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Medication administration through enteral
feeding tubes
Nancy Toedter Williams

W

hen oral intake is inadequate
or not recommended for a
prolonged period of time,
patients may require an alternative
method of feeding, either enterally
or parenterally. Enteral nutrition
(EN) through a feeding tube is the
preferred method of nutrition support for patients with a functioning
gastrointestinal (GI) tract. EN offers several theoretical advantages
over parenteral nutrition, including
lower cost, greater convenience,
decreased infectious complications, and enhanced host immune
function. Another beneficial effect
includes improved maintenance of
GI mucosal structure and function,
which could possibly prevent gut atrophy and bacterial translocation.1-4
Another advantage of enteral
feeding tubes is that they provide
convenient access to the GI tract;
therefore, these devices are frequently used for medication administration in patients who cannot swallow
safely. Several issues must be considered with concurrent administration of oral medications and enteral
formulas, particularly continuous
tube feeding, because incorrect administration methods may result
in clogged feeding tubes, decreased
drug effectiveness, increased adverse

Purpose. An overview of enteral feeding
tubes, drug administration techniques,
considerations for dosage form selection,
common drug interactions with enteral
formulas, and methods to minimize tube
occlusion is given.
Summary. Enteral nutrition through a
feeding tube is the preferred method of nutrition support in patients who have a functioning gastrointestinal tract but who are
unable to be fed orally. This method of delivering nutrition is also commonly used for
administering medications when patients
cannot swallow safely. However, several
issues must be considered with concurrent
administration of oral medications and
enteral formulas. Incorrect administration
methods may result in clogged feeding
tubes, decreased drug efficacy, increased
adverse effects, or drug–formula incompatibilities. Various enteral feeding tubes are
available and are typically classified by site
of insertion and location of the distal tip
of the feeding tube. Liquid medications,
particularly elixirs and suspensions, are
preferred for enteral administration; however, these formulations may be hypertonic
or contain large amounts of sorbitol, and
these properties increase the potential for

effects, or drug–formula incompatibilities.5 This article provides a general overview of enteral feeding tubes,
drug administration techniques,
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adverse effects. Before solid dosage forms
are administered through the feeding tube,
it should be determined if the medications
are suitable for manipulation, such as crushing a tablet or opening a capsule. Medications should not be added directly to the
enteral formula, and feeding tubes should
be properly flushed with water before and
after each medication is administered. To
minimize drug–nutrient interactions, special considerations should be taken when
administering phenytoin, carbamazepine,
warfarin, fluoroquinolones, and proton
pump inhibitors via feeding tubes. Precautions should be implemented to prevent
tube occlusions, and immediate intervention is required when blockages occur.
Conclusion. Successful drug delivery
through enteral feeding tubes requires
consideration of the tube size and placement as well as careful selection and appropriate administration of drug dosage
forms.
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considerations for dosage form selection, common drug interactions with
enteral formulas, and methods to
minimize tube occlusions.
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Enteral access sites and delivery
methods
Various enteral feeding tubes are
available for delivering medications
and nutrients to the patient. The
tubes are typically classified by site
of insertion (e.g., nasal, oral, percutaneous) and location of the distal
tip of the feeding tube (e.g., stomach, duodenum, jejunum) (Figure
1). The choice of an enteral access
route depends on several factors,
including the patient’s concurrent
diseases or injuries, the presence
or risk of impaired gastric motility
or aspiration, and the anticipated
duration of nutrition support. The

stomach is traditionally used for delivery of EN because use of this site
is generally more convenient, less
costly, and less labor intensive than
others. The stomach is also able to
tolerate various medications and
enteral formulas, including hypertonic preparations. However, small
bowel access may be preferred in
patients with pancreatitis, gastroparesis, or severe gastroesophageal
reflux disease, as well as in patients
who have consistently high gastric
residual volumes or who are at
greater risk for aspiration. Jejunal
feedings have not consistently been
proven to reduce aspiration, and

Figure 1. Locations of various types of feeding tubes. Nasoduodenal, nasojejunal, and
percutaneous endoscopic jejunostomy tubes extend (dotted line) to the small intestine
instead of ending in the stomach. Adapted from reference 6. Illustration by Taina Litwak,
CMI.
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they may cause abdominal cramping and diarrhea.6-10
For patients who require shortterm EN, nasoenteric feeding tubes
are commonly used because they are
easier to place and less costly than
other enteral access routes. These
feeding tubes may be inserted nasally,
with the distal end of the tube in the
stomach (nasogastric [NG]) or in
the small intestine (nasoduodenal
[ND] or nasojejunal [NJ]). A tube
inserted through the mouth into the
stomach (orogastric [OG]) is another option for short-term feeding,
particularly when a tube cannot be
placed nasally because of head injury or sinusitis. The OG route may
also be reserved for premature or
small infants who can only breathe
through their nose.6-8,10 For patients
who require long-term EN (i.e., more
than four to six weeks), percutaneous feeding tubes may be inserted in
the stomach, duodenum, or jejunum
via laparotomy, laparoscopy, endoscopy, or fluoroscopy. Percutaneous
endoscopic gastrostomy (PEG) is
the most popular technique used for
obtaining long-term enteral access
because it can be performed under
conscious sedation in an endoscopy
center or even at the bedside. Using
this method can help reduce costs,
avoid general anesthesia, and shorten
the recovery period.6-8
Enteral feeding may be administered by various methods, including continuous, cyclic, bolus, and
intermittent. The delivery method is
determined by the tip location of the
feeding tube (e.g., gastric, jejunal),
the patient’s clinical condition and
tolerance to EN, and the overall convenience.6 Continuous feedings are
administered at a slow, continuous
rate over a 24-hour period with sporadic interruptions for drug delivery
or medical procedures. This is the
preferred method when initiating EN
in hospitalized patients, when infusing EN directly into the small bowel,
and when patients are critically ill.6
However, this method is also the
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most problematic for drug–nutrient
interactions and frequently requires
interrupting tube feedings when administering medications. Repeatedly
interrupting continuous feedings
for drug delivery is also challenging
for health care workers because they
have to stop and restart the feedings
in a timely manner before and after
medication administration. Additionally, the tube feeding rate may
need to be increased to provide appropriate nutrition during the shortened infusion period.
Cyclic EN administration involves
continuous feeding over a specified
period (i.e., 8–20 hours per day). It
is generally infused at night, thus allowing independence from the feeding equipment during the day and
also encouraging oral intake in the
daytime. Like continuous administration, this delivery method may be
used when feeding into the stomach
or small intestine.6,11
Bolus feedings closely mimic
usual eating patterns and involve
the infusion of EN over a short time
period at specified intervals—usually
four to six times per day. This rapid
delivery method is commonly used
when feeding into the stomach, and
it is generally not well tolerated in
patients with small bowel access;
however, it offers the advantage of allowing medication administration to
be separated from the feedings.6,11
Intermittent administration of
EN uses a similar technique to that
of bolus feeding, but it is used over a
longer duration, which may help improve tolerance. This delivery method is also not recommended when
feeding into the small bowel.6,11
Feeding tube size and
placement site
Two important things to consider
when administering medications
through a feeding tube include the
tube size and placement site. The
outer lumen tube diameters are
typically measured in French units
(1 French unit = 0.33 mm) and are

often designated as small-bore (e.g.,
5–12 French) or large-bore (e.g., ≥14
French) tubes.6,7,12 Small-bore tubes
are placed into the stomach (e.g.,
NG, gastrostomy) or small bowel
(e.g., ND, NJ, jejunostomy, percutaneous endoscopic jejunostomy,
needle-catheter jejunostomy) and
are used for feeding or administering
medication.5 Small-bore tubes are
more comfortable but have a greater
likelihood of becoming clogged by
medications or thick EN formulations. NG tubes are also available in a
larger diameter (e.g., Salem sumps).
Large-bore NG tubes can be used for
feeding or administering medication,
but their primary functions are gastric suctioning and decompression.
Another function of large-bore NG
tubes is the measurement of gastric
pH or residual volumes. These largebore tubes are stiffer and cause greater patient discomfort, but they are
less prone to clogging than smaller
diameter tubes. When NG tubes are
used for gastric suctioning, medications should not be administered via
this route because they can also be
removed with frequent suctioning.
However, if drug delivery through
the NG tube is necessary and the GI
tract is working, then clamping the
NG tube, if the patient can tolerate it,
for at least 30 minutes after giving a
medication may improve absorption
before reattaching the suction. Other
large-bore tubes include OG, gastrostomy, and PEG tubes; these are also
less likely to occlude.5-7,10,12
The feeding tube placement site
also affects drug absorption. Most
oral medications are absorbed in
the small intestine, but for some the
stomach is the target for drug action
and absorption. Therefore, if the
feeding tube is placed in the small
bowel, certain medications may have
minimal benefit because the stomach is bypassed. These medications
include antacids, which neutralize
stomach acid, as well as sucralfate
and bismuth, which both form a protective barrier in the stomach. Ad-
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ditionally, when certain medications
that are characterized by extensive
first-pass hepatic metabolism (e.g.,
opioids, tricyclic antidepressants, bblockers, nitrates) are administered
into the jejunum, increased absorption and greater systemic effects may
occur.5,10,12,13 The antifungals ketoconazole and itraconazole may also
have decreased bioavailability when
administered via intestinal feeding
tubes. These medications require
gastric acidity for optimal absorption, and the environment is less
acidic as the feeding tube tip moves
further down the GI tract.10,13,14 By
bypassing the stomach, intrajejunal
administration may also result in
incomplete drug absorption because
the stomach aids in medication disintegration and dissolution.15
Other options for medication
administration
For patients who are unable to
take medications orally, the necessity
of drug therapy, as well as alternative routes of drug delivery, should
be considered before administering medications through an enteral
feeding tube. In critically ill patients,
hormone replacement therapy or
lipid-lowering agents may be temporarily suspended until the patient can
resume the oral route because these
medications may generally be held
for a short duration without notably
harming the patient. However, for
medications deemed necessary, an
alternative route of administration
may be considered. These alternatives include drug administration via
transdermal, sublingual or buccal,
rectal, or injectable routes. Unfortunately, there are limited medications
available via transdermal delivery,
and the sublingual and buccal routes
may be inappropriate options because of mouth injuries, decreased
mental status, dry mouth, excessive salivation, or vomiting. Rectal
administration may be undesirable
or uncomfortable in some patients,
and parenteral routes, including
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intravenous, intramuscular, and
subcutaneous injections, are usually more costly, inconvenient, and
painful and require trained staff.
The use of intravenous lines may
also increase the potential for infections and other complications.5,12,13
For products without various dosage formulations, another option
involves switching to a medication
that works similarly but can be administered via alternative routes.
However, dosage changes may be
needed for an equivalent effect.5,13
Medication administration
considerations with EN
If the medications are needed and
alternative routes of drug delivery
are not options, then the medications may be given through enteral
feeding tubes. Several factors should
be considered before administering
medications concomitantly with EN.
As discussed previously, feeding tube
size and placement site should be
considered. Gastric access is generally
preferred over jejunal administration
because gastric tubes are larger and
less prone to clogging and because
the stomach may be more tolerant of
hypertonic medications.6,10 Gastric
feedings may be administered by
bolus or intermittent methods; EN
and medications may thus be given
at separate times.
Liquid preparations. Selecting
the most appropriate dosage form
is also something to consider. Liquid preparations are the preferred
formulations when possible because
they are readily absorbed and are
less likely to cause tube occlusions.
Elixirs or suspensions are generally
favored over syrups since syrups are
more likely to cause clumping when
exposed to EN.10,13,16 An important
safety measure to take when administering liquid medications through
enteral feeding tubes is to make sure
that the drugs are drawn up and
dispensed only in oral syringes (not
syringes intended to give parenteral
injections) in order to avoid the ac2350

cidental parenteral administration of
an oral formulation.10,13
Adjustments in the medication
dosage or frequency may be necessary when changing formulations.
This is particularly important when
switching from an extended-release
product to a liquid preparation,
which is usually immediate release
and requires more frequent dosing.
Another concern when administering liquid preparations to adults is
that many are designed for use in
children; therefore, large volumes
of the drug must be given in order
to achieve an adult dosage, and this
could cause intolerability.5,10,16
Although oral liquid medications
are preferred for enteral administration, they may potentially cause
adverse effects. Many liquid preparations are extremely hyperosmolar or
contain large amounts of sorbitol,
increasing the risk of GI intolerance.
This is particularly troublesome when
a large volume of drug is dispensed
per dose.14,16 Hypertonic medications may not be well tolerated when
delivered into the small intestine.
The stomach, though, is able to dilute hyperosmolar substances with
gastric juices before transferring the
contents into the duodenum. However, if the hypertonic medications
are administered too rapidly into the
stomach, they may be “dumped” into
the small bowel, resulting in osmotic
diarrhea.17,18 If possible, hypertonic
medications, especially when undiluted, should not be administered
directly into the small intestine, such
as with a jejunostomy tube. This may
cause bloating, nausea, cramping,
and diarrhea.18,19 Diluting the hyperosmolar liquid medication with
10–30 mL of sterile water before delivery through the feeding tube may help
prevent these intestinal intolerances
from occurring. More water may be
needed when diluting medications
that are either extremely hypertonic or
being delivered directly into the small
intestine.5,19 Unfortunately, osmolality data for some medications are
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not usually readily available, and the
manufacturer or package insert must
be consulted.19 Some liquid medications with a high osmolality are listed
in Appendix A. The average osmolality values of other liquid preparations
have been published elsewhere.17
The sorbitol component of the
medication itself can also cause GI
distress with liquid preparations.
Sorbitol is an inactive ingredient
used as a sweetening agent to improve medication taste as well as
stability, but large amounts (i.e.,
≥20 g per day) may cause an osmotic
laxative effect, resulting in cramping
and diarrhea. Even doses as low as 10
g per day may lead to bloating and
flatulence.19,20 Although most liquid
medications only contain a small
amount of sorbitol, patients may be
taking multiple products that contain this ingredient, thus increasing
the cumulative effects. 5 Unfortunately, since sorbitol is considered
an inert substance, manufacturers
may not always list it on the product
label. Even when inactive ingredients
are included on the label or in the
package insert, the exact amount of
sorbitol in the liquid preparation is
generally not listed. Sorbitol content
may also differ among manufacturers
of a particular product. The best way
to determine the sorbitol content of
a liquid medication is to contact the
drug manufacturer.19-21 Appendix B
lists some medications that contain
sorbitol, although the amount may
vary by manufacturer. The sorbitol
content of various oral liquids has
been published elsewhere.20,21
Suspensions, which are often
used for antibiotics, may be a more
desirable type of liquid formulation.
They generally contain less sorbitol
than other liquid products, and most
reconstituted antibiotic preparations
have no sorbitol. Although suspensions may have a high osmolality,
diluting with water will help decrease
the tonicity.19-21
When patients experience adverse
GI effects, oftentimes the enteral tube
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feeding is blamed, but the hyperosmolality and sorbitol content of the
liquid medication may be the causes.
Several commonly used medications,
such as acetaminophen liquid, have a
high osmolality and contain sorbitol.
Pharmacists can play a key role in
identifying the potential medication
culprits and evaluating the osmotic
load and sorbitol amount. It may be
necessary to change the medication
to a therapeutically equivalent agent
that does not contain sorbitol or an
agent that has a lower osmolality.
Switching the administrative route
may also be helpful. Changing the
medication formulation (e.g., from a
liquid to a crushed tablet or opened
capsule) may be another option.18,19
Generally, injectable formulations
are not administered into the GI
tract because these dosage forms are
not apt to survive in gastric acidity,
which can result in reduced drug absorption.14 The osmolality of parenteral drugs may be higher, potentially
causing osmotic diarrhea, and the
cost may be much greater.9 Although
liquid medications are more convenient to administer via a feeding
tube, it may not be the best option if
GI distress occurs.
Some liquid formulations are not
appropriate for administration via
the enteral tube. These include lansoprazole oral suspension granules and
mineral oil, which are too viscous
and may occlude the tube. Sucralfate
suspension is also not suitable because it may cause an insoluble mass
or bezoar formation.10,13,16,22
Syrups should also be avoided,
particularly when mixed with enteral
formulas. Syrups with an acidic pH
(≤4) are the most problematic because of their physical incompatibility with EN formulations, which
can result in clumping or thickening
and may cause the feeding tube to become clogged. Similar problems with
tube occlusions may occur with ferrous sulfate elixir, which is not a syrup but is also very acidic. Some liquid
preparations that are not compatible

with enteral tube feedings and cause
clumping or precipitation are listed
in Appendix C. Further diluting the
syrup with water cannot prevent the
physical incompatibilities between
EN and syrups. An alternative liquid
preparation is preferable. If this is not
possible, the enteral feeding should
be interrupted and the tube flushed
with at least 30 mL of water before
and after administering the incompatible syrup in order to separate the
medication from the EN; the tube
feeding may then resume.19,23 Not
all syrups are considered physically
incompatible with enteral products.
Syrups are generally less preferable
to other liquid formulations because
many syrups have pH values of <4
and cause compatibility problems.23
Solid dosage forms. When a
liquid preparation is inappropriate
or unavailable, certain solid dosage
forms may be used for administration into feeding tubes. Most simple,
compressed tablets, including those
that are sugar- or film-coated, are
immediate-release products and
may be crushed. Crushing the tablet
results in minimal pharmacokinetic
changes to the drug and is similar to
swallowing it whole. Crushing some
preparations could cause a bitter
taste if taken orally, but this is not an
issue for administration via a feeding
tube. Tablets should be crushed to a
fine powder using a mortar and pestle and then mixed with 15–30 mL of
water before delivery through the
tube. Similarly, hard gelatin capsules
that contain a powdered drug may be
opened and the contents diluted in
10–15 mL of water to form a slurry
before administration.12,13,19,24
Administration of liquid-filled
soft gelatin capsules is more challenging. One end of the capsule may
be pierced with a needle, and its liquid contents can be squeezed out and
mixed with water. A concern with this
method is that all of the contents may
not be removed from the capsule,
which can result in underdosing.
Alternatively, the entire soft gelatin
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capsule may be dissolved in a container of warm water and all of the
contents given. Care should be taken
not to administer the undissolved
gelatin portion into the tube because
this may cause occlusion.9,12,19
Special care should be taken with
some extended-release capsules that
contain beads or pellets and certain
capsules filled with enteric-coated
granules. These capsules may be
opened and emptied into the feeding
tube, but their contents should not
be crushed. Examples of medications
that may be administered this way
include diltiazem (Tiazac, Biovail
Pharmaceuticals, Morrisville, NC)
and verapamil (Verelan, UCB Pharma, Smyrna, GA).5,12,25 Ferrone et al.26
described how delayed-release pancreatic enzyme capsules that contain
enteric-coated microspheres (Pancrecarb MS-4, Digestive Care, Inc.,
Bethlehem, PA) may be opened and
the contents mixed with applesauce
or apple juice before administration
through the feeding tube. A potential
complication with pouring capsule
contents through any enteral access
device is that tube occlusions may occur, so large-bore feeding tubes (≥14
French) are preferred.
Dosage forms not appropriate for
administration through a feeding
tube
While many medications may be
given through a feeding tube, some
drug formulations should not be
altered for enteral administration.
Enteric-coated products are one
example because they should not
be crushed. The enteric coating allows for medication to be released
in the small intestine rather than
the stomach. As a result, less GI irritation occurs, and the medication is
protected from destruction by gastric
acid. Adverse effects may occur or the
drug’s effectiveness may be reduced
if it is crushed. The small, crushed
pieces can also clump together when
wet and cause the enteral tube to
clog.9,13,19 These small chunks can be
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particularly problematic in occluding
small-bore feeding tubes.
Buccal or sublingual preparations
should also not be altered. These
medications are not designed for absorption in the GI tract, and crushing
them for administration via the enteral tube may result in reduced drug
absorption and lack of efficacy.9,13
Medications with carcinogenic,
teratogenic, or cytotoxic properties
should also not be crushed. This
may cause the release of aerosolized
particles that could potentially harm
health care workers.12,13
Although the contents of some
extended-release capsules may be
poured down the feeding tube, crushing extended-release tablets is not
recommended. This destroys their
extended-release delivery mechanism and may result in potentially
toxic peaks and low troughs. 9,13 A
comprehensive list of oral dosage
forms that should not be crushed has
been published.25
Mixing medications with EN
formulations, flushing enteral
feeding catheters, and diluting
liquid medications
The addition of medication directly to the enteral formula should
be avoided. Although it may be
convenient to mix drugs with enteral
feedings, this practice can result in
physical incompatibilities, decreased
drug absorption, increased risk of
tube occlusions, and potential microbial contamination.6,9,13 Additionally,
if feedings are stopped, the amount
of medication that was actually administered to the patient will not
be known. A possible exception for
mixing medications with feeding formulas involves the addition of liquid
electrolytes, such as sodium or potassium, to the enteral preparation.6,27
Various medications may cause
drug–formula incompatibilities and
result in tube occlusions. For example, mixing certain acidic syrups
and elixirs with enteral formulas may
produce clumping or thickening be2352

cause the acidic liquid preparations
cause protein denaturation in the
enteral formula. Formulas that have
intact proteins are more affected than
those that contain free amino acids
or hydrolyzed protein.10,19 To avoid
these potential interactions and incompatibilities, medications should
be given as a bolus and separated
from EN, and feeding tubes should
be flushed with 15–30 mL of water
before and after medication administration. Smaller water flush volumes
are recommended in children. When
multiple medications are scheduled
for administration at the same time,
each should be given separately, and
the feeding tube should be irrigated
with 5–10 mL of water between each
medication. When delivering any
medication through an enteral access
device, the appropriate flushing technique is essential to reduce the risk
of tube occlusion and to maintain
patency.6,24,27 Flushes also ensure total
drug delivery by rinsing the tubing
after medication administration.
In addition to flushing enteral
feeding catheters with water before
and after drug delivery, diluting liquid medications, particularly those
that are highly concentrated or viscous, is also important. This helps
reduce the medication osmolality,
prevent tube occlusions, and increase
drug delivery rates. Various volumes
of water have been suggested for drug
dilution, which include 10–30 mL
and up to 60–90 mL.24
Medication administration timing
To reduce drug–nutrient interactions, it is important to consider timing of drug delivery in relation to EN.
This is affected by both the frequency
of medication administration and
the enteral feeding delivery method.
Once-daily drug dosing and intermittent or bolus feedings are easier to
work with than multiple-daily drug
dosing and continuous feeding regimens. When administering medications with continuous feedings, the
EN may need to be interrupted re-
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peatedly, depending on the frequency
of the medication regimen. It may be
necessary to adjust the feeding rate
to compensate for the time EN was
held for drug delivery so the patient
still receives the desired amount of
protein and calories.13
Some medications should be
taken on an empty stomach. A
variety of recommendations have
been proposed to improve drug
absorption with continuous enteral
feedings. Gilbar12 suggested that EN
be stopped 30 minutes before administering the drug to allow gastric
emptying. After the medication is
given, EN may be restarted 30 minutes later, thus allowing time for
drug absorption to occur before the
feedings resume. This practice is only
applicable for gastric feeding and not
small bowel access because enteral
feedings are not retained in the duodenum or jejunum. Gora et al.9 recommended stopping the continuous
feedings just 15 minutes before drug
delivery. For optimal absorption, it
may be necessary to hold feedings
for an hour before and two hours
after medication administration.10
For patients receiving intermittent or
bolus gastric feedings, medications
may be easily administered between
feedings.
Specific drug–nutrient
interactions
Several medications interact with
EN, and patients should be monitored for altered clinical response
or subtherapeutic drug levels.13 The
more common drug–nutrient interactions are described below.
Phenytoin. For patients receiving
EN who cannot safely swallow phenytoin capsules, the liquid preparation
is the preferred formulation for delivery through a tube. However, there
is a well-documented interaction
between phenytoin suspension and
enteral feeds. When administered
concurrently, phenytoin absorption
may be reduced by up to 70%, thus
decreasing serum drug levels.28 This
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interaction was first reported by
Bauer29 in 1982 among neurosurgical
patients receiving both continuous
NG feedings and phenytoin suspension; subtherapeutic serum phenytoin concentrations were noted. The
author suggested stopping the enteral
feeds for two hours before and after
phenytoin administration, as well
as flushing the tube with 60 mL of
water after drug delivery. Possible
reasons for the impaired absorption
include phenytoin adhering to the
enteral tube itself and phenytoin
binding to certain components of
the enteral formulations, particularly
proteins and calcium salts.30,31 Another approach for minimizing this
interaction involves withholding the
enteral feedings for a slightly shorter
time period, one hour before and
after phenytoin administration, with
appropriate irrigation in between to
ensure drug delivery and to maintain tube patency. To minimize the
amount of time that the feedings are
held, phenytoin suspension should
be given twice daily rather than more
often if possible.28 Alternatively, if the
enteral feedings cannot be held, then
the dose of the phenytoin suspension should be increased to account
for the interaction. Larger doses are
usually needed to reach therapeutic
levels with this strategy, and closely
monitoring phenytoin levels will
help determine the required dosage.
However, when EN is stopped and
an oral diet resumed, a phenytoin
dose reduction may be necessary.14,28
In general, when phenytoin suspension is given through a feeding tube,
it should be diluted with 20–60 mL
of water to enhance absorption and
increase the dissolution rate.19,32
Other formulations of phenytoin may be administered with EN.
Gilbert28 described a strategy of using the contents of extended-release
phenytoin capsules mixed with
water to form a slurry for delivery
with continuous tube feeding. This
method involves administering the
total 24-hour phenytoin dose as a

single daily dose made into a slurry,
with the tube feeds held for 2 hours
before and after drug administration.
Controversy exists regarding opening
phenytoin extended-release capsules.
As Hatton and Magnuson28 indicated,
this should not be done since the
drug’s extended-release properties
may be affected. Crushing phenytoin
chewable tablets may be a possible
option, too.33 Another strategy involves administering the parenteral
formulation of phenytoin through
the enteral tube, although it should
be diluted before administration
because of extreme hypertonicity.28,34
Whichever method is employed to
minimize this drug–nutrient interaction, it should be used consistently
throughout therapy. Close monitoring of serum phenytoin concentrations and patient clinical response is
required.
Consideration should be given to
the type of EN formulation administered concurrently with phenytoin.
Hennessy33 confirmed that higher
protein feeding formulas resulted
in a greater level of binding and less
phenytoin recovery.
Carbamazepine. A few studies
suggested that enteral feedings decrease absorption of carbamazepine
suspension.35,36 Although the exact
mechanism of the drug–nutrient interaction is not clear, carbamazepine
may adhere to the actual feeding
tube. Because of this, carbamazepine
suspension should be diluted with
an equal volume of sterile water or
normal saline solution before administration via the enteral tube. Similar
to phenytoin, close monitoring of
serum concentrations is warranted
when carbamazepine is given via the
enteral route.13,36
Riss et al. 37 described the administration of extended-release
carbamazepine capsules through
the feeding tube in children. Capsule contents were mixed with 15
mL of water, and tube flushes also
occurred before and after drug administration. However, it was noted
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that tube occlusions developed in
some children.
Warfarin. Several case reports
have documented warfarin resistance
in patients receiving EN.38-40 Initially,
this altered response was attributed
to the high amounts of vitamin K
in the enteral feeding formulations.
Subsequently, the enteral products
were reformulated to reduce the
vitamin K content.39 However, challenges with anticoagulation were still
reported between warfarin and these
reformulated enteral feeding products, which suggested another reason
for this interaction.38,41 Since warfarin is highly protein bound, it may
bind to the proteins in the enteral
formulas, reducing the bioavailability and interfering with its anticoagulant effect.39,41 The prothrombin
time, or International Normalized
Ratio, should be closely monitored
when warfarin is used concurrently
with EN. The warfarin dose may
need to be increased, or a switch to
another anticoagulant, such as a lowmolecular-weight heparin, may be
necessary. Alternatively, continuous
enteral feedings may be held for at
least one hour before and after warfarin administration to help lessen
the interaction. As the patient transitions from enteral feeding to an oral
diet, a reduction in the warfarin dosage may be required.5,14,18,40
Fluoroquinolones. Controversy
exists regarding concurrent fluoroquinolone administration with enteral feedings. The bioavailability of
this antibiotic class may be reduced
when given with multivalent cations
such as calcium, magnesium, aluminum, and iron. Commonly used
enteral products contain varying
amounts of these cations, although
their concentrations are much lower
compared with antacids or mineral
supplements. Concomitant administration may impair quinolone
absorption.18,42
Various studies have evaluated the
interaction between enteral feeding
and quinolones. However, limitations
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to the studies exist and include small
sample size, different study populations, and different EN delivery
methods.43-47 These limitations make
it difficult to reach any consistent
conclusions. Although this drug–
nutrient interaction is considered a
class effect, the extent of the interaction appears to vary among the quinolones. Wright et al.48 showed that
when quinolones were directly mixed
with an enteral feeding formulation,
ciprofloxacin loss was the greatest,
followed by levofloxacin and ofloxacin. Mueller et al.44 also showed that
enteral feedings decreased absorption of ciprofloxacin significantly
more than ofloxacin. In contrast,
Burkhardt et al.47 demonstrated that
moxifloxacin absorption was not affected by concurrent EN.
There are several proposed mechanisms to reduce this interaction.
Ideally, quinolones should not be
given simultaneously with enteral
formulas. A common practice is to
hold EN for at least one hour before
and two hours after quinolone dosing,49 although this may not apply
to moxifloxacin. Another option is
to increase the dose of ciprofloxacin
when given concurrently with EN.13,49
When quinolones are administered
through the feeding tube, the tablets
should be thoroughly crushed and
diluted in 20–60 mL of sterile water.45-47 It is important to note that
ciprofloxacin suspension should not
be given through the feeding tube
because it may adhere to the tube and
cause occlusion.5
Healy et al.45 noted a greater reduction in both ciprofloxacin peak
concentration and bioavailability
when administered via jejunostomy
tubes versus gastrostomy tubes. A
possible explanation may be that
ciprofloxacin is primarily absorbed
in the duodenum; therefore, jejunal
administration should probably be
avoided with this medication.42
Proton pump inhibitors. The
administration of proton pump inhibitors via feeding tubes presents
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a unique challenge. These medications are acid labile and inactivated
by gastric acid, so they are specially
formulated to maintain their integrity until delivery to the alkaline pH
of the duodenum, where absorption
occurs. 5,10 Omeprazole, esomeprazole, and lansoprazole are available
as delayed-release capsules containing enteric-coated granules,50-52 but
pantoprazole and rabeprazole are formulated as delayed-release, entericcoated tablets.53,54
Various studies have discussed
alternative methods for delivering
omeprazole and lansoprazole via
enteral feeding tubes.55-58 When administered through large-bore NG or
gastrostomy tubes, the capsule contents (omeprazole and lansoprazole)
may be mixed with apple juice or
orange juice, poured down the tube,
and flushed with more juice. Using
acidic juices as the diluent allows the
enteric-coated granules to remain
intact until delivery to the small intestine, where the coating dissolves.
Because of the potential for occlusion, this method of administration
should not be used with small-bore
feeding tubes. Mixing the granules
with water rather than acidic juices
causes clumping and may lead to
tube occlusion.5,19,55 However, esomeprazole granules, which are found
in the delayed-release capsules and
delayed-release oral suspension,
should be mixed with water before
delivery through the NG tube.51
When administering omeprazole
or lansoprazole capsules through
small-bore jejunostomy or gastrostomy tubes, oral alkaline suspensions may be prepared. This involves
dissolving the intact enteric-coated
granules in sodium bicarbonate 8.4%
solution, which makes a simplified
suspension. This formulation prevents drug degradation from stomach
acid by raising the gastric pH. It is also
less likely to cause tube occlusions.5,58
In addition to delayed-release capsules, other formulations of omeprazole and lansoprazole are available
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for administration via the enteral
tube. A commercial preparation of
immediate-release omeprazole with
sodium bicarbonate (Zegerid, Santarus Inc., San Diego, CA) is available as a powder for oral suspension;
however, it is important to note that
the suspension should be mixed only
with water and not other liquids
or foods that affect gastric pH, and
continuous NG and OG tube feedings should be held for three hours
before and one hour after medication
administration.59 A delayed-release,
orally disintegrating tablet form of
lansoprazole is also available. It dissolves on the tongue or may be mixed
with a small amount of water in an
oral syringe and injected through the
NG tube.52 It is important to note
that the lansoprazole oral suspension, unlike the esomeprazole oral
suspension, should not be administered through feeding tubes because
of its increased viscosity and potential for tube occlusion.5,52
Pantoprazole is available as an
enteric-coated tablet and a new
delayed-release oral suspension. This
new suspension contains entericcoated granules that are emptied into
an oral syringe and mixed with apple
juice for delivery via the NG tube.53
Before the oral suspension was commercially available, a pantoprazole
extemporaneous suspension was
compounded using sodium bicarbonate solution.60,61
Obstructed feeding tubes
Small-bore enteral feeding tubes
may become clogged in up to 35%
of patients.62 Various factors may
contribute to tube occlusions and
include enteral formulations (high
viscosity or intact protein products),
feeding tube characteristics (silicone
tubes clog more frequently than
polyurethane tubes), insufficient
flushing, and incorrect medication
administration. 1,63 Tube blockage
may result in increased nursing time,
interrupted nutrition and medication delivery, patient discomfort and
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trauma (if the tube requires removal), and higher costs.13
Preventing tube occlusions is preferable. During continuous enteral
feedings, tubes should be flushed
with 30 mL of water every four
hours. For patients who receive intermittent or bolus administration
of EN, tubes should be irrigated with
30 mL of water after each feeding.63
Practices vary among nurses and
hospitals regarding the type of water
used for irrigation—sterile water
versus tap water.64 In addition to routine water flushing, the prophylactic
use of a pancreatic enzyme solution
mixed with sodium bicarbonate and
water may reduce tube occlusions
with both intermittent and continuous enteral feedings.65,66 The sodium
bicarbonate is used to activate the
pancreatic enzymes and to raise the
pH of the solution.63,67
In order to prevent feeding tube
occlusions and to declog occluded
tubes, the following steps should be
taken to prepare an alkalinized enzyme solution63,66,67:
• Crush one pancrelipase tablet (lipase
8000 units, amylase 30,000 units, protease 30,000 units) to a fine powder,
or measure one fourth of a teaspoon
of pancrelipase powder,
• Crush one nonenteric-coated sodium
bicarbonate 324-mg tablet to a fine
powder, or measure one eighth of a
teaspoon of baking soda, and
• Dissolve powder mixture in 5 mL of
warm water. This results in an activated pancrelipase pH 7.9 solution.

Medications can also contribute
to tube clogging when tablets are
not adequately crushed, when bulkforming agents are administered,
when medications interact with enteral formulas, or when inadequate
tube flushing occurs.63 Clogging can
be prevented by flushing feeding
tubes with 15–30 mL of water before
and after drug delivery in order to
minimize drug–formula interactions. Multiple medications should

be given separately, with water irrigation between each one. As previously discussed, liquid medications
are preferred, especially elixirs or
suspensions versus syrups, and medications should not be mixed with
enteral formulas unless compatibility
is verified.27,63
If the feeding tube becomes
clogged, intervention should occur
immediately. Warm water should be
tried first. If unsuccessful, declogging
agents like meat tenderizer, carbonated beverages, and cranberry juice
have been used. However, these have
not proven to be more effective than
plain water in clearing the obstruction. In fact, acidic liquids, such as
cranberry juice and colas, may even
worsen the problem by precipitating
protein in the enteral formulas.1,11,13,67
On the other hand, the pancreatic
enzyme–sodium bicarbonate solution has been successful in restoring
tube patency.62,67 The Clog Zapper
(Corpak Medsystems, Wheeling, IL)
is a commercial device that has also
shown efficacy in clearing occlusions. The system includes a syringe
filled with an enzyme powder that is
reconstituted with water and then instilled into the clogged tube through
a catheter and allowed to dwell for
30–60 minutes before flushing with
water.63,68
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General recommendations
Since the enteral route is increasingly used as a means of medication
administration, health care providers
need to be cognizant of the potential
complications and limitations associated with this method of drug
delivery. Dosage formulations should
be carefully selected and appropriately prepared for administration via
the enteral feeding tube. Establishing
guidelines within the health system
or home infusion practice site for safe
and effective delivery of medications
via this route will help minimize
drug–nutrient interactions and tube
occlusions. Medications should not
be mixed directly with enteral formulations, and feeding tubes should
be properly flushed with water before
and after each medication is administered. When medications are given
via the enteral route, pharmacists
should be consulted for assistance in
selecting appropriate dosage formulations or therapeutic equivalents,
as well as for recommendations to
minimize drug–nutrient interactions and ensure optimum drug
delivery. Patients should be routinely
monitored for appropriate clinical
response to their medications. The
box summarizes guidelines for administering medications to patients
receiving EN.

Guidelines for enteral administration of medications9,10,18,27,49
Administer medications via the oral route when possible.
Determine the enteral feeding tube size (e.g., small bore or large bore), insertion site (e.g., nasal
or percutaneous), tip location (e.g., stomach or jejunum), and enteral nutrition delivery method
(e.g., continuous or bolus).
Liquid dosage formulations are preferred.
• Elixirs and suspensions are generally favored over syrups.
• Check the sorbitol content if gastrointestinal distress occurs.
• Dilute hypertonic medications with at least 10–30 mL of water.
If a solid dosage form is used, make sure the tablets can be crushed or the capsules opened.
Feeding tubes should be flushed with 15–30 mL of water before and after drug delivery.
• When several medications are being given at the same time, each one should be administered separately. The feeding tube should be flushed with at least 5–10 mL of water between
medications.
Medications should not be directly mixed with the enteral feeding formulas.
Watch for drug–nutrient interactions with continuous enteral feeding.
• Consider holding tube feeding for at least one to two hours before and after medication administration if drug absorption may be affected.
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Conclusion
Successful drug delivery through
enteral feeding tubes requires consideration of tube size and placement
as well as careful selection and appropriate administration of drug dosage
forms.

16.

References
1. ASPEN Board of Directors and the Clinical Guidelines Task Force. Guidelines for
the use of parenteral and enteral nutrition in adult and pediatric patients. JPEN
J Parenter Enteral Nutr. 2002; 26(suppl
1):1SA-138SA. [Erratum, JPEN J Parenter
Enteral Nutr. 2002; 26:144.]
2. Gianotti L, Alexander JW, Nelson JL et
al. Role of early enteral feeding and acute
starvation on postburn bacterial translocation and host defense: prospective,
randomized trials. Crit Care Med. 1994;
22:265-72.
3. Marik PE, Zaloga GP. Early enteral nutrition in acutely ill patients: a systematic
review. Crit Care Med. 2001; 29:2264-70.
[Erratum, Crit Care Med. 2002; 30:725.]
4. Moore FA, Feliciano DV, Andrassy RJ et
al. Early enteral feeding, compared with
parenteral, reduces postoperative septic
complications: the results of a metaanalysis. Ann Surg. 1992; 216:172-83.
5. Beckwith MC, Feddema SS, Barton RG
et al. A guide to drug therapy in patients
with enteral feeding tubes: dosage form
selection and administration methods.
Hosp Pharm. 2004; 39:225-37.
6. Kumpf VJ, Chessman KH. Enteral nutrition. In: DiPiro JT, Talbert RL, Yee GC et
al., eds. Pharmacotherapy: a pathophysiologic approach. 6th ed. New York:
McGraw-Hill; 2005:2615-34.
7. Minard G. Enteral access. Nutr Clin Pract.
1994; 9:172-82.
8. Marks JM, Ponsky JL. Access routes for
enteral nutrition. Gastroenterologist.
1995; 3:130-40.
9. Gora ML, Tschampel MM, Visconti JA.
Considerations of drug therapy in patients receiving enteral nutrition. Nutr
Clin Pract. 1989; 4:105-10.
10. Magnuson BL, Clifford TM, Hoskins LA
et al. Enteral nutrition and drug administration, interactions, and complications.
Nutr Clin Pract. 2005; 20:618-24.
11. Lord L, Harrington M. Enteral nutrition
implementation and management. In:
Merritt R, DeLegge MH, Holcombe B et
al., eds. The ASPEN nutrition support
practice manual. 2nd ed. Silver Spring,
MD: American Society for Parenteral and
Enteral Nutrition; 2005:76-89.
12. Gilbar PJ. A guide to enteral drug administration in palliative care. J Pain Symptom Manage. 1999; 17:197-207.
13. Thomson FC, Naysmith MR, Lindsay A.
Managing drug therapy in patients receiving enteral and parenteral nutrition.
Hosp Pharmacist. 2000; 7:155-64.
14. Rollins CJ. Drug-nutrient interactions. In: Gottschlich MM, DeLegge

2356

15.

17.
18.

19.

20.
21.
22.
23.

24.

25.

26.
27.

28.

29.
30.

31.

32.

MH, Mattox T et al., eds. The ASPEN
nutrition support core curriculum: a
case-based approach—the adult patient.
Silver Spring, MD: American Society
for Parenteral and Enteral Nutrition;
2007:340-59.
Varella L, Jones E, Meguid MM. Drugnutrient interactions in enteral feeding:
a primary care focus. Nurse Pract. 1997;
22:98-104.
Lourenco R. Enteral feeding: drug/nutrient
interaction. Clin Nutr. 2001; 20:187-93.
Dickerson RN, Melnik G. Osmolality of
oral drug solutions and suspensions. Am
J Hosp Pharm. 1988; 45:832-4.
Dickerson RN. Medication administration considerations for patients receiving
enteral tube feedings. Hosp Pharm. 2004;
39:84-9,96.
Nyffeler MS, Frankel E, Hayes E et al.
Drug-nutrient interactions. In: Merritt R,
DeLegge MH, Holcombe B et al., eds. The
ASPEN nutrition support practice manual. 2nd ed. Silver Spring, MD: American
Society for Parenteral and Enteral Nutrition; 2005:118-36.
Lutomski DM, Gora ML, Wright SM et al.
Sorbitol content of selected oral liquids.
Ann Pharmacother. 1993; 27:269-74.
Miller SJ, Oliver AD. Sorbitol content of
selected sugar-free liquid medications.
Hosp Pharm. 1993; 28:741-4,755.
Carrougher JG, Barrilleaux CN. Esophageal bezoars: the sucralith. Crit Care Med.
1991; 19:837-9.
Cutie AJ, Altman E, Lenkel L. Compatibility of enteral products with commonly
employed drug additives. JPEN J Parenter
Enteral Nutr. 1983; 7:186-91.
Belknap DC, Seifert CF, Petermann M.
Administration of medications through
enteral feeding catheters. Am J Crit Care.
1997; 6:382-92.
Mitchell JF. Institute for Safe Medication
Practices. Oral dosage forms that should
not be crushed. www.ismp.org/tools/
donotcrush.pdf (accessed 2008 Mar 20).
Ferrone M, Raimondo M, Scolapio JS.
Pancreatic enzyme pharmacotherapy.
Pharmacotherapy. 2007; 27:910-20.
Dickerson RN, Tidwell AC, Brown RO.
Adverse effects from inappropriate
medication administration via a jejunostomy feeding tube. Nutr Clin Pract. 2003;
18:402-5.
Gilbert S, Hatton J, Magnuson B. How to
minimize interaction between phenytoin
and enteral feedings: two approaches.
Nutr Clin Pract. 1996; 11:28-31.
Bauer LA. Interference of oral phenytoin
absorption by continuous nasogastric
feedings. Neurology. 1982; 32:570-2.
Au Yeung SC, Ensom MH. Phenytoin and
enteral feedings: does evidence support
an interaction? Ann Pharmacother. 2000;
34:896-905.
Krueger KA, Garnett WR, Comstock TJ
et al. Effect of two administration schedules of an enteral nutrient formula on
phenytoin bioavailability. Epilepsia. 1987;
28:706-12.
Cacek AT, DeVito JM, Koonce JR. In vitro

Am J Health-Syst Pharm—Vol 65 Dec 15, 2008

33.

34.

35.

36.

37.

38.
39.

40.

41.

42.
43.

44.

45.

46.

47.

48.

evaluation of nasogastric administration methods for phenytoin. Am J Hosp
Pharm. 1986; 43:689-92.
Hennessy DD. Recovery of phenytoin
from feeding formulas and protein mixtures. Am J Health-Syst Pharm. 2003;
60:1850-2.
Doak KK, Haas CE, Dunnigan KJ et al.
Bioavailability of phenytoin acid and
phenytoin sodium with enteral feedings.
Pharmacotherapy. 1998; 18:637-45.
Bass J, Miles MV, Tennison MB et al.
Effects of enteral tube feeding on the
absorption and pharmacokinetic profile
of carbamazepine suspension. Epilepsia.
1989; 30:364-9.
Clark-Schmidt AL, Garnett WR, Lowe
DR et al. Loss of carbamazepine suspension through nasogastric feeding tubes.
Am J Hosp Pharm. 1990; 47:2034-7.
Riss JR, Kriel RL, Kammer NM et al.
Administration of Carbatrol to children
with feeding tubes. Pediatr Neurol. 2002;
27:193-5.
Martin JE, Lutomski DM. Warfarin
resistance and enteral feedings. JPEN J
Parenter Enteral Nutr. 1989; 13:206-8.
Penrod LE, Allen JB, Cabacungan LR.
Warfarin resistance and enteral feedings: 2 case reports and a supporting in
vitro study. Arch Phys Med Rehabil. 2001;
82:1270-3.
Dickerson RN, Garmon WM, Kuhl DA et
al. Vitamin K-independent warfarin resistance after concurrent administration
of warfarin and continuous enteral nutrition. Pharmacotherapy. 2008; 28:308-13.
Kuhn TA, Garnett WR, Wells BK et al.
Recovery of warfarin from an enteral nutrient formula. Am J Hosp Pharm. 1989;
46:1395-9.
Nyffeler MS. Ciprofloxacin use in the enterally fed patient. Nutr Clin Pract. 1999;
14:73-7.
Piccolo ML, Toossi Z, Goldman M. Effect of coadministration of a nutritional
supplement on ciprofloxacin absorption.
Am J Hosp Pharm. 1994; 51:2697-9.
Mueller BA, Brierton DG, Abel SR et al.
Effect of enteral feeding with Ensure on
oral bioavailabilities of ofloxacin and ciprofloxacin. Antimicrob Agents Chemother.
1994; 38:2101-5.
Healy DP, Brodbeck MC, Clendening CE.
Ciprofloxacin absorption is impaired in
patients given enteral feedings orally and
via gastrostomy and jejunostomy tubes.
Antimicrob Agents Chemother. 1996;
40:6-10.
Mimoz O, Binter V, Jacolot A et al. Pharmacokinetics and absolute bioavailability
of ciprofloxacin administered through a
nasogastric tube with continuous enteral
feeding to critically ill patients. Intensive
Care Med. 1998; 24:1047-51.
Burkhardt O, Stass H, Thuss U et al.
Effects of enteral feeding on the oral
bioavailability of moxifloxacin in healthy
volunteers. Clin Pharmacokinet. 2005;
44:969-76.
Wright DH, Pietz SL, Konstantinides FN
et al. Decreased in vitro fluoroquinolone

primer

49.

50.
51.
52.
53.
54.
55.

56.

57.

58.

59.
60.

concentrations after admixture with an
enteral feeding formulation. JPEN J Parenter Enteral Nutr. 2000; 24:42-8.
Engle KK, Hannawa TE. Techniques for
administering oral medications to critical
care patients receiving continuous enteral
nutrition. Am J Health-Syst Pharm. 1999;
56:1441-4.
Prilosec (omeprazole) package insert.
Wilmington, DE: AstraZeneca LP; 2007
Apr.
Nexium (esomeprazole) package insert.
Wilmington, DE: AstraZeneca LP; 2007
Apr.
Prevacid (lansoprazole) package insert.
Lake Forest, IL: TAP Pharmaceuticals
Inc.; 2007 Jul.
Protonix (pantoprazole) package insert.
Philadelphia, PA: Wyeth Pharmaceuticals
Inc.; 2007 Dec.
AcipHex (rabeprazole) package insert.
Woodcliff Lake, NJ: Eisai Inc.; 2007 Feb.
Chun AH, Shi HH, Achari R et al. Lansoprazole: administration of the contents
of a capsule dosage formulation through
a nasogastric tube. Clin Ther. 1996;
18:833-42.
Sharma VK, Peyton B, Spears T et al. Oral
pharmacokinetics of omeprazole and
lansoprazole after single and repeated
doses as intact capsules or as suspensions
in sodium bicarbonate. Aliment Pharmacol Ther. 2000; 14:887-92.
Dunn A, White CM, Reddy P et al. Delivery of omeprazole and lansoprazole
granules through a nasogastric tube in
vitro. Am J Health-Syst Pharm. 1999;
56:2327-30.
Phillips JO, Olsen KM, Rebuck JA et al.
A randomized, pharmacokinetic and
pharmacodynamic, cross-over study of
duodenal or jejunal administration compared to nasogastric administration of
omeprazole suspension in patients at risk
for stress ulcers. Am J Gastroenterol. 2001;
96:367-72. [Erratum, Am J Gastroenterol.
2001: 96:2528.
Zegerid (omeprazole/sodium bicarbonate)
package insert. San Diego, CA: Santarus,
Inc.; 2008 Jan.
Dentinger PJ, Swenson CF, Anaizi NH.
Stability of pantoprazole in an extempo-

61.

62.
63.
64.
65.

66.

67.
68.

raneously compounded oral liquid. Am J
Health-Syst Pharm. 2002; 59:953-6.
Ferron GM, Ku S, Abell M et al. Oral bioavailability of pantoprazole suspended
in sodium bicarbonate solution. Am J
Health-Syst Pharm. 2003; 60:1324-9.
Marcuard SP, Stegall KS. Unclogging feeding tubes with pancreatic enzyme. JPEN J
Parenter Enteral Nutr. 1990; 14:198-200.
Lord LM. Restoring and maintaining patency of enteral feeding tubes. Nutr Clin
Pract. 2003; 18:422-6.
Reising DL, Neal RS. Enteral tube flushing. Am J Nurs. 2005; 105:58-63.
Sriram K, Jayanthi V, Lakshmi RG et al.
Prophylactic locking of enteral feeding
tubes with pancreatic enzymes. JPEN J
Parenter Enteral Nutr. 1997; 21:353-6.
Bourgault AM, Heyland DK, Drover JW
et al. Prophylactic pancreatic enzymes to
reduce feeding tube occlusions. Nutr Clin
Pract. 2003; 18:398-401.
Marcuard SP, Stegall KL, Trogdon S.
Clearing obstructed feeding tubes. JPEN
J Parenter Enteral Nutr. 1989; 13:81-3.
Clog Zapper package insert. Wheeling, IL:
Corpak Medsystems; 1996.

Appendix A—Partial list of liquid
medications that have an osmolality of
≥3000 mOsm/kg17

• Acetaminophen elixir, 65 mg/mL
• Acetaminophen with codeine elixir
• Amantadine hydrochloride solution, 10 mg/
•
•
•
•
•
•
•
•
•
•
•
•
•

mL
Chloral hydrate syrup, 50 mg/mL
Cimetidine solution, 60 mg/mL
Dexamethasone solution, 1 mg/mL
Dextromethorphan hydrobromide syrup, 2
mg/mL
Diphenoxylate hydrochloride–atropine sulfate suspension
Docusate sodium syrup, 3.3 mg/mL
Ferrous sulfate liquid, 60 mg/mL
Hydroxyzine hydrochloride syrup, 2 mg/mL
Lactulose syrup, 0.67 g/mL
Lithium citrate syrup, 1.6 mEq/mL
Metoclopramide hydrochloride syrup, 1 mg/
mL
Multivitamin liquid
Potassium chloride liquid, 10%
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• Potassium iodide saturated solution, 1 g/mL
• Promethazine hydrochloride syrup, 1.25 mg/
mL

• Sodium phosphate liquid, 0.5 g/mL
Appendix B—Partial list of liquid
medications that contain considerable
amounts of sorbitol with typical daily
dosing20,21
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Acetaminophen liquid
Amantadine hydrochloride solution
Aminocaproic acid syrup
Charcoal liquid, with sorbitol
Cimetidine solution
Guaifenesin/dextromethorphan syrup
Isoniazid syrup
Lithium citrate syrup
Metoclopramide hydrochloride syrup
Phenylephrine hydrochloride/brompheniramine
maleate elixir
Phenylephrine hydrochloride/chlorpheniramine
maleate elixir
Pseudoephedrine syrup
Pseudoephedrine/triprolidine syrup
Sodium polystyrene sulfonate suspension
Tetracycline hydrochloride suspension
Theophylline oral solution

Appendix C— Partial list of liquid
medications physically incompatible
with most enteral nutrition products19,23
•
•
•
•
•
•
•
•

Brompheniramine (Dimetane elixir, Wyeth,
Madison, NJ)
Calcium glubionate (Rugby, West Hempstead, NY); pH = 4
Ferrous sulfate (Feosol elixir, GlaxoSmithKline, London, England); pH = 2.2
Guaifenesin (Robitussin liquid, Wyeth,
Madison, NJ)
Lithium citrate (Cibalith-S syrup, CIBA
Pharmaceuticals, Summit, NJ); pH = 4.7–4.8
Monobasic sodium phosphate (Fleet PhosphoSoda, C.B. Fleet Co. Inc., Des Moines, IA)
Potassium chloride liquid (Wyeth, Madison,
NJ)
Pseudoephedrine hydrochloride (Sudafed
syrup, Pfizer Inc., Brooklyn, NY); pH = 2.5
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