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ABSTRACT

Purpose: The purpose of this study was to describe
the frequency and variation of opioid use across
hospitals in infants undergoing pyloromyotomy and
to determine the impact of opioid use on
postoperative outcomes.

Methods: A retrospective cohort study
(2005e2015) was conducted by using the Pediatric
Health Information System (PHIS) database,
including infants (aged <6 months) with pyloric
stenosis who underwent pyloromyotomy. Infants
with significant comorbidities were excluded. Opioid
use was classified as a patient receiving at least 1
opioid medication during his or her hospital stay and
categorized as preoperative, day of surgery, or
postoperative (�1 day after surgery). Outcomes
included prolonged hospital length of stay (LOS; �3
days) and readmission within 30 days.

Findings: Overall, 25,724 infants who underwent
pyloromyotomy were analyzed. Opioids were
administered to 6865 (26.7%) infants, with 1385
(5.4%) receiving opioids postoperatively. In 2015,
there was significant variation in frequency of opioid
use by hospital, with 0%e81% of infants within an
1690
individual hospital receiving opioids (P < 0.001).
Infants only receiving opioids on the day of surgery
exhibited decreased odds of prolonged hospital LOS
(odds ratio [OR], 0.85; 95% CI, 0.78e0.92). Infants
who received an opioid on both the day of surgery
and postoperatively exhibited increased odds of a
prolonged hospital LOS (OR, 1.71; 95% CI,
1.33e2.20). Thirty-day readmission was not
associated with opioid use (OR, 1.03; 95% CI,
0.93e1.14).

Implications: There is national variability in opioid
use for infants undergoing pyloromyotomy, and
postoperative opioid use is associated with prolonged
hospital stay. Nonopioid analgesic protocols may
warrant future investigation. (Clin Ther.
2019;41:1690e1700) © 2019 Published by Elsevier
Inc.
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INTRODUCTION
Opioid analgesics are among the most commonly used
medications in the hospital setting and are included in
the World Health Organization Model List of Essential
Medications for Children.1 General indications for
opioids include acute pain control and general
anesthesia. More than 40% of hospitalized children
and 90% of those undergoing surgery are exposed to
opioids during their inpatient stay.2 Unfortunately, in
addition to being highly addictive, opioids are
associated with significant side effects, including
decreased gastrointestinal motility and respiratory
depression. Furthermore, recent reports highlight an
increased likelihood of long-term opioid use for
children who receive an opioid prescription after
surgery.3

Given these well-known adverse effects of opioids in
children and the availability of nonopioid analgesic
alternatives, avoiding opioid use in hospital settings
may result in better outcomes for pediatric surgical
patients. Several studies have reported that the use of
nonopioid-based medications and regional anesthesia
techniques can offer effective pain control during and
after various surgical procedures.4e9 More
specifically, the majority of infants with hypertrophic
pyloric stenosis who undergo pyloromyotomy are
otherwise healthy and recover quickly after surgery.
Infants requiring pyloromyotomy are often several
weeks to a few months old and are particularly
sensitive to opioids. Avoidance of opioids is generally
recommended to decrease the risk of postoperative
apnea.10,11 Although the laparoscopic approach is
often preferred over open pyloromyotomy to
minimize postoperative pain, neither technique
should necessitate significant postoperative
analgesia.12e14 In fact, previous data suggest that
adequate pain control can be achieved with non-
opioid modalities in most patients undergoing
pyloromyotomy.15,16

Currently, there are no national data on the use of
opioids for infants requiring a pyloromyotomy.
Infants undergoing pyloromyotomy are typically
healthy, thus providing a relatively uniform clinical
population in which to explore variations in
perioperative opioid use and its impact on clinical
outcomes. The primary objective of the current study
was to assess the frequency and variation of
perioperative opioid use across hospitals in healthy
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infants undergoing pyloromyotomy. In addition, we
aimed to determine the association between opioid
use and postoperative outcomes, including length of
stay (LOS) and 30-day readmission.
MATERIALS AND METHODS
Study Design, Participants, and Data Collection
Procedures

Institutional Review Board approval was obtained
from the Children's Hospital of Los Angeles. A
retrospective cohort study was performed by using
the Pediatric Health Information System (PHIS). The
PHIS database is maintained by the Children's
Hospital Association (Lenexa, Kansas) and includes
clinical and resource utilization data for both
inpatient and outpatient encounters for children's
hospitals throughout the United States. All data are
de-identified before their release for analysis. Data
quality is monitored by the PHIS data quality
program with issuance of quarterly data quality
reports, chart audits, and feedback to participating
hospitals.

Infants <6 months of age with a diagnosis of pyloric
stenosis (International Classification of Diseases,
Ninth Revision, Clinical Modification, code 750.5)
who underwent pyloromyotomy (International
Classification of Diseases, Ninth Revision, Clinical
Modification, code 43.3) from 2005 to 2015 were
identified. Infants with a complex chronic
condition,17e19 those without pharmacy data, and
those with missing insurance or sex data were
excluded. Patient demographic data included age,
sex, race, ethnicity, and insurance status. Hospital
characteristics included United States census region
and total number of staffed beds as a proxy for
hospital size.

Definition of Opioid Exposure
The primary exposure in this study was the use of

any opioid medication during the infant's hospital
stay. Opioid medications were defined according to
the review by Womer et al2 of opioid use in
hospitalized children. Opioid use was determined
from PHIS pharmacy billing data by using generic
pharmacy codes that are time-stamped for date of
exposure. Opioid use was dichotomized into
“exposed” versus “unexposed.” Time of opioid
exposure was then subcategorized by comparing
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surgery date versus the opioid exposure date.
Preoperative exposure was defined as opioids
received one or more days before the day of surgery.
Postoperative exposure was defined as opioids
received one or more days after the day of surgery.
Opioids received on the day of surgery were
categorized as day of surgery exposure, which
included opioids received in the operating room and
the recovery room. Dosage strength and frequency of
administration are not captured by PHIS and thus
were not included in the analysis.

Definition of Outcomes
Our primary outcome was total hospital LOS,

defined as the number of days between admission
and discharge dates. A patient admitted and
discharged the same day was defined as having an
LOS equal to 1 day. Secondary outcomes included
postoperative LOS (discharge date minus surgery
date) and all-cause readmission within 30 days of
surgery. Total hospital LOS was dichotomized into
�2 days or �3 days based on previously published
reports of healthy infants undergoing
pyloromyotomy.20 Postoperative LOS was stratified
into clinically relevant categories: �1 day, 2 days, or
�3 days.

Statistical Analyses
Continuous variables were described by using mean

and SD. Frequencies were calculated to describe
categorical variables. Patient demographic and
hospital-level data were compared by using bivariate
analyses. Categorical and continuous variables were
analyzed by using c2 and Wilcoxon-Mann-Whitney
tests, respectively. Normality for continuous variables
was assessed by using histograms and Q-Q plots.
Hospital variation in opioid use was assessed
according to two-proportion z-tests.

Multivariable logistic regression analysis with
mixed effects was used to determine odds ratios
(ORs) for opioid use and outcomes of interest: total
hospital LOS, postoperative LOS, and readmission
within 30 days. Mixed effects modeling was used to
control for unmeasured hospital characteristics that
may confound any associations. Single multinomial
logistic models with dummy coding for perioperative
opioid exposure were conducted for total hospital
and postoperative LOS. Covariate selection was
based on clinical assessment, availability from the
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PHIS databases, and variables with a significant
bivariate association (P < 0.05). Covariates included:
sex, race, age, insurance status, hospital region, and
staffed beds. Pearson c2 statistics and
HosmereLemeshow tests were used to assess
goodness-of-fit for logistic regression models.

Race was included in adjusted models; however,
ethnicity was collected on observation or volunteered
by the patient and in some cases applied to the
patients’ race. As such, adjustment for ethnicity was
not included in the final logistic regression models. A
sensitivity analysis was conducted by including race
with missing observations (n ¼ 1305). Estimates and
conclusions were not significantly different in the
sensitivity analysis. All analyses were conducted with
two-sided significance, a ¼ 0.05. Data were analyzed
by using SAS software 9.4 (SAS Institute, Inc, Cary,
North Carolina) and StataCorp (StataCorp LLC,
College Station, Texas).

RESULTS
The final cohort included 25,724 infants who
underwent pyloromyotomy at 47 different hospitals
in the United States (2005e2015) (Figure 1). Overall,
6865 (26.7%) infants received opioids (Table I)
during their hospitalization. The overall rate of
opioid use for all years varied significantly across
hospitals from 3.5% to 89.4% (P < 0.001). Infants
receiving opioids were slightly older (mean, 39 vs 36
days; P < 0.001), less likely to have public insurance
(39% vs 41%; P ¼ 0.001), and more frequently
treated at hospitals in the South (44% vs 37%;
P < 0.001). Unadjusted overall mean LOS stay was
2.0 (1.0) days, with no significant difference between
infants who received opioids during hospitalization
versus those who did not (P ¼ 0.19). Unadjusted
mean postoperative LOS among infants receiving
opioids was 1.4 (0.8) vs 1.3 (0.8) with no significant
difference (P ¼ 0.07). Unadjusted 30-day readmission
was more common for infants who received opioids
(10.4% vs 9.0%; P < 0.001).

Among the infants who received opioids, 82%
(n ¼ 5564) received an opioid on the day of surgery,
3% (n ¼ 229) before surgery, and 20% (n ¼ 1385)
postoperatively, with 16% (n ¼ 1065) receiving
opioids only after surgery. The most commontly used
opioid was fentanyl (62.5%), followed by morphine
(25.9%) (Table II). The highest overall opioid use
was in 2007 (median, 28%; interquartile range
Volume 41 Number 9



All infants (<6 months) in PHIS (2005– 2015) 
with diagnosis of pyloric stenosis that 

underwent pyloromyotomy
N = 31,885

Exclude 3 hospitals with no pharmacy data 
(n = 1030)

Exclude patients with missing pharmacy, 
sex, insurance, postoperative LOS or 
data outside clinical range (n = 1097)

Descriptive dataset
N = 25,724

Analysis cohort
N = 24,419

Exclude patients with any comorbidity flags 
(n = 4034)

Exclude patients with missing race 
(n = 1305)

Figure 1. Flow diagram of cohort selection. LOS ¼ length of stay; PHIS ¼ Pediatric Health Information System.
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[IQR], 15%e46%) and the lowest in 2008 (median,
18%; IQR, 12%e44%) (Figure 2A). The highest
postoperative opioid use was in 2007 (median, 5.0%;
IQR, 1.3%e10%) and the lowest in 2010 (median,
1.7%; IQR, 0%e3.9%) (Figure 2B). In the most
recent year of data (2015), there was considerable
variation in frequency of opioid use according to
hospital (Figure 3), with 0%e81% of admitted
infants within an individual hospital receiving opioids
(P < 0.001). Similar variation according to hospital
was seen in use of opioids after pyloromyotomy
(0%e33%; P < 0.001).

In adjusted analyses, the administration of opioids at
any time during hospitalization was not associated with
total hospital LOS, 30-day readmission, or
postoperative LOS (Table III). Preoperative opioid
exposure was not significantly associated with hospital
LOS, postoperative LOS, or 30-day readmission.
Opioid use limited to the day of surgery was
significantly associated with shorter hospital LOS (OR,
September 2019
0.85; 95% CI, 0.78e0.92) and postoperative LOS �1
day (LOS 2 days OR, 0.67 [95% CI, 0.62e0.73]; LOS
�3 days OR, 0.56 [95% CI, 0.48e0.66]). Opioid use
on the day of surgery was not significantly associated
with odds of 30-day readmission.

Opioid use limited to the postoperative period was
not associated with increased total hospital LOS
(OR, 1.12; 95% CI, 0.96e1.30) but was associated
with longer postoperative LOS (LOS 2 days OR,
3.75 [95% CI, 3.25e4.34]; LOS �3 days OR, 4.73
[95% CI, 3.88e5.76]). There was no significant
association between postoperative opioid use and
odds of 30-day readmission. Patients who received an
opioid both on the day of surgery and
postoperatively exhibited increased odds of prolonged
hospital LOS (OR, 1.71; 95% CI, 1.33e2.20) and
longer postoperative LOS (LOS 2 days OR, 1.56
[95% CI, 1.20e2.02]; LOS �3 days OR, 1.96 [95%
CI, 1.34e2.87]) but no significant difference in odds
of 30-day readmission.
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Table I. Hospital and patient demographic characteristics of infants who underwent pyloromyotomy. Values are
given as no. (%) unless otherwise indicated.

Characteristic Opioid Use P

Total Yes No

(N ¼ 25,724) (n ¼ 6,865) (n ¼ 18,859)

Patient age, d 36.7 (16.7) 38.9 (18.6) 35.8 (15.9) <0.001
Sex

Male 21,394 (83.2) 5761 (83.9) 15,633 (82.9) 0.06
Female 4329 (16.8) 1104 (16.1) 3226 (17.1)

Ethnicity
Hispanic or Latino 6151 (23.9) 1597 (23.3) 4555 (24.1) 0.09
Not Hispanic or Latino 11,026 (42.8) 3018 (43.9) 8008 (42.5)
Unknown 8546 (33.3) 2250 (32.8) 6296 (33.4)

Race
Missing 1305 (5.1) 369 (5.4) 936 (5.0) <0.001
White 19,000 (73.9) 5192 (75.6) 13,808 (73.2)
Black 1871 (7.3) 418 (6.1) 1453 (7.7)
Asian 175 (0.7) 57 (0.8) 118 (0.6)
American Indian or Alaskan Native 177 (0.7) 52 (0.8) 125 (0.7)
Native Hawaiian or Pacific Islander 18 (0.1) <10 (0.1) 12 (0.1)
Other 3178 (12.4) 771 (11.2) 2407 (12.8)

Insurance
Private 5952 (23.1) 1581 (23.0) 4371 (23.2) 0.001
Public 10,362 (40.3) 2656 (38.7) 7706 (40.9)
Other 9410 (36.6) 2628 (38.3) 6782 (36.0)

Hospital region
Midwest 6960 (27.1) 1620 (23.6) 5340 (28.3) <0.001
Northeast 3393 (13.2) 580 (8.4) 2813 (14.9)
South 9971 (38.8) 3024 (44.0) 6947 (36.8)
West 5400 (21.0) 1641 (23.9) 3759 (19.9)

Hospital staffed beds 353.6 (133.1) 341.9 (124.1) 357.8 (136.0) <0.001
LOS, mean (SD), d 2.0 (1.0) 2.0 (1.0) 2.0 (1.0) 0.19
Postoperative LOS, mean (SD), d 1.4 (0.8) 1.3 (0.8) 1.4 (0.8) 0.07
30-Day readmission 2407 (9.4) 715 (10.4) 1692 (9.0) <0.001

LOS ¼ length of stay.
Note: The c2 and Wilcoxon-Mann-Whitney tests were used to compare categorical and continuous variables, respectively.

Clinical Therapeutics
DISCUSSION
This large retrospective cohort study of opioid use in
healthy infants who underwent pyloromyotomy
revealed significant interhospital variation in opioid
utilization. Furthermore, use of opioids after
pyloromyotomy was associated with prolonged
hospital LOS. Frequency of opioid use was highly
1694
variable among participating hospitals. Infants most
often received opioids on the day of surgery, but
5.4% of infants received opioids postoperatively. The
use of opioids in the postoperative period alone was
significantly associated with longer postoperative
LOS, and combined use of opioids on the day of
surgery and postoperatively was associated with
Volume 41 Number 9



Table II. Opioid medications used in infants who
underwent pyloromyotomy. Values are
given as no. (%).

Type of Opioid Overall
(N ¼ 6865)

Fentanyl (base) (citrate) 4288 (62.5)
Morphine sulfate 1781 (25.9)
Meperidine HCl 583 (8.5)
Remifentanil HCl 341 (5.0)
Nalbuphine HCl 208 (3.0)
Narcotic analgesic
combinations

167 (2.4)

Butorphanol tartrate 74 (1.1)
Hydromorphone HCl 13 (0.2)
Oxycodone HCl 13 (0.2)
Alfentanil HCl <10 (<0.1)
Codeine (phosphate) (sulfate) <10 (<0.1)
Methadone HCl <10 (<0.1)
Tramadol <10 (<0.1)

HCl ¼ hydrochloride.
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longer total hospital LOS and postoperative LOS.
These results suggest that use of opioids after
pyloromyotomy may prolong recovery and lead to
increased health care utilization.

Infants with hypertrophic pyloric stenosis who
undergo a pyloromyotomy are typically healthy, and
postoperative pain can frequently be managed with
nonnarcotic medications. Acetaminophen alone has
been shown to achieve adequate analgesia in this
population.21 In addition, opioids are much less
commonly used for infants with hypertrophic pyloric
stenosis treated in centers outside of the United States.
A case series from Australia found that only 3 of 72
patients received opioids after pyloromyotomy.15

Similarly, a Canadian comparison of laparoscopic
versus open pyloromyotomy in 38 infants reported
very low rates of postoperative opioid use in either
group (0% vs 5%, respectively).16 These data suggest
that opioids may not be needed for otherwise healthy
infants undergoing pyloromyotomy. Our findings
support this argument, as we found that most infants
did not receive opioids postoperatively, with the most
recent year of data (2015) showing 18 hospitals
avoided postoperative opioids altogether.
September 2019
Considerable interhospital variability in the
frequency of postoperative opioid use was also found
in the current study. Some hospitals avoided opioids
altogether, whereas others used opioids in the
majority of cases. A recent survey of anesthesiologists
found that 24% administered opioids to children
after pyloromyotomy.22 Although surgeons were not
included in this survey, it suggests a lack of
uniformity in the analgesic management of infants
undergoing pyloromyotomy, which may beget
significant provider-level variability. Alignment of an
analgesic plan among all providers (eg, anesthesia,
surgery, nursing) may improve consistency. Improved
outcomes in adult patients managed with enhanced
recovery after surgery (ERAS) protocols23e26 has
fostered novel research in pediatric surgical patients.
An enhanced recovery protocol for children
undergoing colorectal surgery has been associated
with decreased opioid use, time to regular diet, and
overall LOS.27 Similar improvements in patient
outcomes have been associated with the use of ERAS
in pediatric patients undergoing major urologic
procedures.28,29 Established guideline measures for
infants with pyloric stenosis, similar to these other
ERAS protocols, may warrant future investigation.

We found that opioid use after pyloromyotomy was
associated with longer postoperative LOS. The
mechanism by which opioids might have led to
longer LOS is not clear, but discharge after
pyloromyotomy typically requires that an infant is
able to tolerate a large enough bolus of formula or
breast milk to remain hydrated after several feedings.
Opioids may exacerbate feeding intolerance by way
of decreasing gut motility,30 thereby prolonging LOS.
Use of opioids may also increase the risk of
postoperative apnea,10,11,15 which may necessitate
prolonged in-hospital monitoring. Limiting opioid use
(or avoiding opioid use altogether) may decrease the
likelihood of these adverse effects, thereby improving
quality of care and outcomes after pyloromyotomy.

Timing of opioid use may play a pivotal role in post-
pyloromyotomy outcomes. Although postoperative
opioid use may prolong recovery, we found that
opioid use limited to the day of surgery was
associated with decreased LOS. This finding implies
that judicious opioid use during general anesthesia
may actually expedite recovery. This association is
supported by previous randomized data comparing
perioperative remifentanil versus halothane for
1695



Figure 2. (A) Overall and (B) postoperative opioid use according to calendar year. Data are presented as
median with interquartile range.
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infants undergoing pyloromyotomy, which found a
trend toward improved respiratory outcomes in the
remifentanil group.31 The theoretical risks of
postoperative apnea and gastrointestinal dysfunction
may be overestimated for infants who are only
exposed to opioids intraoperatively. We would
caution against this assumption, however, because
there is still a paucity of data supporting
1696
intraoperative opioid use for infants undergoing
pyloromyotomy. It is also possible that reverse
causality may explain the association between
decreased LOS and day of surgery opioid use (ie,
children discharged within 1 day would not be
eligible for postoperative opioid use).

The current study was limited by the retrospective
nature of the PHIS database. Although we attempted
Volume 41 Number 9
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to minimize treatment bias by excluding infants with
comorbidities (who may be more likely to receive
opioids), unmeasured confounding can still be present
when analyzing retrospective data. Second, total daily
dosing of medications was not available for analysis
from this dataset, rendering opioid exposure a
dichotomous variable. A dose-dependent association
could exist between postoperative opioid use and
LOS, but we were unable to test this hypothesis.
Third, statistical confidence was low in ethnicity data
due to missingness and potential for collinearity with
race, which limited our ability to determine the effect
of ethnicity on the likelihood of an infant to receive
opioids. Previous studies have highlighted an
September 2019
association between race and amount of opioid use
after surgery,32 but racial disparities in outcomes
after surgery may be lessened in the neonatal
population.33,34 In our sensitivity analyses,
incorporation of ethnicity into the multivariate model
showed no difference in outcomes. Finally, reverse
causality may explain the association between time of
opioid exposure and LOS. Infants who had a longer
postoperative LOS, by definition, had longer
potential time to be exposed to opioids. Similarly,
those infants discharged within 1 day would not have
been eligible for postoperative opioid exposure based
on our definitions. However, the present analysis
attempted to minimize reverse causality by stratifying
1697



Table III. Comparison of postoperative outcomes according to opioid exposure in infants who underwent
pyloromyotomy.

Variable
Unadjusted Adjusted*

OR (95% CI) P OR (95% CI) P

Any opioid usey

Total LOS
�2 d Ref e Ref e

�3 d 0.92 (0.85e0.99) 0.03 0.94 (0.87e1.01) 0.10
Postoperative LOS
�1 d Ref e Ref e

2 d 0.93 (0.87e1.00) 0.06 0.96 (0.89e1.03) 0.23
�3 d 0.91 (0.81e1.03) 0.13 0.95 (0.85e1.08) 0.44

30-Day readmission 1.01 (0.91e1.12) 0.86 1.03 (0.93e1.14) 0.55
Day of surgery opioid use onlyz

Total LOS
�2 d Ref e Ref e

�3 d 0.82 (0.76e0.90) <0.001 0.85 (0.78e0.92) <0.001
Postoperative LOS
�1 d Ref e Ref e

2 d 0.65 (0.60e0.71) <0.001 0.67 (0.62e0.73) <0.001
�3 d 0.54 (0.46e0.63) <0.001 0.56 (0.48e0.66) <0.001

30-Day readmission 1.00 (0.89e1.12) 0.96 0.99 (0.89e1.11) 0.93
Postoperative opioid use onlyx

Total LOS
�2 d Ref e Ref e

�3 d 1.13 (0.97e1.31) 0.12 1.12 (0.96e1.30) 0.15
Postoperative LOS

v � 1 d Ref e Ref e

2 d 3.75 (3.26e4.33) <0.001 3.75 (3.25e4.34) <0.001
�3 d 4.50 (3.67e5.41) <0.001 4.73 (3.88e5.76) <0.001

30-Day readmission 1.04 (0.84e1.30) 0.70 1.17 (0.94e1.46) 0.16
Day of surgery and postoperative opioid useǁ

Total LOS
�2 d Ref e Ref e

�3 d 1.69 (1.32e2.18) <0.001 1.71 (1.33e2.20) <0.001
Postoperative LOS
�1 d Ref e Ref e

2 d 1.54 (1.19e1.98) 0.001 1.56 (1.20e2.02) <0.001
�3 d 1.85 (1.27e2.70) 0.001 1.96 (1.34e2.87) <0.001

30-Day readmission 1.12 (0.76e1.65) 0.57 1.21 (0.82e1.79) 0.33

OR ¼ odds ratio; LOS ¼ length of stay.
*Models were controlled for sex, race, patient age (in days), insurance status, hospital size, hospital region, and year of surgery.
y n ¼ 6496.
z n ¼ 4987.
x n ¼ 1011.
ǁ n ¼ 278.

Clinical Therapeutics

1698 Volume 41 Number 9



C. McLaughlin et al.
opioid use preoperatively, day of surgery, and
postoperatively.
CONCLUSIONS
There is considerable interhospital variability in the
frequency of opioid use after pyloromyotomy,
suggesting that provider- and hospital-level factors may
explain the variation of exposure. Infants receiving
opioids in the days following pyloromyotomy exhibited
a significantly prolonged hospital LOS. Post-
pyloromyotomy pathways with nonopioid analgesic
protocols may warrant future investigation to reduce
unnecessary opioid use and improve outcomes.
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