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Primary Objective   
To provide guidance on the management of acute asthma symptoms for patients across the 
Children’s Hospital & Medical Center continuum (including Children’s Physicians clinics, Urgent 
Care, CHMC Emergency Department and Medical-Surgical Inpatient Units) based on review of 
current literature and evidence-based practice. 

 
Recommendations   

1. An updated respiratory score (RS) will provide more accurate guidance for advancing 
clinical care.  We have chosen a validated scoring system that is utilized at another 
institution.  This tool does not use oxygen saturation as part of its score.  It also has tighter, 
age-based cut-offs for respiratory rate.  Use of this tool will be standardized across all areas. 

2. Dexamethasone will be the treatment of choice for systemic steroids in the Emergency 
Department. 

3. Metered-dose inhalers with AeroChambers are the preferred method for albuterol delivery. 
4. Magnesium sulfate IV will now be given as a larger dose and the rate of infusion will be 

standardized across areas. 
5. Guidance on terbutaline dosing and use has been added as an option for ED patients who 

remain severe after initial management with a combined albuterol/IB neb and steroids.  Use 
is restricted to ED and ICU secondary to concerns about cardiotoxicity. 

 
Inclusion Criteria: 
1. Child with diagnosis of asthma presenting with cough, wheeze, or respiratory distress. 
 
Exclusion Criteria: 
1. Chronic lung disease other than asthma (such as Bronchopulmonary Dysplasia, Cystic 

Fibrosis, restrictive lung disease). 
2. Airway anomalies 
3. Acquired or congenital heart disease 
4. Neuromuscular disorder 
5. Medically complex children 
6. Immune disorders 
7. Sickle cell disease 

8. Children with pneumonia, bronchiolitis, or croup as their primary diagnosis. 
 
Rationale (Safety, Quality, Cost, Delivery, Engagement & Satisfaction) 
Safety and Quality:  Will be enhanced by utilizing consistent terminology, dosing and approach to 
care between ED, Inpatient, and subspecialty and outpatient providers along with their nursing, 
respiratory therapy and case management staff. A pathway will also reinforce that all Children’s 
providers deliver care based on the NHLBI guidelines and the latest evidence and sends a 
consistent message to patients, families, and their outside providers. 
 
Cost:  Will be controlled by reducing time spent in the ED prior to admission, encouraging use of 
MDIs over nebulizers, decreasing LOS, improving use of controller medications, and by improving 
care coordination across the institution.  “Multidisciplinary clinical pathways for asthma appear to be 
effective in reducing hospital length of stay and inpatient costs”1. 
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Delivery:  Will be improved by expediting patient flow through the Emergency Department to the 
Inpatient floor for providers, RNs and RTs.   
 
Engagement:  Is created and supported by the involvement of a multidisciplinary team in the 
development and maintenance of the pathway, which includes MDs, RTs, RNs, case managers, 
and pharmacy staff.   
 
Patient/Family Satisfaction:  Shall be improved by providing the highest quality care based on 
established guidelines and having all members of the health care team delivering a consistent 
message to patient families.  

 
Review of Medications   
Short Acting Beta Agonists: This committee reviewed the dosing recommendations and side effects 
of continuously nebulized albuterol.  There is no clear evidence that there is an optimal dose, many 
recommend between 0.5-1mg/kg/hr.  Increasing albuterol dose will cause greater bronchodilation 
(until receptor saturation), but will also result in worsening tachycardia and hypokalemia8. 
Continuous albuterol can also result in diastolic hypotension within the first 6 hours of administration 
which can be related to the total dose of albuterol received13,14.  Fluid administration prior to 
initiation of continuous albuterol decreased odds of developing hypotension14.  Patients may also 
develop elevated troponins and/or ST segment changes, especially with prolonged use of 
continuous albuterol, though these improved within the study period13. There is no role for 
levalbuterol for management of asthma exacerbations.  Albuterol results in greater improvement in 
FEV at 1 hour and there is no significant difference in changes in HR, RR, oxygen saturation or rate 
of admission between the two11,12. 
 
Ipratropium bromide: This committee reviewed the literature regarding ipratropium bromide use in 
acute asthma exacerbations and status asthmaticus.  Initial therapy with albuterol plus ipratropium 
bromide in patients with severe asthma exacerbations is supported by the literature to reduce rates 
of hospitalization.17 It is also proven to improve clinical scores, oxygen saturation, and decrease 
need for additional bronchodilators during the initial phase of treatment for patients with moderate 
asthma exacerbations.22  For hospitalized patients receiving continuous albuterol the addition of 
ipratropium bromide is inadequately studied and no data is available to support or refute a clinicians 
practice.  Once hospitalized patients are able to be placed on intermittent scheduled albuterol, the 
use of ipratropium is not supported by the literature18,19,23.  This includes no significant 
differences in clinical asthma scores, length of stay, progression through asthma pathways, or 
requirements for additional therapies.  While the current literature has not shown that IB impacts 
these outcomes there are many limitations to these studies and may be a source of future research. 
 
Systemic Steroids: 
 

ED Studies: Dexamethasone has shown to be non-inferior to prednisolone based on 
lack of difference in number of hospital admissions, mean pediatric respiratory 
assessment measure on day 4, requirement for additional steroids, vomiting, 
unscheduled return visits within 14 days, rate of relapse, B-agonist use in ED, days of 
restricted activity, school days missed or parent work days missed25,29,31.  This study 
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did not include “severe exacerbations.”  However, it is notable that there were higher 
rates in albuterol use on days 4 and 5 with dexamethasone. A separate study did report 
a modest reduction in vomiting in both the ED and at home with dexamethasone vs. 
prednisolone29. A Cochrane review also showed no difference in both adults and 
children in rates of admission, symptom resolution at 3 days, or new exacerbation during 
the follow-up period26.  While the clinical evidence shows little difference between the 
two forms, there are cost and convenience savings in using dexamethasone:  decreased 
direct cost to family, total cost of care, and improved compliance30,31. 

 
Inpatient: There is very little literature regarding dexamethasone vs. prednisolone in the 
inpatient setting.  One multicenter retrospective cohort study found no difference in 
readmission rates, however, did report both shorter length of stay and lower cost with 
dexamethasone24.  However, the dosing regimens were not standardized.  A five-day 
course of prednisolone remains the recommendation for moderate-severe 
exacerbations, though a two-day course of dexamethasone could be considered a 
reasonable alternative24. Further studies are needed to further establish 
dexamethasone’s efficacy. Specifically, regarding dosing, frequency, and duration. 

 
Magnesium Sulfate: This committee reviewed the dosing guidelines and side effects of IV 
magnesium sulfate in acute asthma exacerbations and status asthmaticus. If there is not sufficient 
response to SABAs or a combination nebulization of albuterol and ipratropium bromide, IV 
Magnesium sulfate may be administered at 50mg/kg (maximum 2g) over 20 minutes after 
administering a 20ml/kg bolus of normal saline. There is a dose-dependent effect with improved 
clinical outcomes when serum concentration rises above 4mg/dL32,39.  A dose of 20mg/kg has 
been shown to not reliably achieve this supraphysiologic concentraction34.  The most common side 
effects of flushing and vomiting are not associated with serum Mg level and therefore should not 
determine dose used for treatment36.  Increasing dose beyond 50mg/kg has yet to show additional 
clinical benefit37,38.  The patient should be monitored for hypotension with this infusion33,34,40. 
Hypotension is more likely if the bolus is given in under 20 minutes33. With the relatively short half-
life of 2.7 hours and most patients returning to baseline concentrations between 4-6 hours after 
administration34, repeat doses can be given every 6 hours. This should not be used if the patient 
has a CrCl <30mL/min, neuromuscular conditions such as myasthenia gravis, AV block or 
myocardial conditions45.   

 
Implementation Items    

1. CP Smart sets 
2. ED and Inpatient Algorithms 
3. ED and Inpatient Order Sets 
4. Asthma Pathway Training Module for ED nurses 
5. Asthma Pathway Training Session for RTs 
6. Asthma History Tool for admission 
7. Stepwise Approach to Managing Asthma 
8. Asthma, Allergy & Pulmonology Guidelines for Referrals 
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Children’s Physicians & Urgent Care Management    
Metrics: 

1. A follow up asthma exacerbation appointment will be set up prior to the child leaving the 
office. A report will be developed which tracks whether the appointment is made and if the 
appointment was kept. For those No showing the appointment; the social worker or case 
manager will follow up to work with the family to set up and keep the next appointment. 

2. The first dose of corticosteroid will be given during the asthma exacerbation visit. 
 

Emergency Department    
Metrics: 

1. Decrease the amount of time to first dose of steroids (goal 60 minutes) 
2. Will measure time from triage to steroid administration. 
3. Decrease rate of CXR utilization  (goal < or equal to 15% ) 
4. riteria for obtaining a CXR should be suspicion of foreign body, failure to improve with initial 

treatment, or focal lung findings 
5. Metrics report will include RN initiated pathway orders for all patients that have some type of 

“asthma” listed as a primary diagnosis.  Patients must either receive a steroid or a dose of 
albuterol to be included in the report.  Children < 2 are excluded from the report.  An ED 
team member will audit charts from the report monthly. 

 
Overview: 

1. Triage nurses will perform a brief history and physical exam and inform respiratory therapy 
(RT) and the ED provider when there is a patient with a severe exacerbation.  The 
respiratory score (RS) will be documented before and after treatments.  The RS will help 
guide providers through the pathway and demonstrate responsiveness to interventions. 

2. The RN will confirm that patients meet the inclusion criteria without having any exclusion 
criteria before initiating the pathway. 

3. RNs will follow the ED Evidence-Based Orders policy for RN-initiated treatment after triage, 
which includes specific Inclusion Criteria and dosing for RN initiation of treatment.  

4. RT will provide respiratory treatments; nursing will be trained on how to give these 
treatments if RT is delayed or unavailable. 

5. Our goal is to have nursing provide the first steroid dose immediately after the patient has 
been triaged, prior to beginning the first inhaled treatment for all patients that meet criteria 
for initiation of a steroid. 

6. Repetitive administration of SABAs produces incremental bronchodilation.  By providing 
three doses as part of a large nebulized treatment, we will insure that patients receive those 
doses in a timely manner and make our RTs available to treat more patients.  As 60-70% of 
patients have sufficient response to this type of initial treatment to be discharged, we will 
make this standard therapy for any patient presenting with a moderate-severe exacerbation 
and reassess their response one hour after treatment. 1 

7. Adding multiple doses (2-3) of ipratropium bromide to a selective SABA produces additional 
bronchodilation, resulting in fewer hospitalizations, in the ED setting. We have selected a 
double dose based on Qureshi 1998. The combination of 3 doses of albuterol with 2 doses 
of ipratropium bromide may be referred to as “Unineb” or weight-based multi-dose nebulizer 
treatment  
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8. All patients who receive a combination nebulizer treatment will be re-assessed within 60 
minutes of the completion of their treatment.  Response to this initial treatment has been 
shown to be a better predictor of the need for hospitalization than the initial presentation 
(Evidence A)1.   If patients have had good response and are “mild,” they will be discharged 
unless they continue to be hypoxic or have a concurrent issue necessitating admission.  If 
the patient remains moderate-severe, they will be continued on scheduled albuterol 
according to their severity level and be admitted to the appropriate location. 

9. Serial pulse oximetry measurements will be assessed to help determine response to therapy 
and need for admission along with clinical improvement and RS.  An initial spot pulse 
oximetry is useful for assessing exacerbation severity, but not for predicting need for 
hospitalization.72,80-83   A repeat pulse oximetry of <92% 60 minutes after initial therapy is 
a better predictor (NHLBI Guidelines p.379).80-82  Oxygen will be provided for patients to 
keep saturations equal to or above 90% per the Oximetry Protocol. 

10. We will attempt to make disposition decisions within 4 hours based on the patient’s 
reassessment and need for repeat albuterol after their steroid dose and initial SABA ( IB) 
treatment. 

11. Studies have shown that initiating inhaled corticosteroids (ICS) at ED discharge can have a 
significant reduction in the risk of subsequent ED visits or relapse events.57,58  Patients 
who are not on long-term control therapy will be evaluated for whether it is indicated by 
utilizing the Asthma Control Test (http://www.asthma.com/additional-resources/asthma-
control-test.html).  Patients who may benefit from an ICS will be requested to follow with 
their PCP or be referred to either pulmonology or an allergy and asthma group for further 
evaluation. ED provider may also consider prescribing a 1-2 month supply of an ICS at 
discharge to bridge the gap to primary care.  All patients discharged from the ED will be 
asked to follow with their PCP within 5-7 days and a pulmonologist or asthma & allergy 
specialist in 1-4 weeks if indicated. 

12. Patient and family education will be performed with RT prior to discharge, which will include 
how to use a metered dose inhaler (MDI) with spacer and possibly a peak flow meter. 

 
Inpatient Management    
Metrics: 

1. Decrease LOS  
2. Improve advancement of patients when they are medically ready by measuring duration of 

time in each phase of treatment 
3. Maintain the number of transfers to PICU 
4. Monitor use and time to administration of magnesium sulfate 

 
Overview: 

1. Upon arrival on the floor, the patient will be assessed by a provider and a respiratory 
therapist.  The RT will assign a RS and the provider will select where on the pathway to start 
the patient on: “Severe,” “Moderate,” or “Mild.”  RTs will continue treatments scheduled from 
the ED until a pathway is selected and then will follow the Inpatient Pathway once ordered. 

2. If a patient has not received IB prior to admission, a combination treatment with albuterol 
may be given as per the ED pathway. 

3. The provider will use the EPIC order sets to place where a patient begins on the pathway.  If 
the team does not want to use the dosing or schedule built in to pathway, then the patient 
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will not be placed on the pathway and the order set should not be used.  The provider will 
also select whether they want the patient on the RT weaning protocol or not at that time. RS 
will be performed before and after treatments at intervals as defined by their pathway level.  

4. All patients will have a full asthma history obtained on admission using the Asthma History 
Tool.  Based on the patient’s history, all patients will be evaluated as to whether they are on 
proper controller medications. 

5. Nursing and physician will screen for smoke exposure upon admission. Positive screens will 
receive an educational handout at discharge, cessation counseling from the provider, and 
referral to the NE Quitline when amendable. 

6. When a patient is deemed ready to advance on the pathway, for the non-RT driven protocol,  
the RT will inform the provider who will be expected to assess the patient and advance their 
orders in a timely fashion. For the RT-driven protocol the RT may advance the patient per 
the protocol based on their RS and clinical assessments. 

7. If a patient is not responding to their treatments, the provider should be notified by RT 
and/or nursing.  Adjunctive therapy should be considered, or the patient should be escalated 
on the pathway.  Patients who are not responsive and are “severe” will be considered for 
transfer to the PICU if they are have worsening mental status, increasing oxygen 
requirements, or are not responsive to adjuvant therapy. 

8. Throughout the patient’s hospital stay, RT will work on asthma teaching with the family, 
including how to effectively use an MDI with a spacer.  At discharge, an Asthma Action Plan 
will be created for all patients by the primary team and taught to the family by RT.  

 
Team Members 

• Dr. Lauren Maskin (Pediatric Hospital Medicine) 
• Dr. Nathaniel Goodrich (Pediatric Hospital Medicine) 
• Dr. Jason Burrows (Pediatric Hospital Medicine) 
• Dr. Aleisha Nabower (Pediatric Hospital Medicine) 
• Rachel Shirk (Respiratory Therapy) 
• Kendra Christensen (Respiratory Therapy) 
• Brittnee Hallett (Respiratory Therapy) 
• Heather Bohan (Respiratory Therapy) 
• Cheryl Jarosz (Respiratory Therapy) 
• Dr. Luke Noronha (Respiratory Medicine) 
• Dr. Casey Burg (Respiratory Medicine) 
• Dr. Nancy Knowles (Children’s Physicians) 
• Dr. Betsy Stephenson (Children’s Physicians) 
• Dr. Christopher Youngman (Children’s Physicians) 
• Dr. Tom Deegan (Emergency Medicine) 
• Dr. Chelsea Majerus (Emergency Medicine) 
• Jill Bechaz (Pharmacist) 
• Robin Stec (Pharmacist) 
• Danielle Jakopovic (Pulmonary Case Manager) 
• Dr. Hana Niebur (Allergy/Immunology) 
• Krisi Kult, RN (Emergency Clinical Nurse Educator) 
• Trish Lade, RN (Inpatient Nurse) 
• Dana Roe (Information Technology) 
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• Lindsay Hattan (Information Technology) 
• Katie Kendrick, RN (Information Technology) 
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Terbutaline 
47. 2007 National Asthma Education and Prevention Program Expert Panel Report 3: 
Guidelines for the Diagnosis and Management of Asthma 
(http://www.nhlbi.nih.gov/files/docs/guidelines/asthsumm.pdf) 
48. Terbutaline child dosage recommendations – “0.01 mg/kg every 20 minutes for 3 doses 
then every 2-6 hours as needed, sq” (p. 56) 
49. Nievas, F & Anand, K (2013), ‘Severe Acute Asthma Exacerbation in Children: A Step-
Wise Approach for Escalating Therapy in a Pediatric Intensive Care Unit’, The Journal of 
Pediatric Pharmacology and Therapeutics’, 18 (2), pp. 88-104. 
50. Doymaz, S, Schneider, J & Sagy, M (2014), ‘Early Administration of Terbutaline in 
Severe Pediatric Asthma May Reduce Incidence of Acute Respiratory Failure’, Annals of 
Allergy, Asthma, and Immunology, 112, pp. 207-210. 
51. Bogie AL, Towne D, Luckett PM, et al. Comparison of intravenous terbutaline versus 
normal saline in pediatric patients on continuous high-dose nebulized albuterol for status 
asthmaticus. Pediatr Emerg Care. 2007;23:355 
52. Doymaz S, Schneider J, Sagy M. Early administration of terbutaline in severe pediatric 
asthma may reduce incidence of acute respiratory failure. Ann Allergy Asthma Immunol. 
2014;112(3):207-10 
53. Doymaz, S, SchneiderJ. Safety of terbutaline for treatment of acute severe pediatric 
asthma. Pediatric Emergency Care. 2016; Mar. 8. 
54. Federico FNI, et al. Severe acute asthma exacerbation in children: A stepwise approach 
for escalating therapy in a pediatric intensive care unit. J Pediatr Pharmacol Ther. 2013;18:88-
104. 

 
Controllers 

55. Sampayo E, Chew A, Zorc J.  Make an M-PACT on Asthma; Rapid Identification of 
Persistent Asthma Symptoms in a Pediatric Emergency Department. Pediatric Emergency Care 
Volume 26, Number 1, January 2010. 
56. “Key Points for Asthma Guideline Implementation” from the Medical Home Chapter 
Champions Program on Asthma; 2013. 
57. Sin DD, Man SF.  Low-dose inhaled corticosteroid therapy and risk of emergency 
department visits for asthma.  Arch Intern Med 2002 Jul 22; 162(14): 1591-5. 
58. Rowe BH, Bota GW, Fabris L et al.  Inhaled budesonide in addition to oral 
corticiosteroids to prevent asthma relapse following discharge from the emergency department: 
a randomized controlled trial.  JAMA.  1999 Jun 9; 281(22): 2119-26. 

 
Other Institutional Pathways 

59. Children’s Hospital of Philadelphia ED Pathway for Evaluation/Treatment of Children 
with Asthma and Inpatient Asthma Practice Pathway, Revised September 2013.  Authors: J. 
Zorc MD, R. Scarfone MD, AM Reardon CRNP, N. Stroebel CRNP, W. Frankenberger RN, L. 
Tyler RT, D. Simpkins RT 
60. Asthma Clinical Care Guideline for Children’s Hospital/Kaiser/Denver Health, 2009 
61. University of Rochester Medical Center Pediatric Asthma Clinical Care Pathway 4/1/13 
62. Seattle Children’s Asthma 3.0 Executive Summary 12/7/12 
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Asthma Scoring Systems 
63. Alnaji F, Zemek R, Barrowman N, Plint A. PRAM score as predictor of pediatric asthma 
hospitalization. Acad Emerg Med. 2014;21:872–8. 
64. Arnold DH, Gebretsadik T, Abramo TJ, Moons KG, Sheller JR, Hartert TV. The RAD 
score: a simple acute asthma severity score compares favorably to more complex scores. Ann 
Allergy Asthma Immunol. 2011;107:22–28. 
65. Gorelick MH, Stevens MW, Schultz TR, Scribano PV. Performance of a novel clinical 
score, the Pediatric Asthma Severity Score (PASS), in the evaluation of acute asthma. Acad 
Emerg Med. 2004;11:10–18. 
66. Gouin S, Robidas I, Gravel J, Guimont C, Chalut D, Amre D. Prospective evaluation of 
two clinical scores for acute asthma in children 18 months to 7 years of age. Acad Emerg Med 
2010;17:598–603. 
67. Johnson M, Nkoy F, Sheng X, Greene T, Stone B, Garvin J. (2016): Direct concurrent 
comparison of multiple pediatric acute asthma scoring instruments, Journal of Asthma. DOI: 
10.1080/02770903.2016.1258081 
68. Maekawa T, Oba m, Katsunama T, Ishiguro A, Ohya Y,Nakamura H. Modified 
pulmonary index score was sufficiently reliable to assess the severity of acute asthma 
exacerbations in children. Allergology International. 2014;63:603-607. DOI: 
10.2332_allergolint.13-OA-0681 
69. Scarfone RJ, Fuchs SM, Nager AL, Shane SA. Controlled trial of oral prednisone in the 
emergency department treatment of children with acute asthma. Pediatrics. 1993;92:513–518.  
70. Hsu P et al.  The pulmonary index score as a clinical assessment tool for acute 
childhood asthma.  Ann Allergy Asthma Immunol.  2010 Dec; 105(6): 425-9. 
71. Arnold DH et al.  The RAD score: a simple acute asthma severity score compares 
favorably to more complex scores (PRAM AND PASS). Ann Allergy Asthma Immunol. 2011 Jul; 
107(1):22-8. 
72. Keahey L, Bulloch B, Becker AB et al.  Initial oxygen saturation as a predictor of 
admission in children presenting to the emergency department with acute asthma.  Ann Emerg 
Med. 2002 Sep;40(3):300-7. 

 
Smoking Cessation 

73. Aligne CA, Stoddard JJ.  Tobacco and children: An economic evaluation of the medical 
effects of parental smoking.  Arch Pediatr Adolesc Med 1997; 151(7): 648.53. 
74. Mannino DM, et al.  Health effects related to environmental smoke exposure in children 
in the United States.  Arch Ped Adolesc Med.  2001;155:36-41. 
75. Bolte G, et al.  Socioeconomic determinants of children’s environmental tobacco smoke 
exposure and family’s home smoking poilicy.  Eur J Pub Health.  2008;19:52-58. 
76. Fiore MC, et al.  Treating Tobacco Use and Dependence:  Clinical Practice Guideline.  
Rockville, MD.  US Dept of Health and Human Services.  June 2000. 
77. Cluss PA, et al.  Parent attitudes about pediatricians addressing parental smoking.  
Ambul Pediatr 2002;2:485-8. 
78. Winickoff JP, et al.  State-of-the-Art interventions for office-based parental tobacco 
control.  Pediatrics 2005; 115:750-60. 
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Pulse Oximetry in the Emergency Department 
79. Kelly AM, et al.  How accurate are pulse oximeters ion patients ewith acute 
exacerbations of chronic obstructive airways disease?  Respir Med.  2001 May;85(5):336-40. 
80. Wright RO, et al.  Evaluation of pre= and posttreatment pulse oximetry in acute 
childhood asthma.  Acad Emerg Med.  1997 Feb;4(2):114-7. 
81. Sole D, et al.  Pulse oximetry in the evaluation of the severity of acute asthma and/or 
wheezing in children.  J Asthma.  1999 June;36(4): 327-33. 
82. Kelly AM, et all.  Is severity assessment after one hour of treatment better for predicting 
the need for admission in acute asthma?  Respir Med.  2004 Aug;98(8): 777-81. 
83. Keogh KA, et al.  Predictors of hospitalization in children with acute asthma.  Keogh KA, 
et al.  J Pediatr.  2001 Aug;139(2): 273-7. 
84. Kelly AM, et al.  Patients with a longer duration of symptoms of acute asthma are more 
likely to require admission to hospital.  Emerg Med (Fremantle).  2002 Jun; 14(2): 142-5. 


