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Abstract

Purpose of Review While the delivery of medications through enteral tubes is common in critically ill patients, there are
complications and a lack of unified practices between institutions. The purpose of this review is to evaluate current practices
and literature evidence regarding this administration route. The effect of this administration on the medication’s efficacy, safety,
tolerability, and pharmacokinetics was examined, as well as other considerations to ensure that this route of delivery is both safe
and effective for patients.

Recent Findings Studies have found crushed oral tablets are the most frequent cause of obstructed feeding tubes. Complications
such as this are primarily due to inadequate personnel training and failure to properly access medications before enteral
administration.

Summary There are many factors that should be considered in order to effectively administer drugs via enteral tubes. Formal
training and use of a multi-disciplinary approach that includes pharmacists and dieticians has been shown to reduce tube
obstructions and administration errors.

Keywords Enteral nutrition - Critical care - Drug administration - Adverse effects

Introduction The EN delivery of medications offers many advantages

over [V administration, such as reduced costs and decreased

The administration of oral medications via enteral nutrition
(EN) is common in critically ill patients. Although this
method of delivery poses many challenges in practice, the
enteral delivery of medications is generally preferred to
intravenous (IV) administration. As the conversion from
IV therapy to oral (PO) therapy is being emphasized as a
clinical initiative, this method of delivery becomes increas-
ingly necessary.
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potential adverse effects, such as line-related infections [1-3].
In patients with chronic enteral access, need for EN is essential
to avoid long-term IV medication use. Many medications are
not available in IV formulations, especially outpatient medi-
cations for the management of chronic diseases. The lack of
IV formulations becomes problematic not only in providing
therapy for acute issues but also with continuation of home
medications and management of comorbid conditions.
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Administration of medications through enteral feeding
tubes provides solutions to these issues, but there are potential
barriers to this method of delivery. Feeding tubes are prone to
clogging or obstruction and often require surgical or endo-
scopic tube replacement. Clogged feeding tubes usually result
from improper preparation and administration of medications.
Studies have found crushed oral tablets are the most frequent
cause of obstructed feeding tubes [4, 5]. In addition to clog-
ging feeding tubes, the inappropriate administration of medi-
cations through an access device can result in reduced drug
efficacy and increased drug toxicity.

Guidance to avoid these issues is provided in resources
such as the Institute for Safe Medication Practices (ISMP)
with their “Oral Dosage Forms that Should Not be Crushed”
comprehensive list and also the FDA-approved drug labeling
provided by manufacturers [6¢]. Unfortunately, many of the
commercially available liquid formulations of medications are
expensive, and compounding can be both labor-intensive and
costly. Furthermore, the product information generally states
“do not crush” without providing further details that would
allow for clinical judgment.

While there have been various review articles over the
years regarding medication delivered through the enteral
route, practice heavily relies on experience, and methodology
varies widely between institutions. The purpose of this review
is to examine current practices and available literature regard-
ing the enteral delivery of medications, to highlight potential
barriers, and to discuss solutions to ensure this route of deliv-
ery is both safe and effective for patients.

Current Practices

Oral liquid formulations of medication are the preferred dos-
age form for delivery through enteral feeding tubes [7, §].
These formulations must either be commercially available or
compounded in the pharmacy. However, the commercially
available oral liquid formulations can be more expensive or
are pediatric formulations and thus require a large fluid vol-
ume for administration of adult doses. Compounding by phar-
macy is also associated with issues such as higher costs and
increased labor without the guarantee of similar efficacy.
Compounded solutions or suspensions will also have shorter
beyond-use dates than commercially available preparations,
and stability data may be lacking. Due to these obstacles, oral
tablets and capsules are commonly modified to be adminis-
tered with EN.

Modifying oral tablets for enteral tube administration is
generally performed by nurses. There is often a lack of
formal training on this procedure causing nurses to learn
administration practices from what has been passed on
from other nurses [9, 10]. Methods for administering
medication via feeding tubes are provided in various

references [8, 11]. There are generally two approaches
for administering oral tablets, either (1) crushing the tablet
with instruments such as a mortar and pestle or (2) dis-
persion of the tablet in 10-30 mL of sterile water. Some
experts recommend the latter approach in every case,
whereas others claim this is only appropriate if the tablet
will disperse completely within 2 min [8]. Regardless of
the approach, feeding tubes should be flushed with 15—
30 mL of sterile water before and after medication admin-
istration. In addition, each medication should be adminis-
tered separately to avoid mixing of medication in the
feeding tube [7, 8].

Similar to oral tablets, oral capsules that contain a pow-
dered drug can be opened up and their contents mixed with
10-30 mL of sterile water. Liquid-filled capsules are more
challenging to administer. Proper administration of liquid cap-
sules requires puncturing the gelatin capsule with a needle and
allowing the aspirated contents to be mixed with water.
Alternatively, the capsule can be dissolved in warm water
and all contents (except any undissolved gelatin portion) are
administered. The first approach has the potential to acquire
less than the total dose of the medication, resulting in subther-
apeutic doses. The latter approach may be more accurate but is
more time-consuming. If possible, switching to an alternative
medication or to a different formulation that does not have a
liquid-filled capsule may be a more effective strategy.

In the instances when the medication cannot be adminis-
tered per the tube or by alternative routes, and there are no
available compounded or commercially available products, as
a last resort, the medication is discontinued or transitioned to a
similar medication that can be administered via the feeding
tube.

If a tube does become obstructed, there are various options
to try to unclog the tube to allow for administration. The
simplest, cheapest, and perhaps most effective method is to
use warm water. If warm water is ineffective, carbonated bev-
erages are often tried as a second-line therapy. For tubes that
remain clogged, despite the previous therapies, a mixture of
pancreatic enzymes and bicarbonate is an effective option [7].
Determining the cause of the obstruction is useful. If the ob-
struction is due to a medication, the American Society for
Parenteral and Enteral Nutrition (ASPEN) recommends an
acidic beverage, whereas protein clogs from the enteral for-
mula will respond better to pancreatic enzymes [12].

Considerations

The pharmacokinetic and pharmacodynamics of a medication
must be considered when administering a medication through
feeding tubes, as well as the clinical use, tolerability, and effi-
cacy of the medication. Feeding tube characteristics also play
a role in this decision.
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Feeding Tube Characteristics

The size and placement of the feeding tube will affect the
likelihood of obstruction, as well as tolerability and efficacy
of the medication. Small-bore feeding tubes are generally 5—
12 French units (1 French unit = 0.33 mm in diameter), where-
as large-bore tubes are more than 14 French units. While
small-bore tubes are more comfortable for the patient, they
have an increased risk of becoming clogged. Due to the small-
er diameter of jejunostomy tubes, it is recommended that med-
ications be in liquid form rather than crushed oral tablets to
avoid potential obstruction [7, §].

The placement of the feeding tube influences many medi-
cation pharmacokinetic parameters. Some medications require
the location of the stomach to exert their mechanism of action.
These medications, such as antacids and sucralfate, are con-
sequently ineffective if delivered to the small bowel [8]. In
addition, medications that require gastric acidity to be activat-
ed (e.g., aspirin) are not absorbed and could result in thera-
peutic failure [7, 13].

A review article by MclIntyre and Monk investigated the
safety and efficacy of 70 medications administered via post-
pyloric feeding tubes [13]. The authors determined that vari-
ous medications were absorbed to a greater extent in the small
bowel, such as fluconazole and ciprofloxacin. In contrast,
medications such as gabapentin and lopinavir-ritonavir were
absorbed when administered directly into the duodenum or
jejunum. The reduced absorption of the HIV medications is
clinically concerning, as incomplete absorption could result in
increased resistance.

The results found by Mclntyre and Monk are alarming
for many reasons. The authors highlight several concerns
with post-pyloric medication administration. Patients that
have ventricular assist devices (VADs) who require anti-
platelet therapy with aspirin may have decreased drug
exposure when bypassing the acidic environment of the
stomach. Post-operatively, enteral access may only be fea-
sible through feeding tubes, and if not tolerated, generally
a post-pyloric tube is placed. Thus, despite antithrombotic
therapy (e.g., aspirin) being essential in these patients, it
may not be effective due to decreased absorption by
bypassing the stomach.

Administering medications through post-pyloric tubes also
affects medications that undergo first-pass hepatic metabo-
lism. This form of metabolism occurs after medications are
absorbed in the stomach and are partly metabolized by the
liver prior to reaching the systemic circulation. By avoiding
this partial metabolism, these medications (e.g., morphine,
midazolam, and lidocaine) will have potentially higher serum
levels leading to possibly toxic effects [7, 8, 10]. Additionally,
bypassing this metabolic phase could theoretically lead to
therapeutic failure in medications that require hepatic metab-
olism to be activated.
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Tolerability may also be compromised when medications
are administered directly into the small bowel. Many medica-
tions with high osmolality have been shown to cause osmotic
diarrhea, bloating, and cramping when administered via jeju-
nal or duodenal tubes [7, 13, 14]. The small bowel is also less
tolerant of the administration of large fluid volumes when
compared with the stomach. This is a concern when using
low-concentration formulations such as pediatric liquids or
some IV formulations given by the enteral route.

In addition to tube placement and size, the functionality of
the feeding tube must be considered. NG tubes are commonly
used for suctioning contents of the stomach. Some clinicians
recommend against administering any medications through
this tube due to medication removal upon suctioning [13].
Other experts argue that clamping the tube for at least
30 min post-medication administration will allow for medica-
tion absorption [7, 8]. Despite the stance on this issue, it is
imperative that pharmacists and other clinicians caring for the
patient are aware of the indication of the NG tube.

Oral Tablets and Capsules

Many oral tablets and oral capsules can be manipulated to be
administered via feeding tubes, but those that cannot be
crushed will have to be transitioned to a different formulation
or route of administration. Crushing oral tablets often alters
the integrity and function of the medication. Additionally,
crushing agents that are enteric coated (EC) or sustained re-
lease (SR) would result in the loss of gastric protection by EC
formulations and potentially faster rates of distribution from
SR formulations. By crushing the tablets with EC and SR,
these functions are removed [6°, 7].

For SR medications, crushing tablets may result in higher
peak concentrations initially and lower concentrations to-
wards the end of the dosing interval [10]. Losing this integrity
could even result in drug-free intervals, which could be unfa-
vorable with medications that have the potential for withdraw-
al symptoms. This loss of drug activity would be detrimental
with medications that depend on a steady state above a certain
therapeutic level for efficacy, such as time-dependent
antimicrobials.

Crushing EC tablets will allow liberation and absorption by
the gastric acid of the stomach instead of its desired location in
the small intestine. A common example of this is the proton
pump inhibitors (PPIs). Omeprazole and lansoprazole are
delayed-release capsules that contain enteric-coated granules,
and pantoprazole is a delayed-release tablet. For this class of
medications, either lansoprazole 3 mg/mL or omeprazole
2 mg/mL suspension should be utilized, or instead switched
to a histamine-2 receptor antagonist (H,RA) that can be
crushed [8].

In addition to SR and EC medications, hazardous medica-
tions that possess adverse effects such as teratogenic
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properties should not be crushed, to avoid harming the nurse
or the administrator. The ISMP “do not crush” list mentioned
previously identifies medications that are inappropriate to
crush and provides a reason for this recommendation [6°].
This list however does not provide solutions or alternatives.
Furthermore, institutions are known to stray from these in-
structions due to anecdotal evidence. For an example,
tamsulosin is on ISMP’s “do not crush” list for its CR actions,
but in practice, the capsule is often opened and beads are
administered via tubes. The CR actions are thought to be pre-
served as long as the beads are not broken. Other previously
published references have also provided a list of medications
that should not be crushed [8, 11].

Liquid Formulations

Although oral liquid formulations are preferred to tablets and
capsules during enteral administration, liquid formulations
still have the potential to cause adverse effects. Like tablets,
liquid formulations can lead to tube occlusion. Specifically,
viscous syrups are the most likely to cause an obstruction
when exposed to feeding formulas [7]. Furthermore, many
oral liquids are created for pediatric use which involves small-
er total doses. These formulations are specifically designed to
have low concentrations for accuracy in measurement. Thus,
the large volume requirements of pediatric formulations can
lead to intolerance when given at adult doses.

Excipients (i.e., inactive ingredients) in liquid formulations
are a major concern for tolerability when administered via
enteral tubes. The most problematic excipient, sorbitol, is
commonly used to sweeten and improve palatability of med-
ications but is also a potent osmotic laxative [7, 10]. Diarrhea
is a common symptom seen in patients receiving EN, and the
cause is often incorrectly blamed on the nutrition formula.
Studies have shown that diarrhea is often caused by drug
excipients rather than the formula itself [15, 16, 17].

Liquid formulations with the least amount of sorbitol are
preferred. Doses of sorbitol greater than 20 g/day are thought
to cause diarrhea while doses greater than 10 g/day can still
cause cramping, bloating, and flatulence [7]. There are multi-
ple previously published lists of medications and their sorbitol
content [8, 13, 18]. However, these lists are not all-inclusive
and manufacturers do not always disclose the amount of sor-
bitol in their labeling information. Suspensions often contain
less sorbitol than syrups but are sometimes more hypertonic,
which also may lead to GI intolerance [7].

The pH and osmolality of liquid formulations are highly
influential on tolerability and compatibility with EN tube
feeds. The osmolality of gastrointestinal fluids ranges from
100 to 400 mOsm/kg [8]. Hyperosmotic formulations lead to
osmotic diarrhea and are most problematic when administered
into the small bowel. Acidic formulations are known to bind
EN formulas and lead to tube obstructions [14].

Authors Klang et al. evaluated the osmolality, pH, and
physical compatibility of 62 liquid formulations with EN.
The authors stated that osmolality should aim to be less than
700 mOsm for gastric administration and less than 300 mOsm
for jejunal administration. Their study found 17 medications
(including propranolol, sulfamethoxazole-trimethoprim) with
an osmolality greater than 5000 mOsm and 3 products (potas-
sium iodine, dexamethasone intensol, and ergocalciferol) with
an osmolality greater than 10,000 mOsm. Formulations that
contained a pH less than 4.5, such as carbamazepine, formed a
solid clog [14].

To prevent osmotic diarrhea, gastric administration of lig-
uids with high osmolality should be used preferentially over
jejunal administration. Diluting hyperosmotic formulations in
sterile water is a method to reduce the osmolality. An equation
(below) will determine the amount of water required to
achieve the osmolality goals that Klang and colleagues de-
scribed [8, 14, 19].

mOsm of medication

- - x Volume of dose = Final diluted volume
Desired osmolality

The sorbitol content (% w/v) and osmolality (mOsm/kg) of
various medications are described in Table 1. This list pro-
vides values for certain medications whose properties have
been explored trough pharmacokinetic studies, stated by the
manufacturer or by inquiry of other investigators [7, 8, 11, 14,
18, 19]. This list has some limitations in that it is not all-
inclusive and varies with manufacturers. However, it still pro-
vides an estimate for volume dilution (above), and in combi-
nation with the sorbitol content, it can help delineate if excip-
ients are the cause of adverse effects such as diarrhea.

Drug-Nutrient Interactions

There are many potential interactions between EN formulas
and both the active and inactive ingredients of medications.
Thus, the compatibility and the stability of the EN formula and
the medication must be evaluated. The ASPEN guidelines
recommend against adding medications directly to enteral for-
mulas [20].

Management of compatibility issues may involve holding
tube feeds during medication administration, changing the
dose of the medication, changing the feeding formula, or
changing to an alternate but similar medication. The reduced
absorption of phenytoin is a common example that has been
discussed in the literature for over 20 years. Management of
this interaction involves both holding tube feeds and increas-
ing the dose of phenytoin [20].

Wohlt and coauthors performed a literature review explor-
ing the interactions of 46 medications with enteral feeding
formulas. For each medication, the authors provided the
mechanism for the interaction, potential management
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Table 1 Osmolality and sorbitol

content of various medications
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Commercially available product Average osmolality (mOsm/kg) Sorbitol
(% wiv)

Acetaminophen elixir, 65 mg/mL 5400 <20

Acetaminophen suspension, 160 mg/5 mL 6425

Acyclovir, 200 mg/5 mL 4205

Aluminum hydroxide/magnesium hydroxide 990 4.5-15

Amantadine HCI solution, 10 mg/mL 3900 72

Aminophylline liquid, 21 mg/mL 450

Amoxicillin suspension, 25 mg/mL 1541 0

Amoxicillin suspension, 50 mg/mL 2250 0

Ampicillin suspension, 50 mg/mL 1850-2250 0

Azithromycin, 200 mg/5 mL 3950

Belladonna alkaloids elixir 1050

Carbamazepine, 20 mg/mL 4225 17

Cephalexin suspension, 50 mg/mL 1950 0

Chlorpromazine, 30 mg/mL, 100 mg/mL 35

Cimetidine solution, 60 mg/mL 5550 46.1

Clindamycin, 15 mg/mL 0

Cyclosporine, 100 mg/mL 0

Dexamethasone intensol solution, 1 mg/mL 3100-10,600 0

Digoxin elixir, 50 meg/mL 1350-5950 21

Diphenhydramine HCI elixir, 2.5 mg/mL 850-3975

Diphenoxylate/atropine suspension 8800

Docusate sodium syrup, 3.3 mg/mL 3900-6385 0

Erythromycin ethyl succinate suspension, 40 mg/mL 1750 0

Escitalopram, 5 mg/5 mL 6030

Famotidine, 8 mg/mL 0

Ferrous sulfate liquid, 60 mg/mL 4700 30.9

Fluconazole, 40 mg/mL 2185

Furosemide solution, 10 mg/mL 2050-8975 28-49

Guaifenesin, 200 mg/10 mL 275 10.5

Haloperidol concentrate, 2 mg/mL 500 0

Hydroxyzine HCI syrup, 2 mg/mL 3540-4450 0

Ibuprofen, 100 mg/5 mL 2350 10

Indomethacin, 5 mg/mL <1

Isoniazid, 10 mg/mL 70

Lactulose syrup, 0.67 g/mL 36004180 0

Lamivudine, 10 mg/mL 1460

Levetiracetam, 100 mg/mL 5075

Levofloxacin, 25 mg/mL 2115

Lithium citrate syrup, 1.6 mEq/mL 6850 54

Loperamide, 1 mg/5 mL 67175 0

Magnesium citrate solution 1000

Methadone, 1 mg/mL 14

Methyldopa, 50 mg/mL 0

Metoclopramide, 1 mg/mL 4660-8350 28

Milk of magnesia suspension, 1200 mg/5 mL 1250

Morphine, 2 mg/mL 8.4

Nystatin suspension, 100,000 units/mL 3300

Ondansetron, 4 mg/5 mL 2935

Phenobarbital, 4 mg/mL 12.8

Phenytoin sodium suspension, 25 mg/mL 1500-3095 0

Potassium iodine, 1 g/mL 11,380 0

Prednisone, 5 mg/l mL 0

Pseudoephedrine, 6 mg/mL 5

Promethazine HCI syrup, 1.25 mg/mL 3500 0

Pyrantel pamoate suspension, 50 mg/mL 4350

Pyridostigmine bromide syrup, 12 mg/mL 3800 14

Ranitidine, 15 mg/mL 637 10

Sodium phosphate liquid, 0.5 g/mL 7250

Sulfamethoxazole/trimethoprim, 5560 10
200 mg—40 mg/5 mL

Tetracycline hydrochloride, 25 mg/1 mL 23

Theophylline solution, 5.33 mg/mL 700-2050 455

Thiabendazole suspension, 100 mg/mL 2150

Valproate sodium, 50 mg/1 mL 5010 15

Vitamin E, 50 TU/1 mL 20

Voriconazole, 40 mg/mL 2010

Adapted from references [10, 12, 15, 19]
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strategies, and a grade of evidence. Wohlt et al. concluded that
there is a lack of evidence and consensus regarding many of
the medications and emphasized the need for further pharma-
cokinetic studies to evaluate these interactions. In order to
prevent interactions, it is imperative to have institutional pol-
icies, utilize resources (pharmacists and dieticians), and
change products (medication or enteral formula) to avoid po-
tential interactions.

Alternative Medication Formulations

Changing the medication formulation is an approach to deliv-
ering medications via the enteral route. For example, a patient
with a jejunostomy tube takes a medication that is not avail-
able in an oral liquid formulation. Converting the medication
to a transdermal or rectal administration may be an alternative
strategy, such as use of a promethazine suppository or cloni-
dine transdermal patch. Beckwith and colleagues provide a list
of alternative routes for certain medications [8].

If the medication is not available in an alternative form, a
medication within the same class or with a similar mechanism
of action can be used. Paroxetine liquid is often utilized when
other selective serotonin reuptake inhibitors (SSRIs) cannot be
administered; an example being in patients who cannot re-
ceive crushed medications via a jejunostomy tube. Few of
the SSRIs are available in a liquid formulation, and paroxetine
is generally the cheapest option. Caution should be taken with
this approach however, as that the patient may still experience
withdrawal symptoms and there is not much guidance avail-
able on equivalent dosing [21, 22].

Opioids are a class of medications that are often adminis-
tered via feeding tubes, both on an inpatient and outpatient
basis. Various opioids, such as morphine, are available in lig-
uid formulations. In patients who have high requirements and
are not opioid naive, fentanyl patches are a useful option.
There is literature available to provide equivalence dosing
and to guide transitioning between various opioids [23¢].

Multi-disciplinary Approach

A solution to many of the possible barriers discussed above is
the use of a multi-disciplinary team to manage medication
administration via the enteral route. A pre- and post-
intervention study by van den Bemt et al. at two Dutch hos-
pitals demonstrated the impact of an integrated program to
improve the administration of oral medications through enter-
al tube feeds. The project team consisted of a pharmacist,
pharmacy technician, quality manager, dietician, and head
nurse. The program required that the nurses receive a formal
training session, which is uncommon at most institutions [9,
10].

The program also consisted of daily ward visits by phar-
macy technicians, who would screen medications of patients

who were on enteral tube feeds, suggest alternative medica-
tions if needed, and provide advice on appropriate administra-
tion techniques. EC and modified-release medications were
flagged in the electronic health record (EHR) in order to alert
a contraindication in the computer for those patients that are
on enteral feeds. A “do not crush” icon was also printed on the
unit dose labels for these medications. Other measures includ-
ed placing a laminated card on the medication cart listing the
“five golden tube rules” and creating a database of oral dosage
forms [10].

The program resulted in a decrease in the number of tube
obstructions and a reduction in administration errors [10].
These outcomes are important to the patient, reduce institution
liability, and result in important clinical outcomes. Although
mortality was not measured in this study, the decreased need
for replacement of surgical tubes, less medication toxicity, and
reduced medication efficacy were all seen as additional posi-
tive outcomes. Thus, a competency-based service composed
of a multi-disciplinary team is suggested to manage patients
receiving oral medications by enteral methods.

Conclusions

Inappropriate administration of medications can result in
many detrimental issues that include compromising the effi-
cacy and safety of medications, delaying the delivery of nu-
trition, and increasing the need for endoscopic or surgical
interventions (such as tube replacement). Clinicians, including
pharmacists, dieticians, and nurses, must be competent in ad-
ministering medications by the enteral route and identifying
potential problems that may arise by such strategy.
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