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·  Easy-to-Use Timing Light
   with Pull Tab for activation

·  Light blinks every 6 seconds/10 breaths
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·  Assists in Reduced Risk of Aspiration
·  Assists in Reduced Stacking of Breaths
·  ·  Variety of BVM configurations
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Any time a patient is being manually ventilated, managing 
ventilation rates, volumes and pressure is extremely important.

Having a manometer with timing light integrated 
with a BVM (CPR bag) is critical for validating 
delivered pressures and helps clinicians in
delivering proper ventilation rates.

Delivering safer ventilation results in sufficient expiration 
time avoiding breath stacking.
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What if you could ventilate... 

M E D I C A L

• without a facemask?
• without sedation?
• without the risk of barotrauma?
• without the risk of infection?

You can use BCV in almost any circumstance you would use non-invasive 
ventilation, and in most cases where you would use invasive ventilation too. 
To find out more visit: http://www.unitedhayek.com/bcv

• Acute respiratory failure
• Chronic Obstructive Pulmonary Disease
• Neuromuscular 
• Cystic fibrosis
• Difficult to wean patients
• AIDS related lung disease
• Head and spinal injuries
• Ventilation post-operation 
• Influenza pandemic
• ...and many more

• A real non-invasive alternative  
to invasive ventilation

• Provides complete ventilation 
non-invasively  without the  
need for a mask

• Has over 200 citations to 
demonstrate safety and efficacy

• Proven to increase cardiac 
output - and reduce CO2 levels

Key Benefits of BCV: Patient Groups:
• Is a super potent secretion 

clearance tool

• The only method of ventilation that 
has no known side effects

• Treatment can be administered 
either in the hospital or the home

• More comfortable, for most, than a 
mask or endotracheal tube

With BCV you can
and, at the same time, you can increase cardiac 
output, facilitate secretion clearance, provide an 
active expiratory phase and eliminate patient 
compliance problems.

Biphasic Cuirass Ventilation (BCV) is a method of 
ventilation which works using a non-invasive cuirass 
or shell, attached to a power unit which actively 
controls both phases of the respiratory cycle 
(the inspiratory and expiratory phases) in 
both pediatrics and adults. 
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Your Choice is an EasyOne®

ndd products are easy-to-use, accurate and reliable 

for testing anytime, anywhere. With the EasyOne Pro,

spirometry, DLCO and lung volumes can be obtained 

in just 20 minutes. Automatic calibration, outstanding

worldwide service along with a maintenance free design

makes your choice for lung function an EasyOne.  

Portable PFT

PC spirometry

Office spirometry

For more information go to www.nddmed.com
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GOLD Diagnostic Measures ‘Don’t 
Work’
Current chronic obstructive pulmonary 
disease (COPD) management programs 
and guidelines overdiagnose elderly 
patients and underdiagnose young ones, 
according to an analysis that details the 
problem and calls for the adoption of 
lower limits of normal (LLN) criteria for 
airflow obstruction that are specific for 
different populations. Martin R. Miller, 
MD, from the University of Birmingham 
in the United Kingdom, and Mark L. 
Levy, MBChB, from the Harrow Clinical 
Commissioning Group in London, United 
Kingdom, wrote their article as part of 
a series in the journal on overdiagnosis. 
The Global Initiative for Obstructive Lung 
Disease (GOLD) strategy documents were 
introduced in 2001 and were intended to 
create a new and simple threshold for 
airway obstruction. A diagnosis of COPD 
is thus based entirely on an assessment 
of airway obstruction as measured by 
the ratio of forced expiratory volume in 
1 second (FEV1) divided by the forced 
vital capacity (FVC). Although the GOLD 
guidelines are based on consensus expert 
opinion, they do not effectively diagnose 
COPD, Dr Miller and Dr Levy contend. Yet, 
the GOLD criteria have been adopted by 
the UK National Institute for Health and 
Care Excellence and are used extensively 
throughout the United States, Europe, 
and Australasia. In their analysis, Dr 
Miller and Dr Levy propose that the GOLD 
criteria be refined by the addition of LLN 
criteria. At a minimum, they suggest, the 
LLN should be incorporated into future 
studies of COPD. The authors explain 
that when the GOLD definition is applied 
to England and Wales, 22% of individuals 
older than 40 years meet the criteria for 
COPD. In contrast, the LLN criteria would 
diagnose 13% of individuals older than 
40 years as having COPD, suggesting the 
current system results in a great deal of 
overdiagnosis.

Telehealth Partnership for COPD 
Remote Patient Monitoring
Nonin Medical, Inc., the inventor of 

finger pulse oximetry and a leader in 
noninvasive medical monitoring, today 
announced it has partnered with IDEAL 
Life, a Toronto-based leader in remote 
health management solutions. IDEAL 
Life will integrate the Nonin Model 
3230 Bluetooth Smart wireless finger 
pulse oximeter into its latest telehealth 
platform. The IDEAL Life system remotely 
monitors the oxygen saturation and other 
vital signs of chronic illness patients 
at home, then transmits the data to the 
hospital or clinic. Model 3230 advantages 
include: Bluetooth Smart (low energy) 
wireless technology, which provides long 
battery life and simplified pairing with 
quality systems like IDEAL Life; Nonin’s 
clinically proven PureSAT pulse oximetry 
technology, which utilizes intelligent 
pulse-by-pulse filtering to provide precise 
oximetry measurements—even in the 
presence of motion, low perfusion or 
other challenging conditions Nonin’s 
CorrectCheck technology, which provides 
digital feedback when the patient’s 
finger is placed incorrectly in the device; 
Nonin’s SmartPoint capture algorithm 
that automatically determines when 
a high quality measurement is ready 
to be wirelessly transmitted to help 
improve accuracy, The Nonin Model 3230 
Bluetooth Smart Pulse Oximeter won the 
Bluetooth Breakthrough Award in 2014.

Instrumentation System Offers 
Flexibility
The Hans Rudolph, inc. has announced its 
SmartLab Instrumentation System. This 
is a flexible system for measurement and 
analysis of respiratory signals in research 
applications. The base module can accept 
up to three pressure sensor modules 
for measuring flow from pneumotachs 
and airway or other pressures. Optional 
inputs include an oximeter, CO2 sensor, 
temperature and humidity and digital 
I/O. The PC software provides real time 
graphs and calculations of many common 
respiratory parameters. Data can be saved 
for analysis or replayed. Custom software 
modules can be developed for special 
applications.
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A NEW Direction for 
     Subglottic Secretion Management

The SIMEX Subglottic Aspiration System, cuff M and cuff S are the  
most advanced solution for the aspiration of subglottic secretion, featuring an  
all-new, state-of-the-art, automated intermittent mode of therapy.

Final Flosure Logo Outlined

Pantone 144 Orange and 424 Gray, PROCESS

www.flosuretechnologies.com

The SIMEX cuff M and 
cuff S are the only suction 
pumps designed and 
indicated for intermittent 
aspiration of subglottic 
secretions.

In our experience, the amount of material drained increases 

by up to 10 times over what we were seeing with manual 

suctioning by our staff. It has saved time for our staff and 

reduced our contact with infectious material. And it has been 

beneficial to our patients, with less force put on the tracheal 

wall and no trauma from repeated endotracheal suctioning. 

To date, we have successfully treated over 300 patients 

using the SIMEX automated intermittent system.”

“

Dr. med Marcus Wolf 
Senior Physician Weaning Station, Department  
   of Pneumology and Intensive Care
Askepolis Klinik Bambeck, Hamburg, Germany

For more information contact us at: info@flosuretechnologies.com, or 914-909-6577   
©2015 FloSure Technologies’ LLC, all rights reserved.

SF-434-09/15

• Reduced risk of injury due to drying of the 
mucous membrane

• Fully customizable 

• Increased patient comfort/ virtually silent 
operation 

• Respiratory Therapist has significantly more 
control over the aspiration procedure 

• Self-contained system prevents cross 
contamination
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Electromed Invests in Smart Airway Technology
Electromed has announced the US market launch of its next 
generation SmartVest Airway Clearance System for acute care 
high frequency chest wall oscillation (HFCWO), the model 
SQL-I. The SmartVest SQL-I is designed to promote airway 
clearance, improve bronchial drainage and enhance mucus 
transport for patients with a wide range of pulmonary-related 
health conditions. The SmartVest SQL-I builds on Electromed’s 
successful launch of the SQL System for homecare use in 
January 2014, by offering a device that is significantly smaller, 
quieter and lighter than previous versions. The system features 
enhanced generator programmability and adjustable RAMP, 
allowing clinicians greater flexibility to program patient specific 
HFCWO therapy protocols. The system also features a patented 
single-hose design, which eliminates multiple connection points, 
allows the patient greater freedom of motion and eliminates 
additional maintenance associated with hose cleaning. “The 
SmartVest SQL-I System represents Electromed’s commitment 
to innovation by delivering market-driven HFCWO therapy 
solutions to physicians and their patients,” said Kathleen 
Skarvan, Chief Executive Officer. “We designed the SmartVest 
SQL-I with unique features that set us apart from other HFCWO 
devices — plus innovations to help hospital staff provide the 
ultimate in therapeutically effective airway clearance therapy for 
adults and children.” Additionally, the SmartVest SQL-I System 
features active inflate-active deflate and an open system design, 
which provides a more comfortable therapy experience by 
allowing patients to take deep breaths and breathe more easily 
without feeling restricted. The SmartVest System is sold into the 
homecare market for people with chronic lung issues, including 
bronchiectasis, cystic fibrosis and neuromuscular disease, and 

into the acute care setting for patients suffering from impaired 
airway clearance.

Companies Locked in Battle
3B Medical, maker of products used in the treatment of 
obstructive sleep apnea, has filed a legal action in the US 
District Court for the Middle District of Florida, alleging 
antitrust violations by ResMed – specifically alleging that 
ResMed is “choosing winners and losers in the CMS competitive 
bidding process by preferential pricing,” and has “created 
an environment of fear and bullying among customers,” and 
“intentionally interfered in 3B Medical’s business relationships.” 
In a statement from ResMed’s Global General Counsel, David 
Pendarvis, the company responded to 3B Medical’s allegations 
against ResMed: “There is no substance to the claims in the case. 
ResMed conducts business in an ethical and lawful manner. 
Physicians, customers, and patients prefer our products because 
they are better. We expect to win this case if it is brought to trial. 
We recently filed – and won – a case for patent infringement 
against 3B and its Chinese-based manufacturer, BMC Medical Co. 
The International Trade Commission agreed with us and found 
that BMC and 3B had infringed ResMed’s mask patents. In their 
complaint, 3B concedes they have had very limited success in 
the marketplace. Our business creates better lives for patients by 
designing, making, and selling high quality products that provide 
value for patients, customers, and healthcare systems. We 
maintain our focus on changing 20 million lives by 2020.”

Acquisition Completed
Becton, Dickinson and Company has announced that it 
completed its acquisition of CareFusion Corporation. 

For more information, please contact our CAIRE Customer Support Team: 800.482.2473 www.chartindustries.com/Respiratory-Healthcare 

Find the perfect FIT for your patients 

with CAIRE POCs. 

*UltraSense Technology
• -0.054 to -0.1 cm H2O sensitivity is the most sensitive trigger of any concentrator
• Prevents skipped breaths and provides maximum patient comfort
• Ensures delivery in first 1/3 of inhalation

**autoSAT Technology
• Servo-controlled compressor adjusts speed based on patient’s breathing rate
• Keeps saturation levels up as activity increases
• Ensures fixed bolus size is always delivered with every breath
• Ensures accurate and timely delivery of pulse dose

Available
Concentrator

Weight Flow Settings Oxygen Output Features

AirSep Focus 1.75 lb Pulse:  2 332.5 mL/min • Wearable
• UltraSense technology*
• Simple 1-Touch Operation

AirSep FreeStyle 4.4 lbs Pulse:  1 - 3 500 mL/min

AirSep FreeStyle 5 6.2 lbs Pulse:  1 - 5 1000 mL/min

SeQual eQuinox 14.0 lbs
Pulse:  1 – 9

Cont.:  0.5 – 3.0 LPM
Bolus Size

16 mL – 192 mL

• Transportable
• 24/7 Capability
• autoSAT Technology**
• Adjustable Rise Time
• Adjustable Sensitivity
• Voice Module available on eQuinox

SeQual Eclipse 18.4 lbs

• Ensure patients are saturated at ALL times at any activity level
• Treat all disease states from early to severe with our market-leading selection of POCs
• Unlimited Ambulation with POCs give the highest quality of life compared to tanks
• The most clinical features to ensure the highest level of treatment

Early

Mild

Moderate

Severe
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‘Kangaroo care’ Began
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Toby’s Journey to Health
Follow Toby around our Care Continuum  
to see his journey from birth to home.  
We’re there every step of the way.

To learn more about Toby’s journey and our therapy solutions along  
the F&P Infant Respiratory Care Continuum™ visit www.fphcare.com
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Vincent A. Forlenza, BD’s Chairman, Chief Executive Officer 
and President, said, “We are very excited to announce the 
consummation of the CareFusion acquisition, as it represents 
a major milestone in BD’s 118-year history. This acquisition 
significantly accelerates BD’s strategy and builds scale and 
depth in medication management and patient safety solutions. 
We look forward to the future with confidence as we become 
one of the largest global leaders in medical technology, and are 
better positioned to partner with healthcare providers around 
the world to provide safer, more economical and improved care.” 
Excluding transaction-related expenses relating to the closing, 
BD expects the acquisition to have an immaterial impact on the 
company’s results of operations in the second fiscal quarter, 
which ends on March 31, 2015. The company will provide an 
update to its fiscal year 2015 outlook on its second fiscal quarter 
earnings conference call in May. Beginning in the second half 
of fiscal year 2015, BD will report a new Medical segment 
structure, which will include CareFusion. BD is a leading 
medical technology company focused on improving medication 
management and patient safety; supporting infection prevention 
practices; equipping surgical and interventional procedures; 
improving drug delivery; aiding anesthesiology and respiratory 
care; advancing cellular research and applications; enhancing the 
diagnosis of infectious diseases and cancers; and supporting the 
management of diabetes.

Product Named to FDA List
The FDA has listed Kitabis Pak as a therapeutic equivalent of 
TOBI (tobramycin inhalation solution, USP) in their Orange 
Book. Kitabis Pak is listed with the AN designation meaning 
there are no known or suspected bioequivalence problems 
between Kitabis Pak and TOBI. “It makes sense that the FDA 
listed Kitabis Park as therapeutically equivalent in the Orange 
Book, because TOBI was developed as tobramycin inhalation 
solution delivered with the PARI LC PLUS nebulizer,” said Jan 
Zimmermann, portfolio manager for Kitabis Pak at PARI. “One 
prescription for Kitabis Pak ensures access to both tobramycin 
inhalation solution and the PARI LC PLUS nebulizer handset, 
co-packaged and dispensed together. In addition, PARI initiated 
a compressor access program called PARI PROVIDE that is 
administered through a network of specialty pharmacies.” The 
FDA approved the New Drug Application for Kitabis Pak on 
December 2, 2014. Kitabis Pak is a new standard for nebulized 
drugs where drug and nebulizer handset are co-packaged similar 
to asthma inhalers where the drug and device are prescribed 
and dispensed together. The price of Kitabis Pak is comparable 
to the price of generic tobramycin drug alone. “Our definitive 
goal is to ensure that patients with cystic fibrosis who are 
prescribed tobramycin inhalation solution also get the nebulizer 
handset that was used in clinical trials and approved for use with 
TOBI. Kitabis Pak accomplishes this goal and makes it easy for 
patients since they come together in an easy to understand kit,” 
stated Lisa Cambridge, director of PARI’s Medical Science & 
Pharmaceutical Alliances.

Ventilator Donated to University
A university received a valuable education gift recently when a 
Hamilton GALILEO ventilator was donated to Gwynedd Mercy 
University where the ventilator will be used exclusively for 
education purposes. “It will become a valuable component of 
our laboratory instruction for the sophomore and junior level 
of our program and as such will be inviting clinical faculty to 
the university to provide detailed in-service education program 
during the didactic and laboratory phase of our curriculum. 
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It will allow us to enhance the mechanical ventilation module 
and will help us in educating aspiring respiratory therapist,” 
according to William (Bill) F. Galvin, Program Director at 
Gwynedd Valley University.

Pathway Cleared for Luna Devices
The FDA has given 3B Medical good news by giving 510(k) 
clearance for its new Luna Positive Airway Pressure (PAP) 
Device Platform. The Luna family of PAP devices is designed to 
offer patients the latest enhancements in sleep therapy while 
innovative compliance management technology allows for better 
patient management. The Luna sleep products offer more, free 
remote compliance reporting options than any other PAP device 
on the market. In a series of new innovations from 3B, the Luna 
brings both Wi-Fi wireless communication and QR Coding to 
sleep therapy. “Wi-Fi technology offers the ability to capture 
more data with greater efficiency, said Joe Toth, Vice President 
of Sales and Marketing. “Wi-Fi is typically faster, more reliable 
and, most importantly, absolutely free. With the continued 
developments in Wi-Fi technology and the ever growing need 
for more detailed and comprehensive data, we feel Wi-Fi is 
not only the better choice today, but tomorrow as well”, said 
Toth. Luna also incorporates QR Coding. The ability to capture 
and immediately transfer compliance data through any smart 
device brings yet another unique innovation to the market. Luna 
integrates into 3B Medical’s cloud based patient management 
system, iCodeConnect, which features Patient TouchPoint, a 
completely configurable, early intervention patient compliance 
coaching system. TouchPoint allows for clinicians to define 
individual protocols to allow them to more quickly and easily 
recognize potential issues with a patient’s compliance. The Luna 

continues 3B Medical’s efforts to increase patient compliance 
and restore profitability to the sleep marketplace by offering 
products that provide greater flexibility, functionality and 
efficiency at lower cost.

Noninvasive Ventilators Introduced
ResMed has announced its Lumis series of noninvasive 
ventilation devices that combine personalized, simplified 
therapy with powerful wireless connected care capabilities. 
The Lumis series builds upon ResMed’s legacy of innovation 
as a new option for patients with respiratory challenges who 
are not dependent on continuous ventilation. The Lumis series 
comprises the Lumis 100 VPAP S, Lumis 100 VPAP ST and Lumis 
150 VPAP ST noninvasive ventilators that support a variety 
of therapy modes, built-in wireless connectivity, integrated 
humidification and intuitive simplicity that are the hallmarks of 
the series. Lumis ventilators are designed with a broad range of 
automatic settings making it an ideal choice for a wide variety 
of respiratory conditions and individual patient preferences. 
Lumis is the first ResMed ventilation platform with IntelligentAir, 
a collection of ResMed technologies that can tailor therapy to 
individual breathing needs, making truly personalized ventilation 
possible. The complete IntelligentAir suite for Lumis includes 
iVAPS (ResMed’s unique volume-assurance therapy mode), iBR 
(an intelligent Backup Rate), and AutoEPAP (which maintains 
upper airway patency), as well as other features to personalize 
and fine-tune individual patient’s synchrony and comfort (Vsync, 
TiControl, and trigger and cycle settings). ResMed engineers also 
kept comfort top of mind when designing Lumis: each device 
features built-in HumidAir heated humidification capabilities and 
the popular Climate Control Auto setting, which automatically 

O2 Conserver Test Systems
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determines optimal humidification by adjusting to ambient room 
conditions.

ResMed Provides Update on Study
ResMed has announced that SERVE-HF, a multinational, 
multicenter, randomized controlled Phase III trial did not meet 
its primary endpoint. SERVE-HF was designed to assess whether 
the treatment of moderate to severe predominant central sleep 
apnea with Adaptive Servo-Ventilation (ASV) therapy could 
reduce mortality and morbidity in patients with symptomatic 
chronic heart failure in addition to optimized medical care. The 
study did not show a statistically significant difference between 
patients randomized to ASV therapy and those in the control 
group in the primary endpoint of time to all-cause mortality or 
unplanned hospitalization for worsening heart failure (based on 
a hazard ratio [HR] = 1.136, 95 percent confidence interval [95% 
CI] = (0.974, 1.325), p-value = 0.104). The results from SERVE-HF 
are preliminary and will be submitted for future publication after 
further analysis. A preliminary analysis of the data identified 
a statistically significant 2.5 percent absolute increased risk 
of cardiovascular mortality for those patients in the trial who 
received ASV therapy per year compared to those in the control 
group. In the study, the cardiovascular mortality rate in the ASV 
group was 10 percent per year compared to 7.5 percent per year 
in the control group. There were no issues associated with the 
performance of the ASV therapy device in the trial. “Patient 
safety is our first and foremost priority. We have alerted and are 
working with appropriate global regulatory authorities about the 
safety signal observed in this study,” said Glenn Richards, M.D., 
ResMed Chief Medical Officer. “The safety signal in SERVE-HF 
was observed only with the use of ASV therapy in people who 
have predominant central sleep apnea and symptomatic chronic 
heart failure with reduced ejection fraction. We are further 
analyzing the data to understand why this unexpected result was 
observed in this trial.” ResMed is working with global regulatory 
authorities to proactively revise the labels and instructions 
for use for ResMed ASV devices to include a contraindication 
for people with symptomatic chronic heart failure (with left 
ventricular ejection fraction, LVEF, less than or equal to 45 
percent). The company is also proactively informing healthcare 
providers, physicians, and patients of the cardiovascular safety 
signal observed in SERVE-HF. The safety signal observed in 
SERVE-HF was observed only with ASV therapy in patients 
with moderate to severe predominant central sleep apnea 
and symptomatic chronic heart failure with reduced ejection 
fraction. The study did not include people with central sleep 
apnea in the absence of heart failure. It is also important to note 
that SERVE-HF did not include any patients with predominant 

obstructive sleep apnea, and did not include any other treatment 
modality such as continuous positive airway pressure (CPAP) 
or auto-adjusting positive airway pressure (APAP). “SERVE-HF 
did not meet its primary endpoint, however this study provides 
valuable, practice-changing guidance on how to best care for 
people with chronic heart failure,” said Prof. Martin Cowie, 
M.D., the co-principal investigator of the study and Professor of 
Cardiology at Imperial College, London. “SERVE-HF was a well-
designed and executed study and because of it we now know 
that ASV therapy should not be used to treat central sleep apnea 
in people with symptomatic chronic heart failure with reduced 
ejection fraction.” Healthcare providers and patients who have 
questions or would like more information are encouraged to call 
1-800-478-9010 and visit www.SERVE-HFFAQs.com

Director Gets Promoted
3B Medical is pleased to announce the promotion of Joe Toth 
to Vice President of Sales and Marketing. As National Sales 
Director, Joe helped bring significant product innovations 
to the market and was instrumental in the growth of the 3B 
brand. In his new role, Toth will continue to focus on the ever 
changing needs of our customers and how 3B Medical can 
continue to bring solutions to its clients. Joe will have a key 
role in the development and deployment of new products in 
2015 and looks forward to further expansion of the sales and 
support team. “We have always been about offering innovative 
solutions and restoring profitability to the sleep business. 
2015 is going to be an exciting year for 3B Medical. There are 
many challenges facing our industry and 3B is poised to help 
customers meet those challenges. We will continue to introduce 
unique, innovative solutions that will enable our customers to 
take better care of their patients while recognizing even greater 
profitability.” 3B Medical/BMC, a global leader polysomnography, 
sleep diagnostics and sleep therapy takes great pride in bringing 
innovative solutions to the market.

Two-in-One Drug Succeeds in Lung Disease Test
AstraZeneca has announced that its experimental drug PT003 
for chronic obstructive pulmonary disease (COPD) proved 
successful in two final-stage Phase III trials, boosting hopes 
for the company’s respiratory pipeline. PT003 is a twice-daily 
fixed-dose combination of glycopyrronium, a long-acting 
muscarinic antagonist (LAMA) and formoterol fumarate, a 
long-acting beta-2 agonist (LABA). The development program 
also included assessment of the individual components of 
PT003 - glycopyrronium pMDI (PT001) and formoterol fumarate 
(PT005) pMDI. PT003 demonstrated statistically significant 
improvements in trough FEV1 versus PT001, PT005 and placebo. 
Both PT001 and PT005 also demonstrated statistically significant 
improvements in trough FEV1 compared to placebo, the 
company reported.

Bronchial Nerves Targeted by COPD Therapy
A therapy in development through the University of Groningen 
Medical Center in the Netherlands called “targeted lung 
denervation” (TLD) may be a future treatment option for patients 
with chronic obstructive pulmonary disease (COPD) if results 
from a first-in-human study are duplicated and validated. TLD is 
a bronchoscopic therapy based on ablation of parasympathetic 
pulmonary nerves that release acetylcholine, which, in turn, 
leads to smooth muscle constriction in the bronchi. TLD, 
delivered through a dual-cooled radiofrequency (RF) catheter, is 
designed to ablate targeted tissue “at depth with minimal heating 
and damage of the inner surface of the airway,” researchers 
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wrote. Researchers conducted a one-year trial involving 22 
COPD patients, 12 who received ablation at 20 watts and 10 
who received ablation at 15 watts. The researchers performed 
a series of pretreatment procedures, including starting patients 
on tiotropium bromide in a minimum eight-day run-in period, 
and conducting a pretreatment visual bronchoscopic inspection 
of the airwaves. During rigid bronchoscopy under general 
anesthesia, researchers placed and activated an electrode 
in up to eight rotational positions per bronchus to complete 
a circumference. The researchers used bronchoscopic and 
fluoroscopic visualization to guide electrode positioning 
throughout treatment. “TLD has the potential to overcome many 
of the limitations of inhaled drugs for the treatment of COPD,” 
the researchers wrote. They cited four potentials: TLD may 
eliminate inhaler compliance issues; TLD would not be subject 
to peak and trough variations; TLD may eliminate variable 
regional drug delivery and deposition by ablating the nerves that 
travel the bronchial tree; and TLD, in combination with inhaled 
anticholinergic drugs, may reduce airway obstruction and mucus 
production and inhibit local airway inflammation.

Wearable NIOV Device a Success
Breathe Technologies has announced new data demonstrating 
that use of its one-pound, wearable Non-Invasive Open 
Ventilation (NIOV) System in pulmonary rehabilitation was 
associated with significant improvement in exercise endurance. 
The study results were presented on June 5 during the biennial 
COPD9USA meeting taking place in Chicago. Increased physical 
activity and exercise capacity are important factors in improving 
long-term health outcomes among patients with chronic 
respiratory disease. Exercise has been shown to increase energy 
to allow continuation of normal day-to-day activities, maintain 
a healthy body weight to make breathing easier and reduce the 
frequency of disease-related respiratory exacerbations.

Study Cites Fool’s GOLD
Current chronic obstructive pulmonary disease (COPD) 
management programs and guidelines overdiagnose elderly 
patients and underdiagnose young ones. Martin R. Miller, MD, 
from the University of Birmingham in the United Kingdom, and 
Mark L. Levy, MBChB, from the Harrow Clinical Commissioning 
Group in London, United Kingdom, wrote their article as part 
of a series in the journal on overdiagnosis. The Global Initiative 
for Obstructive Lung Disease (GOLD) strategy documents were 
introduced in 2001 and were intended to create a new and 
simple threshold for airway obstruction. A diagnosis of COPD is 
thus based entirely on an assessment of airway obstruction as 
measured by the ratio of forced expiratory volume in 1 second 
(FEV1) divided by the forced vital capacity (FVC). Although 
the GOLD guidelines are based on consensus expert opinion, 
they do not effectively diagnose COPD, Dr Miller and Dr Levy 
contend. Yet, the GOLD criteria have been adopted by the 
UK National Institute for Health and Care Excellence and are 
used extensively throughout the United States, Europe, and 
Australasia. In their analysis, Dr Miller and Dr Levy propose that 
the GOLD criteria be refined by the addition of LLN criteria. 
At a minimum, they suggest, the LLN should be incorporated 
into future studies of COPD. The authors explain that when 
the GOLD definition is applied to England and Wales, 22% of 
individuals older than 40 years meet the criteria for COPD. In 
contrast, the LLN criteria would diagnose 13% of individuals 
older than 40 years as having COPD, suggesting the current 
system results in a great deal of overdiagnosis. They also 
calculate that as many as 13% of patients diagnosed with COPD 

under the GOLD criteria may be misdiagnosed (underdiagnosis 
as well as overdiagnosis). This misdiagnosis could lead to poor 
outcomes that result from inappropriate treatment. For example, 
use of the inhaler treatment for COPD increases the risk of the 
patient developing severe pneumonia, which is an unfortunate 
outcome for a patient who may not even need the inhaler.

CF Award Announced
A $2.8 million agreement between Novoteris, LLC and Cystic 
Fibrosis Foundation Therapeutics Inc. (CFFT), the nonprofit 
drug discovery and development affiliate of the Cystic Fibrosis 
Foundation, has been announced to develop an inhaled nitric 
oxide antimicrobial therapy for people with cystic fibrosis 
(CF) who have airway bacterial colonization. The Novoteris 
investigators’ pilot trial in Europe of this therapy reported 
encouraging microbiological and lung function changes 
following two weeks of treatment in patients with CF. Gaseous 
nitric oxide’s potent antimicrobial properties, lack of bacterial 
resistance, and its small molecule penetration capabilities 
could provide a promising alternative non-antibiotic approach 
to treating infections in people living with the disease. 
Novoteris expects to begin a Phase 2b study by Q3 of 2015 
to be supported in part by this award from CFFT. CF is a 
rare life-threatening hereditary disease characterized by the 
production of thick, hard to clear mucus within the lung, 
leading to recurrent lung infections and loss of lung function. 
Antibiotic therapy, routinely used to treat lung infections in 
people with CF, becomes ineffective as bacterial resistance 
develops. The thick mucus within the lungs also makes it 
difficult for antibiotics to penetrate bacterial colonies so there 
is a great need to develop alternative agents that can treat 
bacterial infection in people with CF. Alex Stenzler, President 
of Novoteris, said: “Based on the success of our pilot trial, and 
the broad spectrum of bacteria and fungi that our product has 
demonstrated effectiveness against, we anticipate a high level 
of patient eligibility and interest for our Phase II efficacy trial. 
We are expecting that our program will provide a novel and the 
first inhalable gaseous antimicrobial agent for the treatment of 
patients with this devastating disease.”

Inhaled Steroids Can Make Pollutants Worse
A clinical study is warning that inhaled corticosteroids cannot 
adequately protect children with asthma from high levels of air 
pollution. In fact, they may actually exacerbate the effects of 
pollutants. The authors found that both long-term and short-term 
exposures to pollution were associated with decreased lung 
function and increased airway hyperresponsiveness among 1,003 
children with asthma who were enrolled in a trial comparing 
budesonide (Pulmicort, AstraZeneca) with nedocromil 
(which has since been withdrawn from the US market) or 
placebo. Kids receiving either budesonide or nedocromil had 
a more pronounced worsening of airway responsiveness with 
exposure to carbon monoxide (CO) than the children who were 
assigned to placebo, according to a study from the University 
of Groningen, the Netherlands. The public health implications 
of the finding are that asthma controller medications cannot 
be assumed to provide adequate protection for children with 
asthma during days when there is heavy ambient air pollution, 
the authors said. The investigators looked at short- and long-term 
exposures to ozone, CO, nitrogen dioxide, and sulfur dioxide 
among children enrolled in the Childhood Asthma Management 
Program (CAMP) trial. They also examined the question of 
whether use of either budesonide or nedocromil could protect 
against the effects of pollution.



Ad Page 17of the ramifications
think

MINIMIZE COMPLICATIONS.  
MAXIMIZE QUALITY CARE. THINK DALE. Dale® is a registered trademarks of 

Dale Medical Products, Inc. in the USA.  
©2015 Dale Medical Products, Inc.
AD-037 Rev A

ThinkRamifications.com  
800-343-3980 

THERE’S NO ROOM FOR COMPROMISE. 

PATIENT SATISFACTION IS OUR HIGHEST PRIORITY AND WE KNOW IT IS YOURS TOO. 

THAT’S WHY EVERY DALE PRODUCT HAS BEEN DESIGNED AND MANUFACTURED TO 

DELIVER PERFORMANCE YOU CAN TRUST. 

W H E N  I T  C O M E S  T O 

P R E V E N T I N G

VA P

DESIGNED TO PROVIDE SECURE POSITIONING AND TO MINIMIZE 

MOVEMENT OF THE TRACHEOSTOMY TUBE. WILL ALLOW YOU 

TO ELIMINATE THE FRUSTRATIONS ASSOCIATED WITH TWILL 

TIES AND OTHER HOLDERS WHILE MINIMIZING SECONDARY 

COMPLICATIONS AT THE SAME TIME. THE MOISTURE WICKING 

LINING ON THE 2-PIECE, ADJUSTABLE NECKBAND LEAVES THE 

SKIN DRY, REDUCING THE RISK OF SKIN BREAKDOWN. SECURE 

AND EASY TO USE FASTENER TABS FIT ANY SIZE TRACH PLATE.

DALE® TRACHEOSTOMY TUBE HOLDERS

STABILOCK SECURES ENDOTRACHEAL TUBES QUICKLY AND 

EASILY TO HELP PREVENT ACCIDENTAL EXTUBATION. THE DALE 

STABILOCK PROVIDES EASY ACCESS TO THE PATIENT’S MOUTH 

ALLOWING THE CLINICIAN TO PERFORM ORAL CARE WHICH 

STUDIES SHOW CAN REDUCE THE RISK OF VAP. THE PRODUCT 

ALLOWS THE TUBE TO BE REPOSITIONED IN THE PATIENT’S 

MOUTH TO REDUCE RISK OF INJURY TO LIPS AND UNDERLYING 

TISSUES.

DALE® ENDOTRACHEAL TUBE HOLDER



18 Respiratory Therapy Vol. 10 No. 4 n Fall 2015 

RT Schools Given Ventilators
Draeger Medical, Inc. has made a large donation to help with 
the training of Respiratory Therapists. Draeger is a proud 
corporate partner of the AARC and offers leading innovations 
in respiratory care, including advanced ventilation modes, lung 
recruitment strategies and unique knowledge-based weaning 
programs, which will help to maintain cost-effectiveness and 
improve patient outcomes. Hospitals face enormous challenges 
attracting qualified Respiratory Therapists to meet the increasing 
demands placed on our health care system today. Institutions 
of higher learning that offer Respiratory Care education are 
on the front lines of training the next generation of dedicated 
Respiratory Care professionals. Broad training on modern-
day mechanical ventilator products is essential to ensuring a 
new RT graduate is prepared to enter the workforce. During 
the AARC Summer Forum, Dräger was pleased to offer ten 
ventilators to Respiratory Therapy schools. These state-of-the-art 
devices were raffled off during the education section meeting, 
which addressed trends related to contemporary RT education. 
“Providing the latest technology in mechanical ventilation fosters 
a greater learning experience in the lab setting for RT students, 
and better prepares graduates for the workforce,” said Ed 
Coombs, MA, RRT-NPS, ACCS, FAARC, director of marketing for 
Intensive Care & Neonatal Care, Draeger Medical, Inc.

EXECUTIVE PREVIEW AARC

Covidien
Booth 725

What products will you be presenting at AARC?
Microstream Capnography, Nellcor Pulse Oximetry, Puritan 
Bennett Ventilators, and McGrath MAC.

Are there any new products?
Nellcor Respiration Rate V2.0 and Microstream Cap35.

What are the education and training offerings?
Medtronic Professional Education and Continuing Education 
(http://www.covidien.com/pace/pages.aspx), Covidien 
Implementation Connection (http://www.covidien.com/rms/sales-
support/covidien-implementation-connection), and ICU Sedation 
(http://www.covidien.com/icusedation/pages.aspx). 

What will the speakers and presentation offer?
The Link between Asynchrony & Sedation Management, and 
Respiratory Compromise Symposium.

Why should AARC participants visit your booth?
Respiratory Compromise is Common, Costly and Deadly: 
Common: Nearly 30% of post-operative patients¹ and up to 7% of 
all Medicare patients² will suffer from respiratory compromise. 
Cases of respiratory compromise are expected to increase by 
31% by 2019.²
Costly: Patients with hospital contracted respiratory 
compromise will on average cost the hospital an additional 
$18,208+ than patients without respiratory compromise.3

Deadly: Patient with respiratory compromise that originated on 
the general care floor are 29 times more likely to die, compared 
to the rest of the patient population.3

The new Puritan Bennett 980 ventilator helps enable patients to 

breathe more naturally† through some of the most innovative 
breath delivery technology available. Our simple, safe and smart 
design provides more natural ventilation that may help improve 
patient comfort.1

Simple: Our innovative user interface features a highly 
customizable display with intuitive screen navigation.
Safe: The newly designed Puritan Bennett 980 ventilator 
provides a unique ventilator assurance feature and an integrated 
expiratory filtration system.
Smart: Advanced synchrony tools help clinicians set the 
ventilator to adapt to their patients’ unique needs and help 
provide the appropriate level of support throughout the breath.

References
1 Linde-Zwirble WL, Bloom JD, Mecca RS, Hansell DM. 

Postoperative pulmonary complications in adult elective 
surgery patients in the US: severity, outcome and resources 
use. Crit Care Med. 2010;14: P210.

2 Agarwal SJ, Erslon MG, Bloom JD. Projected incidence 
and cost of respiratory failure, insufficiency and arrest in 
Medicare population, 2019. Abstract presented at Academy 
Health Congress, June 2011.

3 Kelley SD, Agarwal S, Parikh N, Erslon M, Morris P. 
Respiratory insufficiency, arrest and failure among 
medical patients on the general care floor. Crit Care Med. 
2012;40(12):764

Dale Medical Products
Booth 705

What products will you be presenting at AARC?
Dale Tracheostomy & Endotracheal Tube Holders. Dale 
Tracheostomy Tube Holders are safe and effective products that 
often exceed your performance requirements. By choosing Dale 
you can limit the possibility of inferior quality and poor patient 
satisfaction from other manufacturers. Dale Endotracheal Tube 
Holders help prevent accidental extubation. The Stabilock 
provides easy access to the patient’s mouth allowing the clinician 
to perform oral care which studies show can reduce the risk of 
VAP. 

Why should AARC participants visit your booth?
Stop by for free evaluation samples and to speak with our 
representatives on the services and support Dale will provide. 

Electromed
Booth 811

What products will you be presenting at AARC?
Electromed will present the SmartVest Airway Clearance 
System at AARC congress 2015. The SmartVest System uses high 
frequency chest wall oscillation (HFCWO), a proven clinical 
therapy prescribed for people with airway clearance needs. 
Clinical research shows HFCWO to be highly effective at clearing 
airways of excess mucus and helping reduce infections and 
hospitalizations that can result when impaired airway clearance 
is inadequately treated.

The SmartVest System consists of an inflatable garment 
connected to a programmable air pulse generator. During 
therapy, the SmartVest garment delivers a rapidly repeating pulse 
of air, alternately squeezing and releasing the upper body. Each 
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squeeze simulates a “mini cough,” which acts to loosen, thin 
and propel mucus toward major airways, where it can be more 
readily coughed up or suctioned away.

Are there any new products you wish to emphasize?
Electromed recently introduced the next generation SmartVest 
System, model SQL. The SmartVest SQL was designed to stand 
apart from the competition with features that our patients 
and clinicians requested to improve therapy adherence. The 
SmartVest SQL was designed 25% smaller, 5dB quieter and 25% 
lighter than previous versions. In addition to being significantly 
smaller, quieter, and lighter, some of the features include a 
single-hose design for greater freedom of motion, patented Soft 
Start technology to better acclimate the patient to therapy and a 
programmable ramp option.

Why should AARC participants visit your display?
Participants will learn firsthand what makes the SmartVest 
System a preferred choice for HFCWO therapy through hands-on 
demonstration of the innovative SmartVest SQL System.

In today’s healthcare environment, there is a comprehensive 
focus to reduce hospital readmission penalties associated with 
the Affordable Care Act. Solutions like the SmartVest System 
help patients with impaired airway clearance improve bronchial 
drainage, reducing the likelihood of future lung infections and 
other health risks and complications. Electromed is the only 
HFCWO device company to earn Home Care Accreditation from 
The Joint Commission, a symbol of quality and commitment to 
meeting performance standards for in-home patient therapy and 
service. We look forward to seeing you in Tampa!

Hamilton Medical
Booth 923

What products will you be presenting at AARC?
Hamilton Medical has over 30 years of experience in advanced 
mechanical ventilation and has the most current ventilator 
technology on the market today. We have ventilator models 
that meets the requirements of all market segments. Hamilton 
Medical will be showing our full ventilator line, designed to 
meet the ventilation needs of all patient populations, anywhere; 
in a hospital, during transport in an ambulance or helicopter, 
and also the MRI suite. Attendees will be able to see the 
HAMTILON-G5, HAMILTON-C3, HAMILTON-C2, HAMILTON-C1, 
HAMILTON-T1, the HAMILTON-MR1, and the H900 Humidifier. 
We are looking forward to showcase both neonatal and NCPAP 
application on both the HAMILTON-T1 and the HAMILTON-C1 
(currently pending FDA approval, we are expecting it to be 
released at the end of the year) ventilator system, to provide care 
for the full range of patient populations. **Neonatal option on 
the HAMILTON-T1 vent (pending FDA approval, potential end of 
summer for clearance) 

Discuss educational/training materials you’ll be offering.
Aaron White, RRT-NPS, Hamilton Medical Clinical Account 
Manager/G5 Product Manager, will be doing live demonstrations 
on how to accurately set PEEP with transpulmonary pressure 
on the G5. There will be the opportunity to speak with the heads 
of technical support, clinical support, R&D, and marketing to 
answer any and all questions about Hamilton Medical and our 
products.

Hamilton Medical will also feature a demonstration of Hamilton 
Medical College, our on-line e-learning tool, offering courses on 
mechanical ventilation and the Hamilton Medical ventilators. 
Learn how you can train your staff effectively, meet your training 
requirements, and have your staff earn CRCEs without ever 
leaving the hospital and, all at no charge.

Attendees will have the opportunity to learn about Hamilton 
Medical and all the exclusive features our vents offer. They can 
enter for a chance to win an educational grant to attend our 
Clinical Experts Workshop. 

Why should AARC participants visit your display?
Our 20 x 30 Island booth will house each of our products and 
product experts, so if you practice adult care, neonatal care, 
long-term care or are involved in transport care, either on the 
ground or in the air, Hamilton Medical is available to provide you 
a solution to address the needs of your daily practice. 

MGC Diagnostics
Booth 301

What products will you be presenting at AARC?
MGC Diagnostics will feature recent product developments 
and technology advancements, including systems for 
pulmonary function testing: Platinum Elite Plethysmograph 
and Ultima Series with Real Time Diffusion (RTD) MultiGas 
Technology which deliver clinically significant graphic data 
and immediate results; gas exchange systems: Ultima Series 
CPX and CardiO2 with integrated ECG and the CCM Express 
Indirect Calorimeter. Our latest version of BreezeSuite 
software incorporates the latest HIPAA – HITECH Security 
Safeguards to protect your patient’s Identifiable Health 
Information. We will also be showcasing the CPFS/D USB full 
function spirometer and ResMonPro FOT (Forced Oscillation 
Technique) which help to determine the degree of obstruction, 
expiratory flow limitation, heterogeneity, and bronchial 
reversibility with no forced maneuvers. 

Are there any new products you wish to emphasize?
MGC Diagnostics will be highlighting our redesigned 
Ultima Series Cardiorespiratory Diagnostic Systems for 
both pulmonary function and exercise testing. We will be 
displaying our latest technology and invite you to stop by our 
booth for a personal presentation on our newest innovative 
products which include the Sleep Virtual product line of sleep 
diagnostics acquisition devices.

Discuss educational/training materials you’ll be offering.
Managing the MGC Diagnostics exhibit will be our best in class 
clinical, sales and support staff available to answer not only 
your product questions, but provide expert consultation for your 
clinical application and cardiorespiratory business needs.

Why should AARC participants visit your display?
MGC Diagnostics delivers diagnostic solutions 
for detection, classification and management of 
cardiorespiratory patients worldwide. This singular 
focus guides our strategy and defines our commitment to 
customers, employees and shareholders. These attributes 
make us uniquely qualified to solve today’s challenges and 
uncover solutions for tomorrow’s opportunities.
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ResMed
Booth 101

What products will you be presenting at AARC?
ResMed will be presenting both its life support ventilation 
systems, Astral 100/150 ventilators, as well as its Air Solutions 
Sleep Disordered Breathing series of devices. Our homecare and 
hospital mask systems will also be on display. 

Are there any new products you wish to emphasize?
Astral Ventilator, AirSense AutoSet, AirCurve bilevels and the 
AirView Patient Management System. 

Discuss educational/training materials you’ll be offering.
Product information, demonstrations and the appropriate 
clinical application of each. 

What speakers or papers will you be featuring?
ResMed will have three case studies available that speak to the 
benefits of the Astral ventilators. 

Why should AARC participants visit your display?
ResMed changes lives by developing treatments for sleep-
disordered breathing and respiratory disorders that improve 
the health of those who suffer from these conditions. That is 
evidenced in the Astral case studies we will have available 
upon request from attendees. With our new Air Solutions sleep 
platform, we give clinicians unprecedented access to a patient’s 
therapy data, so clinicians can stay connected with their patients 
and referral sources, while being more efficient.

ZOLL Medical Corporation
Booth 1528

What products will you be presenting at the AARC?
ZOLL Medical Corporation continues to expand its portfolio of 
resuscitation and acute critical care devices to help respiratory 
therapists improve patient care. New to ZOLL’s product portfolio 
are the Eagle II and Eagle II MRI hospital portable ventilators, 
which ZOLL acquired from Impact Instrumentation last year. 
These critical care ventilators are the ideal solution for ICUs, 
emergency departments, and intra-hospital transport. For intra-
hospital transport of infants (≥5 kg), pediatric patients, and 
adults, the Eagle II portable ventilator weighs less than 10 lbs. 
and has a battery run time of 10 hours. In addition to AC mode, 
the Eagle II offers SIMV and CPAP (NPPV/PPV) modes with 
pressure support. The Eagle II is available in an MRI-friendly 
model to support ventilation in the MRI suite. The ResQPOD 
Impedance Threshold Device (ITD) is a simple, non-invasive 
device used during CPR to increase blood flow. Attached to 
a facemask or advanced airway, the ResQPOD ITD enhances 
negative pressure within the chest to increase preload, lower 
ICP, and improve blood flow to the brain and vital organs.  Pre-
Clinical studies have shown that the ResQPOD ITD can increase 
survival by 25% or more when used with high-quality CPR.1. The 
ResQPOD ITD helps to improve perfusion during CPR, and the 
latest data from the ROC PRIMED study shows that it improves 
survival when used with high-quality CPR.2 The AutoPulse 
Resuscitation System provides consistent, high-quality CPR 
to victims of sudden cardiac arrest. Easy to use and battery 
operated, its load-distributing LifeBand squeezes the patient’s 
entire chest to improve blood flow to the heart and brain. The 

only device of its kind, the AutoPulse automatically sizes to the 
patient, and has shown improved survival in numerous clinical 
trials.3,4

Are there any new products that you wish to emphasize?
The Eagle II and Eagle II MRI are new to ZOLL’s resuscitation 
portfolio, although they have been on the market since 2009. 
Also new, as noted above, is the ResQPOD ITD, which enhances 
perfusion when added to the ventilation circuit. 

Discuss the education/training materials you will be 
offering?
ZOLL will be providing critical care demonstrations by clinicians 
who have used them all over the world. ZOLL will also be 
supporting the CDC lecture at the pre-conference events on 
national stockpile ventilators. New DVDs and training videos 
on intrathoracic pressure regulation (IPR) therapy and the 
ResQPOD ITD will be available in ZOLL booth #1528.

Why should AARC participants visit your display?
Respiratory therapists respond to every code in a hospital, 
manage ventilation and airways, as well as perform CPR. ZOLL 
offers a comprehensive portfolio of advanced technology 
products that help respiratory therapists improve outcomes 
and increase operational efficiencies. From our family of 
portable ventilators that provide a range of therapies to ventilate 
and support infants through adults onto our ResQPOD ITD 
to enhance perfusion during CPR, and the AutoPulse, our 
automated CPR system, we offer solutions that assist respiratory 
therapists in their mission to help save lives. 

References
1 Idris AH, et al. The interaction of chest compression rates 
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survival following out-of-hospital cardiac arrest. Circulation. 
2012; 126:LBBS-22813-AHA.

2 Yannopoulos D, et al. The effect of CPR quality: a potential 
confounder of CPR clinical trials. Circulation 2015;in press.

3 Wesfall M, et al. Mechanical Vs. Manual Chest Compressions 
in Out-of-Hospital Cardiac Arrest: A Meta-Analysis. Crit Care 
Med. 2013 Jul;41(7):1782‐9. 

4 Wik L, et al. The impact of CPR duration on survival to 
discharge between integrated AutoPulse-CPR and manual-
CPR during out-of-hospital cardiac arrest of presumed 
cardiac origin. Resuscitation. 2012;83:e17.



Ad Page 23



Ad Page 24

Vitalograph Pneumotrac

No question!

for the highest quality spirometry 
with Spirotrac V software

Wouldn’t your patients benefit from having the 
highest quality spirometry with Spirotrac V 
software backed by the only company with 
over 50 years of spirometry experience?

A variety of portable and 
desktop spirometers are 

available — all connectable to 
the Spirotrac V network

1-800-255-6626 • www.vitalograph.com
email: vitcs@vitalograph.com

Mention this ad for  a free box  of filters

Your cardio-respiratory partner

RT Vitalograph FP 2015-08-R3.indd   1 2015-08-19   2:40 PM



Ad Page 25

Hero Ad_Madonna_outlines.indd   1 8/5/15   4:32 PM



*Currently known as Aeroneb Solo Adapter

The new Aerogen Ultra* brings 
high performance aerosol drug 
delivery to spontaneous breathing 
patients throughout the hospital.  Call our Customer Support Unit  

at (866) 423-7643

More than twice  
the medication  
in half the time1

References: 1. Hickin S, Mac Loughlin R, Sweeney L, Tatham A, Gidwani S. Comparison of mesh nebuliser versus jet nebuliser in simulated adults with chronic 
obstructive pulmonary disease. Poster at the College of Emergency Medicine Clinical Excellence Conference. 2014

www.aerogen.com PM167

4507 Aerogen RT US ad_203.2x254mm_F.indd   1 27/02/2015   16:00

*Currently known as Aeroneb Solo Adapter

The new Aerogen Ultra* brings 
high performance aerosol drug 
delivery to spontaneous breathing 
patients throughout the hospital.  Call our Customer Support Unit  

at (866) 423-7643

More than twice  
the medication  
in half the time1

References: 1. Hickin S, Mac Loughlin R, Sweeney L, Tatham A, Gidwani S. Comparison of mesh nebuliser versus jet nebuliser in simulated adults with chronic 
obstructive pulmonary disease. Poster at the College of Emergency Medicine Clinical Excellence Conference. 2014

www.aerogen.com PM167

4507 Aerogen RT US ad_203.2x254mm_F.indd   1 27/02/2015   16:00

*Currently known as Aeroneb Solo Adapter

The new Aerogen Ultra* brings 
high performance aerosol drug 
delivery to spontaneous breathing 
patients throughout the hospital.  Call our Customer Support Unit  

at (866) 423-7643

More than twice  
the medication  
in half the time1

References: 1. Hickin S, Mac Loughlin R, Sweeney L, Tatham A, Gidwani S. Comparison of mesh nebuliser versus jet nebuliser in simulated adults with chronic 
obstructive pulmonary disease. Poster at the College of Emergency Medicine Clinical Excellence Conference. 2014

www.aerogen.com PM167

4507 Aerogen RT US ad_203.2x254mm_F.indd   1 27/02/2015   16:00

*Currently known as Aeroneb Solo Adapter

The new Aerogen Ultra* brings 
high performance aerosol drug 
delivery to spontaneous breathing 
patients throughout the hospital.  Call our Customer Support Unit  

at (866) 423-7643

More than twice  
the medication  
in half the time1

References: 1. Hickin S, Mac Loughlin R, Sweeney L, Tatham A, Gidwani S. Comparison of mesh nebuliser versus jet nebuliser in simulated adults with chronic 
obstructive pulmonary disease. Poster at the College of Emergency Medicine Clinical Excellence Conference. 2014

www.aerogen.com PM167

4507 Aerogen RT US ad_203.2x254mm_F.indd   1 27/02/2015   16:00
Aerogen RT Spring 15.indd   1 2015-03-02   10:52 AM



Respiratory Therapy Vol. 10 No. 4 n Fall 2015  27

Nosocomial infections due to Ventilator-Associated Pneumonia 
(VAP) are common, costly, and dangerous to patients in ICU 
settings. The cause of VAP is clear, resulting from the presence 
of bacteria in the typically clean areas of the lower respiratory 
tract. The mechanical ventilator causes subglottic secretions 
to accumulate above the ballooned cuff of the inflated tracheal 
tube, which then leak or are aspirated into the lungs. 

VAP is an extremely common and serious type of hospital-
acquired infection (HAI), with an incidence rate ranging from 1-3 
VAP/1,000 ventilator-days in the United States, and significantly 
higher (12-18 VAP/1,000 patient-days) in Europe, in large part 
due to differences in VAP definition (Damas et al, 2015). These 
nosocomial infections are highly dangerous, with a mortality rate 
associated with VAP of 13%, and infections prolong ICU stay by 
6-9 days for the patient.

Multiple studies have shown the benefit of draining subglottic 
secretions before they can enter the lungs and cause infection. 
In a randomized, controlled clinical trial, Subglottic Secretion 
Drainage (SSD) reduced the rate of VAP from 17.6% to 8.8%, 
cutting nosocomial infections in half (Damas et al, 2015). The 
authors concluded, “Subglottic secretion suctioning resulted 
in a significant reduction of ventilator-associated pneumonia 
prevalence.” Another clinical trial confirmed these results, 
demonstrating a 42% reduction in VAP in the patients who 
had their subglottic secretions drained regularly (Lacherade 
et al, 2010). In a meta-analysis of clinical trials conducted on 
ventilated patients, it was shown that SSD minimizes both 
the length of ventilation and stay in the ICU (Dezfulian et al, 
2005). Regular secretion drainage has been shown to be a 

vital component in reducing nosocomial infection, duration of 
ventilation, and stay in the ICU.

Despite the clinical benefits, there are significant challenges 
associated with proper and regular secretion drainage. 
Respiratory therapists are instructed to drain the secretions for 
each patient on ventilation every hour, which is often difficult 
to accomplish with the volume of patients and high patient to 
staff ratio. Draining the secretions by hand is time-consuming 
and difficult to ensure that each patient receives SSD every hour. 
Furthermore, it causes patient discomfort, where an invasive 
procedure is repeated hourly for days. Commonly the SSD 
causes an inflammatory response, actually increasing the amount 
of subglottic secretions. If the subglottic secretions are not 
drained properly they can then enter the lungs and necessitate a 
painful bronchial or endotracheal drainage procedure. According 
to a poster presented by the University of Texas, “Endotracheal 
suctioning has been associated with adverse events that 
include tachycardia, hypertension, hypoxemia, and atelectasis.” 
(Acevedo et al, 2013).

There is also disturbing evidence that the manual draining 
of these secretions is not within the recommendations of the 
American Association for Respiratory Care (AARC) Clinical 
Practice Guidelines. The AARC specifies a pressure of 150 
mmHg, but studies have found that 97.7% of observed manual 
suctionings exceeded these force levels, putting greater strain 
on the patient’s trachea. The average force from wall-mounted 
suction was found to be 123% higher than recommended. Using 
a syringe is even more forceful, with average pressure of 578-
722 mmHg (depending on syringe size). Current methods for 
subglottic drainage put between 2 and 5 times more force on the 
airway than is recommended.

A potential solution to the problems with current SSD techniques 
may be automated intermittent secretion drainage. With these 
devices, the suction device is permanently connected with the 
suction port of the tracheal or endotracheal tube, and activated 
automatically to drain secretions. Rather than hoping for 
drainage each hour, a smaller amount of fluid can be drained 
every 5-15 minutes, depending on the amount and viscosity of 
subglottic fluid accumulating.

In automating the process, the respiratory therapist gains 
significantly more control over the procedure. The therapist 
can customize the timing of the automated suctioning for the 
patient. The pressure of the system can be substantially lower, 

Benefits of Automated Intermittent Subglottic 
Secretion Drainage
Jesse Cozean, MBA
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within the AARC Guidelines, and tailored to the needs of the 
patient and without putting unnecessary force on the airway. By 
collecting the secretions at smaller intervals, even with lower 
pressure levels, a larger volume of the subglottic secretions can 
be removed, lowering the risk of VAP. 

An automated intermittent subglottic aspiration system has 
the advantage of being specifically designed for the removal of 
subglottic secretions, rather than wall suction or general-purpose 
suction pumps that are not intended for that purpose and put 
substantially higher force on the patient. Wall suction have on/
off cycles that are too short to be ideal for removal of subglottic 
secretions, pressure levels are difficult to control, and they are 
very noisy. Using manual suction with a syringe places even 
more force on the airway of the patient, requires the staff to 
glove up hourly and use a new syringe for suction, and handling 
the contagious material which can increase the risk of cross-
contamination. 

Automated intermittent systems have been extensively tested 
and widely used in Europe, and the first such product to gain 
FDA clearance is now available in the United States. One 
doctor and researcher, Dr Markus Wolf, has used automated 
intermittent subglottic suctioning for more than three years in 
the Department of Pneumology and Intensive Care (Asklepios 
Klinik Barmbek, Hamburg, Germany). The 18-bed ICU ward, with 
all patients ventilated on admission, has treated approximately 
300 patients with automated devices. 

“We have seen many advantages of the automated intermittent 
subglottic drainage,” says Dr Wolf. “In our experience, the 
amount of material drained increases by 10 times over what we 
were seeing with manual suctioning by our staff. It has saved 
time for our staff and reduced our contact with infectious 
material. And it has been beneficial to our patients, with less 
force put on the tracheal wall and no trauma from repeated 
endotracheal suctioning.”

Dr Wolf divides the patients he treats into two major groups for 
automated subglottic drainage. The first set of patients have a 
massive aspiration of saliva-type fluid, more than 500 ml per 
day. For this group, the settings of the automated intermittent 
device are for low pressure, which is sufficient to extract the 
fluid, on short intervals to remove as much of the secretions 
as possible. The second group experiences a smaller amount 
of thick mucopurulent material, typically less than 200 ml per 
day. For this group, a higher pressure setting (still within AARC 
Guidelines) is utilized, with longer intervals between suctioning. 

One of the first clinicians to adopt an FDA-cleared automated 
intermittent device in the United States, Jerry Gentile, BSHA, 
BSRC, MBA, EdD(c), RT, RRT, has been impressed by the new 
equipment. “As one of the first respiratory clinicians to adopt 
the automated intermittent subglottic drainage devices in the 
United States, I have been impressed by the new equipment. We 
have been trialing the device on 5 patients and the results have 
been clinically significant. Further clinical trials are needed to 
assess efficacy and overall cost effectiveness” says the Director 
of Respiratory Care Services, Eastchester Rehabilitation and 
Healthcare Center (Bronx, NY). 

Subglottic drainage is a vital tool in the fight to prevent VAP 
and nosocomial infection, and automating the process with 
specialized equipment may have significant advantages for 

both the healthcare facility and the patient. The automated 
process requires less time from the staff and minimizes contact 
with infectious material. For patients, more secretions can 
be drained with less trauma and force on the airway, and the 
process can be customized for the individual needs of the 
patient while minimizing noise in the patient room. With the first 
FDA clearance for these devices already granted, automated 
intermittent subglottic secretion drainage seems to be the wave 
of the future.
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Oxygen is essential to sustaining human life, and many patients 
with pulmonary compromise are dependent on supplemental 
oxygen for survival.1 However, the logistics of providing an 
uninterrupted supply of supplemental oxygen can present a 
serious challenge to the care team, especially during transport 
situations where the oxygen source is limited.2

In hospitals today, with the increase in acuity and the ever-
increasing demands on available staff, patients requiring 
oxygen during transport are still at risk of an interruption in 
their supply—whether intra or inter hospital. Interruptions can 
happen with little warning, requiring staff to attentively monitor 
the gauge. 

Although there have been advances in portable oxygen cylinders 
for patient transports, the on-board supply remains finite. 
The conventional method to ascertain contents is via a rough 
interpretation of a pressure gauge, which requires some degree 
of clinical expertise. Although modern “all-in-one” oxygen 
cylinders no longer require caregivers to fasten a separate 
withdrawal device (ie, regulator), there has still been little 
warning to caregivers before the cylinder contents are depleted 
beyond carefully watching the pressure gauge. 

To address the need to alert caregivers to a dwindling supply, 
recent advancements in technology can now help hospitals 
prevent the serious risks associated with a disruption in the 
patient’s oxygen supply during transport. This technology offers 
security for both the patient and the medical facility, and can 
reduce the burden on staff resources. 

Clinical Use of Portable Oxygen Systems and the 
Inherent Risks 
Oxygen has a long history of benefiting patients in a variety of 
medical environments, from ambulance to hospital teams. In 
2009, the National Patient Safety Agency (NPSA) a division of 
the United Kingdom’s National Health Service, released a review 
and guidance document related specifically to oxygen safety in 
hospitals.3 According to this report: “Oxygen has been used in 
clinical practice for more than 200 years and benefits the patient 
by increasing the supply of oxygen to the lungs and thereby 
increasing the availability of oxygen to the body tissues. These 
days, oxygen is one of the most commonly used medicines in 

hospital environments, and is used across a range of healthcare 
specialties. Ambulance teams and emergency department teams 
are likely to give oxygen to a large number of patients with 
conditions such as ischaemic heart disease, sepsis or trauma.”3

The report goes on to conclude that oxygen use is generally 
safe, but there are serious risks of harm if it is not handled 
and administered appropriately. Moreover, the major risks are 
underuse and overuse of oxygen, where pertaining to runouts, 
underuse of oxygen is extremely dangerous because “it exposes 
critically ill patients to the risk of hypoxic organ damage.” 

It should be noted that although the NPSA data is UK based, it 
represents statistics collected on a national scale. Such data are 
not available publicly for the US nationally, despite a clear need.

Incidence of Run Outs 
Despite the abundance of technology now utilized in clinical 
environments to assist with patient safety, incidents related to 
administration and management of oxygen delivery, including 
run-outs, remain a serious conceivable risk. The 2009 NPSA 
report reviewed several sources of data for reported patient 
incidences related to oxygen use, and found consistent themes 
including the run out of oxygen or use of empty cylinders.

One source cited by the NPSA report was the incidence data 
from their healthcare Reporting and Learning System. These 
data show 281 serious incidents reported between December 
2004 and June 2009 related to the mismanagement of oxygen, 
and that these included 32 serious incidents involving infants 
and children. The report does not detail the specifics of each 
case, but these incidences were broken into categories and 
some examples of the case write-up free text were provided. 
The largest of these categories, encompassing 109 of the 281 
cases (39%) pertained to empty cylinders, lack of equipment and 
related user errors. A free text example from a case description 
was as follows:

“Patient had arrived in X-ray Dept for an abdominal 
X-ray without a nurse escort. His X-ray was done and 
during this time he was unresponsive but was breathing. 
He was then moved to the waiting area to be collected 
by the portering staff and returned to ward. The Senior 
Sister in X-ray was called to see patient and he was 
found to be not breathing with no pulse. Although an 
oxygen mask was attached the oxygen cylinder was 
empty.”

Improving Oxygen Supply Safety for Acute 
Care Transports 
Thomas L Miller, PhD; Charles W Dunlap, BSRT, RRT-NPS and Chris Campbell
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A separate category consisting of 40 of the 281 cases (14%) 
included unsafe practices related to transport, where oxygen 
cylinders are typically used as opposed to wall mounted gas 
manifolds. Overall, 9 of the 281 incidents were determined to 
have caused a patient death and another 35 incidents were 
determined to have contributed to a patient death. The majority 
of relevant incidents were reported from acute hospitals (n = 267 
of 281; 95%).” 

The NPSA report also cited data from the Medicines and 
Healthcare products Regulatory Agency (MHRA). The report 
states that the MHRA typically receives 30 to 40 reports a year 
related to oxygen mismanagement. The report attributes the 
majority of these incidences to user errors, which lists “Empty 
Cylinders” as a first example. The definition for this category of 
errors specifies that it is related to “lack of pre-use checking and 
not because of cylinder valve failures.” 

Recommendations to Minimize the Occurance of Runouts 
Oxygen run-outs and interruptions during transports are 
preventable. Such as with other preventable adverse occurrences 
in the healthcare arena, it seems clear a multifaceted approach 
embodying staff training, incorporation of the latest technology 
and better reporting can go a long way to eliminating the risk of 
oxygen run outs. 

The NPSA report included a list of actions that could be 
implemented to improve oxygen safety. One action was “Where 
the use of oxygen cylinders is unavoidable (ie transfer and 
emergency situations or for mental health trusts), robust 
systems are in place to ensure reliable and adequate supplies, 
including checking and stocktaking of cylinders.” The rationale 
was listed as, “Reported incident indicating that cylinders were 
found empty when required in the event of an emergency or ran 
empty unnoticed in transfer situations.” To ensure compliance, 
the report recommended the following: “Record of review of 
cylinder storage. Evidence that procedures for checking and 
replacing cylinders are included in local policy and training.” 
Better training being the key point. 

Three main areas exist to combat preventable adverse events 
such as “run outs”—better training, better technology and better 
reporting.

Training 
To help reduce the incidence of run-outs, better training is con-
sistently recommended. One example is from the 2000-2001 an-
nual safety report by the New York Patient Occurrence Reporting 
and Tracking System (NYPORTS),4 an adverse event reporting 
system implemented pursuant to New York State Public Health 
Law Section 2805-l, Incident Reporting. In a summary of pulmo-
nary-related cases, under the category of “Oxygen ran out during 
transport; developed respiratory distress leading to death,” the 
risk reduction strategy was listed as “Train transport staff in 
oxygen tank management and the emergency procedures if tank 
runs out, involve respiratory in all transports with oxygen,” and 
the expert comments included: “Patient transport from critical 
care units to testing areas is always a difficult issue. Transporters 
are not particularly skilled in patient care and the availability of 
nursing staff/respiratory staff to accompany patients is some-
thing that should be examined closely.” 

Technology 
In the acute care setting, when the oxygen contents of a cylinder 

can unexpectedly run out, there can be little warning. By 
convention, attentively monitoring the pressure gauge was the 
only means to avoid a run-out. Oxygen consumption rates can 
vary depending on what delivery systems are connected to the 
cylinder (eg, a mechanical ventilator and/or oxygen blender), 
which can make estimating remaining tank capacity even more 
difficult than if the patient is receiving a fixed flow rate. In the 
event that the care team loses track, run outs are only detected 
after the tank is empty and the patient monitors alert the team 
that blood-oxygen levels are beginning to reach dangerous levels. 

Today, technology exists to warn that the cylinder contents 
are beginning to reach low levels, which gives advanced notice 
to care givers to change to a fresh tank or make informed 
assessments of time limits. Warnings include larger visual 
contents indicators, audible and visual alarm signals, and 
electronic countdown calculators to interpret the time remaining 
in hours and minutes to alert care-givers who have become 
distracted or have forgotten to check the pressure gauge. 

Better Reporting 
The United States Department of Health and Human Services 
Office of the Inspetor General Report from December 2008, 
Adverse Events in Hospitals: State Reporting Systems, found 
inconsistent reporting of adverse events between US states. This 
report states, “As of January 2008, 26 States had hospital adverse 
event reporting systems and another State had taken action to 
develop one.” “The remaining 25 States did not have adverse 
event reporting systems.” For the states that did have reporting 
systems, these systems varied in requirements for information to 
be included about the event and corrective actions.5

Summary
The uninterrupted supply of oxygen to patients, especially during 
transports, continues to challenge caregivers in acute care. New 
technologies are now available which can help avoid run-outs, 
coupled with better training and improvements in reporting.
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Introduction
The patient described in this case study was well known to 
us with several previous intubations and lengthy hospital 
admissions associated with severe asthma exacerbations. 
He was not responding to aerosol delivery with a vibrating 
mesh (Aerogen Solo) adapted to an open aerosol facemask. 
Vibrating mesh nebulizers are more efficient than jet 
nebulizers. However bench studies have shown that the use 
of an open aerosol facemask demonstrates similar efficiency 
to a jet nebulizer with an open aerosol facemask voiding the 
benefits associated with the vibrating mesh.1

Respiratory therapists have always believed that mouthpiece 
delivery is more effective than an open aerosol facemask. 
Alcoforado, et al. demonstrated a 22.8 % ± 9.83 lung dose 
from vibrating mesh nebulizer with valved adapter (Aerogen 
Ultra) via mouthpiece as compared to 4.5% ± 1.35 from a jet 
nebulizer via mouthpiece in healthy volunteers inhaling radio-
tagged aerosol.2 During this episode, we had exhausted all of 
our standard aerosol bronchodilator delivery strategies and 
it appeared that our only recourse for this patient would be 
intubation. We theorized that the use of the vibrating mesh 
with valved adapter via mouthpiece could potentially produce 
a positive outcome and prevent the escalation of care.

Case Summary
A 12 year old male with a history severe persistent asthma 
requiring frequent hospitalizations and several intubations 
presented in the emergency room in severe respiratory 
distress. The patient refused less invasive treatment i.e. high 
flow nasal cannula (HFNC) and bipap applications. He was 
placed on 80/20 heliox at 8 lpm with an open aerosol facemask 
with no improvement (note: the patient refused to wear a 
valved mask or HFNC). It was determined that since the 
heliox could not be properly administered due to the patient’s 
lack of cooperation that it should be discontinued.

He was scored utilizing a modified woods clinical asthma 
score 0-2 (mild), 3-4 (moderate) and >5 (severe). His 
asthma score at that time was a 5 severe, with diminished 
breath sounds, tight inspiratory and expiratory wheezing, 
a prolonged expiratory phase, substernal retractions and 
nasal flaring. He received 7.5 mg albuterol via vibrating 
mesh (Aerogen Solo) with an open aerosol facemask with 
no change in asthma score post treatment. One hour later 

he received another 7.5 mg of albuterol with marginal to no 
improvement.

Despite intensive treatment he was still in moderate to 
severe asthma exacerbation, which required transfer to the 
PICU. Upon arrival the therapist changed him to a vibrating 
mesh nebulizer with a valved adapter (Aerogen Ultra) via 
mouthpiece, and 15 mg of Albuterol was administered. 
Post treatment re-evaluation revealed improved aeration, 
decreased accessory muscle use, subsided nasal flaring, 
reduction in asthma score severity to mild (2) and improved 
patient comfort. The patient stated that he felt better.

After another dose of 15 mg of albuterol his asthma score 
remained mild (2) and for the next 8 hours he received Q2 
hour albuterol with dose cut in half (7.5 mg). In the morning 
he was weaned to Q4 hours and was discharged later that day. 
See Image 1 (above) documenting the patient clinical asthma 
scores after each treatment.

Discussion
With this frequent flyer, we believe that intervention with the 
combination of mesh nebulizer with adapter via mouthpiece 
and the greater inhaled dose made a substantial improvement 
resulting in clinical improvements leading to discharge.
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Image 1. Clinical Asthma Scores after each treatment showing drop in 
CAS to 2 after switch to vibrating mesh with the valved adapter and CAS 
for the duration of patient admission. 
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Cystic fibrosis (CF) is a life-threatening genetic disease that 
primarily affects the lungs and digestive system. An estimated 
30,000 children and adults in the United States (70,000 
worldwide) have CF. Approximately 1,000 new cases are being 
diagnosed each year.1 Individuals with CF have difficulty 
clearing pathogens from the lung and experience chronic 
pulmonary infections and inflammation. Death is usually a result 
of respiratory failure. The median expected survival age has 
reached 36 years.2

For patients with cystic fibrosis, maintaining proper airway 
function is essential, especially for children and young adults. 
The primary treatment that has been widely used is Chest 
Physical Therapy (CPT). CPT includes Postural Drainage and 
Percussion (PD & P), a way to help people with cystic fibrosis 
(CF) breathe with less difficulty and stay healthy. PD & P uses 
gravity and percussion to loosen the thick, sticky mucus in 
the lungs so it can be removed by coughing. Unclogging the 
airways is key to keeping lungs healthy by helping to reduce the 
severity of lung infections and improve overall lung function. In 
children and young adults with CF, CPT can be done by physical 
therapists (PT), respiratory therapists (RT), nurses, and even 
parents.3 The Cystic Fibrosis Foundation recommends CPT and 
PD & P to target different portions of the lungs, as prescribed 
by a physician. Although effective, parental involvement in CPT 
becomes more difficult as the child grows and becomes more 
independent. 

To help streamline this process, another treatment option 
was introduced to the CF community in the 1980s. The high 
frequency chest wall oscillation device (HFCWO) provided an 
alternative and effective treatment for patient’s to use at home. 
The device is an air-bladder vest that is connected to hoses and 
an electrical air generator, thus eliminating the need for a PT, RT, 
nurse or parent to administer. Additional advantages included 
semi-portability, freedom to comply with treatment frequency in 
the privacy of the home and access to necessary treatment on 
a patients’ schedule. From a technical perspective, a one-year 
multi-chart retrospective study conducted by Jan Tecklin, et al, 
concluded that Brasefield chest X-ray scores were statistically 
significantly better with HFCWO than CPTX.4 The technology 
typically relies on air to create a single waveform through an 
air bladder that delivers air in large volumes, at high amplitude 
to rapidly inflate and deflate the bladder. To do so, the device 
must tightly squeeze the patient’s torso with rapid, repeated 

compression, at times causing discomfort for patient users. 
The air-bladder type device is loud during operation, both for 
patients and family members, and must remain plugged into the 
wall for the duration of treatment, limiting patients’ mobility. 
This technology was originally developed and introduced in 
the 1980’s, and these air-bladder type vests have provided great 
benefits to thousands of patients over the years. 

A new type of HFCWO vest technology is now available that 
offers several advantages over air-bladder type vests. The 
AffloVest is a portable HFCWO device that is battery operated, 
thus eliminating the need to be connected to an electrical 
outlet during use. The AffloVest technology is self-contained. It 
mechanically generates waveforms from 8 individual oscillating 
motors sewn into the vest, thus eliminating the need for an air-
bladder, hoses and air generator. These 8 oscillating motors 
create 8 individual percussive waveforms, effectively creating 
disruption and mobilizing secretions in the lungs without 
squeezing the patient’s chest. These individual motors target 
different areas of the lungs that can be missed by certain types of 
air bladder HFCWO’s. The AffloVest technology does not require 
squeezing the patient’s chest and is customizable to individual 
patient needs offering 3 oscillation programs (percussion, 
vibration and drainage) as well as 3 treatment levels (soft/5Hz, 
medium/13Hz and intense/20Hz). Prescribing physicians can 
customize treatment plans for individual patient needs. The 
AffloVest is very quiet and can be used while walking or during 
other patient activities. These advantages offer freedom to 
comply with treatment whenever and wherever it is convenient 
for the patient. This may lead to increased compliance as 
reported by the patients in this study.

In a study conducted by Oermann et al, published in Pediatric 
Pulmonology, a randomized, multicenter crossover pilot 
study evaluated the efficacy and patient satisfaction with high 
frequency chest wall oscillation (HFCWO) and oscillating 
positive expiratory pressure (OPEP) compared to percussion 
and postural drainage (PD & P) in the home use setting. The 
study concluded that, given a choice of therapy, 50% of subjects 
chose HFCWO, 37% OPEP, and 13% PD & P.5

In the following case study, five adolescent patients used the 
AffloVest by International Biophysics for 3-5 months each and 
saw increased Pulmonary Function Test (PFT) scores. The 
PFT routinely measures airflow, lung volumes, gas exchange, 
response to bronchodilators, and respiratory muscle function. 
This study was performed at a major U.S. hospital actively 
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Lung Function Scores
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treating cystic fibrosis patients. The five patients involved in the 
study ranged in age between 14 and 18 years of age. All were 
using an air bladder HFCWO vest for their prescribed treatment 
plan, before switching to the AffloVest. The objective of the 
study was to measure lung function scores before and after use 
to determine efficacy. These data show FVC, FEV1, and FEF 
scores before and after using AffloVest.

Patient 1 
Age: 14 years
Sex: male
Improvements with the AffloVest were noted over current 
treatment as follows: FVC increased 12.5%, FEV1 increased 
18.8%, and FEF increased 63.7%. The patient’s mother states that 
her son is much more motivated to use his vest due to ease of 
use and freedom of movement during treatment.

Improvements with the AffloVest were noted over 

current treatment as follows: FVC increased 12.5%, FEV1 

increased 18.8%, and FEF increased 63.7%. The patient’s 

mother states that her son is much more motivated to 

use his vest due to ease of use and freedom of move-

ment during treatment.

FVC (L) FEV1 (L) FEF 25–75% (L/sec)

Predicted Value 3.33 3.06 3.44

Air Bladder Vest 2.80 2.61 3.72

Afflovest 3.15 3.10 6.09

Patient 1 
Age: 14 years
Sex: male

Patient 2 
Age: 14 years
Sex: male
Improvements with the AffloVest were noted over current 
treatment as follows: FVC increased 14.9%, FEV1 increased 
17.3%, and FEF increased 23.8%. In addition, his mother states 
that her son enjoys wearing the AffloVest and it has helped him 
increase his basketball performance.

Improvements with the AffloVest were noted over 

current treatment as follows: FVC increased 14.9%, FEV1 

increased 17.3%, and FEF increased 23.8%. In addition, 

his mother states that her son enjoys wearing the 

AffloVest and it has helped him increase his basketball 

performance.            

FVC (L) FEV1 (L) FEF 25–75% (L/sec)

Predicted Value 3.33 3.06 3.44

Air Bladder Vest 2.62 2.08 1.93

Afflovest 3.01 2.44 2.39

Patient 2 
Age: 14 years
Sex: male

Patient 3 
Age: 15 years
Sex: female
Improvements with the AffloVest were noted over current 
treatment as follows: FVC increased 5.5%, FEV1 increased 3.0% 
and FEF increased 3.5%. Her mother states that the vest has 
helped her complete her dance exercises.

Patient 3 
Age: 15 years
Sex: female

Improvements with the AffloVest were noted over 

current treatment as follows: FVC increased 5.5%, FEV1 

increased 3.0% and FEF increased 3.5%. Her mother 

states that the vest has helped her complete her dance 

exercises.

FVC (L) FEV1 (L) FEF 25–75% (L/sec)

Predicted Value 3.07 2.92 3.31

Air Bladder Vest 2.19 1.98 3.70

Afflovest 2.31 2.04 3.83
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Patient 4 
Age: 18 years
Sex: female
Improvements with the AffloVest were noted over current 
treatment as follows: FVC increased 9.5%, FEV1 increased 7.7% 
and FEF increased 2.2%. Patient indicates that she is taking the 
AffloVest with her to college and she has been using it more 
frequently to comply with treatment plan.

Improvements with the AffloVest were noted over 

current treatment as follows: FVC increased 9.5%, 

FEV1 increased 7.7% and FEF increased 2.2%.  Patient 

indicates that she is taking the AffloVest with her to 

college and she has been using it more frequently to 

comply with treatment plan.

FVC (L) FEV1 (L) FEF 25–75% (L/sec)

Predicted Value 3.13 2.98 3.36

Air Bladder Vest 2.53 2.33 4.07

Afflovest 2.77 2.51 4.16

Patient 4 
Age: 18 years
Sex: female

Patient 5 
Age: 18 years
Sex: male
Improvements with the AffloVest were noted over current 
treatment as follows: FVC increased 7.3%, FEV1 increased 10.2% 
and FEF increased 16.6%. Patient indicates that he has used it 
more frequently and it has helped him with his sports.

Improvements with the AffloVest were noted over 

current treatment as follows: FVC increased 7.3%, FEV1 

increased 10.2% and FEF increased 16.6%. Patient 

indicates that he has used it more frequently and it has 

helped him with his sports.

FVC (L) FEV1 (L) FEF 25–75% (L/sec)

Predicted Value 4.08 3.76 4.14

Air Bladder Vest 5.99 4.61 4.03

Afflovest 6.43 5.08 4.70
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Patient 5 
Age: 18 years
Sex: male

Summary
In conclusion, the data demonstrates the AffloVest improved 
breathing scores in the five patients followed in this study as 
compared to using an air bladder vest previously.

Average FVC: 0.308L, 09.5% Increase
Average Fev1: 0.312L, 11.5% Increase
Average FEF 25-75%: 0.744L, 21.3% Increase

The overall usage between tests was 3–5 months. The clinician 
performing this study concluded that the AffloVest showed 
improvement in each patient’s condition. The average patient 
used the AffloVest 2-3 times a day, and the average settings were 
8 minutes at medium (13Hz) and 16 minutes at intense (20Hz) for 
total treatment time of 24 minutes. 

In addition to lung function improvements, patients stated that 
they enjoyed wearing the AffloVest and used it more often as 
compared to their air-bladder vest, thus increasing treatment 
compliance. While many variables can contribute to improved 
lung function, all five patients participating in this small study 
demonstrated improved lung function after using the AffloVest.

For more information visit www.afflovest.com or call 
1-888-711-1145.
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Summary

In conclusion, the data demonstrates the AffloVest improved 

breathing scores in the five patients followed in this study as 

compared to using an air bladder vest previously.

 Average FVC: 0.308L, 09.5% Increase

 Average Fev1: 0.312L, 11.5% Increase

 Average FEF 25-75%: 0.744L, 21.3% Increase

The overall usage between tests was 3–5 months. The clinician 

performing this study concluded that the AffloVest showed 

improvement in each patient’s condition. The average patient 

used the AffloVest 2-3 times a day, and the average settings were 

8 minutes at medium (13Hz) and 16 minutes at intense (20Hz) for 

total treatment time of 24 minutes.  

In addition to lung function improvements, patients stated that 

they enjoyed wearing the AffloVest and used it more often as 

compared to their air-bladder vest, thus increasing treatment 

compliance. While many variables can contribute to improved 

lung function, all five patients participating in this small study 

demonstrated improved lung function after using the AffloVest.

For more information visit www.afflovest.com or call 888.711.1145. 
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Conclusion
We concluded that using a mouthpiece for aerosol delivery 
should be the preferred method versus a facemask 
when tolerated. The addition of a valved adapter to the 
vibrating mesh improves lung dose, reduces aerosol loss 
to the environment, improves patient clinical response to 
aerosolized medications and improves patient satisfaction. 
Further clinical studies are warranted to in order to support 
this hypothesis.
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While most hospitals have emergency departments that are 
always open, Community Regional Medical Center’s (CRMC) 
Table Mountain Rancheria Trauma Center is the only ACS 
verified Level 1 trauma center in the 15,000 square-mile service 
area between Sacramento and Los Angeles. What sets CRMC’s 
Level 1 trauma center apart from regular emergency departments 
is that they have the specialists and equipment required to treat 
serious life-threatening injuries 24 hours a day, seven days a 
week. Having the trauma team always ready, instead of “on their 
way,” can be the difference between life and death for critically 
injured patients. When CRMC selected the GE Ventilator for use 
in their Trauma, Burn, Neuro and Medicine ICU units, it was 
critical to include the respiratory gas module on all 75 ventilators 
purchased. The decision was driven by CRMC’s desire to better 
monitor gas exchange for its most critical patients. The following 
case study demonstrates the value of monitoring functional 
residual capacity (FRC), even in patients that have no underlying 
pulmonary disease.

Case Study
Subject: The patient is a 27-year-old male with a head injury. 
His mental status was altered and combative at the scene and 
was taken to Community Regional Medical Center for further 
evaluation. The patient arrived in the ED with a Glascow Coma 
Scale (GCS) of 7 and was intubated (Figure 1).

Computerized Tomography (CT) images revealed a traumatic 
brain injury with multiple intracranial hemorrhages (see Figure 
2). The patient was taken to the operating room emergently for 
a right craniotomy for evacuation of epidural hematoma and 
left craniotomy and craniectomy for acute subdural hematoma 
with malignant brain swelling. After surgery, an intracranial 
pressure (ICP) monitor (bolt) was placed and transported to the 
Surgery Intensive Care Unit (SICU). The patient was placed on 
the following ventilator settings: Pressure Control Ventilation-

Volume Guarantee (PCV-VG), tidal volume (VT) 500 mL, rate 14/
min, positive end-expiratory pressure (PEEP) 5 cmH2O, fraction 
of inspired oxygen (FiO2) 1.0. Chest films were ordered each 
day and routine ventilator measurements were recorded every 
four hours. FRC was measured approximately every eight hours. 
We indexed FRC to the relative predicted FRC formula. Men: 
[0.0472 X height (cm)] + (0.0090 X age) – 5.290]. We calculated 
this patient’s FRC at 2.7 Liters (L). Initial baseline FRC was 1.7 L 
(63% of predicted). Tidal volume was increased to 550 mL due to 
PaCO2 of 44 mmHg above prescribed range (35-40 mmHg). FRC 
increased to 1.8 L. FRC around 0300 decreased to 1.6 L reducing 
to 59% of predicted (Table 1).

The patient remained stable with good oxygenation, respiratory 
system compliance and clear chest films (figure 4). However, 
on day 3, FRC had declined to 1.2 L (44%) from 1.6 L on the 
same ventilator settings. Later that day, around 1400 hrs, the 
Respiratory Care Practitioner (RCP) was called to the bedside 
for a decline in patient’s SpO2 (87%) on 0.3 FiO2. The RCP 
increased the PEEP from 5 to 8 cmH2O and FiO2 from 0.3 to 0.4. 
SpO2 increased to 95%. Two hours later, FRC was measured and 
increased from 1.2 L to 1.4 L after the PEEP change. During the 
same shift, the RCP was called again (0100 hrs) to the bedside 
for desaturation (86%) and FiO2 was increased to 0.5. An arterial 
blood gas (ABG) was drawn with the following results: pH 7.36, 
PaCO2 41, PaO2 64, BE -1, SaO2 89%, PaO2/FiO2 = 128 mmHg. 
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Figure 1. Initial chest film in ED. 
The endotracheal tube and NG 
tube are in good position. The size 
of the cardiac silhouette is within 
normal limits. The pulmonary 
vasculature is not congested. The 
lungs are clear.

Figure 2. CT image showing 
extensive bilateral hemorrhage 
noted which is compatible with 
subdural and epidural 
hemorrhages.

Computerized Tomography 
(CT) images revealed a  
traumatic brain injury  
with multiple intracranial  
hemorrhages (see Figure 2). 
The patient was taken to the  
operating room emergently  
for a right craniotomy for 
evacuation of epidural  
hematoma and left craniotomy 
and craniectomy for acute 
subdural hematoma with 
malignant brain swelling.

After surgery, an intracranial pressure (ICP) monitor (bolt) was 
placed and transported to the Surgery Intensive Care Unit 
(SICU). The patient was placed on the following ventilator settings: 
Pressure Control Ventilation-Volume Guarantee (PCV-VG), tidal 
volume (VT) 500 mL, rate 14/min, positive end-expiratory  
pressure (PEEP) 5 cmH2O, fraction of inspired oxygen (FiO2) 1.0.

Chest films were ordered each 
day and routine ventilator 
measurements were recorded 
every four hours. FRC was 
measured approximately every 
eight hours. We indexed FRC 
to the relative predicted FRC 
formula. Men: [0.0472 X height 
(cm)] + (0.0090 X age) – 5.290]. 
We calculated this patient’s 
FRC at 2.7 Liters (L).

Initial baseline FRC was 1.7 L (63% of predicted). Tidal volume 
was increased to 550 mL due to PaCO2 of 44 mmHg above 
prescribed range (35-40 mmHg). FRC increased to 1.8 L. FRC 
around 0300 decreased to 1.6 L reducing to 59% of predicted 
(Table 1).

Table 1 – Ventilator settings and measurements.

Day/
Time VT PEEP Lung

Comp. PAW P:F FRC 
Meas.

FRC%/
Pred.

2/0700 500 5 50 8 307 1.7 0.63

2/1500 550 5 62 8 433 1.8 0.67

2/1900 550 5 50 8 N/A 1.8 0.67

3/0300 550 5 44 9 517 1.6 0.59

The patient remained stable 
with good oxygenation,  
respiratory system compliance 
and clear chest films (figure 4).

However, on day 3, FRC had 
declined to 1.2 L (44%) from 
1.6 L on the same ventilator 
settings. Later that day, around 

1400 hrs, the Respiratory Care Practitioner (RCP) was called to 
the bedside for a decline in patient’s SpO2 (87%) on 0.3 FiO2. The 
RCP increased the PEEP from 5 to 8 cmH20 and FiO2 from 0.3 to 
0.4. SpO2 increased to 95%. Two hours later, FRC was measured 
and increased from 1.2 L to 1.4 L after the PEEP change. 

During the same shift, the RCP was called again (0100 hrs) to 
the bedside for desaturation (86%) and FiO2 was increased to 
0.5. An arterial blood gas (ABG) was drawn with the following 
results: pH 7.36, PaCO2 41, PaO2 64, BE -1, SaO2 89%, PaO2/FiO2 = 
128 mmHg. PEEP was raised to 10 cmH2O. FRC at 0300 measured 
at 0.93L (Table 2). 

Table 2 – Ventilator settings and measurements (Day 3).

Day/
Time VT PEEP Lung

Comp. PAW P:F FRC 
Meas.

FRC%/
Pred.

3/0700 550 5 46 8 N/A 1.2 0.44

3/1600 550 8 58 10 433 1.4 0.52

4/0300 550 10 52 12 128 0.93 0.34

The desaturation events were 
discussed with the surgery 
team and were likely caused 
by ventilation to perfusion  
mismatch in the right lung 
base (see Figure 5). Interestingly, 
the FRC showed declination 
approximately 24 hours before 
the first desaturation event.

Due to the low PaO2/FiO2, the 
surgery attending ordered 
Airway Pressure Release Ventilation (APRV).

Initial APRV settings were as follows: Mode: Bilevel, P-High 26,  
P-Low 0, T-High 6.0, T-Low 0.6 (65% of Peak Expiratory Flow Rate 
[PEFR]) and FiO2 0.6. Two hours later, FRC was measured at 2.8 L 
(1.04% of predicted) and nine hours later, FRC increased to 2.9 L 
(see Table 3).

Table 3 – FRC measurements after airway pressure release ventilation.

Day/
Time P-High Lung 

Comp. P:F FRC
Meas.

FRC%/
Pred.

4/1000 26 45 N/A 2.8 1.04

4/1900 28 29 202 2.9 1.07

5/0800 28 33 353 3.01 1.11

FRC increased to over 100%  
of predicted as expected,  
however, this may not be  
optimal due to the indexed 
FRC for the upright position 
(see Figure 6). Most ventilated 
patients are in the supine or 
semi-recumbent position 
which reduces FRC.

Figure 2 – CT image showing  
extensive bilateral hemorrhage 
noted which is compatible with  
subdural and epidural hemorrhages.

Figure 3 – Day 2. The lungs are clear.

Figure 4 – Day 3. The lungs  
remain clear.

Figure 6 – Day 5. Bilateral mid and 
lower lung parenchymal opacities. 
The upper lung zones remain clear. 
No new focal infiltrates identified.

Figure 5 – Day 4. There is atelectasis 
in the right lung base. The left lung 
is clear.
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PEEP was raised to 10 cmH2O. FRC at 0300 measured at 0.93L 
(Table 2).

The desaturation events were discussed with the surgery team 
and were likely caused by ventilation to perfusion mismatch in 
the right lung base (see Figure 5). Interestingly, the FRC showed 
declination approximately 24 hours before the first desaturation 
event. Due to the low PaO2/FiO2, the surgery attending ordered 
Airway Pressure Release Ventilation (APRV). Initial APRV 
settings were as follows: Mode: Bilevel, P-High 26, P-Low 0, 
T-High 6.0, T-Low 0.6 (65% of Peak Expiratory Flow Rate [PEFR]) 
and FiO2 0.6. Two hours later, FRC was measured at 2.8 L (1.04% 
of predicted) and nine hours later, FRC increased to 2.9 L (see 
Table 3).

FRC increased to over 100% of predicted as expected, however, 
this may not be optimal due to the indexed FRC for the upright 
position (see Figure 6). Most ventilated patients are in the supine 
or semi-recumbent position which reduces FRC.

As FRC continued to exceed the predicted value and gas 
exchange showed improvement, P-High and T-High were 
weaned by the “drop and stretch method”1 and PaO2/FiO2 ratio 
increased to 353 mmHg from 202 mmHg. A chest film was taken 
approximately 7 hours later on APRV (see Figure 7). Over the 
next 6 days, APRV continued to be weaned gradually until P-High 

reached 14 cm H2O and T-High 10 seconds. Lungs remained 
clear (Figure 8) and a spontaneous awakening trial (SAT) and 
spontaneous breathing trial (SBT) were conducted. However, 
with an unstable GCS, the team anticipated the patient would not 
tolerate extubation at this time. 

Outcome
On day 13, GCS had improved to 10T. A SBT was performed with 
success and the patient was extubated to nasal cannula. The 
patient’s mental status continued to improve and was weaned to 
room air the next day. A follow-up chest film was taken and the 
lungs remained clear (Figure 9). The patient was transferred to a 
rehabilitation unit two days later.

Discussion
FRC is the resting lung volume at end-expiration, however, when 
a patient is lying in the supine or semi-recumbent position, FRC 
is decreased up to 25%.2 Positive end-expiratory pressure (PEEP) 
is generally used to stabilize alveolar volume, minimize dead 
space-to-tidal volume ratio (VD/VT) and, theoretically, increase 
FRC. Depending on the method chosen to set optimal PEEP, 
the challenge is to consistently monitor the PEEP level because 

Figure 3. Day 2. The lungs are 
clear.

Figure 5. Day 4. There is 
atelectasis in the right lung base. 
The left lung is clear.

Figure 6. Day 5. Bilateral mid and 
lower lung parenchymal opacities. 
The upper lung zones remain 
clear. No new focal infiltrates 
identified.

Figure 7. Day 5. Seven hours later 
on APRV, no evidence of acute 
cardiopulmonary disease. The 
lungs are clear.

Figure 8. Day 12, prior to 
extubation. Lungs are clear.

Figure 4. Day 3. The lungs remain 
clear.

Computerized Tomography 
(CT) images revealed a  
traumatic brain injury  
with multiple intracranial  
hemorrhages (see Figure 2). 
The patient was taken to the  
operating room emergently  
for a right craniotomy for 
evacuation of epidural  
hematoma and left craniotomy 
and craniectomy for acute 
subdural hematoma with 
malignant brain swelling.

After surgery, an intracranial pressure (ICP) monitor (bolt) was 
placed and transported to the Surgery Intensive Care Unit 
(SICU). The patient was placed on the following ventilator settings: 
Pressure Control Ventilation-Volume Guarantee (PCV-VG), tidal 
volume (VT) 500 mL, rate 14/min, positive end-expiratory  
pressure (PEEP) 5 cmH2O, fraction of inspired oxygen (FiO2) 1.0.

Chest films were ordered each 
day and routine ventilator 
measurements were recorded 
every four hours. FRC was 
measured approximately every 
eight hours. We indexed FRC 
to the relative predicted FRC 
formula. Men: [0.0472 X height 
(cm)] + (0.0090 X age) – 5.290]. 
We calculated this patient’s 
FRC at 2.7 Liters (L).

Initial baseline FRC was 1.7 L (63% of predicted). Tidal volume 
was increased to 550 mL due to PaCO2 of 44 mmHg above 
prescribed range (35-40 mmHg). FRC increased to 1.8 L. FRC 
around 0300 decreased to 1.6 L reducing to 59% of predicted 
(Table 1).

Table 1 – Ventilator settings and measurements.

Day/
Time VT PEEP Lung

Comp. PAW P:F FRC 
Meas.

FRC%/
Pred.

2/0700 500 5 50 8 307 1.7 0.63

2/1500 550 5 62 8 433 1.8 0.67

2/1900 550 5 50 8 N/A 1.8 0.67

3/0300 550 5 44 9 517 1.6 0.59

The patient remained stable 
with good oxygenation,  
respiratory system compliance 
and clear chest films (figure 4).

However, on day 3, FRC had 
declined to 1.2 L (44%) from 
1.6 L on the same ventilator 
settings. Later that day, around 

1400 hrs, the Respiratory Care Practitioner (RCP) was called to 
the bedside for a decline in patient’s SpO2 (87%) on 0.3 FiO2. The 
RCP increased the PEEP from 5 to 8 cmH20 and FiO2 from 0.3 to 
0.4. SpO2 increased to 95%. Two hours later, FRC was measured 
and increased from 1.2 L to 1.4 L after the PEEP change. 

During the same shift, the RCP was called again (0100 hrs) to 
the bedside for desaturation (86%) and FiO2 was increased to 
0.5. An arterial blood gas (ABG) was drawn with the following 
results: pH 7.36, PaCO2 41, PaO2 64, BE -1, SaO2 89%, PaO2/FiO2 = 
128 mmHg. PEEP was raised to 10 cmH2O. FRC at 0300 measured 
at 0.93L (Table 2). 

Table 2 – Ventilator settings and measurements (Day 3).

Day/
Time VT PEEP Lung

Comp. PAW P:F FRC 
Meas.

FRC%/
Pred.

3/0700 550 5 46 8 N/A 1.2 0.44

3/1600 550 8 58 10 433 1.4 0.52

4/0300 550 10 52 12 128 0.93 0.34

The desaturation events were 
discussed with the surgery 
team and were likely caused 
by ventilation to perfusion  
mismatch in the right lung 
base (see Figure 5). Interestingly, 
the FRC showed declination 
approximately 24 hours before 
the first desaturation event.

Due to the low PaO2/FiO2, the 
surgery attending ordered 
Airway Pressure Release Ventilation (APRV).

Initial APRV settings were as follows: Mode: Bilevel, P-High 26,  
P-Low 0, T-High 6.0, T-Low 0.6 (65% of Peak Expiratory Flow Rate 
[PEFR]) and FiO2 0.6. Two hours later, FRC was measured at 2.8 L 
(1.04% of predicted) and nine hours later, FRC increased to 2.9 L 
(see Table 3).

Table 3 – FRC measurements after airway pressure release ventilation.

Day/
Time P-High Lung 

Comp. P:F FRC
Meas.

FRC%/
Pred.

4/1000 26 45 N/A 2.8 1.04

4/1900 28 29 202 2.9 1.07

5/0800 28 33 353 3.01 1.11

FRC increased to over 100%  
of predicted as expected,  
however, this may not be  
optimal due to the indexed 
FRC for the upright position 
(see Figure 6). Most ventilated 
patients are in the supine or 
semi-recumbent position 
which reduces FRC.

Figure 2 – CT image showing  
extensive bilateral hemorrhage 
noted which is compatible with  
subdural and epidural hemorrhages.

Figure 3 – Day 2. The lungs are clear.

Figure 4 – Day 3. The lungs  
remain clear.

Figure 6 – Day 5. Bilateral mid and 
lower lung parenchymal opacities. 
The upper lung zones remain clear. 
No new focal infiltrates identified.

Figure 5 – Day 4. There is atelectasis 
in the right lung base. The left lung 
is clear.

Computerized Tomography 
(CT) images revealed a  
traumatic brain injury  
with multiple intracranial  
hemorrhages (see Figure 2). 
The patient was taken to the  
operating room emergently  
for a right craniotomy for 
evacuation of epidural  
hematoma and left craniotomy 
and craniectomy for acute 
subdural hematoma with 
malignant brain swelling.

After surgery, an intracranial pressure (ICP) monitor (bolt) was 
placed and transported to the Surgery Intensive Care Unit 
(SICU). The patient was placed on the following ventilator settings: 
Pressure Control Ventilation-Volume Guarantee (PCV-VG), tidal 
volume (VT) 500 mL, rate 14/min, positive end-expiratory  
pressure (PEEP) 5 cmH2O, fraction of inspired oxygen (FiO2) 1.0.

Chest films were ordered each 
day and routine ventilator 
measurements were recorded 
every four hours. FRC was 
measured approximately every 
eight hours. We indexed FRC 
to the relative predicted FRC 
formula. Men: [0.0472 X height 
(cm)] + (0.0090 X age) – 5.290]. 
We calculated this patient’s 
FRC at 2.7 Liters (L).

Initial baseline FRC was 1.7 L (63% of predicted). Tidal volume 
was increased to 550 mL due to PaCO2 of 44 mmHg above 
prescribed range (35-40 mmHg). FRC increased to 1.8 L. FRC 
around 0300 decreased to 1.6 L reducing to 59% of predicted 
(Table 1).

Table 1 – Ventilator settings and measurements.

Day/
Time VT PEEP Lung

Comp. PAW P:F FRC 
Meas.

FRC%/
Pred.

2/0700 500 5 50 8 307 1.7 0.63

2/1500 550 5 62 8 433 1.8 0.67

2/1900 550 5 50 8 N/A 1.8 0.67

3/0300 550 5 44 9 517 1.6 0.59

The patient remained stable 
with good oxygenation,  
respiratory system compliance 
and clear chest films (figure 4).

However, on day 3, FRC had 
declined to 1.2 L (44%) from 
1.6 L on the same ventilator 
settings. Later that day, around 

1400 hrs, the Respiratory Care Practitioner (RCP) was called to 
the bedside for a decline in patient’s SpO2 (87%) on 0.3 FiO2. The 
RCP increased the PEEP from 5 to 8 cmH20 and FiO2 from 0.3 to 
0.4. SpO2 increased to 95%. Two hours later, FRC was measured 
and increased from 1.2 L to 1.4 L after the PEEP change. 

During the same shift, the RCP was called again (0100 hrs) to 
the bedside for desaturation (86%) and FiO2 was increased to 
0.5. An arterial blood gas (ABG) was drawn with the following 
results: pH 7.36, PaCO2 41, PaO2 64, BE -1, SaO2 89%, PaO2/FiO2 = 
128 mmHg. PEEP was raised to 10 cmH2O. FRC at 0300 measured 
at 0.93L (Table 2). 

Table 2 – Ventilator settings and measurements (Day 3).

Day/
Time VT PEEP Lung

Comp. PAW P:F FRC 
Meas.

FRC%/
Pred.

3/0700 550 5 46 8 N/A 1.2 0.44

3/1600 550 8 58 10 433 1.4 0.52

4/0300 550 10 52 12 128 0.93 0.34

The desaturation events were 
discussed with the surgery 
team and were likely caused 
by ventilation to perfusion  
mismatch in the right lung 
base (see Figure 5). Interestingly, 
the FRC showed declination 
approximately 24 hours before 
the first desaturation event.

Due to the low PaO2/FiO2, the 
surgery attending ordered 
Airway Pressure Release Ventilation (APRV).

Initial APRV settings were as follows: Mode: Bilevel, P-High 26,  
P-Low 0, T-High 6.0, T-Low 0.6 (65% of Peak Expiratory Flow Rate 
[PEFR]) and FiO2 0.6. Two hours later, FRC was measured at 2.8 L 
(1.04% of predicted) and nine hours later, FRC increased to 2.9 L 
(see Table 3).

Table 3 – FRC measurements after airway pressure release ventilation.

Day/
Time P-High Lung 

Comp. P:F FRC
Meas.

FRC%/
Pred.

4/1000 26 45 N/A 2.8 1.04

4/1900 28 29 202 2.9 1.07

5/0800 28 33 353 3.01 1.11

FRC increased to over 100%  
of predicted as expected,  
however, this may not be  
optimal due to the indexed 
FRC for the upright position 
(see Figure 6). Most ventilated 
patients are in the supine or 
semi-recumbent position 
which reduces FRC.

Figure 2 – CT image showing  
extensive bilateral hemorrhage 
noted which is compatible with  
subdural and epidural hemorrhages.

Figure 3 – Day 2. The lungs are clear.

Figure 4 – Day 3. The lungs  
remain clear.

Figure 6 – Day 5. Bilateral mid and 
lower lung parenchymal opacities. 
The upper lung zones remain clear. 
No new focal infiltrates identified.

Figure 5 – Day 4. There is atelectasis 
in the right lung base. The left lung 
is clear.
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Figure 9. Day 13, following 
extubation. Lungs are clear.

patient illness severities are higher today and dynamically 
changing minute-to-minute. Preserving normal FRC is crucial 
for optimizing gas exchange during positive pressure ventilation 
due to its role as the body’s physiologic reserve. By optimizing 
FRC, alveolar ventilation continues through diffusion without 
disruptions, and dead space-to-tidal volume ratio (VD/VT) is 
minimized. However, during an acute change in pulmonary 
status, such as atelectasis, gas exchange is affected and VD/VT 
increases (Figure 10).

Computerized tomography (CT) is considered the gold standard 
to measure FRC in ventilated patients,3,4 but this practice is 
not available or impractical for routine application after every 
ventilator change. At CRMC, monitoring disease progression is 
made simpler with the GE Ventilator and respiratory gas module.

Conclusion
Measuring functional residual capacity (FRC) can be an 
essential tool to assess the pulmonary status in patients with 
acute respiratory failure requiring mechanical ventilation.5 FRC 
can assist in assessing if alveolar ventilation and pulmonary 
perfusion are optimally matched. Unfortunately, there is 
no current data establishing a ‘gold standard’ for indexing 
normal FRC values for ventilated patients. This case study 
highlights the usefulness of how measuring FRC can identify 
lung derecruitment as an early indicator and guide ventilator 
management to optimize gas exchange while indexing to FRC 
predicted values. Further randomized, controlled trials are 
needed to determine the optimal FRC with ventilated patients.

How GE measures FRC
Accurate measurement of FRC previously required that the 
patient be conscious and spontaneously breathing. This changed 
with the GE Ventilator and the Respiratory Gas Module. Now the 
FRC measurement is made based on monitoring the change of 
N2 (nitrogen) concentration measured at the airway (Modified 
Nitrogen Dilution method). The concentration of inspired 
nitrogen is changed by the delivered FiO2 concentration. A 
comparison study was conducted that demonstrated “excellent 
concordance between FRC-WI/WO and FRC-CT” using the GE 
Ventilator and Respiratory Gas Module.6

Figure 10. Gas exchange is a 
continuous process, breathing just 
tops up the alveoli with a bit of 
fresh air from time to time. At the 
end of expiration the lungs still 
contain over 2 liters of air (this 
represents the functional residual 
capacity, or FRC), and inspiration 
during normal breathing at rest 
only adds 500 mL to the volume 
of air in the lungs. Approximately 
150 mL of each breath is wasted in 
the conducting airways as dead 
space (VD), leaving 350 mL to 
contribute to the volume 
ventilating the alveoli (VA).
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It’s no secret that time is of the essence when it comes to 
medical care—especially in an Emergency Room environment. 
Add in a sick infant and getting critical test results back in a 
short turnaround time (TAT) has meant the pursuit of devices 
that will speed up those results. But getting things done faster 
doesn’t mean much if it isn’t done right. Time-saving measures 
are only worth it if the medical results are accurate. That’s 
what researchers at the Baylor College of Medicine and Texas 
Children’s Hospital wanted to find out when it came to arterial 
blood gas and electrolyte testing.1 Their 2011-2013 study using 
an Enterprise point-of-care (EPOC) blood gas and electrolyte 
analysis system was designed to see how the portable devices 
performed against the more cumbersome and time-consuming 
benchtop devices.2

According to the study’s authors, “the most significant aspect 
of any POC device is the accuracy and precision of laboratory 
values when compared with conventional or criterion standard 
methods. This is true because concerns about analytical 
performance and reliability of results of POC instruments still 
exist.”3 The push for improved TATs in various hospital settings 
has produced several different POC devices for such lab tests as 
electrolytes, blood gases, and other metabolites. What the study’s 
authors wanted to achieve was solid research comparing the old 
system and the new. 

“Historically, the POC blood gas and electrolyte testing market 
has been dominated by the i-STAT instruments in the United 
States.4-6 In 2006, the US Food and Drug Administration approved 
the Enterprise point-of-care (EPOC) blood gas and electrolyte 
analysis system (Alere, Waltham, Mass) as a portable blood 
gas and electrolyte analyzer.7 Although both hand-held clinical 
analyzers measure many of the same laboratory values, the 
newer modified EPOC system has certain advantages over both 
the i-STAT POC analyzer and the conventional ABL radiometer. 
We performed an evaluation of the analytical performance of 
the EPOC hand-held blood gas analyzer in our pediatric hospital 
from 2011 to 2013 and performed a concordance analysis with 
the POC, i-STAT blood gas analyzer and conventional ABL 
radiometer.”

Study Methods
The study was conducted using test results from patients at 
Texas Children’s Hospital, including blood gases, electrolytes, 
glucose, lactate, creatinine, and hematocrit assays from 

December 2011 to February 2013. Clinical Laboratory Standards 
Institute guidelines were followed. The whole blood samples 
were first run on ABL 835 Radiometer and then on EPOC and 
i-STAT analyzers simultaneously.

The researchers also included reader-to-reader comparison 
studies on randomly selected instruments (n = 8), and 
correlation studies were performed on 40 samples.

The Devices
“The EPOC blood gas and electrolyte analyzer is a hand-held 
portable device, weighing approximately 500 g with the provision 
of single-use test cards, which are stored at room temperature. 
The analyzer is based on the principles of potentiometry, 
amperometry, and conductometry. Each test card provides 
results of 11 analytes and certain calculated parameters: pH, 
PCO2, and PO2, Na+, K+, Cl−, Ca2+, Glu, Creat, Hct, and lactate.”

“The ABL 835 Radiometer is a benchtop blood gas analyzer that 
is conventionally used as the criterion standard method for 
the measurement of blood gases. The ABL 835 Radiometer can 
measure analytes including pH, PCO2, PO2, Na+, K+, Cl−, Ca2+, 
Hct and hemoglobin (Hb).”

“The i-STAT blood gas analyzer is a portable hand-held point-
of-care blood gas analyzer used for the measurement of whole 
blood gases (pH, PCO2, and PO2) and electrolytes (Na+, K+, and 
ionized calcium (iCa2+)). The system uses a disposable cartridge 
containing an impregnated biosensor for each analyte.”

Conclusions
One of the big successes of the study is simply by expanding 
the amount of data comparing these devices—especially in a 
pediatric setting. The study authors cite the only other analysis 
of the EPOC system reported was by Stotler and Kratz7 at their 
tertiary academic center.

“Our evaluation reflects results exclusive to a pediatric center 
and carries a special emphasis on the cost-benefit analysis of 
the EPOC system when compared with the i-STAT system, 
which was not discussed with respect to their tertiary academic 
center.” One difference the study’s authors noticed was the time-
saving aspect of the EPOC system.

For example, the i-STAT uses additional test cartridges, which 
means additional sampling is required to evaluate respiratory 
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Respiratory Therapy: Dr Kugelman, how are you currently 
using capnography? 
Dr Amir Kugelman: In our neonatal intensive care unit (NICU) 
we use capnography routinely to trend the CO2 levels in the 
blood for intubated infants. We don’t use it instead of blood 
gases, but complementary to blood gases to get continuous 
non-invasive measurement of CO2 levels. The idea is to prevent 
hypocarbia and hypercarbia because both can result in sequelae 
to the infant, especially for premature infants. A baby who is 
exposed to hypocarbia, because of hyperventilation, is at greater 
risk of lung and brain injury (decreases brain perfusion and 
increases ischemia). Hypercarbia secondary to hypoventilation 
may cause respiratory acidosis or brain injury, because if you 
have high levels of CO2 and an increased circulation to the brain, 
you increase the risk of intraventricular hemorrhage. 

RT: With which infants are you using capnography? 
AK: We use it as a routine in intubated babies. It would be great 
if you could use it in non-invasive ventilation, but currently it’s 
problematic because you may get dilution of the CO2 reading. 
So currently we use it primarily in intubated babies. It’s also 
possible to use it in infants who are not ventilated, like infants 
with bronchopulmonary dysplasia (BPD). We are not using it for 
non-intubated infants routinely. 

RT: How long have you been using and publishing on 
capnography? 
AK: We published on capnography starting back in 2002. In 
a 2008 publication in Pediatrics,i we used a novel method for 
sampling end-tidal CO2. In the study published in Pediatrics we 
used the Microstream technologyii and we used it with a special 
double lumen endotracheal tube so we could sample etCO2 at 
the distal end of the ET tube. We also published in 2010 using 
capnography with high-frequency ventilationiii and have ongoing 
studies. 

The idea of using distal end-tidal CO2 is to improve sidestream 
capnography because mainstream capnography is typically 
preferred and considered a more accurate mode for monitoring 
intubated patients. If we could improve the sidestream by using 
Microstream capnography monitoring and distal sampling, it 

will allow us to get as good as or even better measurements 
compared to the mainstream technique. The distal sidestream 
capnography is easier to use in intubated infants because if you 
use mainstream in small infants you get more dead space and 
you might get kinking and increased risk of tube displacement in 
the small ET tubes due to the weight and bulk of the mainstream 
sensor which is in-line with flow sensors. Using this method, we 
get very nice measurements using Microstream capnography 
monitoring with very good agreement with PaCO2 levels. 

RT: Is it your routine now to use dual lumen ETT with 
Microstream technology for capnography sampling? 
AK: Since 2008 and even before, we have used the double 
lumen ET tube and Microstream capnography monitoring as 
a routine in our unit. We continue to use it routinely for other 
studies and during routine care within the department and in the 
delivery room. I would say that in 80 to 90 percent of the infants 
we use Microstream capnography monitoring via the double 
lumen tube. For others, we may use mainstream capnography 
or transcutaneous CO2 monitoring. Yet, this routine has some 
limitations. While this tube allows us to get distal measurements, 
it’s a bit softer than other tubes and sometimes you might have 
to use a stylet when placing the tube. It shouldn’t be a problem, 
but you have to get used to it. And the outer diameter is 0.1 - 0.2 
millimeters wider than the single lumen tube. So if there is any 
difficulty in introducing the tube then we put a single lumen tube 
in and we can’t use the double lumen tube to get measurement 
of distal capnography. With the double lumen ET tube we can 
measure distal capnography and we are giving also surfactant by 
the extra port of the double lumen tube. 

RT: You mentioned using capnography in conjunction with 
arterial blood gases (ABG). What are the benefits of using 
capnography in this manner? 
AK: When we are taking blood gases it’s not continuous 
measurement of CO2. You can take it according to the acuity of 
the baby. You can take it every 4, 8, or 12 hours according to the 
routine of the department and the acuity of the clinical situation. 
But in between you don’t know what happens with the CO2 and 
if the baby has secretions and the tube is occluded or if the baby 
is moving and the ET tube becomes lodged on the side of the 
trachea, the CO2 can go up or down and you won’t know that’s 
happening. So the baby can be outside of the safe range of CO2 in 
between ABGs. 

For monitoring oxygenation we have continuous measurement 
of pulse oximetry, but for CO2 at the current time we don’t 
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have continuous measurement unless you use end-tidal CO2 or 
transcutaneous CO2. So the benefit is that you have continuous 
measurement and if the CO2 is trending up you can make a 
change in the vent settings, suction, or change the position of the 
baby and make sure that the CO2 returns to the safe range. If you 
don’t monitor CO2 continuously, there may be long periods when 
CO2 was out of the safe range and you don’t know it. 

RT: Some point out that the difference between etCO2 and PaCO2 
(gradient) makes capnography difficult to use in patients with 
significant lung disease. What are your thoughts? 
AK: We have good agreement between etCO2 and PaCO2 for 
most infants; etCO2 is typically two to five millimeters of 
mercury lower than PaCO2 for most babies. For infants where 
the gradient is higher, such as those with higher ventilation/
perfusion (V/Q) mismatch, we get an idea of the agreement and 
as there may be fluctuations as the baby’s condition changes, we 
still periodically check the blood gas to ensure the gradient is 
staying relatively consistent. 

It really depends on the baby. If the baby is stable and does not 
have significant lung disease, then gradient will be relatively 
small and consistent, but sometimes if there is a big ETT leak or 
significant lung disease with V/Q mismatch, then the gradient is 
not as consistent so you have to periodically recheck to make 
sure that the etCO2 measurement correlates with the blood gas. 

When the end-tidal to arterial CO2 gradient is increased, it also 
gives you a clue on the severity of the lung disease and whether 
measures you are taking are working to improve the baby’s 
condition. If you have a large gradient, then you know whether 
an intervention is effective when the gradient decreases. 

But the idea is that in a baby who is very sick, in the first day 
or two if the baby had respiratory distress syndrome (RDS) 
we always use blood gases. And we use the end-tidal CO2 for 
trending. After a few days when the baby is becoming better and 
the RDS is improving, typically the gradient is going to be smaller 
and then we don’t take a lot of blood gases because the baby’s 
doing better. At this stage, some babies do not have arterial lines 
anymore. But we are able to continuously assess and trend CO2 
levels by having the end-tidal CO2. It’s in that way that the blood 
gases and the end-tidal CO2 are complementary. 

RT: Have you measured or looked at how much you were able to 
reduce the number of blood gases that you draw now compared 
to before you had these continuous measurements? 

AK: We did not, but there is a study that was published by 
Rowaniv for the Pediatric Intensive Care Unit in the US and they 
compared the time period before and after using end-tidal CO2 
and they showed a reduction in the number of blood gases. 

RT: Could you estimate what percentage of babies that the 
gradient is acceptable to use the end-tidal CO2 to do your 
ventilator management? 
AK: It’s difficult to say but most of the time you get good 
correlation and agreement based on the first study that was 
published in Pediatrics.i Even in babies who had severe lung 
disease the gradient was still adequate. So in most of the babies 
you could trust the measurements. 

If the gradient is higher, you can still use etCO2 for trending 
because if you know that you have, for example, PaCO2 of 60 

mm Hg the end-tidal CO2 of 50 mm Hg, the gradient is around 
ten. But if you see that end-tidal CO2 is going up and is now at 
70 or 80, you know that the PaCO2 is also going up, and might 
now be 80 or 90. So in this situation you would intervene with 
suctioning, changing position, or changing the vent settings or 
you might take a blood gas to confirm the elevation and then 
make a change. 

So even when you have an increased gradient, the etCO2 trending 
can help you. And I believe the main goal of the continuous CO2 
monitoring is not to get the exact measurement of CO2 level, but 
to be able to monitor the trending. 

RT: In your hospital, which clinicians are responsible for using 
capnography monitoring? 
AK: The doctors write the orders, but the nurses are involved 
all the time. We don’t have a Respiratory Therapist in our unit 
so it’s the senior physicians, residents, and nurses. If the nurse 
is watching the capnography and sees that the CO2 is going up, 
he or she suctions the baby, changes the position of the baby, 
or calls the doctor to listen to the baby to see if the ET tube is 
blocked. All the medical team responds to the end-tidal CO2 
measurements. 

RT: You mentioned that you look for changes in CO2 trends 
that may indicate you have secretions in the airway. Do you 
also use capnography to confirm ETT placement and monitor 
for tube migration or dislodgement? 
AK: Yes. It’s very useful in that way because when you use 
end-tidal CO2 you use it partially to observe for technical 
problems and in part for physiologic problems. If you are 
looking for technical problems, it’s to make sure that the tube 
is in place and to make sure that the tube is not occluded with 
secretions. And we look for physiologic changes that may 
indicate respiratory, hemodynamic, or metabolic conditions. 
So to your question it’s very important to make sure that 
the tube is in place all the time and the end-tidal CO2 is very 
helpful because if you lose your etCO2 reading, you have to 
make sure that the tube is in place. 

RT: Do you find that the capnography waveforms are helpful in 
neonates? 
AK: Theoretically it should help. The problem is when you are 
doing end-tidal CO2 in small premature infants you don’t always 
have adequate end-tidal plateau, like in older children or in 
adults when you have very nice end-tidal breathing. Small infants 
breathe fast so you don’t always get a very nice plateau. For 
the time being we have not explored to see if the capnography 
waveform can help us in managing the baby. It is helpful in 
ensuring that the end-tidal CO2 is in place and if you don’t have 
adequate waveform or adequate repetition of the waveforms 
then you have to ensure that the sampling line and ETT is 
properly placed or that there are no secretions in the tubing. It’s 
the same as when you are doing pulse oximetry; you look at the 
waveform to make sure that readings are adequate. The same is 
true with the end-tidal CO2; if you don’t see a nice waveform, it 
could indicate that the etCO2 measurement won’t be accurate or 
there’s a problem. 

RT: You’ve talked primarily about use with intubated neonates in 
the NICU. Do you use capnography in any other applications at 
your facility? 
AK: We always use capnography in the operating room and if 
we’re transporting a ventilated baby from the emergency room to 
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intensive care unit or another hospital. Again, to make sure that 
the tube is in place on the way. 

RT: Do you use capnography with non-intubated infants? 
AK: You can use the end-tidal CO2 measurement for non-
intubated infants even when the baby is getting oxygen. You can 
follow the level of CO2 in the same way that you follow the pulse 
oximetry in a baby. So that’s an option, especially if the baby is 
an older baby. For example, if they have BPD, they don’t have 
any arterial lines anymore if you want non-invasive monitoring 
you can use pulse oximetry for oxygenation and end-tidal CO2 
for ventilation. Theoretically you can use it all the time, but it’s 
not routine in our unit. 

RT: Are there any other studies you’ve completed where the use 
of capnography was helpful to you and your patients? 
AK: We did a study using it to see how the position of the baby 
affects the level of CO2 and apneas as infants mature. As you 
know, when babies are discharged from the hospital, parents 
are instructed to lay them on their back. For babies who are in 
the NICU and more premature, it’s better for them to lie on the 
abdomen. And when using capnography, you can change the 
position and see the changes in CO2 in different positions. That 
study was published in 2002.v

RT: Do you believe that the benefits of using capnography justify 
the cost and have you looked at any data in that regard? 
AK: It’s a good question and I’ll just say that we are in the 
process of submitting a study that looked if it’s beneficial to do 
capnography in the NICU and we have shown that monitoring 
etCO2 trends allows us to maintain the baby in a safer zone of 
arterial CO2. I think this is very important. We didn’t check the 
economic cost of doing it because it wasn’t the aim of this study. 

RT: What do you think the future holds for capnography in the 
NICU? 
AK: With new ideas of how to use capnography more effectively 
and with improved capnography technology, I think that in the 
future it might become a routine to measure CO2 continuously 
and non-invasively, the same way that you measure pulse 
oximetry now. It may improve safety of care in regard to 
respiratory and central nervous system, it may allow to take less 
blood gases, decrease infections, and increase the comfort of the 
infants in the NICU. 

Prof. Amir Kugelman is a Clinical Associate Professor of 
Pediatrics in The R&B Rappaport Faculty of Medicine, Technion, 
Haifa, Israel. He specializes in Pediatric Pulmonology and 
Neonatology in Children’s Hospital, Los Angeles, CA, and is 
currently the Director of the Pediatric Pulmonary Unit and a 
Senior Neonatologist in Bnai Zion Medical Center, Haifa, Israel 
and the Chairman of the Israeli Society of Pediatric Pulmonology. 
His main research is in Neonatal Pulmonology, focusing on 
non-invasive ventilation, non-invasive respiratory monitoring 
in the NICU and the Pediatric Department (capnography and 
transcutaneous CO2 monitoring), and in the prevention and 
treatment of Chronic Lung Disease of premature infants and 
iatrogenesis.  
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The authors will discuss the general history of all simulation, 
simulation-based medical education (SBME),1 what simulation 
is, why simulation should be used, and clinical simulation lab 
evaluation. With simulation labs emerging internationally and 
across multiple disciplines we will attempt to shed some light on 
their value and to justify their expense. We will also discuss the 
central question, “Is the use of simulation a passing trend”?

Simulation was used in aviation as early as 1910 for the training 
of pilots during World War I.2 Simulation for pilot training 
developed simultaneously with the initial training of pilots. 
Aviation continues to remain on the cutting edge of simulation 
use and development in the 21st century. It would be difficult to 
overestimate the value of simulation to pilot training over the 
last hundred years.

A lesser known form of simulation came about during the time 
of World War II to assist troopers with learning to ride horses.2 
Mechanical horses aided in teaching members of the military 
to ride who previously had no experience. As with aviation 
simulation, sophisticated mechanical horses continue to be 
used in training today.3 The military continues to be one of the 
leading users of simulation for much of its training. Although 
simulation in the military involves a long history of gaming4 to 
predict outcomes and prepare for battle; contemporary military 
simulation includes medical training along with combat training.5

Automobile simulation training may be more familiar to the 
average person from their personal experience. Simulation began 
to be used in the middle of the 20th century to properly train 
large numbers of new and young automobile drivers.6 Decades 
later that same version of automobile simulation has developed 
into a virtual reality cockpit that aids new drivers in developing 
proper driving techniques.7 

Other disciplines utilizing simulation training include: aerospace 
(a natural extension of the aviation industry), law enforcement, 
and the nuclear industry. The aerospace industry has been able 
to maintain a high degree of training and readiness thanks to 

simulation technology. Law enforcement uses simulation to 
prepare officers for nearly any scenario they might face on 
the street. The international nuclear industry has been able to 
achieve the reasonably safe record they established over the 
second half of the twentieth century due to an intensive use of 
simulation training.8

The medical profession has been a relatively recent newcomer 
to the use of high-fidelity simulation.9 One author referred to the 
growth of simulation in medicine as a “prolonged gestation”.9 
Medicine has long used low-tech manikins for CPR training. By 
the end of the 20th century hi-fidelity simulation manikins and 
dedicated laboratories were becoming the new standard for 
medical schools, hospitals, and nursing and allied health training 
programs. Medical simulation manikins are now available in 3G 
for advanced medical training in trauma, anesthesia, obstetrics, 
neonatology and numerous other specialties.10 The first use of 
a computerized simulator for SBME is thought to have been 
the University of Miami Medical School in the 1960’s-1970’s.11 
Medical students and residents were trained in cardiology using 
the simulator nicknamed “Harvey”. Harvey-trained practitioners 
outperformed their traditionally trained peers in one study.12 
Ziv referred to SBME as an ethical imperative13 suggesting that 
simulation is an essential component of the medical training 
curriculum.

The rationale for simulation use in medicine has long been based 
on improving patient outcomes. The number that continues to 
drive the use of simulation for medical training in the United 
States is the widely quoted 98,000 accidental hospital deaths 
annually. This alarming number has remained constant for over 
a decade.14 The actual number of accidental hospital deaths may 
much higher and north of 400,000.15 To provide some perspective; 
these numbers exceed the sum total of deaths in the United 
States from automobile accidents, breast cancer, and AIDS. 
Two studies looked at adverse effects in hospital patients and 
the percentage of adverse effects that lead to death. One study 
revealed that in Colorado and Utah adverse events occurred in 
2.9 percent of patients and that death was the outcome in 6.6 
percent of those adverse events.16 Another study in New York 
measured adverse events in 3.7 percent of hospitalizations with 
death as the outcome in 13.6 percent of those cases.16

The question that naturally follows the simulation conversation 
in medicine is “does simulation increase patient safety”? There 
appears to be no definitive statistical link at this time between 
simulation use and positive outcomes and further studies are 
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encouraged.17 Though research from around the world over the 
last decade indicates that simulation helps safely train users of 
high-end technologies associated with anesthesia and surgical 
procedures. SBME has been linked to clinical improvement in 
laparoscopic surgery outcomes and ACLS protocol adherence.17 
As a stand-alone training method linked to patient safety the 
data remains lacking. Supporters claim that it is better to train 
on simulators and move to live patients than to train on live 
patients. McGaghie claimed that SBME with deliberate practice 
was superior in achieving clinical skills to the traditional 
medical education of, “see one, do one, teach one”.18 For now 
simulation in medicine leans on the record it has in aviation as a 
reference for legitimacy. More studies are needed linking medical 
simulation training to improved patient safety.

In 2005 JCAHO’s position on simulation use in medicine was 
supportive. JCAHO issued a statement that recommended the 
adoption of simulation technology and the establishment of 
evidenced-based research to prove impact on patient safety. 
They went on to propose that those seeking to implement 
simulation technology pursue proposals to offset the cost.19

One physician simulation director said that medical simulation 
was state of the art and extremely valuable in the early phases 
of all medical training.20,21 For instance, simulation training has 
become a routine part of training for respiratory therapists in the 
United Sates.22 Respiratory therapists are frequently involved in 
resuscitations, trauma, and ventilator care as a daily part of their 
duties. Low-tech simulation laboratories have become common 
in respiratory training programs and high-tech simulation 
laboratories are slowly becoming more common.22 In colleges 
that share space with registered nurse training programs the cost 
may be more justifiable. The cost of one high-fidelity simulator 
with associated equipment can reach $200,000.00.23 The cost of 
building a high-tech simulation lab, or converting space, can be 
in excess of 1,000,000.00 and prohibitive for some budgets. 

There are a variety of strategies within the discipline of 
simulation such as: low-fidelity (lowest cost), role playing, 
computer programs, haptic devices, task trainers, standardized 
patients, virtual experiences, and high-fidelity (most expensive). 
Given the importance of simulation in academic conversations; 
what is the goal of providing the training at any level? The 
short answer is to change outcomes. Simulation seeks to create 
an experience for users that mimics a reality situation and 
provides an opportunity develop and practice essential skills and 
abilities in a safe environment. Additionally, as with changes in 
other medical disciplines; changes in respiratory care practice 
mandates can be readily accommodated through simulation in a 
respiratory care education programs.

The development of medical education, at any level, fits into 
a general framework of clinical assessment using a simple 
pyramid model from bottom-to-top: knowledge, competencies, 
performance, and action.24 All levels of simulation facilitate 
critical thinking skills needed in the learning process. In terms of 
evidenced-based research that lends legitimacy to the claims that 
patient safety is improved by use of simulation the literature is 
slowly piling up. Berkenstadt called SBME a “mistake-forgiving” 
environment.25 There are numerous other benefits from the 
use of simulation in medical education and they all fit into the 
universal mission of improving patient outcomes. Teamwork 
within disciplines and interdisciplinary teams is established 
through the use of simulation as well as collaborative strategies. 

Bearman referred to SBME as linked to a “new professionalism” 
that supports a patient-centered and team-based approach to 
healthcare.26 A range of technologies is available in simulation 
and their use is facilitated by users based on frequency of use. 
Simulation allows for the development of clinical judgment 
and the process of acclimation to accountability for patient 
outcomes.

The most valuable phase of simulation may take place during 
the evaluation process that is often associated with a debriefing 
session.27 Debriefing sessions are held immediately after a 
simulation experience with participants and evaluators sitting 
around a table. These sessions are designed to be a time when 
participants can speak freely about the simulation, watch 
video of the simulation, and generally and specifically discuss 
what went well and what needed improvement. The Debriefing 
Assessment for Simulation in Healthcare (DASH) program at 
Harvard Medical Simulation Center is a fine example of how 
debriefing can be utilized to enhance medical training.28 A 
trained debriefing guide sets a friendly tone but typically does 
little of the talking unless problems arise. A common technique 
is to write down on a board lists of how the participants 
critique themselves (what went well and what did not go well). 
Debriefing guides withhold their view of what transpired during 
the simulation until the conclusion and only state minimal, 
objective facts shared in a positive light.

The simulation experience is enhanced when participants have 
had a live set of clinical experiences to create a framework. 
Often students will say that they appreciated their simulation 
experience more after they went to a live clinical experience. 
Students are allowed to makes errors in the simulation 
environment both minor and major without fear of a penalty 
and they are pre-briefed about this criteria ahead of time. The 
simulation experience becomes more rich and valuable when 
students understand the philosophy of simulation and feel 
free to fully immerse themselves in the role playing model. At 
the conclusion of the simulation and debrief there should be a 
positive feeling of satisfaction among students, mentors, and 
faculty. There is an axiom in simulation that strongly discourages 
anyone leaving the simulation and debriefing session with 
negative feelings. 

Simulation always provides hands-on training that students 
universally desire and that builds skills and confidence. From 
measuring a blood pressure to placing ECG leads, interpreting 
cardiac rhythms to manipulating mechanical ventilators, 
auscultating breath sounds to physical assessment, simulation 
allows students to develop through role playing as respiratory 
therapists, doctors, nurses and even family members of the 
patient. Students will often receive clinical contact hours for 
their experience in the simulation lab. High-Fidelity simulators 
are available, though costly, in the form of SIM-Man, SIM-
Baby, SIM-Mom, and various ala carte add-ons for trauma and 
respiratory diseases.11

Not all simulation is expensive as seen in the use of standardized 
patients. A standardized patient is a real person who volunteers 
or is paid to play the role of a hospital patient. Cases and 
scripts are selected and developed ahead of time and the 
standardized patient stays in-character through the simulation. 
Some patients with actual disease processes such as pulmonary 
or cardiac volunteer to be members of a standardized patient 
pool available to some simulation programs. The added value 
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of having simulation training with a live person able to interact 
authentically with participants is one way to substitute a high-
value simulation experience without having a high-fidelity 
simulation lab. Often the value-added phase of standardized 
patient use occurs during debriefing when the actor provides 
detailed feedback about their perception of the event. Obvious 
limitations with standardized patients exist such as inability 
to simulate trauma and resuscitation scenarios and that some 
receive reimbursement.

Summary
The future appears bright for the use of simulation in medical 
education. Medical, nursing, and allied healthcare students 
trained through simulation have opportunities to practice hands 
on techniques, teamwork, and communication through trial 
and error before working with live patients. The cost of high-
fidelity simulation will continue to make its use prohibitive 
and challenging for some programs. The use of low-fidelity 
simulation, standardized patients, and role playing continues 
to have measureable qualitative value. Cost center sharing is 
one way for programs on a tight budget who desire high-fidelity 
simulation to access this valuable skills-building, outcome-
improving medical education adjunct tool.
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Many changes are incurred within the new health care arena and 
health reformation platform. Medicare, health insurance 
companies, and governmental agencies are pushing for patients 
to become healthier with an emphasis on self-care and self-
management of chronic illnesses. The modern environment of 
healthcare in the US is rapidly changing, attempting to evolve its 
policies while providing patients with better access to health 
care providers, better care, and lower costs. Many believe that 
home health care agencies will become exponentially more 
comprehensible and profitable with new health initiatives 
currently in place (Figure 1). Reimbursement and coverage from 
Medicare and health insurance agencies in relation to patient 
training, education, and self-care protocols will likely decrease 
the rate of patient readmittance to acute care hospitals, making 
home health and urgent care clinics the gold standard in pre 
hospital care. In lieu of acute care hospitals, patients can be seen 
and evaluated by allied health professionals instead of 
physicians, which will incrementally decrease costs associated 
with inpatient services. These initiatives could potentially place 
registered respiratory therapists in a unique position amongst 
new health care reforms. The RT Medicare Initiative Act (H.R. 
2619) would entitle RRT’s with BSRT degree or higher to 
autonomously provide patients with essential disease 
management education, facilitate key Medicare self-management 
agendas, and in turn, allocate reimbursement from Medicare. 
Even though the price of pulmonary self-management services 
provided under Medicare will prove costly, passing this bill will 
not only result in higher educational requirements for our 
profession, it will also advance the scope of our practice, and 
place RRT’s in an invaluable position in the new healthcare 
arena.

The RRT credential was once recognized as the highest level 
credential within our profession. RRT’s with an Associate’s 
degree in Applied Science, who met the requirements of passing 
three national board exams were thought to hold the highest 
value in relation to employment and educational mandates. In 
the past, all allied health professionals have had to push for 
higher standards and educational requirements to be recognized 
by Medicare for reimbursement and billing codes. With 
physicians and department heads vying for RRT’s to obtain a 
bachelor’s degree or higher to provide services inside the acute 
care setting, Medicare reimbursement for respiratory therapy 
services isn’t the only reason to obtain higher education. With 

higher educational standards, the respiratory field would finally 
prove invaluable inside and outside of the hospital setting and 
the importance of the profession would be recognized. 
Respiratory therapists are the only allied health profession with 
specialized training in the care of pulmonary patients specifically. 
The American Association of Respiratory Care believes, “it’s time 
to recognize the level of expertise that RT’s can bring to 
pulmonary patients” (HR 2619-Medicare, 2013). 

With Medicare’s push to cut down on the expenses associated 
with readmission rates, HR 2619 would advance RRT’s role 
outside of the acute care setting. Non acute care career options 
within our profession would prove viable and valuable in the 
current health care platform. One of the highest and most costly 
readmission rates amongst Medicare beneficiaries are those 
patients with chronic obstructive pulmonary disease (COPD). 
Supporters of HR 2619 feel that the expense of enacting the bill 
would most likely be “offset by reducing ER visits and better 
adherence to medication protocols” for patients clinically 
diagnosed with COPD (HR 2619-Medicare, 2013). COPD patient 
populations are very concerned about Medicare coverage in light 
of health care reform. With limited coverage and access to 
fundamental supplies to manage their disease process, these 
patients prove a higher risk for frequent exacerbations, increased 
mortality, and decreased quality of life. RRT’s role in patient 
education for these patients is crucial in the home health setting. 
Currently, Medicare does not recognize or provide coverage for 
our services under Medicare Part B, therefore, the HR 2619 
should be passed to reduce hospital admission rates and provide 

H.R. 2619 RT Initiative Act: Improving 
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RRT’s within Health Care Reform
Kristin Prater
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Figure 1. Segments of health care services and anticipated growth. This 
graph illustrates home health care is expected to provide the most growth.
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health care coverage for the growing COPD population. Within 
the context of health care reformation, these concepts of 
reducing hospital remittance rates, and disease self-management 
put forth by Medicare could be accomplished if this bill was 
passed in favor of our profession.

Conversely, the House of Representatives finds that the price tag 
for covering respiratory services proposed by HR 2619 under 
Medicare would prove more costly than beneficial. The original 
bill (called HR 941) died in congress due to lack of support and 
the potential cost estimated by the Congressional Budget Office 
at over 250 million in ten years. It is unlikely that the CBO would 
consider the offset portion of that price tag; which includes 
saving money in the context of reducing ER admits due to proper 
home health education and training provided by RRT’s. In 
addition to the cost factor, Physicians are extremely reluctant to 
hire RRT’s to provide the services outside the acute care setting 
if billing codes and reimbursement for those services is not 
currently available. Both considerations are factored in not 
passing the original bill HR 914. Although the bill was updated, 
issues still exist in putting forth enough emphasis on the cost 
offset factors which would reduce expenditures by decreasing 
acute care remittance rates for those patients with chronic lung 
disease.

In conclusion, many key considerations need to be examined in 
relation to health care policies for managing chronic lung 
disease. Medicare does presently recognize reimbursement for 
diabetic patients, and most therapists feel that both Medicare 
and insurance agencies will follow suit with similar policies 
involving pulmonary patients. Improving educational 
components within our profession is more important than ever 
before within the new health care climate. Passing HR 2619 
would not only improve access, visibility, and recognition of 
therapists with a BSRT degree, it would also improve patient 
outcomes and quality of life for those afflicted with pulmonary 
lung diseases. 
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and metabolic acidosis and alkalosis.

When it came to accuracy for the EPOC, the study’s authors 
said that, “although intra-assay and interassay precision studies 
showed a CV of less than 5% for all analytes evaluated, the 
accuracy and linearity studies also showed excellent accuracy 
and linearity of all analytes across the reportable range in 
compliance with the College of American Pathologists and CLIA 
guidelines.”

Overall, compared with the i-STAT, the study’s authors found 
‘many additional advantages’ with EPOC in the area of saving 
time. “The EPOC system uses a single test card with all the 
different analytes including glucose, lactate, creatinine, and 
chloride, whereas the i-STAT system uses multiple test cartridges 
for the same results. Whereas the i-STAT system reports results 
in less than 2 minutes, the EPOC blood gas and electrolyte 
analyzer has results ready in less than 30 seconds, significantly 
decreasing TAT in the emergency setting. Test cards for EPOC 
may be stored for up to 6 months at room temperature unlike 
the i-STAT system. Each reagent for the EPOC has direct 
bar coding, ensuring easy traceability. The EPOC system has 
wireless connectivity (Wi-Fi and bluetooth), and transmission of 
data from bedside to laboratory information systems is instant 
and automatic. The touch screen interface of the EPOC system 
is easy to use. The EPOC system uses calibration before sample 
application to minimize the chances of error and possible redraw 
of patient.”

The last advantage discovered in the study was in the area of 
cost. “The smart card technology of EPOC reduces cost and 
maximizes efficiency in the hospital setting. The cost of the 
EPOC analyzer is less than the i-STAT analyzer ($5991 vs $9065). 
Despite the additional interface cost of the EPOC analyzer, the 
total supply cost per annum at our pediatric hospital is less for 
the EPOC analyzer as compared with the i-STATanalyzer ($5228 
vs $7274). With expansion of health care to remote facilities 
and need for immediate laboratory results in the critical care 
setting, we conclude that the operational advantages, interface 
capabilities, and cost-benefit ratio of the EPOC blood gas and 
electrolyte analyzer will propel it as a favorable bedside POC 
instrument particularly in the intensive care setting of both adult 
and pediatric hospitals.”

Blood Gas and Electrolyte Analyzer…continued from page 41
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Introduction
Spirometry is one of the few clinical measurements that requires 
maximum patient effort in order to achieve acceptable and 
repeatable results. Obtaining valid Spirometry data from COPD 
patients who present to the clinic with an exacerbation can be 
challenging.

Having well-trained clinical staff who can coach these patients 
correctly can have a significant impact on the quality of 
Spirometry. The accuracy and quality of Spirometry is also 
particularly important when these patients are participating in 
clinical trials where Spirometry data are used as endpoints.

The ATS/ERS 2005 criteria are commonly used in clinical trials to 
determine the quality of spirometry results.

In two clinical trials 90% of the COPD patients that performed 
Spirometry were able to meet the ATS/ERS 2005 criteria for FEV 
and FVC repeatability.

Objective
To assess how many Spirometry Sessions meet the ATS/ERS 
2005 criteria for acceptability and repeatability in COPD patients 
who present to clinic with an exacerbation.

Method
89 moderate to very severe COPD patients who went to hospital 
due to an exacerbation were entered into a clinical trial that 
was conducted in 11 centres in 3 European Countries. At the 
first clinic visit they were required to perform Spirometry 
for inclusion and these results were used as the baseline for 
measuring efficacy of the trial drug. FEV was used as the primary 
endpoint for the trial and FVC was a secondary endpoint.

Spirometry was performed in all centres using the Vitalograph 
Pneumotrac (Fleisch) run on Spirotrac software customised 
for the trial. The software program demanded daily calibration 
checks to be performed before any Spirometry testing.

Before the trial commenced all clinical staff who were 
responsible for conducting the Spirometry testing were trained 
on the correct use of the equipment and on the ATS/ERS 2005 
criteria and also had to pass a competency assessment.

Once the Spirometry Session had been performed the clinical 
staff sent the data to Vitalograph Data Management centre.

Each Spirometry session was Over-Read by two independent 
Spirometry experts.

Each Spirometry session was assessed using the ATS/ERS 2005 
criteria.

In accordance with the ATS/ERS 2005 criteria each patient was 
asked to perform up to eight manoeuvres. Of these, at least 3 
manoeuvres had to be deemed acceptable with the 2 largest FEV 
and the 2 largest FVC values being within 150ml (0.15L) of each 
other. An acceptable manoeuvre required a good start of test 
(extrapolation volume < 150ml or 5% of FVC), no cough in 1st 
second of expiration, expiration time of at least 6 seconds and 1 
second plateau on the volume/time curve.

In addition, if a Spirometry Session had 0 acceptable 
manoeuvres, these were checked to see if any manoeuvres had a 
usable FEV as dened by the ATS/ERS 2005 criteria.

Determining the Quality of Spirometry of Patients 
Presenting to the Clinician with an Acute Chronic 
Obstructive Pulmonary Disease (COPD) Exacerbation
G Sowman BSc¹; C Ashwell BSc¹; H Kaur-Nagra PhD¹; M Brown MSc²; P Ford MD²; D Price BA²

¹Vitalograph Ltd: Vitalograph Business Park, Maids Moreton, Buckingham 
MK18 1SW, United Kingdom. ²Novartis Horsham Research Centre, West 
Sussex, United Kingdom. Figure 1. Number of patients who achieved the ATS/ERS criteria3
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Results
Of the 89 patients assessed, 79 (89%) were able to meet the ATS/
ERS 2005 criteria within >3 manoeuvres (Figure 1). 10 patients 
were unable to meet the ATS/ERS 2005 criteria.

Of the 10 patients (11%) who failed to meet the ATS/ERS 
2005 criteria, 1 six of these patients were able to perform 1 
acceptable manoeuvre. One performed only 2 manoeuvres 
but these were acceptable and repeatable, three achieved 3 
acceptable manoeuvres with just FEV repeatability and one had 
3 acceptable manoeuvres with just FVC repeatability (see Figure 
2 and Table 1).

Table 1. Breakdown of Session Quality Acceptable Manoeuvres and 
Repeatability).

FVC and FEV 
Repeatability 
within 150ml

Sessions 
with FVC 

Repeatability 
> 150ml

Sessions 
with FEV 

Repeatability 
> 150ml

Total 
Sessions

Number of 
Acceptable 
Manoeuvres 
within the 
Session

0 NA NA NA 4

1 NA NA NA 1

2 1 0 0 1

≥3 79 3 1 83

Four patients (4.5%) failed to produce any acceptable 
manoeuvres; however, two of these patients were still able to 
achieve usable FEV baseline trial data.

Conclusion
Well-trained clinical staff can successfully coach moderate to 
very severe COPD patients who are having an acute exacerbation 
to produce valid Spirometry Data as only 2 patients were unable 
to produce any valid FEV Data.

This is particularly important in pharmaceutical clinical trials 
where FEV is used as a primary endpoint to assess new drugs in 
treating patients with COPD exacerbations.

Figure 2. Number of acceptable manoeuvres within each Spirometry Session
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Abstract
Introduction: In low-resource settings it is not always 
possible to acquire the information required to diagnose acute 
respiratory distress syndrome (ARDS). Ultrasound and pulse 
oximetry, however, may be available in these settings. This 
study was designed to test whether pulmonary ultrasound 
and pulse oximetry could be used in place of traditional 
radiographic and oxygenation evaluation for ARDS.

Methods: This study was a prospective, single-center study 
in the ICU of Harborview Medical Center, a referral hospital 
in Seattle, Washington, USA. Bedside pulmonary ultrasound 
was performed on ICU patients receiving invasive mechanical 
ventilation. Pulse oximetric oxygen saturation (SpO2), partial 
pressure of oxygen (PaO2), fraction of inspired oxygen 
(FiO2), provider diagnoses, and chest radiograph closest 
to time of ultrasound were recorded or interpreted.

Results: One hundred and twenty three ultrasound assessments 
were performed on 77 consecutively enrolled patients with 
respiratory failure. Oxygenation and radiographic criteria for 
ARDS were met in 35 assessments. Where SpO2 ≤ 97%, the 
Spearman rank correlation coefficient between SpO2/FiO2 and 
PaO2/FiO2 was 0.83, p < 0.0001. The sensitivity and specificity of 
the previously reported threshold of SpO2/FiO2 ≤ 315 for PaO2/
FiO2 ≤ 300 was 83% (95% confidence interval (CI) 68-93), and 
50% (95% CI 1-99), respectively. Sensitivity and specificity of 
SpO2/FiO2 ≤ 235 for PaO2/FiO2 ≤ 200 was 70% (95% CI 47-87), 
and 90% (95% CI 68-99), respectively. For pulmonary ultrasound 
assessments interpreted by the study physician, the sensitivity 
and specificity of ultrasound interstitial syndrome bilaterally 
and involving at least three lung fields were 80% (95% CI 63-
92) and 62% (95% CI 49-74) for radiographic criteria for ARDS. 
Combining SpO2/FiO2 with ultrasound to determine oxygenation 
and radiographic criteria for ARDS, the sensitivity was 83% (95% 
CI 52-98) and specificity was 62% (95% CI 38-82). For moderate-
severe ARDS criteria (PaO2/FiO2 ≤ 200), sensitivity was 64% 
(95% CI 31-89) and specificity was 86% (95% CI 65-97). Excluding 
repeat assessments and independent interpretation of ultrasound 
images did not significantly alter the sensitivity measures.

Conclusions: Pulse oximetry and pulmonary ultrasound 

may be useful tools to screen for, or rule out, impaired 
oxygenation or lung abnormalities consistent with ARDS 
in under-resourced settings where arterial blood gas 
testing and chest radiography are not readily available.

Introduction
Acute respiratory distress syndrome (ARDS) is a common 
cause of mortality in the ICU.1 The diagnosis of ARDS is 
established using the new Berlin criteria which consists 
of four elements: 1) onset within a week of a known 
clinical insult or new respiratory symptoms, 2) bilateral 
opacities on chest radiograph or computed tomography 
scan, 3) respiratory failure not fully explained by cardiac 
failure or fluid overload, and 4) impaired oxygenation 
defined as partial pressure of oxygen (PaO2)/fraction of 
inspired oxygen (FiO2) ≤300 on positive end-expiratory 
pressure (PEEP) or continuous positive airway pressure 
(CPAP) ≥5 cmH2O. Diagnosis of ARDS requires an arterial 
blood gas (ABG) test and chest radiography or computed 
tomography in the appropriate clinical scenario.

In much of the world where medical resources are limited, 
blood gas analysis and imaging technologies may not be 
available, impairing the ability to make the diagnosis of ARDS. 
In one study, half of all patients who clinically had ARDS in 
a hospital in Rwanda had a chest radiograph available for 
review.2 However, both pulse oximetry and ultrasound are 
becoming increasingly accessible worldwide.3,4 The pulse 
oximetric saturation to inspired oxygen ratio (SpO2/FiO2) 
has been correlated with the PaO2/FiO2 ratio in ARDS.5,6 
Pulmonary ultrasound is a rapidly developing technology in 
which the diagnosis of lung disease is being explored in diverse 
settings, and new diagnostic criteria are being developed for 
multiple pulmonary processes.7 Some of the first patterns of 
pulmonary ultrasound to be recognized were the distinct “A 
line” and “B line” artifacts.8 The “A-line” pattern, characterized 
by horizontal reflection artifacts of the pleural line deep into 
the lung, is seen with alveoli that are physiologically filled with 
air. The “B-line” pattern, characterized by the presence of three 
or more vertical artifacts obliterating any A-lines, correlates 
with the ultrasound interstitial syndrome (UIS).9 The presence 
of UIS diffusely on ultrasound is considered consistent with 
either cardiogenic pulmonary edema or ARDS.10-12 The A line 
and B line patterns have proven to be easily distinguished by a 
bedside clinician after relatively brief teaching.13,14 Therefore, it 
is conceivable that the diagnosis of ARDS could be made using 
pulse oximetry and pulmonary ultrasound at the point of care.
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We hypothesized that data derived from pulse oximetry and 
bedside pulmonary ultrasound could be used in lieu of ABG 
and chest radiography to meet oxygenation and radiographic 
criteria for ARDS. We designed a prospective study in patients 
with respiratory failure in the ICU to test this hypothesis.

Methods
Study procedures
The study was conducted in the ICUs at Harborview 
Medical Center, Seattle, Washington, USA. The study 
physician received 4 h of hands-on pulmonary ultrasound 
training from an ultrasound fellowship-trained emergency 
medicine attending physician. Training included ultrasound 
scanning and discussions at the bedside of ten patients with 
different lung pathologies and a brief literature review.

From 4 July to 22 August 2013, mechanically ventilated 
patients in the ICUs were identified by the study physician 
early each morning using a Quality Safety Dashboard, 
Monday through Friday. Patients were screened for study 
eligibility based on inclusion and exclusion criteria (Fig. 
1). Although the study design initially included patients 
on high levels of supplemental oxygen via high flow nasal 
cannula or face mask, the revised Berlin definition of ARDS 
published in 2012 required administration of CPAP or PEEP, 
so eligibility was restricted to patients receiving mechanical 
ventilation. No attempts were made to determine the etiology 
or management of respiratory failure before enrollment. 
Contraindications included burns over the chest, flail chest, 
active hemodynamic instability or declination by the patient’s 
nurse, receiving palliative care, age less than 18 years, 
incarceration, prone positioning, planned extubation the 
morning of study, or lack of identifying personal information.

For patients who met eligibility criteria the study physician 
performed an ultrasound evaluation prior to reviewing the 
patient’s chart or other imaging. A Sonosite S-ICU ultrasound 
machine (SonoSite, Inc., Bothell, Washington) with a p21x 5-1 
Mhz phased array probe was used to capture 6-second video 
imaging of the lung at three sites on each side of the chest 
(Fig. 2), following a modification of a previously described 
protocol.10,15,16 Specifically, the six “BLUE” points were evaluated 
for the presence of B lines (Fig. 3). In order to mimic rapid 
evaluation by a single clinician in austere conditions, patients 
were not repositioned for the purpose of the scan and assistance 

Figure 1. Study flow chart. CXR chest x-ray, FiO2 fraction of inspired oxygen, 
PaO2 partial pressure of oxygen, SpO2, pulse oximetric oxygen saturation, 
U/S ultrasound.

Figure 2. Placement of the ultrasound probe at six locations on the chest. a 
zone 1 is 2 cm below the anterior mid-clavicular line on the right side of the 
chest; b zone 2 is 4 cm inferior and 4 cm lateral to zone 1; c zone 3 is 2 cm 
inferior to zone 2 along the mid-axillary line. d-f  The identical positions on 
the left side of the chest.

Figure 3. a “A lines”: distinct horizontal reflections in a patient with normal 
lungs (arrows). b “B lines”: three vertical lines in a single frame extending 
from the pleura to the bottom of the screen in a patient with ultrasound 
interstitial syndrome (between arrows).
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from additional staff members was not requested. No scan 
was permitted to take more than 5 min, including start up time 
for the machine and recording time for the videos. The FiO2 
and SpO2 at the time of the ultrasound were recorded. This 
procedure was performed as close to 06:30 am as possible to 
reduce the duration between ultrasound and early morning chest 
radiographs and ABG measurements performed in the ICUs. 
Subsequently, the chest radiograph and ABG performed closest 
to the time of the ultrasound were abstracted from the medical 
record. The FiO2 and SpO2 recorded by transcutaneous probe at 
the time of the ABG were also recorded. The ICU teams clinical 
note for the day of the study evaluation was reviewed to capture 
active clinical diagnoses. If patients continued to meet eligibility 
criteria, repeat study assessments were performed every 3 days.

Definitions
For each study assessment, the ABG and concurrent 
FiO2 data was used to calculate a PaO2/FiO2 value. Chest 
radiographs were independently reviewed by a board-

certified attending chest radiologist to determine if they met 
radiographic criteria for ARDS, namely bilateral opacities 
not fully explained by effusions, lobar/lung collapse, or 
nodules.17 Computerized tomography scans of the chest 
were not available for all patients, so this modality was not 
incorporated into the study design. The radiologist was 
blinded to all other clinical information. Study assessments 
with PaO2/FiO2 ≤ 300 and a chest radiograph interpreted as 
consistent with ARDS were deemed to have met oxygenation 
and radiographic criteria for ARDS.17 PaO2/FiO2 ≤ 200 was 
considered at least moderately impaired oxygenation.

For each study assessment the SpO2/FiO2 ratio was calculated 
using SpO2 and FiO2 recorded at the time of the ABG. Based 
on the relationship between SpO2/FiO2 and PaO2/FiO2 in 
ARDS patients derived by Rice et al,5 SpO2/FiO2 ≤ 315 was 
considered impaired oxygenation and SpO2/FiO2 ≤ 235 at 
least moderately impaired oxygenation. UIS was defined as 
at least three B lines in a single frozen frame in one or more 
lung fields. Ultrasound imaging consistent with ARDS was 
determined by the presence of UIS bilaterally.7,10,12,15 Images that 
were difficult to interpret due to subcutaneous emphysema, 
obesity, consolidations, effusions, image quality or positioning 
were noted, but were still designated as consistent with UIS 
or not. All ultrasound video clips were batch reviewed and 
classified by the study physician and independently reviewed 
and classified by an ultrasound-trained attending physician in 
a blinded manner after the completion of patient enrollment.

Statistics
Continuous data were displayed as mean ± standard deviation 
if normally distributed or median and interquartile range (IQR) 
if non-normally distributed. Correlation between continuous 
variables was determined using Spearman’s rank correlation 
coefficient. Diagnostic accuracy measures of sensitivity and 
specificity were calculated with 95% exact binomial confidence 
intervals (CIs). Interobserver agreement was determined using 
the kappa coefficient. Nonparametric receiver operating curve 
analysis was used to determine area under the curve (AUC). 
We treated each assessment as independent in our primary 
analysis based on frequent changes in individual patients’ 
clinical status over 3-day intervals, but we also performed a 

curve (AUC). We treated each assessment as independ-
ent in our primary analysis based on frequent changes in
individual patients’ clinical status over 3-day intervals,
but we also performed a sensitivity analysis restricted to
initial assessments. STATA v11.2 (College Station, TX,
USA) was used for statistical analyses.

Human subjects
This study was approved by the University of Washington
Institutional Review Board. Informed consent was ob-
tained from patients or their designee.

Results
Patients and study assessments
One hundred and twenty three study assessments were
conducted on 77 patients, all of whom were mechanic-
ally ventilated and on PEEP of at least 5 cmH2O. The
characteristics of the study patients and assessments are
given in Table 1. The median age of patients was 56 years
(IQR 41–67); 52 (68 %) were male, and 24 patients
underwent more than one assessment. Eight (33 %) were
reclassified with respect to oxygenation criteria for
ARDS and 9 (38 %) were reclassified with respect to
radiographic criteria for ARDS over serial assessments.
These changes included both reclassification as meeting
criteria and reclassification as no longer meeting criteria.
As patients were assessed no more frequently than every
3 days and because their clinical status often changed
significantly in that time period, we chose assessments
as our unit of analysis, treating them as independent.
The most common diagnoses at the time of assessments
were sepsis (n = 36, 29 %) and trauma (n = 31, 25 %).

Relationship between SpO2/FiO2 and PaO2/FiO2

At the time of ultrasound the median FiO2 was 0.40
(IQR 0.30–0.40) and the median SpO2 was 98 % (IQR
96–100). At the time of ABG, the median FiO2 was 0.40
(IQR 0.30–0.50), median SpO2 was 99 % (IQR 97–100),
and median PaO2 was 100 (IQR 78–122). The SpO2 at
the time of ABG was used for all further analyses. The
relationship between SpO2/FiO2 and PaO2/FiO2 derived
by Rice et al. in a cohort of ARDS patients indicated that
SpO2/FiO2 threshold values of 315 and 235 corre-
sponded to PaO2/FiO2 of 300 and 200, respectively,
when SpO2 ≤ 97 % [5]. To validate this relationship in
our cohort of mechanically ventilated patients, we re-
stricted our analysis to the 44 observations where
SpO2 ≤ 97 % at the time of ABG. In this subset, the me-
dian PaO2/FiO2 was 198 (IQR 155–249) and the median
SpO2/FiO2 was 240 (IQR 191–243). The Spearman rank
correlation coefficient between PaO2/FiO2 and SpO2/
FiO2 was 0.74 (p < 0.0001). We identified one outlier that
was characterized by marked discordance between PaO2

and SpO2 due to rapidly dynamic changes in oxygenation

at the time of the study. Excluding this observation, the
correlation between PaO2/FiO2 and SpO2/FiO2 increased
to 0.83 (p < 0.0001) (Fig. 4). We performed receiver oper-
ating curve analysis to further evaluate the SpO2/FiO2

ratio. SpO2/FiO2 ratio had modest ability to discriminate
PaO2/FiO2 ≤ 300, based on an AUC value of 0.76 (95 % CI
0.34–1.00) (Additional file 1: Figure S1A). The discrimin-
atory ability for SpO2/FiO2 in classifying PaO2/FiO2 ≤ 200,
however, was considerably better, with an AUC of 0.89
(95 % CI 0.80–0.99) (Additional file 1: Figure S1B). The
sensitivity of SpO2/FiO2 ≤ 315 for PaO2/FiO2 ≤ 300 was
83 % (95 % CI 68–93), and the specificity was 50 % (95 %

Table 1 Baseline characteristics of subjects and study assessments

Characteristic Number Percent

Patients 77

Male 52 68

Age, median (IQR) 56 (41–67)

Number undergoing 2 assessments 13 17

Number undergoing 3 assessments 3 4

Number undergoing ≥4 assessments 8 10

Assessments 123

Site:

MICU 45 37

SICU 49 40

NICU 29 24

Diagnosis:

Sepsis 36 29

Trauma 31 25

Postsurgery 24 20

CVA 21 17

Cardiogenic pulmonary edema 21 17

Pneumonia 20 16

PEA or VF arrest 13 11

PE 10 8

ARDS 10 8

Overdose 9 7

Seizure 7 6

Pancreatitis 7 6

COPD 6 5

FiO2 at time of ABG, median (IQR) 0.40 (0.30–0.50)

PaO2/FiO2, median (IQR) 250 (180–337)

SpO2 % at time of ABG, median (IQR) 99 (97–100)

Bilateral opacities on CXR 42 34

Patients may have more than one diagnosis at the time of assessment. ABG arterial
blood gas, ARDS acute respiratory distress syndrome, COPD chronic obstructive
pulmonary disease, CVA Cerebrovascular Accident, CXR chest x-ray, IQR interquartile
range, MICU Medical Intensive Care Unit, NICU Neurological Intensive Care Unit, PE
Pulmonary Embolism, PEA Pulseless Electrical Activity, SICU Surgical Intensive Care
Unit, SpO2 pulse oximetric oxygen saturation, VF Ventricular Fibrillation
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Figure 4. Correlation between SpO2/FiO2 and PaO2/FiO2 when SpO2 ≤ 97 %. 
FiO2 fraction of inspired oxygen, PaO2 partial pressure of oxygen, SpO2 pulse 
oximetric oxygen saturation.
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sensitivity analysis restricted to initial assessments. STATA v11.2 
(College Station, TX, USA) was used for statistical analyses.

Results
Patients and study assessments
One hundred and twenty three study assessments were 
conducted on 77 patients, all of whom were mechanically 
ventilated and on PEEP of at least 5 cmH2O. The characteristics 
of the study patients and assessments are given in Table 1. The 
median age of patients was 56 years (IQR 41-67); 52 (68%) were 
male, and 24 patients underwent more than one assessment. 
Eight (33%) were reclassified with respect to oxygenation 
criteria for ARDS and 9 (38%) were reclassified with respect to 
radiographic criteria for ARDS over serial assessments. These 
changes included both reclassification as meeting criteria and 
reclassification as no longer meeting criteria. As patients were 
assessed no more frequently than every 3 days and because their 
clinical status often changed significantly in that time period, 
we chose assessments as our unit of analysis, treating them 
as independent. The most common diagnoses at the time of 
assessments were sepsis (n = 36, 29%) and trauma (n = 31, 25%).

Relationship between SpO2/FiO2 and PaO2/FiO2
At the time of ultrasound the median FiO2 was 0.40 (IQR 0.30-
0.40) and the median SpO2 was 98% (IQR 96-100). At the time of 
ABG, the median FiO2 was 0.40 (IQR 0.30-0.50), median SpO2 
was 99% (IQR 97-100), and median PaO2 was 100 (IQR 78-122). 
The SpO2 at the time of ABG was used for all further analyses. 
The relationship between SpO2/FiO2 and PaO2/FiO2 derived 
by Rice et al. in a cohort of ARDS patients indicated that SpO2/
FiO2 threshold values of 315 and 235 corresponded to PaO2/FiO2 
of 300 and 200, respectively, when SpO2 ≤ 97%.5 To validate this 
relationship in our cohort of mechanically ventilated patients, we 
restricted our analysis to the 44 observations where SpO2 ≤ 97% 
at the time of ABG. In this subset, the median PaO2/FiO2 was 
198 (IQR 155-249) and the median SpO2/FiO2 was 240 (IQR 
191-243). The Spearman rank correlation coefficient between 
PaO2/FiO2 and SpO2/FiO2 was 0.74 (p < 0.0001). We identified 
one outlier that was characterized by marked discordance 
between PaO2 and SpO2 due to rapidly dynamic changes in 
oxygenation at the time of the study. Excluding this observation, 
the correlation between PaO2/FiO2 and SpO2/FiO2 increased to 
0.83 (p < 0.0001) (Fig. 4). We performed receiver operating curve 
analysis to further evaluate the SpO2/FiO2 ratio. SpO2/FiO2 ratio 

had modest ability to discriminate PaO2/FiO2 ≤ 300, based on an 
AUC value of 0.76 (95% CI 0.34-1.00) (Additional file 1: Figure 
S1A). The discriminatory ability for SpO2/FiO2 in classifying 
PaO2/FiO2 ≤ 200, however, was considerably better, with an 
AUC of 0.89 (95% CI 0.80-0.99) (Additional file 1: Figure S1B). 
The sensitivity of SpO2/FiO2 ≤ 315 for PaO2/FiO2 ≤ 300 was 83% 
(95% CI 68-93), and the specificity was 50% (95% CI 1-99) (Table 
2). The sensitivity of SpO2/FiO2 ≤ 235 for PaO2/FiO2 ≤ 200 was 
70% (95% CI 47-87), and the specificity was 90% (95% CI 68-99).

UIS as a marker for radiographic opacities consistent 
with ARDS
Of the 738 lung fields evaluated by ultrasound (six fields for 123 
assessments), 357 (48%) demonstrated B line predominance as 
interpreted by the study physician. B lines were more common 
in posterior lung fields but were distributed equally on the 
left and on the right (Fig. 5). One hundred and one ultrasound 
assessments were conducted within 8 h of a chest radiograph. 
We used this subset of assessments to evaluate optimal 
thresholds of UIS for determination of radiographic criteria 
of ARDS as various thresholds have been reported.7,10-12,15,18 
In 35 (35%) assessments, bilateral opacities consistent with 
ARDS were apparent on chest radiograph. The sensitivity and 
specificity of UIS in at least one lung field bilaterally (UIS-2) 
for radiographic ARDS were 86% (95% CI 70-95) and 38% (95% 
CI 26-51) (Table 3). The sensitivity and specificity of UIS in at 
least one field bilaterally and involving a minimum of three 
lung fields (UIS-3) were 80% (95% CI 63-92) and 62% (95% CI 
49-74). The sensitivity and specificity of UIS in at least two 
lung fields bilaterally (UIS-4) were 60% (95% CI 42-76) and 
77% (95% CI 65-87). By receiver operating curve analysis, the 
ability of UIS pattern to discriminate radiographic ARDS was 
fair (AUC 0.73, 95% CI 0.63-0.83) (Additional file 2: Figure S2).

Interobserver reliability of UIS interpretation
To test interobserver reliability of the ultrasound interpretations, 
all ultrasound videos were independently reviewed by an 
ultrasound-trained attending physician who had not participated 
in training or data collection and who was blinded to the 
clinical scenario. The kappa coefficient between the two 
interpreters for designating B lines present in a lung field 
was 0.57 (CI 0.40-0.73), consistent with moderate agreement. 
In comparison to the study physician, the independent 
physician classified a higher proportion of lung fields as 

CI 1–99) (Table 2). The sensitivity of SpO2/FiO2 ≤ 235 for
PaO2/FiO2 ≤ 200 was 70 % (95 % CI 47–87), and the speci-
ficity was 90 % (95 % CI 68–99).

UIS as a marker for radiographic opacities consistent with
ARDS
Of the 738 lung fields evaluated by ultrasound (six fields
for 123 assessments), 357 (48 %) demonstrated B line
predominance as interpreted by the study physician. B
lines were more common in posterior lung fields but
were distributed equally on the left and on the right
(Fig. 5). One hundred and one ultrasound assessments
were conducted within 8 h of a chest radiograph. We
used this subset of assessments to evaluate optimal
thresholds of UIS for determination of radiographic cri-
teria of ARDS as various thresholds have been reported
[7, 10–12, 15, 18]. In 35 (35 %) assessments, bilateral

opacities consistent with ARDS were apparent on chest
radiograph. The sensitivity and specificity of UIS in at
least one lung field bilaterally (UIS-2) for radiographic
ARDS were 86 % (95 % CI 70–95) and 38 % (95 % CI
26–51) (Table 3). The sensitivity and specificity of UIS
in at least one field bilaterally and involving a minimum
of three lung fields (UIS-3) were 80 % (95 % CI 63–92)
and 62 % (95 % CI 49–74). The sensitivity and specificity
of UIS in at least two lung fields bilaterally (UIS-4) were
60 % (95 % CI 42–76) and 77 % (95 % CI 65–87). By re-
ceiver operating curve analysis, the ability of UIS pattern
to discriminate radiographic ARDS was fair (AUC 0.73,
95 % CI 0.63–0.83) (Additional file 2: Figure S2).

Interobserver reliability of UIS interpretation
To test interobserver reliability of the ultrasound inter-
pretations, all ultrasound videos were independently
reviewed by an ultrasound-trained attending physician
who had not participated in training or data collection
and who was blinded to the clinical scenario. The kappa
coefficient between the two interpreters for designating
B lines present in a lung field was 0.57 (CI 0.40–0.73),
consistent with moderate agreement. In comparison to
the study physician, the independent physician classified
a higher proportion of lung fields as B line-predominant
but the relative distribution of B lines in the left lung
compared to right lung, and throughout the upper, mid-
dle, and lower lung zones was comparable (Fig. 5). We
evaluated the interobserver reliability for different UIS thresh-
olds. For UIS-2, the kappa coefficient was 0.44 (CI 0.05–0.83);
for UIS-3, the kappa coefficient was 0.45 (CI 0.09–0.81); and
for UIS-4, the kappa coefficient was 0.47 (CI 0.07–0.87). Using
the independent physician’s classifications, sensitivity and speci-
ficity of UIS-2 for radiographic criteria of ARDS were 89 %
(95 % CI 73–97) and 15 % (95 % CI 8–26), respectively; 89 %
(95 % CI 73–97) and 29 % (95 % CI 18–41) for UIS-3; and

Fig. 4 Correlation between SpO2/FiO2 and PaO2/FiO2 when
SpO2 ≤ 97 %. FiO2 fraction of inspired oxygen, PaO2 partial
pressure of oxygen, SpO2 pulse oximetric oxygen saturation

Table 2 Performance of SpO2/FiO2 as a marker of PaO2/FiO2

when SpO2 ≤ 97 %

Number of observations (n = 43) Test characteristic 95 % CI

PaO2/FiO2

≤300 >300 Sensitivity 83 % 68–93

SpO2/FiO2 ≤315 34 1 Specificity 50 % 1–99

>315 7 1 PPV 97 % 85–100

NPV 13 % 0–53

PaO2/FiO2

≤200 >200 Sensitivity 70 % 47–87

SpO2/FiO2 ≤235 16 2 Specificity 90 % 68–99

>235 7 18 PPV 89 % 65–99

NPV 72 % 51–88

CI confidence interval, FiO2 fraction of inspired oxygen, NPV negative predictive
value, PaO2 partial pressure of oxygen, PPV positive predictive value, SpO2 pulse
oximetric oxygen saturation

Fig. 5 Distribution of B line-predominant lung fields. Black bars
indicate reads by the study physician; white bars indicate reads by
the independent physician. For right (R) and left (L), zones correspond
to locations shown in Fig. 2
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Figure 5. Distribution of B line-predominant lung fields. Black bars indicate 
reads by the study physician; white bars indicate reads by the independent 
physician. For right (R) and left (L), zones correspond to locations shown in 
Fig. 2.
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B line-predominant but the relative distribution of B lines 
in the left lung compared to right lung, and throughout the 
upper, middle, and lower lung zones was comparable (Fig. 
5). We evaluated the interobserver reliability for different UIS 
thresholds. For UIS-2, the kappa coefficient was 0.44 (CI 0.05-
0.83); for UIS-3, the kappa coefficient was 0.45 (CI 0.09-0.81); 
and for UIS-4, the kappa coefficient was 0.47 (CI 0.07-0.87). 
Using the independent physician’s classifications, sensitivity 
and specificity of UIS-2 for radiographic criteria of ARDS 
were 89% (95% CI 73-97) and 15% (95% CI 8-26), respectively; 
89% (95% CI 73-97) and 29% (95% CI 18-41) for UIS-3; and 83% 
(95% CI 66-93) and 46% (95% CI 33-58) for UIS-4 (Table 3).

SpO2/FiO2 and UIS as marker for oxygenation and 
radiographic criteria for ARDS
We next evaluated the combination of pulse oximetry 
measurements and pulmonary ultrasound assessments as 
markers for the coexistence of oxygenation and radiographic 
criteria for ARDS in our cohort. We combined SpO2/FiO2 ≤ 315 
and ultrasound demonstrating UIS-3 in the subset of 33 
observations with SpO2 ≤ 97%, a chest radiograph within 8 
h of ultrasound, and ABG within 24 h of ultrasound (Table 
4). The sensitivity of the combination of pulse oximetry and 
ultrasound determinations of oxygenation and radiographic 
ARDS criteria was 83% (95% CI 52-98) and specificity was 
62% (95% CI 38-82). The positive predictive value was 56% 
(95% CI 31-79) and the negative predictive value was 87% 
(95% CI 60-98). We repeated this analysis using a threshold 
SpO2/FiO2 ≤ 235, restricting to cases of at least moderate 
ARDS (PaO2/FiO2 ≤ 200) and found that the sensitivity was 
64% (95% CI 31-89) and specificity was 86% (95% CI 65-97). 
The positive predictive value was 70% (95% CI 35-93) and 
the negative predictive value was 83% (95% CI 61-95).

We considered the ultrasound interpretations of the independent 
physician and repeated these analyses. The sensitivity of 
the combination of pulse oximetry (SpO2/FiO2 ≤ 315) and 
ultrasound (UIS-3) for oxygenation and radiographic ARDS 
criteria was 91% (95% CI 62-100) and specificity was 48% (95% 

CI 26-70) (Table 4). The sensitivity of the combination of 
pulse oximetry (SpO2/FiO2 ≤ 235) and ultrasound (UIS-3) for 
oxygenation and radiographic criteria of severe ARDS was 
73% (95% CI 39-94) and specificity was 77% (95% CI 55-92).

Sensitivity to repeat assessments
To determine whether our treatment of each assessment as 
independent altered our findings, we performed sensitivity 
analyses restricted to the first assessment for each of the 77 
patients. We did not find any significant differences in the 
relationships between SpO2/FiO2 and PaO2/FiO2. Diagnostic 
accuracy of UIS as a marker for radiographic opacities 
consistent with ARDS was also similar: the sensitivity 
and specificity of UIS-3 were 80% (95% CI 56-94) and 72% 
(95% CI 57-84). The sensitivity of the combination of pulse 
oximetry and ultrasound determinations of oxygenation and 
radiographic ARDS criteria (SpO2/FiO2 ≤ 315 and UIS-3) was 
88% (95% CI 47-100) and specificity was 69% (95% CI 39-91).

Discussion
The purpose of this pilot study was to assess the performance 
of rapid assessment with bedside pulmonary ultrasound and 
use of pulse oximetry as alternatives to chest radiograph and 
ABG in the diagnosis of ARDS. The results of this study showed 
that, in mechanically ventilated ICU patients, SpO2/FiO2 and 
PaO2/FiO2 are highly correlated, that SpO2/FiO2 ≤ 315 is quite 
sensitive for PaO2/FiO2 ≤ 300, and that SpO2/FiO2 ≤ 235 is highly 
specific for PaO2/FiO2 ≤ 200. Our study confirms reasonable 
sensitivity of simplified six-point lung ultrasound in identifying 
patients with bilateral pulmonary opacities consistent with 
ARDS on chest radiograph using a threshold of bilateral UIS 
involving at least three lung fields in total, although specificity 
was lower. Finally, our data on a relatively small number of 
patients indicate that the combination of SpO2/FiO2 ≤ 315 
and bilateral/3 field UIS on ultrasound is sensitive for the 
classification of traditional oxygenation and radiographic 
criteria for ARDS in mechanically ventilated patients; in 
contrast, the combination of SpO2/FiO2 ≤ 235 and bilateral/3 
field UIS on ultrasound is specific for moderate-severe ARDS.

83 % (95 % CI 66–93) and 46 % (95 % CI 33–58) for UIS-4
(Table 3).

SpO2/FiO2 and UIS as marker for oxygenation and
radiographic criteria for ARDS
We next evaluated the combination of pulse oximetry
measurements and pulmonary ultrasound assessments
as markers for the coexistence of oxygenation and radio-
graphic criteria for ARDS in our cohort. We combined
SpO2/FiO2 ≤ 315 and ultrasound demonstrating UIS-3 in
the subset of 33 observations with SpO2 ≤ 97 %, a chest
radiograph within 8 h of ultrasound, and ABG within
24 h of ultrasound (Table 4). The sensitivity of the com-
bination of pulse oximetry and ultrasound determina-
tions of oxygenation and radiographic ARDS criteria was
83 % (95 % CI 52–98) and specificity was 62 % (95 % CI
38–82). The positive predictive value was 56 % (95 % CI
31–79) and the negative predictive value was 87 % (95 %
CI 60–98). We repeated this analysis using a threshold
SpO2/FiO2 ≤ 235, restricting to cases of at least moderate
ARDS (PaO2/FiO2 ≤ 200) and found that the sensitivity
was 64 % (95 % CI 31–89) and specificity was 86 %
(95 % CI 65–97). The positive predictive value was 70 %
(95 % CI 35–93) and the negative predictive value was
83 % (95 % CI 61–95).
We considered the ultrasound interpretations of the

independent physician and repeated these analyses. The
sensitivity of the combination of pulse oximetry (SpO2/
FiO2 ≤ 315) and ultrasound (UIS-3) for oxygenation and
radiographic ARDS criteria was 91 % (95 % CI 62–100)
and specificity was 48 % (95 % CI 26–70) (Table 4). The

sensitivity of the combination of pulse oximetry (SpO2/
FiO2 ≤ 235) and ultrasound (UIS-3) for oxygenation and
radiographic criteria of severe ARDS was 73 % (95 % CI
39–94) and specificity was 77 % (95 % CI 55–92).

Sensitivity to repeat assessments
To determine whether our treatment of each assessment
as independent altered our findings, we performed sensi-
tivity analyses restricted to the first assessment for each
of the 77 patients. We did not find any significant differ-
ences in the relationships between SpO2/FiO2 and PaO2/
FiO2. Diagnostic accuracy of UIS as a marker for radio-
graphic opacities consistent with ARDS was also similar:
the sensitivity and specificity of UIS-3 were 80 % (95 %
CI 56–94) and 72 % (95 % CI 57–84). The sensitivity of
the combination of pulse oximetry and ultrasound deter-
minations of oxygenation and radiographic ARDS cri-
teria (SpO2/FiO2 ≤ 315 and UIS-3) was 88 % (95 % CI
47–100) and specificity was 69 % (95 % CI 39–91).

Discussion
The purpose of this pilot study was to assess the per-
formance of rapid assessment with bedside pulmonary
ultrasound and use of pulse oximetry as alternatives to
chest radiograph and ABG in the diagnosis of ARDS.
The results of this study showed that, in mechanically
ventilated ICU patients, SpO2/FiO2 and PaO2/FiO2 are
highly correlated, that SpO2/FiO2 ≤ 315 is quite sensitive
for PaO2/FiO2 ≤ 300, and that SpO2/FiO2 ≤ 235 is highly
specific for PaO2/FiO2 ≤ 200. Our study confirms reason-
able sensitivity of simplified six-point lung ultrasound in

Table 3 Performance of ultrasound diagnosis of ultrasound interstitial syndrome (UIS) as a marker of bilateral pulmonary opacities
consistent with acute respiratory distress syndrome

UIS threshold Number of observations (n = 101) Test characteristic 95 % CI

1 lung field bilaterally Bilateral opacities on chest radiograph

Present Absent Sensitivity 86 % 70–95

UIS Present 30 41 Specificity 38 % 26–51

Absent 5 25 PPV 42 % 31–55

NPV 83 % 65–94

Bilateral; 3 lung fields minimum Bilateral opacities on chest radiograph

Present Absent Sensitivity 80 % 63–92

UIS Present 28 25 Specificity 62 % 49–74

Absent 7 41 PPV 53 % 39–67

NPV 85 % 72–94

2 lung fields bilaterally Bilateral opacities on chest radiograph

Present Absent Sensitivity 60 % 42–76

UIS Present 21 15 Specificity 77 % 65–87

Absent 14 51 PPV 58 % 41–75

NPV 79 % 67–88

CI confidence interval, NPV negative predictive value, PPV positive predictive value
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Overall, we found that the SpO2/FiO2 cutoffs established by 
Rice et al. were less predictive of the PaO2/FiO2 than originally 
described.5 Rice et al. found higher sensitivity in their study, 
with SpO2/FiO2 ≤ 235 resulting in 85% sensitivity with 85% 
specificity for PaO2/FiO2 ≤ 200, and 91% sensitivity with 56% 
specificity of SpO2/FiO2 ≤ 315 to predict PaO2/FiO2 ≤ 300. 
Several explanations may account for this. First, the use of the 
SpO2/FiO2 ratio is limited by flattening of the oxyhemoglobin 
dissociation curve at high SpO2; this effect is exacerbated when 
FiO2 is not maximally reduced. Many patients in our study 
were administered a “minimum” FiO2 of 0.4. Rice et al. report 
that their studies targeted SpO2 values between 92 and 94%, 
whereas very few of our subjects had SpO2 < 97%. Second, Rice 
et al. analyzed 1,076 patients enrolled in ARDS studies; this 
contrasts markedly with our smaller, relatively unfiltered cohort 
of 77 mechanically ventilated patients. Third, our study is a 
single-center observational study, in contrast to the multicenter 
interventional ARDSNet studies. Future studies refining 
test characteristics of new ARDS criteria should determine 
SpO2/FiO2 at the lowest possible FiO2, which would require 
cooperation with respiratory therapists and nursing staff.

The sensitivity and specificity of ultrasound assessments of UIS 
for radiographic criteria of ARDS in our study were also less 
than was predicted based on prior studies. There are several 
possible reasons for this. The original diagnostic algorithm for 
the BLUE protocol includes an assessment of the lung sliding 
by ultrasound.10 This specific criterion was removed from our 
study, as in trauma patients with chest injuries one might expect 
a loss of lung sliding without ruling out ARDS or cardiogenic 
pulmonary edema. An additional challenge in the trauma patient 
is the evaluation in the setting of significant subcutaneous 

emphysema. In this setting ultrasound images are difficult 
to interpret, and may provide false reassurance to novice 
sonographers simply counting B lines or looking for hepatization. 
A phased-array probe was used in this study instead of the micro 
convex probe used in many other studies. This was chosen 
based on an assessment that the two probes most likely to be 
found in a resource limited setting were a linear probe (for 
superficial assessments and procedures) and a phased-array 
probe (for cardiac, intra-abdominal, and obstetric assessment). 
In addition, unlike other studies,10,11,18 our study used only 
chest radiographs and not chest computed tomography 
imaging to determine radiographic criteria for ARDS.

About a third of ultrasound assessments we performed 
had at least one lung field for which the imaging clip was 
considered difficult to interpret. Specifically, trauma patients 
with subcutaneous emphysema and supine obese patients 
with significant distance to the lung tissue represent a 
technical challenge. The division of the chest into six zones 
as performed in the BLUE protocol and the ICU-SOUND 
protocol allows rapid assessment of anterior and posterior-
lateral fields.15,18 Other studies have utilized more lung fields, 
with the international consensus statement specifying an 
eight-zone protocol published by Volpicelli et al.7 Our study 
was designed as a rapid diagnostic tool leading to a binary 
outcome, but the diagnosis of ARDS in other ultrasound 
studies was one of several potential outcomes at the end of 
a diagnostic algorithm. By distilling the process to simply an 
“A-line” or “B-line” determination for each lung field, much 
of the information we acquired in the process of ultrasound 
was disregarded, including the presence or absence of lung 
sliding and images that showed clear signs of consolidation, 

identifying patients with bilateral pulmonary opacities con-
sistent with ARDS on chest radiograph using a threshold
of bilateral UIS involving at least three lung fields in total,
although specificity was lower. Finally, our data on a rela-
tively small number of patients indicate that the combin-
ation of SpO2/FiO2 ≤ 315 and bilateral/3 field UIS on
ultrasound is sensitive for the classification of traditional
oxygenation and radiographic criteria for ARDS in mech-
anically ventilated patients; in contrast, the combination of
SpO2/FiO2 ≤ 235 and bilateral/3 field UIS on ultrasound is
specific for moderate–severe ARDS.
Overall, we found that the SpO2/FiO2 cutoffs estab-

lished by Rice et al. were less predictive of the PaO2/
FiO2 than originally described [5]. Rice et al. found
higher sensitivity in their study, with SpO2/FiO2 ≤ 235
resulting in 85 % sensitivity with 85 % specificity for
PaO2/FiO2 ≤ 200, and 91 % sensitivity with 56 % specifi-
city of SpO2/FiO2 ≤ 315 to predict PaO2/FiO2 ≤ 300. Sev-
eral explanations may account for this. First, the use of
the SpO2/FiO2 ratio is limited by flattening of the oxy-
hemoglobin dissociation curve at high SpO2; this effect
is exacerbated when FiO2 is not maximally reduced.
Many patients in our study were administered a “mini-
mum” FiO2 of 0.4. Rice et al. report that their studies
targeted SpO2 values between 92 and 94 %, whereas very

few of our subjects had SpO2 < 97 %. Second, Rice et al.
analyzed 1,076 patients enrolled in ARDS studies; this
contrasts markedly with our smaller, relatively unfiltered
cohort of 77 mechanically ventilated patients. Third, our
study is a single-center observational study, in contrast
to the multicenter interventional ARDSNet studies. Fu-
ture studies refining test characteristics of new ARDS
criteria should determine SpO2/FiO2 at the lowest pos-
sible FiO2, which would require cooperation with re-
spiratory therapists and nursing staff.
The sensitivity and specificity of ultrasound assess-

ments of UIS for radiographic criteria of ARDS in our
study were also less than was predicted based on prior
studies. There are several possible reasons for this. The
original diagnostic algorithm for the BLUE protocol in-
cludes an assessment of the lung sliding by ultrasound
[10]. This specific criterion was removed from our study,
as in trauma patients with chest injuries one might ex-
pect a loss of lung sliding without ruling out ARDS or
cardiogenic pulmonary edema. An additional challenge
in the trauma patient is the evaluation in the setting of
significant subcutaneous emphysema. In this setting
ultrasound images are difficult to interpret, and may
provide false reassurance to novice sonographers simply
counting B lines or looking for hepatization. A phased-

Table 4 Performance of SpO2/FiO2 and ultrasound interstitial syndrome (UIS) as a marker for with acute respiratory distress
syndrome (ARDS) criteria when SpO2≤ 97 %

Number of observations (n = 33) Test characteristic 95 % CI

Study physician Oxygenation and radiographic criteria for ARDS

Present Absent Sensitivity 83 % 52–98

SpO2/FiO2 ≤ 315 and UIS Present 10 8 Specificity 62 % 38–82

Absent 2 13 PPV 56 % 31–79

NPV 87 % 60–98

Oxygenation and radiographic criteria for moderate–severe ARDS

Present Absent Sensitivity 64 % 31–89

SpO2/FiO2 ≤ 235 and UIS Present 7 3 Specificity 86 % 65–97

Absent 4 19 PPV 70 % 35–93

NPV 83 % 61–95

Independent physician Oxygenation and radiographic criteria for ARDS

Present Absent Sensitivity 91 % 62–100

SpO2/FiO2 ≤ 315 and UIS Present 11 11 Specificity 48 % 26–70

Absent 1 10 PPV 50 % 28–72

NPV 91 % 59–100

Oxygenation and radiographic criteria for moderate–severe ARDS

Present Absent Sensitivity 73 % 39–94

SpO2/FiO2 ≤ 235 and UIS Present 8 5 Specificity 77 % 55–92

Absent 3 17 PPV 62 % 32–86

NPV 85 % 62–97

UIS defined as 3 or more B lines bilaterally and involving a minimum of three lung fields. CI confidence interval, FiO2 fraction of inspired oxygen, NPV negative
predictive value, PaO2 partial pressure of oxygen, PPV positive predictive value, SpO2 pulse oximetric oxygen saturation

Bass et al. Critical Care  (2015) 19:282 Page 8 of 11
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our analyses may have been biased towards sicker patients. 
While the study physician was blinded to the clinical picture 
for initial assessments, repeat assessments were performed 
after medical record review, potentially leading to bias. 
Evaluating only intubated patients limits the generalizability of 
our results, particularly to lower resourced settings. As noted 
above, a six-point protocol may be insufficient and a binary 
“B-line predominant” determination may result in disregarding 
potentially important clinical information. Avoiding patient 
repositioning meant that there was limited visualization of the 
posterior lung fields, which is particularly relevant as ARDS 
is a posterior predominant condition. Potentially, diagnostic 
yield would have been higher had assistance been sought. 
Furthermore, chest radiography is a suboptimal gold standard 
when compared to chest computed tomography imaging.12

Conclusions
The combination of pulse oximetry and six-point rapid bedside 
pulmonary ultrasound assessment provides a reasonably 
sensitive method for identifying intubated patients who meet 
standard ARDS oxygenation and imaging criteria. Future, larger 
studies in high- and low-resource settings are needed to validate 
and refine the utility of these modalities in diagnosing lung 
disease in critically ill patients in under-resourced settings.
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Abstract
Background: Although sedation is often required for agitated 
patients undergoing noninvasive ventilation (NIV), reports on 
its practical use have been few. This study aimed to evaluate the 
efficacy and safety of sedation for agitated patients undergoing 
NIV in clinical practice in a single hospital.

Methods: We retrospectively reviewed sedated patients who 
received NIV due to acute respiratory failure from May 2007 
to May 2012. Sedation level was controlled according to the 
Richmond Agitation Sedation Scale (RASS). Clinical background, 
sedatives, failure rate of sedation, and complications were 
evaluated by 1) sedative methods (intermittent only, switched to 
continuous, or initially continuous) and 2) code status (do-not-
intubate [DNI] or non-DNI).

Results: Of 3506 patients who received NIV, 120 (3.4%) 
consecutive patients were analyzed. Sedation was performed 
only intermittently in 72 (60%) patients, was switched to 
continuously in 37 (31%) and was applied only continuously 
in 11 (9%). Underlying diseases in 48% were acute respiratory 
distress syndrome/acute lung injury/severe pneumonia or acute 
exacerbation of interstitial pneumonia. In non-DNI patients 
(n = 39), no patient required intubation due to agitation with 
continuous sedation, and in DNI patients (n = 81), 96% of patients 
could continue NIV treatment. PaCO2 level changes (6.7 ± 15.1 
mmHg vs. –2.0 ± 7.7 mmHg, P = 0.028) and mortality in DNI 
patients (81% vs. 57%, P = 0.020) were significantly greater in the 
continuous use group than in the intermittent use group.

Conclusions: According to RASS scores, sedation during NIV in 
proficient hospitals may be favorably used to potentially avoid 
NIV failure in agitated patients, even in those having diseases 
with poor evidence of the usefulness of NIV. However, with 
continuous use, we must be aware of an increased hypercapnic 
state and the possibility of increased mortality. Larger controlled 
studies are needed to better clarify the role of sedation in 
improving NIV outcomes in intolerant patients.

Background
Noninvasive ventilation (NIV) for acute respiratory failure is 
widely used; however, it is sometimes difficult to continue due 
to mask intolerance or inadequate cooperation. Antonelli et al. 
reported that 9% of NIV users for acute respiratory failure had to 
be intubated for such reasons,1 and Carlucci et al. reported that 
the discontinuation rate of NIV due to patients’ refusal was up to 
22%.2 Although NIV usage is not strictly indicated for agitated or 
uncooperative patients3,4 a questionnaire to pulmonologists and 
intensivists showed that 85% of such patients had been sedated 
while under NIV, with 30% receiving continuous sedation, 
suggesting its usefulness in clinical practice.5 The efficacy of 
sedatives for agitated patients with acute respiratory failure 
undergoing NIV was reported.3,6-10 However, such patients usually 
had specific diseases with strong proven evidence of NIV’s 
usefulness and were treated in the ICU. In clinical practice, 
patients undergoing NIV treatment did not always have such 
diseases or were not always treated in an ICU.

In clinical practice, NIV introduction depends not only on 
underlying diseases but also on social conditions such as do-
not-intubate (DNI) status. Therefore, NIV may be introduced to 
patients having diseases with little evidence of its usefulness. We 
previously reported the efficacy of NIV for life-threatening acute 
exacerbation of interstitial pneumonia or asthma attack,11,12 for 
which the evidence level for its usefulness was not high.3

We hypothesized that we could control agitated patients with 
sedation without severe complications regardless of evidence 
of NIV’s usefulness for their underlying diseases. Therefore, we 
retrospectively evaluated the efficacy and safety of sedation that 
was used intermittently or continuously for agitated patients 
during NIV treatment in clinical practice.

Methods
Patients
Our hospital is a 700-bed tertiary care center that plays a central 
role in treating emergency patients in the surrounding area. 
Among consecutive patients over 16 years old who underwent 
continuous NIV due to acute respiratory failure from May 2007 
to May 2012, we retrospectively evaluated patients who received 
sedatives for agitation during NIV.

We assigned patients to 3 groups; one group received sedatives 
only intermittently (intermittent only), a second group was 
switched to continuous sedation after intermittent sedation 
(switched to continuous) and the third group was initially 
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per day. NIV was performed with a Drager ventilator (Carina; 
Drager, Lübeck, Germany) or Philips ventilator (Respironics 
V60 or Respironics BiPAP Vision; Philips, Andover, MA, USA) 
with the pressure support ventilation (PSV) mode or continuous 
positive airway pressure (CPAP) mode via a full face mask. The 
ventilator setting and selection of either the CPAP or PSV mode 
were generally determined based on the criteria for initiation 
of NIV described above. The PSV was selected if a patient met 
criterion 2) and/or 3), but if a patient had only hypoxemia and 
met criterion 1), we selected the CPAP mode. For the PSV 
mode, the initial setting was a respiratory rate of 12 breaths/
min, inspiratory positive airway pressure of 10 cm H 2 O, and 
expiratory positive airway pressure of 4 cm H 2 O. For the CPAP 
mode, the first setting was a positive end expiratory pressure 
of 8 cm H 2 O. The FiO2 was adjusted to keep the SpO2  > 90%. 
After the start of NIV treatment, NIV settings were modified 
by physicians proficient in NIV treatment according to each 
patient’s condition. At first NIV treatment was performed all day. 
However, we discontinued NIV treatment in the cases that met 

sedated continuously (initially continuous). According to code 
status, we also classified patients into non-DNI and DNI groups. 
Patients in the non-DNI group were intubated and mechanically 
ventilated if control was not achieved by NIV, while patients in 
the DNI group were continuously controlled by NIV and were not 
intubated even if consciousness deteriorated following sedation 
or their conditions became critical. Code status of neurologically 
incompetent patients was determined by discussion with 
relatives. When patients or their families did not want ventilation 
to be provided (including NIV) or their baseline status was 
difficult to maintain with NIV, we suggested that ventilation not 
be applied from the viewpoint of ethics.

This study was approved by our institutional review board 
(Institutional Review Board of Kobe City Medical Center General 
Hospital; 1304-1), and informed consent was waived.

Noninvasive ventilation
NIV was started when 1) SpO2 was <90% despite inhalation 
of oxygen >10 l/min via reservoir mask; 2) PaCO2 levels were 
>45 mmHg with acute respiratory acidosis; or 3) patients had 
signs of respiratory distress, including a respiratory rate >24 
and increased accessory respiratory muscle use. Patients were 
managed with NIV in the ICU, emergency ward, or general ward 
by expert respiratory staff. Patients in a general ward were put 
in large separated rooms for intensive care and monitored 24 h 

Scale (RASS) [13] as an index of sedation for con-
trolling agitation. Sedatives were administered when
patients could not continue NIV due to agitation, and
generally, +1 or more on the RASS was defined as an in-
dication to administer sedation. Patients were most often
managed between −2 and 0 on the RASS during sedation.
Usually, sedation was initiated intermittently and if the
target sedation level was not achieved, we began continu-
ous administration. However, continuous sedation was
introduced initially when physicians judged that intermit-
tent sedation would not be sufficient to control agitation.
At that time the attending physicians set the target range
for the RASS, which was most often measured by med-
ical staff. When the RASS deviated from the established
range, the infusion rate was adjusted as shown in Table 1.
When good control was not achieved with the first seda-
tive, another was added.

Outcome measures
We examined the clinical background, kinds of sedatives
used, failure rate of sedation, and complications. All clin-
ical and laboratory data were obtained from medical
records. To assess severity of the respiratory failure, the
PaO2/FiO2 (P/F) ratio at the initiation of NIV was calcu-
lated. Decision for intubation was left to attending physi-
cians based on lack of control of agitation or progressive
respiratory deterioration. In this study, failure of sed-
ation consisted of the need for withdrawal of NIV be-
cause of absolute intolerance by patients despite the
maximized analgo-sedative strategy. That is, in the non-
DNI group, failure of sedation was declared when a pa-
tient was intubated due to agitation in spite of sedation,
and failure of sedation in the DNI group was declared
when NIV treatment could not be continued due to agi-
tation. A RASS score of −4 or −5 indicated oversedation.
Physiologic values were monitored and the RASS score,

respiratory rate, heart rate, and blood pressure were
checked before sedation and as closely as possible to
2 h, 6 h, and 24 h after the start of sedation. Arterial
blood gas changes during 24 h following the initiation of
sedation were also checked.
In measuring outcome, we compared differences in

clinical background, 30-day mortality, and failure rate of
sedation between the intermittent use group (intermittent
only) and continuous use group (switched to continuous
plus initially continuous groups combined) separately in
the DNI and non-DNI groups.

Statistical analysis
Continuous variables are expressed as mean ± standard
deviation unless stated otherwise and were compared
using the Mann–Whitney test. Categorical variables were
compared using a chi-squared test or Fisher’s exact test, as
appropriate. A P-value <0.05 was deemed statistically sig-
nificant. All statistical analyses were performed using JMP
8.0.2 software (SAS Institute Inc., Cary, NC, USA).

Results
Study population
From May 2007 to May 2012, 3506 consecutive patients
received NIV due to acute respiratory failure. Of these,
120 (3.4 %, non-DNI = 39; DNI = 81) patients were given
sedatives to control agitation during NIV. Figure 1
shows the number of patients and method of adminis-
tration of sedatives. Finally, sedation was performed only
intermittently in 72 (60 %) patients, switched to continu-
ously in 37 (31 %) and provided only continuously in 11
(9 %). The reasons for poor tolerance of NIV were mostly
mask discomfort, pressure discomfort, or the combination
of the two. Most expressions of poor tolerance occurred
immediately after the start of NIV treatment.

Underlying diseases
Table 2 shows underlying diseases of study patients. Of the
120 patients, 58 (48 %) had acute respiratory distress syn-
drome (ARDS)/acute lung injury (ALI)/severe pneumonia
or acute exacerbation of interstitial pneumonia, diseases
for which evidence of the usefulness of NIV was poor [3].

Sedatives
Table 3 shows the prescribed sedatives. Twenty-four
(50 %) patients received a single drug and the remaining
patients received more than one drug for continuous
use. With the exception of risperidone or haloperidol,
hydroxyzine, quetiapine, diazepam or perospirone was
used intermittently.

Baseline characteristics
Baseline characteristics of the non-DNI and DNI groups
in the intermittent use group or continuous use group

Table 1 Initial dose and increasing and decreasing dose of
each sedative drug

Drug Initial dose Increasing and
decreasing dose

Risperidone 0.5 mg perorally

Haloperidol 2.5–5 mg by intravenous infusion

Dexmedetomidine 0.2 μg/kg/h by continuous
intravenous infusion

0.1 μg/kg/h

Midazolam 0.03 mg/kg/h by continuous
intravenous infusion

0.01 mg/kg/h

Propofol 0.3 mg/kg/h by continuous
intravenous infusion

0.1 mg/kg/h

Morphine 0.02 mg/kg/h by continuous
subcutaneous infusion

0.01 mg/kg/h

Fentanyl 0.05–0.1 μg/kg/h by continuous
subcutaneous infusion

0.05 μg/kg/h
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Fig. 1 Number of patients at each stage of analysis and method of administration sedative drugs. Patients were categorized into the non-DNI
group and DNI group. NIV, noninvasive ventilation; DNI, do-not-intubate. *: 4 patients used sedation for pain and 2 for convulsion

Table 2 Underlying diseases in each patient group

Evidence levela Intermittent only (n = 72) Switched to continuous (n = 37) Initially continuous (n = 11) Total

Non-DNI (n= 28) DNI (n= 44) Non-DNI (n= 8) DNI (n= 29) Non-DNI (n= 3) DNI (n = 8) n = 120

Acute exacerbation of
COPD

1 (favorable) 0 (0 %) 4 (9 %) 0 (0 %) 0 (0 %) 0 (0 %) 0 (0 %) 4 (3 %)

Cardiogenic pulmonary
edema

1 (favorable) 11 (39 %) 2 (5 %) 1 (13 %) 5 (17 %) 0 (0 %) 1 (13 %) 20 (17 %)

Acute respiratory failure
in immunosuppressed
state

1 (favorable) 5 (18 %) 3 (7 %) 3 (38 %) 4 (14 %) 2 (67 %) 0 (0 %) 17 (14 %)

Bronchial asthma 3 (favorable) 1 (4 %) 1 (2 %) 1 (13 %) 0 (0 %) 0 (0 %) 0 (0 %) 3 (3 %)

ARDS/ALI/severe pneumonia 2 or 3 (caution) 5 (18 %) 20 (45 %) 1 (13 %) 9 (31 %) 1 (33 %) 3 (38 %) 39 (33 %)

Acute exacerbation of
interstitial pneumonia

4 (caution) 2 (7 %) 4 (9 %) 1 (13 %) 9 (31 %) 0 (0 %) 3 (38 %) 19 (16 %)

Sequela of pulmonary
tuberculosis

NA 0 (0 %) 4 (9 %) 0 (0 %) 2 (7 %) 0 (0 %) 0 (0 %) 6 (5 %)

Othersb NA 4 (14 %) 6 (14 %) 1 (13 %) 0 (0 %) 0 (0 %) 1 (13 %) 12 (10 %)

n number of patients, DNI do-not-intubate, ARDS acute respiratory distress syndrome, ALI acute lung injury, NA not available
aevidence level from previous report 2; Each disease is classified as favorable or caution according to evidence level of use of NIV; 1 is the highest evidence level
and 4 is the lowest
bincludes hepatogenic pleural effusion, carcinomatous lymphangitis, pulmonary embolism, reexpansion pulmonary edema, and cryptogenic organizing pneumonia
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Figure 1. Number of patients at each stage of analysis and method of 
administration sedative drugs. Patients were categorized into the non-DNI 
group and DNI group. NIV, noninvasive ventilation; DNI, do-not-intubate. *: 4 
patients used sedation for pain and 2 for convulsion
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of sedation was declared when a patient was intubated due 
to agitation in spite of sedation, and failure of sedation in the 
DNI group was declared when NIV treatment could not be 
continued due to agitation. A RASS score of −4 or −5 indicated 
oversedation. Physiologic values were monitored and the RASS 
score, respiratory rate, heart rate, and blood pressure were 
checked before sedation and as closely as possible to 2 h, 6 h, 
and 24 h after the start of sedation. Arterial blood gas changes 
during 24 h following the initiation of sedation were also 
checked.

In measuring outcome, we compared differences in clinical 
background, 30-day mortality, and failure rate of sedation 
between the intermittent use group (intermittent only) and 
continuous use group (switched to continuous plus initially 
continuous groups combined) separately in the DNI and non-DNI 
groups.

Statistical analysis
Continuous variables are expressed as mean ± standard deviation 
unless stated otherwise and were compared using the Mann-
Whitney test. Categorical variables were compared using a 
chi-squared test or Fisher’s exact test, as appropriate. A P-value 
<0.05 was deemed statistically significant. All statistical analyses 
were performed using JMP 8.0.2 software (SAS Institute Inc., 
Cary, NC, USA).

all the following criteria: 1) SpO2 was >90% with the inhalation 
of oxygen <10 l/min via reservoir mask; 2) PaCO2 levels were 
<45 mmHg or patients did not suffer acute respiratory acidosis; 
and 3) patients had no signs of respiratory distress, including a 
respiratory rate >24 and increased accessory respiratory muscle 
use. When NIV treatment was not needed consecutively for 12 h, 
NIV treatment was considered to be finished.

Sedatives
For intermittent use, risperidone or haloperidol was usually 
administered every 30-60 min by either a single dose or double 
dose (Table 1). For continuous use, either dexmedetomidine, 
midazolam, or propofol was the initial choice. Physicians in this 
hospital preferred to use a short-acting drug or a drug with a 
minimal respiratory depressant effect. When despite sedation 
dyspnea could not be controlled, we used morphine or fentanyl 
to alleviate the dyspnea.

Criteria for the beginning of sedation and  
administration of sedatives
When NIV was started according to the criteria described above, 
we used the Richmond Agitation Sedation Scale (RASS)13 as 
an index of sedation for controlling agitation. Sedatives were 
administered when patients could not continue NIV due to 
agitation, and generally, +1 or more on the RASS was defined 
as an indication to administer sedation. Patients were most 
often managed between −2 and 0 on the RASS during sedation. 
Usually, sedation was initiated intermittently and if the 
target sedation level was not achieved, we began continuous 
administration. However, continuous sedation was introduced 
initially when physicians judged that intermittent sedation would 
not be sufficient to control agitation. At that time the attending 
physicians set the target range for the RASS, which was most 
often measured by medical staff. When the RASS deviated from 
the established range, the infusion rate was adjusted as shown 
in Table 1. When good control was not achieved with the first 
sedative, another was added.

Outcome measures
We examined the clinical background, kinds of sedatives used, 
failure rate of sedation, and complications. All clinical and 
laboratory data were obtained from medical records. To assess 
severity of the respiratory failure, the PaO2 /FiO2 (P/F) ratio at 
the initiation of NIV was calculated. Decision for intubation was 
left to attending physicians based on lack of control of agitation 
or progressive respiratory deterioration. In this study, failure of 
sedation consisted of the need for withdrawal of NIV because 
of absolute intolerance by patients despite the maximized 
analgo-sedative strategy. That is, in the non-DNI group, failure 

are shown in Table 4. Within the non-DNI group,
patients in the continuous use group (n = 11) were
significantly younger than in the intermittent use group
(n = 28) and baseline severity assessed by the P/F ratio
did not differ between the two groups.
In the DNI group, patients in the continuous use

group (n = 37) were also significantly younger than in
the intermittent use group (n = 44). The proportion of
patients with hypercapnia was significantly higher in the
intermittent use group than in the continuous use
group. P/F ratio was significantly lower in the continu-
ous use group.
Thirty-four of the 109 (31 %) non-DNI or DNI pa-

tients in the initially intermittent group were managed
in a general ward at first. Later 2 of these patients were
transferred to the ICU for the initiation of continuous
sedation with intensive monitoring.

Mortality and failure rate of sedation
Mortality rate of the study participants and failure rate
of sedation are shown in Table 5.
In non-DNI patients, 30-day mortality and the total

intubation rate did not differ significantly between the
intermittent use and continuous use groups. No patient
in the continuous use group required intubation due to
agitation while 2 patients (7 %) in the intermittent use
group required intubation due to sedation failure. After
all, 2 of 36 patients with initially intermittent sedation
were intubated without switching to continuous sedation
due to their uncontrolled agitation.
Among DNI patients, 30-day mortality was higher in

the continuous use group. Two of the 44 patients (5 %)
in the intermittent use group and 1 of the 37 patients
(3 %) in the continuous use group could not continue
NIV due to persistent agitation; therefore, 78 of 81 (96 %)

Table 3 Sedative drugs administered to each patient group

Intermittent only (n = 72) Switched to continuous (n = 37) Initially continuous (n = 11) Total

Non-DNI (n = 28) DNI (n = 44) Non-DNI (n = 8) DNI (n = 29) Non-DNI (n = 3) DNI (n = 8) n = 120

Risperidone 13 (46 %) 20 (45 %) 5 (63 %) 13 (45 %) 51 (43 %)

Haloperidol 20 (71 %) 35 (80 %) 8 (100 %) 24 (83 %) 87 (73 %)

Others 0 (0 %) 10 (23 %) 1 (13 %) 0 (0 %) 11 (9 %)

Dexmedetomidine 4 (50 %) 10 (34 %) 0 (0 %) 4 (50 %) 18 (15 %)

Midazolam 3 (38 %) 5 (17 %) 0 (0 %) 3 (38 %) 11 (9 %)

Propofol 3 (38 %) 10 (34 %) 1 (33 %) 2 (25 %) 16 (13 %)

Morphine 1 (13 %) 16 (55 %) 2 (67 %) 4 (50 %) 23 (19 %)

Fentanyl 3 (38 %) 6 (21 %) 1 (33 %) 1 (13 %) 11 (9 %)

Number (%) for each sedative drug reflects use of more than 1 drug per patient
DNI do-not-intubate

Table 4 Baseline characteristics in non-do not intubate (DNI) and DNI groups

Non-DNI group (n = 39) DNI group (n = 81)

Intermittent (n = 28) Continuous (n = 11) P-value Intermittent (n = 44) Continuous (n= 37) P-value

Gender (male/female) 22/6 8/3 0.70 26/18 28/9 0.11

Age (y) 71.1 ± 10.9 60.5 ± 14.3 0.035 80.5 ± 8.1 74.9 ± 9.9 0.010

Duration of NIV (d) 4.5 ± 4.5 9.7 ± 11.7 0.044 7.0 ± 4.7 8.5 ± 5.3 0.12

Duration of continuous sedation (d) − 7.7 ± 12.0 − − 5.1 ± 3.2 −

Managing ward

general ward 6/28 (21 %) 2/11 (18 %) 0.82 18/44 (41 %) 9/37 (24 %) 0.11

emergency ward 17/28 (61 %) 7/11 (64 %) 0.87 23/44 (52 %) 21/37 (57 %) 0.69

ICU 5/28 (18 %) 2/11 (18 %) 0.98 3/44 (7 %) 7/37 (19 %) 0.10

Respiratory failure (without/with hypercapnia)a 18/5 9/1 0.42 14/28 23/11 0.003

P/F ratio (mmHg) 114 ± 49 108 ± 62 0.49 148 ± 80 111 ± 51 0.032

NIV setting (CPAP/ PSV) 15/13 7/4 0.57 13/31 11/26 0.99

P/F PaO2/FiO2, CPAP continuous positive airway pressure, PSV pressure support ventilation
a6 patients in non-DNI group and 5 in the DNI group did not undergo blood gas examination
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DNI patients could continue NIV with sedation. Overall,
115 of 120 (96 %) patients studied continued NIV despite
agitation.

Adverse events
As shown in Table 6, no patient vomited or developed
aspiration pneumonitis during NIV treatment. Among
the adverse events, 1 patient who had been prescribed
midazolam became hypotensive requiring dopamine, 1
patient experienced delirium, and 1 patient developed
ileus, which improved following the discontinuation of
sedatives. Three patients who had hypercapnia before
sedation exhibited drowsiness due to progressive hyper-
capnia, which improved following an increase in pres-
sure support levels. Before and after the start of
sedation, the RASS score, respiratory rate, heart rate,
and systolic blood pressure did not differ significantly
between intermittent and continuous use groups, nor
did acute changes occur during the 24 h from the start
of sedation (Additional file 1).
The values of arterial blood gas were rechecked within

24 h from the start of sedation in 18 patients in the
intermittent use group and 18 in the continuous use
group. Changes in PaCO2 levels were significantly
greater in the continuous use group than in the intermit-
tent use group (Fig. 2). There were no significant differ-
ences in changes in pH and P/F ratio between groups
(Additional file 2).

Discussion
Of 3506 patients with acute respiratory failure adminis-
tered NIV treatment in our institution, 120 (3.4 %) were

sedated to control agitation. Fifty-eight (48 %) of the 120
patients had diseases for which there was not a high de-
gree of evidence supporting NIV treatment such as
ARDS, ALI, severe pneumonia, or acute exacerbation of
interstitial pneumonia. However, no patient in the non-
DNI group being administered continuous sedation re-
quired intubation due to agitation, and 96 % of patients
in the DNI group were able to continue NIV treatment.
Therefore, in clinical practice, we effectively used sed-
ation to continue NIV in both DNI and non-DNI pa-
tients with management according to RASS scores.
However, as to continuous use, we must be aware of an
increased hypercapnic state and the possibility of in-
creased mortality.
In this study, we found that by using several sedatives

intermittently or continuously according to RASS scores,
the NIV failure rate due to agitation was quite low (4 %).

Table 5 Mortality rates and failure rates of sedation

Non-DNI group (n = 39) DNI group (n = 81)

Intermittent (n = 28) Continuous (n = 11) P-value Intermittent (n = 44) Continuous (n = 37) P-value

Mortality 6/28 (21 %) 1/11 (9 %) 0.37 25/44 (57 %) 30/37 (81 %) 0.020

Total intubation 8/28 (29 %) 3/11 (27 %) 0.94

Intubation due to agitation 2/28 (7 %)a 0/11 (0 %) 0.36

Discontinuation of NIV due to agitation 2/44 (5 %)b 1/37 (3 %)c 0.66
aincludes haloperidol in 2 patients
bincludes risperidone in 1, haloperidol in 1 patient
cincludes midazolam and morphine in 1 patient

Table 6 Adverse events during sedation

Intermittent (n = 72) Continuous (n = 48)

Oversedation haloperidol 1 midazolam 1, propofol 1

Hypotension morphine 1a, midazolam 1b

Delirium morphine 1

Ileus fentanyl 1
aimproved after discontinuation of sedatives
bneeded dopamine

Fig. 2 PaCO2 change within 24 h after initiation of each sedative.
Individual data and group means are represented. Data are shown
as mean ± standard deviation

Matsumoto et al. BMC Pulmonary Medicine  (2015) 15:71 Page 6 of 9

Figure 2. PaCO2 change within 24 h after initiation of each sedative. 
Individual data and group means are represented. Data are shown as mean ± 
standard deviation.
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Mortality and failure rate of sedation
Mortality rate of the study participants and failure rate of 
sedation are shown in Table 5. In non-DNI patients, 30-day 
mortality and the total intubation rate did not differ significantly 
between the intermittent use and continuous use groups. 
No patient in the continuous use group required intubation 
due to agitation while 2 patients (7%) in the intermittent 
use group required intubation due to sedation failure. After 
all, 2 of 36 patients with initially intermittent sedation were 
intubated without switching to continuous sedation due to their 
uncontrolled agitation. Among DNI patients, 30-day mortality 
was higher in the continuous use group. Two of the 44 patients 
(5%) in the intermittent use group and 1 of the 37 patients (3%) 
in the continuous use group could not continue NIV due to 
persistent agitation; therefore, 78 of 81 (96%) DNI patients could 
continue NIV with sedation. Overall, 115 of 120 (96%) patients 
studied continued NIV despite agitation.

Adverse events
As shown in Table 6, no patient vomited or developed 
aspiration pneumonitis during NIV treatment. Among the 
adverse events, 1 patient who had been prescribed midazolam 
became hypotensive requiring dopamine, 1 patient experienced 
delirium, and 1 patient developed ileus, which improved 
following the discontinuation of sedatives. Three patients who 
had hypercapnia before sedation exhibited drowsiness due to 
progressive hypercapnia, which improved following an increase 
in pressure support levels. Before and after the start of sedation, 
the RASS score, respiratory rate, heart rate, and systolic blood 
pressure did not differ significantly between intermittent and 
continuous use groups, nor did acute changes occur during 
the 24 h from the start of sedation. The values of arterial blood 
gas were rechecked within 24 h from the start of sedation in 18 
patients in the intermittent use group and 18 in the continuous 
use group. Changes in PaCO2 levels were significantly greater in 
the continuous use group than in the intermittent use group (Fig. 
2). There were no significant differences in changes in pH and 
P/F ratio between groups.

Discussion
Of 3506 patients with acute respiratory failure administered NIV 
treatment in our institution, 120 (3.4%) were sedated to control 
agitation. Fifty-eight (48%) of the 120 patients had diseases 
for which there was not a high degree of evidence supporting 
NIV treatment such as ARDS, ALI, severe pneumonia, or acute 

Results
Study population
From May 2007 to May 2012, 3506 consecutive patients received 
NIV due to acute respiratory failure. Of these, 120 (3.4%, non-
DNI = 39; DNI = 81) patients were given sedatives to control 
agitation during NIV. Figure 1 shows the number of patients and 
method of administration of sedatives. Finally, sedation was 
performed only intermittently in 72 (60%) patients, switched to 
continuously in 37 (31%) and provided only continuously in 11 
(9%). The reasons for poor tolerance of NIV were mostly mask 
discomfort, pressure discomfort, or the combination of the two. 
Most expressions of poor tolerance occurred immediately after 
the start of NIV treatment.

Underlying diseases
Table 2 shows underlying diseases of study patients. Of the 
120 patients, 58 (48%) had acute respiratory distress syndrome 
(ARDS)/acute lung injury (ALI)/severe pneumonia or acute 
exacerbation of interstitial pneumonia, diseases for which 
evidence of the usefulness of NIV was poor.3

Sedatives
Table 3 shows the prescribed sedatives. Twenty-four (50%) 
patients received a single drug and the remaining patients 
received more than one drug for continuous use. With the 
exception of risperidone or haloperidol, hydroxyzine, quetiapine, 
diazepam or perospirone was used intermittently.

Baseline characteristics
Baseline characteristics of the non-DNI and DNI groups in the 
intermittent use group or continuous use group are shown in 
Table 4. Within the non-DNI group, patients in the continuous 
use group (n = 11) were significantly younger than in the 
intermittent use group (n = 28) and baseline severity assessed 
by the P/F ratio did not differ between the two groups. In 
the DNI group, patients in the continuous use group (n = 37) 
were also significantly younger than in the intermittent use 
group (n = 44). The proportion of patients with hypercapnia 
was significantly higher in the intermittent use group than in 
the continuous use group. P/F ratio was significantly lower in 
the continuous use group. Thirty-four of the 109 (31%) non-
DNI or DNI patients in the initially intermittent group were 
managed in a general ward at first. Later 2 of these patients 
were transferred to the ICU for the initiation of continuous 
sedation with intensive monitoring.

are shown in Table 4. Within the non-DNI group,
patients in the continuous use group (n = 11) were
significantly younger than in the intermittent use group
(n = 28) and baseline severity assessed by the P/F ratio
did not differ between the two groups.
In the DNI group, patients in the continuous use

group (n = 37) were also significantly younger than in
the intermittent use group (n = 44). The proportion of
patients with hypercapnia was significantly higher in the
intermittent use group than in the continuous use
group. P/F ratio was significantly lower in the continu-
ous use group.
Thirty-four of the 109 (31 %) non-DNI or DNI pa-

tients in the initially intermittent group were managed
in a general ward at first. Later 2 of these patients were
transferred to the ICU for the initiation of continuous
sedation with intensive monitoring.

Mortality and failure rate of sedation
Mortality rate of the study participants and failure rate
of sedation are shown in Table 5.
In non-DNI patients, 30-day mortality and the total

intubation rate did not differ significantly between the
intermittent use and continuous use groups. No patient
in the continuous use group required intubation due to
agitation while 2 patients (7 %) in the intermittent use
group required intubation due to sedation failure. After
all, 2 of 36 patients with initially intermittent sedation
were intubated without switching to continuous sedation
due to their uncontrolled agitation.
Among DNI patients, 30-day mortality was higher in

the continuous use group. Two of the 44 patients (5 %)
in the intermittent use group and 1 of the 37 patients
(3 %) in the continuous use group could not continue
NIV due to persistent agitation; therefore, 78 of 81 (96 %)

Table 3 Sedative drugs administered to each patient group

Intermittent only (n = 72) Switched to continuous (n = 37) Initially continuous (n = 11) Total

Non-DNI (n = 28) DNI (n = 44) Non-DNI (n = 8) DNI (n = 29) Non-DNI (n = 3) DNI (n = 8) n = 120

Risperidone 13 (46 %) 20 (45 %) 5 (63 %) 13 (45 %) 51 (43 %)

Haloperidol 20 (71 %) 35 (80 %) 8 (100 %) 24 (83 %) 87 (73 %)

Others 0 (0 %) 10 (23 %) 1 (13 %) 0 (0 %) 11 (9 %)

Dexmedetomidine 4 (50 %) 10 (34 %) 0 (0 %) 4 (50 %) 18 (15 %)

Midazolam 3 (38 %) 5 (17 %) 0 (0 %) 3 (38 %) 11 (9 %)

Propofol 3 (38 %) 10 (34 %) 1 (33 %) 2 (25 %) 16 (13 %)

Morphine 1 (13 %) 16 (55 %) 2 (67 %) 4 (50 %) 23 (19 %)

Fentanyl 3 (38 %) 6 (21 %) 1 (33 %) 1 (13 %) 11 (9 %)

Number (%) for each sedative drug reflects use of more than 1 drug per patient
DNI do-not-intubate

Table 4 Baseline characteristics in non-do not intubate (DNI) and DNI groups

Non-DNI group (n = 39) DNI group (n = 81)

Intermittent (n = 28) Continuous (n = 11) P-value Intermittent (n = 44) Continuous (n= 37) P-value

Gender (male/female) 22/6 8/3 0.70 26/18 28/9 0.11

Age (y) 71.1 ± 10.9 60.5 ± 14.3 0.035 80.5 ± 8.1 74.9 ± 9.9 0.010

Duration of NIV (d) 4.5 ± 4.5 9.7 ± 11.7 0.044 7.0 ± 4.7 8.5 ± 5.3 0.12

Duration of continuous sedation (d) − 7.7 ± 12.0 − − 5.1 ± 3.2 −

Managing ward

general ward 6/28 (21 %) 2/11 (18 %) 0.82 18/44 (41 %) 9/37 (24 %) 0.11

emergency ward 17/28 (61 %) 7/11 (64 %) 0.87 23/44 (52 %) 21/37 (57 %) 0.69

ICU 5/28 (18 %) 2/11 (18 %) 0.98 3/44 (7 %) 7/37 (19 %) 0.10

Respiratory failure (without/with hypercapnia)a 18/5 9/1 0.42 14/28 23/11 0.003

P/F ratio (mmHg) 114 ± 49 108 ± 62 0.49 148 ± 80 111 ± 51 0.032

NIV setting (CPAP/ PSV) 15/13 7/4 0.57 13/31 11/26 0.99

P/F PaO2/FiO2, CPAP continuous positive airway pressure, PSV pressure support ventilation
a6 patients in non-DNI group and 5 in the DNI group did not undergo blood gas examination
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discontinued NIV treatment, indicating that a high rate of 
persistence could be achieved with sedation. However, we must 
note that 30-day mortality in the DNI patients was higher in 
the continuous use group than in the intermittent use group. In 
previous reports, mortality was reported to be 44-57% among 
DNI patients under NIV16,17 Also, among those with hypoxemic 
respiratory failure, the mortality rate of DNI patients was 
reported to be as high as 86%.18 In Japan when a patient cannot 
make decisions we usually provide NIV to those with a DNI 
status according to the family’s will, even when the baseline 
status is too poor for rescue or there is little evidence of NIV’s 
usefulness for the background disease. Many patients in the 
DNI group were severely ill and tended to become agitated and 
need sedation. Therefore, we often had to continue NIV with 
sedation as palliative care, which might on one hand contribute 
in some degree to the high mortality rate, and on the other hand 
contribute to prolonging useless agony. To avoid the latter, we 
discontinued NIV in DNI patients in accordance with patient’s 
and/or family’s decision in cases of persistent agitation. However, 
we must consider the possibility that the continuous sedation 
itself increased the mortality rate.

In this study, sedation during NIV treatment was introduced 
to 31% of the study patients in the general wards, and in most 
of these patients treatment could be continued in the general 
wards. Many members of the medical staff of our hospital are 
highly experienced in NIV treatment so that NIV with sedatives 
could be controlled in general wards. However, as we did not 
have data on a sufficient number of patients to make a definitive 
conclusion on the safety of NIV treatment with sedatives, NIV 
treatment with sedatives should be applied cautiously and at 
present should be performed in an ICU.

As to complications, the change in the PaCO2 level within 24 
h after initiation of sedation was significantly greater in the 
continuous use group than in the intermittent use group. This 
difference would be mainly due to the oversedated cases with 
hypercapnia, all of which had hypercapnia before sedation. 
However, their condition improved after increasing pressure 
support. Attention must be paid to the possibility of severe 
complications from continuous sedation such as hypotension or 
oversedation, especially in patients with hypercapnia prior to the 
start of sedation.

Our study had several limitations. First, it was retrospective 
and there was substantial heterogeneity in underlying diseases, 
sedation, therapies, and the sedatives used. However, the aim 
of this study was to clarify the role of sedation during NIV 
treatment in clinical practice, and we identified all consecutive 
patients using NIV to minimize selection bias. Second, the 
sample size was too small to detect significant differences. In 
addition, we could not compare the efficacy of each sedative or 
results according to each underlying disease due to the small 

exacerbation of interstitial pneumonia. However, no patient 
in the non-DNI group being administered continuous sedation 
required intubation due to agitation, and 96% of patients in the 
DNI group were able to continue NIV treatment. Therefore, in 
clinical practice, we effectively used sedation to continue NIV 
in both DNI and non-DNI patients with management according 
to RASS scores. However, as to continuous use, we must be 
aware of an increased hypercapnic state and the possibility of 
increased mortality.

In this study, we found that by using several sedatives 
intermittently or continuously according to RASS scores, the 
NIV failure rate due to agitation was quite low (4%). Previous 
studies have addressed the efficacy of sedation during NIV using 
dexmedetomidine,6-8 midazolam,8 propofol,9 and remifentanil10 
in patients with several diseases in which there was a high-to-
intermediate level of evidence for NIV use. In addition, these 
patients were treated in an ICU. In this study, almost half of the 
patients had diseases with a low evidence level supporting NIV 
treatment (ARDS/ALI/severe pneumonia or acute exacerbation 
of interstitial pneumonia), and despite this, almost all were 
managed successfully with sedatives. Therefore, with the 
guidance of RASS scores, proficient medical teams for NIV 
treatment might control persistent agitation with appropriate 
sedatives while administering NIV, even in patients having 
diseases with poor evidence of the usefulness of NIV.

In this study, patients were divided into two groups; DNI and 
non-DNI groups. Although this resulted in a small sample 
size for analysis in some groups, we thought that differences 
in the usage of sedatives between DNI and non-DNI patients 
might be informative to those managing NIV treatment with 
sedatives. When NIV treatment is not effective in non-DNI 
patients, physicians usually choose intubation with mechanical 
ventilation. However, in DNI patients, intubation with 
mechanical ventilation is not performed when NIV treatment 
is not effective. That is, in the light of respiratory management, 
failure to control agitation would become fatal, and continuing 
NIV treatment with sedation is critical in the DNI group. On the 
other hand, in the non-DNI group, when we cannot continue NIV, 
we can perform intubation and continue mechanical ventilation. 
So in such cases we do not necessarily persist in continuing NIV 
treatment, and sedation is optional. In this study, 9 (23%) non-
DNI patients were intubated for reasons other than sedation 
insufficiency, such as exacerbation of the respiratory status 
or hemodynamic instability (Table 5). Therefore, especially in 
patients with underlying diseases in which there is not strong 
evidence for the effectiveness of NIV treatment, we should avoid 
delaying intubation due to persistence in administering sedatives 
during NIV in non-DNI patients.14,15

Among DNI patients, only 2 patients (5%) in the intermittent 
use group and 1 patient (3%) in the continuous use group 

DNI patients could continue NIV with sedation. Overall,
115 of 120 (96 %) patients studied continued NIV despite
agitation.

Adverse events
As shown in Table 6, no patient vomited or developed
aspiration pneumonitis during NIV treatment. Among
the adverse events, 1 patient who had been prescribed
midazolam became hypotensive requiring dopamine, 1
patient experienced delirium, and 1 patient developed
ileus, which improved following the discontinuation of
sedatives. Three patients who had hypercapnia before
sedation exhibited drowsiness due to progressive hyper-
capnia, which improved following an increase in pres-
sure support levels. Before and after the start of
sedation, the RASS score, respiratory rate, heart rate,
and systolic blood pressure did not differ significantly
between intermittent and continuous use groups, nor
did acute changes occur during the 24 h from the start
of sedation (Additional file 1).
The values of arterial blood gas were rechecked within

24 h from the start of sedation in 18 patients in the
intermittent use group and 18 in the continuous use
group. Changes in PaCO2 levels were significantly
greater in the continuous use group than in the intermit-
tent use group (Fig. 2). There were no significant differ-
ences in changes in pH and P/F ratio between groups
(Additional file 2).

Discussion
Of 3506 patients with acute respiratory failure adminis-
tered NIV treatment in our institution, 120 (3.4 %) were

sedated to control agitation. Fifty-eight (48 %) of the 120
patients had diseases for which there was not a high de-
gree of evidence supporting NIV treatment such as
ARDS, ALI, severe pneumonia, or acute exacerbation of
interstitial pneumonia. However, no patient in the non-
DNI group being administered continuous sedation re-
quired intubation due to agitation, and 96 % of patients
in the DNI group were able to continue NIV treatment.
Therefore, in clinical practice, we effectively used sed-
ation to continue NIV in both DNI and non-DNI pa-
tients with management according to RASS scores.
However, as to continuous use, we must be aware of an
increased hypercapnic state and the possibility of in-
creased mortality.
In this study, we found that by using several sedatives

intermittently or continuously according to RASS scores,
the NIV failure rate due to agitation was quite low (4 %).

Table 5 Mortality rates and failure rates of sedation

Non-DNI group (n = 39) DNI group (n = 81)

Intermittent (n = 28) Continuous (n = 11) P-value Intermittent (n = 44) Continuous (n = 37) P-value

Mortality 6/28 (21 %) 1/11 (9 %) 0.37 25/44 (57 %) 30/37 (81 %) 0.020

Total intubation 8/28 (29 %) 3/11 (27 %) 0.94

Intubation due to agitation 2/28 (7 %)a 0/11 (0 %) 0.36

Discontinuation of NIV due to agitation 2/44 (5 %)b 1/37 (3 %)c 0.66
aincludes haloperidol in 2 patients
bincludes risperidone in 1, haloperidol in 1 patient
cincludes midazolam and morphine in 1 patient

Table 6 Adverse events during sedation

Intermittent (n = 72) Continuous (n = 48)

Oversedation haloperidol 1 midazolam 1, propofol 1

Hypotension morphine 1a, midazolam 1b

Delirium morphine 1

Ileus fentanyl 1
aimproved after discontinuation of sedatives
bneeded dopamine

Fig. 2 PaCO2 change within 24 h after initiation of each sedative.
Individual data and group means are represented. Data are shown
as mean ± standard deviation
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unit patients. Am J Respir Crit Care Med. 2002; 166(10):1338-
1344. 

14 Esteban A, Frutos-Vivar F, Ferguson ND, Arabi Y, Apezteguia 
C, Gonzalez M, Epstein SK, Hill NS, Nava S, Soares MA, 
D’Empaire G, Alia I, Anzueto A. Noninvasive positive-
pressure ventilation for respiratory failure after extubation. N 
Engl J Med. 2004; 350(24):2452-2460. 
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Acad Emerg Med. 2005; 12(12):1206-1215. 
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treated with noninvasive ventilation. Crit Care Med. 2004; 
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17 Azoulay E, Kouatchet A, Jaber S, Lambert J, Meziani F, 
Schmidt M, Schnell D, Mortaza S, Conseil M, Tchenio X, 
Herbecq P, Andrivet P, Guerot E, Lafabrie A, Perbet S, 
Camous L, Janssen-Langenstein R, Collet F, Messika J, 
Legriel S, Fabre X, Guisset O, Touati S, Kilani S, Alves M, 
Mercat A, Similowski T, Papazian L, Meert AP, Chevret S et 
al.. Noninvasive mechanical ventilation in patients having 
declined tracheal intubation. Intensive Care Med. 2013; 
39(2):292-301. 

18 Schettino G, Altobelli N, Kacmarek RM. Noninvasive positive 
pressure ventilation reverses acute respiratory failure in 
select “do-not-intubate” patients. Crit Care Med. 2005; 
33(9):1976-1982. 

number of patients. However, we could show the practical use 
of sedation during NIV treatment. Third, we could not directly 
compare sedated patients to unsedated patients who received 
NIV in the same study period. This makes it difficult to examine 
the cause of the high mortality rate among sedated patients in 
the DNI group. However, comparison with previous studies 
could have helped to evaluate the present results. Fourth, this 
study was conducted in a single institution that was proficient 
in the use of NIV treatment; therefore, we have to consider the 
indication for sedation because it depends on the proficiency or 
system in each institution. In consideration of these limitations, 
larger controlled studies are needed to better clarify the role of 
sedation in improving NIV outcomes in intolerant patients.

Conclusions
Our results suggest that sedation during NIV can be used to 
enable continuation of NIV in agitated patients with either a 
DNI or non-DNI status with management according to RASS, 
even in patients with diseases for which there is little evidence 
of the usefulness of NIV. However, we must be aware of the 
possibility of an increased hypercapnic state and high mortality 
rate associated with continuous sedation, which may be due 
to the sedation itself. Also, continuing NIV under sedation is 
not appropriate in cases of failure to control agitation both in 
DNI patients in consideration of the risk of prolonging distress 
and agony, and in non-DNI patients considering the risk of 
unduly delaying intubation. In addition, it should be taken into 
consideration about the indication for sedation in each patient 
and the setting in which it is provided (general wards or ICU) 
because much depends on the proficiency or system in each 
institution.
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