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THE INPATIENT MANAGEMENT OF ASTHMA AT CHRMC
Asthma is an inflammatory disease of the airways that affects millions of children in the United States.  The etiology of asthma is multi-factorial, including genetic predisposition to atopy (allergy), bronchial hyperresponsiveness (twitchy, sensitive airways), and early programming of the immune system in response to environmental and infectious stimuli.  The goals of medical therapy are bronchodilation and decreasing airways inflammation in order to decrease airway resistance and bronchial obstruction.  It is also essential to provide asthma education and a management plan as well as to ensure appropriate outpatient follow-up.

In an effort to promote an evidence-based approach to asthma, the National Heart Lung and Blood Institute (NHLBI) convened an expert panel in 1991, again in 1997, and most recently in 2007, to establish best practice guidelines for the diagnosis and management of asthma.  These NHLBI Guidelines are the foundation upon which the Children’s Hospital clinical pathways are based.

Diagnosing Asthma

The 3 components of asthma diagnosis are: 1) the history or presence of episodic signs/symptoms of airflow obstruction, e.g. wheeze, dyspnea, shortness of breath; 2) airflow obstruction that is at least partially reversible; and 3) the exclusion of other diagnoses, e.g. foreign body aspiration, vascular ring, and vocal cord dysfunction.  Children less than 3-years-old most commonly wheeze in conjunction with acute viral respiratory infections.  Approximately 2/3rds of these children will have remission of their symptoms by the time they reach the age of age 3-4 yrs (transient wheezers) while some will continue to wheeze as they get older (persistent wheezers).  Clinicians often label patients in the group of transient wheezers as having “reactive airways disease” rather than “asthma,” and both of these terms are used at CHRMC.  No matter what the label, children with repeated episodes of airways obstruction associated with respiratory tract infections are treated in the same manner as those with non-infectious triggers.  These patients require adequate bronchodilator and anti-inflammatory therapy.

Highlights of Inpatient Asthma Management

1. The medical management of acute asthma is based on providing bronchodilation with short-acting beta agonists (albuterol, levalbuterol [Xoponex]) and at times with the anticholinergic agent, ipratropium (Atrovent), and decreasing airways inflammation with systemic corticosteroids (prednisone, methylprenisolone, dexamethasone).

2. Frequent reassessment of the patient’s clinical status and response to therapy followed by adjustments in medications are key!
3. Objective measures of airways obstruction (peak flow rates, spirometry, PCO2) can help you determine how well or poorly your patient is doing.

4. Look for and treat co-morbidities, and determine the patient’s asthma triggers.  Common co-morbidities include gastro-esophageal reflux, sinusitis, and allergic rhinitis.  Exacerbating factors include tobacco smoke, aeroallergens (trees/grass/molds, cat/dog dander, dust mites), exercise, cold air, and weather changes.

5. Remember that we should take advantage of the hospital stay to evaluate the patient’s outpatient asthma management plan and adjust it if necessary and to educate patient and family members about asthma.

The Asthma Guideline for Care:

Each child admitted to the hospital has an asthma education sheet placed in the chart.  As the RNs, RTs, and physicians provide elements of asthma education, e.g. inhaler instruction, and trigger avoidance, then these are checked off on the sheet. The Discharge Plan should be developed in collaboration with the patient’s primary care physician (PCP), when possible.  The Asthma Management (Action) Plan is completed and then signed by a physician before the patient is discharged. The Asthma Management Plan must be completed by the time of hospital discharge.  
Most patients admitted to the hospital for treatment of asthma can be treated on the respiratory care unit (RCU) clinical pathway.  The goals of this pathway are to facilitate consistent care, based on current medical evidence and expert consensus, and to standardize care provided by nurses, respiratory therapists, and physicians. The RCU pathway is concerned primarily with the administration of bronchodilators and uses a respiratory clinical score to determine when to wean doses and intervals of bronchodilator administration.  When implemented, the pathway should help you provide high quality care and also save time writing orders.  However, not everyone with asthma should be put on the pathway.  Pathways generally apply to previously healthy children whose illnesses follow “typical” courses.  For example, the pathway is not designed for a prematurely born child with BPD or an infant with heart disease.  We expect you to think critically about your patient’s individual situation.  Use the RCU pathway as the basis of your care children with asthma, but you may need to modify the protocol for individual patients.  

RESPIRATORY CARE UNIT (RCU):
Beginning in the winter of 2002 we established a comprehensive treatment and family education unit/pathway (the RCU pathway/protocol) in order to facilitate the management of patients admitted for treatment of asthma.  To be eligible for the RCU pathway, children need to meet the following criteria: 1) have a primary admitting diagnosis of acute asthma, 2) be ≥ 18 mos-old, and 3) not have other significant underlying diseases, e.g. BPD, cystic fibrosis.  The RCU patients receive bronchodilator therapy, with doses and frequency of administration determined by their clinical asthma severity scores.  Their bronchodilator treatment is protocol-based, requiring frequent RN/RT assessments using the respiratory scoring tool.  Based on the clinical asthma score, the patient’s dose and frequency of short-acting beta agonist medication are either weaned, kept the same, or escalated.  The parents/guardians are encouraged to stay with their child in order for the RN/RT/MD team to devote more time to education.  The patient’s clinical score and medication doses are recorded on a document present in the chart as the patient progresses along the pathway.  Families also receive an asthma education book in addition to other asthma educational material.  Patients ≥ 18-months-old can receive continuous beta-agonist therapy on the wards, but depending upon the severity of their exacerbations some of these children will require treatment in the ICU.

THINGS TO THINK ABOUT WHILE FILLING OUT THE ADMIT ORDERS:

DIET/IV:  IV fluids/medications are not always needed.  Consider hydration status, work of breathing, and the ability to tolerate oral corticosteroids.

ISOLATION:  Upper respiratory tract infections (URIs) are the most common trigger for asthma exacerbations leading to hospitalization.  The decision to isolate a patient because of concerns for transmissible respiratory infection is made by the charge nurse based on pre-established criteria.  If you think an error has been made, then feel free to discuss it with the nursing team and infection control.

OXIMETRY:  Pulse oximetry is useful to some extent to monitor severity of the acute phases of an asthma exacerbation, especially when the trajectory of the disease process is unknown or still worsening.  Once a child has stabilized, then re-evaluate on a daily basis whether your patient still needs to be monitored with a pulse oximeter.   A room air SaO2 of ≥ 94% is reassuring, though > 90% is acceptable.  Remember that oxygen saturation is not a good measure of the degree of airway obstruction.  Some patients that are recovering from asthma exacerbations and are no longer acutely ill may have significant hypoxemia due to mucous plugging and shunting of blood through atelectatic areas.  Thus, it is important to interpret the SaO2 values in the context of the patient’s clinical situation.
MEDICATIONS:  (See Pathway and CPOE order sets)

For bronchodilators we do not use weight-based dosing and have encouraged MDIs as an alternative to nebulized therapy.  

1. Albuterol:  This short-acting beta2-adrenergic agonist remains the bronchodilator of choice.  Doses range from continuous albuterol at 30 mg/hr (in the intensive care unit the continuous dose varies, but on the wards it is always 30 mg/hr) to 4-8 puffs by MDI or 2.5-5.0 mg of albuterol by nebulizer every 2-6 hrs.  If the patient is on the RCU pathway, then the dose and frequency of albuterol are determined by the patient’s asthma clinical score.  Albuterol administered by MDI is as effective as nebulized albuterol.  The conversion rate that we use is 4 puffs of albuterol by MDI = 2.5 mg albuterol delivered by nebulizer.  In the RCU pathway, the dosing interval of albuterol administration is extended before the dose per treatment is decreased.   For example, a patient who is receiving albuterol 8 puffs by MDI (= 5 mg by nebulizer) every 2 hours is first weaned to 8 puffs every 4 hrs. Then, provided the patient continues to improve, the dose is decreased to 4 puffs by MDI (= 2.5 mg by nebulizer) every 4 hrs.  The decision to use an MDI vs. nebulizer is subjective and is based primarily on patient and physician preference.  Nurses/RTs will wean the albuterol frequency per the RCU protocol, though the physician team can always alter this weaning strategy.  Please note that there is a standard order to “Call HO for all changes in doses or frequency or if the patient needs a treatment before the next scheduled dose.”  This is meant to be a safety net that ensures that you are aware of the changes, and it provides you with the opportunity to assess whether your patient is being weaned too quickly. 

2. If your patient has a severe exacerbation, then you should examine the patient frequently and especially at times when the RN/RT notifies you that the child is ready to wean the albuterol dose/frequency.  When filling out your initial orders you should make a note of the frequency and strength of albuterol dosing given in the ED.  The common adverse effects of albuterol, especially with higher doses, are tachycardia and tremor, and mild hypokalemia.

3. Levalbuterol (Xoponex), the R-isomer of albuterol, is an effective bronchodilator.  It is more expensive than albuterol but may have fewer adverse effects.  It is now available in MDI as well as nebulized form.  Levalbuterol is not routinely used at CHRMC, but it may be considered in special cases.

4. Ipratropium bromide (Atrovent) nebs/MDI:  This is an anticholinergic agent with an excellent safety profile.  It is a bronchodilator that can be added to albuterol.  Data from studies performed in EDs indicate that ipratropium when added to albuterol in children presenting with severe airways obstruction can improve pulmonary function and decrease admission rates, compared to albuterol alone.  However, ipratropium does not change the clinical course of children already admitted to the hospital for treatment of acute asthma (J. Pediatrics 2001; 138:51-8).  Thus, it is used primarily in the ED and ICU.  
5. Corticosteroids:  Systemic corticosteroids are the foundation of anti-inflammatory treatment for asthma exacerbations.  Commonly used corticosteroids are prednisone, methylprednisolone (Medrol, Solumedrol), and dexamethasone.  Inhaled corticosteroids are not as effective as oral or IV steroids for treating acute asthma, and we do not treat inpatient exacerbations at CHRMC with inhaled corticosteroids.  Oral corticosteroids are generally as effective as IV forms, so the decision to use IV preparations is based primarily on whether the patient can tolerate PO meds.  The ED physicians will frequently treat patients with 0.4-0.6 mg/kg of dexamethasone.  Patients treated for asthma and then discharged from the ED will often go home and complete a 2-3 days course of dexamethasone.  Patients that are admitted to the hospital will probably require longer courses.  The average prednisone dose is 2-3 mg/kg/day, given as a single or divided dose, for 5-7 days (usually dosed bid).  Dexamethasone is approximately 5 times more potent than prednisone, so the dose is 0.4-0.6 mg/kg/day.  Dexamethasone is longer acting than prednisone, so it can be given once daily, while prednisone is usually administered twice daily.  Dexamethasone tablets do not taste as bad as prednisone tablets, so if you plan to administer the corticosteroid as a crushed pill, then consider ordering dexamethasone. The average duration of a dexamethasone course for a child ill enough to be admitted to the hospital for treatment of asthma is 5 days.  If a child is extremely ill or unable to tolerate oral corticosteroids, then you can use IV methylprednisolone 1 mg/kg either every 12 hrs or even every 6 hrs.  Children with severe exacerbations or refractory symptoms may need to take oral corticosteroids for longer than 5 days.  Please note that it is rarely necessary to taper a patient off of corticosteroids.  

6. Inhaled corticosteroids:  Inhaled corticosteroids are the mainstay of “controller” therapy for persistent asthma, but their role in treating asthma exacerbations is limited.  Increasing a patient’s inhaled corticosteroids dose may attenuate mild outpatient exacerbations, but they are not as effective as short courses of systemic corticosteroids. There is no role for inhaled corticosteroids in treating asthma exacerbations severe enough to warrant hospital admission.  Rather, oral or IV corticosteroids should be used.

WHAT TO DO WHEN A CHILD WITH ASTHMA IS NOT IMPROVING OR IS GETTING SICKER?
1. Assess the patient!  Check work of breathing, respiratory rate, degree of air movement, fatigue, ability to speak in sentences, vomiting, etc.  Consider a blood gas (arterial or capillary) to check PCO2, and consider ordering a CXR (look for a peumomediastinum, or more concerning, a pneumothorax.)
2. Reconsider your diagnosis:  consider foreign body, bronchiolitis, GERD, aspiration, pneumonia, congenital malformations, etc.

3. Consider medication changes to include adding ipratropium aerosol treatments (MDI or nebulizer), increasing albuterol dosages or frequency, and increasing the corticosteroids dose.

4. Consider the complicating factor of mucus plugging.  
5. Call for help sooner rather than later.  Call your senior resident and let the attending know that the child is struggling.  The PICU fellow can always help evaluate the patient.  Consider pulmonary consultation.

LABS:  

1. Most children admitted for treatment of asthma exacerbations do not require blood tests. However, if the patient is receiving continuous albuterol, then electrolytes should be checked at least once to look for hypokalemia and acidosis.  
2. If the patient is in severe respiratory distress and is not clinically improving with treatment then consider obtaining a PCO2 via CBG, VBG, or ABG.  Note: a PCO2 > 40 mm Hg on a CBG or ABG or > 46 mm Hg on a VBG in a patient who is in respiratory distress is a Red Flag.  Remember that hypercapnea (in the case of acute asthma that means > 40 mm Hg on a CBG or ABG) may herald respiratory failure.  It is a warning that your patient may need to be transferred to the ICU. 

X-RAYS:  

1. Most children admitted with asthma exacerbations do not need CXRs.   If you suspect pneumonia or if the asthma exacerbation is atypical making you worried about other diagnoses, then consider obtaining a CXR.  If your patient’s condition deteriorates, then a CXR may be indicated.  Rarely patients with acute asthma develop life-threatening pneumothoraces.  The primary reason to obtain a CXR is to exclude other diagnoses rather than to confirm asthma.  Patients with acute asthma may have pulmonary densities from mucous plugging and patchy atelectasis that can be mistaken for infiltrates due to pneumonia.  Please keep this in mind.
2. If the patient has never had a CXR before, then it is reasonable to obtain one before hospital discharge, as a baseline.

PEAK FLOW RATES:  

1. Peak flow is an objective measure of airways obstruction and can be a useful monitoring tool in children > 5 yrs-old (and especially in children > 10 yrs-old).  It is very effort dependent, so you must make sure that the patient has performed the test accurately before you interpret the values.
2. Children > ages ~ 5 yrs can usually be taught to use a peak flow meter, but it is most useful in children > 10 yrs-old.  It is best to compare peak flow values with the patient’s “personal best”, but if this is not available then there are predicted values.    

3. Remember that peak flow measurements are very effort dependent, so evaluate your patient’s technique before you believe the numbers.

DISCHARGE CRITERIA:  

1. As a rule, children should be tolerating every 4-6 hr albuterol treatments and have a room air SaO2 > 93% for at least the 6 hrs prior to discharge.
2. Soon after admission, determine whether the child will need a nebulizer machine and/or training with an MDI/spacer.  Please note that with the increased use of MDIs we are prescribing fewer home nebulizers.
3. There is an asthma education check list in each chart, and all the educational items on that list should be accomplished by the RNs, RTs, and/or MDs before the child is discharged from the hospital.  We no longer have the structured asthma class, as attendance was variable and many children/parents were unable to get to the class.  The new process provides equivalent education to all children hospitalized with asthma.
4. You should write your discharge orders by the time the patient has weaned to every 3-4 hour albuterol treatments.  This will allow the family to get their medications and provide sufficient time for the floor RN or RT go over the use of the medicines and nebulizer.
5. Make sure that the asthma management discharge plan is being completed.

GETTING A CHILD READY FOR DISCHARGE:  

1. Many patients are hospitalized for only 1 or 2 days.  When considering hospital discharge, it is important for you to stop and make sure that the child and the family are ready to go home.  Make sure that the patient is: 1) tolerating oral corticosteroids and taking fluids well; 2) is tolerating every 4-6 hr bronchodilator (albuterol or Xoponex) treatments; and 3) has been off of supplemental oxygen for at least 6 hrs.
2. Make sure that the parents have a basic understanding of respiratory distress and the signs/symptoms of worsening asthma.  They should know how to identify these warning signs and understand the plan for what to do if the patient’s asthma worsens.

3. Make sure that you have addressed allergens and irritants. Discuss smoking cessation, when appropriate, and consider RAST allergy testing (blood test) or referral for skin prick testing in children > 4 yr-old with moderate or severe persistent asthma.  RAST tests should be done to cat, dog, dust mites (D. farinae, D. pterynisinus), and a representative tree (e.g. alder), grass (e.g. Timothy), and weed (e.g. English plantain)
4. Address co-morbidities to include GE-reflux and sinusitis.
5. Social issues play a major factor in determining whether a child is ready for hospital discharge.  Make sure the family knows what medicines the child is to take, has received asthma education, and that the patient has a follow-up appointment scheduled with their PCP and/or asthma specialist.  

6. Make sure that the patient understands the home medication plan.  The usual home albuterol dose is 2-4 puffs by MDI or 2.5 mg by nebulizer up to every 4 hrs.  Patients often require controller medications (e.g. inhaled corticosteroids, montelukast), and they should complete a course of oral corticosteroids (prednisone, dexamethasone).

7. The discharging physician is responsible for signing the Asthma Management Plan (the form with the colored squares).  The plan can be filled out with the help of the RNs/RTs taking care of the patient. Remember that almost all patients should use a spacer with the MDI, especially for inhaled corticosteroids.  ALWAYS discuss the plan with the PCP and set up a follow-up appointment.
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