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EXHAUSTION OR  
CHANGE IN MENTAL STATUS? 
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FROM THIS TO THIS…  
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THEN THIS 



Making Asthma Scary Since 1977 





Asthma Prevalence in the United States, CDC website. June 2014 
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Children aged 0-17 years 

Asthma Attack Prevalence among Children with Current 
Asthma: United States, 2001-2010 

From 2001 to 2010 children had fewer asthma attacks. 
For children, asthma attacks declined from at least one asthma 

attack in the previous 12 months for 61.7% of children with asthma 
in 2001 to 58.3% in 2010. 



ASTHMA EXACERBATION 

• A flare-up or exacerbation is an acute or sub-acute 

worsening of symptoms and lung function compared with 

the patient’s usual status 

• Terminology 

• ‘Flare-up’ is the preferred term for discussion with patients 

• ‘Exacerbation’ is a difficult term for patients 

• ‘Attack’ has highly variable meanings for patients and clinicians 

• ‘Episode’ does not convey clinical urgency 

Wheeler DS, Wong HR, Shanley TP. Pediatric Critical Care 

Medicine, Volume 2: Respiratory, Cardiovascular and Central 

Nervous Systems. Springer; 2014. 

2016 GINA Report, Global Strategy for Asthma Management and Prevention.  

Progressively worsening 

bronchospasm unresponsive to 

standard therapy 

ACUTE SEVERE ASTHMA 



PATHOPHYSIOLOGY 

• Inflammation 

• Edema 

• Bronchospasm 

• Mucous plugging 

• VQ mismatch 

• Intrapulmonary shunting 

• Hypoxic pulmonary vasoconstriction 

• Abnormally high airway resistance 

• Dynamic hyperinflation 

• Auto-PEEP 

• Cardiovascular effects 

• Pulsus paradoxus 



TYPE 1(80%)  

• Slow onset, progressive airway 

obstruction 

• On medications but not compliant  

• Frequently using bronchodilators 

• Usually undertreated with inhaled 

corticosteroids 

• More inflammation + mucous plugging 

• Sudden onset, sudden asphyxial asthma 

• More epidemic or sporadic 

• Death can follow in only a few hours after start of 

the clinical symptoms 

• Higher incidence of AMS, respiratory arrest, 

acidemia 

• Severe bronchospasm but little to no mucous 

plugging 

• Rapid deterioration but rapid recovery with 

treatment 

TYPE 2 (20%)  

FATAL AND NEAR-FATAL ASTHMA 

Koninckx M, Buysse C, De hoog M. Management of status 

asthmaticus in children. Paediatr Respir Rev. 2013;14(2):78-85. 



RISK FACTORS FOR POOR ASTHMA 
OUTCOMES 



IDENTIFY PATIENTS AT RISK OF 
ASTHMA-RELATED DEATH 

• Any history of near-fatal asthma 

requiring intubation and 

ventilation 

• Hospitalization or emergency 

care for asthma in last 12 

months 

• Not currently using ICS, or 

poor adherence with ICS 

• Currently using or recently 

stopped using OCS 

• Over-use of SABAs, especially 

if more than 1 canister/month 

• Lack of a written asthma 

action plan 

• History of psychiatric disease 

or psychosocial problems 

• Confirmed food allergy in a 

patient with asthma 

2016 GINA Report, Global Strategy for Asthma Management and Prevention.  



BUT WHO IS SICK? 



SO WHY USE THEM? 

• Reliably and rapidly identify severity level 

• Identify changes in clinical status 

• Research purposes 

• Protocols, pathways 

 



OTHER CLUES? 



7.08/64/62/18 7.39/33/85/22 

BLOOD GAS 



LABS? 

• Most patients who have an asthma 

exacerbation do not require any 

initial laboratory studies.  

• CBC if fever 

• Electrolytes if on diuretics 

 

• If laboratory studies are ordered, 

they must not delay initiation of 

asthma treatment 



Case courtesy of Townsville radiology training, Radiopaedia.org, rID: 17996 



WHAT ARE WE 
DOING? 

• Medications: 

• 90% use steroids 

• 90% use inhaled beta agonists 

• 44% used IV beta agonists 

• 40% use both inhaled and IV 

• 45% use magnesium 

• 14% use methylxanthines 

• 62% use antibiotics 

• 53% use neuromuscular blockade 

• Mechanical Support 

• 27% use Heliox 

• 8% only use non-invasive 

• 62% were intubated in ED if intubated 

• 30% were intubated in PICU 

• Labs/Imaging 

• 6% obtained a blood gas 

• 6% obtained an xray 

 

Bratton SL, Newth CJ, Zuppa AF, et al. Critical care for 

pediatric asthma: wide care variability and challenges for study. 

Pediatr Crit Care Med. 2012;13(4):407-14. 







ASSESSING AND MANAGING 
EXACERBATIONS IN ACUTE CARE 

SETTINGS 

2016 GINA Report, Global Strategy for Asthma Management and Prevention.  





MMC SEVERE STATUS ASTHMATICUS 
GUIDELINES 
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PRINCIPAL GOALS AND EXPERT 
PANEL RECOMMENDATIONS  

PRIMARY TREATMENTS  



OXYGEN 

• Standard Therapy 

• Results from V/Q mismatch, alveolar 

hypoventilation, and hypercarbia 

• Can produce pulmonary hypertension, worsen 

bronchoconstriction, and decrease oxygen delivery 

• Bronchodilators reduce hypoxic pulmonary 

vasoconstriction and can worsen the hypoxemia 

transiently  

 

• Caution with high flow cannulae that can “wash 

out” the benefit of nebulized beta-agonists 

Lumb AB, Slinger P. Hypoxic pulmonary 

vasoconstriction: physiology and anesthetic 

implications. Anesthesiology. 2015;122(4):932-46. 

Normal Mismatch without HPV 

Mismatch with HPV Worsening  mismatch  



STEROIDS 

• 1st line agents 

• Reduces the rate of hospital admission 

• Improved pulmonary function testing 

• Increases the number and sensitivity of Beta-adrenergic receptors 

• Potent anti-inflammatory effects 

 

• Start within first hour! 

 

• Typical dose: 

• Methylpred 1-2 mg/kg/day divided BID 

• Prednisolone 1-2 mg/kg/day divided BID 

• Dexamethasone 0.3-1 mg/kg  
Alangari AA. Corticosteroids in the treatment of acute asthma. Ann 

Thorac Med. 2014;9(4):187-92. 



WHAT STEROID? 

• Data is too weak to draw any conclusions 

• In kids with potential for discharge, either Decadron 

or prednisolone can be used 

 

• In sick kids, DON’T USE ORAL MEDICATIONS 

• Try Solumedrol at 1mg/kg q6h IV 

Prednisolone Prednisone 

Methylprednisolone Dexamethasone 



ALBUTEROL 

• Reverse bronchoconstriction to open airway and better allow gas 
exchange 

 

• MDI with spacer (6-12 breaths) is equally effective as nebulizer  

• Adult studies suggest no difference but lots of confounders 

• In kids, MDI associated with shorter ED LOS, maybe less admissions, less 
systemic effects 

• But NOT performed in critically ill kids 

 

• Typical Dose: 

• 0.15–0.5 mg/kg/hr given usually as the total dose (5mg/hr, 10 mg/hr, 15 mg/hr, 20 
mg/hr) 

• Limited by tachycardia 
Cates CJ, Welsh EJ, Rowe BH. Holding chambers (spacers) 

versus nebulisers for beta-agonist treatment of acute asthma. 

Cochrane Database Syst Rev. 2013;(9):CD000052. 

Koninckx M, Buysse C, De hoog M. Management of status 

asthmaticus in children. Paediatr Respir Rev. 2013;14(2):78-85. 

 



BREATH ACTUATED NEBULIZERS? 

Titus MO, Eady M, King L, Bowman CM. Effectiveness of a breath-actuated 

nebulizer device on asthma care in the pediatric emergency department. Clin 

Pediatr (Phila). 2012;51(12):1150-4. 

Sabato K, Ward P, Hawk W, Gildengorin V, Asselin JM. Randomized 

controlled trial of a breath-actuated nebulizer in pediatric asthma patients 

in the emergency department. Respir Care. 2011;56(6):761-70. 



CONTINUOUS OR INTERMITTENT? 

• Can use either method 

 

• Cochran Review 2003:  

• Less admissions with continuous 

• Improved peak flows with continuous 

• Asthma score and duration of time RT spent performing therapies 

lower with continuous 

 

 Camargo CA, Spooner CH, Rowe BH. Continuous versus 

intermittent beta-agonists in the treatment of acute 

asthma. Cochrane Database Syst Rev. 2003;(4):CD001115. 



IPRATROPIUM 

Vézina K, Chauhan BF, Ducharme FM. Inhaled anticholinergics and short-acting 

beta(2)-agonists versus short-acting beta2-agonists alone for children with acute 

asthma in hospital. Cochrane Database Syst Rev. 2014;(7):CD010283. 

Griffiths B, Ducharme FM. Combined inhaled anticholinergics and short-acting 

beta2-agonists for initial treatment of acute asthma in children. Cochrane Database 

Syst Rev. 2013;(8):CD000060. 

Typical dose: 

250–500 mcg inhaled every 20 min for up to three doses 

May continue every 4-6 hrs 



FLUIDS 

• Higher insensible losses with increased work of 

breathing 

• Lots of variation 

 

• Most would benefit from a fluid bolus 

• 20ml/kg normal saline or normosol/plasmalyte 

Expert Panel Report 3: Guidelines for the Diagnosis and Management of Asthma; National Heart, Lung and Blood 

Institute, National Asthma Education and Prevention Program; 2007 U.S. Department of Health and Human 

Services 



EXHAUSTION OR  
CHANGE IN MENTAL STATUS? 
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SECONDARY TREATMENTS 

Magnesium 

Terbutaline 

Ketamine 

Theophylline 

Heliox 

BiPAP 



MAGNESIUM 

• Significant differences between adults and children 

• Improved pulmonary function, reduced admission rates 
with IV magnesium 

• Minimal improvements with nebulized magnesium except 
in sickest patients 

 

• Typical dose: 

• 25-50 mg/kg over 20 min up to 2g 

 
Shan Z, Rong Y, Yang W, et al. Intravenous and nebulized 

magnesium sulfate for treating acute asthma in adults and 

children: a systematic review and meta-analysis. Respir 

Med. 2013;107(3):321-30. 

Powell C, Kolamunnage-dona R, Lowe J, et al. Magnesium 

sulphate in acute severe asthma in children 

(MAGNETIC): a randomised, placebo-controlled trial. 

Lancet Respir Med. 2013;1(4):301-8. 



TERBUTALINE 

• IV/SQ beta agonist 

 

• 2012 Cochrane Review 

• Limited evidence but possibly beneficial 

• Improvements in severity scores, duration 

of continuous nebs, and ICU stay but not 

statistically significant 

 

Travers AH, Milan SJ, Jones AP, Camargo CA, Rowe BH. Addition of intravenous beta(2)-agonists 

to inhaled beta(2)-agonists for acute asthma. Cochrane Database Syst Rev. 2012;12:CD010179. 



TERBUTALINE 

• Use when air movement is 

drastically decreased 

 

• Limited by tachycardia 

• Can cause troponin leak 

 

• Typical dose: 

• SQ 0.01 mg/kg/dose (max of 0.3 mg) 

• IV Loading 10 mcg/kg IV over 10 min, 

followed by continuous infusion at 

0.1–10 mcg/kg/min 



THEOPHYLLINE 

• Evidence does not support the routine use 

 

• Lots of side effects 



HELIOX 

• Improve laminar flow 

• Greater percentage of lung particle deposition potentially resulted in 

improved scores 

• Limited by degree of hypoxemia 

Rivera ML, Kim TY, Stewart GM, Minasyan L, Brown L. Albuterol nebulized in heliox in the initial ED treatment of 

pediatric asthma: a blinded, randomized controlled trial. Am J Emerg Med 2006;24(1):38–42. 

Kim IK, Phrampus E, Venkataraman S, Pitetti R, Saville A, Corcoran T, Gracely E, Funt N, Thompson A. 

Helium/oxygen-driven albuterol nebulization in the treatment of children with moderate to severe asthma 

exacerbations: a randomized, controlled trial. Pediatrics 2005;116(5):1127–33. 



• Dose dependent preservation of airway tone/reflexes 

• Bronchodilatory effects 

 

• 2012 Cochrane Review 

• No significant difference in oxygen saturation, respiratory 

rate, hospital admission rate, and the need for 

endotracheal intubation 

 

• Case reports show improvement in oxygenation, 

respiratory rate and decreased admissions 

 

• Typical dose: 

• 1-2 mg/kg IV bolus 

• If using an infusion, consider 0.5mg/kg/hr – 2mg/kg/hr 
Jat KR, Chawla D. Ketamine for management of acute exacerbations 

of asthma in children. Cochrane Database Syst Rev. 

2012;11:CD009293. 

Hendaus MA, Jomha FA, Alhammadi AH. Is ketamine a lifesaving 

agent in childhood acute severe asthma?. Ther Clin Risk Manag. 

2016;12:273-9. 

Goyal S, Agrawal A. Ketamine in status asthmaticus: A review. Indian 

J Crit Care Med. 2013;17(3):154-61. 



CAN WE AVOID THIS…  
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MECHANICAL 
VENTILATION 

• Can aid in oxygenation 

• Improves delivery of 

aerosolized medications 

• Significantly reduces rate of 

intubation 

• Some thought that earlier is 

better 



BIPAP 

• How: 

• Facilitates “stenting” open the airway to enable better ventilation and oxygenation 

• Improves V/Q mismatch 

• Decreases work needed by patient 

•  Who: 

• Extreme tachypnea 

• Impressive use of accessory muscles 

• Profound hypoxemia 

• Initial Settings: 

• IPAP: 10-16 (based on age and severity of presentation) 

• EPAP: 5-10 

• Rate: low (aim for I:E ratio of 1:3 or greater) 

Basnet S, Mander G, Andoh J, Klaska H, Verhulst S, Koirala J. Safety, 

efficacy, and tolerability of early initiation of noninvasive positive 

pressure ventilation in pediatric patients admitted with status 

asthmaticus: a pilot study. Pediatr Crit Care Med. 2012;13(4):393-8. 

Silva Pde S, Barreto SS. Noninvasive ventilation in status asthmaticus in 

children: levels of evidence. Rev Bras Ter Intensiva. 2015;27(4):390-6. 

Op't holt TB. Additional evidence to support the use of noninvasive 

ventilation in asthma exacerbation. Respir Care. 2013;58(2):380-2. 

Williams A, Abramo T. BiPAP for treating moderate and severe 

asthma exacerbations in a PED. Critical Care. 2013;17(Suppl 2):P266. 

doi:10.1186/cc12204. 



Intubation of an asthmatic 

should be a last ditch 

effort or the therapy of 

last resort 



The decision to tracheally 

intubate should be based 

upon the clinical 

examination and not the 

results of an arterial blood 

gas 



Alteration in Mental 

Status 

Bradycardia 

Silent Chest 



Children who present to a 

community hospital 

ED (as opposed to a 

pediatric ED) are more 

likely to be tracheally 

intubated 



INTUBATION 

• Who: 

• The MOST experienced and skilled physician available 

• How: 

• Induction with Ketamine (2mg/kg IV) 

• Neuromuscular blockade with sux (1.5mg/kg IV) or rocuronium 

(1mg/kg IV) 

• Consider fluid bolus 

• Slow, breaths allowing for complete exhalation 

Wheeler DS, Wong HR, Shanley TP. Pediatric Critical Care 

Medicine, Volume 2: Respiratory, Cardiovascular and Central 

Nervous Systems. Springer; 2014. 



VENTILATOR MANAGEMENT 

• Low Tidal Volume (6cc/kg) 

• Short iTime 

• Low respiratory rate 

• Mode could be PRVC or volume mode if watching 

PIP’s 

• Use of PEEP is controversial 

• Use of muscle relaxant is controversial 
Wheeler DS, Wong HR, Shanley TP. Pediatric Critical Care 

Medicine, Volume 2: Respiratory, Cardiovascular and Central 

Nervous Systems. Springer; 2014. 



ECMO 



Nievas IF, Anand KJ. Severe acute asthma exacerbation in children: a stepwise approach for 

escalating therapy in a pediatric intensive care unit. J Pediatr Pharmacol Ther. 2013;18(2):88-

104. 

Step Therapy Dosing/Comments 

1 Oxygen Maintain SaO2 > 92% 

2 Steroids Methylprednisolone 1mg/kg IV 

3 Continuous 

Albuterol 

0.15-0.5mg/kg/hr 

If <10kg: 7.5mg/hr; 10-20kg: 10-15mg/hr; >20kg: 15mg/hr 

4 Ipratropium If <20kg: 250mcg; If >20kg: 500 mcg inhaled every 20 min 

for up to three doses 

5 IV Magnesium 25-50mg/kg up to 2g over 20 min 

6 IV/SQ Terbutaline SQ 0.01 mg/kg/dose (max of 0.3 mg) up to every 20 min 

IV Loading 10-20 mcg/kg IV over 10 min, followed by 

continuous infusion at 0.1–10 mcg/kg/min 

7 IM Epinephrine 0.01 mL/kg of 1:1,000 concentration up to every 20 min 

8 Non-Invasive 

Ventilation 

BiPAP IPAP 10-16 

          EPAP 5-10 

          Rate: Spontaneous 

9 IV Ketamine 1-2mg/kg IV 

0.5mg/kg/hr – 2mg/kg/hr 

10 Intubation Ketamine 2mg/kg IV, rocuronium 1mg/kg 

Wheeler DS, Wong HR, Shanley TP. Pediatric Critical Care Medicine, Volume 2: 

Respiratory, Cardiovascular and Central Nervous Systems. Springer; 2014. 
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