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Types of Ventilators : 

Invasive and Noninvasive 



Macintyre Crit Cre Med 1985 



Fuller et al. 1990. ARRD 141:440-444. 



Four types of aerosol generators in 3 positions 
during CMV with no bias flow 

Ari et al. Respiratory Care 2010; 55 (7): 837-844.  

Jet Nebulizer (JN) 

(Mistyneb) 

Vibrating Mesh Nebulizer (VM) 

(Aeroneb Pro) 
Ultrasonic Nebulizer (UN) 

(PB Easyneb) 
Metered Dose Inhaler (pMDI) 

and Spacer (AeroVent) 



Neb Position Pos 1 - Between ETT & Y Pos 2 - 6 in from Y Pos 3 - 6 in from Vent 

Ventilator Circuit Heated Unheated Heated Unheated Heated Unheated 

JN 4.66 (0.5)  7.62 (0.9) 3.61 (0.2) 9.66 (1.5) 5.98 (0.1) 14.66 (1.5) 

VM 12.82 (0.5) 14.54 (1.0) 16.79 (2.6) 30.24 (1.0) 8.39 (2.1) 24.20 (1.2) 

UN 10.07 (3.9) 10.70 (1.5) 16.53 (4.3) 24.68 (4.4) 4.59 (2.0) 10.51 (0.3) 

 pMDI 7.6 (1.3) 22.1 (1.5) 17  (1.0) 27.8 (3.3) 2.5 (0.8) 7.9 (1.5) 

Ari et al, Respir Care 2010 



ADULT STUDY PEDIATRIC STUDY 

Mode  Volume Control Volume Control 

Tidal Volume 500 ml 100 ml 

Respiratory Rate 20/min 20/min 

PEEP 5 cmH2O 5 cmH20 

Waveform Descending Descending 

Bias Flow 2 and 5 lpm 2 and 5 lpm 

Ari et al. Respiratory Care 2010; 55 (7): 845-851.  

Position 1 
Position 2 
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4 Nebulizers in 4 Positions of Pediatric Vent 

Berlinski A and Willis JR. 2013 Respir Care 

 

Pressure Regulated Volume Control.  Vt 200 mL, Rate 20 

bpm, PEEP 5, Tinsp 0.75 s, bias flow  2L/min, 37 degree C 



Bench study: Nebulizer position 

determines nebulizer performance 
 

 Bias Flow 2L/min 

Albuterol Loading 
volume 

Nebulizer Nebulizer position  

At 
Ventilator 

At Humidifier At  
Y-piece 

30cm 
Before Y-

piece 

2.5mg/ 3ml Hudson Updraft II 
Opti-Neb 

5.4 ± 0.6 4.7 ± 0.8 2.0 ± 0.1 4.3 ± 0.8 

Salter 8900 3.1 ± 0.9 4.6 ± 0.9 2.8 ± 0.4 2.9 ± 0.7 

Maquet 
Ultrasonic 

12.8 ±1.5 17.1 ± 1.5 8.7 ± 0.7 10.5 ± 2 

Aeroneb Solo 28.5 ± 8.6 33.3 ± 3.6 8.7 ± 2.5 10.3 ± 3.3 

The Aeroneb Solo performance was 

5-6 times superior to small volume 

nebulizers ad outperformed all 

others at all locations.  

Berlinski & Willis, 2013.  



Vibrating Mesh - Drug Deposition in animal model of infant 
ventilation 

Aeroneb 
Pro 

MistyNeb 

Deposition in 
the lung 

12.6% 0.5% 
(p=0.006) 

Dubus et al. 2005 Aerosol deposition in neonatal ventilation 

MistyNeb Aeroneb 

Pro 

~25-fold greater lung deposition with Aeroneb Pro 

compared to a Jet nebulizer during infant ventilation 







Demers et al. ATS San Diego, 2005 

Aerosol Deposition 10.25±6.0% 

For HFOV:  

Place Neb between circuit and ETT 

NEB 

Test Lung 

Filter 

Cont 

Gas 

Flow 

NEB 

Test Lung Cont 

Gas 

Flow 

 
Aerosol 

Deposition 

10.25±6.0% 

Aerosol 

Deposition 

0.47±0.1% 



Aerosol Delivery via Nasal Cannula 

Bhashyam et al. JAM 2008 



Aerosol Delivery via Nasal Cannula 

Bhashyam et al. JAM 2008 



Aerosol Delivery with High Flow Nasal Cannula  

with Adult Cannula 

10 lpm 30 lpm 50 lpm 

O2 27.1% 12.03% 3.6% 

80%Heliox 27.9% 14.4% 5.6% 

Ari, Dailey, Fink 2009 



High Flow Nasal Cannula 



Mask with filter placed over the nasal cannula  to collect aerosol 

that is not inhaled and aerosol that is exhaled. 



After administration, anterior scan of thorax for 300 secs with 

a 256x256 matrix. 



Circuit and Prongs Mask and Expiratory Filter 

Nebulizer 

Circuit and nasal prongs, Mask with filter, nebulizer scanned. 



HFNC 10 L/min 1 mCi in 1 mL 



HFNC 10 lpm 

1 mCi 1/2 mCi 

Left Lung 73136 Left Lung 36962 

Right lung 87462 Right lung 46972 

Lung total 160598 15.4% Lung total 83934 15.6% 

stomach 2371 0.2% stomach 1351 0.3% 

Head 82133 7.9% Head 47761 8.9% 

Inhaled 245102 23.4% Inhaled 133046 24.8% 

Neb 15496 1.5% Neb 9600 1.9% 

circuit 277622 26.5% circuit 163141 32.3% 

Filter 347085 33.2% Filter 115468 22.9% 

706840 61.2% 279569 57.0% 

Total 
Count 1045903 

Total 
Count 505189 

Study of Deposition with HFNC in an adult using two radiation doses 

1 mL total dose with Vibrating Mesh nebulizer with 10 L/min Oxygen 



Observations Conclusion 

 N=2 feasibility study in an adult subject 

 Consistent results with both 1 and 0.5  mCi 
• Future studies should be with the lower inhaled dose, and determine lower 

limits 

 23 – 24% inhaled dose 
• Consistent with previous in vitro models 

 15% lung dose 

 Very low stomach deposition 

 Homogenous distribution through lungs 

 

 



A Human Factors Study was conducted to determine patient preferences for a 
concept trans-nasal aerosol delivery device were determined in interviews with 31 
CF patients 

The conceptual tPAD platform was presented as an overnight aerosol delivery 
device to replace daytime inhaled CF medications 

 

 

 

 

 

 

 

 

STUDY RESULTS: 

90% of CF patients spontaneously indicated they would use tPAD platform 

Most suggested to deliver all inhaled therapy in tPAD 

Supplemental oxygen cannula was preferred to CPAP or other face-piece device 

 

 Ergonomic and High Efficiency Trans-Nasal Aerosol Delivery Platform 
Targeting Pulmonary Deposition with Minimal Deposition in the Nose 

T Navratil1, KL Zeman2, F Fuller2, D Taylor3, W Thelin1, P Boucher1, B Button2, J Fink4, AJ Hickey5,  
RC Boucher2, MR Johnson1, S Donaldson2, WD Bennett2 

1. Parion Sciences, Inc., Durham, NC, United States; 2. University of North Carolina, Chapel Hill, NC, United States; 3. Cambridge Consultants, Cambridge, United Kingdom; 
 4. Georgia State University, Atlanta, GA, United States; 5. RTI International, Research Triangle Park, NC, United States.  

 

Background 
Trans-nasal delivery of aerosols to the lungs may offer benefits over the oral 

route for a range of patient populations and healthcare settings 

In supplemental oxygen studies, patients favor ergonomic nasal cannulas over 
face masks 

However, aerosols from conventional nebulizers are not suitable for delivery 
via narrow-bore nasal cannulas  (large particles  > 4 µm impact or sediment 
during the travel through the nasal cannula)  

The reported pulmonary deposition efficiencies of trans-nasal aerosols in 
human subjects have been low (approximately 1-5% of the emitted dose) 

Parion’s Trans-nasal Pulmonary Aerosol Delivery (tPAD) platform aims to 
enable delivery of aerosols via an ergonomic, optimized supplemental oxygen-
like nasal cannula over extended periods of time with deposition efficiencies 
equaling that of oral aerosol delivery 

To design and develop a Trans-Nasal Pulmonary Aerosol Delivery  device (tPAD 
device) for use with hyperosmotic agents, antibiotics, mucolytics and other 
agents for extended administration towards (1) accommodating patient 
preferences; (2) improving efficacy and tolerability of these agents; and (3) 
reducing daytime treatment burden in CF and other respiratory diseases 

To determine safety, tolerability and deposition efficiency of the tPAD device in 
a Phase 1 clinical study in healthy human subjects 

Objectives 

Patient Preferences for the tPAD Device 

Key 
Traits 

Age Concomitant Medications 

5-12 13-17 18+ DNase HS Tobramycin Cayston 

%  
(n) 

26% 
(8) 

26% 
(8) 

48% 
(15) 

97% 
(30) 

77% 
(24) 

45%  
(14) 

42% 
(13) 

Table 1. Select Demographic and Inhaled Pharmacotherapy Data for CF Patients in 
Human Factor Study (Median of 2.5 h of Pharmacotherapy/Day) 

tPAD Device Performance 
tPAD-1 Device Produces Optimized 

Aerosol for Nasal Delivery 
tPAD-1 Uniform Particle Size Output  

Regardless of Aerosol Input 

Conclusions 
High level of patients’ willingness (28/31) to adopt the tPAD platform was 

identified in a human factor study preceding the tPAD device development 

 tPAD-1 Devices produces consistent aerosol output, controlled aerosol particle 
size ~1.4 µm VMD, and very limited “sputter” from the prongs of nasal cannula 
were achieved   

Excellent safety, tolerability and high pulmonary deposition efficiency (38% 
based on emitted dose) were demonstrated with the tPAD-1 device in healthy 
human subjects in Phase 1 clinical study 

Parion Sciences is developing the tPAD platform in combination with hydrating 
agents to improve the efficacy and tolerability of these agents and to reduce the 
daytime treatment burden in CF and other respiratory diseases 

tPAD-1 Consistent Aerosol Output 
from the Nasal Cannula over 8h 

Significantly Less Rainout with tPAD-1 
than High Flow Oxygen Cannulas 

STUDY RESULTS: 

In 6 healthy human subjects (3 males, 3 females; age >18 years), there were no 
adverse events, intolerability events, or measurable decreases in FEV1 as 
detected in safety spirometry 

The tPAD-1 Device demonstrated substantially higher pulmonary deposition 
(and lower nasal deposition) compared to traditional nasal aerosol delivery 
techniques) 

 

tPAD-1 Clinical Device 
(Designed for Phase 1 and 2 Clinical Studies)  

tPAD-1 Deposition Study in Healthy Volunteers 

Parion conducted a Phase 1 Safety, Tolerability and Deposition Efficiency Study of  
Radio-Labeled 7% Hypertonic Saline  (99mTc-DPTA) Administered by the tPAD-1 
Device to Healthy Human Subjects in collaboration with the University of North 
Carolina at Chapel Hill 

 

Regional deposition efficiencies for 7% 
hypertonic saline administered by the tPAD-1 

Device (Mean±SEM) 

Representative gamma-camera scan 
following 15-min administration of 99mTc-

labeled 7% hypertonic saline by the tPAD-1 

Studies Funded by Parion Sciences and NIH Grant 1 PO1 HL 108801-01A1 



Aerosol Delivery and NIV – place neb 

between leak and patient 

Chatmongkolchart S et al Crit Care Med 2002;30:2515-2519. 

• Drug delivery 

influenced by: 

– Nebulizer position 

– Breathing 

frequency 

– IPAP/EPAP 

settings 



Position Neb Between Leak and Mask for best delivery 

Nebulizer Position closer to filter (A) Position farther from filter (B) 

Inhalation Filter 

(µg) 

 

Nebulizer 

(µg) 

Inhalation Filter 

(µg) 

 

Nebulizer 

(µg) 

 

Aeroneb 2573 

 ± 151 

891 

 ±163 

936 

± 273 

1001  

± 263 

Sidestream  1207 

± 161 

2261 

± 795 

341 

± 70 

2420 

± 154 

Abdelrahim ME et al J Pharmac Pharmacol 2010; 62;966-72. 
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Bench Study: Pediatric aerosol delivery during non-
invasive ventilation with the NIVO 

Comparison of aerosol delivery with the NIVO and the 

Aeroneb Solo during non-invasive ventilation 

 
White CC, 2013. Bronchodilator delivery during simulated pediatric  noninvasive ventilation. Respiratory Care. Published ahead of 

print February 5, 2013, doi:10.4187/respcare.02171 
 



Vibrating Mesh (VMN) > 2 fold more than 

Jet  

 

VMN and pMDI similar dose efficiency 



Lung Dose JN vs Mesh 

 
 
 

Lung deposition (corrected for absorption) with 
the Mesh was > 3 fold greater than JN, 
independent of dose volume used with the 
MESH.  

 
 

 

 
 
 
 
 

*p<0.0001 (MESH 3 mL vs JN 3 mL) and  

**p<0.007 (MESH 1 mL vs JN 3 mL). 

 

Neb/Dose JET NEB 3 mL MESH 3 mL 

Total Lungs 1.97 ± 0.8% 8.26 ± 1.1 %* 

Inhaled Dose 7.31 ± 4.3% 27.3 ± 10.1 %* 



Medications via Aerosol to Intubated Patients 

 Bronchodilators 

 Anti-infectives 

 Prostanoids 

 Anticoagulants  - Heparin 

 Diuretics 

 Insulin 

 Perfluorocarbons (PFCs)  

 



Limitations to Delivery of Prostacyclincs 

in the ICU/OR 

  Iloprost  and Treprostinil are only drugs approved for 

treatment pulmonary hypertension for inhalation in adults, but 

not readily available for use in the ICU 

 Flolan is not approved for inhalation 
• Has short half life – 2 – 3 minutes, requiring continuous aerosol delivery 

 In general it is better to use drugs approved for inhalation 

when they are available. 

 Difficult to translate between devices to determine 

comparable dosing. 





Aerosolized Iloprost is a Viable Alternative to Inhaled Nitric Oxide in Post 

Cardiothoracic Surgery Patients 
  John D. Davies MA RRT FAARC, Michael A. Gentile RRT FAARC, Janice J. Thalman MHS RRT FAARC, 

Neil R. MacIntyre  MD FAARC 

Duke University Medical Center 

Durham, NC 
 

Inhaled nitric oxide (iNO) is widely used “off label” to reduce 

pulmonary hypertension and right ventricular afterload in 

adult post cardiothoracic surgery patients.  Aerosolized 

iloprost is a stable prostacyclin analogue which has FDA 

approval for use in adult patients with pulmonary 

hypertension.  Iloprost has appeal in relation to iNO because 

it has a longer half life, is much less expensive, doesn’t 

require special equipment and it doesn’t have potentially 

toxic biological pathways in the body(figure 1 is a general 

depiction of the NO pathways). We sought to determine if 

aerosolized Iloprost could be a viable alternative to iNO in 

this patient population. 

Background 

 

Methods 

Conclusion 

We established Iloprost delivery guidelines and received 

IRB approval to do a retrospective review of mechanically 

ventilated patients who were switched from iNO therapy 

to aerosolized Iloprost in our adult cardiothoracic ICU.  

Our guidelines recommended 10 mcg Iloprost Q3h X 3 

then PRN. The decision to switch over to Iloprost was, in 

all cases, made by the cardiothoracic ICU team.  A  

vibrating mesh nebulizer (Aeroneb Solo, Aerogen Ltd, 

Galway, Ireland) was used to deliver the Iloprost (figure 

2).  The initial time period cited in the abstract was 

October 2009 to March 2011 and included 64 patients.  

Data collection however, did continue up until October 

2011 and included 87 patients.  We assessed tolerance to 

aerosolized Iloprost and whether or not the patients had 

to be switched back to iNO prior to extubation. 

 

 

  

Results 

 Out of the 87 patients who received aerosolized Iloprost, 7 

(8%) were switched back to iNO.  Reasons for the switch 

back to iNO included the following; a return trip to the 

operating room (3), hemodynamic instability (3) and a 

bedside percutaneous tracheostomy (1). The patient 

populations are depicted in figure 3.  The red bars indicate 

the number of patients that were switched back to iNO.  

There were no adverse events associated with the use of 

Iloprost. 

The use of Iloprost was safe and an effective alternative to 

iNO for controlling pulmonary artery pressures and reducing 

right ventricular afterload in this group of cardiothoracic 

surgery patients.  

Results 
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 Effect of inhaled iloprost in 12 children with postoperative congenital heart 

disease. Iloprost lowered mean pulmonary artery pressure (mPAP ) without 

lowering mean systemic blood pressure (mSBP ). Limsuwan et al 
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The Pulmonary Infusion Pump 

 A precise variable aerosol delivery system 

 Medication is nebulized “ drop by drop “ as it reaches the 
aerosol generator 

 Aerosol is not generated between drops 

 For continuous aerosol therapy Mesh is on continuously, 

and aerosol is generated intermittently 

 Pump rate is directly linear with aerosol output rate.   

 No buildup of aoerosl in reservoir. 

 









Ventilator and Hospital Acquired Pneumonias (VAP/HAP)  
(MRSA)  

Prevalence of pneumonia 

high in ventilated patients 
ICU Patients 

5% - 10% on Mechanical 

Ventilation (MV) 

8-28% of MV patients 

develop VAP1 

Patients with  

MV VAP in 20072 

US: 250K patients 

EU: 300K patients 

*Multiple 

conditions 

require 

ventilation 

Note: *Acute Lung Injury, Acute Respiratory, Acidosis,  Apnea, Chronic Obstructive Pulmonary Disease, Hypotension, Hypoxemia, Tachypnea 

Source: 1.3 Chastre, Fagon, Am. Journal Critical Care Medicine, 2002, 2 AMR, 4 Rello, et al, Chest 2002 

Mortality from VAP ranges 

from 33-50%3 

New treatment 

options needed 
Up to 250K Deaths per year 



Delivery of  inhaled amikacin during mechanical 
ventilation targets the lung without systemic toxicity 
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Pulmonary Drug Delivery System for Drug 

Development  
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Invitro/ Invivo Correlation of Inhaled 

Amikacin During CMV with Jet Neb, 

Vibrating Mesh and PDDS 



Gamma scintigraphy study with inhaled 

amikacin off ventilator 

Deposition 

Mean S.D. 

Device 16.1 4.8 

Oral 29.4 7.3 

Lung 43.0 6.1 

Exhaled 11.5 5.5 

Fink J et al: In-vitro in-vivo comparison of inhaled aerosol from a hand-held nebulizer for administration of amikacin. 

Presented at ISAM, Tours, FR, 2007.  

Aerosol Reservoir 

One-way valve 

PDDS 

Nebulizer/Reservoir 

Exhalation Filter 

Mouthpiece 

 
Hand-Held 

PDDS Nebulizer 

Posterior and anterior 

scintigraphic images 

In-Vitro:  ED = 872% 

               MMAD = 3.8 µm 



Aeroneb Solo Off Vent AdaptER 

 

O2 L/min    Mouthpiece  Open Facemask            Valved Facemask

   

0     71.7 ± 1.1         1.9 ± 0.4  49.6 ± 0.9

  

2     62.4 ± 1.3      49.5 ± 2.7  64.2 ± 1.9

  

4     59.3 ± 0.5     45.5 ± 4.4  57.1 ±1.5

  

6     55.1 ± 0.9      46.7 ± 1.4  57.3 ± 1.7

  

 





 Scintigraphy with Solo with Adapter 



Deposition Distribution Solo with Adapter 

using valved Mouthpiece 

Emitted Dose 31.35 

Lung Deposition 16.1- 21 % 

Head 8.93 

Stomach 1.48 

Neb 11.92 

Reservoir 53.93 

Expiratory Filter 9.56 
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Conclusion 

Over the last decade aerosol delivery has changed in the ICU 
and Acute Care 

Neonates, infants, children and adults can all get >10% lung 

dose with conventional ventilation. 

Developments underway to approve aerosols for acute and 

critical care 

Choice of aerosol generator and placement makes a huge 

difference. 

Respiratory Therapist need to know so they can guide and 

educate the team  

 


