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ABSTRACT. Background: Erythromycin enhances gastric
emptying and has been suggested to facilitate nasoenteric
feeding tube placement in adults. Our primary objective was
to evaluate the effect of erythromycin on the transpyloric
passage of feeding tubes in critically ill children, and second,
to evaluate the effect of erythromycin on the distal migration
of duodenal feeding tubes. Methods: Seventy-four children
were randomly assigned to receive erythromycin lactobionate
(10 mg/kg) IV or equal volume of saline placebo 60 minutes
before passage of a flexible weighted tip feeding tube. Abdom-
inal radiographs were obtained 4 hours later to assess tube
placement. If the tube was proximal to the third part of the
duodenum, two additional doses of erythromycin/placebo
were administered 6 hours apart. Those receiving additional
doses had repeat radiographs 14 to 18 hours after tube place-

ment. Results: The number of postpyloric feeding tubes
was similar in the erythromycin and placebo treated
groups 4 hours after tube insertion (23/37 vs 27/37, p =
.5). Of those with prepyloric tubes at 4 hours, none in the
erythromycin group and 3 in the placebo group had the
tube migrate to the postpyloric position by 14 to 18 hours
(p < .05). Of those with postpyloric tubes proximal to the
third part of the duodenum at 4 hours, additional doses of
erythromycin did not cause more tubes to advance further
into the intestine than did placebo (p = .6). Conclusions:
Erythromycin does not facilitate transpyloric passage of
feeding tubes in critically ill children. The distal migra-
tion of duodenal tubes further into the small bowel is also
not enhanced by erythromycin. (Journal of Parenteral and
Enteral Nutrition 25:160-165, 2001)

Nasoenteric feeding tubes are routinely used to pro-
vide nutrition to critically ill infants and children.
Although the optimal location of the feeding tube
within the gastrointestinal tract remains controver-
sial,* many clinicians prefer the tube opening to be at
or beyond the third part of the duodenum before initi-
ating feedings. Critically ill patients may have antral
hypomotility and decreased gastric emptying, espe-
cially when treated with sedatives or analgesics such
as morphine.® Distal duodenal and jejunal feeding
tubes have been associated with higher caloric intakes
and lower rates of aspiration pneumonia when com-
pared with gastric tubes.!

During the fasting state, cyclic bursts of contractile
activity originate in either the stomach or duodenum
and propagate distally.* These contractions, known as
phase III migrating motor complexes, clear the stom-
ach of indigestible solids. Migrating motor complexes
are regulated, at least in part, by the interaction of the
intestinal peptide motilin with its receptor. Erythro-
mycin, a macrolide antibiotic, has prokinetic effects on
the gastrointestinal tract primarily because of its abil-
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ity to act as a motilin agonist.” Erythromycin has been
shown to enhance antral activity and accelerate gastric
emptying.®”

Recent studies have suggested that erythromycin
facilitates the transpyloric placement of enteral feed-
ing tubes in adults.®? Information regarding the effi-
cacy of erythromycin for feeding tube placement in
children is scarce, consisting of only one anecdotal
report.1® Concern has been expressed regarding the
use of erythromycin for tube placement because of poten-
tial adverse effects including cardiac dysrhythmias.1?13
Our primary objective was to evaluate the effect of eryth-
romycin on the transpyloric passage of feeding tubes in
critically ill children, and second, to evaluate the effect of
erythromycin on the distal migration of duodenal feeding
tubes.

CLINICAL RELEVANCY STATEMENT

Erythromycin, a macrolide antibiotic, stimulates
contractions of the gastric antrum and accelerates gas-
tric emptying. The gastrointestinal prokinetic proper-
ties of erythromycin could potentially facilitate the
passage of feeding tubes across the gastric pylorus and
into the small bowel. However, these prokinetic prop-
erties are also responsible for the untoward effects of
nausea and vomiting often experienced with use of the
drug. Vomiting can lead to aspiration pneumonia, a
complication that postpyloric feedings are intended to
prevent. We found that erythromycin does not facili-
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tate transpyloric passage of feeding tubes in critically
ill children beyond that which can be accomplished by
experienced practitioners using a standardized place-
ment technique. The distal migration of ducdenal feed-
ing tubes further into the small bowel is also not
enhanced by erythromycin. Because of the lack of effi-
cacy and potential for side effects, the use of erythro-
mycin for feeding tube placement is not warranted.

MATERIALS AND METHODS

All children, age 1 month to 18 years, admitted to the
pediatric intensive care unit who required placement of
a feeding tube were eligible for the study. In general,
feeding tubes were placed in those patients who had a
functional gastrointestinal tract but were unable to eat
and who were not fasting in preparation for surgery or
other procedure. Exclusion criteria were as follows: (1)
use of a gastrointestinal prokinetic agent (ie, metoclo-
pramide, cisapride or erythromycin) immediately
before or during the current hospital admission, (2)
presence of a percutaneous feeding tube, (3) known
anatomic obstruction of the gastrointestinal tract, (4)
previous esophageal or gastrointestinal surgery, (5)
known allergy to erythromycin, (6) use of medications
that contraindicate the administration of erythromycin
(ie, terfenadine or astemizole), and (7) history of car-
diac disease.

Patients were randomly assigned to receive erythro-
mycin lactobionate (5 mg/mlL) 10 mg/kg IV or saline
placebo (2 ml/kg) IV every 6 hours for up to three
doses. Each dose was administered over 30 minutes. A
pharmacist not involved in patient care, using a com-
puter-generated table, performed the randomization
procedure. Within 30 minutes of infusion of the first
dose of erythromycin/placebo, a 6F or 8F flexible
weighted tip feeding tube with a stylet (Kangaroo
Enteral Feeding Products, Sherwood Medical, St.
Louis, MO) was placed using the technique previously
described by Zaloga.!* In order to ensure that an
appropriate length of tube was passed for the size of
the child, three marks were placed on the tube before
insertion.'® The first mark identified the approximate
distance from the nose to the gastroesophageal junc-
tion (measured as the distance from the ear to the nose
plus the distance from the nose to the xiphoid). The
second mark identified the distance from the gastro-
esophageal junction to the pylorus (measured as the
distance from the xiphoid to the right lateral costal
margin). A third mark was placed 5 to 10 ¢cm beyond
this length in order to approximate the distance to the
distal duodenum or proximal jejunum. The child was
placed in the right lateral position with the head of the
bed elevated 30 to 45 degrees. The tube with the stylet
in place was bent 30 degrees just proximal to its tip and
passed through either nostril until the first mark was
reached. The tube was rotated while being slowly
advanced past the second mark, thereby corkscrewing
the weighted tip through the pylorus. Once the resis-
tance of the pylorus was passed, the tube was advanced
to the third mark. The color and pH of the feeding

tube aspirate were used to guide placement during
insertion.®
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An abdominal radiograph was obtained to assess
tube position 4 hours after tube insertion. A 4-hour
interval was chosen in order to allow the study medi-
cation time to exert its effect. If the tube opening was
proximal to the third part of the duodenum, two addi-
tional doses of erythromycin/placebo were adminis-
tered 6 hours apart, for a total of three doses. If the
tube opening reached the third part of the duodenum,
no additional doses were given. Those receiving addi-
tional erythromycin/placebo had repeat radiographs 14
to 18 hours after tube placement. A pediatric radiolo-
gist reviewed each radiograph in order to determine
the position of the tube within the gastrointestinal
tract. The color and pH of feeding tube aspirates were
also assessed at the time each radiograph was
obtained. This information was used to categorize tube
placement as prepyloric or postpyloric when the posi-
tion was uncertain by radiograph. A clear yellow aspi-
rate with pH = 6 categorized the tube as postpyloric.

Other data collected included the patient’s age, cen-
der, diagnosis, Pediatric Risk of Mortality III
(PRISM)'7 and Therapeutic Intervention Scoring sys-
tem (TISS)!® scores on the day of intensive care unit
admission and the day of feeding tube placement, use
of mechanical ventilation, medications, and potential
side effects of erythromycin. PRISM is an established
scoring system consisting of 17 physiologic variables in
which the degree of abnormality of each variable is
assigned a standard score reflecting the clinical sever-
ity of the derangement. TISS consists of approximately
70 variables representing various therapeutic inter-
ventions each of which is assigned a standard score
based on the complexity and invasiveness of the ther-
apy. Higher PRISM scores indicate a higher degree of
physiologic instability and risk of mortality whereas
higher TISS scores indicate more therapeutic inters en-
tions. Potential side effects of erythromycin were
defined as (1) allergic reaction as evidenced by rash or
hypotension, (2) ventricular dysrhythmia, (3) vomiting,
and (4) loose stool, each occurring within 6 hours of
administration of a study medication dose.'® Pre-estab-
lished criteria for early exit from the study included
allergic reaction, ventricular dysrhythmia, or more
than three episodes of vomiting or loose stool. All
patients had continuous electrocardiogram monitoring
during the study period. The Wayne State University
Human Investigation Committee approved the study.
Informed consent was obtained from the parent or
legal guardian of all study participants.

Sample Size and Statistical Analysis

Based on our prior clinical experience using blind
feeding tube placement, we estimated that without the
use of a prokinetic agent approximately one third of
enteral feeding tubes reached a postpyloric position
within 4 hours of insertion. An increase to two thirds
with the use of a prokinetic agent would represent a
clinically meaningful difference. These estimates were
similar to published data obtained from adult intensive
care unit patients.? To achieve a type I error rate of 5%
and type II error rate of 20% (power of 80 with a
two-tailed alternative hvpothesis. approximately 37
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TasLE I
Clinical characteristics
Erythromycin Placebo
(n = 37) {(n = 37)
Age tyears) 3.5 (0.1-16)* 1.8 (0.1-17)
Male/female 20/17 18/19
PRISM score
Day of admission 5 (0-21) 5(0-25)
Day of tube placement 3 (0-12) 2 (0-21)
TISS score
Day of admission 31 (7-50) 31 (12-50)
Day of tube placement 27 (12—43) 26 (10-43)
Medications (number of patients)
Morphine 15 13
Benzodiazepines 19 25
Barbiturates 14 12
Paralytic agents 3 3
Diagnoses (number of patients) .
Respiratory failure 14 247
Sepsis 3 3
Neurologic illness 19 8%
Other 1 2
Mechanical ventilation 28 35+

(number of patients)

*Median and range, Tp < .05 and ip < .01 by x? test. PRISM,
Pediatric Risk of Mortality III; TISS, Therapeutic Intervention Scor-
ing System.

patients were needed in each group (Breeze/STAT ver-
sion 1.1, GRG Associates, Indianapolis, IN).

Categorical variables are expressed as absolute
counts and percentages, and compared between groups
using x? or Fisher’s exacts tests. Ordinal and continu-
ous variables are expressed as medians and ranges,
and compared between groups using Mann-Whitney U
tests. Continuous data (age) were analyzed as ordinal
primarily because of skewed distribution.

RESULTS

Seventy-four patients were enrolled in the study
with 37 randomly assigned to the erythromycin group
and 37 to the placebo group. The two groups were
similar in age, gender, PRISM and TISS scores, and
the number of patients receiving morphine, benzodiaz-
epines, barbiturates, and paralytic agents (Table I).
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More erythromycin-treated patients suffered from neu-
rologic illness whereas more placebo-treated patients
had respiratory failure. Accordingly, more patients in
the placebo group were mechanically ventilated.

Two patients in the erythromycin group exited the
study before the 4-hour radiograph (Fig. 1). One
patient developed a rash during the study drug infu-
sion and one pulled the tube out just before the radio-
graph being taken. There was no difference between
the erythromycin and placebo groups in the number of
postpyloric feeding tubes 4 hours after tube insertion
(23 vs 27, p = .5). Categorization of feeding tube posi-
tion as prepyloric or postpyloric could be accomplished
by the 4-hour radiograph alone in 64 cases. Of the
remaining 10, 7 had clear yellow aspirates with pH
measurements ranging from 6 to 7.5, identifying their
location as postpyloric.

Of the 22 patients with prepyloric feeding tubes 4
hours after insertion (Fig. 1), none of 12 in the eryth-
romycin group and 3 of 10 in the placebo group had
their tube migrate to the first part of the duodenum by
14 to 18 hours (p < .05). One placebo-treated patient
with a prepyloric tube at 4 hours pulled the tube out
before the 14 to 18 hour radiograph. Overall, 23 of 37
(62%) erythromycin-treated patients and 30 of 37
(81%) placebo-treated patients had feeding tubes that
crossed the pylorus by 14 to 18 hours of insertion
p=.2).

Of the 50 patients with postpyloric tubes 4 hours
after insertion (Fig. 2), 17 of 23 erythromycin-treated
and 15 of 27 placebo-treated had tubes at or beyond the
third part of the duodenum (p = .3). Eighteen patients,
6 erythromycin-treated and 12 placebo-treated, had
tubes located within the first or second part of the
duodenum. Of these, 1 placebo-treated patient pulled
out the feeding tube and exited the study before the 14
to 18 hour radiograph. Only 2 patients in the erythro-
mycin group and 2 in the placebo group had their
feeding tubes advance from the first or second part of
the duodenum further into the small intestine between
the 4-hour and 14 to 18 hour radiograph (p = .6).
Overall, 19 of 37 (51%) erythromycin-treated patients
and 17 of 37 (46%) placebo-treated patients had feeding

Trans-Pyloric Placement

Erythromycin Placebo
n = 37 n =37
2 exit: AA\k ‘/l
1- Tube pulled
1- Rash n=12 n=23 n=27 n=10
4 hour  Pre-pyloric | Post-pyloric Pre-pyloric
R 1 exit:
Tube pulled
n=12 n=0 n=3 n=
14 hour  pre pyloric | Post-pyloric Pre-pyloric

F1G. 1. The numbers of patients achieving transpyloric placement of feeding tubes at 4 hours and 14 to 18 hours after insertion.
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Distal Migration of Post-Pyloric Tubes

Erythromycin Placebo
n= 23 = 27
4 Ho n=6 | n=17 n=15 n=12
U qst/2™part | 3" part of duodenum 1%/ 2% part
of duodenum or jejunum of duodenum
l\A ‘/l\ 1 exit:
_ - = = Tube pulled
14 Hour n=4 n=2 n=2 n=9
15t 2" part 3™ part of duodenum 1512 part
of duodenum or jejunum of duodenum

Fic. 2. The numbers of patients with postpyloric tubes that reach the third part of the duodenum or beyond.

tubes at or beyond the third part of the duodenum by
14 to 18 hours of insertion (p = .8).

Potential side effects tended to occur in more
patients in the erythromycin group than the placebo
group (5 vs 1, p = .09). Three erythromycin-treated
patients experienced vomiting within 6 hours of the
infusion, one had a loose stool, and one developed an
erythematous rash. One placebo treated patient vom-
ited. No patient developed dysrhythmia or hypoten-
sion. No patient had vomiting or loose stool frequent
enough to require early exit from the study.

DISCUSSION

Successful placement of a small bowel feeding tube is
often difficult to accomplish at the bedside of a eriti-
cally ill patient. Published descriptions of small bowel
intubation techniques have often included the admin-
istration of a gastrointestinal prokinetic agent as an
essential component.!®2° Whether prokinetic agents
increase the likelihood of transpyloric passage of feed-
ing tubes remains controversial.®*?'72% Randomized
controlled trials have shown no benefit of metoclopra-
mide on small bowel intubation rates except in patients
with diabetes mellitus.2"?? Cisapride has been shown
to increase gastric emptying in critically ill, mechani-
cally ventilated patients; however, its ability to facili-
tate feeding tube placement has not been evaluated.®*
The recently recognized proarrhythmic effect of cisa-
pride has precluded its routine use.?®

Our results demonstrated no improvement in small
bowel intubation rate with the use of erythromyecin.
More children in our placebo-treated group achieved
transpyloric passage of the feeding tube than antici-
pated. A post hoc power analysis based on the observed
transpyloric passage rates of 62% and 81% in the
erythromycin-treated and placebo-treated groups,
respectively, and a type I error rate of 5%, shows that
the null hypothesis of no difference between treatment
groups can be accepted with a power of 45%. However,
if a type II error was made and the two groups are
different, transpyloric passage is actually favored by
placebo. The high transpyloric passage rate observed

in our study may be due to the use of a standardized
technique for feeding tube placement that included the
evaluation of aspirate color and pH. In addition, all of
our tubes were placed by one of two investigators.
Previous studies have suggested that experience with
the procedure is one of the most important factors in
successful small bowel intubation.?226 Whether eryth-
romycin can improve the rate of transpyloric passage
when feeding tubes are placed blindly by less experi-
enced hospital staff cannot be determined from this
study. However, erythromycin appears to have little to
offer over the use of a standardized technique in expe-
rienced hands.

The effect of neurologic illness on gastric emptying
and transpyloric passage of feeding tubes remains
controversial.?27-2% In one study, mentally compro-
mised patients were found to have higher feeding tube
transpyloric passage rates, without the use prokinetic
agents, than mentally intact patients.® Other studies
have found that patients with neurologic compromise
due to head injury tolerate nutrition better when deliv-
ered parentally or postpylorically, suggesting that
patients with head injuries have delayed gastiric
emptying.?’72? Delayed emptying may impede the pas-
sage of feeding tubes across the pylorus. More patients
in our erythromycin group had underlying neurologic
illness due to a variety of causes. It is unclear whether
the distribution of diagnoses within our treatment
groups had an effect on feeding tube position, indepen-
dent of erythromycin or placebo.

The prokinetic effects of erythromycin are dose
dependent. In healthy volunteers, low doses of eryth-
romycin lactobionate (10 to 50 mg) IV induce prema-
ture phase III migrating motor complexes that origi-
nate in the stomach and migrate caudally.®® These
complexes are similar in duration, frequency, ampli-
tude, and migration velocity to naturally occurring
phase II1 complexes. Higher doses of erythromycin lac-
tobionate (200 to 500 mg) IV induce bursts of strong
antral phase III activity that do not propagate to the
small bowel and that are followed by prolonged periods
of increased antral contractility.63! These strong
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antral contractions may be responsible for the acceler-
ated gastric emptying observed with erythromycin and
also for the untoward effects of nausea and vomiting
often experienced with antibacterial dosages.®” In our
study, erythromycin was administered to children at a
dose of 10 mg/kg of body weight. Two previous studies
conducted in adults used relatively lower doses of
erythromycin indexed to body weight.®? Both adult
studies found erythromycin to be effective in facilitat-
ing transpyloric passage of feeding tubes. Whether
lower doses of erythromycin would facilitate the
transpyloric passage of feeding tubes in critically ill
children requires further investigation.

In our patients, no statistically significant effect of
erythromycin on the distal migration of duodenal feed-
ing tubes was observed. However, more children in the
erythromycin group had feeding tubes that reached the
third part of the duodenum or beyond. A post hoc power
analysis based on the observed rates of 51% and 46% in
the erythromycin and placebo treated groups, respec-
tively, and a type I error rate of 5%, reveals a power of
7%. The possibility of a type Il error concerning the
effect of erythromycin on distal migration of duodenal
feeding tubes exists. However, to demonstrate a differ-
ence between treatment groups of this magnitude, with
power of 80%, 1500 patients in each group would be
required.

Serious side effects of erythromycin include the
development of prolonged QT syndrome, premature
ventricular contractions, and polymorphic ventricular
tachycardia.'®!® Although rare, tachydysrhythmias
have been associated with the IV administration of
erythromycin and are most likely related to serum
levels of the drug. Although QT intervals were not
measured before and after administration of erythro-
mycin in our study patients, none developed an obvious
dysrhythmia associated with erythromycin use. Chil-
dren with a past or present diagnosis of cardiac disease
were excluded from our study because of their potential
increased risk for developing a drug-induced dysrhyth-
mia. Three of our erythromycin-treated children expe-
rienced vomiting in temporal association with the
drug. Although not usually considered a serious side
effect, vomiting can lead to aspiration pneumonia, the
complication that postpyloric feedings are intended to
prevent. As with any therapeutic modality, the risks
and benefits of erythromycin for feeding tube place-
ment must be considered before its routine use.

In summary, our findings suggest that erythromycin
does not facilitate transpyloric passage of feeding tubes
in critically ill children. The distal migration of post-
pyloric feeding tubes further into the small bowel is
also not enhanced by erythromycin. Because of the lack
of efficacy and potential for side effects, the use of
erythromycin for feeding tube placement is not war-
ranted.
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