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Abstract

Background: Endoscopic gastrostomy (PEG) is the
gold standard for long-term enteral feeding. An adequate
PEG candidate must have life expectancy longer than a
few weeks. Patients surviving less than three weeks
should have a nasogastric tube, and gastrostomy should
be avoid. There are few studies looking to prognostic
factors and fewer attempts of creating a predictor model
for PEG patient’s survival.

Aim: The aim of this study was creating a predictive
survival model for PEG candidates, using underlying
disease, cholesterol, albumin and transferrin.

Methods: Data was obtained from records of adult
patients that underwent PEG between 1999 and 2011.
Patients surviving < 3 weeks were considered short
survivors; surviving = 3 weeks were considered adequate
survivors. A full logistic regression model was used to
classify future cases into one of the two groups of survival.

Results: An equation for the probability of future cases
was generated, in order to obtain a P value. In the future,
patients with a P = 0,88 will have a 64,7 % probability of
adequate surviving; patients with a P < 0,88 will have a
70.3 % probability of short surviving.

Conclusions: When clinical evaluation alone does not
display a clear prognosis, this equation should be
included in the evaluation of gastrostomy candidates,
avoiding useless gastrostomy.
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PREDICCION DE SUPERVIVENCIA
EN CANDIDATOS A GASTROSTOMIA
ENDOSCOPICA HACIENDO USO DE LA
ENFERMEDAD DE BASE DEL PACIENTE Y DE LOS
NIVELES PLASMATICOS DE COLESTEROL,
ALBUMINA Y TRANSFERRINA

Resumen

Introduccion: La Gastrostomia Endoscépica Percuta-
nea (PEG) es una técnica de eleccion para la nutricion
enteral de largo plazo, pero en pacientes con una perspec-
tiva de vida menor que tres semanas debe evitarse la gas-
trostomia e utilizarse la sonda nasogastrica. Existen
pocos estudios que tengan en cuenta factores de pronos-
tico y pocos intentos de crear un modelo predictivo de
supervivencia de estos pacientes.

Objetivo: Crear un modelo predictivo de la sobrevida
de los candidatos a PEG, utilizando la enfermedad de
base, los niveles de colesterol, albtimina y transferrina.

Meétodos: Los datos han sido recogidos de los registros
clinicos de adultos sometidos a PEG entre 1999 y 2011. Los
que han sobrevivido menos de 3 semanas se han conside-
rado como sin supervivencia adecuada (short survivors);
los que han sobrevivido mas de 3 semanas se consideraran
como teniendo sobrevivencia adecuada (adequate survi-
vors). Se utilizé un modelo estadistico de regresion para
clasificar pacientes futuros en cada uno de los grupos
definidos anteriormente.

Resultados: De este analisis estadistico resulté una
ecuacion que permite obtener un valor de P, para deter-
minar la probabilidad de futuros casos. En el futuro se
puede predecir que pacientes con un valor de P = 0,88 ten-
dran 64,7% de probabilidades de supervivencia ade-
cuada; los pacientes con un valor de P < 0,88 tendran
70,3% de probabilidades de supervivencia no adecuada.

Conclusiones: Cuando la evaluacion clinica por si sola
no es suficiente para predecir un pronostico fiable, esta
ecuacion debe ser incluida en la evaluacion de los pacien-
tes candidatos a gastrostomia, para evitar gastrostomias
inutiles.

(Nutr Hosp. 2013;28:1280-1285)
DOI:10.3305/nh.2013.28.4.6494
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Introduction

Percutaneous endoscopic gastrostomy (PEG) is the
gold standard for long-term enteral feeding. Candi-
dates for PEG placement are mainly dysphagic
patients. For most enteral nutrition teams,' according to
our experience,> most cases of dysphagia are caused by
neurological disease or by head and neck cancer. These
patients frequently have speech and motor impair-
ments, asymmetric muscle atrophy and malnutrition,
all induced by dysphagia and/or systemic underlying
diseases. The standard nutritional evaluation tools may
not be adequate to evaluate most of these patients and
enteral feeding teams must frequently rely on anthro-
pometric and laboratory data in order to monitor the
nutritional status evolution of these patients.

On the search for easily available laboratory markers
that may reflect the nutritional status and also help esti-
mate prognosis of PEG patients with a wide spectrum
of underlying diseases, we focused on serum albumin,
serum transferrin and total serum cholesterol levels.
Serum albumin was one of the first® and most used
laboratory measurements for assessing nutritional
status and prognosis in a large number of clinical
settings as diverse as hemodialysis,* pancreatitis®and
cancer.® There is a large consensus about the effective-
ness of albumin in the evaluation of nutritional status in
elder patients,”® and it shows a good correlation with
the Mini Nutritional Assessment,® a nutritional assess-
ment tool especially designed for the elderly. Interest-
ingly, albumin has also proved to be useful for nutri-
tional evaluation and prognosis in an internal medicine
department with a very wide range of diseases.’ In its
turn, serum transferrin has long been used in nutritional
and prognostic assessment,'*!! and in a wide variety of
clinical settings as well, including hemodialysis,'
cancer," pancreatitis'* and intensive care patients."
Low serum transferrin is associated with poor nutrition
and poor outcome in elder patients.'® Finally, low
serum cholesterol is a well known marker of under
nutrition and poor prognosis'’ and has been associated
with shorter survival in several epidemiological studies
since the 90’s'® (Harris et al, 1992). It has been associ-
ated with poor outcome in a broad range of clinical
conditions, namely hemodialysis' and heart failure® in
critical ill*' and elderly patients.”? Serum total choles-
terol, albumin and transferrin are useful markers for all
these patients and in many other clinical settings.
These laboratory markers are under the bias of nutri-
tional, inflammatory and other disease-related factors,
which makes it often difficult to separate all those
influences. But it is precisely this aptitude of accurately
marking a poor outcome, regardless of the involved
mechanisms, that makes total cholesterol, albumin and
transferrin so attractive to use in gastrostomy patients,
a group with a broad spectrum of underlying disorders.

An adequate PEG candidate should fulfill the three
following conditions: except for proximal lesion, the
digestive tube should be undamaged, endoscopy and

endoscopic transillumination must be feasible and life
expectancy should be longer than a few weeks. The
traditional requirement was a life expectancy of 4-6
weeks and this standard is still used by some groups.'
Nevertheless, a shorter life expectancy, of three or even
two weeks®, is the criterion accepted by most teams
taking care of enteral feeding patients.

As PEG placing procedure is associated with mild
morbidity and a very small number (< 1%) of proce-
dure-associated deaths, patients with very poor prog-
nosis are better managed with a nasogastric tube. In our
enteral feeding team, we seldom advocate PEG place-
ment in patients in whom we anticipate a life
expectancy shorter than three weeks. Although it is
critical for gastrostomy procedure decision, estimation
of patient prognosis relies mainly on clinical judgment.
Some objective data that may support this decision
would be most useful. Nevertheless, there are only a
small number of studies regarding prognostic factors
for PEG patient’s survival. We found only few
attempts of creating a predictor model for PEG
patient’s survival. A study of 502 hospitalized patients
from nursing homes who underwent PEG identified
low serum albumin (< 3 g/dl), chronic obstructive
pulmonary disease and diabetes mellitus as risk
factors.” In a study of 198 patients, most of them
(75.3%) with cerebrovascular disorders, low serum
albumin and history of pneumonia before the proce-
dure were associated with poor prognosis.”® In an
observational prospective study with 160 patients,
Moreno Pérez et al., indentified some independent
prognostic factors for patients in hospital setting.?
Chicharro et al. (2009) identified some patient’s factors
that may help the selection for gastrostomy, but only in
elder patients.” In a recent study, higher age, lower
BMI, and diabetes mellitus were related to worst
outcomes.” The Sheffield Gastrostomy Score (SGS)
devised to try to improve outcomes following this
procedure, using age and serum albumin to try
predicting 30-day mortality risk in a cohort of patients
that included stroke, oropharyngeal malignancy and
neurodegenerative diseases. It was created in Sheffield
and validated in four hospitals of the same region,” but
never reached a widespread acceptance. Certainly, the
wide range of underlying diseases of dysphagic PEG
patients is an obstacle for designing a global prognosis
model.

The aim of the present study was to evaluate the
possibility of predicting survival of PEG candidates,
and therefore avoiding erroneous gastrostomy, using
simple data as the underlying disease and three wide-
spread serum markers, total serum cholesterol, serum
albumin and serum transferrin.

Patients and methods

The study population included adult patients (= 18
years) that underwent endoscopic gastrostomy in our
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Table I
Clinical data of the two survival group

Pathology
Head . . .
Neuro Other Age Survival Cholesterol Albumin Transferrin
and neck
S
Count 22 16 2
Mean 63.08 10.50 146.07 3.05 153.23
Min. 38.00 2.00 68.00 1.60 4.00
Max. 86.00 20.00 329.00 4.40 247.00
SD 13.77 5.38 55.20 0.67 53.20
N 40 40 40 40 40
AS
Count 104 149 S
Mean 6247 414.28 165.93 3.38 179.83
Min. 17.00 22.00 74.00 1.70 5.70
Max. 96.00 3,600.00 335.00 4.90 331.00
SD 1591 549.17 47.19 0.67 4923
N 258 258 258 258 258
hospital between November 1+, 1999 and April 30", model was used in order to classify future cases into
2011. Patients were referred by their clinicians and one of the two survival groups, SS or AS. All statistical
evaluated together by the enteral nutrition team in tests were performed with a 5% level of significance.
order to establish the clinical indication for gastros-
tomy. Informed consent for endoscopic gastrostomy
and for clinical and laboratory initial evaluation was Results
obtained from every patient or from their relative/legal
responsible. Serum total cholesterol (mg/dl), albumin Descriptive statistics
(g/dl) and serum transferrin (mg/dl) were part of stan-
dard initial evaluation. In the day of the endoscopic From our clinical files we selected 298 patients with
procedure, before the PEG tube placement, a blood complete medical records, which included 203 men
sample was taken for laboratory evaluation. and 95 women. Neurological disease was the cause of
Clinical, laboratory and demographic data were dysphagia in 165 patients, 126 had head and neck
obtained from medical records. Patients with incom- cancer and 7 suffered from other diseases.
plete records were excluded. Collected data included Age ranged from 18 to 86 years. Median age was 63
age, gender, underlying disease, survival after gastros- (men: 61, women: 89). Initial total cholesterol ranged
tomy, and albumin, transferrin and total cholesterol from 68 to 335 mg/dl (mean: 163.4). Initial transferrin
levels on the day of the gastrostomy. Underlying ranged from 4 to 331 mg/dl (mean: 176.1). Initial albumin
diseases were divided into three groups: Group 1, ranged from 1.5 to 4.8 g/dl (mean: 3.3). Survival range
neurological diseases; Group 2, head and neck cancers from 2 to 3600 days (median: 82). Table I displays clinical
and Group 3, other diseases. and laboratorial features of both SS and AS groups.
Survival was evaluated in days, from the day of the
endoscopic gastrostomy until the day the patient died
or until May 31+, 2011, if the patient was alive. Patients Logistic regression analysis of the survival data
surviving less than 3 weeks (< 21 days) were consid-
ered short survivors (SS). Gastrostomy should have not A full logistic regression model was used to classify
been performed in most of them had this short survival future cases into one of the two survival groups defined
time been anticipated and they could have been fed above as a function of serum cholesterol, transferrin
through a nasogastric tube. Patients surviving 3 weeks and albumin, and type of underlying disease.
or more (= 21 days) were considered adequate Prior analysis of the data has shown that, in the vari-
survivors (AS) and, retrospectively, PEG feeding was able set considered for this study, only albumin,
considered the correct option. cholesterol and transferrin have the potential to
Statistical analysis of the data was performed using discriminate between groups, if strict adherence to the
the software SPSS® 19.0. A full logistic regression 5% level of statistical significance is considered, with
1282 Nutr Hosp. 2013;28(4):1280-1285 Jorge Fonseca et al.



higher serum levels being observed amongst adequate
survivors. Instead, that potential was strongly suggested
for the type of pathology but not for gender or age.
Since pathology is an important variable in predicting
survival, it was decided to include this variable in the
model. Since this is a discrete, nominal scaled variable,
it is inappropriate to include it the model as if it were
interval scaled.

Consequently, two design variables were generated
to represent the type of pathology, namely pathology
(1) and pathology (2), using the indicator contrast
method with the reference category defined by the head
or neck cancer pathology. Table 2 shows the codes
used to define these two design variables. In the first
run of the model to the full data set, the type of under-
lying disease was the only suggested predictor of
survival (p = 0.070), with an overall poor fit, as
revealed by the Hosmer-Lemeshow test (p = 0.023)
and the Nagelkerke R? (0.107). Moreover, 3 individual
patterns were identified by model residuals in excess of
0.95, which turned out to be of considerable influence.
In effect, when those 3 observations were removed
from calculations, the fitness improved somehow, as
shown by the clearly non-significant result of the
Hosmer-Lemeshow test (p = 0.292) and the Nagelk-
erke R? (0.157). More importantly, the type of under-
lying disease emerges now as a clearer and significant
predictor of survival (p = 0.044), while the benefits of
higher serum albumin towards longer survival are also
suggested (p < 0.1). Moreover, of the two design vari-
ables used to represent the type of pathology, only
pathology(1) reaches statistical significance, and thus
predicting increased survival in cases of neurological
disease when compared to head or neck cancers. Table
3 presents the structure of the model obtained in these
conditions.

With the data in the table above, the following equa-
tion for the posterior probability of future cases of
adequate survival, P, can be used:

1
P=

] + @2669-1021 xpathology (1)- 0,406 xpathology (2) - 0,006 x vansferin- 0,638 xalbunin - 0007 xcolestrol

In order to evaluate the performance of the classifi-
cation scheme defined by the above equation, a ROC
curve analysis was implemented (fig. 1). The asymp-
totic significance is below 0.05, which means that
using the logistic regression model to predict future
cases is better than just guessing. Moreover, the esti-
mated area under the curve is 0.742, which represents
the probability of a model’s result for a randomly chosen
positive case exceeding the result for a randomly chosen
negative case.

In order to select a cutoff point for the classification
of future cases using the logistic model which warrants
acceptable sensitivity and specificity, the coordinates
of the ROC curve were analyzed. The best choice
would be to use as a cutoff point the percentage of
adequate survivors suggested by the sample, which is
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Fig. 1.—Receiver Operator Curve (ROC curve): The coordinate
points of the ROC curve (stepped line) were obtained based on
the sensitivity and specificity of the classification model. Sensi-
tivity and specificity estimated for different cut-off probabilities
of a case of adequate survival.

Table IT
Categorical variables codings
Pathology Pathology (1) Pathology (2)
Head or neck cancer 0 0
Neurological disease 1 0
Other diseases 0 1

estimated as 87.5%. Thus, if a person is classified as an
adequate survivor given the probability predicted by
the model, P, is greater than or equal to 0.880, then the
overall percentage of correctly classified future cases
would be 65.4%, with 70.3% of short survivors and
64.7% of adequate survivors being correctly classified.
That means that, in the future, any patient with a P =
0,88 will have a 64,7% probability of surviving 3
weeks or more and any patient with a P < 0,88 will have
a70.3% probability of surviving less them 3 weeks.

Discussion

Most Parenteral and Enteral Nutrition (PEN) soci-
eties advocate gastrostomy if enteral feeding is
expected to be needed for more than a few weeks. The
USA PEN society, ASPEN, suggests 4 weeks* while
ESPEN advocates 2-3 weeks.*! Recent guidelines from
the French health high authority for nutritional support
in the elderly advice gastrostomy if swallowing disor-
ders persist beyond 2 weeks.” Nevertheless, these and
other guidelines and recommendations never propose
any method of prognostic evaluation, relying on clin-
ical judgment alone. Every enteral feeding team keeps
a record of a number of patients dying a few days after
the gastrostomy. In most of these patients, the proce-
dure was useless and should have not been performed.
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Table 11T
Variables in the equation

B S.E. Waid df Sig. Exp (B)

Cholesterol 0.007 0.005 1.826 1 0.177 1.007
Albumin 0.638 0.382 2.789 1 0.095 1.892
Transferrin 0.006 0.005 1.703 1 0.192 1.006
Pathology 6,262 2 0,044

Pathology (1) 1.021 0.410 6.187 1 0.013 2.775
Pathology (2) 0.406 1.073 0.143 1 0.705 1.500
Constant -2.669 1.073 6.186 1 0.013 0.069

Actually, prognosis estimation is a critical issue of
gastrostomy candidate’s evaluation. Mortality analysis
is an important issue® because the gastrostomy would
be denied in most patients surviving less than a few
weeks, if this outcome could be anticipated.

The present study used three routine laboratory tests,
serum cholesterol, albumin and transferrin. When
considered separately, each of these serum markers
showed a significant difference between the two survival
groups, with higher serum levels being observed in
longer survival, while such contrast was only suggested
for the type of pathology. This different behavior shown
by the four variables may as well reflect the different
statistical power of the data analysis techniques used, t
tests for the biochemical markers, and exact Fisher’s test,
for type of pathology. However, when the four variables
were simultaneously considered in the logistic regression
model, type of pathology was the only significant
predictor of adequate survival, presenting itself as a
surrogate measure of those serum parameters. Neverthe-
less, laboratory data are still important for survival esti-
mation in our model. Other variables were evaluated,
including total lymphocyte count or clinical parameters
but there was no improvement of the model. In the future,
other centers and other enteral feeding teams may use this
model, increasing the number of patients enrolled and
confirming the validity of the model in various clinical
settings.

Knowing the underlying disease (pathology group)
with these laboratory data and a simple equation,

1

] + e2,66971,021 xpathology (1) - 0,406 x pathology (2) - 0,006 x transferrin - 0,638 x albumin - 0,007 x cholesterol

P=

we can predict if a patient will survive more than three
weeks and has a satisfactory life expectancy to be
considered for gastrostomy. Conversely, if the patient
has a life expectancy shorter than three weeks, gastros-
tomy should seldom be considered, only on the basis of
very special, individual features. PEG patients and
patients dying shortly after gastrostomy are a heteroge-
neous group, in respect to age, underlying diseases, co-
morbidities and nutritional status. Nevertheless, our
model is robust and there seems to be no differences
between the three groups of different underlying

diseases. As a matter of fact, the present model is useful
independently of the heterogeneity of the gastrostomy
patients. Globally, this model is effective in preventing
most of the gastrostomy procedures in short survivors,
but it proves itself to be wrong in a minority of patients
and should not be used as a golden rule. Some patients
with P = 0,88, with expectable adequate survival may
pass away within 3 weeks. In these patients PEG would
be useless. Conversely, some patients with P < 0,88,
with expectable short survival, may be alive for more
than 3 weeks. These ones can be fed through a nasogas-
tric tube for a few weeks more and PEG will just be
delayed. Furthermore, even in situations that clearly
have a very poor outcome, an endoscopic gastrostomy
may be considered in order to provide the most comfort-
able palliation. Obviously, this equation is no substitute
for clinical evaluation. The decision process must be
based on clinical features and ethical considerations and
must be shared between the enteral feeding team, the
patient and the family. But, despite being an imperfect
model, when patient prognosis is uncertain, the present
model may become part of the evaluation of PEG candi-
dates, as a useful tool to support clinical decisions.

Conclusions

The authors present a useful tool for predicting the
outcome of gastrostomy candidates. Knowing the
underlying disease of gastrostomy candidates, and eval-
uating total serum cholesterol, serum albumin and serum
transferrin and using an equation, enteral feeding teams
should be able to identify most of the gastrostomy candi-
dates that would survive less than three weeks after the
procedure, and avoid useless gastrostomy procedures.
When clinical evaluation alone does not display a clear
prognosis, this equation should be included in the evalu-
ation of gastrostomy candidates.
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