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Abstract

Introduction: There have been few studies evaluating
how the viscosity of the enteral nutrition formulas deter-
mine the time of nutritional administration by gravity
and whether viscosity causes tubes to become obstructed.

Objective: To assess how long it takes for three poly-
meric, hypercaloric and fibre-rich enteral nutrition for-
mulas marketed in Europe to pass through different
nasointestinal tubes by gravity and whether these formu-
las obstruct the tubes.

Methods: We evaluated the in vitro viscosity of the
three formulas using a rotational viscometer and by cal-
culating how long these formulas took to pass by free fall
through the equipment and different calibre tubes. We
also assessed the possible obstruction of the tubes or the
equipment after the three formulas had been adminis-
tered, simulating the administration conditions in clinical
practice (1,500 ml over 24 h).

Results: The administration time by gravity of 500 ml
of each of the formulas studied was closely related to the
viscosity determined in vitro of each of the formulas used.
The larger the internal diameter of the tube, the shorter
the emptying time by gravity or free fall. The possibility
of tube obstruction was higher in the case of the two more
viscous formulas.

Conclusions: The viscosity of the enteral nutrition for-
mulas should be included in the labelling of the product.
This information would assist the clinician to make deci-
sions about the kind of formula to be used with different
types and calibres of tube.

(Nutr Hosp. 2009;24:492-497)
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VISCOSIDAD Y FLUJO DE CAIDA LIBRE
DE TRES FORMULAS DE NUTRICION ENTERAL
RICAS EN ENERGIA Y FIBRA

Resumen

Introduccion: Existen escasos estudios que evaliden el
efecto de la viscosidad de las formulas de nutricion ente-
ral sobre el tiempo de administracion de la nutricién por
caida libre y la posibilidad de obturacion de la sonda utili-
zada.

Objetivos: Evaluar la presencia de obturacion y tiempo
de paso de tres formulas poliméricas hipercaldricas y
ricas en fibra de nutricion enteral a través de diferentes
sondas nasointestinales por gravedad.

Métodos: Se evalud la viscosidad in vitro de tres formu-
las mediante un viscosimetro rotacional y el tiempo por
caida libre a través de un equipo y sondas de diferente
calibre de tres formulas ricas en fibra comercializadas en
Europa. También se evaluo la presencia de obturaciones
de la sonda o el equipo tras la administracion de las tres
formulas simulando las condiciones de administracion en
la practica clinica (paso de 1.500 ml durante 24 h).

Resultados: El tiempo de administracion por gravedad
de 500 ml de cada una de las formulas se relaciond estre-
chamente con la viscosidad determinada in vitro de cada
una de las formulas utilizadas. A mayor didmetro interno
de la sonda, menor fue el tiempo de vaciado por caida libre
o gravedad. La posibilidad de obturacion de la sonda fue
mayor en el caso de las dos formulas mas viscosas.

Conclusion: La viscosidad de las formulas de nutricion
enteral deberia figurar en el etiquetaje del producto. Esta
informacion ayudaria al clinico a tomar decisiones sobre
el tipo de formula a emplear en funcion del tipo y calibre
de sonda a utilizar.

(Nutr Hosp. 2009;24:492-497)
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Introduction

The development and deployment of artificial nutri-
tion techniques has brought about the possibility of
increasing life expectancy in different situations and dis-
eases. The use of enteral nutrition has grown in recent
years.' This is partly because the parenteral support that
often was used in some situations has not shown to be
advantageous compared to the enteral feeding technique.

Enteral nutrition through nasogastric or nasointesti-
nal tubes is the most commonly used technique in arti-
ficial nutritional support both in hospitals and outpa-
tients. The method of tube administration most
frequently used in chronic patients is intermittent or
continuous by gravity. However, in acute care hospi-
tals, continuous administration through a pump is also
widely used in different situations requiring continu-
ous input of small quantities of nutrients over time.
This promotes the proper use of nutrients and reduces
the risks associated with the slowdown of the normal
gastrointestinal transit.

Tube obstruction is a relatively common complica-
tion that can be seen both in the hospital and at home.
Obstruction stops the administration of nutrients and
sometimes medication and this has consequences for
the individual. In addition, the obstructed tube often
has to be replaced by another tube, which means added
inconvenience and risks for the patient.*

On many occasions, the passage of nutrients through
the tube also slows down because of the viscosity of the
formula administered and/or the small size of the tube
used.®” This may mean the nutrients are inadequately
administered and thus can lead to negative conse-
quences and inconvenience for both caregiver health
personnel and family members or patients themselves.

It has been previously seen that using highly viscous
hypercaloric formulas may lead to an increased risk of
obstructing tubes as well as a delay in administration.
However, there are few studies that evaluate the effect
of the type of formula and tube on the time required to
administer enteral nutrition by gravity and the possibil-
ity of tube obstruction'.

Therefore, the purpose of this study is to assess three
high-energy, high-fibre enteral nutrition formulas for
their viscosity, their falling time using gravity and their
likelihood of causing obstruction in nasoenteric tubes
of different calibres.

Material and methods

This study was divided into three phases: a) in vitro
viscosity determination of three hypercaloric and rich
in fibre enteral nutrition formulas; b) comparison of the
time needed to pass 500 ml of the three enteral nutrition
formulas using different calibre nasoenteric tubes by
free fall; and c) assessment of the possibility of tube
obstruction after administration by gravity of 1,500 ml
of the three enteral nutrition formulas for 24 hours.

Enteral nutrition formulas and tubes used

We compared three hypercaloric enteral nutrition
formulas (between 1.5 and 1.6 kcal/ml) enriched in
fibre and marketed in Europe; table I shows their com-
position. Two of the three formulas with similar caloric
content had the same energy density (Nutrison® Energy
Multi Fibre and Jevity® Hi Cal). Both the quantity and
the type of fibre (soluble/insoluble relationship) were

Table I
Nutritional composition of the enteral nutrition formulas

Isource® Energy

Nutrison® Energy Jevity® Hi Cal

Fibre* Multi Fibre*
Energy (kcal) 160 150 150
Proteins (g) 6.0 6.0 6.4
Carbohydrates (g) 20.0 18.5 20.1
Lipids (g) 6.2 5.8 4.9
Fibre (g) 1.5 1.5 1.2
Type of fibre 50% soluble 47% soluble 75% insoluble
50% insoluble 53% insoluble 25% soluble
— Inulin — Polysaccharide soybeans —Fibre oats
— Polysaccharide soybeans — Cellulose — Polysaccharide soybeans
—Fibre oats —Fibre acacia (Arabic gum) — Arabic gum
—Inulin — Carboxymethyl cellulose
—Oligofructose
—Resistant starch
Osmorality (mOsm/L) 347 335 397

Nutritional content per 100 ml of enteral nutrition formula.

*Data provided by the laboratory. “Data provided by vademecum 2008 for each laboratory.

Viscosity and flow-rate of three enteral
nutrition formulas
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Table II
Characteristics of tubes tested

Type of tube Fi refnch Length Internal diameter External diameter
size (cm) (mm) (mm)
Radiopaque polyurethane 8 120 1.8 2.6
Radiopaque polyurethane 9/18 150 3.0/2.2 6.0/4.8
Radiopaque polyurethane 10 120 2.5 33
Radiopaque polyurethane 12 120 3.0 3.96

very similar in the case of the formula Isosource®
Energy Fibre and Nutrison® Energy Multi Fibre.

Three polyurethane nasogastric tubes with different
calibre (Compat® 8, 10 and 12 French, Nestle Health-
care Nutrition, SA) and one nasojejunal tube (Compat®
Stay-Put 9/18 French, Nestle Healthcare Nutrition,
SA) were used for evaluating the infusion time and the
possibility of obstruction. Table II shows the character-
istics of each of the tubes used.

Viscosity assessment

The viscosity of the enteral nutrition formulas was
determined in triplicate in vitro through a rotational vis-
cometer Brookfield (Brookfield Engineering, Stoughton,
MA) at 25° C. The average of the three determinations
was the accepted value.

Fluidity determination by free fall

The fluidity of the formulas was estimated by
observing the time of administration by free fall of each
of the formulas. After the formula had been shaken
(500 ml) for 30 seconds, it was hung so that the distal
end of the tube was located 10 cm from the ground. The
administration speed of the line was graduated at the
highest possible speed (Roller totally opened). The
administration of the formula was timed from the
beginning to finish. The presence or absence of
obstructions was recorded and, if appropriate, the time
at which the stoppage occurred.

The experiment was conducted at 25° C and it was
repeated three times for each formula using each of the
nasogastric tubes described. The average of the three
determinations was the accepted value.

Determining possible tube obstruction

Possible tube obstruction was determined after the
administration of 1,500 ml of the three enteral nutrition
formulas by gravity. Following agitation of the for-
mula for 30 seconds, it was transferred to a bag of
enteral nutrition, which was hung so that the distal end
of the tube was located 10 cm from the ground. The

infusion was graduated at a velocity of 1-drop/3 sec-
onds (1 drop is equivalent to 20 uL). The administra-
tion of the formula was timed from the beginning to
finish. The presence or absence of obstructions was
recorded and, if appropriate, the time at which the stop-
page occurred. The amount of formula that remained in
the bag after the end of the administration was also
weighed. With this test, we attempted to simulate as
closely as possible the normal clinical conditions of
tube administered enteral nutrition (administration of
1,500 ml in 24 hours).

The experiment was conducted at room temperature
of 25° C and was repeated three times for each formula
using the tube (9/18FR). For this experiment, nasojeju-
nal tube (9/18) was used since this is the tube in which
obstructions are most frequently observed in clinical
practice, particularly with products rich in fibre.

Statistical methods

Results are shown as means and standard deviations.

Results

The first phase of the study showed that despite similar
fibre and energy density input, the viscosities of the three
formulas studied were different. The formula with less
viscosity in vitro was Isosource® Energy Fibre, followed
by Nutrison® Energy Multi Fibre and Jevity® Hi Cal,
which proved to be the most viscous (table III).

In the second phase of the study, it was observed that
the administration time of 500 ml of each one of the
formulas was closely related to the viscosity deter-
mined in vitro of each of the formulas used, with the
most viscous formula taking the longest to pass

Table I1I
Viscosity results of enteral nutrition formulas

Viscosity (cPs)

Isosource® Energy Fibre 26
Nutrison® Energy Multi Fibre 52
Jevity® Hi Cal 83
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Fig. 1 —Graph of time
of administration by
gravity of 500 ml of
each one the formulas
after passing through
different nasoenteric tu-
bes of different calibres
(bars represent the ave-
rage and standard de-
viation).

through different calibre nasoenteric tubes (table IV,
fig. 1). Moreover, the larger the internal diameter of the
tube, the shorter the emptying time by gravity or free
fall. There was no obstruction of the tube during the
administration of 500 ml of the formulas by free fall
(Roller fully opened) through the different calibre
nasogastric tubes used in this experiment.

In the third phase of the study, which reproduces the
clinical conditions for the routine use of formulas for
enteral nutrition, an obstruction was observed after the
free fall administration of Nutrison® Energy Multi
Fibre and Jevity® Hi Cal formulas through a 9/18 FR
tube of 1,500 ml/24 h. However, no obstruction was
observed with Isosource® Energy Fibre formula when
this volume was administered with the same tube and
conditions, so the residual volume in the bag of enteral
nutrition was practically nil at the end of the infusion.
As can be seen in table 5, the amount of formula that
remained in the bag after the obstruction was higher in
the case of the Jevity® Hi Cal formula compared to the
Nutrison® Energy Multi Fibre formula.

Discussion

During recent years, the pharmaceutical market has
developed a large number of formulas for enteral nutri-
tion and improved techniques and materials related to
its administration. This development has helped to
improve the nutritional status of patients who need to
be fed artificially and thus, promote their quality of life
both at home and hospital.

Despite the significant growth in number of formu-
las and materials, there are still several issues to con-
sider when it comes to managing enteral diets to avoid
possible complications and the possible obstructions of
the tubes.

This work has allowed the study in vitro of the vis-
cosity of three enteral nutrition formulas available in
the European market affects the time of nutritional
administration by free fall. The viscosity determined in
each of the formulas used conditioned the fall times
through tubes with different calibres. Thus, the formu-
las that were more viscous took more time to flow
gravitationally.

The recommended way of administering to avoid the
dumping effect or diarrhea is 240 to 480 ml of diet over a
period of 20-40 minutes from 4 to 6 times a day'. Follow-

Table IV
Results of administration time by gravity of 500 ml
of each of the formulas after passing through nasoenteric
tubes with different calibres

Viscosity and flow-rate of three enteral
nutrition formulas

Isosource® Nutrison® Jevity®
Tube Energy Energy Hi Ciz /
Fibre Multi Fibre

8FR  01:08:03(00:03:27)  01:22:58 (00:05:42)  02:08:00 (00:03:51)
9FR  00:40:47(00:02:07)  00:48:57 (00:01:52)  01:26:34 (00:09:01)
10FR  00:21:01(00:01:45)  00:26:48 (00:03:37)  00:42:46 (00:02:22)
12FR  00:13:18 (00:00:51)  00:19:03 (00:01:42)  00:23:47 (00:00:41)
Abbreviations: FR, French.
Time expressed (hh:mm:ss) as mean (standard deviation).
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Table V
Results of the evaluation of the possibility of tube obstruction after administration by gravity of 1,500 ml of enteral
nutrition formula during 24 hours

Isosource® Energy

Nutrison® Energy

Fibre Multi Fibre Jevity® Hi Cal
Obstruction No Yes Yes
Time in which obstruction is produced - 20:17:17 (01:14:39) 16:43:27 (00:00:42)
Quantity of formula in the bag after 24 h 14,0 (24.,4) 721,7(216,9) 833,0(724.,9)

ing the results shown in Table 4, this criterion is satisfied
only by the following relationships between tubes and
formulas: a) tube 9FR with Isosource® Energy Fibre for-
mula, b) tube 10FR with Isosource® Energy Fibre or
Nutrison® Energy Multi Fibre formulas, and ¢) tube 12FR
with Isosource® Energy Fibre, Nutrison ®Energy Multi
Fibre or Jevity® Hi Cal formulas. Therefore, it is desirable
not to use other combinations to avoid complications
such as a delay in the diet administration.

The three formulas studied are similar in nutritional
composition, being rich in fibre and energy. These
properties mean these formulas have greater viscosity®
and special care is needed when choosing the most
appropriate type of tube to avoid possible obstructions
or other complications. Although Isosource® Energy
Fibre formula is the most caloric and one of the richest
in fibre, it was the one that took the least time to admin-
ister by gravity through the various nasoenteric tubes
with different calibre used. Nutrison® Energy Multi
Fibre formula has the same fibre content but is more
viscous than Isosource® Energy Fibre formula. The
time taken by Nutrison® Energy Multi Fibre formula
through the different tubes was higher than for
Isosource® Energy Fibre formula. This could be
explained by differences in the viscosity values of
these two products or differences in the source of fibre
used (in the case of Jevity® Hi Cal, 75% is insoluble
while in the other two formulas this is approximately
50%). Jevity® Hi Cal formula is the most viscous and
quickest to pass through the different tubes used,
despite having a slightly lower content of fibre/100 ml
compared to the other formulas studied.

The degree of viscosity of a formula depends cru-
cially on the density of nutrients incorporated and the
type and quantity of stabilizers used as well as the pres-
ence of networks of dispersed particles (especially pro-
teins and polysaccharides) and emulsifiers used to
avoid coalescence, sedimentation and phase separation
of the formula.>* Some circumstances of the develop-
ment process are also essential in viscosity and degree
of dispersion, pH, homogenization and temperature
during the processing, since they alter the possible
interactions between macromolecules present in solu-
tion.*" This could explain why the three formulas simi-
lar in energy density and amount of fibre (two of them
nearly identical) have different viscosities, as we
observed in our study.

Dietary fibre is essential in maintaining proper bowel
function. Currently it is believed that fibre must be pre-
sent in preparations for enteral nutrition to manage mul-
tiple situations, but the reality is that routine enteral
nutrition often indicated by clinicians does not contain
fibre.” This is because the formulas rich in fibre can gen-
erate problems of: a) administration such as slowing the
infusion speed or obstructing the tube if the calibre that
is very fine, or b) gastrointestinal intolerance. However,
in this experiment there was no tube obstruction during
the administration of 500 ml of formula through the vari-
ous tubes used, even using formulas which were highly
viscous and rich in fibre. Nevertheless, this does not
mean that these formulas could not produce any obstruc-
tion in vivo, since there are other factors that cannot be
taken into account in an in vitro study such as the type of
formula used, contact between the formula and the gas-
tric pH, and the formula’s interaction with the medica-
tions administered by the same tube. In addition, in our
experiment the roller was totally opened, which is not
habitual in vivo administration conditions.

However, when considering the presence of obstruc-
tions in tube 9/18 FR after administration of 1,500
ml/24h of the three enteral nutrition formulas by gravity,
obstructions were observed with Nutrison® Energy Multi
Fibre and Jevity® Hi Cal formulas. The same phenome-
non was not observed for Isosource® Energy Fibre for-
mula. Differences in the viscosity and content/type of
fibre of these formulas could explain these divergences.

In conclusion, some of the enteral nutrition formulas
marketed in Europe exceeded the recommended time for
administration by gravity. To avoid delays in the admin-
istration of the formulas or other possible complications,
the viscosity of the enteral nutrition formulas should be
included in the labelling of the product. This information
would assist the clinician in making decisions about the
kind of formula to be used for different types and calibres
of tube. In addition, the professional who uses these prod-
ucts should be informed of the type of tubes that should
be used according to the viscosity of the product.
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