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Summary 

Medical aerosols are commonly prescribed for treatment of critically ill patients requiring ventilator support, both 

on and off the ventilator.  To date, no medications have been specifically approved for administration to 

mechanically ventilated patients. 

The efficacy of these aerosols are limited by factors such as artificial airways, mechanical ventilatory support, 

administration of high flow oxygen, respiratory parameters and severity of disease. Aerosol drug approvals (and 

drug labels) are based on clinical trials conducted with moderately ill patients at home.  Both in vitro and in vivo 

studies reveal that standard jet nebulizer delivery during mechanical ventilation provide lung delivery less of 2 – 

3% of dose in adults (< 1% with infants), compared to the 10 – 12 % achieved with devices used in approval trials.   

In the ICU, patients often require different aerosol delivery devices and delivery strategies (dose volumes and 

frequencies) than those on their label to achieve desired therapeutic outcomes. With advancements of methods 

delivery to the lungs > 40% of nominal doses can be delivered to adults and infants lungs during mechanical 

ventilation. Therapeutic administration of aerosol to the lungs with both low and high flow nasal oxygen have 

resulted in up to 30% lung dose.  These levels of pulmonary drug delivery efficiency should be sufficient to 

support drug/device development for both intubated and non-intubated adults and infants. These new methods 

and their implications will be reviewed,  

 

Introduction 

The era of modern positive pressure mechanical ventilation began with the Polio pandemics in the 1950s.  These 

ventilators commonly incorporated a pneumatic jet nebulizer, which were used to administer a range of medical 

aerosols.   In 1985, MacIntrye compared distribution of radiolabeled aerosol and lung deposition from a small 

volume jet nebulizer to intubated mechanically ventilated patients (3%), and spontaneously breathing volunteers 

(12%).1  This 4 fold difference in lung delivery was the first evidence that standard doses of drug formulations 

approved for delivery via jet nebulizer to spontaneously breathing ambulatory patients with mild to moderate 

respiratory disease, may not be sufficient for treatment of mechanically ventilated patients with more severe 

disease.   In 1990, Fuller and Dolovich confirmed low nebulizer deposition in mechanically ventilated subjects, but 

showed 3–4 fold greater delivery with pMDIs. 2 

In the realm of infants, a comparison of radiolabeled aerosol with jet nebulizer and pMDI in 1 – 4 kg infants with 

bronchopulmonary dysplasia (BPD), during spontaneously breathing and mechanical ventiation.3 In contrast with 

adults, lung dose was similar (<1 %) between devices and type of breathing.  This low deposition fraction is 

associated with a higher dose/kg than adults at greater delivery fraction, however such low delivery efficiency and 

relatively high standard deviation may account for the lack of any medical aerosol approved for low gestational 

and term infants.  
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Aerosol Drug Delivery for intubated patients 

Use of metered dose inhalers, soft mist inhalers, ultrasonic and vibrating mesh nebulisers have been associated 

with higher aerosol delivery efficiency during CMV than standard jet nebulizers.  Ari et al (2010) reported that 

placement of aerosol generator in the inspiratory limb proximal to a simulated adult resulted in similar inhaled 

doses for pMDI, USN and VMN (17%) all greater than Jet nebuliser (< 4%).  Device placement plays an important 

role during CMV, resulting in deposition ranging from 4 – 28%.   Breath synchronization has been associated with 

increased inhaled dose vs continuous nebulizer, increasing inhaled dose to greater than 50% in adults.4    In a 

nonhuman primate model of low birth weight (1 kg) infant mechanical ventilation, Dubus et al (2005), administered 

radiolabeled aerosol with VMN and JN, reporting a >20 fold greater efficiency with VMN (15%) than JN (0.5%).5   

 

Aerosols to Non-intubated Patients 

Critically ill patients have special needs pre and post mechanical ventilation.  High respiratory rates, low 

inspiratory times, high inspiratory flow with low tidal volumes can challenge use of standard aerosol options.   

Common strategy is to use standard jet nebulizer via mouthpiece or mask.  Dugernier and colleagues  reported 

lung deposition of 4.9 to 5.2% with JN and 32 – 34% with vibrating mesh nebulizer (VN) with valved chamber.6  

 

 

Figure 1 - Illustration of vibrating-mesh nebulizer with valved reservoir (above) standard jet nebulizer (below) used 

to administer radiolabeled aerosol to 6 healthy volunteers in crossover design.  Imaging outcome of aerosol 

deposition expressed as percent nominal dose.  

Oxygen is commonly administered by nasal cannula to patients, with higher flows used to meet the patients 

inspiratory flows.   

Administration of aerosol via mouthpiece  during oxygen administration can reduce lung dose.  It would be 

attractive to administer aerosol with the oxygen.  B Bhaysham and colleagues (2008) reported 8 – 28% inhaled 

dose from a mesh nebulizer administered with humidified oxygen at 3 L/min through a range of nasal cannula 

sizes.  In a phase 1 trial, a system for nasal administration of radiolabeled 7% hypertonic saline aerosol (MMAD< 

3µm) reported  40 ± 3% of emitted dose deposited in the lung  of adults with 6±3% nasal deposition (Navratil 

ISAM 2013). Lung deposition was similar to that achieved with mouthpiece administration using a Pari LC Sprint. 
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With increasing oxygen and breathing parameters change, the efficiency of standard aerosol options are reduced.  

It is increasingly common to administer high flow nasal oxygen (10 – 50 L/min) to hypoxic/dyspneic patients.  In 

vitro and in vivo reports characterize inverse relationships between oxygen flow and inhaled aerosol.,  

 

Figure 2 - Images of aerosol deposition to the lung via high flow nasal oxygen at 10, 30 and 50 L/min representing 

1.8%, 3.76% and 2.23%, respectively.7 

 

Nasal aerosol delivery to infant 

Infants are obligate nose breathings until 6 – 9 months, so nasal route for aerosol administration is the preferred 

route.  Placement of the aerosol generator is critical for delivery efficiency.  Based on in vitro testing, inhaled dose 

can range from 1 – 45% with preterm infants.  In the example below continuous aerosol is diluted in the gas flow 

going to and past the infant.  Placement between gas flow and infant increases inhale dose by an order of 

magnitude, and synchronizing aerosol generation with inspiration results in an additional 2 fold increase of inhaled 

dose.  Generation of aerosol particles between 1 – 3 µm reduces impactive losses in the delivery system and 

upper airways, optmizing lung delivery. 

 

Figure 3 - In vitro model of aerosol delivery during nCPAP with vibrating mesh nebulizer operating continuously in 

the flow from gas source(top) betwen gas flow and nasal prongs (middle) and synchronization of aerosol with 

inspiration (bottom) 8 
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Clinical and Commercial implications 

The practice of administering inhaled aerosols to intubated during mechanical ventilation and post extubation 

should be considered “off label use”, even with drugs previously approved for inhalation.  Label studies for most 

drugs now approved for inhalation were based on treatment of not very sick adult or larger pediatric subjects at 

home.  Effective administration to the intubated patient often requires a modification in device configuration, dose, 

and frequency.  In addition, a variety of drugs not approved for inhalation have been administered to critically ill 

patients such antiinfectives, antivirals, prostanoids, anticoagulants, diuretics, surfactants and PFCs.  The absence 

of definitive clinical trials leaves the prescribing clinician at risk with insufficient guidance on indication, dose, 

frequency and optimal method of administration representing a current unmet need for future drug device 

development.  Consequently, there exists an unmet medical need for inhaled medications in intubated and 

mechanically ventilated infants and adults. 

As we develop consistent, repeatable and effective methods and technologies for delivering aerosols to critically 

ill infants and adults, the development of drug/device products for administration to these patients is finally 

feasible. 

Clinical safety and efficacy studies in intubated mechanically ventilated and critically ill patients may be somewhat 

shorter and less complicated than trials for asthma and COPD drugs for chronic ongoing use.  The typical 

ventilator patient averages 5 days of CMV, with > 90% of patients off the ventilator after 11 days of mechanical 

ventilation.  Consequently, time of treatment for ventilated target populations would typically be less than 2 weeks, 

vs 6 months for COPD or asthma trials.  In addition, medications are administered by trained professionals at the 

bedside, reducing issues of adherence and proper technique so common with take home studies, and all 

ventilated patients are closely monitored, often in the ICU.   Shorter trials administered in more controlled 

conditions can substantially reduce cost and time of product development. 

Conclusion 

With 20 million patients intubated each year in the US alone, there clearly is unmet medical need to develop 

drugs and devices for treating these sickest of patients, many with pulmonary related pathologies.   

__________________________ 
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