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Background: During the perioperative care of infants with hypertrophic pyloric stenosis, an
opioid-sparing technique is often advocated due to concerns such as postoperative hypoventila-
tion and apnea. Although the rectal administration of acetaminophen is commonly employed,
an intravenous (IV) preparation is also currently available, but only limited data are available
regarding IV acetaminophen use for infants undergoing pyloromyotomy. The objective of the
current study was to compare the efficacy of IV and rectal acetaminophen for postoperative
analgesia in infants undergoing laparoscopic pyloromyotomy.

Methods: A retrospective review of the use of IV and rectal acetaminophen in infants under-
going laparoscopic pyloromyotomy was performed. The efficacy was assessed by evaluating
the perioperative need for supplemental analgesic agents, postoperative pain scores, tracheal
extubation time, time in the postanesthesia care unit, time to oral feeding, and time to hospital
discharge.

Results: The study cohort included 68 patients, of whom 34 patients received IV acetamino-
phen and 34 received rectal acetaminophen. All patients also received local infiltration of the
surgical site with 0.25% bupivacaine. No intraoperative opioids were administered. There was
no difference between the two groups with regard to postoperative pain scores, need for supple-
mental analgesic agents, time in the postanesthesia care unit, or time in the hospital. There was
no difference in the number of children who tolerated oral feeds on the day of surgery or in
postoperative complications.

Conclusion: Our preliminary data suggest that there is no clinical difference or advantage with
the use of IV versus rectal acetaminophen in infants undergoing laparoscopic pyloromyotomy.
Keywords: postoperative pain management, neonatal anesthesia, pyloric stenosis, pain score,
length of hospital stay, length of postanesthesia care unit stay

Introduction

Pyloric stenosis (PS) is one of the most common surgical conditions affecting infants
with an incidence of approximately 0.9%—5.1% per 1,000 live births, generally present-
ing prior to 3 months of life.!? Since the end of the 19th century, surgical intervention
has been the primary treatment with first open and then subsequently laparoscopic
pyloromyotomy.® During the postoperative period, various options exist for the provi-
sion of postoperative analgesia, including opioids and non-opioid analgesics such as
acetaminophen, local infiltration of the surgical site, or regional anesthesia. Given
the concerns of respiratory depression related to the patient’s age and metabolic
abnormalities, the use of opioids is generally limited or avoided.*” The current study
retrospectively investigates the impact of the route of administration of acetaminophen
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(intravenous [IV] versus rectal) on the analgesic effect
following pyloromyotomy in infants.

Methods

This study was approved by the Institutional Review Board
of Nationwide Children’s Hospital which deemed the study
scientific and ethical (IRB 14-00149), and registered at
clinicaltrials.gov (NCT02359305). The Institutional Review
Board of Nationwide Children’s Hospital waived the need
to obtain written informed consent from the patients due to
the retrospective nature of this study. Infants undergoing
pyloromyotomy over the past 3 years were identified and their
records were retrospectively reviewed. Patients who received
opioids intraoperatively were excluded. Patient demographic
data included age at the time of surgery, weight, and sex.
Surgical information included surgical time and the type of
procedure (open versus laparoscopic). The intraoperative
anesthetic record was reviewed, and the following data were
obtained: the route (IV or rectal) of administration and the
dose of acetaminophen, additional medications that were
administered intraoperatively including opioids or nonsteroi-
dal anti-inflammatory agents, and the use of local anesthetic
infiltration of the surgical site. Postoperative variables
included the place of tracheal extubation (operating room
[OR] or postanesthesia care unit [PACU]), pain scores, time
in the PACU, the need for supplemental analgesic agents in
the PACU and during the subsequent postoperative period,
time to oral feeding, and time to hospital discharge. As per
institutional routine, postoperative surgical pain is assessed
in infants using the Faces, Leg, Activity, Cry, and Consol-
ability scale, which assigns a score of 0-10.!"° To examine
whether there were any statistical significant differences
between the two groups (rectal and IV acetaminophen), a
Fisher’s exact test was performed for the categorical variables.
With the exception of weight, the continuous variables were
nonnormally distributed; therefore, a Wilcoxon rank sum
test was performed to examine the differences, while an
independent sample #-test with an equal variance assump-
tion was performed for weight. The data are presented as
the mean + standard deviation with P<<0.05 considered
significant.

Results

A total of 80 patients were identified who had undergone a
pyloromyotomy for PS, of which 12 patients were excluded
from the study as they received intraoperative opioids. This
resulted in a final study cohort of 68 infants. All the patients
had a laparoscopic approach for pyloromyotomy. There were

Table | Cohort demographics

Rectal
acetaminophen

Characteristic Intravenous

acetaminophen

Weight (kg), mean £ SD  4.01£0.80 3.8710.71
Age (days), mean £ SD 34.2%14.5 37.8+16.5
Sex (male/female), n 29/5 29/5

34 patients who received IV acetaminophen and 34 who
received rectal acetaminophen. The demographics of the two
groups are listed in Table 1. The dose of IV acetaminophen
was 8.613.9 mg/kg, while the dose of rectal acetaminophen
was 30.716.3 mg/kg. All the patients also received local
infiltration of the surgical site with 0.25% bupivacaine at
the completion of the procedure. No patients received intra-
operative opioids or other analgesic agents in the OR. Two
patients received opioids during the postoperative course.
Both were in the rectal acetaminophen group. One received
a dose of fentanyl in the PACU, and another received a dose
of morphine in the inpatient ward. There was no difference
between the two groups with regard to pain scores, time spent
in the PACU, or time spent in the hospital (Table 2). PACU
pain scores, final PACU pain score, and average postopera-
tive pain scores were similar in both groups (Table 1). As
per our clinical practice, depending on their emergence from
anesthesia, the trachea of patients is either extubated in the
OR or in the PACU. There was no difference in the site of
tracheal extubation between the two groups. Twenty-four of
34 patients who received IV acetaminophen had their tracheas
extubated in the OR compared with 21 of 34 who received
rectal acetaminophen. There was no difference in the number

Table 2 Postoperative outcomes and pain scores

Outcome Intravenous Rectal
acetaminophen acetaminophen

Average FLACC pain score in 0.3+0.6 0.6x1

the PACU

Final FLACC pain score in the 0.0£0.0 0.1+0.3

PACU?

Initial postoperative FLACC 0.6x1.6 1.6+3.0

pain score in the ward

Average postoperative FLACC ~ 0.5+0.5 0.5+0.5

pain score

PACU time (minutes) 48.0+19.9 50.4+12.0

Hospital stay (days) 1.7£1.9 1514

Perioperative complications 4 of 34 (11.8%) 2 of 34 (5.9%)

Acetaminophen supplementation 4.4+5.6 3.543.7

(doses until discharge)

Notes: *Only one patient had a non-zero FLACC pain score at discharge from
the PACU. Data presented as mean * SD, with the exception of the perioperative
complications data.

Abbreviations: FLACC, Faces, Leg, Activity, Crying, and Consolability scale; PACU,
postanesthesia care unit.
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of children who tolerated oral feeds on the day of surgery or
in the incidence of postoperative complications, including
oxygen desaturation requiring supplemental oxygen, apnea,
postoperative wound infection, persistent vomiting, and
the need for surgical reexploration (Table 2). The majority
of patients in both groups received postoperative acet-
aminophen supplementation (27 and 31 in the rectal and IV
acetaminophen groups, respectively). Seven patients in the
rectal group and three patients in the IV group did not require
additional acetaminophen supplementation. No patient
received IV acetaminophen postoperatively. The majority
of postoperative acetaminophen was administered via the
oral route although rectal acetaminophen was administered
postoperatively in addition to oral acetaminophen in three
patients in the IV group and two patients in the rectal group.
There was no significant difference in the average number of
supplemental acetaminophen doses between the two groups.
During the postoperative course, the [V acetaminophen group
averaged a total of 4.4 doses of supplemental acetaminophen
versus 3.5 doses in the rectal acetaminophen group.

Discussion
The practice of anesthesiology involves choosing appropriate
analgesic medications for a specific surgical patient popula-
tion. The physiologic variability that exists among patients,
including differences in gestational and chronological age,
end-organ function, cardiopulmonary status, volume of distri-
bution, and metabolic maturation, can affect drug pharmaco-
dynamics and pharmacokinetics. Therefore, analgesic agents
must be chosen judiciously, taking into account the patient’s
unique physiology. Opioids remain the primary analgesic
regimen for perioperative pain. However, this class of analge-
sics is associated with dose-dependent adverse effects which
may impact postoperative outcomes especially in neonates
and infants. Alternative non-opioid analgesic agents exist,
which may offer advantages to opioid monotherapy.!' The
main theoretical advantage is the prevention of opioid side
effects including constipation, nausea and vomiting, pruritus,
respiratory depression, and opioid-induced hyperalgesia.
Opioid-related hypoventilation and apnea are of particular
concern following anesthesia in neonates and infants under-
going pyloromyotomy for hypertrophic PS. Hypertrophic PS
leads to projectile vomiting and hypochloremic metabolic
alkalosis. Cerebrospinal fluid alkalosis may persist even
after the correction of systemic metabolic alkalosis and pH
normalization.>¢ Cerebrospinal fluid pH is one of the determi-
nants of respiratory stimulus.’”’ This metabolic milieu along
with hyperventilation (respiratory alkalosis), dehydration,

use of neuromuscular blocking agents, the administration of
inhalational anesthetic agents, and opioids during the anes-
thetic procedure can increase the risk of central apnea. The
risk of central apnea is increased furthermore in premature
infants who constitute approximately 12% of this population.
Neonates are especially sensitive to the respiratory depres-
sant effects of opioids related to the immaturity of the
central respiratory control centers.® Thus, an opioid-sparing
technique is often advocated for these patients during pyloro-
myotomy.* Nonsteroidal anti-inflammatory drugs (NSAIDs)
are an important class of non-opioid analgesics which have
been used for the treatment of pain for more than a century.'
Aspirin was introduced into the market by Bayer in 1899. The
primary mechanism by which NSAIDs exert their effects is
via inhibition of the arachidonic acid—cyclooxygenase path-
ways."* This leads to a reduction in prostaglandin synthesis
both peripherally at the site of injury and centrally in the
spinal cord, decreasing inflammatory mediators and pain. IV
ketorolac and IV ibuprofen are the two parenteral NSAIDs
that are approved for use in the USA. However, given their
adverse effect profile, it may be prudent to limit their use in
the neonatal and infant population.'

Acetaminophen is a commonly used non-opioid anal-
gesic with a well-established safety and tolerability profile.
Hepatotoxicity is rare when used at therapeutic doses. It does
not have the negative adverse effect profile that is associated
with opioids (sedation, respiratory depression, constipation,
and abuse potential). In addition, unlike NSAIDs, acetamino-
phen does not compromise renal function or increase the
risk of bleeding. Acetaminophen is commercially available
in many formulations. Rectal acetaminophen is a common
route of administration. Although standard dosing of rectal
acetaminophen is similar to oral dosing (10-15 mg/kg),
more recent pharmacokinetic studies suggest that a larger
initial loading dose (40 mg/kg) is required to achieve the
desired plasma concentration.'> The preemptive administra-
tion of rectal acetaminophen has been shown to lower pain
scores and decrease the need for rescue analgesia in patients,
ranging from 7 years to 15 years of age, in various surgical
procedures.'*'” However, due to its unpredictable systemic
absorption, rectal acetaminophen’s efficacy has been debated
in medical literature.'® IV acetaminophen was approved by
the US Food and Drug Administration in November 2010 for
the management of mild-to-moderate pain, as an adjunct to
opioids for the management of moderate-to-severe pain, and
the reduction in fever. As compared with peak acetaminophen
plasma concentrations following oral (45—60 minutes) and
rectal administration (4 hours), [V acetaminophen results in
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rapid peak plasma concentrations at 15 minutes following
infusion and an analgesic effect as quickly as 5 minutes with
a duration of action up to 4 hours." Information regarding
IV acetaminophen use and dosing strategies for neonates
and infants is limited. Acetaminophen clearance reaches
84% of mature values by 1 year of age; however, clearance
is decreased in neonates when compared with adults.?*?! The
opioid-sparing effect of IV acetaminophen remains controver-
sial. Sinatra et al reported a decreased need for rescue opioid
therapy and a reduction in 24-hour total opioid consumption
in adults undergoing major orthopedic surgery.?? Dashti et al
and Korpela et al reported opioid-sparing effects with either
rectal or IV administration.'®!” However, Hiller et al noted
no effect on total opioid needs with IV acetaminophen after
major spine surgery in children and adolescents.?

Our preliminary data suggest that there is no advantage
with the use of IV acetaminophen over rectal acetaminophen
for patients undergoing laparoscopic pyloromyotomy. The
only variable for which there was a statistically significant
difference between the two groups was acetaminophen dose
(P<0.0001). Patients who received IV acetaminophen had
smaller doses (milligrams/kilograms) than patients who
received acetaminophen rectally. The two groups did not
differ significantly in PACU time, pain scores, acetamino-
phen supplementation, time to hospital discharge, time to
oral feeding time, or perioperative complications. It may be
that the inability to detect a difference relates to the fact that
postoperative pain following laparoscopic pyloromyotomy is
relatively mild and that effective analgesia can be achieved
solely with the infiltration of a local anesthetic agent into
the surgical site.

The limitations of this retrospective study include the
nonrandom distribution of patients into the two groups. In
addition, as noted earlier, additional data are needed regard-
ing acetaminophen pharmacokinetics in this age group.
The average IV acetaminophen dose was 8.6 mg/kg in the
patients. Maintenance dosing ranging from 7.5 mg/kg to
10 mg/kg has been suggested, with some sources suggest-
ing a loading dose of up to 20 mg/kg irrespective of age.
However, regardless of the dose and the route of administra-
tion, the average pain scores were <1 in the PACU and all
patients except for one had a pain score of 0 at the time of
discharge, suggesting that effective analgesia was achieved
in both groups. Another limitation of this retrospective study
is the lack of uniform pain score documentation once on the
hospital floor. Pain assessment on the floor typically occurs
every 4 hours; however, some data were missing during our
retrospective review.

IV acetaminophen has a clear benefit in patients who can-
not tolerate acetaminophen via oral or rectal routes. However,
outside of this scenario, the advantage of IV acetaminophen
over other formulations is unclear. From a pharmacokinetics
standpoint, IV acetaminophen may result in an earlier and
higher peak plasma concentration. However, the clinical dif-
ference remains to be determined depending on the clinical
scenario and the type of surgical procedure.

Conclusion

In summary, for patients undergoing laparoscopic pyloromyo-
tomy, our preliminary data suggest that there is no clinical
advantage with the use of IV compared with rectal acet-
aminophen. Pain scores, acetaminophen supplementation,
PACU discharge time, length of hospital stay, and nonsurgical
complications were similar in both groups (IV versus rectal
acetaminophen). Given the superficial nature of the surgical
incision sites, infiltration with a local anesthetic agent may
play a bigger role in controlling postoperative pain than the
acetaminophen formulation.
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