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Abstract

Background and study aims : Percutaneous endoscopic gastro-
stomy (PEG)is aprocedure that provides long term enteral nutrition.
To investigate the predictors of PEG-related complications and
30-day mortality rates and evaluate the indicators for deciding
whether to recommend elective PEG insertions, we sought to
determine the complications and early mortality rates of patients
who underwent PEG.

Patients and methods : We performed a retrospective analysis
of consecutive adult patients who had undergone PEG for the first
time between October 2016 and January 2019. The predictors of
complications and 30-day mortality were analyzed with receiver
operating characteristic (ROC) and logistic regression analysis.

Results : This study included 309 patients. Patients were
excluded from the study if they were < 18 years of age or there
were missing data about them. Out of 253 patients, 33 (13%) had
complications and 32 (12.6%) died within one month after PEG
insertion. A higher C-reactive protein (CRP) to albumin ratio was
the only independent factor predicting the complications (odds
ratio (OR) : 3.17 ; 95% CI : 1.26-8.00 ; p = 0.014). The independent
predictive factors for 30-day mortality after PEG placement
included higher urea levels and higher CRP to albumin ratios (OR :
3.78 5 95% CI : 1.41-10.17 ; p = 0.008) (OR : 6.67 ; 95% CI : 1.87-
23.75 ; p = 0.003). The only predictor for both complications and
30-day mortality was the CRP to albumin ratio.

Conclusions : When appropriate, the PEG procedure can
provide a safe and effective method for enteral feeding. The CRP
to albumin ratio can be used to predict complications and early
mortality after PEG insertion. Because PEG is elective, higher CRP
to albumin ratios can be helpful in deciding to select patients for the
procedure. (Acta gastroenterol. belg., 2021, 84, 283-288).

Keywords : CAR, C-reactive protein, CRP to albumin ratio,
percutaneous endoscopic gastrostomy, predictor.

Introduction

Percutaneous endoscopic gastrostomy (PEG) is the
preferred method for administering long-term enteral
nutrition to patients who require prolonged feeding
tube support (1). Although it is a minimally invasive
and relatively safe procedure, it can result in adverse
events. To illustrate, post-procedural complication rates
and short-term mortality for PEG are 13.2%-42.9% and
3.3%-23.9%, respectively (2-5).

In addition to addressing patients’ long-term nutri-
tional needs, it is also important to assess patients’
clinical status and life expectancy when deciding to
insert PEG tube. Patients considered for PEG may be at

increased risk of complications due to malnutrition and
comorbidities, such as diabetes, cardiovascular diseases,
and cancer. As there are alternatives to PEG placement
that may be more appropriate for high-risk patients, it
is critical to understand the risk factors that can lead to
poor outcomes during patient selection and the decision-
making process.

Although some studies in the literature have predicted
the complication and mortality rates that are associated
with PEG, there remains a need for fast, effective,
inexpensive, and easily accessible markers. This study
aimed to determine the complications and short term
mortality in patients undergoing PEG in our tertiary
reference center hospital, to investigate the predictive
factors of complications and 30-day mortality, and to
evaluate these indicators for making the decision for
elective PEG insertion.

Patients and methods

We performed a retrospective analysis of consecutive
adult patients who underwent PEG insertions for the first
time at the Health Science University Sultan Abdulhamid
Han Training and Research Hospital between October
2016 and January 2019. Patients were excluded from
the study if they had missing records, were < 18 years
of age, or could not have a PEG tube inserted for any
reason. The local ethics committee of Health Science
University approved the study. Demographic data,
clinical conditions, indications, requesting departments,
and the patients’ comorbidities were obtained from the
hospital computer system. Complete blood count, urea,
creatinine, sodium, potassium, albumin, and C-reactive
protein (CRP) tests were performed for all patients
before the procedure. PEG tubes were inserted using the
pull-through method in patients who had not fed orally
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Table 1. — Demographic and clinical characteristics of
patients with PEG insertion

| n=253 | %
Age
Between  26-104  (mean:
78,1+12,2)
Sex
Female 140 55.3
Male 113 44.7
Requesting department
Neurology 64 25.3
Pulmonary diseases 71 28.1
Internal Medicine 87 344
Intensive care 17 6.7
Palliative care 1 0.4
Neurosurgery 5 2
Emergency Department 3 1.2
Ear-nose-throat 5 2
Indication of PEG
Dementia 150 59.3
Dysphagic stroke 60 23.7
Advanced Parkinsonism 12 4.7
Trauma 6 2.4
Motor neurone disease 6 2.4
Multiple sclerosis 3 1.2
Hypoxic encephalopathy 6 2.4
Head and neck cancers 10 4
Charlson comorbidity index
Between 0-12 (mean: 4.8+2.0) ‘
Complication
No 220 87
Yes 33 13
Tube leakage 11 43
Tube dislodgement 10 4
Wound infection 6 2.4
Tube blockage 2 0.8
Buried bumper syndrome 2 0.8
Aspiration 2 0.8
Mortality (30-day)
No 221 87.4
Yes 32 12.6
N number; PEG Percutaneous endoscopic gastrostomy

for at least six weeks and whose life expectancies were
evaluated by their physicians. Most of the procedures
were performed using local anesthesia with lidocaine. For
agitated patients, sedoanalgesia was given as intravenous
(IV) midazolam and IV pethidine.

The procedures were performed with a standard
gastroscope device (Fujinon EG-590 WR). All patients
received prophylactic antibiotics (e.g., cefazoline) 30
minutes before the PEG process began. In accordance
with recommended guidelines, patients using anticoa-
gulants were managed with a necessary cessation period
(6). Oxygen saturation, pulse rate, and blood pressure
were monitored during the PEG insertion. First, the
patients underwent a control endoscopy. Then, a 20 Fr
removable PEG tube (Boston Scientific, Boston, MA,
USA) was placed on the anterior wall of the corpus.
Written consent was routinely obtained from the patients
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or their representatives before the procedure and after
information about PEG placement and its associated
complications had been provided. Physical examinations
were performed four hours after the procedure had taken
place. Patients without abdominal discomfort were
initially given low doses of enteral feeding and liquids.
Doses for enteral feeding were gradually increased
within 24 hours, and routine feeding was optimized the
following day. Complications and deaths that occurred
within 30 days of the procedure were recorded and
analyzed.

The patients’ comorbidities were reviewed, and
the Charlson Comorbidity Index — which includes 20
variables of diseases — was calculated for the statistical
analysis of each patient. Statistical analysis was per-
formed using SPSS software (Statistical Package for
the Social Sciences, version 15.0, SSPS Inc., Chicago,
IL, USA). The study group’s descriptive statistics (per-
centage, mean, median, and distributions) were then
determined. A student’s t test was used for normally
distributed parameters, and the Mann-Whitney U test was
used for parameters that were not normally distributed.
Categorical data were investigated with a chi-square
test. The cut-off values were calculated using receiver
operating characteristic (ROC) analysis. The predictive
factors for complications and 30-day mortality were
determined with logistic regression analysis. A value of p
< 0.05 was considered to be statistically significant.

Results

This study included a total of 309 patients. Patients
who had missing records or were < 18 years of age
were excluded from the study. The data for 253 patients
were investigated retrospectively. The demographic and
clinical characteristics of the patients are presented in
Table 1. The patients were between 26-104 years old
(mean : 78.1 £ 12.2), and 55.3% of them were women.
The most common indication for PEG insertion was
dementia (59.3%), and the most frequent clinic to request
PEG was neurology (25.3%). The Charlson Comorbidity
Index ranged between 0-12 (mean : 4.8 + 2.0).

Complications were observed in 33 (13%) of the 253
patients. The most common complications included tube
leakage (n= 11 ; 4.3%), tube dislodgement (n =10 ; 4%),
and wound infection (n = 6 ; 2.4%). Other complications
included tube blockage (n = 2 ; 0.8%), buried bumper
syndrome (n = 2 ; 0.8%), and aspiration (n = 2 ; 0.8%).
Although 32 (12.6%) patients died within 30 days of
PEG insertion, none of the patients died due to PEG
complications. No major life-threatening complications
were observed in any of the patients.

Table 2 presents the clinical and laboratory features
of the patients with and without complications and 30-
day mortality. When compared to the group of patients
without complications, the CRP and CRP to albumin
ratios were higher in patients with complications (p <
0.013 and p < 0.018).
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Table 2. — Clinical and laboratory features of patients with and without complications and 30-day mortality
Complications 30-day mortality
Yes No p Yes No p
Age, years 78.9+12.7 77.8+12.3 0.455 79.8+12.9 77.7+12.3 0.201
Sex, female 21/33, 64% 119/220, 54% 0.304 22/32, 69% 118/221,53% 0.102
BMI, kg/m? 22.88 +6.94 23.56 +6.08 0.253 23.34 +6.67 23.67+5.26 0.498
Charlson comorbidity index 52+£22 48+2 0.163 54=+2 48+2 0.047%*
WBC, 10%/uL 8.7+2.7 8.9+3.6 0.729 93+33 8.8+3.5 0.481
Hemoglobin, g/dL 112+ 1.8 109+1.7 0.270 102+1.4 11.0£ 1.8 0.007*
MCYV, fL 89.2+5.1 88.1 £5.3 0.247 88.6 4 88.2+5.5 0.639
RDW, % 13.6+£1.7 143+£2.2 0.069 15+2.1 14.1+£22 0.005%*
Platelets, 10°/uL 263.7+112.3 244.7+929 0.564 224.4 + 81 250.6 +£97.3 0.118
MPV, fL 7.7+1.5 83=+1.6 0.051 83+ 1.6 827+1.6 0.550
Neutrophils, 10%/uL 62+2.6 6.4+3.1 0.595 7.1+£3.0 6.3+3.1 0.112
Lymphocyte, 10°/uL 1.7£0.7 1.7£0.9 0.497 1.4+£0.9 1.7+0.9 0.011*
C-reactive protein, mg/L 64.3+43.1 45.6+37.0 0.013* 68.1+£39.2 45,0+373 <0.001*
Albumin, g/dl 2.8+04 2.9+0.6 0.809 2,7+0,5 2.9+0.8 0.042%*
Sodium, mmol/L 136.6 £7.1 138+6.2 0.164 138.1+7.4 137.8 £ 6.1 0.938
Potassium, mmol/L 41+0.7 39+0.6 0.266 39+£0.7 4.0+0.6 0.560
Urea, mg/dL 51.8+£35.5 548+424 0.944 83.7+65.6 45.4+34.8 <0.001*
Creatinine, mg/dL 0.90 +0.33 0.93 +£0.49 0.947 1.07 £0.58 0.91+0.45 0.111
CRP to albumin ratio 23.7+16.9 17.1+15.2 0.018%* 27.1+18.8 16.6 £ 14.5 <0.001*
NLR 43+27 6.4+19.2 0.524 7.3+£59 6.0+ 19.1 0.003*
PLR 172.9 +87 248.5+921.3 0.995 226.3+222.4 240.6 +918.4 0.208

BMI, body mass index ; WBC, white blood cells ; MCV, mean corpuscular volume ; RDW, redcell distribution width ; MPV, mean
platelet volume ; CRP, c-reactive protein ; NLR, neutrophil to lymphocyte ratio ; PLR, platelet to lymphocyte ratio. * p<0.05 was
considered statistically significant.

The Charlson Comorbidity Index (p = 0.047), red cell
distribution width (RDW) (p = 0.005), CRP (p < 0.001),
urea (p < 0.001), CRP to albumin ratio (p = 0.001), and
neutrophil to lymphocyte ratio (NLR) (p = 0.003) were
significantly higher in the deceased patients than in the
survivors. The hemoglobin (p = 0.007), lymphocytes
(p = 0.011), and albumin (p = 0.042) values were
significantly lower in the deceased patients than in the
survivors. No relationships were observed between the
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Table 3. — Chi-square test between complications and
30-day mortality

Mortality Total .
No Yes p
L No 194 26 220
Complications Yes 27 6 33 0,305
Total 221 32 253

* p<0.05 was considered statistically significant.
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Table 4. — Receiver operating characteristic (ROC) analysis of parameters associated with complications and
30-day mortality after PEG placement

AUC (95%) Cut off value p Sensitivity Specifity (%)
(%)
Complications
e CRP to albumin ratio 0.628 (0.532-0.723) 9.21 0.018* 81.8 414
30-day mortality
o Charlson comorbidity index 0.603 (0.498-0.709) 4.5 0.059 62.5 50
e Hemoglobin, g/dL 0.356 (0.256-0.457) 9.74 0.009* 56.3 25
o RDW, % 0.650 (0.543-0.756) 13.65 0.006* 75 45.8
e Lymphocyte, 10°/uL 0.363 (0.253-0.473) 1.3 0.013* 53.1 343
e Urea, mg/dL 0.675 (0.578-0.773) 375 0.001* 81.3 44
e CRP to albumin ratio 0.697 (0.611-0.784) 10.46 <0.001* 90.6 46.3
e NLR 0.663 (0.561-0.765) 3.6 0.003* 71.9 50

AUC, area under the curve ; RDW, red cell distribution width ; CRP, C-reactive protein ; NLR, neutrophil to lymphocyte ratio. * p<0.05 was

considered statistically significant.

groups with complications and 30-day mortality (p =
0.305) (Table 3). Although six of the deceased patients
also had complications, none of these patients died due
to complications.

Cut-off values were determined using Youden’s
index by ROC curve analysis (Table 4 ; Figure 1). The
parameters associated with complications and 30-day
mortality after PEG insertion were investigated using
a logistic regression analysis with the cut-off values
defined by the ROC curve analysis (Table 5). The CRP
to albumin ratio appeared to predict complications (odds
ratio (OR) : 3.783 ; 95% CI : 1.407-10.171 ; p = 0.008)
and 30-day mortality (OR: 6.670; 95% CI: 1.873-
23.752; p = 0.003). Urea was the only other factor
that predicted mortality (OR : 3.783; 95% CI: 1.407-
10.171; p = 0.008). The CRP, Charlson Comorbidity
Index, hemoglobin, RDW, lymphocytes, albumin, and
NLR were not statistically significant predictors of
mortality (p > 0.05).

Discussion

For patients who require long-term nutritional support,
PEG is one of the most common and preferred methods
for providing enteral nutrition (1). In the present study,
one of our aims was to determine the complications
and 30-day mortality in patients who had undergone
PEG insertion. Although PEG is known to be safe, the
procedure can also result in adverse outcomes. According
to the literature, the complication rates of PEG insertion
have been reported to range from 13.2% to 42.9% (2-
5). In addition, the frequency of 30-day mortality has
been reported to range from 2.4% to 22.5% (4-5,7).
Although the overall mortality rate is high for patients
who undergo PEG insertion — especially in patients
with severe comorbidities — PEG-related mortality is
low (8). The complication rate for the patients in the
present study was 13% and the 30-day mortality rate was
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12.6%. These findings are compatible with observations
from the literature. Blomberg et al. reported an 18% rate
mortality in a period of 2 months after PEG insertion (9).
Schneider et al. observed a 10% rate of mortality within
a timeframe of 30 days, which was not directly correlated
to the PEG procedure (10).

The most common complications examined in the
current study included tube leakage, tube dislodgement,
and wound infection, which is in line with findings
from the literature (7-12). The most frequently reported
complications in the literature included leakage (up
to 78%), peristomal infection (up to 32%), and early
mortality (8%-28% mortality within 30 days of PEG
insertion) (9). Complications can be classified according
to severity (minor vs. major) or time of occurrence
(12). The vast majority of complications observed in
the present study were minor complications. Hucl et
al. reported that while most of the complications that
occurred in their study were minor, their incidence was
not negligible (12).

As with other studies in the literature, neurological
diseases were the most common reason that PEG was
recommended (2,4,11). In as many as 90% of cases,
a reduction in oral intake due to neurodegenerative
processes is the primary reason that patients undergo PEG
placement (7-11). One interesting finding from this study
was that dementia — which is a controversial indication
for PEG tube placement — was the major indication for
PEG placement (59%). In Lee et al.’s series of seven
tertiary hospitals in the Republic of Korea, only 4% of
patients suffered from dementia (4). It is our belief that
cultural differences may explain this discrepancy.

Comorbidities were calculated with the Charlson
Comorbidity Index. The index consists of 20 different
disease group variables and is widely used in research
due to its simple structure and its ability to facilitate
easier patient evaluations (11,13). Shangab et al. observed
that low albumin and a high Charlson Comorbidity
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Index were predictors of adverse events for patients
who had undergone PEG insertions (11). In the present
study, although the Charlson Comorbidity Index was
significantly higher in deceased patients than it was in
survivors, the index was not a predictor of mortality or
complications in the logistic regression analysis.

In light of these findings, it is important to identify
the patients who would maximally benefit from PEG
insertion (12). Albumin and CRP levels have previously
been investigated as predictors of early mortality and
acute conditions (4-5,7,14-15). Lee et al. reported that
CRP values above 21.5 mg/L and albumin values below
3.15 g/dL increased mortality. They also noted that
if both of these parameters were present in the same
patient, the median survival time significantly decreased
(4). Bloomberg et al. expressed that CRP levels higher
than 10 mg/L and albumin values lower than 3 g/dL were
independent risk factors for post-PEG mortality (5). In
a study by Tominaga et al. that included 84 patients, the
authors reported that low albumin was a critical risk
factor in 1-year mortality after PEG insertion (16).

The current study revealed thata higher CRP to albumin
ratio resulted in a 3.2-fold increase in complications
and a 6.7-fold increase in 30-day mortality. High CRP
and low albumin ratios have also been proven to act as
markers for several conditions, such as inflammation,
postoperative infection, and malnutrition (5). In addition,
the CRP to albumin ratio has been reported to function
as a marker for many inflammatory, malignant, and
infectious diseases (17). For these reasons, the CRP to
albumin ratio has drawn attention as a predictive factor
for complications and 30-day mortality. The CRP to
albumin ratio also has the advantage of being cheap, fast,
and easy to use. Because PEG is an elective procedure,
we believe that it is important to avoid or delay it in
patients with high CRP to albumin ratios and to treat the
underlying causes that produce these increased levels.
In Barbosa et al.’s investigation of the predictive role of
CRP, they stated that it would be appropriate to postpone
PEG procedures in patients with high CRP, especially
during the early period. The authors also suggested
that information be provided to patients’ families and
less invasive and alternative methods for feeding be
recommended (18).

Another important result of the present study was
the predictive role that higher urea levels play in 30-
day mortality. To the best of our knowledge, no study
in the literature has investigated the predictive value
of higher urea for the mortality rates of patients who
undergo PEG insertion. Nonetheless, some studies have
indicated that urea levels can be used to predict short-
term mortality rates in cardiac diseases (19). Moreover,
Sbeit et al. indicated that creatinine and some other
parameters could predict short-term mortality after PEG
(20). In the current study, although no differences were
observed between the groups’ creatinine values, urea was
identified as an independent predictive factor for 30-day
mortality after PEG placement.
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The NLR was significantly higher in this study’s
deceased patients than in its survivors. However, the
significance of this finding decreased during the logistic
regression analysis. Indeed, it is well known that the
NLR can be elevated under the conditions of several
diseases (21,22). As in other studies in the literature, the
sensitivity and specificity of the NLR remained low in
the current study.

This study contained certain limitations. The first
and most significant of these limitations was the study’s
retrospective design. Although patients with missing
data were eliminated, there is the potential for data about
adverse events to be misinterpreted due to the study’s
retrospective nature. Second, the data does not reflect the
characteristics of the general population since the study
was conducted at a single center. Nevertheless, because
the hospital in this study functions as a tertiary reference
center for the region, we believe that the present study’s
patient profile covers most of the relevant population.

In conclusion, PEG provides a safe and effective
method for enteral feeding in qualified patients. This
study indicated that the CRP to albumin ratio can be used
to predict complications and early mortality rates after
PEG insertion. Because PEG is an elective procedure,
higher CRP to albumin ratios may prove helpful in
selecting patients and deciding if they are suitable for the
PEG procedure.
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