multivariate hazard model,
older age, higher CRP, higher BUN, lower albumin, male
gender and a previous history of ischemic heart disease
were significant risk factors of death after PEG insertion.

DISCUSSION

In this study, 502 deaths were observed (mortality 53%).
However, 99%, 95%, 88%, 75% and 66% of 931 patients
sutvived mote than 7, 30, 60 d, 6 mo and 1 year, respec-
tively. In addition, 50% and 25% of the patients survived
753 and 1647 d, respectively, suggesting that more than
half of geriatric patients treated with PEG may survive
more than 2 years. Although the situations of each study
may not be the same, the overall survival rate of this study
. . [810] . . [11-13]

is superior ' or equivalent to previous reports- . Eight
deaths out of 931 in the study population were reported
as PEG-related, a rate almost equal to that in previous
studies™*", Although urinary tract infection and previ-
ous aspiration were predictive factors for death at 1 wk
after PEG"” and CRP was found to be predictive of eatly
mortality" ", we also found that a lower albumin level was
a significant risk factor for PEG-related death, which was
a novel finding,

We also attempted to delineate prognostic factors
for geriatric patients treated with PEG. In single variable
analyses, older age, higher CRP, lower Ht/Hb, higher
AST, higher BUN, lower albumin as well as male gender,
previous history of pneumonia or ischemic heart disease,
malnutrition, and non-cerebrovascular disease as an un-
derlying disease at the PEG procedure, were significantly
associated with death. In a multivariate hazard model, old-
er age, higher CRP and higher BUN were significant poor
prognostic factors of death after PEG formation, where-
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as higher albumin, female gender and no previous history
of ischemic heart disease were markedly better prognostic
factors. Thus, Hb, AST, previous history of pneumonia,
malnutrition and cerebrovascular disease as an underlying
disease were considered as confounders. Among prog-
nostic factors significant in our study, older age, male sex,
lower albumin levels and a previous history of pneumonia
or aspiration were already recognized as poor prognostic

factors!

24 Tn our single variable Cox hazard model, cere-
brovascular disease as an underlying disease was a good
prognostic factor, which was consistent with the previous
evidence that patients with a previous diagnosis of stroke
were more likely to be discharged home than others™.
Thus, CRP, BUN and a previous history of ischemic heart
disease were found as novel prognostic factors in our
study.

The results of this study should be interpreted in the
context of the study strengths and limitations. The study
was performed in multiple community and tertiary hospi-
tals spread over Japan, which enhanced its generalizability.
To minimize selection bias, collaborating doctors were
asked to choose 20 consecutive patients. The sample size
was close to 1000 and the results of the Cox hazard mod-
els were considered relatively robust. On the other hand,
because of the retrospective nature of the study, we could
collect only basic clinical information that might result in
recall bias in areas such as previous histories and diagnosis
of underlying diseases.

In conclusion, these results suggest that more than
half of geriatric patients treated with PEG may survive
longer than 2 years in Japan. In the Cox proportional
multivariate analysis, older age, higher CRP and higher
BUN were significant poor prognostic factors of death
after PEG, whereas higher albumin, female gender and no
previous history of ischemic heart disease were markedly
better prognostic factors.

COMMENTS

Background

Percutaneous endoscopic gastrostomy (PEG) has been widely used for patients
with swallowing difficulty, because of reduced laryngopharyngeal discomfort
and a lower risk of aspiration pneumonia compared with the nasogastric tube.
However, PEG feeding was found to be associated with an absolute increase in
risk of death compared with nasogastric feeding. In spite of the evidence, PEG
has been widely used especially for geriatric patients with the increasingly aging
society.

Research frontiers

Despite the very large number of patients receiving this intervention, there is
insufficient evidence to suggest that PEG is beneficial for patients with swallow-
ing difficulty due to dementia or other chronic diseases.

Innovations and breakthroughs

The patients were selected in a consecutive manner and followed up over a
long time period.

Applications

In a Cox proportional multivariate analysis, older age, higher CRP and higher
BUN were significant poor prognostic factors of death after PEG, whereas higher
albumin, female gender and no previous history of ischemic heart disease were
markedly better prognostic factors. The authors especially determined that a
lower albumin level was a significant risk factor for PEG-related death, which
was a novel finding.
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Peer review
Good comprehensive effort, gives nice insight into PEG in elderly.
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