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Abstract

Background: Vaso-occlusive crisis (VOC) is one of the most frequent causes of emergency visits and admission in 
children with sickle cell disease (SCD).
Objectives: This study aims to evaluate whether the use of a new pain management pathway using intranasal (IN) fen-
tanyl from triage leads to improved care, translated by a decrease in time to first opiate dose.
Methods: We performed a retrospective chart review of patients with SCD who presented to the emergency depart-
ment (ED) with VOC, in the period pre- (52 patients) and post- (44 patients) implementation period of the protocol. 
Time to first opiate was the primary outcome and was evaluated pre- and postimplementation. Patients received a first 
opiate dose within 52.3 minutes of registration (interquantile range [IQR] 30.6, 74.6), corresponding to a 41.4-minute 
reduction in the opiate administration time (95% confidence interval [CI] −56.1, −27.9). There was also a 43% increase 
in the number of patients treated with a nonintravenous (IV) opiate as first opiate dose (95% CI 26, 57). In patients who 
were discharged from the ED, there was a 49% decrease in the number of IV line insertions (95% CI −67, −22). There 
was no difference in the hospitalization rates (difference of 6 [95% CI −13, 25]).
Conclusions: This study validates the use of our protocol using IN fentanyl as first treatment of VOC in the ED by sig-
nificantly reducing the time to first opiate dose and the number of IVs.
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Sickle cell vaso-occlusive crisis (VOC) is the most frequent 
cause of emergency room visits and hospitalizations in children 
with sickle cell disease (SCD) (1–3). Although SCD mortal-
ity in children has significantly decreased over the past 20 years 
(4), VOC is still associated with significant morbidity (5–7).

Many treatment protocols (8–10) are currently used for the 
treatment of VOCs. Several quality of care indicators have also 
been proposed. For example, the Canadian consensus state-
ment encourages a rapid evaluation of pain, using a graded 
pain scale, and the administration of tailored pain medications 
which should be given as soon as possible in order to achieve 

adequate pain control (11). Adjunct therapies should also be 
initiated if not already done at home or on a chronic basis (12). 
Disposition of the patient should be decided within 2 to 8 hours 
(13). The 2014 NIH recommendations state that pain manage-
ment should include parenteral opioids for severe pain, guided 
by an individualized or an institutional SCD-specific protocol. 
Moreover, multiple protocols only use the oral (PO) or intrana-
sal (IN) routes as a bridge to IV medications while others have 
IV medications as standard therapy for all (8).

In 2012, a set of paediatric hematologists, paediatric emer-
gency physicians, paediatricians, pharmacists, and nurses 
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with a dedicated interest in the care of SCD pain crisis started 
a group named ‘DrepaNoPain’ at our centre. This group 
reviewed the treatment protocols for VOC management in 
SCD patients and proposed a new standardized preprinted 
order based upon a review of recent literature. This new stan-
dardized preprinted order favoured the use of a non-IV opiate 
as first intervention for acute pain episodes. A  recent study 
demonstrated that the use of this standardized protocol at our 
centre led to a reduction in hospitalization rates, an increase in 
the use of PO opiates as first-line pain medication along with 
a nonsteroidal anti-inflammatory drug and a significant reduc-
tion in the need to use IV therapies (14). However, this initial 
protocol failed to improve the time to first opiate administra-
tion, which fell outside of the recommended 30-minute win-
dow from triage and 1 hour from registration (15).

Recently, the IN route has gained interest for the adminis-
tration of medications (16). The dense nasal mucosal vascu-
larization renders transmucosal absorption rapid and effective 
(17). Lipid soluble drugs such as fentanyl are especially well 
absorbed (18). Fentanyl, a selective opioid mu receptor ago-
nist, has an 80- to 100-fold potency compared with morphine 
(19). Its onset of action via intranasal route is rapid, with onset 
of action in less than 5 minutes and reaching a maximal effect 
at 15 minutes. Side effects and safety profile are comparable 
to those of morphine, but duration of action is much shorter 
(about 60 minutes) (20,21). The use of IN fentanyl has been 
studied in paediatric emergency medicine with interesting 
results for pain management of musculoskeletal pathologies 
in children (22–29). Its ease of use was also of great interest 
using a mucosal atomization device (30). Moreover, avoid-
ing painful and unpleasant IV insertion in children is also an 
undeniable advantage for patients and for nursing staff alike.

In the last 4 years, our emergency department (ED) has success-
fully been using IN fentanyl with a standardized prewritten order 
for pain associated with musculoskeletal injuries and certain inva-
sive procedures such as burn debridement. Both physicians and 
nursing staff have gained more experience with IN fentanyl. More 
importantly, nurses are willing to use this medication promptly 
due to its numerous advantages such as rapid onset of action, 
robust pain reduction and ease of use (30). Some centres in the 
USA, as well as certain staff in our ED have also started using IN 
fentanyl for the treatment of sickle cell VOC (8,31). Studies have 
demonstrated that its use at triage could reduce time to first opi-
ate dose, lead to faster pain relief, and even reduce hospitalization 
rates (8,31). However, its use does not appear to reduce the need 
for securing IV access. Given these advantages, the DrepaNoPain 
group chose to introduce the use of IN Fentanyl into our pain 
management pathway as quicker first-line treatment.

We hypothesized that the use of a VOC management proto-
col using IN fentanyl from triage would lead to improved care 
of SCD, translated by a decrease in time to the first opiate dose. 

Moreover, we aimed to evaluate if this new strategy would result 
in a reduced need for IV procedures and therapies, lower hospi-
talization rates, shorten the length of stay in the ED, and lastly, 
decrease return visits.

METHODS
Study design
This is a single-centre retrospective study of patients with SCD 
seen in the ED for VOC, following the implementation of a 
new VOC management protocol. The institution’s ethics review 
board approved the study.

Study setting and population
The study includes patients with SCD who presented to the ED 
with VOC requiring treatment in the period pre- ( January to 
June 2014) and post- ( January to June 2016) implementation 
of the new protocol including a standardized preprinted order 
and treatment algorithm, which was initiated in July 2015. Dates 
were chosen outside of the implementation period (summer 
2015) to correctly assess both pre and post periods (washout 
period). The algorithm implied the use of pain scales for pain 
evaluation pre and post opiate doses, using the Evendol (32) 
scale for children under the age of 4 years old, and the Oucher 
(33,34) scale for children aged 4 years and older.

The setting is an urban, tertiary paediatric academic centre 
in Montreal with more than 80,000 ED and 6,500 hematology 
outpatient clinic visits per year. As of June 2016, a cohort of 
340 patients with SCD was regularly followed by the hema-
tology service, through a dedicated SCD program. Patients can 
be seen at our hematology day centre during opening hours on 
weekdays. All patients seen urgently for VOC in the ED were 
included in the study. Patients who presented with both fever 
and VOC were excluded from our study, as these patients are 
treated with IV antibiotics. Patients were included if they were 
between the ages of 2 and 18 years old. Exclusion criteria were 
presence of acute chest syndrome, as well as contraindications 
to IN fentanyl including known allergy, acute or chronic nasal 
problems (e.g., acute epistaxis, rhinitis treated with vasocon-
strictive medications), hemodynamic instability, associated 
head trauma, or altered level of consciousness.

Study protocol
All identified charts from ED databases were evaluated by a 
data abstractor and a paediatric emergency resident who was 
not blinded to the study objectives. A structured chart review 
was used to abstract all data from the ED medical record, in-
cluding the following outcome variables: time of registration, 
time of triage, time of physician assessment, time of discharge 
from the ED, time and route of administration of the first 
opiate dose, as well as all subsequent doses, and disposition of 
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the patient. Time to the first opiate dose was calculated by sub-
tracting the time of first opiate dose from the time of registra-
tion. It is important to note that all patients with SCD and pain 
are triaged in our ED as Canadian Triage Acuity Scale (CTAS) 
category 2 (35), giving them the highest priority outside of 
patients brought to the crash room with life-threatening condi-
tions. The chart reviewer, a paediatric emergency resident, was 
formally trained by one of the study authors. A  kappa score 
of ≥0.80 was needed for data abstraction for the first 10% of 
charts.

Our new protocol employs a dose of 2 mcg/kg/dose of IN 
Fentanyl (maximum 100 mcg/dose), and subsequent doses 
of 0.3 mg/kg/dose of PO morphine (maximum 15 mg/dose) 
or 0.1 mg/kg/dose of IV morphine (maximum 10 mg/dose). 
The dosages used in our protocol were in line with current 
recommendations and equivalent protocols in other centres. 
Hydromorphone was the substitute drug if the patient was 
known to be morphine intolerant. As stated in our algorithm, 
for a patient to receive opiates, he/she must report pain ≥ 5/10 
on the Oucher pain scale, or ≥ 7/15 on the Evendol scale. When 
assessing a patient meeting these criteria, the triage nurse only 
administers the IN fentanyl after having asked the attending 
physician to sign the protocol standing order. The physician 
may decide otherwise as per the clinical presentation. If not 
received at home, a dose of PO acetaminophen and ibuprofen 
are also given. Application of lidocaine liposomal cream on 
both hands was considered for possible securing of IV access. 
Following the first opiate dose, patients were treated with sub-
sequent opiate doses upon reassessment if their pain remained 
over the above-mentioned threshold for each scale. Subsequent 
doses were given orally if the patients’ pain had improved, but 
were given IV if their pain had remained unchanged or had 
increased. Pre- and postprotocol implementation admission 
criteria were identical, and included IN and/or oral treatment 
failure, need for IV opiates, chest pain, tachypnea, and neu-
rological symptoms (Figure 1).

Other variables abstracted included demographics (age, sex, 
sickle cell phenotype), and use of hydroxyurea. Return to ED or 
outpatient clinic at 72 hours was also noted, either for ongoing 
VOC or a scheduled follow-up appointment. If a patient visited 
the ED multiple times during the study period, each visit was 
recorded as a new event and analyzed separately.

Data analysis
Information was recorded on an excel data spreadsheet. 
Each variable’s normality distribution was tested using 
the D’Agostino-Pearson test using Med-Calc (v 13.1.2). 
Proportions were compared by chi-square, and medians were 
compared by the Mann-Whitney test using SPSS version 20. 
Confidence intervals for the difference were reported. A P value 
of <0.05 was defined as significant.

Sample size calculation
We estimated that 50 visits per arm would be sufficiently pow-
ered to detect at least a 40% increase in patients meeting quality 
of care indicators, with a power of 80% and a significance of 
0.05.

RESULTS
A total of 96 visits of patients with VOC without fever were 
seen in the ED during the study period and all were included 
in our study: 52 visits preprotocol implementation (pre) and 
44 visits postprotocol implementation (post). While we do 
note that our sample size was not reached in the postprotocol 
period after removing patients who presented with both fever 
and VOC, we did reach statistical significance. Individual pa-
tient characteristics are presented by period in Table 1 and ED 
visit characteristics are presented in Table 2.

Time to first opiate dose was 94.5 minutes (70.5, 121.5) in pre 
and 52.3 minutes (30.6, 74.6) in post. Our new pathway using 
IN Fentanyl therefore led to a significant difference of −41.4 
minutes (95% CI −56.1, −27.9) in the opiate administration 
time. 38.5% of the patients received an opiate within the rec-
ommended 60 minutes in pre compared to 61.4% in post, a per 
cent increase of 59%. The use of our protocol also significantly 
decreased the overall number of IV treatments. Furthermore, 
and more importantly, the percentage of patients discharged 
home without having had an IV line placed was markedly 
increased (Table 3). There were less avoidable IV insertions in 
post, with only 4 of 44 (9%) patients with IVs inserted despite 
not receiving IV opiates, compared with 17 of 52 (33%) in pre. 
A total of 48 of 52 (92%) patients received co-analgesia (ibu-
profen, acetaminophen) in pre compared with 41 of 44 (93%) 
in post. The protocol using IN fentanyl at triage also increased 
the use of pain scales at triage evaluation and increased the use 
of non-IV opiates as the first opiate dose (Table 3). In the post-
period, median pain score at triage evaluation was 8 (6.5, 9), at 
first reassessment 5 (4, 7.3) and at second reassessment, it was 
5 (3, 7), with no statistically significant differences.

There was no difference in the hospitalization rate and 
return visits, with 3 of 27 (11%) of the patients discharged in 
 pre returning within 72 hours of VOC, compared with 5 of 20 
(25%) in the postimplementation period, a difference of 13.9 
(95% CI −8.0, 36.9). Of those, two of three patients finally 
required hospitalizations in pre, as opposed to five of five in post 
(Table 3). We had no significant adverse events following the 
administration of IN fentanyl.

DISCUSSION
Our study demonstrates an improvement in the care of patients 
with SCD presenting to the ED with VOC as demonstrated by 
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a significant decrease in the time to first opiate dose, now meet-
ing quality of care indicators. Indeed, we were able to show that 
using IN fentanyl at triage as part of a VOC treatment protocol 
is possible and led to a shorter lag in opiate administration. This 
is supported by a study by Ender et al. showing that the use of 
a clinical pathway improved management of sickle cell VOC in 
the ED, by decreasing the time interval to first analgesic (36). 

While we acknowledge that the NIH recommendations of 15 to 
20 minutes to first analgesic may be very difficult to achieve in 
our ED, we thought that the introduction of our protocol would 
allow for more rapid administration of opiates. A more realistic 
quality of care indicator for treatment of VOC was suggested 
by Wang et  al., recommending administration of an opiate 
within no longer than 30 minutes from triage or 1 hour from 

Figure 1. Guideline algorithm for treatment of VOC in the ED.
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Table 2. ED visit characteristics

 Period pre Period post

Time reg. to triage (min) 13.5 (8, 19) 16.8 (9.9, 21.6)
Time triage to MD (min) 14.5 (8, 27) 11.8 (6.7, 24)
Time MD to first dose (min) 63.5 (41, 93) 20.4 (4, 37.4)
Time reg. to first dose (min) 94.5 (70.5, 121.5) 52.3 (30.6, 74.6)
LOS (min) 281 (213.5, 351) 302 (196, 429)

Data presented represent individual ED visits and are organized by study periods.
All reported times represent the median ± IQR.
ED Emergency department; LOS Length of stay; MD Medical doctor; Reg Registration to emergency department.

registration (15). Our protocol led to the administration of opi-
ate (IN Fentanyl) at a median time of 52 minutes from regis-
tration, and also increased the percentage of patients receiving 
their first opiate dose within the recommended time.

Our previous protocol had already shown that PO medi-
cations and therapies may be sufficient in a subset of patients 
with VOC, and led to decreased rates of hospitalization (14). 
Treatment goals had indeed shifted from pain eradication to 
pain control, which allowed for those whose pain was stable 
or significantly improved on PO medications to be treated as 
outpatients. With the addition of IN fentanyl at triage, our cur-
rent pathway now addresses these patients’ pain more rapidly 
and robustly. A similar decrease in opiate administration time 
has been demonstrated in a mixed adult and paediatric ED, 
although the study in question did not comment on subsequent 

opiate doses and IV use (18). The most likely potential expla-
nation for a faster administration of IN fentanyl compared to 
PO morphine comes from the enthusiasm of nurses with the 
use of this medication, who as per their feedback, see its rapid 
effect and thus believe in its efficacy, as well as appreciate that it 
can be given without an IV. Furthermore, the fact that the new 
protocol mandates a pain score at triage reinforces the need 
for rapid administration of pain medications, all of which was 
encouraged by nursing supervisors who were responsible for 
training nurses to use the protocol. While opiate administration 
time was faster, this however did not lead to a decrease in the 
hospitalization rate.

Following the implementation of our new protocol, pain 
scores pre- and postopiate administration were increasingly re-
corded, showing that a standardized protocol increased the use 
of pain scales. Indeed, since pain scales were required to follow 
the treatment algorithm of our protocol, an increase in pain 
score documentation was not only seen at first evaluation, but 
also at each re-evaluation. We were not able to compare differ-
ences in pain scores at each reassessment given the low number 
of recorded pain scores in the pre period. Our study encourages 
us to continue our efforts to promote the use of pain scales and 
adequately document them, which will allow us to study the im-
pact of protocols targeting pain management and contribute to 
better pain management for patients in our centre.

Since 2014, our protocol has favoured the use of non-IV 
opiate administration for pain control. Our first study using oral 
morphine clearly demonstrated that it could significantly re-
duce the percentage of hospitalizations. The use of IN Fentanyl 
also favours an avoidance of the IV route in a significant per-
centage of patients. A study by Jacobson, cited in the Cochrane 
review on pain management for SCD, showed no significant 
difference between PO and IV morphine in the mean overall 
pain scores, frequency of rescue analgesia, and of adverse effects 
(37,38). Favouring PO versus IV opiates was also found to de-
crease the admission rates (39). Given IN fentanyl’s high po-
tency, rapid onset of action and avoidance of the IV route, we 
favoured the use of alternative routes for opiate administration 
to provide rapid analgesia for these patients.

Table 1. Patient characteristics per study period

 Period pre Period post

Number of visits 52 44

Number of patients 36 37

Age, years (IQR) 9 (5, 12.5) 10.5 (7.6, 14.1)

Male, n (%) 28 (54) 21 (48)

Phenotype, n (%)

 SS 35 (67) 27 (61)

 SC 15 (29) 14 (32)

 SB°Thal 1 (2) 2 (5)

 SB+Thal 1 (2) 1 (2)

Hydroxyurea, n (%) 22 (42) 30 (68)

Opiates received, n (%) 44 (85) 43 (98)

Data presented represent individual patients and are organized by 
study period.

IQR: Interquantile range n Number; SS Hemoglobin SS; SC Hemo-
globin SC; SB°Thal Hemoglobin SB°Thal; SB+Thal Hemoglobin SB+Thal.
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We did find an overall decrease in IV line placements and 
we also showed a decreased number of IV therapies in patients 
who were discharged from the ED. This is of particular impor-
tance in patients with SCD who frequently require blood tests 
and IV therapies, possibly leading to chronic pain and difficult 
IV placement secondary to scarring (40). Our better under-
standing of their pain and our growing comfort with non-IV 
opiates allowed for a significant number of patients to be 
treated without the use of IV medications and IV hydration, 
through achieving adequate pain control. Whenever possi-
ble and guided by the physician’s judgement, our experience 
clearly demonstrates that a non-IV opiate is an appropriate 
choice.

Limitations of our study include the use of a retrospective 
chart review. Specific to our study, we found that recording 
of opiate route and time of administration was very well doc-
umented and present for all our patients. Moreover, time of 
registration, triage, MD assessment, and time of discharge 
from ED are all electronically entered through our ED sys-
tem, which made data abstraction efficient and reliable. Also, 
the lack of consistent data on home opiate intake prior to 
visit did not allow us to analyze its effect on pain treatment 
in the ED and need for hospitalization. We did note that our 
sample size did not meet the 50 stated patients in each arm 
after removing patients who presented with both fever and 
VOC. However, given that we found a statistically significant 
difference, the sample size is of less importance. The role of 
access to the hematology day centre was also not assessed as 
a possible factor in decreasing hospitalization rates, although 
the capacity of the hematology clinic, including its opening 
hours and the composition of the hematology team did not 
change over both periods. Regarding delays in therapy, we 
were also unable to measure the contribution of other factors 

such as concomitant high acuity cases, ED overcrowding or 
opiate distribution delays by pharmacy in prolonging the 
time to initial opiate.

CONCLUSIONS
This study validates the use of our new protocol using IN fentanyl 
as first treatment of VOC in the ED by significantly reducing the 
time to first opiate dose. Our protocol did not decrease the hos-
pitalization rate but it did decrease the total number of painful IV 
procedures as well as the number of unnecessary IV insertions in 
the subgroup of patients who could be discharged home. Having 
an algorithm that mandates a pain score also increased the use of 
pain scales at triage and at reassessment.
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Table 3. Comparatives results for study objectives

 Period pre (52 visits) Period post (44 visits) Δ (95% CI)

Hospitalization rates, n (%) 25 (48) 24 (54.5) 6 (−13, 25)
Non-IV opiate for first opiate dose, n (%) 26 (50) 41 (93) 43 (26, 57)
Time reg. to first opiate dose, min (IQR) 94.5 (70.5, 121.5) 52.3 (30.6, 74.6) −41.4 (−56.1, −27.9)
Patients treated in <60 min, n (%) 20 (38.5) 27 (61.4) 22.9 (2.9, 40.5)
Number of patients with no IV inserted, n (%) 12 (23) 19 (43) 20 (1, 37)
Number of discharged patients with IV inserted, n 
(% of discharged patients)

16 (59) 2 (10) −49 (−67, −22)

Pain scale use pre-first opiate dose, n (%) 28 (54) 41 (93) 39 (22, 53)
Return to ER within 72 h, n (%) 3 (6) 5 (11) 6 (−6, 19)
Discharged patients, n (%) 27 (52) 20 (45.5) −6.5 (−25.4, 13.2)

Data presented represent individual patients and are organized by study period.
IQR Interquantile range; IV Intravenous; reg Registration.
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