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ABSTRACT

Intranasal dexmedetomidine administration in clinically recommended doses has a small but important risk of causing cata-

strophic respiratory failure in the setting of preexisting severe respiratory workloads.

JEL Classification: Critical Care Medicine, Paediatrics and Adolescent Medicine, Respiratory Medicine

1 | Introduction

Dexmedetomidine is an agent that has limited, potential respi-
ratory depressant effects [1]. We report the sudden emergence
of ventilatory failure in a child with croup and asthma who
was treated with intranasal (IN) dexmedetomidine to facili-
tate intravenous (IV) access placement and improve tolerance
of facemask aerosolized medication delivery. Cardiopulmonary
monitoring and preparation of adjunctive respiratory support
measures may help to ensure safe use of dexmedetomidine in
the setting of pre-existing respiratory distress.

2 | Case History and Examination

This 4-year-old boy was diagnosed with recurrent croup and
moderate persistent asthma. At night, snoring without obvious
apnea occurred. Outpatient medications included nebulized
budesonide 0.5mg twice/day, albuterol 90 pg/actuation 4 puffs
g4 hours PRN, and montelukast 4 mg PO daily.

After 1day of croupy cough, inspiratory stridor, wheezing,
clear rhinorrhea, and fever, this child presented to an outlying

hospital emergency department and was treated with oral dexa-
methasone and five epinephrine aerosols. Eight hours later, on
admission to the pediatric intensive care unit (PICU) his weight
was 26.4kg (> 95th isobar), body mass index 21 (> 95th isobar),
temperature of 98.1°F, respiratory rate 20 breaths/min, pulse ox-
imeter saturation 99% on room air, heart rate 150/min with good
perfusion, and blood pressure 145/95Torr. Air exchange was
diffusely diminished. Cognition was intact and full sentences
were spoken with a hoarse voice. Biphasic stridor and wheez-
ing were present. Moderate labored breathing was present.
Treatments included aerosolized epinephrine, continuous neb-
ulized albuterol, ipratropium, and helium/oxygen 60/40. Facial
respiratory devices were continually being removed by the child.
Attempts to place an IV were unsuccessful.

3 | Differential Diagnosis, Investigations, and
Treatment

After 4h in the PICU, IN dexmedetomidine 2 ug/kg was admin-
istered to provide sufficient sedation that would allow for inser-
tion of an IV. No other pre-medications that may have reduced
ventilatory sufficiency were administered.

Abbreviations: ETT, endotracheal tube; IN, intranasal; IV, intravenous; OD, outer diameter; PICU, pediatric intensive care unit.
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Within 10min of dexmedetomidine, an IV was placed. Twenty
minutes following IN dexmedetomidine, somnolence replaced
his vigorous interactivity with his mother and staff. Markedly
decreased auscultated breath sounds and acute onset see-saw
breathing were simultaneously apparent. Active expiratory ef-
forts ceased. Bag-mask ventilation became necessary and then a
3.5-mm outer diameter (OD) endotracheal tube (ETT) was placed.

While stridor resolved, marked biphasic wheezing persisted.
Polymerase chain reactions were positive for parainfluenza III
(nose) and group A Streptococcus (throat). A chest radiograph re-
vealed a hazy left-sided opacity. Copious secretions grew Moraxella
catarrhalis 44+. A 7-day course of ceftriaxone 2g IV daily was
started. After 2days of methylprednisolone 1mg/kg IV q 6h, the
ETT was upsized (5.0mm OD). Extubation was accomplished on
PICU Day 4. After 10days of PICU care, the child was discharged
on the same medications prescribed at admission. At follow-up, a
sedated bronchoscopy of the subglottic airway was normal.

Multiple respiratory disease processes were present on admission.
Each pathology contributed to impairment of respiratory system
compliance and/or resistance (Table 1). Administration of IN dex-
medetomidine was rapidly followed by onset of respiratory failure.

4 | Conclusion and Results

Dexmedetomidine has been successfully used to ease work
of breathing in croup and asthma. However, when multiple

TABLE1 | Potential extra respiratory workloads at presentation.

respiratory pathologies are simultaneously present, as were in
our child, the administration of IN dexmedetomidine is fraught
with risk of causing respiratory decompensation. If used at all, it
should be used with caution. For procedural sedation, adminis-
ter the minimally effective dose, and plan preemptively for im-
mediate additional emergent respiratory support.

In this report, IN dexmedetomidine 2 ug/kg was used for pro-
cedural sedation and appeared to precipitate respiratory failure
in a child manifesting moderate respiratory distress associated
with croup, asthma/bronchiolitis, and evolving pneumonia. In a
clinical scenario complicated by the presence of increased respi-
ratory workloads, if used at all, IN dexmedetomidine, should be
administered in the lowest effective dose.

5 | Discussion

Dexmedetomidine is a sedative that has been reported to re-
duce agitation and improve acceptance of respiratory support
equipment in severe croup [2] and asthma [3]. This report de-
scribes a child who simultaneously presented with both disease
processes and was treated with IN dexmedetomidine to induce
sedation. He quickly developed hypoventilatory respiratory fail-
ure. Several factors likely contributed to labored-breathing at
presentation (Table 1). We speculate that adverse effects associ-
ated with dexmedetomidine administration hindered essential
physiologic adaptations and may have actually increased respi-
ratory workloads. Acute increased upper airway obstruction

Disease location

1 Resistance | Compliance

Asthma/bronchiolitis Small lower airways

Croup Subglottic region
Secretions 1 Throughout airways
Pharyngitis Pharyngeal airway

Pneumonia Lung parenchyma

E+I Over-distended, hyper-inflated lung
I+E &)
1+E @)
I+E &
=) Infected, inflamed

Note: | decreased, 1 increased, (—) none.
Abbreviations: E =expiratory, I =inspiratory.

TABLE 2 | Adverse effects of intranasal dexmedetomidine in promoting emergence of hypoventilation-associated respiratory failure.

Possible adverse respiratory system effects from dexmedetomidine

Observations after Dexmedetomidine
administration

1 Inspiratory collapse of upper airway

| Central ventilation drive resulting in elevated blood carbon dioxide

concentration

| Dyspnea

Exposure of nascent respiratory muscle fatigue
1 Accumulation of airway secretions

| Active expiratory phase

1t WOB with | air exchange

| Arousal despite | effective ventilation

| Ventilation and respiratory
contractile effort

Child allowed bag-mask ventilation
1 Suctioning required

| Effective exhalation

Note: | decreased, 1 increased, dominant causet.
Abbreviation: WOB =work of breathing.
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was likely the dominant cause of hypoventilatory respiratory
failure (Table 2).

Doses of IN dexmedetomidine used for pediatric procedural
sedation have been reported to range from 1 to 3ug/kg [4]. IN
dexmedetomidine has been used to improve acceptance of ve-
nipuncture in children aged 2-5years [5, 6]. Following admin-
istration, with 2 pug/kg, sedation onset-time has varied from 8.8
to 25min [5, 6]. In this child, by 10min after 2ug/kg IN our
child had permitted IV placement and after 20 min, he required
bag-mask ventilation for hypoventilatory respiratory failure.
Though 0.5 ug/kg IN is too small of a dose to induce sedation [7],
perhaps a smaller dose of IN dexmedetomidine, maybe 1pg/kg,
would have avoided precipitation of hypoventilatory respiratory
failure. Other sedatives that may have precipitated respiratory
failure include intranasal fentanyl or intranasal midazolam.
Intranasal naloxone may have been useful to reverse respiratory
depression related to fentanyl administration. Inhaled nitrous
oxide was not attempted but may have been preferable because
of rapid onset and resolution of sedative effects.

Intravenous and intranasal dexmedetomidine have been widely
used outside of the operating room by pediatric intensivists,
pediatric hospitalists, and pediatric emergency department
physicians. Airway obstruction after use of primarily IV dexme-
detomidine was uncommon, occurring in only 0.27% of 13,072
pediatric cases; emergent airway intervention was needed in
only 0.05%. Most of these children had no concomitant sys-
temic disease [8]. In the presence of systemic disease, antici-
patory monitoring and invasive respiratory support should be
prioritized.

Even though airway tone is generally maintained after dexmede-
tomidine administration [9, 10]. Our patient displayed changes
in work of breathing and air exchange that were unmistakable
evidence of new onset, critically compromised, upper airway
patency. Negative intraluminal airway pressure during the in-
spiratory phase of the respiratory cycle could have enhanced
airway crowding in both the supraglottic pharynx and the sub-
glottic extra thoracic trachea. Suppression of normal clearance
of copious airway secretions could likewise have augmented
upper (and lower) airway resistances. We suspect that worsen-
ing of inspiratory upper airway obstruction was the dominant
cause of acute onset ventilator failure (Table 2). Undoubtedly,
multiple severe and progressive disease processes preceded the
sudden changes associated with dexmedetomidine administra-
tion (Table 1). These dynamic pathologies probably provided
substantial contributions to the emergence of respiratory failure
as well.

Ventilation is modulated to maintain blood carbon diox-
ide and oxygen levels in acceptable physiologic ranges.
Lung ventilation is stimulated by hypoxia and hypercarbia.
Dexmedetomidine may reduce acute ventilatory responses to
hypercarbia [11] and hypoxia [12]. In our child, hypoxia was
never clinically apparent. However, hypercarbia-associated
“narcosis” may well have supervened and altered effective
ventilatory drive. Also, the sedative effect of IN dexmedeto-
midine may have unmasked underlying nascent respiratory
muscle fatigue.

Arguably, at presentation, the increased respiratory workloads
were at least partially offset by dyspnea-associated increases
of ventilatory contractile effort [13]. Dexmedetomidine has
been reported in the intensive care [14] and palliative care
[15] settings to reduce the experience of dyspnea. Initially, at
presentation, our 4-year-old child may well have experienced
dyspnea-associated, upregulated ventilatory contractile effort.
Dexmedetomidine may have diminished this underlying adap-
tive physiologic mechanism.

Author Contributions

William E. Novotny: conceptualization, data curation, formal anal-
ysis, project administration, supervision, writing — original draft, writ-
ing - review and editing. Pam Fox: conceptualization, data curation,
formal analysis, investigation, writing — original draft, writing — review
and editing. Dynita Haislip: conceptualization, data curation, formal
analysis, investigation, writing - original draft, writing - review and
editing.

Acknowledgments

The authors have nothing to report.

Ethics Statement

The Institutional Review Board of East Carolina University, Brody
School of Medicine, and ECU Health (the Ethics Committee) does not re-
quire approval of a de-identified report of a single patient. Nonetheless,
signed consent for this case report was obtained from the parent of this
child. This study conforms to the US Federal Policy for the Protection
of Human Subjects.

Consent

The authors of this manuscript confirm that a written patient consent
has been signed and collected in accordance with the Clinical Case
Reports patient consent policy.

Conflicts of Interest

The authors declare no conflicts of intrest.

Data Availability Statement

Data from this case report other than that reported in this manuscript
cannot be shared in the interests of protecting patient confidentiality.

References

1. E. Frangoulidou, R. Khulen, and C. Marenghi, “Sedative Agents and
Respiratory Depression: A Unique Profile of Demedetomidine,” in Re-
definig Sedation, eds. M. Maze and P. Morrison (London UK: Royal So-
ciety of Medicine Press Ltd., 1998), 41-50.

2. N. Tsuboi, T. Oi, K. Tsuboi, N. Ebihara, and S. Nakagawa, “Dexme-
detomidine for Patients With Croup,” Respiratory Medicine Case Reports
34 (2021): 101509, https://doi.org/10.1016/j.rmcr.2021.101509.

3. G. Cozzi, S. Lega, R. Giorgi, and E. Barbi, “Intranasal Dexmedetomi-
dine Sedation as Adjuvant Therapy in Acute Asthma Exacerbation With
Marked Anxiety and Agitation,” Annals of Emergency Medicine 69, no.
1(2017): 125-127.

4. N. Poonai, J. Spohn, B. Vandermeer, et al., “Intranasal Dexmedetomi-
dine for Procedural Distress in Children: A Systematic Review,” Pediat-
rics 145, no. 1 (2020): €20191623.

30f4


https://doi.org/10.1016/j.rmcr.2021.101509

5.T. Cheng, Y. Liu, B. Li, X. Wu, B. Xia, and X. D. Yang, “Dexmedeto-
midine Versus Midazolam as Intranasal Premedication for Intravenous
Deep Sedation in Pediatric Dental Treatment,” Journal of Dental Sci-
ences 19 (2023): 285-291, https://doi.org/10.1016/j.jds.2023.04.009.

6. Z.Xie, W. Shen, J. Lin, L. Xiao, M. Liao, and X. Gan, “Sedation Effects
of Intranasal Dexmedetomidine Delivered as Sprays Versus Drops on
Pediatric Response to Venous Cannulation,” American Journal of Emer-
gency Medicine 35 (2017): 1126-1130.

7. M. C. Mondardini, A. Amigoni, P. Cortellazzi, et al., “Intranasal Dex-
medetomidine in Pediatrics: Update of Current Knowledge,” Minerva
Anestesiologica 85, no. 12 (2019): 1334-1345.

8. C. Sulton, C. McCracken, H. K. Simon, et al., “Pediatric Procedural
Sedation Using Dexmedetomidine: A Report From the Pediatric Seda-
tion Consortium,” Hospital Pediatrics 6 (2016): 536-544, https://publi
cations.aap.org/hospitalpediatrics/article/6/9/536/26400/ Pediatric-
Procedural-Sedation-Using?autologincheck=redirected.

9. M. Mahmoud, S. L. Ishman, K. McConnell, et al., “Upper Airway Re-
flexes Are Preserved During Dexmedetomidine Sedation in Children
With Down Syndrome and Obstructive Sleep Apnea,” Journal of Clini-
cal Sleep Medicine 13 (2017): 721-727.

10. M. Mahmoud, R. Radhakrishman, J. Gunter, et al., “Effect of In-
creasing Depth of Dexmedetomidine Anesthesia on Upper Airway Mor-
phology in Children,” Pediatric Anesthesia 20, no. 6 (2010): 506-515.

11. P. Murabito, A. Serra, M. Zappia, et al., “Comparison of Genioglos-
sus Muscle Activity and Efficiency of Dexmedetomidine or Propofol
During Drug Induced Sleep Endoscopy in Patients With Obstructive
Sleep Apnea/Hypopnea Syndrome,” European Review for Medical and
Pharmacological Sciences 23, no. 1 (2019): 389-396.

12. T.J. Ebert, J. E. Hall, J. A. Barney, T. D. Uhrich, and M. D. Colinco,
“The Effects of Increasing Plasma Concentrations of Dexmedetomidine
in Humans,” Anesthesiology 93, no. 2 (2000): 382-394.

13. L. Laviolette, P. Laveneziana, and ERS Research Seminar Faculty,
“Dyspnoea: A Multidimensional and Multidisciplinary Approach,” Eu-
ropean Respiratory Journal 43 (2014): 1750-1762.

14. A. Mano, T. Murata, K. Date, et al., “Dexmedetomidine for dyspnea,”
BMJ Supportive & Palliative Care 13, no. el (2023): e84-e85, https://doi.
org/10.1136/bmjspcare-2020-002334.

15.N. Li, M. Cui, and Y. Wang, “Effect of Dexmedetomidine for Palli-
ative Sedation for Refractory Dyspnea in Patients With Terminal-Stage
Cancer,” Cancer Management and Research 15 (2023): 291-299.

4 0f 4

Clinical Case Reports, 2024


https://doi.org/10.1016/j.jds.2023.04.009
https://publications.aap.org/hospitalpediatrics/article/6/9/536/26400/Pediatric-Procedural-Sedation-Using?autologincheck=redirected
https://publications.aap.org/hospitalpediatrics/article/6/9/536/26400/Pediatric-Procedural-Sedation-Using?autologincheck=redirected
https://publications.aap.org/hospitalpediatrics/article/6/9/536/26400/Pediatric-Procedural-Sedation-Using?autologincheck=redirected
https://doi.org/10.1136/bmjspcare-2020-002334
https://doi.org/10.1136/bmjspcare-2020-002334

	Intranasal Dexmedetomidine Administration Precipitates Respiratory Failure in Child With Croup and Asthma
	ABSTRACT
	1   |   Introduction
	2   |   Case History and Examination
	3   |   Differential Diagnosis, Investigations, and Treatment
	4   |   Conclusion and Results
	5   |   Discussion
	Author Contributions
	Acknowledgments
	Ethics Statement
	Consent
	Conflicts of Interest
	Data Availability Statement
	References


