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Executive Summary 
Guideline Overview 
This clinical practice guideline is intended to guide clinicians in the use of medications intranasally for 
systemic effect which are not labelled for intranasal use.   
 
Key Revisions (2016 Periodic Review) 
None 
 
Key Practice Recommendations 
Refer to Table 1.   
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Table 1. Intranasal medication administration for systemic absorption.   

Drug 
Appropriate 
Indications 

Preferred Product Dosing Pharmacokinetics 
Adverse Effects Related to 
Intranasal Administration 

Dexmedetomidine 

Premedication 
prior to general 
anesthesia and 
procedural 
sedation for minor 
surgeries and 
procedures

1-10
 

Dexmedetomidine 
HCl 100 mcg/mL 
intranasal solution 
[785204] 

Adult:  

1-1.5 mcg/kg 45-60 minutes prior to 
surgery or procedure requiring 
sedation

15,17,23 

 
Pediatric (≥10 kg and ≥1 year old): 

1-2 mcg/kg 45-60 minutes prior to 
surgery or procedure requiring 
sedation; use 1 mcg/kg for 
procedures of anticipated duration 
<45 minutes

1,3,5-9
 

Bioavailability: 65% (range: 35-

93%)
4
 

Onset: 30-45 minutes (range: 25-68 

minutes)
2,4,7-10

 
Peak effect: 90-105 minutes (in 

adults)
10

 
Duration of action:  

 Adult: Easily arousable sedation 
with 1-1.5 mcg/kg dose for ≥180 
minutes

10
 

 Pediatric: Dose dependent; 1 
mcg/kg dose 45 minutes (range: 
40-100 minutes)

1,7,8
 and 2 

mcg/kg dose 95 minutes (range: 
45-135 minutes)

7
 

None specific to intranasal route of 
administration

1-10
 

Fentanyl Acute analgesia 
Fentanyl citrate 50 
mcg/mL intranasal 
solution [785209] 

Adult:  

0.9-2.2 mcg/kg (maximum of 100 
mcg/2 mL) initial dose, may repeat 
with 60 mcg every 5 minutes 
thereafter

24,25 

 
Pediatric (≥10 kg and ≥1 year old):  

1-1.5 mcg/kg/dose
11-17

 

Bioavailability: 55-77%
18

 
Onset: 5 to 10 minutes

15,16,18
 

Peak effect: ~20 minutes
18

 
Duration of action: ~50 minutes

18
 

Self-resolving unpalatable taste, 
watery eyes, nasal congestion, or 
throat irritation in adult patients 
(information regarding pediatric 
adverse effects not available)

15,19
 

Flumazenil 

Initial route of 
administration for 
cases of 
suspected or 
actual 
benzodiazepine 
overdose when IV 
route is not 
available

96,97
 

Flumazenil 100 
mcg/mL intranasal 
solution [785205] 

Adult:  

Not recommended 
 
Pediatric:  

40 mcg/kg with a maximum dose of 
200 mcg (100 mcg in each nostril)

20,21
 

Bioavailability: Undetermined
21

 
Onset: <2 minutes

21
 

Peak effect: 2 minutes
21

 
Duration of action: Undetermined

21
 

None specific to intranasal route of 
administration

20,21
 

Glucagon Not recommended for intranasal use
22-33

 

 Haloperidol  Not recommended for intranasal use 
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Drug 
Appropriate 
Indications 

Preferred Product Dosing Pharmacokinetics 
Adverse Effects Related to 
Intranasal Administration 

Hydromorphone Acute analgesia 

Hydromorphone 
HCl 1 mg/mL 
intranasal solution 
[785206] 

Adult:  

1-2 mg per dose
34-36

 
 
Pediatric:  

Not recommended
34-36

 

Bioavailability: ~55% (1 mg dose 

range 26-71%; 2 mg dose range 36-
78%)

36
 

Onset: 10-20 minutes
34,35

 
Peak effect: 20-50 minutes

34,35
 

Duration of action: 180 minutes
35

 

Self-resolving unpalatable taste, 
nasal itching, nasal congestion, or 
nasal stinging

34,35
 

Ketamine 

Procedural 
sedation and 
premedication for 
reducing 
preoperative 
anxiety

37-49
 

Ketamine HCl 100 
mg/mL intranasal 
solution [785203] 

Adult:  

Not recommended
37-49

 
 
Pediatric (≥5 kg and ≥6 months 
old): 

 Procedural sedation: 6-9 mg/kg 
4-8 minutes prior to procedures 
anticipated to last <30-40 
minutes

37,38,48
 

 Premedication: 0.5-10 mg/kg 
(preference of doses ≥3 mg/kg) 
15-30 minutes prior to separation 
from parents

40-44,49,50
 

Bioavailability: 50%
44

 
Onset: ~5 minutes (range: 4-10  

minutes)
37,38,48

 
Peak effect: Not established

37-39,48,49
 

Duration of action: 40 minutes 

(range: 22-69 minutes)
37-39,48,49

 

None specific to intranasal route of 
administration

37-49
 

Lidocaine 

Treatment of 
moderate to 
severe migraines 
when alternatives 
are ineffective and 
for idiopathic 
second-division 
trigeminal 
neuralgia

51-55
 

Lidocaine HCl 40 
mg/mL (4%) 
intranasal solution 
[785202] 

Adult:  

 Migraines: 20 mg in nostril of 
affected side if unilateral, 20 mg 
in each nostril if bilateral; may 
repeat with second dose if lack of 
relief within 2-15 minutes

51-54
 

 Idiopathic second-division 
trigeminal neuralgia: 8 mg in 
each nostril for a total dose of 16 
mg

55
 

 
Pediatric:  

Not recommended
51-55

 

Bioavailability: 26% (range: 5-

48%)
56

 
Onset: 5-15 minutes

51
 

Peak effect: Undetermined 
Duration of action: Undetermined 

Self-resolving local irritation (burning, 
stinging, numbness), bitter taste, 
numbness of the throat, and nausea

51
 

Lorazepam 
Acute seizure 
treatment 

Lorazepam 4 
mg/mL injection 
solution 

Adult:  

0.1 mg/kg
55,57 

 
Pediatric (≥2 months old):  

0.1 mg/kg (consider maximum of 4 
mg dose)

57,58
 

Bioavailability: ~78%
59

 
Onset: ~5 minutes (range: 1-25 

minutes)
57,58

 
Peak effect: 30-105 minutes

59,60
 

Duration of action: ~60 minutes
58

 

Poor taste, cool feeling in nose and 
throat, burning nasal sensation

55,57
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Drug 
Appropriate 
Indications 

Preferred Product Dosing Pharmacokinetics 
Adverse Effects Related to 
Intranasal Administration 

Midazolam 

Procedural 
sedation prior to 
minor procedures 
or imaging and 
pre-induction for 
general anesthesia 
and alternative 
therapy for 
pediatric seizures 
when the IV route 
is not available 
61,62

 

Midazolam HCl 5 
mg/mL intranasal 
solution [785196] 

Adult:  

Not routinely recommended due to 
nasal volume limitations, but may 
consider 0.2-0.3 mg/kg if alternative 
routes unavailable (maximum of 10 
mg due to volume administration 
limitations)

63
 

 
Pediatric:  

 Procedural sedation and pre-
induction for general anesthesia: 
0.2-0.5 mg/kg (consider 
maximum dose of 10 mg due to 
volume limitations)

50,61,62,64-82
 

 Seizures: 0.2-0.5 mg/kg
63,83-89

; 
Reference Status Epilepticus - 
Pediatric - Emergency 
Department/Inpatient Clinical 
Practice Guideline for additional 
information 

Bioavailability: 50-83%
64

 
Onset: Average 3-15 minutes (range: 

0.5 to 19 minutes)
64,67,68,73,83,86,88

 
Peak effect: ~25 minutes (10-48 

minutes)
90,91

 
Duration of action: 21 to 60 minutes 

(dose-dependent)
61,64,67,73,79,92

 

Self-limiting discomfort, irritation, or 
burning sensation in nasal 
passages

60,90
 

Morphine Not recommended for intranasal use
93-97

 

Naloxone 

Initial route of 
administration for 
cases of 
suspected or 
actual opioid 
overdose when the 
IV route is not 
available 

Naloxone 1 mg/mL 
intranasal solution 
[785210] 

Adult:  

2 mg (1 mg in each nostril)
98-104

 
 
Pediatric:  

0.4 mg total dose (0.2 mg in each 
nostril) based upon a single case 
report

20
 

Bioavailability: 4%
105

 
Onset: Undetermined

105
 

Peak effect: 6-9 minutes
105

 
Duration of action: Undetermined

105
 

None specific to intranasal route of 
administration

98-108
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Companion Documents 

 UWHC Clinical Policy 8.76:  Pain Management 

 UWHC Clinical Policy 8.38:  Adult Sedation Policy 

 UWHC Clinical Policy 8.56:  Pediatric Sedation Policy 

 UWHC Sedation Nursing Practice Guideline 

 Pain Care Fast Facts: Intranasal Analgesia Prior to Insertion of Nasogastric Tube – Pediatric  

 Pain Care Fast Facts: Intranasal Analgesia Prior to Insertion of Nasogastric Tube – Adult 
 Status Epilepticus - Pediatric - Emergency Department/Inpatient Clinical Practice Guideline 

 
Scope 
Disease Condition:  Off-label intranasal medication administration 
 
Clinical Specialty:  All medical specialties 
 
Intended Users:  Physicians, Advanced Practice Providers, Nurses, and Pharmacists 
 
Objective 
The clinical practice guideline is intended to provide a standardized process for off-label intranasal 
administration of specific medications which are not commercially intended for administration via this route 
and which have demonstrated systemic absorption and effects.   
 
For information regarding intranasal analgesia prior to insertion of nasogastric tubes, please see the 
following guidance documents: Pain Care Fast Facts: Intranasal Analgesia Prior to Insertion of Nasogastric 
Tube – Pediatric and Pain Care Fast Facts: Intranasal Analgesia Prior to Insertion of Nasogastric Tube – 
Adult.   
 
Target Population 
Adult and pediatric patients for whom off-label intranasal mediations are being considered.   
 
Interventions and Practices Considered 
This guideline recommends intranasal medication dosing, product selection, and other considerations for 
the use of medications given intranasally which are not labeled for intranasal use.    
 
Major Outcomes Considered 

 Utilization of intranasal medications as identified in guideline 

 Adverse events associated with intranasal medication use 
 

Methodology 
Methods Used to Collect/Select the Evidence 
Electronic database searches (i.e. PUBMED) were conducted and workgroup members to collect evidence 
for review; for the 2016 revision, clinical evidence dating back to January 2014 was reviewed.  Additionally, 
hand searches were performed within selected evidence for other relevant resources.  Expert opinion, 
clinical experience, and regard for patient safety/experience were also considered during discussions of 
the evidence.   
 
PubMed was used as the primary modality for identifying primary literature articles.  The Boolean search 
string used for each drug was “[generic drug name without specifics about salts/chemical formulation] AND 
(nasal OR intranasal)”.  For example, the search string for fentanyl was “fentanyl AND (nasal OR 
intranasal)”.  All clinical and pharmacokinetic case reports and trials in human patients where the drug was 
used via the intranasal route were included, and all animal studies were excluded.  A comprehensive 
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search was performed by reviewing the references of all included studies for more studies which should be 
considered in guideline development. 
 
Methods Used to Formulate the Recommendations 
All recommendations endorsed or developed by the guideline workgroup were reviewed and approved by 
other stakeholders or committees. 
 
Methods Used to Assess the Quality of the Evidence/Strength of the Recommendations:   
Internally developed recommendations, or those adopted from external sources without an assigned 
evidence grade, were evaluated by the guideline workgroup a modified Grading of Recommendations 
Assessment, Development and Evaluation (GRADE) methodology.109  
 
Rating Scheme for the Strength of the Evidence/Strength of the Recommendations: 
See Appendix A for the rating scheme used within this document. 
 
Recognition of Potential Health Care Disparities 
No potential disparities identified.   

 
Definitions 
LMA MAD Nasal

TM
: “mucosal atomization device” (MAD) made by the company LMA North America, Inc. which is 

attached to a standard syringe via Luer-Lock in order to turn an intravenous drug product into a fine mist for intranasal 
administration (See Figure 1). 

 
Figure 1. LMA MAD Nasal™

 

 
 

Introduction 
Intranasal (IN) administration of medications has previously demonstrated advantages in effectiveness, patient 
comfort, and workplace safety when compared to alternative routes such as intravenous (IV) and intramuscular (IM) 
for numerous medication classes including: opioid agonists, benzodiazepines (BZDs), anesthetics, sedatives, and 
antidotes.

110,111
  Nasal administration is most commonly associated with local topical outcomes, but kinetic and clinical 

trials have previously confirmed bioavailability which approximates that of IV or IM administration for numerous 
systemic medications with IN administration.  Therefore, the highly vascularized nasal mucosa can be considered an 
effective modality for parenteral administration which provides rapid absorption and bypasses first-pass 
metabolism.

112
  IN administration may yield several advantages over other parenteral routes of administration, as it 

circumvents pain associated with IV line placement and IM delivery.  Additionally, IV access can be difficult, may 
delay care, requires nursing time resources, and can be unnecessary in certain patient populations and conditions.

113
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Recommendations  
 

General Recommendations for Intranasal (IN) Administration 
1. Do not administer medications nasally if the patient’s nasal passages demonstrate signs of local mucosal irritation, 

inflammation, bleeding, excoriation, or ulceration.
114

  Consider an alternative route of administration.
115

 (UWHealth 
Strong Recommendation, Very Low Quality of Evidence) 

2. Administration volumes 
2.1. Administration volumes should be minimized, as mucosal surfaces may become saturated leading to runoff 

into the oropharynx and decreased absorption.
115

 (UWHealth Strong Recommendation, Moderate Quality of 
Evidence)  

2.2. Optimal volume of administration per nostril is between 0.15 mL and 0.4 mL in order to prevent oral 
absorption, but up to 1 mL may be administered per nostril.

115-118
 (UWHealth Strong Recommendation, 

Moderate Quality of Evidence) 
2.3. Repeat dosing has not been studied for most medications administered via the IN route and is not 

recommended unless otherwise specified for a specific drug. (UWHealth Strong Recommendation, Low 
Quality of Evidence) 

2.4. Maximally concentrated drug products should be used whenever possible in order to reduce volume of 
administration.

115
 (UWHealth Weak/Conditional Recommendation, Very Low Quality of Evidence) 

3. Administration Technique (See Figure 2) 
3.1. If able, have the patient gently blow his or her nose prior to administration.

114
 (UWHealth Weak/Conditional 

Recommendation, Very Low Quality of Evidence) 
3.2. Draw appropriate volume of drug plus an additional 0.1 mL into a 1 mL or 3 mL syringe depending upon final 

volume of drug required.  The volume drawn up should be 0.1 mL more than the volume to be administered in 
order to account for dead space in the LMA MAD Nasal.

11
 (UWHealth Weak/Conditional Recommendation, 

Very Low Quality of Evidence) 
3.3. Remove needle and discard securely.  Attach the LMA MAD Nasal to the syringe via the Luer-lock connector 

on the syringe.   
3.4. Routine IN administration without the LMA MAD Nasal is not recommended, as the MAD increases consistent 

medication absorption.
115

 (UWHealth Strong Recommendation, Very Low Quality of Evidence) 
3.5. IN Delivery Device Placement and Considerations 

3.5.1. Adults and adolescents: Use free hand to hold occiput of the patient’s head stable.  Place tip of LMA 
MAD Nasal snugly against the nostril and aim up and outward toward lateral nasal wall (the inferior 
and middle turbine mucosa).

114
 (UWHealth Weak/Conditional Recommendation, Very Low Quality of 

Evidence) 
3.5.2. Young pediatric patients: Show patients the “squirter” (LMA MAD Nasal) and reassure that the device 

is not a “shot”.  Consider allowing the child to touch and feel the soft “pillow” of the device so they 
know it will not hurt them.  It is encouraged for patients to sit on the parent or caregiver’s lap with the 
parent or caregiver giving a hug over his or her arms (in a comfort hold) to prevent the child from 
covering his or her face.  Patients can be told to “sniff like smelling a flower” as the medication is 
delivered. (UWHealth Weak/Conditional Recommendation, Very Low Quality of Evidence) 

3.6. Briskly compressing the syringe plunger, deliver half of the medication dose into each nostril to maximize 
dispersion and absorption surface area.

115
 (UWHealth Strong Recommendation, Low Quality of Evidence) 

3.7. Ideally, have the patient remain in a semirecumbent position with the head of the bed elevated 30-45 degrees 
for 10 minutes after administration in order to prevent runoff out of the nose, if able.

114
 (UWHealth 

Weak/Conditional Recommendation, Very Low Quality of Evidence) 
3.8. Instruct the patient to refrain from blowing his or her nose for at least 60 minutes after IN administration to 

maximize medication absorption.
114

 (UWHealth Strong Recommendation, Very Low Quality of Evidence) 
4. Adverse Effects 

4.1. The systemic adverse effects and patient monitoring associated with intravenous administration of the 
medications included in this guideline also apply to IN administration. (UWHealth Strong Recommendation, 
Very Low Quality of Evidence)  

4.2. Administration via the IN route has demonstrated self-limiting local adverse effects for several medications in 
addition to the systemic adverse effects associated with alternative routes of administration.  See Drug-
Specific Practice Recommendations for information regarding specific medication adverse effects.  
(UWHealth Strong Recommendation, Very Low Quality of Evidence) 
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Figure 2.LMA MAD™ Administration Technique (Adults and Adolescents)

119 

 
 

 
Drug-Specific Practice Recommendations 
  
Dexmedetomidine 
1. Appropriate indications: Premedication prior to general anesthesia and procedural sedation for minor surgeries 

and procedures.
1-10

 (UWHealth Strong Recommendation, Moderate Quality of Evidence) 
2. Dosing 

2.1. Adult: 1-1.5 mcg/kg 45 to 60 minutes prior to surgery or procedure requiring sedation.
2,4,10

 (UWHealth Strong 
Recommendation, Moderate Quality of Evidence) 
2.1.1. Use cautiously in patients over the age of 40 years due to limited evidence for IN administration in this 

patient population.
2,4,10

  (UWHealth Weak/Conditional Recommendation, Very Low Quality of 
Evidence) 

2.1.2. Adjunct agents should be used to maintain adequate sedation for procedures lasting longer than 180 
minutes.

2
 (UWHealth Weak/Conditional Recommendation, Very Low Quality of Evidence) 

2.2. Pediatric (patients ≥10 kg and ≥1 year of age): 1-2 mcg/kg 45 to 60 minutes prior to surgery or procedure 
requiring sedation.

1,3,5-9
 (UWHealth Strong Recommendation, High Quality of Evidence) 

2.2.1. For procedures of anticipated duration fewer than 45 minutes, patients should receive 1 mcg/kg 
dexmedetomidine instead of 2 mcg/kg due to possible prolonged sedation and recovery time.

1,3,5,7
 

(UWHealth Strong Recommendation, High Quality of Evidence) 
2.2.2. Adjunct agents may be necessary to maintain adequate sedation for procedures lasting longer than 95 

minutes in patients who receive 2 mcg/kg.
7
 (UWHealth Strong Recommendation, Low Quality of 

Evidence) 
2.2.3. Doses greater than 0.5 mcg/kg should be administered due to previously demonstrated inadequate 

levels of sedation.
9
 (UWHealth Strong Recommendation, Moderate Quality of Evidence) 

3. Preferred product: dexmedetomidine HCl 100 mcg/mL intranasal solution 
4. Pharmacokinetics 

4.1. Bioavailability: 65% (range: 35-93%)
4
 

4.2. Onset: 30-45 minutes (range: 20-68 minutes)
2,4,7-10

 
4.3. Peak effect: 90-105 minutes in adult patients (data on pediatric patients not available)

10
 

4.4. Duration of action: Dose dependent in pediatric patients - 1 mcg/kg dose 45 minutes (range: 40-100 
minutes)

1,7,8
 and 2 mcg/kg dose 95 minutes (range: 45-135 minutes)

7
; adult patients receiving 1-1.5 mcg/kg 

doses have previously demonstrated easily arousable sedation 180 minutes after administration.
10

 
5. IN adverse effects: Previous studies have not demonstrated adverse effects specific to the IN route of 

administration.
1-10

 
 
Fentanyl 
1. Appropriate indications: Acute analgesia 
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2. Dosing 
2.1. Adult: 0.9-2.2 mcg/kg (maximum of 100 mcg/2 mL) initial dose; may repeat with 60 mcg doses every 5 

minutes.
19,120,121

 (UWHealth Strong Recommendation, Moderate Quality of Evidence) 
2.1.1. Use cautiously in patients 70 years of age and older due to lack of data. (UWHealth Strong 

Recommendation, Low Quality of Evidence) 
2.2. Pediatric (patients ≥10 kg and ≥1 year of age): 1-1.5 mcg/kg/dose.

11-17,122
 (UWHealth Strong 

Recommendation, Moderate Quality of Evidence) 
3. Preferred product: fentanyl citrate 50 mcg/mL intranasal solution 
4. Pharmacokinetics 

4.1. Bioavailability: 55-77%
18

 
4.2. Onset: 5 to 10 minutes

15,16,18
 

4.3. Peak effect: about 20 minutes
18

 
4.4. Duration of action: about 50 minutes

18
 

5. IN adverse effects: Inform patients that IN fentanyl may cause self-resolving unpalatable taste, watery eyes, nasal 
congestion, or throat irritation in adult patients.  Information regarding pediatric adverse effects with IN fentanyl is 
not available.

15,19
  

 
Flumazenil 
1. Appropriate indications: May be considered as initial route of administration for cases of suspected or actual 

benzodiazepine overdose when the intravenous route is not available.
20,21

 (UWHealth Weak/Conditional 
Recommendation, Very Low Quality of Evidence) 

2. Dosing  
2.1. Adult: Not recommended for administration as has not been studied in this patient population. (UWHealth 

Strong Recommendation, Low Quality of Evidence) 
2.2. Pediatric: 40 mcg/kg with a maximum dose of 200 mcg (100 mcg in each nostril).

20,21
 (UWHealth 

Weak/Conditional Recommendation, Very Low Quality of Evidence) 
3. Preferred product: flumazenil 100 mcg/mL intranasal solution 
4. Pharmacokinetics 

4.1. Bioavailability: Undetermined
21

 
4.2. Onset: <2 minutes

21
 

4.3. Peak effect: 2 minutes
21

 
4.4. Duration of action: Undetermined

21
 

5. IN adverse effects: No IN route-specific adverse effects have been identified.
20,21

 
 
Glucagon 
1. Not recommended for administration via the IN route, as has been previously demonstrated to have low 

absorption.
28

  Previous studies have used absorption enhancers to increase the bioavailability of IN administration, 
and these are not available at UWHealth.

22-33
 (UWHealth Strong Recommendation, Moderate Quality of Evidence) 

 
Haloperidol 
1. Haloperidol: Not recommended for administration via the IN route. Previous studies have not been able to 

determine the optimal dose and the effect of repeat dosing using the IN route.
123,124

  
 
Hydromorphone 
1. Appropriate indications: Acute analgesia 
2. Dosing 

2.1. Adult: 1-2 mg IN per dose is preferred.
34-36

 (UWHealth Strong Recommendation, Moderate Quality of 
Evidence) 
2.1.1. Redosing sooner than 20 minutes after the initial dose is not recommended.

34-36
 (UWHealth Strong 

Recommendation, Moderate Quality of Evidence) 
2.2. Pediatric: Not recommended, as has not been prospectively studied in this patient population.

34-36
 (UWHealth 

Strong Recommendation, Low Quality of Evidence) 
3. Preferred product: hydromorphone HCl 1 mg/mL intranasal solution 
4. Pharmacokinetics 

4.1. Bioavailability: about 55% (1 mg dose range 26-71%; 2 mg dose range 36-78%)
36

 
4.2. Onset: 10-20 minutes

34,35
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4.3. Peak effect: 20-50 minutes
34,35

 
4.4. Duration of action: 180 minutes

35
 

5. IN adverse effects: Inform patients that IN hydromorphone may cause self-resolving unpalatable taste, nasal 
itching, nasal congestion, or nasal stinging for a short period of time after administration.

34,35
  

 
Ketamine 
1. Appropriate indications: Procedural sedation and premedication for reducing preoperative anxiety.

37-49,125
 

(UWHealth Strong Recommendation, Moderate Quality of Evidence) 
2. Dosing 

2.1. Adult: Use is not recommended due to a lack of data evaluating the use of IN ketamine in this population and 
the suspected inability that therapeutic levels could be attained due to IN volume administration limits.

37-49
 

(UWHealth Weak/Conditional Recommendation, Very Low Quality of Evidence) 
2.2. Pediatric (patients ≥5 kg and ≥6 months of age) 

2.2.1. Procedural sedation: 6-9 mg/kg 4 to 8 minutes prior to commencing for procedures anticipated to last 
fewer than 30 to 40 minutes.

37,38,48
 (UWHealth Strong Recommendation, Moderate Quality of 

Evidence) 
2.2.2. Premedication: 0.5-10 mg/kg between 15 to 30 minutes prior to procedure.  Doses of at least 3 mg/kg 

are preferred due to more available data.
40-44,49,50

 (UWHealth Strong Recommendation, Moderate 
Quality of Evidence) 

3. Preferred product: ketamine HCl 100 mg/mL intranasal solution 
4. Pharmacokinetics 

4.1. Bioavailability: 50%
44

 
4.2. Onset: about 5 minutes (range: 4-10 minutes)

37,38,48
 

4.3. Peak effect: Not established
37-39,48,49

 
4.4. Duration of action: 40 minutes (range: 22-69 minutes)

37-39,48,49
 

5. IN adverse effects: No IN route-specific adverse effects have been identified.
37-49

 
 

Lidocaine 
1. Appropriate indications: Treatment of moderate to severe migraines when alternatives are ineffective and for 

idiopathic second-division trigeminal neuralgia.
51-55

 (UWHealth Weak/Conditional Recommendation, Low Quality of 
Evidence) 

2. Dosing 
2.1. Moderate to severe migraines 

2.1.1. Adult: 20 mg in nostril of affected side if unilateral; 20 mg in each nostril if bilateral.
51-54

 If moderate to 
severe pain persists after 2 to 15 minutes, may repeat initial lidocaine dose.

51,53
 (UWHealth 

Weak/Conditional Recommendation, Low Quality of Evidence) 
2.1.2. Pediatric: Not recommended, as has not been studied in this patient population. (UWHealth Strong 

Recommendation, Low Quality of Evidence)
51-54

 
2.2. Idiopathic second-division trigeminal neuralgia 

2.2.1. Adult: 8 mg in each nostril for a 16 mg total dose.
55

 (UWHealth Weak/Conditional Recommendation, 
Low Quality of Evidence) 

2.2.2. Pediatric: Not recommended, as has not been studied in this patient population.
55

 (UWHealth Strong 
Recommendation, Low Quality of Evidence) 

3. Preferred product: lidocaine HCl 40 mg/mL (4%) intranasal solution 
4. Pharmacokinetics 

4.1. Bioavailability: 26% (range: 5-48%)
56

 
4.2. Onset: 5-15 minutes

51
 

4.3. Peak effect: Undetermined 
4.4. Duration of action: Undetermined 

5. IN adverse effects: Inform patients or caregivers about the potential for self-limiting local irritation (burning, 
stinging, numbness), bitter taste, numbness of the throat, and nausea.

51
 

 
Lorazepam 
1. Appropriate indications: Control of acute seizures.

57-60
 

2. Dosing 
2.1. Adult: 0.1 mg/kg

59,60
 (UWHealth Strong Recommendation, Moderate Quality of Evidence) 
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2.2. Pediatric (patients ≥2 months of age): 0.1 mg/kg with consideration to a maximum dose of 4 mg.
57,58

 
(UWHealth Strong Recommendation, Moderate Quality of Evidence) 

3. Preferred product: lorazepam 4 mg/mL injection solution 
4. Pharmacokinetics 

4.1. Bioavailability: about 78%
59

 
4.2. Onset: about 5 minutes (range:1-25 minutes)

57,58
 

4.3. Peak effect: 30-105 minutes
59,60

 
4.4. Duration of action: about  60 minutes

58
 

5. IN adverse effects: Clinicians should inform patients or caregivers about the potential for poor taste, cool feeling in 
nose and throat, and burning nasal sensation which is self-limiting in nature.

59,60
  

 
Midazolam 
1. Appropriate indications: Procedural sedation prior to minor procedures or imaging and pre-induction for general 

anesthesia and alternative therapy for pediatric seizures when the IV route is not available.
61,62

 
2. Dosing  

2.1. Adult: Not routinely recommended due to the inability to administer therapeutic doses secondary to nasal 
administration volume limitations, but may consider 0.2-0.3 mg/kg dose for patients (maximum of 10 mg due 
to volume administration limitations) with prolonged seizures if other routes of administration are 
unavailable.

63
 (UWHealth Strong Recommendation, Very Low Quality of Evidence) 

2.2. Pediatric 
2.2.1. Procedural sedation and pre-induction for general anesthesia (patients ≥9 kg and ≥6 months of age): 

0.2-0.5 mg/kg with consideration to a maximum dose of 10 mg due to volume administration 
limitations.

50,61,62,64-82
 (UWHealth Strong Recommendation, Moderate Quality of Evidence) 

2.2.2. Seizures (patients ≥1 month of age): 0.2-0.5 mg/kg
63,83-89

 (UWHealth Strong Recommendation, 
Moderate Quality of Evidence). .  Reference Status Epilepticus - Pediatric - Emergency 
Department/Inpatient Clinical Practice Guideline for additional information.   

3. Preferred product: midazolam HCl 5 mg/mL intranasal solution 
4. Pharmacokinetics 

4.1. Bioavailability: 50-83%
64

 
4.2. Onset: Average 3-15 minutes (range: 0.5-19 minutes)

64,67,68,73,83,86,88
 

4.3. Peak effect: about 25 minutes (10-48 minutes)
90,91

 
4.4. Duration of action: 21 to 60 minutes (dose-dependent)

61,64,67,73,79,92
 

5. IN adverse effects: Clinicians should inform patients or caregivers about the potential for self-resolving discomfort, 
irritation, or burning sensation in the nasal passages after administration.

63,126
 

 
Morphine  
1. Not recommended for administration via the IN route.  Previous studies have used a mucoadherant to increase 

bioavailability of IN administration which is not available at UWHealth.
93-97

 (UWHealth Strong Recommendation, 
Moderate Quality of Evidence) 

 
Naloxone 
1. Appropriate indications: May be considered as initial route of administration for cases of suspected or actual opioid 

overdose when the intravenous route is not available. 
2. Dosing 

2.1. Adult: 2 mg administered as 1 mg/1 mL in each nostril.
98-104

 (UWHealth Strong Recommendation, High 
Quality of Evidence) 

2.2. Pediatric: 0.2 mg in each nostril based upon limited data from a case report involving sedation reversal of a 
benzodiazepine and opioid.

20
 (UWHealth Strong Recommendation, Very Low Quality of Evidence) 

2.3. The use of alternative routes of administration such as intravenous, intramuscular, and intraosseous should 
be considered if an adequate response is not achieved within 8 to 10 minutes after the first IN dose.  This is 
due to the increased likelihood of orogastric absorption and reduced efficacy with subsequent IN 
administrations, as the oral bioavailability of naloxone is low and the nasal mucosa likely would not be dry and 
conducive for adequate absorption. 
2.3.1. Consider doses up to 2 mg of naloxone via the intravenous route for cases of non-response to IN 

naloxone in both pediatric patients and adults
99

 (UWHealth Strong Recommendation, Low Quality of 
Evidence) 
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3. Product to be used: naloxone 1 mg/mL intranasal solution 
4. Pharmacokinetics 

4.1. Bioavailability: 4%
105

 
4.2. Onset: Undetermined

105
 

4.3. Peak effect: 6-9 minutes
105

 
4.4. Duration of action: Undetermined

105
 

5. IN adverse effects: No IN route-specific adverse events have been identified.
98-108

 
 

UW Health Implementation 
Potential Benefits 

 Increased patient comfort, decreased administration pain compared to IV placement or IM administration, and 
faster administration time in situations where IV line access is challenging 

 Increased workplace safety by potentially reducing healthcare employee needle sticks 

 Decreased resources (e.g. nursing time for IV placement) 
 
Potential Harms 

 Staff unfamiliarity with intranasal administration compared to other routes 

 Dosage miscalculations or inappropriate use of other route of administration dosing for intranasal route 
 
Pertinent UWHealth Policies and Procedures 

 UWHC Clinical Policy 8.76:  Pain Management 

 UWHC Clinical Policy 8.38:  Adult Sedation Policy 

 UWHC Clinical Policy 8.56:  Pediatric Sedation Policy 

 UWHC Sedation Nursing Practice Guideline 

 Pain Care Fast Facts: Intranasal Analgesia Prior to Insertion of Nasogastric Tube – Pediatric  

 Pain Care Fast Facts: Intranasal Analgesia Prior to Insertion of Nasogastric Tube – Adult 
 
Patient Resources 
None 
 
Guideline Metrics 

1. Utilization rate of intranasal medications in guideline 
2. Adverse event rate of intranasal medications in guideline 

 
Implementation Plan/Clinical Tools 
1. Guideline will be posted on UConnect in a dedicated location for Clinical Practice Guidelines.  
2. Release of the guideline will be advertised in the Physician/APP Briefing newsletter.  
3. Content and hyperlinks within clinical tools, documents, or Health Link related to the guideline recommendations 

will be reviewed for consistency and modified as appropriate. 
 
ERX 

 Dexmedetomidine HCl 100 mcg/mL intranasal solution [785204] 

 Fentanyl citrate 50 mcg/mL intranasal solution [785209] 

 Flumazenil 100 mcg/mL intranasal solution [785205] 

 Hydromorphone HCl 1 mg/mL intranasal solution [785206] 

 Ketamine HCl 100 mg/mL intranasal solution [785203] 

 Lidocaine HCl 40 mg/mL (4%) intranasal solution [785202] 

 Midazolam HCl 5 mg/mL intranasal solution [785196] 

 Naloxone 1 mg/mL intranasal solution [785210] 

 
Disclaimer 
Clinical practice guidelines assist clinicians by providing a framework for the evaluation and treatment of patients. 
This guideline outlines the preferred approach for most patients. It is not intended to replace a clinician’s judgment or 
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to establish a protocol for all patients. It is understood that some patients will not fit the clinical condition contemplated 
by a guideline and that a guideline will rarely establish the only appropriate approach to a problem. 
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Appendix A. Evidence Grading Scheme 
Figure 1. GRADE Methodology adapted by UWHealth

109
 

 

 
 

 
GRADE Ranking of Evidence  

High We are confident that the effect in the study reflects the actual effect. 

Moderate 
We are quite confident that the effect in the study is close to the true effect, but it is also 
possible it is substantially different. 

Low The true effect may differ significantly from the estimate. 

Very Low The true effect is likely to be substantially different from the estimated effect. 

 
 
GRADE Ratings for Recommendations For or Against Practice 

Strong  
The net benefit of the treatment is clear, patient values and circumstances are 
unlikely to affect the decision. 

Weak/conditional  
Recommendation may be conditional upon patient values and preferences, the 
resources available, or the setting in which the intervention will be implemented. 

 

  

Copyright © 2017 University of Wisconsin Hospitals and Clinics Authority
Contact: Lee Vermeulen, CCKM@uwhealth.org Last Revised: 02/2017CCKM@uwhealth.org



17 

 

References 
1. Akin A, Bayram A, Esmaoglu A, et al. Dexmedetomidine vs midazolam for premedication of pediatric patients undergoing 

anesthesia. Paediatr Anaesth. Sep 2012;22(9):871-876. 
2. Cheung CW, Ng KF, Liu J, Yuen MY, Ho MH, Irwin MG. Analgesic and sedative effects of intranasal dexmedetomidine in 

third molar surgery under local anaesthesia. Br J Anaesth. Sep 2011;107(3):430-437. 
3. Ghali AM, Mahfouz AK, Al-Bahrani M. Preanesthetic medication in children: A comparison of intranasal dexmedetomidine 

versus oral midazolam. Saudi J Anaesth. Oct 2011;5(4):387-391. 
4. Iirola T, Vilo S, Manner T, et al. Bioavailability of dexmedetomidine after intranasal administration. Eur J Clin Pharmacol. 

Aug 2011;67(8):825-831. 
5. Pestieau SR, Quezado ZM, Johnson YJ, et al. The effect of dexmedetomidine during myringotomy and pressure-

equalizing tube placement in children. Paediatr Anaesth. Nov 2011;21(11):1128-1135. 
6. Talon MD, Woodson LC, Sherwood ER, Aarsland A, McRae L, Benham T. Intranasal dexmedetomidine premedication is 

comparable with midazolam in burn children undergoing reconstructive surgery. Journal of burn care & research : official 
publication of the American Burn Association. Jul-Aug 2009;30(4):599-605. 

7. Yuen VM, Hui TW, Irwin MG, et al. A randomised comparison of two intranasal dexmedetomidine doses for premedication 
in children. Anaesthesia. Nov 2012;67(11):1210-1216. 

8. Yuen VM, Hui TW, Irwin MG, Yao TJ, Wong GL, Yuen MK. Optimal timing for the administration of intranasal 
dexmedetomidine for premedication in children. Anaesthesia. Sep 2010;65(9):922-929. 

9. Yuen VM, Hui TW, Irwin MG, Yuen MK. A comparison of intranasal dexmedetomidine and oral midazolam for 
premedication in pediatric anesthesia: a double-blinded randomized controlled trial. Anesth Analg. Jun 2008;106(6):1715-

1721. 
10. Yuen VM, Irwin MG, Hui TW, Yuen MK, Lee LH. A double-blind, crossover assessment of the sedative and analgesic 

effects of intranasal dexmedetomidine. Anesth Analg. Aug 2007;105(2):374-380. 
11. Cole J, Shepherd M, Young P. Intranasal fentanyl in 1-3-year-olds: a prospective study of the effectiveness of intranasal 

fentanyl as acute analgesia. Emergency medicine Australasia : EMA. Oct 2009;21(5):395-400. 
12. Finn M, Harris D. Intranasal fentanyl for analgesia in the paediatric emergency department. Emergency medicine journal : 

EMJ. Apr 2010;27(4):300-301. 
13. Borland ML, Bergesio R, Pascoe EM, Turner S, Woodger S. Intranasal fentanyl is an equivalent analgesic to oral 

morphine in paediatric burns patients for dressing changes: A randomised double blind crossover study. Burns. Nov 
2005;31(7):831-837. 

14. Borland M, Jacobs I, King B, O'Brien D. A randomized controlled trial comparing intranasal fentanyl to intravenous 
morphine for managing acute pain in children in the emergency department. Ann Emerg Med. Mar 2007;49(3):335-340. 

15. Younge PA, Nicol MF, Kendall JM, Harrington AP. A prospective randomized pilot comparison of intranasal fentanyl and 

intramuscular morphine for analgesia in children presenting to the emergency department with clinical fractures. 
Emergency Medicine. 1999;11(90-94). 

16. Borland ML, Jacobs I, Geelhoed G. Intranasal fentanyl reduces acute pain in children in the emergency department: a 
safety and efficacy study. Emerg Med (Fremantle). Sep 2002;14(3):275-280. 

17. Crellin D, Ling RX, Babl FE. Does the standard intravenous solution of fentanyl (50 microg/mL) administered intranasally 
have analgesic efficacy? Emergency medicine Australasia : EMA. Feb 2010;22(1):62-67. 

18. Paech MJ, Lim CB, Banks SL, Rucklidge MW, Doherty DA. A new formulation of nasal fentanyl spray for postoperative 
analgesia: a pilot study. Anaesthesia. Aug 2003;58(8):740-744. 

19. Rickard C, O'Meara P, McGrail M, Garner D, McLean A, Le Lievre P. A randomized controlled trial of intranasal fentanyl 
vs intravenous morphine for analgesia in the prehospital setting. The American journal of emergency medicine. Oct 
2007;25(8):911-917. 

20. Heard C, Creighton P, Lerman J. Intranasal flumazenil and naloxone to reverse over-sedation in a child undergoing dental 

restorations. Paediatr Anaesth. Aug 2009;19(8):795-797; discussion 798-799. 
21. Scheepers LD, Montgomery CJ, Kinahan AM, Dunn GS, Bourne RA, McCormack JP. Plasam concentrations of 

flumazenil following intranasal administration in children. Can J Anesth. 2000;47(2):120-124. 
22. Freychet L, Desplanque N, Zirinis P, et al. Effect of intranasal glucagon on blood glucose levels in healthy subjects and 

hypoglycaemic patients wtih insulin-dependent diabetes. Lancet. 1988:1364-1366. 
23. Hvidberg A, Djurup R, Hilsted J. Glucose recovery after intranasal glucagon during hypoglycaemia in man. Eur J Clin 

Pharmacol. 1994;46(1):15-17. 
24. Pontiroli AE. Intranasal Glucagon as Remedy for Hypoglycemia - Studies in Healthy-Subjects and Type-I Diabetic-

Patients. Diabetes Care. Oct 1989;12(9):604-608. 
25. Pontiroli AE, Alberetto M, Pozza G. Intranasal glucagon raises blood glucose concentrations in healthy volunteers. Br 

Med J (Clin Res Ed). Aug 13 1983;287(6390):462-463. 
26. Stenninger E, Aman J. Intranasal glucagon treatment relieves hypoglycaemia in children with Type 1 (insulin-dependent) 

diabetes mellitus. Diabetologia. 1993;36:931-395. 
27. Pontiroli AE, Alberetto M, Pozza G. Metabolic effects of intranasally administered glucagon: comparison with 

intramuscular and intravenous injection. Acta diabetologica latina. Apr-Jun 1985;22(2):103-110. 

Copyright © 2017 University of Wisconsin Hospitals and Clinics Authority
Contact: Lee Vermeulen, CCKM@uwhealth.org Last Revised: 02/2017CCKM@uwhealth.org



18 

 

28. Pontiroli AE, Alberetto M, Calderara A, Pajetta E, Pozza G. Nasal administration of glucagon and human calcitonin to 
healthy subjects: a comparison of powders and spray solutions and of different enhancing agents. Eur J Clin Pharmacol. 
1989;37(4):427-430. 

29. Teshima D, Yamauchi A, Makino K, et al. Nasal glucagon delivery using microcrystalline cellulose in healthy volunteers. 
International Journal of Pharmaceutics. Feb 21 2002;233(1-2):61-66. 

30. Rosenfalck AM, Bendtson I, Jorgensen S, Binder C. Nasal glucagon in the treatment of hypoglycaemia in type 1 (insulin-
dependent) diabetic patients. Diabetes Res Clin Pract. Jul 1992;17(1):43-50. 

31. Slama G, Alamowitch C, Desplanque N, Letanoux M, Zirinis P. A new non-invasive method for treating insulin-reaction: 
intranasal lyophylized glucagon. Diabetologia. Nov 1990;33(11):671-674. 

32. Pontiroli AE, Calderara A, Perfetti MG, Bareggi SR. Pharmacokinetics of intranasal, intramuscular and intravenous 
glucagon in healthy subjects and diabetic patients. Eur J Clin Pharmacol. 1993;45(6):555-558. 

33. Sibley T, Jacobsen R, Salomone J. Successful administration of intranasal glucagon in the out-of-hospital environment. 
Prehospital emergency care : official journal of the National Association of EMS Physicians and the National Association 
of State EMS Directors. Jan-Mar 2013;17(1):98-102. 

34. Rudy AC, Coda BA, Archer SM, Wermeling DP. A multiple-dose phase I study of intranasal hydromorphone hydrochloride 

in healthy volunteers. Anesth Analg. Nov 2004;99(5):1379-1386; table of contents. 
35. Wermeling DP, Clinch T, Rudy AC, Dreitlein D, Suner S, Lacouture PG. A multicenter, open-label, exploratory dose-

ranging trial of intranasal hydromorphone for managing acute pain from traumatic injury. The journal of pain : official 
journal of the American Pain Society. Jan 2010;11(1):24-31. 

36. Coda BA, Rudy AC, Archer SM, Wermeling DP. Pharmacokinetics and bioavailability of single-dose intranasal 
hydromorphone hydrochloride in healthy volunteers. Anesth Analg. Jul 2003;97(1):117-123, table of contents. 

37. Pandey RK, Bahetwar SK, Saksena AK, Chandra G. A compartive evaluation of drops versus atomized administration of 

intranasal ketamine for the procedural sedation of young uncooperative pediatric dental patients: a prospective crossover 
trial. Journal of Clinical Pediatric Dentistry. 2011;36(1):79-84. 

38. Bahetwar SK, Pandey RK, Saksena AK, Chandra G. A Comparative Evaluation of Intranasal Midazolam, Ketamine and 

their Combination for Sedation of Young Uncooperative Pediatric Dental Patients: A Triple Blind Randomized Crossover 
Trial. Journal of Clinical Pediatric Dentistry. Sum 2011;35(4):415-420. 

39. Abrams R, Morrison JE, Villasenor A, Hencmann D, Da Fonseca M, Mueller W. Safety and effectiveness of intranasal 

administration of sedative medications (ketamine, midazolam, or sufentanil) for urgent brief pediatric dental procedures. 
Anesth Prog. 1993;40(3):63-66. 

40. Diaz JH. Intranasal ketamine preinduction of paediatric outpatients. Paediatr Anaesth. 1997;7(4):273-278. 
41. Gharde P, Chauhan S, Kiran U. Evaluation of efficacy of intranasal midazolam, ketamine and their mixture as 

premedication and its relation with bispectral index in children with tetralogy of fallot undergoing intracardiac repair. 
Annals of Cardiac Anaesthesia. 2005;9:25-30. 

42. Hosseini Jahromi SA, Hosseini Valami SM, Adeli N, Yazdi Z. Comparison of the effects of intranasal midazolam versus 
different doses of intranasal ketamine on reducing preoperative pediatric anxiety: a prospective randomized clinical trial. J 
Anesth. Dec 2012;26(6):878-882. 

43. Lin SM, Liu K, Tsai SK, Lee TY. Rectal ketamine versus intranasal ketamine as premedicant in children. Anaesth Sinica. 

1990;28. 
44. Malinovsky JM, Servin F, Cozian A, Lepage JY, Pinaud M. Ketamine and norketamine plasma concentrations after i.v., 

nasal and rectal administration in children. Br J Anaesth. Aug 1996;77(2):203-207. 
45. McGlone R, Fleet T, Durham S, Hollis S. A comparison of intramuscular ketamine with high dose intramuscular 

midazolam with and without intranasal flumazenil in children before suturing. Emergency Medicine Journal. Jan 
2001;18(1):34-38. 

46. Nejati A, Golshani K, Moradi Lakeh M, Khashayar P, Moharari RS. Ketamine improves nasogastric tube insertion. 
Emergency medicine journal : EMJ. Aug 2010;27(8):582-585. 

47. Reid C, Hatton R, Middleton P. Case report: prehospital use of intranasal ketamine for paediatric burn injury. Emergency 
medicine journal : EMJ. Apr 2011;28(4):328-329. 

48. Tsze DS, Steele DW, Machan JT, Akhlaghi F, Linakis JG. Intranasal ketamine for procedural sedation in pediatric 
laceration repair: a preliminary report. Pediatr Emerg Care. Aug 2012;28(8):767-770. 

49. Weksler N, Ovadia L, Muati G, Stav A. Nasal ketamine for paediatric premedication. Canadian journal of anaesthesia = 
Journal canadien d'anesthesie. Feb 1993;40(2):119-121. 

50. Gautam SN, Bhatta S, Sangraula D, Shrestha BC, Rawal SB. Intranasal midazolam vs ketamine as premedication in 
paediatric surgical procedure for child separation and induction. Nepal Medical College Journal. 2007;9(3):179-181. 

51. Maizels M, Geiger AM. Intranasal lidocaine for migraine: a randomized trial and open-lebel follow-up. Headache. 

1999;39:543-551. 
52. Blanda M, Rench T, Gerson LW, Weigand JV. Intranasal lidocaine for the treatment of migraine headache: a randomized, 

controlled trial. Academic emergency medicine : official journal of the Society for Academic Emergency Medicine. Apr 
2001;8(4):337-342. 

53. Maizels M, Scott B, Cohen W, Chen W. Intranasal lidocaine for treatment of migraine: a randomized, double-blind, 

controlled trial. JAMA. Jul 24-31 1996;276(4):319-321. 

Copyright © 2017 University of Wisconsin Hospitals and Clinics Authority
Contact: Lee Vermeulen, CCKM@uwhealth.org Last Revised: 02/2017CCKM@uwhealth.org



19 

 

54. Kudrow L, Kudrow DB, Sandweiss JH. Rapid and sustained relief of migraine attacks with intranasal lidocaine: preliminary 
findings. Headache. Feb 1995;35(2):79-82. 

55. Kanai A, Suzuki A, Kobayashi M, Hoka S. Intranasal lidocaine 8% spray for second-division trigeminal neuralgia. Br J 

Anaesth. Oct 2006;97(4):559-563. 
56. Scavone JM, Greenblatt DJ, Fraser DG. The bioavailability of intranasal lignocaine. Br J Clin Pharmacol. 1989;28:722-

724. 
57. Ahmad S, Ellis JC, Karnwendo H, Molyneux E. Efficacy and safety of intranasal lorazepam versus intramuscular 

paraldehyde for proteacted convulsions in children: an open randomised trial. Lancet. 2006;367:1591-1597. 
58. Arya R, Gulati S, Kabra M, Sahu JK, Kalra V. Intranasal versus intravenous lorazepam for control of acute seizures in 

children: a randomized open-label study. Epilepsia. Apr 2011;52(4):788-793. 
59. Wermeling DP, Miller JL, Archer SM, Manaligod JM, Rudy AC. Bioavailability and pharmacokinetics of lorazepam after 

intranasal, intravenous, and intramuscular administration. J Clin Pharmacol. Nov 2001;41(11):1225-1231. 
60. Anderson M, Tambe P, Sammons H, Mulla H, Cole R, Choonara I. Pharmacokinetics of buccal and intranasal lorazepam 

in healthy adult volunteers. Eur J Clin Pharmacol. Feb 2012;68(2):155-159. 
61. Primosch RE, Bender F. Factors associated with administration route when using midazolam for pediatric conscious 

sedation. Journal of Dentistry for Children. Jul-Aug 2001;68(4):233-+. 
62. Primosch RE, Guelmann M. Comparison of drops versus spray administration of intranasal midazolam in two- and three-

year-old children for dental sedation. Pediatr Dent. Sep-Oct 2005;27(5):401-408. 
63. Kyrkou M, Harbord M, Kyrkou N, Kay D, Coulthard K. Community use of intranasal midazolam for managing prolonged 

seizures. J Intellect Dev Disabil. Sep 2006;31(3):131-138. 
64. Fuks AB, Kaufman E, Ram D, Hovav S, Shapira J. Assessment of two doses of intranasal midazolam for sedation of 

young pediatric dental patients. Pediatr Dent. Jul-Aug 1994;16(4):301-305. 
65. Hartgraves PM, Primosch RE. An evaluation of oral and nasal midazolam for pediatric dental sedation. ASDC journal of 

dentistry for children. May-Jun 1994;61(3):175-181. 
66. Lane RD, Schunk JE. Atomized intranasal midazolam use for minor procedures in the pediatric emergency department. 

Pediatric Emergency Care. 2008;24(5):300-303. 
67. Yealy DM, Ellis JH, Hobbs GD, Moscati RM. Intranasal Midazolam as a Sedative for Children during Laceration Repair. 

American Journal of Emergency Medicine. Nov 1992;10(6):584-587. 
68. Holsti M, Dudley N, Schunk J, et al. Intranasal midazolam vs rectal diazepam for the home treatment of acute seizures in 

pediatric patients with epilepsy. Arch Pediatr Adolesc Med. Aug 2010;164(8):747-753. 
69. Bhattacharyya M, Kalra V, Gulati S. Intranasal midazolam vs rectal diazepam in acute childhood seizures. Pediatr Neurol. 

May 2006;34(5):355-359. 
70. Hogberg L, Nordvall M, Tjellstrom B, Stenhammar L. Intranasal versus intravenous administration of midazolam to 

children undergoing small bowel biopsy. Acta Pediatr. 1995;31(1429-1431). 
71. Scheepers M, Scheepers B, Clarke M, Comish S, Ibitoye M. Is intranasal midazolam an effective rescue medication in 

adolescents and adults with severe epilepsy? Seizure. Sep 2000;9(6):417-422. 
72. Tschirch FT, Suter K, Froehlich JM, et al. Multicenter trial: comparison of two different formulations and application 

systems of low-dose nasal midazolam for routine magnetic resonance imaging of claustrophobic patients. Journal of 
magnetic resonance imaging : JMRI. Oct 2008;28(4):866-872. 

73. Lee-Kim SJ, Fadavi S, Punwani I, Koerber A. Nasal versus oral midazolam sedation for pediatric dental patients. J Dent 

Child (Chic). May-Aug 2004;71(2):126-130. 
74. Yildirim SV, Guc BU, Bozdogan N, Tokel K. Oral versus intranasal midazolam premedication for infants during 

echocardiographic study. Adv Ther. Sep-Oct 2006;23(5):719-724. 
75. Klein EJ, Brown JC, Kobayashi A, Osincup D, Seidel K. A randomized clinical trial comparing oral, aerosolized intranasal, 

and aerosolized buccal midazolam. Ann Emerg Med. Oct 2011;58(4):323-329. 
76. Hansen SL, Voigt DW, Paul CN. A retrospective study on the effectiveness of intranasal midazolam in pediatric burn 

patients. The Journal of burn care & rehabilitation. Jan-Feb 2001;22(1):6-8. 
77. Karl HW, Keifer AT, Rosenberger JL, Larach MG, Ruffle JM. Comparison of the safety and efficacy of intranasal 

midazolam or sufentanil for preinduction of anesthesia in pediatric patients. Anesthesiology. Feb 1992;76(2):209-215. 
78. Theroux MC, West DW, Corddry DH, et al. Efficacy of intranasal midazolam in facilitating suturing of lacerations in 

preschool children in the emergency department. Pediatrics. Mar 1993;91(3):624-627. 
79. al-Rakaf H, Bello LL, Turkustani A, Adenubi JO. Intra-nasal midazolam in conscious sedation of young paediatric dental 

patients. International journal of paediatric dentistry / the British Paedodontic Society [and] the International Association of 
Dentistry for Children. Jan 2001;11(1):33-40. 

80. Wilton NCT, Leigh J, Rosen DR, Pandit UA. Preanesthetic sedation of preschool children using intranasal midaazolam. 
Anesthesiology. 1988;69:972-975. 

81. Geldner G, Hubmann M, Knoll R, Jacobi AK. Comparison between three transmucosal routes of administration of 
midazolam in children. Paediatric Anaesthesia. 1997;7(2):103-109. 

82. Thum P, Heine J, Hollenhorst J, Leuwer M. Midazolam givne as an intranasal spray in children. British Journal of 
Anaesthesia. 1998;81:100-108. 

83. Mahmoudian T, Zadeh MM. Comparison of intranasal midazolam with intravenous diazepam for treating acute seizures in 
children. Epilepsy & behavior : E&B. Apr 2004;5(2):253-255. 

Copyright © 2017 University of Wisconsin Hospitals and Clinics Authority
Contact: Lee Vermeulen, CCKM@uwhealth.org Last Revised: 02/2017CCKM@uwhealth.org



20 

 

84. Lahat E, Goldman M, Barr J, Bistritzer T, Berkovitch M. Comparison of intranasal midazolam with intravenous diazepam 
for treating febrile seizures in children: prospective randomised study. BMJ. Jul 8 2000;321(7253):83-86. 

85. Fisgin T, Gurer Y, Tezic T, et al. Effects of intranasal midazolam and rectal diazepam on acute convulsions in children: 

prospective randomized study. J Child Neurol. Feb 2002;17(2):123-126. 
86. Jeannet PY, Roulet E, Maeder-Ingvar M, Gehri M, Jutzi A, Deonna T. Home and hospital treatment of acute seizures in 

children with nasal midazolam. European journal of paediatric neurology : EJPN : official journal of the European 
Paediatric Neurology Society. 1999;3(2):73-77. 

87. Ljungman G, Kreuger A, Andreasson S, Gordh T, Sorensen S. Midazolam nasal spray reduces procedural anxiety in 
children. Pediatrics. Jan 2000;105(1 Pt 1):73-78. 

88. Kutlu NO, Yakinci C, Dogrul M, Durmaz Y. Intranasal midazolam for prolonged convulsive seizures. Brain Dev. Sep 

2000;22(6):359-361. 
89. Fisgin T, Gurer Y, Senbil N, et al. Nasal midazolam effects on childhood acute seizures. J Child Neurol. Dec 

2000;15(12):833-835. 
90. Burstein AH, Modica R, Hatton M, Forrest A, Gengo FM. Pharmacokinetics and pharmacodynamics of midazolam after 

intranasal administration. J Clin Pharmacol. Aug 1997;37(8):711-718. 
91. Rey E, Delaunay L, Pons G, et al. Pharmacokinetics of midazolam in children: comparative study of intranasal and 

intravenous administration. Eur J Clin Pharmacol. 1991;41(4):355-357. 
92. Connors K, Terndrup TE. Nasal versus oral midazolam for sedation of anxious children undergoing laceration repair. Ann 

Emerg Med. Dec 1994;24(6):1074-1079. 
93. Christensen KS, Cohen AE, Mermelstein FH, et al. The analdesic efficacy and safety of a novel intranasal morphine 

formulation (morphine plus chitosan), immediate release oral morphine, intravenous morphine, and placebo in a 
postsurgical dental pain model. Pain Medicine. 2008;107(6):2018-2024. 

94. Stoker DG, Reber KR, Waltzman LS, et al. Analgesic efficacy and safety of morphine-chitosan nasal solution in patients 

with moderate to severe pain following orthopedic surgery. Pain Med. Jan-Feb 2008;9(1):3-12. 
95. Betbeder D, Sperandio S, Latapie JP, et al. Biovector nanoparticles improve antiociceptive efficacy of nasal morphine. 

Pharmaceutical Research. 2000;17(6):743-748. 
96. Fitzgibbon D, Morgan D, Dockter D, Barry C, Kharasch ED. Initial pharmacokinetic, safety and efficacy evaluation of nasal 

morphine gluconate for breakthrough pain in cancer patients. Pain. Dec 2003;106(3):309-315. 
97. Illum L, Watts P, Fisher AN, et al. Intranasal delivery of morphine. The Journal of Pharmacology and Experimental 

Therapeutics. 2001;301(1):391-400. 
98. Barton ED, Colwell CB, Wolfe T, et al. Efficacy of intranasal naloxone as a needleless alternative for treatment of opioid 

overdose in the prehospital setting. J Emerg Med. Oct 2005;29(3):265-271. 
99. Barton ED, Ramos J, Colwell C, Benson J, Baily J, Dunn W. Intranasal administration of naloxone by paramedics. 

Prehospital emergency care : official journal of the National Association of EMS Physicians and the National Association 
of State EMS Directors. Jan-Mar 2002;6(1):54-58. 

100. Merlin MA, Saybolt M, Kapitanyan R, et al. Intranasal naloxone delivery is an alternative to intravenous naloxone for 

opioid overdoses. The American journal of emergency medicine. Mar 2010;28(3):296-303. 
101. Kerr D, Dietze P, Kelly AM. Intranasal naloxone for the treatment of suspected heroin overdose. Addiction. Mar 

2008;103(3):379-386. 
102. Kelly AM, Kerr D, Dietze P, Patrick I, Walker T, Koutsogiannis Z. Randomised trial of intranasal versus intramuscular 

naloxone in prehospital treatment for suspected opioid overdose. The Medical journal of Australia. Jan 3 2005;182(1):24-
27. 

103. Kerr D, Kelly AM, Dietze P, Jolley D, Barger B. Randomized controlled trial comparing the effectiveness and safety of 
intranasal and intramuscular naloxone for the treatment of suspected heroin overdose. Addiction. Dec 

2009;104(12):2067-2074. 
104. Doe-Simkins M, Walley AY, Epstein A, Moyer P. Saved by the nose: bystander-administered intranasal naloxone 

hydrochloride for opioid overdose. Am J Public Health. May 2009;99(5):788-791. 
105. Dowling J, Isbister GK, Kirkpatrick CM, Naidoo D, Graudins A. Population pharmacokinetics of intravenous, intramuscular, 

and intranasal naloxone in human volunteers. Ther Drug Monit. Aug 2008;30(4):490-496. 
106. McDermott C, Collins NC. Prehospital medication administration: a randomised study comparing intranasal and 

intravenous routes. Emerg Med Int. 2012;2012:476161. 
107. Robertson TM, Hendey GW, Stroh G, Shalit M. Intranasal naloxone is a viable alternative to intravenous naloxone for 

prehospital narcotic overdose. Prehospital emergency care : official journal of the National Association of EMS Physicians 
and the National Association of State EMS Directors. Oct-Dec 2009;13(4):512-515. 

108. Walley AY, Doe-Simkins M, Quinn E, Pierce C, Xuan Z, Ozonoff A. Opioid overdose prevention with intransal naloxone 
among people who take methadone. Journal of Substance Abuse Treatment. 2013;44:241-247. 

109. Jacobs AK, Kushner FG, Ettinger SM, et al. ACCF/AHA clinical practice guideline methodology summit report: a report of 
the American College of Cardiology Foundation/American Heart Association Task Force on Practice Guidelines. J Am 
Coll Cardiol. Jan 15 2013;61(2):213-265. 

110. Guindon J, Walczak JS, Beaulieu P. Recent advances in the pharmacological management of pain. Drugs. 

2007;67(15):2121-2133. 

Copyright © 2017 University of Wisconsin Hospitals and Clinics Authority
Contact: Lee Vermeulen, CCKM@uwhealth.org Last Revised: 02/2017CCKM@uwhealth.org



21 

 

111. Wolfe TR, Bernstone T. Intranasal drug delivery: an alternative to intravenous administration in selected emergency 
cases. Journal of emergency nursing: JEN : official publication of the Emergency Department Nurses Association. Apr 
2004;30(2):141-147. 

112. Grassin-Delyle S, Buenestado A, Naline E, et al. Intranasal drug delivery: an efficient and non-invasive route for systemic 
administration: focus on opioids. Pharmacol Ther. Jun 2012;134(3):366-379. 

113. Borland ML, Clark LJ, Esson A. Comparative review of the clinical use of intranasal fentanyl versus morphine in a 
paediatric emergency department. Emergency medicine Australasia : EMA. Dec 2008;20(6):515-520. 

114. Davis GA, Rudy A, Archer SM, Wermeling DP. Bioavailability of intranasal butorphanol administered from a single-dose 
sprayer. American journal of health-system pharmacy : AJHP : official journal of the American Society of Health-System 
Pharmacists. Jan 1 2005;62(1):48-53. 

115. Wolfe TR, Braude DA. Intranasal medication delivery for children: a brief review and update. Pediatrics. Sep 

2010;126(3):532-537. 
116. Dale O, Hjortkjaer R, Kharasch ED. Nasal administration of opioids for pain management in adults. Acta 

Anaesthesiologica Scandinavica. 2002;46:759-770. 
117. Takala A, Kaasalainen V, Seppala T, Kalso E, Olkkola KT. Pharmacokinetic comparison of intravenous and intranasal 

administration of oxycodone. Acta Anaesthesiol Scand. Feb 1997;41(2):309-312. 
118. Cool WM, Kurtz NM, Chu G. Transnasal Delivery of Systemic Drugs. Advances in Pain Research and Therapy. 

1990;14:241-258. 
119. Using the LMA MAD Nasal

TM
 Mucosal Atomization Device. 2012. 

http://www.lmana.com/files/lma_623_mad_nasal_procedure_guide.pdf. 
120. Finn J, Wright J, Fong J, et al. A randomised crossover trial of patient controlled intranasal fentanyl and oral morphine for 

procedural wound care in adult patients with burns. Burns. May 2004;30(3):262-268. 
121. Karlsen AP, Pedersen DM, Trautner S, Dahl JB, Hansen MS. Safety of intranasal fentanyl in the out-of-hospital setting: a 

prospective observational study. Ann Emerg Med. Jun 2014;63(6):699-703. 
122. Mudd S. Intranasal fentanyl for pain management in children: a systematic review of the literature. J Pediatr Health Care. 

Sep-Oct 2011;25(5):316-322. 
123. Miller JL, Ashford JW, Archer SM, Rudy AC, Wermeling DP. Comparison of intranasal administration of haloperidol with 

intravenous and intramuscular administration: a pilot pharmacokinetic study. Pharmacotherapy. Jul 2008;28(7):875-882. 
124. Corrigan M, Wilson SS, Hampton J. Safety and efficacy of intranasally administered medications in the emergency 

department and prehospital settings. American journal of health-system pharmacy : AJHP : official journal of the American 
Society of Health-System Pharmacists. Sep 15 2015;72(18):1544-1554. 

125. Shimonovich S, Gigi R, Shapira A, et al. Intranasal ketamine for acute traumatic pain in the Emergency Department: a 
prospective, randomized clinical trial of efficacy and safety. BMC Emerg Med. Nov 09 2016;16(1):43. 

126. Lugo RA, Fishbein M, Nahata MC, Lininger B. Complication of intranasal midazolam. Pediatrics. Oct 1993;92(4):638. 
 

 

Copyright © 2017 University of Wisconsin Hospitals and Clinics Authority
Contact: Lee Vermeulen, CCKM@uwhealth.org Last Revised: 02/2017CCKM@uwhealth.org

http://www.lmana.com/files/lma_623_mad_nasal_procedure_guide.pdf

