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Definition
An exacerbation of COPD is:

� “An acute event characterized by a worsening of 
the patient’s respiratory symptoms that is beyond 
normal day-to-day variations and leads to a 
change in medication.”  
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Risk Factors
� Advanced age
� Productive cough
� Duration of COPD
� History of antibiotic therapy
� COPD-related hospitalization within the previous year
� Chronic mucous hypersecretion
� Theophylline therapy
� Having one or more comorbidities

� Ischemic heart disease
� Chronic heart failure
� Diabetes mellitus

� Low FEV1
� GERD
� Pulmonary HTN

Triggers
� The most common causes of COPD exacerbations are 

viral upper respiratory tract infections and infection of 
the tracheobronchial tree.  

� Other – environmental pollution, PE, MI, HF, or 
aspiration

Pathogen Percentage of bacterial isolates (range)

Haemophilus influenzae 13 to 50

Moraxella catarrhalis 9 to 21

Streptococcus pneumoniae 7 to 26

Pseudomonas aeruginosa 1 to 13

Sethi S. Proceedings of the American Thoracic Society 2004; 1:109.

Diagnosis
� Diagnosis relies exclusively on the clinical presentation 

of the patient complaining of an acute change of 
symptoms that is beyond normal day-to-day variation.

� Cough increases in frequency and severity

� Sputum production increases in volume and/or changes 
character

� Dyspnea increases
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Evaluation
� Pulse oxygen saturation
� CXR

� To exclude pneumonia, pneumothorax, pulmonary edema, pleural 
effusion 

� Laboratory studies
� CBC with differential
� Serum electrolytes and glucose

� ABG
� If acute or acute-on-chronic respiratory acidosis is suspected or if 

ventilatory support is anticipated

� Miscellaneous
� ECG, cardiac enzymes, BNP, D-dimer

� Spirometric tests:  not recommended during an exacerbation

Evaluation
� Sputum culture? 

� NO

� Purulent sputum:  indication to begin empirical 
antibiotic treatment

� Viral Cultures?

� Maybe

Indications for Hospital Admission
� Failure of an exacerbation to respond to initial medical 

management

� Marked increase in intensity of symptoms

� Severe underlying COPD

� Onset of new physical signs 
� Inability to eat or sleep due to symptoms

� New cyanosis or worsening hypoxemia

� Changes in mental status 

� Insufficient home support 

� Frequent exacerbations

� Presence of serious comorbidities
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Goal of Treatment
� The goal of treatment is to minimize the impact of the 

current exacerbation and to prevent the development 
of subsequent exacerbations.

� Reverse airflow limitation

� Treat infection

� Adequate oxygenation

� Avert intubation and mechanical ventilation

Manage Exacerbations: Key Points
� Oxygen

� Short-acting inhaled beta2-agonists with or without 
short-acting anticholinergics are usually the preferred 
bronchodilators for treatment of an exacerbation.

� Systemic corticosteroids and antibiotics can shorten 
recovery time, improve lung function (FEV1) and 
arterial hypoxemia (PaO2), and reduce the risk of early 
relapse, treatment failure, and length of hospital stay.

Manage Exacerbations:  Oxygen
� Oxygen:  titrate to improve the patient’s hypoxemia 

with a target saturation of 88-92%
� Avoid worsening hypercapnia

� PaO2 60-70 mmHg

� If you cannot correct hypoxemia with a low FiO2 (eg, 4 
L/min by nasal cannula or 35 percent by mask), 
consider  
� Pulmonary emboli

� Acute respiratory distress syndrome

� Pulmonary edema

� Pneumonia



10/14/2014

5

Manage Exacerbations:  

Bronchodilators
� Bronchodilators: Short-acting inhaled beta2-agonists 

with or without short-acting anticholinergics are 
preferred.
� MDI or nebulizer (preferred)

� 2.5 mg (diluted to a total of 3 mL) by nebulizer every one 
to four hours as needed, or four to eight puffs (90 mcg 
per puff ) by MDI with a spacer every one to four hours 
as needed

� No benefit to continuous nebulizers

� Administer bronchodilator treatments using air to avoid 
hypercapnea

Manage Exacerbations:  Steroids
� Systemic Corticosteroids:  Shorten recovery time, 

improve lung function (FEV1) and arterial hypoxemia 
(PaO2), and reduce the risk of early relapse, treatment 
failure, and length of hospital stay.  A dose of 40 mg 
prednisone per day for 5 days is recommended .

Steroids: Efficacy
� Randomized, placebo-controlled trial of 271 patients

� 8-week glucocorticoid therapy

� 2-week glucocorticoid therapy

� Placebo

� Higher treatment failure in placebo group

� Systemic steroids in both groups led to
� Decreased hospital stay (8.5 days, vs. 9.7 days for placebo; 

P=0.03)

� Increased FEV1 by 0.1L by day 1

� Hyperglycemia

� 8-week regimen was not superior to 2-week regimen

Niewoehner DE. NEJM 1999.
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Steroids: Route
� Oral glucocorticoids are rapidly absorbed (peak serum 

levels achieved at one hour after ingestion) with 
virtually complete bioavailability and appear equally 
efficacious to intravenous glucocorticoids for treating 
most exacerbations of COPD
� Randomized trial of 210 patients to receive oral or IV 

prednisolone (60mg daily) for 5 days

� Primary outcome – treatment failure (death, ICU 
admission, readmission to ICU, or intensification of 
therapy in 90 days)

� No difference in outcomes

de Jong YP.  Chest 2007.

Steroids: Route
� IV glucocorticoids

� Severe exacerbation

� Respond poorly to oral glucocorticoids

� Unable to take oral medication

� Impaired absorption due to decreased splanchnic
perfusion (eg, patients in shock)

Steroids: Dose
� The optimal dose of systemic glucocorticoids for 

treating a COPD exacerbation is unknown

� GOLD guidelines advise using the equivalent of 
prednisone 40 mg once daily for the majority of COPD 
exacerbations

� Prednisone 30 to 60 mg, once daily

� Methylprednisolone 60 to 125 mg, two to four times 
daily

� Favor using moderate rather than high dose 
glococorticoids
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Steroids: Dose
� Observational study of 79,985 patients with COPD 

exacerbation (excluding ICU)

� Median glucocorticoid dose administered in the first 
two days was 60 mg for those on po therapy and 556 mg 
for IV therapy

� Risk of treatment failure was no greater with the lower 
dose

� Caveat: possible that less ill patients were more likely to 
receive oral treatment

Lindenauer PK. JAMA 2010.

Steroids: Dose
� For patients with impending or actual acute respiratory 

failure due to a COPD exacerbation
� Favor IV
� Equivalent of methylprednisolone 60 mg IV, one to four times 

daily
� Outcomes data to guide this practice are limited

� Observational cohort study of 17,239 patients admitted to 
ICU with COPD exacerbation
� MP ≤240mg/day vs MP>240mg/day
� No mortality benefit
� Slightly shorter hospital stay (-0.44 days) and ICU days (-0.31 

days)
� Decreased length of MV and need for insulin therapy

Kiser TH.  AJRCCM 2014.

Steroids: Duration
� Full dose therapy (eg, prednisone 40 mg daily) is given 

for 5 to 14 days

� SCCOPE trial

� Double-blind, randomized trial of 271 patients receiving 
systemic glucocorticoids (given for two or eight weeks) 
or placebo

� Primary outcome was treatment failure, and did not find 
any additional benefit to the longer course

� Patients in the eight week group experienced more 
glucocorticoid-related side effects

Niewoehner DE.  NEJM 1999.
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Steroids: Duration
� How about less than 2 weeks?

� Cochrane Review evaluating the efficacy of short (seven 
days or less) compared to longer duration (more than 
seven days) systemic corticosteroid therapy for acute 
exacerbations of COPD

� No difference in the risk of treatment failure with 
courses of three to seven days compared with longer 
courses. 

� However, the data were not felt to be sufficient to 
conclude equivalence.

Walters JA. Cochrane Database Syst Rev. 2011 

Steroids: Duration
� REDUCE trial

� Randomized trial of 314 patients to either prednisone 
40mg daily for 5 or 14 days

� Primary outcome: Time to next exacerbation within 180 
days 

� No difference in primary outcome, the likelihood of an 
exacerbation in the subsequent 180 days, or the recovery 
of lung function\

� Mean cumulative prednisone dose was significantly 
higher in the 14-day group, but treatment-related 
adverse effects, such as hyperglycemia and 
hypertension, were not different between the groups

Leuppi JD. JAMA 2013.

Steroids: Taper
� At the end of the treatment course, glucocorticoid therapy 

may be discontinued rather than tapered, if the patient has 
substantially recovered

� Alternatively, the dose is tapered over another seven days, 
as a trial to determine whether a longer course of 
glucocorticoid therapy is required

� However, long-term systemic glucocorticoidsshould rarely 
be used for stable COPD if therapy is otherwise optimized.

� Tapering solely because of concerns about adrenal 
suppression is not necessary if the duration of therapy is 
less than three weeks (a duration too brief to cause adrenal 
atrophy). 
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Antibiotics
� Indicated for patients 

with moderate to severe 
COPD exacerbation that 
requires hospitalization

� Antiviral therapy is 
recommended for 
patients with clinical and 
laboratory evidence of 
influenza infection who 
require hospitalization for 
an exacerbation of COPD

Supportive Care
� Cigarette smoking cessation

� Thromboprophylaxis

� Nutritional support

Treatments without Documented 

Benefits
� Mucoactive agents

� N-acetylcysteine (NAC) – can worsen bronchospasm
� Double-blind trial of 50 patients with COPD exacerbation to receive 

NAC 600mg BID or placebo for 7 days

� No difference in rate of change of FEV1, vital capacity, oxygen 
saturation, breathlessness, or LOS

� Methylxanthines
� Theophylline, aminophylline

� Second-line therapy

� Randomized control trials of IV aminophylline show no 
efficacy beyond inhaled BDs and glucocorticoid therapy

� Nausea, vomiting, tremor, palpitations, and arrhythmias

Black PN.  BMC Pulm Med 2004.
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Treatments without Documented 

Benefits
� Nebulized magnesium

� IV magnesium has a bronchodilator effect in acute 
severe exacerbations of asthma

� Nebulized magnesium (151mg per dose) had no effect on 
FEV1 when added to nebulized albuterol

� Chest physiotherapy
� Directed coughing, chest physiotherapy with percussion 

and vibration, intermittent positive pressure breathing, 
and postural drainage, have not been shown to be 
beneficial in COPD and may provoke 
bronchoconstriction. 

Edwards L.  Thorax 2013.

Treatments without Documented 

Benefits
� Flutter valve

� Mucolytic agent

Noninvasive Positive Pressure 

Ventilation
� Ventilation delivered through a noninvasive interface, 

such as a face mask, nasal mask, or nasal prongs

� Optimal initial settings for NPPV have not been 
established
� Initiate NPPV in a spontaneously triggered mode with a 

backup respiratory rate

� Inspiratory pressure of 8 to 12 cm H2O

� Expiratory pressure of 3 to 5 cm H2O

� Inspiratory pressure is gradually increased as needed to 
achieve alleviation of dyspneaand good patient-
ventilator synchrony.
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Noninvasive Positive Pressure 

Ventilation
� Contraindications

� Cardiac or respiratory arrest

� Inability to cooperate, protect the airway, or clear 
secretions

� Severely impaired consciousness

� Nonrespiratoryorgan failure

� Facial surgery, trauma, or deformity

� High aspiration risk

� Prolonged duration of mechanical ventilation 
anticipated

� Recent esophageal anastomosis

Noninvasive Positive Pressure 

Ventilation
� High quality evidence (randomized trials, meta-

analyses) indicates that NPPV improves important 
clinical outcomes in patients having an acute 
exacerbation of COPD complicated by hypercapnic
acidosis (pH < 7.30, PaCO2 >45)

� Metanalysis of 14 studies

� NPPV decreased mortality (RR 0.52), intubation (RR 
0.41), treatment failure (RR 0.48)

� NPPV improved pH within the 1st hour, PaCO2, and RR

� NPPV reduced complications and LOS

Ram FS. Cochrane Database Syst Rev. 2004

Noninvasive Positive Pressure 

Ventilation
� Patients with severe exacerbations of COPD respond 

better to NPPV than patients with mild COPD 
exacerbations 

� Metanalysisof 15 RCT
� NPPV decreased intubation, LOS, and in-hospital mortality 

rate

� Subgroup analysis showed benefit in patients with severe 
exacerbation (baseline pH<7.3 or a control group mortality 
>10%)

Keenan SP. Ann Intern Med. 2003
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Noninvasive Positive Pressure 

Ventilation
� Unclear whether NPPV has any beneficial effects 

on long-term clinical outcomes

� Randomized trial of 49 patients assigned to NPPV or 
conventional ventilation

� Similar ICU LOS, days of MV, overall complications, ICU 
mortality, and hospital mortality.

� NPPV group – 50% avoided intubation, survived, and 
had shorter ICU stay than intubated patients

� One year follow up, NPPV group had fewer readmissions 
or required de novo permanent O2 supplementation

Conti G. Intensive Care Med. 2002

Noninvasive Positive Pressure 

Ventilation
� Physiologic benefits

� 10 male COPD patients with severe hypercapnic
respiratory failure
� Measured respiratory mechanics breathing 

spontaneously, 15 and 30 min of NPPV, and 15 min after 
NPPV withdrawal
� Decreased RR

� Increased TV

� Increased minute ventilation

� PaO2 increases as the PaCO2 decreases

� Effects reversed after 15 min of NPPV withdrawal

Diaz O. AJRCCM 1997.

Invasive Mechanical Ventilation
� Invasive mechanical ventilation should be administered 

when patients fail NPPV, do not tolerate NPPV, or have 
contraindications to NPPV. 
� Cardiac or respiratory arrest

� Inability to cooperate, protect the airway, or clear secretions

� Severely impaired consciousness

� Nonrespiratory organ failure

� Facial surgery, trauma, or deformity

� High aspiration risk

� Prolonged duration of mechanical ventilation anticipated

� Recent esophageal anastomosis
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Prognosis
� Exacerbations of COPD are associated with increased 

mortality

� In-hospital mortality ranges from 3-9%

� Mortality following hospital discharge
� 14% of patients will die within 3 mos of admission

� Among 1016 patients with a COPD exacerbation and a PzCO2 
of 50mmHg or more, the 6 to 12 month mortality rates were 
33 and 43%, respectively

� Among 260 patients with admitted for COPD exacerbation, 
one year mortality was 28%

� Among COPD exacerbation patients with PsA in sputum, 
higher risk of mortality at 3 years than those without

Prognosis
� Even if the COPD exacerbation resolves, many patients 

never return to their baseline level of health

� Prospective observational study at a VA of 205 patients 
with COPD

� Exacerbators had a worse mean baseline BODE indecx
score

� BODE index score worsened during the exacerbation 
which persisted 1-2 years 

� Little change in BODE index score at 2 years in 
nonexacerbators

Cote CG. Chest 2007

Prevention
� Smoking cessation

� Pulmonary rehabilitation

� Proper use of medications (including MDI technique)

� Vaccination against seasonal influenza and 
pneumococcus

� Action plan

� Guidelines how to recognize an exacerbation
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Pulmonary Rehabilitation
� Metanalysis of 6 RCTs comparing effect of respiratory 

rehab and usual care on hospital admissions, health-
related QOL, exercise capacity and mortality after 
exacerbation

� Reduced risk of hospital admissions (RR 0.26) and 
mortality (0.45)

� Improved exercise capacity

� 6 MWT – 64-215 meters

� Shuttle walk test – 81 meters

Puhan MA. Respir Res. 2005

Pulmonary Rehabilitation
� Metanaylsis of 6 RCT of PR after a COPD exacerbation 

vs conventional care

� Reduced hospital admissions (OR 0.13, NNT 3) and 
mortality (OR 0.29, NNT 6)

� Improved HRQOL

� Improved exercise capacity

Puhan MA. Cochrane Database Syst Rev. 2009

Benefits of Pulmonary Rehab
� Improves exercise capacity (Evidence A)
� Reduces the perceived intensity of breathlessness (Evidence A)
� Improves health-related quality of life (Evidence A)
� Reduces the number of hospitalizations and days in the hospital (Evidence A)
� Reduces anxiety and depression associated with COPD (Evidence A)
� Strength and endurance training of the upper limbs improves arm function 

(Evidence B)
� Benefits extend well beyond the immediate period of training (Evidence B)
� Improves survival (Evidence B)
� Respiratory muscle training is beneficial, especially when combined with 

general exercise training (Evidence C)
� Improves recovery after hospitalization for an exacerbation (Evidence A)
� Enhances the effect of long-acting bronchodilators (Evidence B)
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MDIs and Spacers…
� Prime the inhaler if this is the first time using it, if it has not been used it for several days, or if it has 

been dropped
� Priming usually involves shaking it and spraying it into the air (away from face) a total of up to 4 times. 

� Insert MDI into spacer. 
� Shake canister vigorously for about 5 seconds. 
� Hold the MDI upright with index finger on the top of the medication canister and thumb supporting 

the bottom of the inhaler. The other hand can support the spacer if needed. 
� Breathe out normally through mouth. 
� Put the mouthpiece between teeth and close lips tightly around mouthpiece of spacer

� If using a mask attached to the chamber, place the mask completely over nose and mouth. Keep tongue 
away from opening of spacer. 

� Press down the top of the canister with index finger to release the medicine. 
� At the same time, breathe in deeply and slowly through mouth for 3 to 5 seconds. 
� Hold breath for about 5 seconds. 
� If patient can’t get a full breath or can’t hold breath long enough, patient can inhale a second time to 

fully empty the chamber, and hold breath again for about 5 seconds. 
� If more than 1 puff is needed, wait about 15 to 30 seconds between puffs. Shake canister again before 

the next puff. 
� Do not load both puffs into the chamber and then empty the chamber with a single inhalation. 

Keypoints
� Oxygen, short-acting beta agonists

� Glucocorticoids

� Prednisone 40mg po daily

� Methylprednisolone 60mg IV 2-4x daily

� Antibiotics should be given to patients with:

� Three cardinal symptoms:  increased dyspnea, increased 
sputum volume, and increased sputum purulence

� Usually in those who require mechanical ventilation

Keypoints
� Noninvasive ventilation for patients hospitalized 

for acute exacerbations of COPD: 

� Improves respiratory acidosis, decreases respiratory rate, 
severity of dyspnea, complications and length of 
hospital stay.

� Decreases mortality and needs for intubation.
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Keypoints – Discharge
� Tobacco cessation

� Continue inhalers

� MDI education

� Spacer eduction

� Action plan

� Pulmonary rehabilitation

� Vaccinations

Glucocorticoids
• Prednisone 40mg or 60mg po
daily x 5 days and then taper
If starting at 40mg daily, then 
taper by 10mg po daily every 4 
days

• If prednisone 60mg po daily, 
then taper by 10mg po daily every 
4 days starting from 40mg

• If there is concern for GI 
absorption issues or the patient 
requires mechanical ventilation 
(invasive or noninvasive), then 
consider using 
methylprednisolone 60mg or 
90mg IV q6-12h for 5 days and 
then switch to po as soon as 
possible.

Antibiotics
• Add if all three symptoms:
- Increase in dyspnea
- Increase in sputum volume
- Increase in sputum purulence

OR
•Mechanical ventilation 
(invasive or noninvasive)

• Consider adding if they have:
- Increase in sputum purulence

AND
- Increase in dyspnea OR 

sputum volume

• Recommended length 5-10 
days
• Check sputum culture if the 
patient has not significantly 
improved after 5 days of therapy

Discharge
• Tobacco Cessastion
• MDI +/- Spacer Education
• Pulmonary Rehab
• Vaccination(s)
• Action plan

Other Considerations
• NIVV
• Pulmonary Consult if no 
improvement after 3-5 days
• Mucolytic?

Workflow
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