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Abstract

Vaso-occlusive crisis (VOC), characterized by periods of excruciating 
pain is the most common clinical manifestation of sickle cell disease 
(SCD), often resulting in emergency room presentation. These pa-
tients often experience long wait times in the emergency department 
before receiving their first dose of analgesia. This delay results from 
the complexities of the emergency care system. Using the intranasal 
or sublingual approach to administering analgesia to SCD patients 
with VOC offers a fast, safe, noninvasive, atraumatic, and easily ac-
cessible route of administration which could reduce the time to first 
dose of analgesia. With the evolving advances in the development 
and delivery of analgesic medications, providers should be conver-
sant with the nuances of intranasal and sublingual analgesia in the 
management of acute vaso-occlusive pain crisis. This review explores 
the pharmacokinetic profiles, dosages, and administration of intrana-
sal and sublingual analgesics with relevance to the SCD population.
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Introduction

Sickle cell disease (SCD) is the most common monogenic dis-
ease globally with millions of people affected and an estimated 
300,000 children born with this disorder annually [1]. It is a 
heterogeneous disease primarily affecting individuals of Afri-

can, Caribbean, Saudi Arabian, and Indian ancestry [2]. Cer-
tain individuals in the Mediterranean and Spanish-speaking 
regions of Central and South America are also affected by this 
condition [2]. The presence of abnormal beta-globin alleles due 
to a mutated hemoglobin beta (HBB) gene on chromosome 11 
p15.4 with the inheritance of at least one hemoglobin S allele, 
in combination with another pathogenic HBB variant underlies 
the myriads of pathological manifestations of this disease [3]. 
The spectrum of SCD includes the homozygous and most se-
vere form of hemoglobin SS (HbSS) referred to as sickle cell 
anemia, as well as other less common compound heterozygous 
forms; HbSC, HbSDPunjab, HbSOArab, HbS/β0-thalassemia, and 
HbS/β+-thalassemia [4]. HbS undergoes polymerization upon 
deoxygenation, forming polymers with a resulting alteration in 
red blood cell (RBC) morphology (sickling) [3].

Besides hemolysis and the resulting chronic anemia, vaso-
occlusive crisis (VOC) is the most common clinical manifesta-
tion of SCD [5]. These episodes of excruciating pain are the 
most common reason for hospitalization in SCD [6]. As the 
mortality rate from SCD continues to decline due to advances 
in intervention, data from the Healthcare Cost and Utilization 
Project (HCUP) and Agency for Healthcare Research and Qual-
ity (AHRQ) show a trend toward increased hospitalization for 
painful crisis in the United States [7]. While most episodes of 
sickle cell pain are managed at home, acute painful crisis often 
leads to emergency department (ED) presentation [8].

The National Heart, Lung, and Blood Institute (NHLBI) 
guideline for the management of acute pain crisis in SCD rec-
ommends an individualized, rapid administration of analgesia 
with a goal of administration within 1 h of ED arrival followed 
by reassessment and repeat dosing every 15 to 30 min until the 
pain is controlled [9]. However, in many EDs, patients often 
wait for many hours before having intravenous access placed. 
The common reason for the delays includes large patient vol-
umes with competing priorities, inadequate staffing, and dif-
ficult intravenous access (“hard stick”) requiring ultrasound 
guidance or special procedures to secure access [10]. Based 
on this, part of the recommended framework by the NHLBI 
for optimal pain management in acute vaso-occlusive pain cri-
sis is the use of alternatives to intravenous pain medications 
[9]. In the setting of acute VOC, intramuscular administration 
is undesirable as it inflicts more pain. Subcutaneous analge-
sia is beneficial, but the onset of action is relatively slow, and 
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administration involves needle sticks, while oral medications 
have a longer onset of action. In the setting of excruciating 
pain often experienced in VOC, fast administration and rapid 
onset of analgesia are essential to optimal patient care.

The use of an intranasal or sublingual approach to admin-
istering analgesia to SCD patients with VOC offers a fast, non-
invasive, atraumatic, and easily accessible route of administra-
tion which has been shown to reduce the time-to-administration 
of analgesia [11]. With the evolving advances in the develop-
ment and delivery of analgesic medications, providers should 
be conversant with the nuances of intranasal and sublingual 
analgesia in the management of acute vaso-occlusive pain cri-
sis. In this review, we discuss the physiology of intranasal and 
sublingual drug administration and factors to consider when 
using these routes for the administration of analgesics in SCD. 
In addition, we explore the available options of intranasal and 
sublingual analgesics, pharmacokinetics, dosage, and side ef-
fects, and outline strategies to improve the ED-based manage-
ment of vaso-occlusive pain crisis.

Pathophysiology of Acute SCD Pain

The pain of VOC is often described as a throbbing and sharp 
pain of sudden onset, preceded by 1 or 2 days of prodromal 
symptoms, with a peak on the third day and a gradual resolu-
tion at about a week [12]. Although the course of acute VOC 
pain could be unpredictable, the common underlying theme for 
this vascular phenomenon is a complex interaction of cellular 
and molecular cascades culminating in blood flow disruption 
in the microcirculation, leading to tissue ischemia, hypoxia, 
and inflammation (Fig. 1) [13].

Hemoglobin polymerization

Deoxygenated sickle hemoglobin undergoes polymerization, 
forming linear polymers leading to an alteration in the shape of 
RBCs (sickling) [13]. These deformed RBCs lack the flexibility 
to navigate the microcirculation, leading to vascular occlusion 
and tissue ischemia [14]. The recurrent cycle of sickling-unsick-
ling leads to damage to RBCs resulting in hemolysis, increased 
adhesion to vascular endothelium, microcirculation occlusion, 
ischemia-reperfusion, and downstream organ dysfunction [15].

Sickle cells, endothelium, and adhesion molecules

VOC involves a complex interaction of cellular elements and 
connective tissue matrix resulting in the formation of micro-
thrombi and vascular occlusion [16]. Sickle RBCs are rigid 
and fragile and are abnormally adherent to endothelial cells, 
platelets, and adherent leukocytes [15]. When lysed, these cells 
release proinflammatory hemoglobin particles and generate 
reactive oxygen species [16]. The resulting proinflammatory 
and oxidative milieu promotes endothelial activation and in-
creases expression of adhesion molecules [15]. These receptors 
include CD36 on sickle erythrocytes, α4β1 integrin on leuko-
cytes, CD239 (basal cell adhesion molecule/Lutheran adhesion 
glycoprotein) on activated endothelial cells, and intercellular 
adhesion molecule 4 (ICAM-4) on RBCs [17, 18]. In addition, 
activated endothelial cells increase the expression of P-selectin, 
E-selectin, ICAM-1, and vascular cell adhesion molecule 1, all 
of which promote leukocyte recruitment as well as platelet ag-
gregation [18]. Activated endothelial cells, platelets, and leuko-

Figure 1. Vaso-occlusion, inflammation and pain.
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cytes are major sources of proinflammatory cytokines such as 
interleukin-1 (IL-1), tumor necrosis factor (TNF), chemokines, 
and eicosanoids, all of which propagate the cycle of endothelial 
activation, cellular adhesion, complement, and coagulation sys-
tem activation and inflammation [19].

Inflammation and pain

Inflammatory modulators released by cellular elements at the 
site of an ongoing inflammatory process create a noxious en-
vironment that sensitizes and excites nociceptors, lowering the 
threshold for action potential initiation and impulse conduc-
tion across these neurons [20]. Damage to nerve endings in 
the oxidative and noxious environment as well as direct injury 
from extracellular entrapments by innate immune cells gener-
ate a neural impulse which is transmitted to the dorsal root 
ganglion [15, 21]. The nociceptive impulse is transmitted to 
the central nervous system (CNS) where it undergoes further 
modulation. In SCD, the repeated cycle of ischemia/reperfu-
sion creates a chronic inflammatory state, leading to increased 
sensitization of the neural circuit involved in the pain pathway, 
creating a state of hyperalgesia and chronic pain [22].

Physiology of the Intranasal and Sublingual 
Route of Drug Administration

Intranasal route

The nasal cavity is divided into two halves by a nasal septum, 
each made up of three regions: the vestibule, respiratory and 
olfactory regions [23]. The nasal vestibule connects the nostrils 

to the rest of the nasal cavity and is lined by stratified squa-
mous keratinized epithelium in its first part with coarse hair 
for air filtration and respiratory epithelium in its second part 
[24]. The respiratory region contributes to the largest area of 
the nasal cavity and is lined by the respiratory epithelium (Fig. 
2) [23]. This region functions in humidification, warming, and 
filtration of air and it is the site responsible for most of the 
absorption of drug particles during intranasal administration 
[24]. The mucosa in this area is 0.3 - 0.5 mm thick and with an 
overall surface area of 120 cm2 (Fig. 2) [25]. The epithelium 
of the respiratory region is made up of pseudostratified ciliated 
columnar epithelium and is covered with a protective layer of 
mucus secreted by the epithelial goblet cells [26]. These trap 
inhaled particles and are swept into the nasopharynx through 
the rhythmic beating of the cilia apparatus [23]. The presence 
of microvilli on the columnar epithelial cells increases the sur-
face area of absorption [27]. The olfactory region is located on 
the roof of the nasal cavity and contains specialized sensory 
epithelium whose axons project into the CNS, providing a di-
rect route of medication delivery into the CNS [27]. The pres-
ence of an extensive vascular supply, submucosa veins with 
thin walls, a well-developed submucosa lymphatic network, 
highly permeable epithelium, and the ability to bypass the 
first-pass metabolism in the liver makes the nasal epithelium 
an interesting site for medication delivery [28, 29].

Sublingual route

The sublingual region on the floor of the oral cavity under the 
tongue provides an alternative route of medication administra-
tion. The direct absorption of medications into the systemic 
circulation via this route bypasses the first-pass hepatic metab-
olism effect and is suitable for medications with a high first-

Figure 2. Nasal respiratory epithelium and sublingual area epithelium.
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pass metabolism or degradation in the gastrointestinal tract. 
The sublingual region covers a surface area of about 26 cm2, 
making up about 11-30% of the surface area of the oral cavity 
[30, 31]. The stratified squamous non-keratinized epithelium 
of this region is made up of eight to 12 layers of cells and 
covered by a thin layer of mucus derived from saliva (Fig. 2) 
[30]. The underlying lamina propria and submucosa are rich 
in lymphatics and blood vessels derived from branches of the 
lingual artery and the accompanying veins [32]. Compared 
to the buccal mucosa and other regions of the oral cavity, the 
sublingual region has the thinnest mucosa in the oral cavity 
with a thickness of 0.1 - 0.15 mm [33]. The presence of a very 
thin mucosa and the sophisticated vascular supply makes it a 
fascinating route of drug administration. In addition to these 
parameters, other factors that could influence the rate of drug 
absorption across the mucosa include the rate of flow of saliva, 
oral pH, and the duration of medication contact with the oral 
mucosa [33].

Administration of Intranasal and Sublingual 
Medications

Intranasal

The intranasal route of administration offers an option for 

medication delivery that is capable of achieving good bioavail-
ability comparable to that seen following intravenous or in-
tramuscular administration [34]. It is particularly suitable for 
medications that have a high first-pass metabolism in the liver 
or those that are poorly absorbed in the gastrointestinal tract 
[28]. For absorption to occur, medications must penetrate the 
nasal mucus layer and epithelial cells. This is dependent on 
nasal mucociliary clearance, a natural protective mechanism 
that transports surface mucus from the nasal cavity towards 
the nasopharynx through a coordinated beating of the ciliary 
apparatus [35].

The central principle of optimal administration of intrana-
sal medications is the delivery of a highly concentrated small 
volume of medication to the nasal cavity while limiting medi-
cation runoff into the pharynx [36]. This reduces the volume 
of medications to be administered and reduce the frequency of 
administration per dosing. The optimal volume of medication 
administered per nostril should be less than 1 mL [28]. This is 
maximized through the use of both nostrils per administration. 
Options for intranasal medication delivery include topical ap-
plication, sniffing, application as drops, and the use of atomi-
zation devices (the preferred and most efficient) [37]. Mucosa 
atomization devices (MADs) aerosolize medications, creating 
a fine mist that is rapidly absorbed into the nasal mucosa (Fig. 
3) [38]. Medication inhalation into the lungs or blowing the 
nostril after intranasal medication administration should be 
avoided to improve medication absorption [39].

Figure 3. Technique for intranasal medication administration using an LMA® mucosa atomization device.
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Not all patients are candidates for intranasal medication 
application. Individuals with active rhinitis have increased 
mucosa mucus secretion, which reduces the rate of medica-
tion absorption. Nasal obstruction from tumors, polyps, and 
chronic sinusitis with enlarged turbinate creates a barrier to 
medication delivery [40]. Other relative contraindications to 
intranasal medication delivery include facial injuries, ciliary 
dysfunction syndromes, nasal bleeds, recent nasal vasocon-
strictor use, and mucosa erosion [28]. Generally, medications 
should be avoided in those with a history of allergy to those 
medications. The adverse event profile of intranasally admin-
istered medications includes mucosa irritation and other sys-
temic effects associated with a specific medication. There are 
limited data on possible interactions between medications if 
administered concurrently via the intranasal route. However, 
this potential limitation should be considered when adminis-
tering intranasal medications.

Sublingual

Whether tablets, films, or sprays, sublingual medications are 
placed directly under the tongue and are easily self-admin-
istered. Patients should be kept in an upright position while 
placing sublingual medications to reduce the risk of aspiration 
[32]. The advantages of this route include easy accessibility, 
rapid absorption, and onset of action for selected preparations, 
and the effect of medications could be easily terminated by 
spitting out the medication [32]. However, it is not the opti-
mal choice for administering large doses and sustained-release 
medications due to possible interference with eating or drink-
ing. In addition, an unpleasant taste or mucosa irritation may 
create barriers to compliance with use.

Intranasally Administered Analgesic Agents

Although acetaminophen, non-steroidal anti-inflammatory 
drugs (NSAIDs), and opioids are the most frequently used 
classes of analgesics in clinical practice, there is a limited 
number of medications that are currently approved for intra-
nasal use.

Intranasal fentanyl

Fentanyl is a short-acting synthetic opioid that has found use in 
both prehospital and hospital settings due to its ability to pro-
vide fast relief of acute pain and the relative ease of medication 
titration [28]. It is potent (50 to 100 times more potent than 
morphine), highly lipophilic, and rapidly absorbed through 
the nasal mucosa [41]. In addition, in contrast to other routes 
of administration in which medications must cross the blood-
brain barrier (BBB) before penetrating the CNS, intranasal 
fentanyl can penetrate the CNS without crossing the BBB 
through direct access via the olfactory nerve and trigeminal 
nerves [42]. The onset of action is within 2 to 10 min, reaching 
a peak plasma concentration within 12 to 21 min [41, 43-45]. 

The duration of effect is at least 60 min, although this is dose-
dependent, with one study reporting a return to pre-analgesic 
pain score after 120 min following 75 µg administration and 
240 min following administration of 200 µg [41, 43]. This pro-
file makes intranasal fentanyl an excellent option for the initial 
management of acute severe pain in various settings and has 
demonstrated effectiveness in the management of post-proce-
dure pain, pain associated with wound care, breakthrough pain 
in cancer patients, and non-operative acute pain in the ED [43].

Few studies have evaluated the benefit of intranasal fen-
tanyl in the ED management of VOC pain. Myrick et al re-
ported a significant shortening of time to initiation of analgesia 
for children with acute sickle cell pain (43 mins for intranasal 
fentanyl vs. 75 min for intravenous opioids) after intranasal 
fentanyl was added to the ED pain order set [46]. Paquin et al 
reported a 41-min reduction in analgesic administration time 
when intranasal fentanyl was used in the ED [47]. Although 
there is limited evidence on the comparative efficacy of intra-
nasal fentanyl over intravenous morphine in acute sickle cell 
VOC pain, studies comparing intranasal fentanyl to intrave-
nous morphine in other types of acute pain show similar ef-
fectiveness in providing rapid analgesia [48, 49].

Dosage

Intranasal fentanyl has a good bioavailability (55-89%), as 
such, the dosage often used is similar to that used for intra-
venous administration [43, 45]. For adults, an initial dose of 
0.5 - 2 µg/kg is recommended (maximum dose of 100 µg/dose) 
while the initial recommended dosage in children is 1 - 1.5 µg/
kg (maximum dose of 100 µg/dose) [28, 50, 51].

Intranasal hydromorphone

Often used in its intravenous form, hydromorphone is one of 
the most commonly used opioids in the ED. It is eight times 
more potent than morphine and provides a rapid onset of anal-
gesia for individuals with moderate to severe pain. Its lipophi-
licity and low-molecular weight make hydromorphone suitable 
for intranasal absorption [52]. Following intranasal adminis-
tration, the onset of action is rapid (about 5 min), achieving a 
peak plasma concentration within 20 to 30 min and producing 
an analgesic effect lasting 90 to 180 min [53-55]. It has a bio-
availability of 50-60% [53-56]. Two studies evaluated the use 
of intranasal hydromorphone in the management of acute pain 
in the ED [55, 56]. Tsze et al evaluated intranasal hydromor-
phone in 35 children who had moderate to severe pain [56]. 
They were made up of three groups of 15, 11, and nine chil-
dren who received a total dose of 0.03, 0.045, and 0.06 mg/kg, 
respectively. All participants experience a > 40% reduction in 
the pain score within 5 - 15 min of medication administration 
and the duration of analgesia lasted more than 1 h in 85.7% of 
the patients. Wermeling et al studied the effect of 2, 4, 6, and 8 
mg single-dose intranasal hydromorphone on 113 patients with 
acute trauma-related pain divided into four groups: 19 (2 mg), 
33 (4 mg), 28 (6 mg), and 19 (8 mg) [55]. All patients in the 
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4, 6, and 8 mg groups experienced a 39-44% reduction in pain 
score within 30 min while the 2 mg group experienced a 24% 
reduction in pain score.

Dosage

An initial dose of 4 - 8 mg should be considered in adults with 
moderate to severe pain [53-55]. Lower doses may be used 
in elderly patients and those at a high risk of respiratory de-
pression [28]. Given the limited available evidence on its use, 
intranasal hydromorphone should be used with caution in chil-
dren. If indicated, a dose of 0.03 - 0.06 mg/kg may be an ap-
propriate initial dose [56].

Intranasal ketorolac

Similar to other NSAIDs, ketorolac is a cyclo-oxygenase (COX) 
enzyme inhibitor, inhibiting both COX-1 and COX-2 [57]. It 
has a higher affinity for COX-1 compared to other NSAIDs 
and possesses a potent analgesic effect [57]. When compared 
to morphine, a 30 mg single dose of intramuscular ketorolac 
was shown to provide a similar analgesic effect to 6 - 12 mg 
of intramuscular morphine [58]. The Food and Drug Adminis-
tration (FDA) approved intranasal ketorolac tromethamine for 
short-term (up to 5 days) management of moderate to severe 
pain that requires an opioid level of analgesia in May 2010. 
Since then, many studies have assessed the effectiveness in the 
management of acute pain in the ED, intraoperative analgesia, 
postoperative pain management, migraine, and severe renal col-
ic [59-62]. Gaul et al assess the use of intranasal ketorolac in 28 
adults presenting to the ED with acute pain and reported a me-
dian decrease of 5 points in pain score in a median time of 5 min 
after administration with minimal adverse events [59]. Turner 
et al reported good pain control among patients with moderate 
to severe endodontic pain who received intranasal ketorolac for 
endodontic procedures [60]. Similarly, Rao et al compared in-
tranasal ketorolac to sumatriptan and placebo for the treatment 
of acute migraine and reported superiority of ketorolac over 
placebo, and a non-inferiority to sumatriptan for aborting acute 
migraine episodes [61]. Nasal burning and an altered sense of 
taste are the adverse events reported in that study.

Following intranasal administration, the onset of action 
is rapid (5 - 20 min), achieving a peak plasma concentration 
within 30 - 52 min and producing an analgesic effect lasting 
about 180 min [57, 59, 63-65]. Intranasal ketorolac has a good 
bioavailability (67-75%), although inferior to that achievable 
via the intramuscular route (up to 100%) [66].

Dosage

Intranasal ketorolac is available in the USA as nasal spray bot-
tles, with each 1.7 g bottle made up of eight sprays (one spray 
is equivalent to 15.75 mg in a 100 µL solution) [67]. For adults 
< 65 years, the dose is 31.5 mg (one 15.75-mg spray in each 
nostril) every 6 - 8 h (maximum dose of 63 mg/day) [67]. For 

adults who are ≥ 65 years of age, have renal impairment, or are 
less than 50 kg, the dose is 15.75 mg (one 15.75-mg spray in 
one nostril) every 6 - 8 h. Intranasal ketorolac is currently not 
approved for use in children.

Table 1 summarized the profile of analgesics administered 
via the intranasal route [28, 41, 43-45, 50, 51, 53-57, 59, 63-67].

Sublingually Administered Analgesic Agents

Drug absorption through the sublingual route depends on the 
properties of the drug and the pH of saliva (normal pH: 6.5), 
although this is highly variable depending on the type of food 
and drinks one consumes [68]. Transmucosal absorption oc-
curs via transcellular (the main mechanism) and intercellular 
mechanisms which in turn depend on the lipophilicity (trans-
cellular absorption) and hydrophilicity of the drug (intercel-
lular absorption) [69]. These factors as well as the potency of 
a medication determine its usefulness as a sublingual analgesic 
agent. Potent and highly lipophilic agents such as sufentanil, 
fentanyl, and buprenorphine are more suitable for sublingual 
use compared to the less potent and strongly hydrophilic agents 
such as morphine, oxycodone, and hydromorphone [70].

Sublingual sufentanil

Sufentanil is a potent opioid approved for use in its injectable and 
sublingual form for the treatment of acute severe pain [71]. The 
injectable form is used mainly as an anesthetic agent either as a 
primary anesthetic agent or as a component of balanced general 
or epidural anesthesia. This is due to the high lipophilicity and 
fast absorption leading to rapid attainment of maximum plasma 
concentration with an attending development of respiratory de-
pression and apnea in non-intubated patients [70]. As a result, the 
injectable form is limited to anesthetic use in the operating room. 
Administration of 30 µg of sufentanil intravenously in a study 
resulted in a mean peak plasma concentration of > 1,000 pg/mL, 
a concentration likely to induce apnea while the same dose ad-
ministered sublingually yielded a peak plasma concentration of 
63 µg/mL [72]. In addition, the time to reach the peak plasma 
concentration was higher following sublingual administration in 
the study. This slower absorption and lower bioavailability (47-
57%) make sublingual sufentanil a desirable analgesic agent with 
a lower risk of apnea compared to the intravenous form [73]. The 
onset of analgesia after a single dose of 30 µg sublingual sufen-
tanil is 15 - 30 min, reaching a peak effect at about 60 min and 
lasting about 180 min [72, 73]. Most clinical trials on sublingual 
sufentanil have focused on its use for postoperative analgesia 
following abdominal, thoracic, gynecological procedures and as 
analgesia for acute trauma in the ED [74-77]. Given its effective-
ness in providing a rapid analgesic effect in these settings, SCD 
patients with acute VOC pain may benefit from its use in the ED.

Dosage

Two forms of sublingual sufentanil nanotablets are currently 
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available for use: a 30-µg tablet to be administered by health-
care personnel and a 15-µg tablet to be used as part of patient-
controlled analgesia [73]. The minimum dosing interval for the 
30-µg tablet is 1 h while the 15-µg tablet should be adminis-
tered at a minimum interval of 20 min for no more than 72 
h [73]. Sublingual sufentanil is not recommended for use in 
children.

Sublingual fentanyl

Whether as tablets or sprays, the use of sublingual fentanyl has 
been well described in the management of breakthrough pain 
in cancer patients; individuals who are likely opioid tolerant 
[78-80]. The pharmacokinetic profile of sublingual fentanyl is 
similar to that of intravenous fentanyl: a rapid rise in plasma 
concentration and a relatively shorter elimination half-life 
[81]. The implication of this is that frequent dosing is required 
for sustained analgesic effect, which in turn creates a variable 
and increasing plasma concentration [70]. This is usually well 
tolerated in opioid-tolerant individuals such as cancer patients 

but could be problematic in opioid naive individuals as it in-
creases their risk of developing respiratory depression and ap-
nea. Similar to cancer patients, SCD patients are likely opioid 
exposed and tolerant, making them ideal candidates to benefit 
from the use of sublingual fentanyl in the ED.

The onset of action depends on the dosage form (tablet 
or spray) with an onset of action of 5 min and time to peak 
plasma concentration of 40 - 57 min following administration 
of spray while sublingual tablets have an onset of action at 15 
min, reaching a peak concentration in 40 - 75 min [82-84]. 
The bioavailability of sublingual fentanyl is good (70-76%) 
with an analgesic effect that lasts at least 60 min [82-84]. The 
adverse effect profile is similar to other opioids, including nau-
sea, vomiting, and respiratory depression [81].

Dosage

Whether the tablet or spray, the initial recommended dose is 
100 µg [85]. An additional 100 µg could be given within 30 
- 60 min if the pain is uncontrolled with the first dose [85]. 

Table 1.  Profile of Analgesics Administered via the Intranasal Route

Drug Available intranasal products Pharmacokinetics Intranasal dose Adverse effectsa

Fentanyl [28, 41, 
43-45, 50, 51]

Fentanyl citrate 50 µg/
mL solution

Bioavailability: 55-89% Adult: initial dose of 0.5 - 2 µg/
kg (maximum of 100 µg/dose)

Nasal congestion, 
throat irritation, 
headache, 
unpleasant taste

Onset of action: 2 - 10 min
Peak effect: 12 - 21 min Pediatric (≥ 1 year old and 

weighing at least 10 kg): 
initial dose of 1 - 1.5 µg/kg 
(maximum of 100 µg/dose)

Duration of action: 
at least 60 minb

Hydromorphone 
[28, 53-56]

Hydromorphone 
hydrochloride 1 mg/mL

Bioavailability: 50-60% Adult: initial dose 4 - 8 mg Unpleasant taste, 
dizziness, rhinitis

Onset of action: about 5 min
Peak effect: 20 - 30 min Pediatric: 0.03 - 0.06 mg/kgc

Duration of action: 
90 - 180 min

Ketorolac [57, 
59, 63-67]

8 sprays/1.7 g nasal spray bottle 
of ketorolac tromethamine (1 
spray is equivalent to 15.75 
mg in a 100 µL solution)

Bioavailability: 67-75% Adult: < 65 years: one 15.75 
mg spray in each nostril 
(31.5 mg/dose) every 6 - 8 h 
(maximum dose of 63 mg/day)

Nasal irritation, 
dysgeusia

Onset of action: 5 - 20 min ≥ 65 years of age, renal 
impairment, weight < 50 kg: 
one 15.75 mg spray in one 
nostril (15.75 mg/dose)

Peak effect: 30 - 52 min Pediatric: not recommended
Duration of action: 
about 180 min

aAdverse events due to local effect of medication, medication-specific systemic adverse events not included. bDepend on dosage. cLimited evidence 
on pediatric use.
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Similar to other sublingual opioids, sublingual fentanyl is not 
recommended for use in children.

Sublingual buprenorphine

Buprenorphine is a non-selective opioid receptor modulator 
that acts as a partial µ-receptor agonist and κ-receptor antago-
nist. It has 25 to 40 times the potency of morphine and has 
been used as opioid substitution therapy for opioid addiction, 
as well as an analgesic for cancer-related pain, non-cancer-
related chronic pain, postoperative pain, and acute trauma pain 
[86, 87]. Sublingual buprenorphine is highly lipophilic and 
well absorbed in the sublingual mucosa with a bioavailability 
of about 50% (12-94%), although there is a wide inter-patient 
variability but less intra-individual variability in absorption 
[88, 89]. In addition, sublingual buprenorphine has a near lin-
ear dose-serum concentration relationship from 1 to 32 mg, 
reaching a peak plasma concentration in 0.5 - 6 h with a mean 
elimination half-life of 83 h [88, 89]. The onset of action is 
relatively slow (30 - 60 min), reaching a peak effect at 1 - 4 
h, with a duration of effect lasting for 6 - 12 h (for a dose < 4 
mg) and 24 - 72 h (for a dose > 16 mg) [90]. While the combi-
nation of high potency, good sublingual absorption, and long 
duration of effect make sublingual buprenorphine an interest-
ing analgesic agent, there are potential limitations to its use 
in the management of acute VOC pain crises: 1) The agonist 
effect of buprenorphine has a ceiling effect, with a point at 
which escalating doses produces no further analgesic effect; 2) 
Due to its partial agonism on µ-receptors, buprenorphine has 
a potential to precipitate withdrawal symptoms in individuals 
who are dependent on pure µ-receptor agonist (10% of SCD 
patients have physical opioid dependence, and the majority are 
routinely on opioids for chronic pain control); 3) The wide in-
terpatient variability in bioavailability complicates dosing in 
an acute setting [68].

Dosage

Although a starting dose of 2 mg of sublingual buprenorphine 
has been safely used for analgesia in clinical trials, the cur-
rent use of buprenorphine is largely limited to the treatment of 
opioid addiction due to its suitability for that purpose, and the 
availability of alternative opioid analgesic agents that do not 
have the aforementioned limitations [86, 91].

Sublingual oxycodone

Oxycodone is the gold standard oral opioid medication due 
to its excellent oral bioavailability (60-80%) and less adverse 
event profile (less nausea, pruritus, and hallucinations) com-
pared to morphine [92]. However, it is highly hydrophilic and 
has poor bioavailability following sublingual administration 
(< 20%), although this depends on salivary pH [93]. Up to 
70% bioavailability could be achieved with saliva alkaliniza-
tion [70]. To achieve a therapeutic concentration of oxycodone 

via the small-spaced sublingual route would therefore require 
the administration of a large dose. This profile limits the use of 
sublingual oxycodone in the emergency management of acute 
VOC pain.

Profile of analgesics administered via the sublingual route 
is summarized in Table 2 [72-77, 81-86, 88-90, 91-93].

Improving the ED-Based Management of Vaso-
Occlusive Pain Crisis

While ongoing research efforts continue to evaluate interven-
tions aimed at reducing the frequency and severity of SCD 
crisis, a renewed focus should be directed at ensuring SCD 
patients receive optimal care in the ED. Receiving prompt an-
algesia is a vital component of optimal VOC care in the ED. 
It is worth noting that patients with VOC typically present to 
the ED on the background of failure to achieve symptomatic 
relief from their home pain regimen (usually oral opioids and 
NSAIDs). The intranasal and sublingual routes provide a rapid 
means to achieve prompt delivery of analgesia on ED arrival. 
Besides intranasal and sublingual routes, attempts at achieving 
rapid, easy-to-administer analgesic agents have led to the use 
of the inhalational route of drug administration, leveraging on 
the extensive alveoli surface area for absorption of medica-
tions. Inhaled methoxyflurane, an anesthetic agent has been 
used in small sub-anesthetic doses for acute pain management 
[94]. Although the FDA withdrew methoxyflurane from the 
market in 2005 due to concern for nephrotoxicity, low-dose 
methoxyflurane administered via a hand-held device (Pen-
throx®) is still being used in parts of Europe, Australia, and 
New Zealand [95]. There are no clinical trials on the use of 
methoxyflurane for VOC pain. Similarly, nitrous oxide with 
or without an equimolar mixture of oxygen has been evaluated 
for the management of VOC pain in clinical trials [96]. How-
ever, its use is limited due to concern for an increased risk of 
nitrous oxide-induced neuropathy and hyperhomocysteinemia 
[97]. In addition, there is insufficient evidence supporting the 
clinical benefit of nitrous oxide in the management of VOC. 
Additional studies with a focus on the SCD population are re-
quired to clarify the optimal approach to analgesia for SCD 
patients presenting to the ED.

Apart from the challenges of achieving prompt analgesia 
delivery, many other aspects of the emergency care system 
present a formidable barrier to optimal sickle cell care. SCD 
patients often experience discrimination, bias, and prejudice in 
the ED and have been shown to experience longer wait times 
before the initiation of interventions in the ED compared to the 
general population [98]. In addition, although the prevalence 
of opioid addiction in SCD is about 5% (similar to the gen-
eral population), SCD patients are sometimes labeled as “pain 
seekers”, or “opioid addicts”, which negatively impacts the 
patient-provider relationship [99]. Interventions to improve 
the ED management of sickle cell crisis should therefore fo-
cus on educating providers on discrimination and bias, adopt-
ing strategies to reduce the time to first dose of analgesia, and 
adopting individualized care for SCD patients beyond the first 
dose of analgesia.
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Conclusions

SCD patients often experience long wait times in the ED be-
fore receiving their first dose of analgesia. This delay results 
from the complexities of the emergency care system and is 
often complicated by negative provider attitudes toward SCD 
patients. The use of an intranasal or sublingual approach to 
administering analgesia to SCD patients with VOC may of-
fer a fast, safe, noninvasive, atraumatic, and easily accessible 
route of administration which has the potential to reduce the 
time-to-first dose of analgesia. Interventions to improve the 
ED management of sickle cell crisis should therefore focus on 
adopting strategies to reduce the time to first dose of analgesia, 
including the use of sublingual and intranasal routes of anal-
gesia administration as well as educating providers towards 
reducing discrimination and bias.
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Table 2.  Profile of Analgesics Administered via the Sublingual Route

Drug Available products Pharmacokinetics Equivalent dose to 15 
mg of oral morphine Adverse effectsa

Fentanyl 
[81-85]

Spray: available in 100, 
200, 400, 600, 800, 1,200, 
and 1,600 µg strengths

Bioavailability: 70-76% 100 µg No AE specific to 
the sublingual route

Onset of action: 5 - 15 min
Tablet: available in 100, 200, 300, 
400, 600, and 800 µg strengths

Peak effect: about 60 min

Duration of action: about 180 min
Sufentanil 
[72-77]

Tablet: available in 30 µg strengths Bioavailability: 47-57% 30 µg No AE specific to 
the sublingual route

Onset of action: 15 - 30 min
Peak effect: 40 - 75 min
Duration of action: at least 60 min

Buprenorphine 
[86, 88-90, 91]

Tablet: available in 2 
and 8 mg strengths

Bioavailability: 12-94% 0.4 mg No AE specific to 
the sublingual route

Onset of action: 30 - 60 min
Peak effect: 60 - 240 min
Duration of action: 6 - 12 
h (for doses < 4 mg) and 
24 - 72 h (for > 16 mg)

Oxycodone 
[92, 93]

5, 10 mg soluble tablets, 20 mg/
mL concentrated oral solutionsb

Bioavailability: < 20% 10 mg No AE specific to 
the sublingual route

Onset of action: N/A
Peak effect: N/A
Duration of action: N/A

aAdverse events due to local effect of medication, medication-specific systemic adverse events not included. bNo sublingual formulations are avail-
able in the United States. AE: adverse events. N/A: limited information on the pharmacokinetics of sublingual oxycodone.
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