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Abstract

Children with sickle cell disease commonly experience vaso-occlusive pain episodes due to
sickling of erythrocytes, which often requires care in the emergency department. Our objective
was to assess the use and impact of intranasal fentanyl for the treatment of children with
SCD-VOE on discharge from the emergency department in a multicenter study. We conducted

a cross-sectional study at 20 academic pediatric emergency departments in the United States and
Canada. We used logistic regression to test bivariable and multivariable associations between

the outcome of discharge from the emergency department and candidate variables theoretically
associated with discharge. The study included 400 patients; 215 (54%) were female. The median
age was 14.6 (interquartile range 9.8, 17.6) years. Nineteen percent (n=75) received intranasal
fentanyl in the emergency department. Children who received intranasal fentanyl had nearly nine-
fold greater adjusted odds of discharge from the emergency department compared to those who
did not (adjusted odds ratio 8.99, 95% CI 2.81-30.56, £<0.001). The rapid onset of action and ease
of delivery without 1V access offered by intranasal fentanyl make it a feasible initial parenteral
analgesic in the treatment of children with sickle cell disease presenting with vaso-occlusive pain
episodes in the acute-care setting. Further study is needed to determine potential causality of the
association between intranasal fentanyl and discharge from the emergency department observed in
this multicenter study.
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Introduction

Multiple novel therapies have failed to demonstrate efficacy in reducing pain from sickle cell
disease (SCD) vaso-occlusive episodes (VOE),13 making opioid medications the primary
therapy for moderate-to-severe pain. SCD-VOE is a medical emergency and helping patients
achieve timely relief from VVOE-related pain is paramount. Results from one study suggest
that timely administration of intravenous (I1V) opioids for SCD-VOE may be associated with
reduced odds of hospital admission from the emergency department (ED),* though other
studies have not shown the same association.®

Intranasal fentanyl is a safe and effective analgesic in children8-8 that may circumvent
challenges associated with the administration of other initial parenteral opioids® and may
reduce the time to administration of initial opioid treatment among children presenting to the
ED with pain.19-12 Furthermore, intranasal fentanyl has been associated with shorter times to
determining a patient’s disposition (i.e., discharge vs. hospital admission) and shorter overall
ED length of stay.13 Prior single-center studies suggest a potential association between
intranasal fentanyl administration and discharge from the ED.10:12

A multicenter study assessing the impact of intranasal fentanyl on patient disposition among
children presenting with SCD-VOE is lacking but has the potential to inform an important
outcome for children and potentially change practice. To this end, our objective was to
assess the use and impact of intranasal fentanyl for the treatment of children with SCD-VOE
on patient disposition in a multicenter study in academic pediatric EDs.

Methods
Study Design

We conducted a planned secondary analysis of a cross-sectional study which was conducted
as an aim of an R34 Clinical Trials Planning Grant (NHLBI R34-HL122557). Clinical charts
of encounters for SCD-VOE were reviewed at 20 academic pediatric EDs in the United
States and Canada from 2015 to 2016. After training to establish uniformity in the approach
to data extraction at each site, investigators at each site reviewed charts of 20 consecutive
children aged 3-21 years who presented with SCD-VOE.

Study Setting

This study was conducted at 20 academic pediatric EDs in the United States (n=19) and
Canada (n=1). Fourteen of the EDs included in this study were part of the Pediatric
Emergency Care Applied Research Network (PECARN). The annual volume for patients
with SCD-VOE at these EDs ranged from 80-700.%

Inclusion and Exclusion Criteria

In order to include children with more severe forms of SCD, those with hemoglobin SS
disease or hemoglobin SB° Thalassemia who presented to one of the study EDs for VOE and
received treatment for pain were included. We included children and adolescents aged 3-21
years. No exclusion was made for children with SCD who presented with fever if the patient
was treated for VOE. Intranasal fentanyl is available at a concentration of 50 mcg/ml and
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was delivered via atomizer at a maximum of 1 ml to each nostril (maximum 100 mcg). Its
use is contraindicated if the patient has a current upper respiratory tract infection, if there is
concern for stroke, altered state of consciousness, or any form of head injury. We excluded
encounters for acute chest syndrome.

Our primary outcome was discharge to home from the ED. We extracted the following
variables from each patient’s chart: age, sex, hemoglobin genotype in the electronic
medical record, time of ED presentation, opioids administered in the ED, dose and route

of administered opioids (mg/kg and mg/kg/hour of morphine equivalents), time of opioid
administration, non-steroidal anti-inflammatory drugs (NSAIDs) administered in the ED,
use of IV fluids (i.e., bolus and maintenance fluids), time of day the patient presented to the
ED, time from ED arrival or triage to the administration of the first parenteral opioid (and
second parenteral opioid in patients receiving >1 dose), and patient disposition from the ED
(i.e., discharge vs. hospital admission).

Statistical Analyses

Results

We calculated descriptive statistics for patient demographics, therapies provided in the ED,
and patient disposition from the ED. We conducted an exploratory analysis using logistic
regression to test bivariable associations between the outcomes of discharge from the ED
and candidate variables theoretically associated with ED discharge as well as time from
ED presentation to opioid administration. Candidate variables included patient age, sex,
time from triage to first parenteral opioid administration, intranasal fentanyl use, dose of
total parenteral opioid morphine equivalents, ketorolac use, administration of oral opioids,
administration of bolus 1V fluids, time of day of ED presentation, and site. All associations
with an overall Pvalue <0.1 were included in a multivariable model to determine variables
associated with ED discharge. Since we found higher odds of discharge from the ED among
children with SCD who received intranasal fentanyl in our primary model, we conducted
post hoc sensitivity analyses restricted to sites that used intranasal fentanyl regularly. A P
value <0.05 was considered statistically significant. We conducted all analyses using SAS
(version 9.4).

The study included 400 patients, of whom 215 (54%) were female. The median age was
14.6 (interquartile range [IQR] 9.8, 17.6) years, 92% (n=367) had hemoglobin SS disease,
and 8% (n=33) had hemoglobin SB° Thalassemia. The overall hospital admission rate was
67% (n=268). Hospital admission rates ranged from 45-90% across sites.

Therapies Administered

Of the 400 included patients, 91% (n=365) received IV opioids, 66% (n=265) received IV
ketorolac, 19% (n=75) received intranasal fentanyl, and 25% (n=98) received oral opioids.
Eighty four percent (n=335) received IV fluids (66%, n=263 received IV fluids in the form
of a bolus and 44%, n=174 received them in the form of maintenance fluids).1°
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Intranasal fentanyl was available at 75% of sites (n=15/20) and was used at 50% of the

sites (n=10/20) in the included population. Among the 75 children who received intranasal
fentanyl, 69% (n=52) also received IV opioids including morphine and hydromorphone.
Children who received intranasal fentanyl received a mean total 1V opioid dose of 0.2 mg/kg
compared to 0.2 mg/kg in those who did not receive intranasal fentanyl (£=0.069). There
was no difference in the mean change in pain scores among children who received intranasal
fentanyl (mean -2.2, SD 2.54) compared to those who did not (mean -2.5, SD 3.28)
(P=0.68). Children who received intranasal fentanyl received higher overall total parenteral
opioid morphine equivalents (mean 0.36 mg/kg, SD 0.14) than those who did not (mean
0.22 mg/kg, SD 0.25) (/£<0.001). However, there was no difference in the mean total IV
opioid morphine equivalents administered to those who received intranasal fentanyl (0.2
mg/kg, SD 0.12) compared to those who did not (0.2 mg/kg, SD 0.25) (P=0.07). Among
children who received parenteral opioids <60 minutes from ED arrival 34% (n=65) received
intranasal fentanyl and the other 66% (n=123) received IV opioids including morphine and
hydromorphone.

Time from ED Presentation to Parenteral Opioid Administration

Children who received intranasal fentanyl (n=75) were more likely to receive their first
parenteral opioid <30 minutes after presentation to the ED compared to children who did
not receive intranasal fentanyl (OR 9.38, 95% CI 5.22-16.83, A<0.001). Similarly, children
who received intranasal fentanyl were more likely to receive their first parenteral opioid <60
minutes after presentation to the ED compared to children who did not receive intranasal
fentanyl (OR 9.83, 95% CI 4.87-19.85, ~£<0.001).

When restricted to the 10 sites that used intranasal fentanyl, the same patterns emerged
of greater likelihood of receipt of parenteral opioids <30 minutes after presentation to

the ED compared to children who did not receive intranasal fentanyl (OR 15.02, 95% ClI
6.44-35.05, A<0.001). Additionally, children who received intranasal fentanyl were more
likely to receive their first parenteral opioid <60 minutes after presentation to the ED (OR
9.13, 95% CI 4.29-19.41, F£<0.001) compared to children who did not receive intranasal
fentanyl at the 10 sites that used intranasal fentany!.

Factors Associated with Discharge from the ED

Univariable and multivariable analyses of factors associated with discharge from the ED
after presentation with SCD-VOE are summarized in Table 1. In unadjusted analyses,
children aged =12 years, those who had smaller decrease in mean pain scores in the ED,
those with higher final pain scores, those who received the first parenteral opioid >60
minutes, those who received a higher mean dose of morphine equivalents, and those who
received bolus 1V fluids had lower odds of discharge from the ED (Table 1). Children who
received intranasal fentanyl or oral opioids had greater odds of ED discharge than those who
did not in unadjusted analyses.

The adjusted model demonstrated that children with SCD-VOE who presented with lower
mean pain scores, those who had greater decrease in mean pain score in the ED, and those
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who received lower mean total morphine equivalents were more likely to be discharged from
the ED.

Children who received intranasal fentanyl were less likely to be admitted (Figure 1) and had
nearly nine-fold greater adjusted odds of discharge from the ED compared to those who did
not. Additionally, children who received oral opioids had three-fold greater adjusted odds of
discharge from the ED than those who did not. The same associations between intranasal
fentanyl and oral opioids were demonstrated in a sensitivity analysis restricted to sites that
used intranasal fentanyl regularly (Supplemental Table 1). In fact, children who received
intranasal fentanyl at sites that used intranasal fentanyl had nearly 40-fold greater odds of
discharge from the ED compared to those who did not at these sites (aOR 39.25, 95% ClI
7.23-271.63, P<0.001).

The median ED length of stay from arrival to disposition order placement was 3 hours (IQR
2, 5) and there was no difference among children treated with intranasal fentanyl (median 4
hours, IQR 2, 6) and those who did not receive intranasal fentanyl (median 3 hours, IQR 2,
5) (P=0.554). The median ED length of stay did not differ between institutions that used INF
(median 3 hours, IQR 2, 5) and those that did not (median 3 hours, IQR 2, 6) (P=0.790).

Discussion

Our multicenter study including 20 academic, pediatric EDs demonstrated an association
between the administration of intranasal fentanyl and discharge from the ED among children
with SCD who presented to the ED with VOE. Additionally, children who had lower mean
presenting pain scores, greater decrease in pain scores during the ED visit, and who received
lower overall morphine equivalent dosages of opioids had greater odds of discharge from the
ED. Children with SCD who received oral opioids had greater odds of discharge from the
ED than those who did not.

Children with SCD who received intranasal fentanyl had the highest odds of discharge

from the ED when adjusting for pain scores during the ED visit as well as other key

factors. The odds of ED discharge after intranasal fentanyl administration were nearly
40-fold greater when excluding sites that did not use intranasal fentanyl. Our findings
support the observation by Kavanagh and colleagues that demonstrated a 32% to 48%
increase in the proportion of children with SCD-VOE who were discharged from the ED

in a quality improvement initiative that focused on an initial dose of intranasal fentanyl,
standardizing care, implementing a pain medication calculator, and education of providers
and caregivers.1? Akinsola and colleagues found a significantly higher discharge rate in
patients receiving intranasal fentanyl compared to those receiving 1V opioids only (48% vs.
71%, P=0.004) in a prospective quality improvement initiative,10 while results from other
single center studies have differed.416 It is possible that the other interventions in the study
by Kavanagh et al. may have also contributed to greater rates of ED discharge and not the
intranasal fentanyl alone. However, the use of a population from 20 sites in the United States
and Canada adds further evidence in support of the use of intranasal fentanyl. Using multiple
sites supersedes confounders present in prior single-site studies. A randomized controlled
trial to establish the potential impact of intranasal fentanyl on discharge from the ED is
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warranted. A protocol paper for such a trial was published in 2012, but the results have yet
to be reported.1’ Moreover, further studies are needed to elucidate potential mechanisms
that may lead to greater rates of ED discharge among children with SCD-VOE treated with
intranasal fentanyl.

Despite guidelines from the National Heart, Lung, and Blood Institute (NHLBI)
recommending parenteral opioids be administered in <30 minutes from triage or <60
minutes from registration in the ED,8 prior studies have shown significant delays in

the administration of 1V opioid medications to children presenting to the ED with SCD-
VOE.519-21 While the timing of opioid administration is considered a quality indicator

for pain episodes in SCD,20 ED crowding, staffing shortages, and delays in obtaining

IV access may contribute to delays in administering 1V opioids to children with SCD-
VOE.2223 \We have previously reported a median time to 1V placement from ED arrival

of 52 minutes (IQR 33, 81),° which represents an important bottleneck to rapid delivery

of 1V opioids. This report adds to an expanding list of studies demonstrating that the

use of intranasal fentanyl improves time to analgesic administration for patients with SCD-
VOE.510-14 Oyr results suggest that the use of intranasal fentanyl may be an excellent
approach to rapidly treat for SCD-VOE pain as recommended by recent NHLBI, American
College of Emergency Physicians, and American Society for Hematology guidelines.1824.25
Additionally, intranasal fentanyl has rapid onset of action, is rapidly absorbed via the

nasal mucosa, and its analgesic properties have efficacy similar to intravenous opioids.®
Our results suggest a beneficial aspect of intranasal fentanyl therapy not related to rapid
delivery of pain medication. Given common delays that have been demonstrated in the
time to placement of an intravenous line for patients with SCD-VOE,>26 intranasal fentanyl
may be a good first-line parenteral opioid. Early studies utilizing delivery of longer acting
opioids including diamorphine and hydromorphone are promising and warrant further
investigation.27:28

Children who presented with lower initial pain scores, who had larger decreases in their
pain scores during their ED visit, and those who received lower overall morphine equivalent
dosages of opioids had higher odds of ED discharge. These may reflect less severe pain
episodes as reported by children and their caregivers through pain scores. The higher overall
morphine equivalent dosages of opioids in children requiring admission likely reflect the
need for ongoing pain management in the inpatient setting. Though the administration of
intranasal fentanyl was most strongly associated with discharge from the ED in our study,
children who received oral opioids before delivery of their parenteral opioids also had
greater odds of ED discharge than those who did not receive oral opioids. This association
between oral opioid administration and ED discharge remained when adjusting for pain
severity. Though not measured in this study, this may have been due to patients who did not
receive sufficient oral opioids at home to manage VOE, since oral opioids are often given in
the ED to patients who have not received an oral opioid within four hours of presentation.
This is another area to target when educating families about outpatient pain management.

Am J Hematol. Author manuscript; available in PMC 2024 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Rees et al.

Limitations

Page 8

This retrospective study of 400 pediatric patients with SCD is subject to several limitations.
First, these data were collected between 2015 and 2016 and may not account for possible
secular trends in the emergent management of SCD-VOE for children, although there

have not been significant changes to ED care for VOE in children over this timeframe

that would significantly confound or alter these results. Children who presented with less
pain may have been preferentially given intranasal fentanyl, which may have impacted the
association we observed with ED discharge. However, sites with an intranasal protocol
would offer intranasal fentanyl to all patients with moderate-to-severe pain. We did not,
however, assess reasons that patients or caregivers refused intranasal fentanyl. Future studies
assessing potential barriers to use of intranasal fentanyl from the perspective of patients

and caregivers are warranted. We also adjusted for initial pain scores and changes in pain
scores in our multivariable model. There is also variation in the use of intranasal fentanyl
across the sites included in our study, which may have impacted our findings. However,

our sensitivity analyses restricted to those sites that used intranasal fentanyl, though limited
to a relatively small numbers of outcomes, demonstrated the same association with greater
odds of discharge from the ED. Additionally, our results are limited to children who had
hemoglobin SS disease or hemoglobin SB° Thalassemia and thus may not apply to all
genotypes for SCD. Our findings may be limited to the experience of academic pediatric
EDs and may not be generalizable to non-academic centers. Since intranasal fentanyl was
associated strongly with opioid administration in <60 minutes as the first parenteral opioid,
INF could be simply a marker of cases that occurred when the ED was less busy and more
able to focus on delivering SCD pain management. We did not account for any opioids that
may have been taken prior to ED presentation, which may have influenced our findings.
However, those receiving oral opioids prior to ED arrival would not be treated with oral
opioids upon ED arrival. Although this study included children and young adults up to 21
years old, the efficacy of its administration in older adults cannot be extrapolated from this
study as dosing volume restricted to 1 ml per nare may limit its benefits in adult populations.
Finally, causality of intranasal fentanyl use on ED discharge rates cannot be shown by this
non-randomized retrospective study and would require a prospective randomized, controlled
trial.

Conclusions

Children with SCD who received intranasal fentanyl for VOE had greater odds of being
discharged from the ED than those who did not receive it. The rapid onset of action
and ease of delivery without IV access offered by intranasal fentanyl make it a feasible
initial parenteral analgesic in the treatment of children with SCD presenting with VOE
in the acute care setting. Further study is needed to determine potential causality of

the association between intranasal fentanyl and discharge from the ED observed in this
multicenter observational study.
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Refer to Web version on PubMed Central for supplementary material.
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Number of children requiring admission from the emergency department based on the
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receipt of intranasal fentanyl (INF) for the treatment of sickle cell disease vaso-occlusive

pain crisis.
*Chi square test
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