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Acoustical Percussor

The New Sound of Airway Clearance Therapy

© 2014 Westmed Inc. All rights reserved. 71328 Rev.01

A Paradigm Shift in Respiratory Care
Can you hear it? It’s the new sound of the Vibralung®
Acoustical Percussor, and it’s starting a revolution in Airway
Clearance Therapy (ACT). The Vibralung Acoustical Percussor
applies vibratory sound waves over a wide range of frequencies
(5 to 1,200 Hz) to vibrate the column of gas in the tracheobronchial tract. As a result, mucus is loosened and separated
throughout the airways to promote safe, effective and gentle
ACT like no other alternative.
The Gentler Approach to ACT
The Vibralung Acoustical Percussor is
a gentler form of ACT than oscillatory
PEP devices, or those that make contact
with the external chest wall. It may be
especially useful for airway clearance
therapy when other means like vests
and hand-held chest percussors cannot be used. It’s the
ideal choice whenever airway clearance is the goal and
patient comfort is preferred.

Consider the Many Advantages
of the Vibralung Acoustical Percussor
✜ Easy to operate; battery-powered, lightweight
and portable, can be used almost anywhere
✜ Requires only minimal patient effort with
normal breathing
✜ No patient discomfort; no contact with the
external chest wall
✜ Treatment times are quick and efficient
✜ Unique coupling of acoustical energy (sound
waves) directly to the airway gently vibrates
the airway surface to loosen secretions
✜ Sole therapy or adjunct to other methods/devices
✜ Optional simultaneous aerosol delivery
✜ Incorporates delivery of PEP
(Positive Expiratory Pressure)
✜ Works during both phases of the breathing cycle

To schedule a demonstration or for more information,
visit www.vibralungACT.com, or email: vibralungACT@westmedinc.com
Westmed, Inc. | www.westmedinc.com | 800.975.7987 ext. 1842
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News

infringement proceeding until an opinion
on validity in an ongoing invalidity
proceeding. Furthermore, another
European patent asserted by ResMed
against BMC, EP 0 661 071 relating to
Auto On/Off function, has expired. The
president of BMC Medical confirmed that
CPAP products with detachable water
tank and Auto On/Off function will be
soon available again in Germany.
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Zoll Medical Corporation, a manufacturer
of medical devices and related software
solutions, announced signing an
agreement to buy substantially all of the
assets of Impact Instrumentation, Inc.,
of West Caldwell, N.J., a manufacturer
of respiratory care products. Impact
Instrumentation has been designing and
manufacturing portable and automatic
emergency ventilators, portable and
onboard aspirators, custom mounting
systems, and specialized testing systems
for over 35 years. Products include the
Uni-Vent Series of portable critical care
ventilators and portable resuscitators,
and the Ultra-Lite Series of portable
aspirators, which are used aboard ships,
aircraft, and other military medical
and transport services. The acquisition
complements Zoll’s comprehensive
portfolio of lifesaving equipment for
military applications, including monitors
and defibrillators. Impact is the leading
supplier of transport ventilators to
the U.S. military. With the addition of
the Impact Instrumentation product
line, Zoll will now offer solutions to
optimize circulation, cardiac rhythm, and
ventilation when caring for critically ill
patients, particularly those serving in the
armed forces.

3B Medical, Inc. and CMB Solutions,
Inc. have announced the formation
of a strategic alliance. 3B Medical
is a manufacturer and distributor of
PAP devices, masks and accessories
whose focus is on improving patient
compliance and comfort. CMB
Solutions provides patient contact and
compliance management software
through manyoutcome-based product
packages strictly for the HME/DME
industry. 3B Medical’s iCodeConnectcloud based patient management system
renders modems obsolete with a free
and fully automated IVR compliance
capture which allows sleep data to be
transferred easily by patient or provider
engagement. The integration of 3B’s
iCode with CMB Solutions’ cloudbased system allows mutual clients an
automated and efficient platform with
real-time proven compliance even for
same-day order processing due to their
seamless integration with multiple billing
software and fulfillment services. This
means a huge savings for the HME/DME
who will no longer have to look between
billing system, compliance system,
patient contact system and fulfillment
system to process orders. CMB Solutions
will continue to offer client-branded
compliance and quality assurance surveys
for all product lines, but will include
iCode entry into their live call, email,
text and IVR scripts. This will populate
back into iCodeConnect for detailed
compliance reporting for its users.

Patent Disputes

New Advances for Clinical Reporting

BMC Medical Co., Ltd. and 3B Medical,
Inc. are claiming victories in a first
round of a global battle with ResMed.
“A high possibility, that the patent in
suit is not valid,” the First District Court
of Munich stated in a decision (official
docket number 7 O 24459/13), referring
to the German counterpart of ResMed’s
European Patent No. 1 210 139 B1 relating
to a CPAP system with detachable
water tank. The Court removed the
preliminary injunction based on that
German counterpart, and stayed a parallel

3B Medical has introduced what it calls
open or clear airway apnea reporting, a
major enhancement to clinical reporting.
Central Sleep Apnea (CSA) occurs
when the brain signal to the body to
inhale is not communicated timely. It
is a different problem than Obstructive
Sleep Apnea (OSA). 3B Medical’s devices
are now equipped to detect when a
patient is experiencing an open or clear
airway apnea in real time and respond
appropriately. The reporting of open
Continued on page 7…
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REAL AND REPRODUCIBLE
RESULTS FOR BETTER AIRWAY
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MANAGEMENT IN THE ICU

ETT biofilm and pathogen-laden secretions
are damaging to a patient’s body and
potentially life threatening. Such buildup
increases the risk of infection, work of
breathing and may cause emergency
airway restoration. All of which increases
vent days, ICU days and total cost of care.
There is a quick, safe and cost-effective
solution: endOclear ®. This innovation
is proven by clinical research.(1)(2) The
endOclear patented wiper blade is
designed to effectively clean ETT’s. The
process of cleaning the ETT takes a mere
three to five seconds.
Partner with Mercury Medical in
the endOclear PROCESS IMPROVEMENT
PROGRAM. Hard dollar cost savings,
reduced MV days and improvement
in patient outcomes are
guaranteed. Call
Scott Horowitz at
800.237.6418,
ext. 3023, to
discuss this
special program.

1. Removal of Endotracheal Tube Debris Obstructions by a Clearing Secretion Device, Massachusetts General Hospital, Cristina Mietto MD, Kevin Foley RRT, Lindsay Salerno RRT, Jenna
Oleksak RRT, Riccardo Pinciroli MD, Jeremy Goverman MD, Lorenza Berra MD.
2. The Use of a Unique Mucus Shaver Clearing Device to Improve Ventilator Weaning, Linda Schofield RN PhD, Gary W. Saur MBA RRT, Jeffrey Washington MD, McLaren Northern Michigan.

mercurymed.com
800.237.6418
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News…continued from page 4
airway apneas can alert clinicians and physicians to a patient
with higher need for care. This new enhanced efficacy reporting
is a major advancement. Home Sleep Testing (HST) has been
increasing in use. “Patients diagnosed by HST are often not
screened or accurately diagnosed for the presence of CSA or
Complex Sleep Apnea. For that reason, the Open Airway Apnea
reporting in our units can act as a surrogate marker for CSA
and allow for more comprehensive patient care,” said Angela
Giudice, Clinical Manager for 3B Medical.

RTs Use Pig Lungs to Educate
Royal University Hospital in Saskatoon, Canada is trying to
breathe new life into respiratory patient care. The RT team at
the hospital has set up an information booth that includes a
display of a healthy set of lungs, bright pink and hooked up to
a medical ventilator as they expand and contract. They came
from a pig, but are as close to the real thing as you can get. They
use the pig lung because the anatomy of it is almost the same as
the human lung so it gives a good idea of what the human lung
actually looks like and how the human lung expands with each
breathe we take. Jeffery Dmytrowich, a respiratory therapist for
the Saskatoon Health Region (SHR), says it’s the perfect model
that’s catching the public’s attention and has on-site respiratory
therapists fielding questions including what they do. At present,
there are 71 respiratory therapists in the health region treating
patients of all ages. Rates of respiratory issues are climbing
and they’re also getting better at diagnosing them early, said
Dmytrowich, who has 15 years experience in the field, and adds
that most of us take breathing for granted inhaling and exhaling
up to 12 to 20 times a minute. For infants that number is 40 to
60 times a minute. Ways to avoid having to see a respiratory
therapists include avoiding triggers if you have asthma and to
steer clear of smoking.

adrenergic agonist (LABA), with the LAMA tiotropium,
administered in the HandiHaler inhaler, in patients with
chronic obstructive pulmonary disease (COPD). This study
was a 24-week, blinded, parallel group, multicenter study.
In this study UMEC/VI 62.5/25 mcg showed a statistically
significant improvement of 112mL compared with tiotropium
18mcg (95% confidence interval (CI) 81, 144, p<0.001) for the
primary endpoint measurement of lung function using trough
forced expiratory volume in one second (FEV1) at the end of
the treatment period (day 169). For the secondary endpoint
measurement of lung function using weighted mean FEV1 0-6
hour, at the end of the treatment period (day 168) UMEC/VI
62.5/25mcg showed a statistically significant improvement of
105mL, (95% confidence interval (CI) 71, 140, p<0.001) compared
to tiotropium 18 mcg. The most commonly reported side
effects for both UMEC/VI and tiotropium included headache
(9% UMEC/VI; 7% tiotropium), nasopharyngitis (6% UMEC/VI;
7% tiotropium), cough (3% UMEC/VI; 3% tiotropium) and back
pain (2% UMEC/VI; 3% tiotropium). The overall incidence of ontreatment adverse events was 44% in the UMEC/VI group and
42% in the tiotropium group. The incidence of any on-treatment
serious adverse event in both treatment arms was 4%.

FDA Approves Product
The FDA has granted final approval of PulmoFlow, Inc.’s New
Drug Application for Kitabis Pak — a co-packaging of generic
tobramycin inhalation solution with a PARI LC PLUS Nebulizer.
This is the first nebulized drug and device combination to be
approved for patients with cystic fibrosis. Kitabis Pak is in stock
and available now through PARI Respiratory Equipment, Inc.
Kitabis Pak sets a new standard for nebulized drugs similar

Best Practices Recognized
Drager announced that it has received the 2014 Frost &
Sullivan Best Practices Award for its vision to invest in
technological innovations in ventilation therapy and its
ability to maintain superior customer relationships. The
award recognizes excellence across several categories for
outstanding achievement and superior performance in areas
such as leadership, technological innovation, customer service
and strategic product development. Dräger received its Frost
& Sullivan Best Practices Award in the Growth Excellence
Leadership category for Mechanical Ventilation Equipment,
which had an impressive list of finalists. Candidates were
evaluated on specific market criteria, including Total Customer
Experience, Product/Service Value, and Purchase and Ownership
Experience. Dräger was the only company to score a 9.0 or
better, on a 10-point scale, in all performance criteria measures.
Dräger offers an extensive product line in ventilation therapy,
including highly versatile mechanical ventilators. Dräger’s acute
care ventilators include the Evita Infinity V500/V300 and Savina
300. In the neonatal intensive acute care ventilation market,
Drager offers the Babylog VN 500 and Babylog 8000 Plus. The
company’s transport care products include Oxylog 3000 plus and
Oxylog 2000 plus.

Results in From Lung Function Study
Positive results are being touted from a third lung function
study comparing the efficacy and safety of Anoro Ellipta
(umeclidinium /vilanterol, ‘UMEC/VI’), the combination
long-acting muscarinic antagonist (LAMA)/long-acting beta2Respiratory Therapy Vol. 10 No. 1 Winter 2015
n
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to asthma & COPD inhalers where the drug and device are
prescribed and dispensed together. The price of Kitabis Pak
will be similar to the price of generic tobramycin drug alone.
In addition to exclusively marketing Kitabis Pak, PARI also
offers a compressor access program called PARI PROVIDE for
patients who do not have the proper compressor to deliver the
tobramycin inhalation solution.

Testing Devices Donated
Respiratory therapy students will soon have the opportunity
to simulate the proper management of life-like respiratory
ailments using the latest in training and test lung devices.
Grand Rapids-based, Michigan Instruments Inc. developers
of the world-renowned “Michigan Lung” plans to donate two
of the respiratory simulation units to the pro-gram, which
cost approximately $12,000 to $15,000 each. Grand Valley
and Muskegon Community College are collaborating to offer
Muskegon’s Respiratory Therapy education for GVSU students.
Nursing and Physician Assistant students at GVSU will also
benefit from the simulation units. These sophisticated devices
provide students with real-time data, measurements and
response that simulate those of a real respiratory patient. With
this information, students learn how to properly ventilate and
manage a variety of respiratory conditions. Michigan Instruments
Inc, partnered with local software design and development firm,
Atomic Object, to architect and develop cutting edge software
called “PneuView 3” — their latest training and test lung software
application which calculates and displays, in real time, numerous
respiratory parameters and waveforms. Software improvements
combined with intricate design modifications to the Michigan
Lung, provide users with even greater simulation capabilities.

COPD on the Rise: Study
As patients, caregivers and the healthcare community came
together in support of World COPD Day (Nov. 19), a GSK global
survey of people living with chronic obstructive pulmonary
disease (COPD) shed new light on the growing burden of COPD
in the US. GSK’s “Continuing to Confront COPD International
Patient Survey” explores changes in COPD prevalence and
disease burden, comparing data from the current study with
GSK’s original “Confronting COPD” survey conducted ten years
ago. COPD is a growing problem in the US and in one decade
has risen from the fourth leading cause of death to the third,
after heart disease and cancer. Data from the survey suggest that
COPD prevalence has also increased from a decade ago, from six
to seven percent of adults ages 40 years and older. The burden
of COPD on patients and the US healthcare system was also
high. Twenty-six percent of US participants reported visiting the

emergency room as a result of their COPD, with an additional
17 percent hospitalized within the last year — a statistic similar
to that reported in Mexico, and higher than those reported in
most European countries surveyed. The survey also revealed
that many patients may be underestimating the severity of their
symptoms. While more than half (54 percent) of US participants
reported clinically significant dyspnea (shortness of breath),
the majority (70 percent) classified their COPD as only mild or
moderate in severity, demonstrating a disconnect between the
level of symptoms and their own subjective assessment of the
disease.

Promotion Earned
Following six years of distinguished service as a local respiratory
sales executive, Michael Dougherty, BS, RRT-NPS has been
promoted to the position of Key Application Field Manager for
Neonatal & Respiratory Care with Dräger’s marketing team.
Mike will oversee and execute the marketing and product
management of Dräger’s neonatal product portfolio including;
jaundice management, warming therapy, and transport devices.
He joins an elite team that is focused to provide innovative
and cost-effective solutions for the hospital/medical segment
of Dräger. “Mike is an extremely bright and talented RRT who
will be a welcome addition to the marketing team” says Edwin
Coombs, Director of Marketing, Intensive Care/Neonatal Care.

Zoll Makes an Impact
ZOLL Medical Corporation, a manufacturer of medical devices
and related software solutions, announced that it signed an
agreement to purchase substantially all of the assets of Impact
Instrumentation, Inc., of West Caldwell, N.J., a manufacturer
of respiratory care products. Impact Instrumentation has been
designing and manufacturing portable and automatic emergency
ventilators, portable and onboard aspirators, custom mounting
systems, and specialized testing systems for over 35 years.
Products include the Uni-Vent Series of portable critical care
ventilators and portable resuscitators, and the Ultra-Lite Series
of portable aspirators, which are used aboard ships, aircraft, and
other military medical and transport services. The acquisition
complements ZOLL’s portfolio of lifesaving equipment for
military applications, including monitors and defibrillators.
Impact is the leading supplier of transport ventilators to the U.S.
military. With the addition of the Impact Instrumentation product
line, ZOLL will now offer solutions to optimize circulation,
cardiac rhythm, and ventilation when caring for critically ill
patients, particularly those serving in the armed forces.

Analyzer Agreement Reached
Nova Biomedical has announced that it has been awarded a
group purchasing agreement with Premier, Inc., for its Blood Gas
Analyzer category. The new agreement allows Premier members,
at their discretion, to take advantage of special pricing and terms
pre-negotiated by Premier for Nova Stat Profile Prime and pHOx
Ultra analyzers and associated consumables. Stat Profile Prime’s
ZERØ maintenance cartridge technology consists of individual
cartridges for biosensors, calibrators, and liquid quality control.
Each cartridge is maintenance-free, ready to use, and easily
replaced in seconds. This design optimizes the life of each
cartridge; improves analyzer uptime; and eliminates the waste,
downtime, and higher costs of older combined calibrator/sensor
cartridge systems. Nova’s new technology MicroSensor Card
contains biosensors for pH, PCO2, PO2, Na, K, iCa, Cl, Glu, and
Lac. Credit card-sized, the MicroSensor Card is automatically
calibrated and always ready to deliver a full 10-test profile in
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How are You Managing COPD?
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.

Office spirometry
PC spirometry
Portable PFT

For more information go to www.nddmed.com

just 60 seconds. MicroSensor cards can be replaced in less than
half the time of older cartridge systems, which can take more
than one hour to calibrate and can remain unstable with drift,
frequent re-calibrations, and reduced throughput for even longer
periods of time.

Dosing Study Results Released
Sunovion Pharmaceuticals Inc. has announced dose ranging
results from a Phase 2, randomized, double-blind, placebocontrolled, parallel group study of SUN-101 (glycopyrrolate
inhalation solution) delivered via the innovative, proprietary
eFlow nebulizer system twice a day in patients with moderateto-severe chronic obstructive pulmonary disease (COPD). All
four doses (12.5 mcg, 25 mcg, 50 mcg, and 100 mcg) studied
produced statistically and clinically significant changes in
forced expiratory volume in one second (trough FEV1) in
bronchodilation, which persisted throughout the 24-hour dosing
interval to inform dose selection. Data were presented at the
2014 American College of Chest Physicians annual meeting
(CHEST 2014) in Austin. The primary endpoint of the study was
change from baseline in morning trough FEV1 after 28 days of
treatment.

SPOTLIGHT ON SPIROMETRY
Get Compatible
nSpire Health, Longmont, CO, offers KoKo Legend portable
spirometer with full USB compatibility to the industry standard
KoKo PFT spirometry software. KoKo Legend’s intuitive color
touch screen walks both patient and physician through standard
testing procedures promoting superior patient test results.
Exceeding ATS/ERS standards, KoKo Legend utilizes a unique
flexible orifice pneumotach for extraordinary precision at
low flow rates. Optional test grading for increased technician
compliance. Choose built-in or external office printing for 8-1/2
x 11 reports. Easily transfer test results into the KoKo PFT
Spirometry software and download new patients to be tested.
Contact nSpireHealth.com, (800) 574-7374.

Full Range
Vitalograph has been a world-leading provider of research
quality spirometers for more than 50 years. Our extensive
range spans from simple hand-held and desktop devices such
as the micro and the Alpha, to the sophisticated Compact
Expert medical workstation. Coupled with the Spirotrac V
software, one can perform spirometry, COPD assessments with
the 6-minute walk test, cough analysis, and various bronchial
challenges with unparalleled accuracy and reliability using
the Pneumotrac’s robust Fleisch pneumotachometer. Both
the Compact Expert and the PC-Based Pneumotrac feature
a host of optional functionality including wireless Bluetooth
12-lead ECG, wired and wireless pulse oximetry and blood
pressure measurement and even a wireless Bluetooth weight
scale. The hand-held In2itive spirometer can do double duty as
booth a portable device and a direct to PC full function system.
Spirotrac V software features Windows 7 and 8 compatibility,
automatic network direct SQL-Server database operation and
built-in bidirectional HL7 for interfacing to most EMRs and
EHRs at no additional charge.

Go With The Flow
At ndd Medical Technologies, our EasyOne Pro is a portable
single breath DLCO device allowing physicians to provide
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their patients with prompt, accurate diagnosis and treatment.
The EasyOne Pro performs PFTs in under 30 minutes all in on
square foot. Some of the many features include Single Breath
CO diffusion (DLCO), Spirometry, Flexible EMR capabilities,
no warm-up time, challenge testing, no expensive service
contracts along with a high-resolution color touch screen. With
ndd’s TrueFlow technology there are no moving parts, no codes
to enter and no disposables to calibrate. The ultrasonic flow
measurement is independent of pressure, temperature and
humidity. And our Easy on-PC is an easy-to-operate spirometer
that uses the power of your PC, laptop, or tablet, leveraging
premium ultra sound technology for a complete spirometry
solution. The Easy on-PC offers challenge testing, pediatric
incentives and inspiratory and expiratory real time curves.
Some of the essential features of the Easy on-PC are flexible
EMR capabilities, trending, selectable predicted values and
interpretation, automated quality control, quick testing as well as
being multilingual. With ndd’s Easy on-PC you will receive point
of care testing for fast, accurate and easy diagnosis.

Make A Discovery
Futuremed offers a line of spirometers ideal for use in an office,
at the bedside, or for testing at a workplace. The most complete
of the series, Discovery-2, is equipped with components that
allow for testing, review and printing spirometry in virtually
any location. Discovery-2 has a high resolution color screen
that displays real-time graphs, allowing the technician to
confirm test quality during each maneuver. Reports can be
generated immediately through the on-board printer, or stored
for batch printing at a later time. A more compact alternative,
Spiropalm, also displays real-time spirometry graphs. Hundreds
of tests can be stored internally, or saved as a pdf report on
flash-drive which can then be read on standard computers.
Both spirometers are available with software for interface
with a PC, and meet ATS, ERS and Occupational standards for
spirometry. For more information visit www.futuremed.com, or
call 1-800-222-6780.

VENTILATION ROUNDTABLE
Impact Instrumentation, Inc
Tell us about your company.
Impact Instrumentation, Inc. is a US-based manufacturer
of world-class Portable Critical Care Ventilators, Portable
and On-Board Aspirators, Specialty Mounting Systems and
test equipment. Impact has grown from a start-up company
occupying a small office 38 years ago with 2 founding members
to 3 large manufacturing facilities and over 160 employees in
West Caldwell, New Jersey. Impact has had many significant
product introductions over the years completely focused on the
medical industry.

What ventilation products does your company offer?
The 731 Series of ventilators include Eagle II for hospital and
MRI use, EMV+ for military and mass casualty use and the
AEV for non-invasive mask CPAP ventilation. These vents
are rugged, weigh less than 10 lbs., offer AC, SIMV (EMV+
and Eagle II only) and CPAP/BiPAP modes with automatic
leak compensation, a simple intuitive user interface, reduced
O2 consumption, a battery run time of 10+ hrs, built-in rapid
charger and SpO2 and can be used on patients as small as 5 kg.
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The Eagle II ventilator is an ideal solution for intra-hospital
transports as well as ER and ICU bedside ventilation. The
Eagle II MRI ventilator can be used in MRI suites with magnets
as large as 3 Tesla and can be placed as close as 2 meters (6.6
feet) to the magnet’s bore opening. Available 12-foot patient
circuits are designed to optimize performance in the MRI
suite. Workhorse ventilators that have been on the market
and serving the medical, transport, military and mass casualty
community for many years include the 754 Eagle and the 73X
ventilators.

Tell us about your company’s current or recent R&D
efforts.
Impact re-invests millions of dollars into research and
development each year and has a commitment to continuous
improvement in manufacturing and new product development.
R&D is the largest investment for Impact.

Discuss the training and support services you offer.
Impact offers both on-line and in person technical and clinical
training for its products. Respiratory therapists employed
by Impact as well as paramedics and nurses are principally
responsible for on-site training at the customer’s facility at no
charge. On-line training is supported by video, Power Point and
competency presentations.

Where are your products used? (ie, hospital, home, etc.)
Impact’s products can be found in hospitals, ambulances,
stockpiles, ships and aircraft, fire and rescue services, and
over 20 military services world-wide including the US, Israel,
Singapore and Australia.

What developments do you foresee for ventilation
products and applications?
Future ventilation products will continue to focus on easeof-use, communication capabilities, built-in advanced
technologies and clinical functional capabilities.

Philips Respironics
What ventilation products does your company offer?
Philips’ ventilation solutions include ventilation systems for
home, acute care and alternative care sites. We offer both noninvasive and invasive support solutions for a wide range of
patients.

Tell us about your company’s current or recent R&D
efforts?
Philips is dedicated to providing care to respiratory patients
requiring ventilation at every stage in their journey, and
offering reliable, economical solutions that provide high
quality of care for caregivers, providers and payers. We are
constantly working to make our devices smaller, lighter
and more user-friendly to enable patients and caregivers
to integrate therapy into activities of daily living and
social wellbeing. Our Trilogy noninvasive ventilator has
redefined the market by incorporating features such as dual
prescriptions that allow a caregiver or family member to easily
transition a patient from day- to night-time settings, AVAPS-AE
that automatically synchronizes with the patient’s changing
respiratory needs, and mouthpiece ventilation that provides
patients with portable daytime ventilation without the need
for a tracheostomy.
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Discuss the training and support services you offer.
Philips offers a number of training options for respiratory
support specialists, including hands-on clinicians training
workshops for our Trilogy product family. We also offer a
number of helpful clinical resources, including brochures, DVDs,
caregiver instructions and user manuals so they have everything
they could need right at their fingertips.

Where are your products used? (ie hospital, home, etc.)
Philips provides solutions across the full respiratory care
spectrum, which can be used in the home, hospital and
alternative care sites. Our solutions vary depending upon setting
and the individualized needs of the patient.

What developments do you foresee for ventilation
products and applications?
We believe that the industry will begin to see very significant
improvements in ventilation solutions across the board. The
ability to monitor the patient remotely may become a larger
focus for innovation as clinicians and care providers want
to increase efficiencies in the care and management of the
chronic respiratory patient. Being able to detect or prevent an
acute exacerbation can be a vital part of a disease management
program by allowing clinicians to spend their time and effort
on those “at risk” patients and knowing when to intervene
appropriately. Ventilation technology has evolved over the past
couple of decades. Advanced algorithms and capabilities of
non-invasive ventilators have extended their use beyond the
neuromuscular patients to COPD patients. Philips offers several
non-invasive options for both acute facilities and the home.
Lastly, we’ll begin seeing updated, easier to use ventilation
solutions. They’ll be smaller, more portable and run off batteries
with longer lives to offer patients more independence. They’ll
also look less clinical and therefore less intimidating, providing
both comfort and confidence to users. Right now, these
machines have several alarms that can go off for a myriad of
reasons, some more significant than others. Notifications will
be streamlined so caregivers can more effectively provide aid to
patients.

Hayek Medical Devices
What ventilation products does your company offer?
Hayek Medical is the exclusive provider of BiPhasic Cuirass
Ventilation (BCV) therapy options in the US. The current
products that provide BCV are:
• United Hayek RTX: This Biphasic Cuirass Ventilator also
doubles as a secretion clearance unit with assisted cough was
until recently our only model. The RTX is designed for critical
care but has been used frequently for in home applications
• United Hayek HRTX: Our newest Biphasic Cuirass Ventilator
functionally performs as the RTX except it is designed for
primarily home or basic level use. The HRTX will offer
patients portability with an ability to operate for extended
periods on battery power. The HRTX comes with all the
important therapeutic benefits of the RTX though with
somewhat less graphics or screen display while providing
functionality designed to benefit home users.

Tell us about your company’s current or recent R&D
efforts.
United Hayek’s technology for moving air, currently, in and out
of a cuirass is phenomenal almost needing to be seen and felt
Respiratory Therapy Vol. 10 No. 1 Winter 2015
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to be believed. The development and future application of this
capability means United Hayek will be a very important part of
the future of pulmonary support. Also just released for the US
market is our Secretion Clearance only device, the SCS. All of
the very potent high frequency chest wall oscillation and assist
cough functions that the RTX can apply through the cuirass will
be available at a much lower cost profile for patients needing
only the airway clearance functions.

Discuss the training and support services you offer.
BCV, even though it is a far more natural way support patients
is for most clinicians a totally new set of concepts. All of the
side effects of ventilation we have been taught for so long are
turned upside down with BCV and are non-existent. This is a
method of support that is actually therapeutic to the lungs and
other systems. Additionally due to our similarity to previous
generation of negative pressure ventilation (NPV) devices
most clinicians feel they know our devices’ capabilities. The
Hayek so greatly exceeds the capabilities of those devices it
is astonishing to those experienced with the old NPV systems.
The patient’s this can serve are not limited to those with basic
support needs. This means we need to educate caregivers on
the concepts of this new type of support and how it works
differently. We routinely provide full staff training on initial
installation with follow up all the way to advanced training as
users gain experience with the interventions available with BCV.
As to support, we have clinical specialists that are available to
our users through our company support line at any time. We
also have a BCV discussion group on LinkedIn where users can
discuss and relate their experiences with these devices.

Where are your products used? (ie, hospital, home, etc.)
The United Hayek vents and secretion clearance products are
used across the spectrum of care. When applied in the ED,
patients are less breathless more quickly and hospital admission
may be prevented. If used as part of ICU care, support can be
non-invasive, fluid intake, nutrition and communication with
the patient is not impaired and duration of critical care needs
can be decreased. One of the most challenging and perhaps
expensive patients hospitals deal with are the patients that
move out of ICU, decompensate for lack of pulmonary support
some time later and have to return to ICU more critical than
when they were originally admitted. If patients are moved to
the floor or step down unit with the Hayek, they will be more
likely to achieve discharge on schedule. Since the Hayek can
be prescribed for patients at home and is much simpler to use
with less side effects than either invasive positive pressure
ventilation (PPV) with trach or non-invasive PPV with mask
and it includes airway clearance functions built in to the vent,
patients that discharge with this device may return to acute
care in the future, but the potential of their return being for
reasons of pulmonary exacerbations is greatly decreased thus
preventing frequent readmissions for these causes. So as you
see the Hayek covers the entire spectrum resulting in improving
the patient’s experience and saving money by decreasing
intensity and duration of intensive care and also allowing care
to continue in the home.

What developments do you foresee for ventilation
products and applications?
We have made great strides as an industry in meeting the
pulmonary support needs of our patients and we have seen
advances in technology toward the end of protecting the lungs
and enhancing patient/ventilator synchrony that I believe make
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real difference in patient comfort and outcomes. I foresee one
major shift that can have a profound effect on outcomes for
patients needing support in the future. As clinicians realize
what United Hayek Medical has to offer with these products
they will include this therapy in standard treatment protocols to
improve results. The RTX can be used as a totally stand alone
non-invasive support device that provides the advantages of
far more natural support of lung inflation and deflation without
mask or artificial airway, which is far more comfortable for
most patients and preserves their ability to eat, drink and speak.
It can also be used non-invasively in conjunction with PPV
to dramatically decrease side effects and improve on clinical
results. The use of BCV to facilitate weaning from PPV, shorten
duration of intubation, and potentially prevent need for trach is
another advancement that is on the increase. Early in my career,
I was taught natural ventilation is always better that PPV but
we did not have a good way to provide that type of support.
Now with these devices from Hayek there is a good way. It all
becomes clear when placed on a patient in distress because it’s
just better!

Covidien
What ventilation products does your company offer?
Covidien offers a wide range of ventilation products, including
our Puritan Bennett ventilators, heated filtration systems,
ventilation accessories and software. These products may
help reduce asynchrony and the risk of infections in ventilated
patients from neonates to adults. Specific devices include: The
Puritan Bennett 980 ventilator helps enable patients to breathe
more naturally† through some of the most innovative breath
delivery technology available. The PAV*+ software used by the
Puritan Bennett 980 ventilator is a breath type designed to help
manage work of breathing and to support the patient’s breathing
efforts, allowing the patient to drive the start, duration
and end of each breath. The Newport HT70 Plus ventilator
combines ruggedness, ease of use and clinical proficiency
with exceptional mobility for patients from 5 kg to adult.
All models of the Newport HT70 ventilator can be used for
home care, transport, hospital, long-term care and emergency
preparedness, as well as for invasive or noninvasive ventilation.
In addition to standard clinical features, the Newport HT70
Plus ventilator offers an on-airway flow sensor that provides
expanded monitoring with alarms and the choice of flow or
pressure trigger. With waveform graphics, an oxygen cylinder
usage calculator and internal battery use time estimator, the
Newport HT70 Plus ventilator goes beyond standard portable
ventilation.

Tell us about your company’s current or recent R&D
efforts.
Dealing with leaks during mechanical ventilation is a large
problem faced by many clinicians. Leaks can occur with
uncuffed tubes, chest tubes, cuff leaks, and noninvasive
approaches. Leaks can auto-trigger and delay cycling, due to
a mismatch between the patient and ventilator. Covidien’s
Leak Compensation software reacts quickly to changing leaks,
helping clinicians improve patient-ventilator synchrony. The
software can be used with invasive and noninvasive ventilation.
A study by Oto et al. using a lung model found that the Leak
Compensation software from Covidien required fewer breaths
to synchronize than any other ventilator in the study.1
Continued on page 25…
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Interview

In this feature, Respiratory Therapy interviews clinicians and healthcare
providers about the actual application of specific products and therapies.
Participating in the interview is Steve LeCroy, Clinical Manager at Mercury
Medical, who has been an educator for over 30 years in the fields of
respiratory and pre-hospital care, and has over 35 years of experience as a
Respiratory Therapist, and over 30 years as a paramedic.

Respiratory Therapy: Manually ventilating very young patients
can be one of the most challenging and stressful techniques
to not only learn, but to perform. There is more to it than just
getting the air in and out; it’s a matter of the proper rate, tidal
volume and pressure. How often do neonates need some type of
ventilation support?
Steve LeCroy: The numbers might surprise a few folks.
According to the American Heart Association almost 10% of
all neonates require some form of respiratory support at birth,
and almost 4 out of every 1000 births will require mechanical
ventilation. The bigger questions everyone should be asking
is how often do clinicians get the opportunity to manually
ventilate a patient in this age group? And when they do is it
safe and effective? And I think the answer to the first part
is not very often, unless of course they work in the NICU or
labor and delivery. And the second answer I suspect that in
many cases it may not be safe or effective. For most clinicians
ventilating neonates and small infants would be considered a low
probability, high risk and high liability event.
RT: Why might clinicians have difficulty manually ventilating
newborns and infants?
SL: The first and most obvious reason is opportunity, they
just don’t do it enough. It’s very difficult to get good hands
on training, we all know mannequins are a good start but are
nothing like the real thing. Even though manual ventilations are
considered a BLS skill it’s important to recognize that a BLS skill
does not equate to an easy skill. There’s also the psychological
aspect of treating babies and infants. If the average clinician is
presented with a 60 year difficulty breathing patient the stress
level is most likely pretty low. If the same clinician is presented
with a 6 day old patient with difficulty breathing the stress level
can be overwhelming. It’s like asking the average driver to drive
a race car and telling them it’s just a car.
RT: What complications can be caused by improper manual
ventilation techniques?
SL: There is a wide range of problems associated with poor
Input on questions was provided by Scott Horowitz, Senior Product
Manager at Mercury Medical. If you would like to participate in this
feature, as a company or healthcare provider, please contact Steve
Goldstein at s.gold4@verizon.net. Steven C. LeCroy, MS, CRTT, EMT-P, is a
retired captain/paramedic from St Petersburg Fire & Rescue, an adjunct
instructor at St Petersburg College, a 35-year respiratory therapist and
an expert witness in over 75 legal cases across the US. He is currently the
Clinical Manager at Mercury Medical.
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manual ventilation techniques. Injuries can range from the
development of a pneumothorax or chronic lung disease from
too high of an inspiratory pressure to hypoxia from under
ventilation both of which can lead to bad outcomes. Improper
ventilation rates and volumes can also lead to major acid/base
balance problems. For example under ventilating can not only
create an hypoxic state leading to neurological problems, but
can create a hypercapnic situation, and as most RT’s know a high
CO2 can cause a drop in pH putting a patient into respiratory
acidosis a situation in which neither organs nor medications
work very well.
RT: What are the recommended starting PIP and PEEP pressures
for small infants and newborns?
SL: First, we should probably define the terms PIP and PEEP. PIP
or peak inspiratory pressure is the maximum pressure exerted
on the airway at the end of inspiration. PEEP is Positive End
Expiratory Pressure or the pressure that remains in the airways
at the end of expiration. Both PIP and PEEP are measured in
centimeters of water or cmH2O. Clinicians that routinely treat
adults are less concerned about PIP, however I believe that’s
about to change. Adult manual ventilation techniques could
be a discussion for another day. According to the Neonatal
Resuscitation Program guidelines the recommended starting
PIP should be 20 cmH2O pressure and the initial PEEP should
be 5 cmH2O pressure. However, some newborns may require
higher pressures to get chest rise, for example those born with
surfactant issues.
RT: What type of equipment is typically used for manual
ventilation of infants and newborns?
SL: There are 3 basic types of manual ventilation devices a Bagvalve-mask, hyperinflation bag, and a t-piece resuscitator. Each
of these devices has its pros and cons and I would recommend
that all clinicians consider those pros and cons before selecting
a device.
RT: What are your thoughts regarding using a bag-valve-mask on
small infants or neonates?
SL: This one is easy, many infant BVMs don’t come with a
manometer or a PEEP valve, even though most manufacturers
have them as options. Without a manometer or PEEP valve I
can safely say that it’s impossible to know the PIP and PEEP
pressures being used. Even with a manometer and PEEP
valve it’s extremely unlikely that PIP and PEEP pressures are
consistent. I would argue that a BVM without a manometer
and PEEP valve is the most dangerous piece of resuscitation
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equipment in use today. If you currently use a BVM without a
manometer or PEEP valve and you had to testify due to a bad
outcome how would you answer if asked what pressures where
use? Or did your ventilation technique meet the standard? I think
the answer to both questions is pretty clear. The one positive
aspect of a BVM is they don’t need an oxygen source to work
since they self-inflate. For those that use a BVM and believe they
can feel lung compliance are probably mistaken. Studies have
shown that feeling lung compliance while using a BVM is highly
overrated.
RT: What about a hyperinflation bags?
SL: Hyperinflation bags or anesthesia type ventilation bags have
been around for years. I think most respiratory clinicians would
agree that using a hyperinflation bag is one of the most difficult
skills to master. It’s been my experience that it takes significant
training and experience to properly ventilate a patient using such
a device. I’ve heard clinicians say you need what they call an
“experienced hand”. From having experience with hyperinflation
bags it does take a lot of feel to maintain the proper pressures.
I’ve heard respiratory therapist comment that they prefer
a hyperinflation bag because they get a better feel for lung
compliance. This may be true for the more experienced users, I
doubt that’s the case for the average or infrequent user.
RT: What is a t-piece resuscitator?
SL: A t-piece resuscitator is a manual ventilation device that does
not have a bag and has the ability to set and control PIP as well
as PEEP. The device attaches directly to the patient interface
and ventilation is accomplished by placing a finger over a hole
on the exhalation side. Most t-piece resuscitators have an in-line
manometer for continuous monitoring of the pressure and can
also be used to provide CPAP.
RT: Which one of the manual ventilation devices would you
recommend?
SL: Without a doubt the t-piece resuscitator. In my opinion it is
the safest most effective manual ventilation device regardless of
the skill level of the clinician. I’m sure there are RT’s out there
that will disagree they will argue that they want a device where
they can feel lung compliance, a skill I believe to be poorly
developed especially in inexperienced hands.
RT: What makes a t-piece resuscitator a good option for manual
ventilation?
SL: The first and most obvious reason is ease of use. The proper
technique for both the BVM and hyperinflation bag can be
difficult to master, those that teach I’m sure can sympathize with
that. The only negative to using a t-piece resuscitator is that you
have to have a constant gas flow. However, I believe the problem
I know about is the problem I can manage. No device is perfect,
but when the risks and benefits of each device are compared the
advantages of a t-piece outweighs the risk.
RT: Any final thoughts when it comes to manually ventilating
infants and newborns?
SL: Each clinician should be asking themselves the same
question. How comfortable am I with the equipment I’m using?
Be critical! It’s not about the clinician it’s about the patient. Even
if you have years of experience are you using the most effective
safest equipment. There are only three ways to handle a situation
you can ignore it, prepare for it which includes training and
equipment, or you can take out more insurance. Either way the
balls in your court.
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Interview

In this feature, Respiratory Therapy interviews clinicians and healthcare
providers about the actual application of specific products and therapies.
Participating in the interview from Northside Hospital is Dr Sam Mickelson,
Advanced Earn Nose & Throat Associates.

Respiratory Therapy: What first drew you to treating sleep
disorders, more specifically Obstructive Sleep Apnea (OSA)?
Dr Sam Mickelson: During residency, I had the opportunity of
training with Dr. Shiro Fujita, who had just developed the first
reconstructive surgery (UPPP) for treatment of obstructive
sleep apnea. However, we found that the success rate of this soft
palate surgery was only 40-50%, since many of the patients also
had narrowing of the lower part of the throat, (the area behind
the tongue). I was convinced that we should be able to cure
most patients with sleep apnea surgically. I have spent my entire
career searching for better ways to treat this disorder.
RT: What makes Inspire Therapy so unique compared to OSA
treatments like CPAP or Oral?
SM: Both CPAP and oral appliances require the patient to use an
external device to enlarge the airway. Many people have issues
with these devices. Many patients complain about using CPAP as
they don’t want to sleep next to someone while wearing a mask
on their face and an air compressor on the nightstand. Others
complain about the irritation from the mask, air swallowing
effects, air pressure intolerance or having to travel with the
machine. Even the oral appliance limits the user from talking or
kissing their bed-partner or may aggravate the jaw joint. Inspire
therapy is internal and only needs a remote control to turn it on
and off. Inspire therapy is simple, easy to use, portable and your
bed-partner may not even know it is in use.
RT: How invasive is the Inspire Therapy procedure compared to
other traditional surgeries for OSA?
SM: It is minimally invasive compared to other airway
reconstructive surgeries as it does not require removal or
alteration of normal throat structures. It is performed through
external incisions and causes only mild post op pain.

RT: Can the Inspire system be controlled?
SM: Yes. The remote control allows the patient to increase or
decrease the intensity of the stimulation as needed. The patient
can also use a delay feature so the stimulation turns on after
falling asleep. We can also modify the stimulation frequency
and stimulation timing during breathing. Ultimately, we confirm
proper settings by testing in the sleep lab.
RT: The technology sounds similar to a pacemaker. Is that a fair
comparison? Why or why not?
SM: Yes, it is similar to a pacemaker in the sense that both
are implanted into the body. A big difference though, is that
pacemakers typically turn themselves on and off in response to
an abnormal heart beat. In contrast, Inspire therapy is controlled
by a remote control (like a TV remote) and is turned on any time
the person is sleeping.
RT: What implications does Inspire Therapy hold for the future of
the industry?
SM: We anticipate a huge number of people who are struggling
with or have discontinued using CPAP to now be able to be
treated and cured. Since untreated and under treated sleep apnea
can lead to high blood pressure, diabetes, heart attack, stroke,
irregular heartbeats, Alzheimer’s disease and sudden death, this
new therapy will likely improve survival and quality of life for
these patients.
RT: You performed Georgia’s first Inspire Therapy procedure at
Northside Hospital-Atlanta. How is the patient progressing?
SM: He is doing great. A recent sleep study showed that he
reduced the number of stop breathing spells from 57/hour down
to 1/hour (normal is less than 5/hour) and his oxygen levels are
now normal when sleeping. He is using Inspire therapy every
night and his sleep apnea symptoms are completely gone.

RT: How exactly does the stimulation enlarge the patient’s
airway?
SM: Patient with sleep apnea have small air passages in the
throat. When awake, there is good muscle tone and the airway
stays open, but when asleep, muscle tone decreases and the
airway closes up. Inspire therapy stimulates the upper airway
nerves causing increased muscle tone, thereby preventing
collapse of the airway when asleep.
Input on questions was provided by Chris Campbell, Managing Editor
for the Journal, Respiratory Therapy. If you would like to participate in
this feature, as a company or healthcare provider, please contact Steve
Goldstein at s.gold4@verizon.net.
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The Utilization Of The Pressure-Volume Tool To
Determine The Lower Inflection Point To Maintain
Lung Inflation During Extra Corporeal Memebrane
Oxygenation (ECMO)
Kenneth Miller MEd, RRT-ACCS, Rita Pechulis MD, James Wu, MD, Dorothea Watson MD

Minimizing ventilator-induced lung injury is a major concern
when providing ventilation for patients with acute lung injury.
The gold standard for lung protection is ARDSnet Protocol.
If the oxygenation end-point cannot be achieved ECMO may
be another intervention. Recently the utilization of ECMO has
demonstrated a reduction in lung injury and improved outcomes.
Gas exchange is managed by ECMO while the ventilator’s goal
is to maintain lung inflation at the lowest pressures possible.
The utilization of the Pressure-Volume Tool (P/V Tool) can help
determine the lower inflection (LIP) and upper inflation points
(UIP) and to provide recruitment maneuvers if required.
The P/V Tool (Hamilton Medical Inc, Reno Nevada) is a
systematic ventilator application that allows the clinician to set
lower and higher starting pressures, along with a Phigh (PEEP)
for a sustained time frame if desired for a recruitment maneuver.
After the maneuver, a pressure/volume graph is visualized to
assess the inspiratory and expiratory limbs of the P/V loop. Also
a loop hysteresis is available to determine if there is potential
additional lung to be recruited. The P/V tool is performed every
12hrs for LIP/UIP assessment and recruitment maneuvers are
performed if Clt <20cm/h20 for all patients placed on ECMO.
The P/V Tool has been utilized on a daily basis to determine the
lower and upper inflection points on twenty-eight patients placed
on V-V ECMO for ALI management. On thirteen of the patients
whose lung compliance was <20cm/h20 (8 cm/h20 to 14 cm/h20
Q6hr recruitment maneuvers were performed for 30 seconds at
a PEEP of 30 cm/h20 to improve lung compliance. All patients’
lung compliance was maintained > 20cm/h20during the ECMO
utilization by performing sequential P/V tool assessment or
recruitment maneuvers.
The utilization of the P/V tool helped our clinical team maintain
lung inflation during ECMO. The ability to assess and adjust
ventilator settings or perform recruitment maneuvers if indicated
helps to maintain lung compliance during ECMO management.

Kenneth Miller, MEd, RRT-ACCS, NPS, AE-C Educational Coordinator, Dean
of Wellness, Respiratory Care Services LVHN.
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Assessment of High Flow Nasal Cannula Therapy
use in the Emergency Department Setting:
Observations of Practice Across Four Systems
Sheldon Spivey, RRT1, Terrell Ashe, RRT-NPS1, Rose Dennis, MHA, RN, RRT, Russell Graham, BSRT, RRT, CPFT2, Bobbie
Melton, BSRT, RRT2, Suzanne Croft, MHS, RRT3, Terry Ellis, BS, RRT4, Todd McCarl, MBA, RRT5, Jody Miller, BSRT, RRT5,
Susan Anderson, MHS, RRT5, Tracy Green, RRT6, Charles Dunlap, BSRT, RRT-NPS7, Mark Kolnsberg, MBA, CPM, CBET7,
Thomas L Miller, PhD7,8

Abstract

Introduction

Objectives: Recent evidence suggests that high flow nasal
cannula (HFNC) may have a meaningful impact on care,
workflow and economics in the Emergency Department (ED)
setting. The goal of the current project was to better understand
how utilization of HFNC as first line of respiratory support would
impact workflow within the ED, and to define hypotheses for
future research related to patient outcomes.

High Flow Nasal Cannula (HFNC) is a novel respiratory therapy
delivered through a loose fitting nasal cannula that improves
breathing efficiency by using high flow rates to flush the
respiratory dead space of expired air and replace it with fresh
respiratory gas 1,2. Proper conditioning of respiratory gas to near
100% relative humidity and body temperature allows for the
administration of high flow rates without damaging the nasal
mucosa3-5. The high flow rates interact with the mechanisms
of spontaneous breathing to improve ventilatory efficiency
and therefore reduce work of breathing. Evidence suggests
that the mechanisms of action for HFNC include purging
nasopharyngeal dead space6, reducing inspiratory resistance,
improving conductance and pulmonary compliance7, providing
mild positive distending pressure8-10 and restoring mucocilliary
function through rehydration11,12.

Methods: A multicenter study was designed to assess the
utilization and value of HFNC in the ED setting using a real-time,
case-by-case assessment of staff perceptions and decision-making
around the application of HFNC. From May of 2013 through
March of 2014, six hospitals in four systems across four states
participated in the project. HFNC was initiated as a front line
therapy in place of other oxygen therapy modalities, and used
based on clinician discretion. For each individual use of HFNC,
attending staff responded to questions regarding the decision to
initiate HFNC, perceptions on how the therapy performed, and
decisions on patient disposition. The respondents were instructed
to record their answers at the time of therapeutic intervention.
Results: A total of 128 assessments were completed. Chronic
obstructive pulmonary disease (COPD), general dyspnea and
congestive heart failure (CHF) represented the majority of
working diagnoses treated with HFNC (41%, 29% and 17%,
respectively). Seventy-four percent of HFNC interventions
involved patients with hypoxemia and 25% of them involved
elevated arterial carbon dioxide levels. Respondents indicated
excellent respiratory responses as well as high ease of use and
patient tolerance. Disposition decisions were to admit 41% of
cases to the ICU, 54% to the medical floor and 5% to discharge.
Conclusions: HFNC may be useful in the ED to rapidly stabilize
patients in significant respiratory distress with an easily
tolerated respiratory support modality. Clinical use guidelines
were established that were effective and acceptable to clinical
staff. The use of the therapy may have utility in reducing ICU
admissions associated with the use of NIPPV as a primary
respiratory modality.
About the authors: (1)Athens Regional Medical Center, Athens GA. (2)
Memorial Hermann Hospital - Texas Medical Center, Houston, TX. (3)
Memorial Hermann Hospital - Northeast, Humble, TX. (4)Erlanger Health
System, Chattanooga, TN. (5)Mission Hospital, Asheville, NC. (6)Memorial
Hermann Hospital - The Woodlands, The Woodlands, TX. (7)Vapotherm,
Inc., Exeter, NH. (8)Jefferson Medical College, Philadelphia, PA.
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HFNC is used on a widespread basis within the intensive care
setting for ventilatory support to reduce the patient’s work of
breathing and to alleviate dyspnea. It has consistently been
used as a stopgap measure to treat patients in respiratory
distress, and as an alternative to pressure based non-invasive
ventilation that results in similar outcomes13,14. While both HFNC
and supplemental oxygen are typically initiated as frontline
therapies, clinical experience indicates that the numerous
mechanisms of action for HFNC provides a higher level of
support than simple oxygen therapy15,16.
Clinical experience with HFNC in multiple care settings shows
it is easily tolerated, simple to administer and monitor, and
rapidly stabilizes patients in distress. This experience suggests
that HFNC may have meaningful impact on care, workflow
and economics in the Emergency Department (ED) setting.
Several recent articles have evaluated the performance of HFNC
specifically in the ED including both pediatric17,18 and adult
applications15,16, as well as three editorial comments19-21.
Although there is sufficient rationale for the adoption of HFNC
in emergency care, the utilization within and impact on ED
workflow has yet to be described. The goal of the current study
was to ascertain ED staff opinions on the utility, practicality
and value of HFNC in emergency care, and to help develop
hypotheses for future research related to HFNC therapy and
patient outcomes. The authors represent the clinical staff from
six hospitals where HFNC was being introduced into the ED
as a front line therapy. The hypothesis was that HFNC would
have a positive impact on emergency care based on ED staff
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Figure 1. High Flow Nasal Cannula Clinical Application Guidelines. Participating centers agreed on these clinical use guidelines for the application of
High Flow Nasal Cannula Therapy (HFT) using the Vapotherm Precision Flow, with only minor modifications between centers to fit each center’s
policy and procedure guidelines. Real-time decision-making was always at the discretion of attending staff.
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staff was trained and competent in its delivery. Application310032 Rev. A
the ED setting and the influence on patient disposition.
of HFNC was by clinician discretion on a case-by-case basis;
there were no defined inclusion criteria for this project. All data
Methods
represent staff self-reported perceptions related to device utility,
Study Design
including presumed diagnoses at the time of HFNC initiation
A multicenter study was designed to assess staff perceptions
and perceptions regarding disposition options; no actual patient
on the utility and value of HFNC in the ED setting. This study
information was used in this study.
was conducted during a period in which HFNC was being
introduced into the ED at the participating centers. The study
was part of a quality assessment in each institution as to
Application of HFNC
the early impact of HFNC in the ED. The data was collected
Participating centers used the Precision Flow® HFNC system
by having attending staff respond to a set of assessment
(Vapotherm, Exeter, NH, USA), and prior to initiation of the
questions each time they administered HFNC in the care of
project agreed upon HFNC application guidelines for use in the
an ED patient. The respondents were instructed to complete
ED. The application guidelines, shown in Figure 1, provided a
the assessment document as close to the time of HFNC
set of decision trees for determining starting cannula flow rates
initiation as appropriate in order to improve recall of their
and inspiratory oxygen fractions, as well as recommendations
perceptions. The form used for data collection was designed
for increasing these parameters. The two decision trees were
for rapid completion, where staff perception information
differentiated by early indications of whether hypoxia or
was collected using a Likert-type scale, and judgments were
work of breathing was the primary symptomology, and initial
reported by circling choices.
application differed by the starting oxygen fraction. Starting
inspiratory oxygen fraction was set at 100% for hypoxia and 50%
From May of 2013 through March of 2014, six hospitals in four
for increased work of breathing. HFNC was always initiated as
systems across four states (Georgia, Texas, Tennessee, and
a front line respiratory support modality, and pressure-based
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to either the intensive care unit (ICU), be released to a medical
floor (Floor), discharged from the hospital (Discharge) or some
other arrangement (Other).

Data Analysis
Data were compiled in a single database to represent overall
staff perceptions across all centers. Data on working diagnosis
and decisions on disposition are presented as incidence and
percentage of total cases, while categorical data on staff
feedback are presented as median ± 95% Confidence Interval
(CI), mode and range. Data were analyzed using MedCalc
statistical software, v 13.3.0.0 (MedCalc Software bvba,
Belgium).

Results
Figure 2. Working Diagnoses. Breakout of presumed primary diagnosis
(working diagnosis) at the time HFNC was initiated in the Emergency
Department. COPD= Chronic Obstructive Pulmonary Disease, CHF =
Congestive Heart Failure, Overdose = drug overdose.

therapies were recommended for patients failing to respond to
HFNC. Real-time decision-making was always at the discretion
of attending staff.

Recording Assessment and Clinical Perceptions
To classify the clinical perceptions across the various conditions
warranting HFNC use, respondents were asked to choose
responses related to:
• If they had followed or deviated from the HFNC application
guidelines (e.g., by using a higher or lower initial flow or
oxygen fraction).
• The presentation symptomology that lead to the choice to
use HFNC for the patient: hypercapnia, hypoxemia and/or
increased work of breathing (WOB).
• The working ED diagnosis as presumed at the time HFNC was
initiated (not necessarily the patient’s confirmed diagnosis):
Chronic Obstructive Pulmonary Disease (COPD), Congestive
Heart Failure (CHF), Chronic Respiratory Failure (CRF), Drug
Over Dose (OD), Asthma or General Dyspnea.
To assess attending staff’s perceptions of HFNC performance
and utility for each patient application, the following questions
were asked. The responses were given in the format of a Likertlike scale between 1 and 5, where 5 represented ideal and 1
represented disappointment.
• Patient respiratory response to therapy, ranging from
Excellent (5) to Insufficient (1).
• Frequency of rain-out, interface slippage or other technical/
clinical difficulties applying therapy, ranging from Never (5) to
Frequent (1).
• Patient comfort and tolerance of therapy, ranging from
Excellent (5) to Insufficient (1).
• Simplicity of set-up and use, ranging from Simple (5) to
Complex (1).
• Monitoring and support of therapy required (adjustments,
refilling fluids, adjusting interface), ranging from Minimal (5)
to Frequent (1).
To assess the impact of HFNC on workflow and disposition,
staff were asked to report the decisions on patient disposition
from the ED. Responses included patients’ post ED assignment
Respiratory Therapy Vol. 10 No. 1 Winter 2015
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A total of 128 assessments were completed across the six
participating centers as shown in Table 1. Seventy-two (56%)
respondents reported the adopted application guidelines were
followed, 8 (6%) reported they deviated from the application
guidelines and 48 (38%) did not report on this question.

Presentation symptomology and diagnosis
The decision to initiate HFT was associated with the
symptomatology summarized in Table 2. Because of overlap,
the percentages for each recognized condition add up to more
than 100%. Seventy-four percent of HFNC interventions involved
patients with hypoxemia and 25% of them involved elevated
arterial carbon dioxide levels. Ninety percent of the interventions
in hypercarbic patients involved hypoxemia as well in a
combined respiratory failure presentation. Clinical assessment of
an increased work of breathing was common to 84% of the total
HFNC uses.

Table 1: Responses by center
Total Responses

128

Athens Regional Medical Center

68

Memorial Herman Texas Medical Center

16

Baroness Erlanger

16

Memorial Herman Northeast

11

Mission Hospital

9

Memorial Herman The Woodlands

8

Table 2: Presentation Symptomology
Condition

n

%

Hypoxemia

94

74

Hypercapnia

32

25

Combined Failure

28

22

Increased WOB

108

84

n = total number of cases for each condition, where the n > 128 HFNC uses
because of cases who had multiple presentations; % relative to the n per the
total 128.

Table 3: Subjective Performance Ranking per Staff Response
n

Range

Mode

Median

95% CI
Median

Patient respiratory response

127

1-5

5

4.0

4.0 to 5.0

Technical difficulties

123

1-5

5

5.0

5.0 to 5.0

Comfort and tolerance

118

1-5

5

5.0

4.1 to 5.0

Simplicity

123

1-5

5

5.0

5.0 to 5.0

Monitoring

122

1-5

5

5.0

4.0 to 5.0

Scores represent the perception responses on a Likert scale where 5 was the ideal
situation and 1 was least desirable. n = total number of reports with a response to
the question.
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Floor admissions held through each presumed diagnosis and
presentation category, where COPD was associated with 65%
floor admission, CHF with 50%, a hypercarbia presentation
with 57% and hypoxemia with 55%. The ratio of Floor to ICU
admissions was 1.43:1 across all responses, 2.2:1 for COPD,
1.28:1 for CHF, 1.45:1 for hypercarbia and 1.33:1 for hypoxemia.

Discussion

Figure 3. Post Emergency Department Disposition. Data represent the
staff’s decisions on patient disposition from the Emergency Department,
and are broken out by major working diagnoses (chronic obstructive
pulmonary disease; COPD, and congestive heart failure; CHF) and
presentations (hypoxemia and hypercapnia). Data are percent of
dispositions to Medical Floor admission, Intensive Care Unit (ICU)
admission and discharge from the hospital. When high flow nasal
cannula was used in the treatment of respiratory distress patients, the
majority of reported admissions were to the Medical Floor as opposed to
the ICU. All Presentations n= 100; COPD n=37; CHF n=17; Hypoxemic
n=76; Hypercarbic n=29.

The working diagnoses at the time of HFNC treatment are
shown in Figure 2. The most common presumed primary
diagnoses were COPD (n = 52; 41%), General Dyspnea (n =
37; 29%) and CHF (n = 21; 17%). Other presumed diagnosis
totaling 13% of all cases consisted of asthma, pneumonia, drug
overdose, sarcoidosis and unreported conditions. There were
many cases of multiple working diagnoses, where COPD was
confounded with CHF in 21 cases (40% of all COPD) and CHF
was confounded with pneumonia in 1 case (6% of all CHF).

Perception of HFNC Performance
Table 3 shows the range, median and mode subjective staff
rating given for each of the five performance categories related
to HFNC use. Patient respiratory response was perceived to
be more than adequate, with a modal score of 5 and a median
score of 4 (95% CI 4.0 to 5.0, range 1 to 5). There were minimal
technical difficulties reported, with only four instances reporting
average or below with respect to perceived technical challenges.
Median rating for perceived technical competence was 5.0 (95%
CI 4.3 to 4.6, range 1 to 5), with a mode of 5.

The goal of this project was to identify the impact of introducing
HFNC to the ED department based on ED staff perceptions and
resultant patient disposition following treatment with HFNC
in the ED. The focus was on application, staff acceptance and
patient disposition. A secondary objective was to define a
hypothesis for a prospective clinical trial of patient outcomes
and value using HFNC as a ventilatory support modality in
the ED. The situations in which the staff felt HFNC should be
used as a treatment modality represented a typical spread of
clinical presentations for this geographical region (South and
South Eastern United States), and no one set of respiratory
symptomologies emerged as particularly responsive or
unresponsive to HFNC. However, HFNC does appear to be
contraindicated for patients under the influence of a drug
overdose, and thus depression of respiratory drive. This is in line
with the primary indication for HFNC that the patient is able to
breathe spontaneously and protect his/her airway.
Overall, staff perceived excellent success with HFNC to affect
respiratory response and to achieve patients’ satisfaction
and compliance. Few instances occurred where staff felt that
patients were unable to be supported by HFNC, and in no
circumstances did staff perceive that patients were unable
to tolerate the therapy. In the majority of cases, staff made
decisions to admit HFNC patients to the general care floors, as
opposed to the ICU. Guidelines for non-invasive ventilation, and
the common practice in all participating centers, recommend
ICU admission for patients on NIV.22,23 It is likely that any
avoidance of NIV resulted in a meaningful change to workflow
and total cost of care based on patients being admitted to lower
acuity care areas instead of the ICU.

Decisions on Disposition

A number of case reports were generated for presentation from
the current project (abstracts). One instance involved a complex
60 year-old COPD patient with lung cancer, chronic renal failure
and CHF, presenting in combined failure, and who was intubated
with similar presentations on prior visits. The medical team
was anticipating intubation when HFNC was trialed; however,
moments after initiation of HFNC the patient began to return
toward normal respiratory values with a markedly reduced
work of breathing. The medical team concluded that this patient
avoided intubation and her exacerbation was successfully
mitigated through use of HFNC, despite failing non-invasive
ventilation. A second patient presenting with orthopnea and
acute onset of severe respiratory distress, have a respiratory
rate near 50 breaths/min, was initially treated with non-invasive
ventilation via full facemask. She was started on HFNC in
an effort to oxygenate prior to intubation; however, rapidly
following HFNC initiation her respiratory rate dropped to 12
breaths/min. The effort to intubate was successfully aborted.

Staff reported the post ED disposition decisions for 94 cases
where HFNC was administered in the ED (Figure 3). Across
all diagnoses, the majority of cases resulted in a discharge to
the Medical Floor (54%) compared to the ICU (41%), with a
small number of patients who were discharged to home or left
against medical advice (5%). This trend for a majority of Medical

The responses reported in this paper demonstrate that the use
of HFNC within the ED setting is not only feasible, but has
the potentially to dramatically improve patient experience
during acute exacerbations of respiratory disease. Nonetheless,
Esquinas and Martin point out that while HFNC as a first

Comfort and tolerance of the therapy by the patient were rated
very highly across the group with a median 5 out of 5 (95% CI
of the median 5.0 to 5.0, range 1 to 5). Anecdotal instances
(assessed via the free-text comment section of the collection
tool) of mechanical ventilation avoidance were reported in
patients who may have been intubated secondary to being
intolerant of a full-face non-invasive ventilation mask. Simplicity
of use was rated highly, with a median of 5.0 (95% CI of the
median 5 to 5, range 1 to 5), as was the perception of a minimal
requirement for monitoring during therapy, with a median of 5.0
(95% CI of the median 4 to 5, range 1 to 5).
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line intervention in the ED is practicable, there are no good
randomized controlled trial data to indicate that HFNC is
effective in the applications where non-invasive ventilation is
normally used24. A defined goal of this project was to support the
development of a sound hypothesis for a prospective randomized
controlled trial. The data here indicate that a comparison of
HFNC to non-invasive ventilation in the ED may be warranted, as
opposed to a comparison with front line oxygen therapies.
Limitations of this project are that the data are purely
observational and not directed by a protocol for application
in any specific conditions or patient population. There was no
control group for a comparison to conventional standard of care,
and historical data from each center proved difficult to abstract
given that care and disposition would need to be inferred from
billing codes. Additionally, not every case treated by HFNC
during the assessment period was represented in the data set,
and thus the possibility exists that complicated cases were not
included.
In conclusion, this project resulted in an understanding that
HFNC is perceived to be valuable in the ED setting and perhaps
more analogical to non-invasive ventilation versus oxygen
therapies. Moreover, the clinical use guidelines established and
presented herein were generally effective and acceptable to
clinical staff. The authors recommend these use guidelines as a
starting point for the establishment of uniform clinical practice
guidelines. Lastly, these observations led to a hypothesis to
evaluate HFNC against non-invasive ventilation in the ED setting
for patients in respiratory distress.
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Bridging Patients To Lung Transplant –
A Cystic Fibrosis Case Study
Chris Landon MD FAAP, FCCP, CMD

Case Study Background
When it comes to cystic fibrosis, the damage to a human body
is devastating. An estimated 30,000 children and adults in the
United States have this genetic disease.
Everyone takes breathing for granted — imagine taking a straw
and trying to breathe through it for an entire day and you get the
idea of the impact of cystic fibrosis.
Patients suffer a variety of impacts, including shortness of breath
and increased oxygen need, which severely decreases a person’s
ability to do even the most basic forms of physical activity. The
condition leads to a variety of wasting of vital muscle groups
— respiratory muscles, postural or trunk muscles, arm and leg
muscles, and cardiovascular deconditioning.

J was on the transplant list when chosen for the case study, but
without an improvement in his condition he was not healthy
enough to be able to survive such a major surgery.
J’s end stage lung disease was marked by FEV1 of 16%, every
six-week three-week courses of antibiotics, and the placement
of a gastrostomy tube to maintain weight. Despite nasal cannula
oxygen at 4 LPM, J was still unable to participate in his exercise
program. Serial six-minute walk tests had been performed with
each clinic visit. He was having difficulty ascending stairs at
home despite the use of oxygen. The St George’s Respiratory
Questionnaire Symptom Score 85 (normal 12), Activity Score 92
(normal 9), Impact Score 66 (normal 9), and Total 77 (normal 2)
was consistent with the devastating impact on his life.

Treatment Plan
But cystic fibrosis doesn’t just erode the body physically — a
patient’s mind suffers as well because they are no longer able
to do even the most basic things. Climbing a couple of steps to
get into their home becomes impossible without gasping for
air. Standing and doing the dishes can become a catastrophic
experience because this breathlessness leads to intense fear or
anxiety.
Lung transplantation is possible for patients with end stage
cystic fibrosis, but not everyone is healthy enough to qualify or
even survive such a major surgery.
Without intervention, a poor outcome is inevitable. That’s why
the team of professionals at the Children’s Hospital Los Angeles
affiliated Cystic Fibrosis Care Center at Ventura County Medical
Center all worked together to conduct a case study to see how
the Breathe Technologies’ NIOV System could improve the
outcome of a patient with this disease.

The medical team developed a single subject design for J
consisting of Baseline and Intervention with the Breathe
Technologies NIOV System. NIOV consists of a one-pound
portable device that can be mounted on a belt clip, making it
easy for J to carry with him. A four-hour battery duration allows
for extended trips. J was titrated by delivering volume of 100
mL at rest and 140 mL with exercise. The NIOV System detects
a J’s spontaneous breathing via sensor ports located in the nasal
pillow interface and delivers synchronized augmented volumes
of ambient air and oxygen at rates of up to 40 breaths per
minute.

Testing Methods
At baseline a six-minute walk test was performed with and
without the NIOV System and repeated at Day 30. Primary
endpoint was the 6 Minute Walk Test distance and Borg score.

The Results

The Patient

Using the NIOV System, J’s life has seen a remarkable
turnaround.

J was chosen from the Adult Cystic Fibrosis Clinic. He is 32,
works as a banker and had recently gotten married. His life-long
physical activity was playing ice hockey, and he also enjoyed free
weights and jogging on a treadmill, activities he was unable to
continue due to his condition.

J was able to participate in the physical activity required to keep
enough muscle mass and stamina to survive transplant surgery.
At that point during our study, all J needed was a healthy set of
lungs in order to move forward with the transplant.

Chris Landon MD FAAP, FCCP, CMD is Clinical Associate Professor of
Pediatrics Keck-USC School of Medicine, Director of Pediatrics, Ventura
County Medical Center and Center Director of the Children’s Hospital Los
Angeles affiliated Cystic Fibrosis Care Center Clinic at Ventura County
Medical Center.
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J was also strong enough to go on a belated honeymoon.
By day 30 of using the NIOV System, J’s condition had greatly
improved and his rating on the transplant inclusion criteria scale
was upgraded. J noted a ventilator synchrony problem with
Respiratory Therapy Vol. 10 No. 1 Winter 2015
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movement and unexpected ventilator assistance while driving.
Adjustments were sufficient to make the intervention tolerable.
For the 6 Minute Walk Test, at baseline J was only able to cover
980 feet with nasal cannula oxygen alone, but on that first day
with the NIOV System he was able to increase that number to
1,050 feet. After 30 days of exercise augmented by the NIOV
System, J was able to walk 1,050 feet with nasal cannula and
1,110 feet with the NIOV System.
J’s Borg scores greatly improved as well after 30 days of using
the NIOV System, dropping from a Borg baseline of 6.5 after 4
minutes to a score of 2, and a Borg baseline of 4 after 8 minutes
to zero.

J Updates His Progress
Since the case study was conducted, J has updated the medical
team on his daily activities, saying that the NIOV System is an
essential part of his exercise routine. Here is what is involved in
his own words:
“As I continue to deteriorate, the NIOV has had a bigger and
bigger impact. Right now if I try to go on the elliptical while on
the regular cannula at 6LPM, I can last about 20 seconds before
my O2 drops to below 88 and I am completely out of breath.
While on the NIOV, I have it at 180 mL, I have built up to going 4
minutes without stopping, and I stop because of fatigue rather
than because of my O2 dropping (O2 only takes a slight dip to
about 90/91 by the time I need to stop). I go on the elliptical
every single day for at least 3 minutes. I work out with weights
for about 5 minutes, 5 times a week. It doesn’t sound like much,
but without the NIOV I wouldn’t be able to do anything at all,
and I would probably be in the hospital by now - too sick for a
transplant at this point.”
Then came the most dramatic update – with J writing with
incredible news that due to the NIOV System he was healthy
enough to receive that transplant.
“I am emailing you because last night I got home from my lung
transplant after being in the hospital for 10 days. I have been
feeling amazing, and was very lucky to have a speedy recovery,
was able to walk within a couple hours after waking up, and
was walking 2 miles per day after just a couple days. I probably
won’t be needing the NIOV device anymore, and I cannot tell you
enough on how much of an absolute life-changing, enormous
help that was. With that device I was able to go on the elliptical
for 5 minutes at a time every day, and just do more. With the
straight oxygen at 6 LPM, I could barely walk down the hall.
Even the surgeon told me that he could not believe I was able to
exercise, let alone stand with how bad my lungs were (my FEV1
was down to 10%). Because I had the device, I was able to stay
strong, which was a tremendous part of me recovering so well,
and also keeping me alive that much longer.”

Ventilation Roundtable…continued from page 14

Discuss the training and support services you offer.
We partner with customers to ensure our respiratory solutions,
as well as other products, best serve clinicians and patients.
Specific support includes in-service programs, in-house
continuing education (CE) programs, field-based technical
training and Web-based tools. In addition, our Professional
Affairs and Clinical Education (PACE) website (http://www.
covidien.com/pace/pages.aspx) features clinical education on a
variety of topics, including ventilation.

Where are your products used? (ie, hospital, home, etc.)
Covidien’s products span a wide range of ventilation solutions.
Our solutions are for neonate, pediatric and adult patients across
all hospital care settings. In addition, many of our ventilator
products are also used in hospital-type facilities, at home and
during intra-hospital transport.

What developments do you foresee for ventilation
products and applications?
Covidien works closely with the Integrating Healthcare
Enterprise (IHE) initiative in developing medical device
interoperability standards. Recently, electronic medical record
(EMR) connectivity and medical device interoperability have
become increasingly important in healthcare. An example of
this is Covidien’s Vital Sync virtual patient monitoring platform.
The Vital Sync platform allows clinicians to remotely access
streaming patient information from bedside devices on any
web-enabled device such as a clinician’s smartphone, tablet or
laptop. This capability may enhance patient safety by enabling
clinicians to detect clinical distress remotely through continuous
monitoring.
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More About The Device
When the patient inhales, a set volume of oxygen gas is delivered
using the NIOV System — all customized for that patient.
Volume delivery settings ranging from 50 mL to 250 mL can
be quickly programmed to 3 levels of patient activity — low,
medium and high. In addition to the volume of oxygen gas that
is preset, ambient air is also entrained through two entrainment
ports located on the interface to increase the total volume and
properly ventilate patients.
Respiratory Therapy Vol. 10 No. 1 Winter 2015
n

25

Improving Rehabilitation While Saving Costs
In Skilled Nursing Facilities – A Case Study
Chris Campbell

Case Study Background
The word “independence” means different things to different
people. For a healthy person, it’s likely something taken for
granted. We don’t even think about putting on a pair of shoes and
hitting the gym. For Chris, independence means simply being
able to go into his garage to tinker with his tools without his wife
having to supervise for fear he could suffer great harm. At the
age of 79, Chris has a long history of pulmonary compromise,
with comorbidities that include pulmonary HTN and pulmonary
embolus. Despite the convenience of living in a single-storey
house, even climbing the 5 steps required to enter his home had
become a barrier that was both humiliating and frustrating. And
then there were the falls. Chris has a history of falls, some doing
damage to more than just his ego. As a result of a fall, Chris
ended up hospitalized.
Chris was admitted to CareOne at Evesham in Marlton, New
Jersey — a skilled nursing facility that provides sub-acute
rehabilitation, typically after a hospital stay. Many residents stay
for a short term, receiving therapy and nursing services before
returning to their prior living situation.
After assessing Chris’ history of damaging falls and severe
limits to a meaningful lifestyle, the CareOne team developed a
plan to use the Breathe Technologies’ NIOV System in order to
improve all aspects of his life — in effect, giving him a measure
of independence.

Treatment Plan
When Chris was admitted, he was on 8L of continuous O2 at
home, with saturation at rest 74% (sitting); HR 100 bpm; RR 20
(on initial evaluation); unable to ambulate upon evaluation due
to O2 saturation and dyspnea on exertion.
With standard O2 concentration via nasal cannula at such a
high flow volume, Chris was limited to moving up to 25 feet
— the length of O2 tubing. Chris occasionally ventured out in
the community with his wife on portable O2, but was unable
to tolerate extended periods of time away from home as it
compromised his energy demands. The CareOne team saw the
Breathe NIOV System as a viable way to get Chris mobile.
NIOV consists of a one-pound portable device that can be
mounted on a belt clip, making it easy to carry. A four-hour
battery duration allows for extended trips. NIOV detects a
Chris Campbell is the Senior Editor of Respiratory Therapy.
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patient’s spontaneous breathing via sensor ports located in the
nasal pillow interface and delivers synchronized volumes of
air and oxygen that augments a patient’s own breath at rates
of up to 40 breaths per minute. When the patient inhales, a set
volume of oxygen gas is delivered — all customized for that
patient. Volume delivery settings ranging from 50 mL to 250 mL
can be quickly programmed to 3 levels of patient activity — low,
medium and high. In addition to the volume of oxygen gas that
is preset, using the venturi effect, ambient air is also entrained
through two entrainment ports located on the interface, resulting
in a higher delivery volume.
Chris was educated on the use of the system and was able to
seamlessly alternate between NIOV and commercial-sized O2
tanks at rest. No significant adjustments were required. The
therapy treatment with the NIOV resulted in O2 saturation 87%;
HR 100 bpm; RR 20 while ambulating. Chris was able to ambulate
20 feet with rolling walker, with assistance, upon introduction of
the new system.

The Results
According to Chris’ CareOne primary therapist Ernestine
Williams, with the use of the NIOV System, positive results
were “immediate.” Chris was able to progress and improve his
ambulation distance on a daily basis. Chris then expressed a
desire to resume working in his workshop on some carpentry
projects, with future goals to be able to garden and travel. He
felt that he could now do it while using the NIOV System — plus
applying a few energy conservation strategies.
While using the NIOV System, Chris is now able to ambulate 120
feet with a rollator independently, climb up and down 5 steps
independently, and maintain O2 sats at rest and with activity
between 89% to 90%.
According to Williams, “with NIOV, the patient may be able to
realistically resume some of these past interests, giving him a
feeling of physical improvement, more balance to his life, and
camaraderie with his wife. A positive outlook on one’s life/
circumstances often translates to improved physical ability and
greatly improves rehabilitation outcomes.”
The CareOne administration also reports that the facility found a
cost savings through using the NIOV System because it reduces
acute transfers, and patients are able to tolerate more physical
therapy and pulmonary rehabilitation, and heal faster, allowing
them to return home in a shorter period of time.
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Performance Improvement Plan for Pediatric
Patients in Respiratory Distress: Clinical
Experience

History of Aerosol Therapy in our Pediatric Patients
Leading to a Performance Improvement Plan
As respiratory therapist, a large portion of our time is spent
delivering aerosolized medications to patients yet it is often
given the least amount of thought. In addition we often have a
false sense that the dosage of medication placed in a nebulizer is
also delivered to patient’s lung effectively. This is not necessarily
the case. Several factors affect delivery to the lung including:
nebulizer type, driving gas flow, particle size, residual volumes,
respiratory patterns, age, cognitive and physical ability to use
device, crying during therapy and clinical application (interface).
The development of new aerosol delivery devices and associated
research has increased our awareness surrounding aerosol
delivery.
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Historically, jet nebulizers also referred to as, small volume
nebulizers (SVN) have been the aerosol devices utilized by
clinicians to deliver aerosolized medications. “Radioisotopic
studies demonstrate that around 10% of the dose placed in the
chamber of a jet nebulizer may reach the lungs in adults, though
this is greatly influenced by the nebulizer used and the way in
which it is operated.”1
Children pose additional obstacles. Their lack of cognitive
and physical ability to follow instructions forces us to utilize
alternative methods for aerosol delivery, preferably an aerosol
mask. However, many of us have been confronted with a scared
and crying child. In vivo studies indicate that lung deposition
of aerosol is significantly reduced in the crying child, to as
little as 0.6%.2 In this situation many clinicians resort to “blow
by” application, which is an inefficient and ineffective aerosol
delivery method. Everard, et al demonstrated a “50% and
80% reduction in medication delivery via a facemask when a
nebulizer was moved 1 and 2 cm respectfully from the face.”1
So you can imagine what waving a blow by inches away from a
screaming child’s face will do. Now also imagine the impact of
an efficient delivery method on a very sick child in respiratory
distress who needs the medication delivered to the lung.
As many other departments, aerosol delivery via SVN was
common practice in our department, up until about 8 years
ago when we observed a demonstration of a new type of
aerosol delivery device (Aerogen Solo). The Solo delivers up
to 4 times the amount of medication as compared to an SVN.
Dubus, et al, demonstrated this utilizing an animal model and
Patricia A Dailey, BS, RRT, Medical Science Liaison, Aerogen, Ltd.
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  was to relieve the patient’s respiratory distress, keep him out of
	
  	
  intensive care and get him home.
He had already received usual treatment in the Emergency
Room, which consisted of 5 hours of continuous albuterol (7.5
mg/hour) via AirLife brand MistyNeb continuous SVN and was
refractory to treatment. He was retracting, and tachypneic.
Auscultation of his lungs revealed decreased aeration,
inspiratory and expiratory wheezes and a prolonged expiratory
phase.

We gave him one albuterol (7.5 mg) treatment with the Aerogen
Solo via mouthpiece application, which took less than 8 minutes
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to deliver as compared to 1 hour with the MistyNeb. Within
minutes he demonstrated an increase in aeration, decrease in
work of breathing, decreased wheezing and an improvement in
expiratory phase. He had one more 7.5 mg albuterol treatment
with the Solo, spent less than one hour in the PICU and was
discharged the next morning.
This was the first of what seemed to be a pattern of successful
treatment with the Aerogen Solo for patients who were
refractory to albuterol therapy via traditional SVN. So much
so that use of the Aerogen Solo with pediatric patients in
respiratory distress became more favorable than the SVN. The
next wave of use for the Aerogen Solo was associated with the
high flow nasal cannula application.
Our experience utilizing Fisher & Paykel High Flow Nasal
Cannula (HFNC) in the pediatric patient has produced positive
clinical outcomes. McKiernan, et al, described a 68% reduction
in intubations with the use of HFNC in our pediatric patients
with respiratory distress associated with bronchiolitis. They
theorized, “that reduction in intubation was associated with
decreased respiratory rates and work of breathing due to the use
of a noninvasive form of ventilatory support that is comfortable
and well tolerated.”4
Many of our patients requiring HFNC also require aerosol
drug delivery. Bench studies have demonstrated efficient and
effective aerosol delivery utilizing the Aerogen Aeroneb Solo
via the Fisher & Paykel HFNC application.5,6 In addition to being
an effective method for delivering aerosol to children, aerosol
delivery via HFNC also does not require cooperation from the
patient. The aerosol can be delivered without disturbing the
child and requires less time to deliver than the traditional SVN
reducing therapist time at the bedside. For these reasons aerosol
delivery via the HFNC application utilizing the Solo has become
our standard of practice for any patient requiring HFNC.

Performance Improvement Plan for the Pediatric Patient
in Respiratory Distress
According to the Pioneer Valley Asthma Coalition, “The Pioneer
Valley has one of the highest rates of asthma in the nation.
Pediatric asthma rates are extremely high in both Holyoke
(19%) and Springfield (17%,) (Table 1) both close to double the
statewide prevalence of 9.5%.”7 Baystate Medical Center, in
Springfield, Massachusetts is a major medical center serving
western Massachusetts with the region’s only Pediatric ER.
Pediatric asthma patients frequent the emergency room at
Baystate. In an effort to improve the care of these patients we
developed a Pediatric Performance Improvement Plan (PIP) for
patients in respiratory distress.
The ultimate goal of the PIP was to provide the best possible
clinical outcomes utilizing the least invasive methods available in
a timely and efficient manner. Our hope was to improve patient
comfort, reduce work of breathing, improve clinical outcomes,
decrease length of stay and reduce hospital admissions.
In September 2013, we assembled a team to develop a PIP
that included: respiratory therapists, ER nurses, ER pediatric
physicians, PICU intensivists, health care quality, pulmonologists
and infants/children’s physicians. Based on our experience
within our own institution a plan was developed which included:
frequent assessments by the respiratory therapist, a therapist
driven model, a clinical asthma score (CAS), Fisher & Paykel
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Table 1. Shows asthma rates in Western Massachusetts as compared
statewide prevalance.7

	
  
	
  

High Optiflow Nasal Cannula (HFNC) and Aerogen Aeroneb
Solo.
In order to facilitate patient care, our Pediatric ER is equipped
with a mounted HFNC system and Aerogen controller at each
patient bedside providing quick easy access to equipment.
Respiratory Therapists initially score patients utilizing a modified
CAS, scoring mild, moderate or severe. The respiratory therapist
repeats CAS every 30 to 60 minutes, as needed, until the patient
is either discharged or admitted. Patients who score mild receive
aerosol therapy via traditional SVN, patients who score moderate
receive aerosol therapy via Solo and patients who score severe
are placed on a HFNC with aerosol therapy delivered via Solo.
All patients receive the same albuterol dosing of 7.5 mg albuterol
for weights <10 kg or 15 mg albuterol for weights > 10 kg.
(Figure 3)
During the first month of the performance improvement plan
(fall 2013) we treated approximately 96 patients with respiratory
distress associated with asthma exacerbations with an average
length of stay around 2.2 hours. This was not designed as a
clinical study. It was simply a plan to try to improve the care of
our pediatric asthma patients in the ER. Clinical observations
and respiratory therapist commentaries indicated that our plan
produced more favorable clinical outcomes than our previous
methods of treatment.
The team was reassembled this summer (2014) to plan for the
anticipated influx of seasonal pediatric respiratory distress
patients for the fall. Feedback around clinical response to the
PIP was so positive that the team felt that it would be beneficial
for all pediatric patients in respiratory distress to receive aerosol
therapy via the Solo instead of SVN, independent of CAS. The
team also decided to reduce the albuterol dose to 7.5 mg and
leave the 15 mg dose as an option.
Overall, response to the PIP has been overwhelmingly positive
from clinicians, patients and parents. Short treatment times,
frequent clinical assessments by respiratory therapists, readily
available access to critical respiratory equipment, high-quality
aerosol delivery and minimal residual medication volumes
associated with the Aerogen Solo, most likely contributed to
clinical outcomes. We believe that use of noninvasive methods
of ventilatory support and efficient advanced aerosol techniques
Respiratory Therapy Vol. 10 No. 1 Winter 2015
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A Pilot Randomised Controlled Trial Of A Telehealth
Intervention In Patients With Chronic Obstructive
Pulmonary Disease: Challenges Of Clinician-Led Data
Collection
Claire L Bentley, Gail A Mountain, Jill Thompson, Deborah A Fitzsimmons, Kinga Lowrie, Stuart G Parker and Mark S Hawley

Background: The increasing prevalence and associated cost
of treating chronic obstructive pulmonary disease (COPD) is
unsustainable, and focus is needed on self-management and
prevention of hospital admissions. Telehealth monitoring of
patients’ vital signs allows clinicians to prioritise their workload
and enables patients to take more responsibility for their health.
This paper reports the results of a pilot randomised controlled
trial (RCT) of Telehealth-supported care within a communitybased COPD supported-discharge service.

conducted by a frontline clinical team, in this case, challenges
arose when resources within the team were reduced by external
events. Gaps in data collection were resolved by recruiting a
research nurse. This study reinforces previous findings regarding
the difficulty of undertaking evaluation of complex interventions,
and provides recommendations for the introduction and
evaluation of complex interventions within clinical settings, such
as prioritisation of research within the clinical remit.

Background
Methods: A two-arm pragmatic pilot RCT was conducted
comparing the standard service with a Telehealth-supported
service and assessed the potential for progressing into a full
RCT. The co-primary outcome measures were the proportion of
COPD patients readmitted to hospital and changes in patients’
self-reported quality of life. The objectives were to assess the
suitability of the methodology, produce a sample size calculation
for a full RCT, and to give an indication of cost-effectiveness for
both pathways.
Results: Sixty three participants were recruited (n = 31 Standard;
n = 32 Telehealth); 15 participants were excluded from analysis
due to inadequate data completion or withdrawal from the
Telehealth arm. Recruitment was slow with significant gaps
in data collection, due predominantly to an unanticipated 60%
reduction of staff capacity within the clinical team. The sample
size calculation was guided by estimates of clinically important
effects and COPD readmission rates derived from the literature.
Descriptive analyses showed that the standard service group had
a lower proportion of patients with hospital readmissions and a
greater increase in self-reported quality of life compared to the
Telehealth-supported group. Telehealth was cost-effective only if
hospital admissions data were excluded.
Conclusions: Slow recruitment rates and service
reconfigurations prevented progression to a full RCT. Although
there are advantages to conducting an RCT with data collection
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Given the forecast increasing prevalence of chronic obstructive
pulmonary disease (COPD), current models of care provision are
unsustainable and must adapt to embrace prevention and selfmanagement.1 This potentially requires individuals diagnosed
with COPD to be supported to manage the disease at home,
thereby avoiding hospital admission and reducing healthcare
costs.2
COPD is characterised by progressive worsening of lung
capacity. Patients with advanced COPD typically experience
impaired physical, emotional, and social functioning which
results in poor quality of life.3 In the UK, COPD is the fifth largest
cause of mortality and the second largest cause of emergency
admissions to hospital.4 COPD costs the National Health Service
(NHS) over £800 million per annum.5
Remote monitoring of patients’ physiology and symptoms using
Telehealth is considered to be highly appropriate for people with
COPD, a condition which is associated with frequent hospital
admissions and high levels of disability and depression.6,7 It
involves the remote exchange of patient data (eg, vital signs)
between a patient and clinician which can be used to identify
potential deterioration, prevent avoidable hospital admissions,
and help improve an individual’s quality of life.8 Telehealth also
has the potential to help patients improve their ability to selfmanage their condition, eg, through patient education.7
A recent Cochrane review7 demonstrated the potential for
Telehealth in reducing hospital admissions and increasing quality
of life; however, in the identified studies, Telehealth was usually
delivered as part of a more complex package of care and, thus,
it was difficult to separate the effect of the technology from
other aspects of the service. The recently reported results of
a large scale UK trial of Telehealth also demonstrated that use
of this technology within services has the potential to reduce
mortality and emergency admission rates9; however, the results
were not definitive in that the same study failed to demonstrate
Respiratory Therapy Vol. 10 No. 1 Winter 2015
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cost-effectiveness. Nevertheless, implementation of Telehealth
Bentley et al. Trials 2014, 15:313
remains a policy priority in the UK10 and internationally, for
http://www.trialsjournal.com/content/15/1/313
example, through the Veterans’ Association in the US11 and
across Canada.12 Despite the cited benefits of Telehealth,13
research has illustrated that patients and front line clinicians
may not be receptive to the intervention, with the extent of staff
parameters
forthat
theis necessary
individual,toor
if the
user
fails to
training
and support
embed
such
technology
14
undertake
monitoring
activity, clinician
alerts are generinto routine
practice
being emphasised.

ated so that appropriate action can be taken.
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in the
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The pilot trial was conducted over 14 months. ThroughThe overall research questions (agreed with the PCT service
out
the data collection period close contact was maincommissioners and managers) were as follows:
tained
all stakeholders via
monthlyservice
project
steering
• Does with
a Telehealth-supported
discharge
decrease
meetings.
Recordscompared
were maintained
of emergent
hospitalisations
to the standard
service? issues
identified
solutions. The discharge
feasibilityservice
study result
identified
•and
Does
a Telehealth-supported
in
that
a targetquality
sample
of people
n = 60 with
participants,
recruitedto the
improved
of size
life for
COPD compared
standard
service
and does
thisbe
change
over time?
over
a 3 month
period,
would
acceptable
for the pilot
•RCT
Does
a Telehealth-supported
discharge
service
reduce
given
the number of referrals
into the
service
and use
an of
NHS
resources
compared
to
the
standard
service?
estimated acceptance rate of 32% [17]. As shown in
Table 2, potential candidates were approached by a COPD
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design
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with a
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Table 1 Summary of standard and Telehealth-supported services
Timeline

Standard COPD service

Telehealth-supported COPD service

1 day – First home visit after hospital discharge

Home visit

Home visit

3 days

Home visit

Home visit

5 days

Home visit

Home visit

2 weeks

Home visit

Remote review of Telehealth parameters throughout 8 weeks

6 weeks

Home visit

Remote review of Telehealth parameters throughout 8 weeks

8 weeks

Discharge home visit

Discharge home visit

Telehealth equipment installed

Telehealth equipment removed
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Table 2 Care pathways and integrated research activity
Intervention

Timeline

Standard COPD service

Telehealth-supported COPD service

1 day – First home visit after hospital
discharge (baseline time 0)

Home visit (Trial info pack)

Home visit (Trial info pack)

3 days

Home visit:

Home visit:

Consent

Consent

Baseline SGRQ (paper)

Baseline SGRQ (paper)

Baseline EQ-5D (paper)

Letter to inform GP of trial

GP record diaries (paper)
Letter to inform GP of trial
5 days

Home visit

Telehealth equipment installed
Baseline EQ-5D (device)
GP visit data (device)

2 weeks

Home visit

Remote review of Telehealth parameters
throughout 8-week intervention

5 weeks

5-week EQ-5D (paper)

5-week EQ-5D (on device)

6 weeks

Home visit

8 weeks

Discharge home visit:

Discharge home visit:

8-week SGRQ (paper)

8-week SGRQ (paper)

Given materials for 6-month SGRQ

Given materials for 6-month SGRQ

Given monthly EQ-5D and GP visit diaries

Given monthly EQ-5D and GP visit diaries
Telehealth equipment removed

Follow-up

8 months (6 months after discharged
from service)

Measurement of outcomes (postal return):

Measurement of outcomes (postal return):

Completion of 6-month SGRQ

Completion of 6-month SGRQ

Completion of monthly EQ-5D

Completion of monthly EQ-5D

Completion of monthly GP record visit diaries

Completion of monthly GP record visit diaries

EQ-5D, EuroQol 5 Dimensions; GP, General practitioner; SGRQ, St. George’s Respiratory Questionnaire.
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study design.
Methods
The COPD discharge team were responsible for colThe study reported in this paper involved a pragmatic two-arm
lecting completed self-report data during the 8-week
pilot RCT informed by the findings from a prior feasibility study.
intervention. Although it was recognised that this apThe pilot RCT followed an ‘internal/external’ design18 so that, if
proach
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and rigorously
applied,
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were
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Records
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informed the clinician immediately following receipt of consent.
Participants received their allocated treatment pathway for 8
multiple
partners in 6-month
research,follow-up
includingperiod
frontline
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with a subsequent
after being
clinicalfrom
staff,the
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order to
bridge
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between
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(total
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It wasresearch
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and implementation
in healthcare
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complex nature of the intervention and the study design.

The clinical team underwent Good Clinical Practice

The
COPD
discharge
responsible
for collecting
(GCP)
training
and team
werewere
carefully
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in the recompleted self-report data during the 8-week intervention.
quirements of the protocol.
Although it was recognised that this approach would need to be
carefully monitored, clinicians were involved in data collection
Inclusion/exclusion
criteria
for
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criteria may
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• The nursing team were concerned that patients
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hospitalisation;

 clinical
Referred
to the
COPD discharge
service;
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team
underwent
Good Clinical
Practice (GCP)

Willing
to
consider
using
Telehealth
part of the of the
training and were carefully instructed in theasrequirements

discharge plan;
protocol.

Inclusion/exclusion criteria
The recruitment inclusion/exclusion criteria were as follows:

Inclusion criteria
• Between one and three previous admissions (including
Respiratory Therapy Vol. 10 No. 1 Winter 2015
n

•
•
•
•

the current admission) in the previous 12 months from the
date of discharge with COPD as the primary or secondary
documented reason for hospitalisation;
Bentley to
et al.
Trials
2014,discharge
15:313
Referred
the
COPD
service;
http://www.trialsjournal.com/content/15/1/313
Willing
to consider using Telehealth as part of the discharge
plan;
Able to communicate in English and read English (a
requirement of the technology);
Results
Have
a telephone landline in the home (a requirement of the
Throughout the trial, recruitment rate and quality of
technology).

data collection were significantly impacted by an unanticipated
reduction in clinical staff capacity. These facExclusion
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tors precluded
progression
to a that
full it
RCT
in this
setting.
• Cognitive
impairment
to the extent
impedes
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The findings in relation to the three objectives of the
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in Figure 1. Recruitment and intervention delivery took
• General practitioner (GP) identifies that person is unsuitable
place from November 2010 to December 2011, with
to participate (eg, due to a mental health condition which
follow-up for 6-month post-intervention data capture
could affect outcome measurements).

continuing to June 2012. Although the recruitment target
of n = 60 was achieved, this was attributed to the pilot
Data collection
timemore
framedetail
beingonextended
from 3 and
to 14
months due
Table 2 RCT
provides
trial pathways
data
to
slow
recruitment
to
the
study.
During
the
trial time
collection time points. The main planned sources of data
frame,
450 patients were referred to the COPD discharge
collection
were:

1. Researcher-collected data: demographic information (age
and sex) were collected by the research team from routine
referral records. Extracts from the Secondary Uses Service
Page
6 of 12
(SUS (http://www.hscic.gov.uk/sus)) database,
which
provides
data on hospital readmissions, were provided by the (blinded)
PCT statistical team to the research team for each participant
for the 8 months that they participated in the trial.
2. Clinician-collected data: the St. George’s Respiratory
service,
of which (SGRQ),
270 (60%)a validated
met the inclusion
criteria.
Questionnaire
self-measure
of Of
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132 could
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quality of
was completed
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of the
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to enter patient-completed
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to
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up, participants in both trial arms were asked to complete
the Telehealth-supported service. The clinicians reported
monthly paper diaries recording their GP visits. The EuroQol
that5 Dimensions
refusal to participate
was most
oftenL),
due
to the used
perquestionnaire
(EQ-5D-3
a widely
sonmeasure
feeling too
unwell.
of health outcomes standardised in a wide variety
21
Of
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conditions,
was embedded
into data
the GP
for those
were
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analysis
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completion
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to the
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service
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Figure 1 CONSORT flow chart.
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4). In threeofinstances,
this
was due to
Offered
trial
previously
1
diaries
for
the
standard
service
group
were
completed
in of
450
patients
were
referred
to
the
COPD
discharge
service,
COPD
during
the
8-week
intervention
and
6-month
follow-up,
problems with technology connectivity despite the exist- Objective two: healthcare usage and sample size calculation
44.0%
of
cases.
The
postal
return
of
monthly
diaries
in
which
270
(60%)
met
the
inclusion
criteria.
Of
these,
132
could
determined
using
SUS
data
on
hospital
readmissions;
and
ence of a protocol to screen out such problems. One Baseline characteristics
not
be
considered
for
inclusion
in
the
study
due
to
reasons
2.inadequate.
Change
in
self-reported
health-related
quality
of
life
at
the
6-month
follow-up
(which
were
given
to
both
A
further
5
participants
randomised
to
the
participant in each group died prior to completing the Table 6 shows age and sex distribution for the 53 consented
otherdid
than
declining
participation,
summarised
in Table
baseline,follow-up.
8 weeks, andservice
6-monthwere
follow-up
applicationgroups)
not
yield
meaningful
dataas(12.5%
returned).
Telehealth-supported
lost through
to follow-up
6-month
participants.
The
Telehealth-supported
group
contained
a
20
3.
Some
of
the
most
common
reasons
were
lack
of
clinician
of
the
SGRQ.
(Table 4). In three instances, this was due to unexpected greater proportion of males and had a slightly higher mean
resources
due
to staffusage
attrition
resulted
in
a long waiting
problems
with technology
connectivity
despite the
exist- Objective
two:
healthcare
andthat
sample
calculation
age. list
Lack
ofadmission
comparability
between
the
twosize
trial
arms was
Protocol adherence
and success
of data collection
strategy
for
to
the
service
(thereby
breaching
the care and
The
secondary
outcome
measures
were:
ence of
a protocol to
out suchof problems.
One Baselineconsequence
characteristics
of the
small sample
size.
5 summarises
thescreen
completeness
data collection
research protocol),
immediate
hospital
readmission, and patient
1.Table
The proportion
of patients
requiring unscheduled
healthcare a likely
participant
inpoint
each and
group
died prior
to completing
the Table 6 shows age and sex distribution for the 53 consented
at support
each time
provides
an period
indication
of extent
holidays/holiday periods. Of the remaining patients, 75 declined
for the
8 week intervention
and 6-month
6-month
follow-up.
participants.
The Telehealth-supported
group contained a
of follow-up,
adherencedetermined
to the research
A SUS
totaldata
of 83.3%
Healthcare
service
usage
to participate
and
63 data
(14%) agreed to enter the study and were
throughprotocol.
analysis of
and
greater
proportion
of
males
and
had
a
slightly
higher
mean
of patient-completed
participants completed
intervention
Datarandomised.
on the frequency
and length
(bed
of(out
hospital
Trial acceptance
rate
wasdays)
45.7%
of 138 patients
diaries the
of GP
visits; and within the 8age.
Lack
of
comparability
between
the
two
trial
arms
was
adherence
and
success
of
data
collection
strategy
who
were
eligible
and
were
not
excluded
for
other
reasons);
2.Protocol
Cost-effectiveness
through
quality
adjusted
life
years
(QALYs)
week service delivery time frame.
admissions, frequency of A&E visits (which did not lead
21 of data collection
a
likely
consequence
of
the
small
sample
size.
Table
5
summarises
the
completeness
31
participants
were
randomised
to
the
standard
service
estimated
from
analysis
of
EQ-5D-3
L
data,
GP
visit
data,
After 6 months of data collection an audit was con- to hospital admission), and frequency and type of and
at
eachdata,
time
point
and
provides
indication
ofcontact
extent community
32 participants
were service
randomised
to receive
TelehealthSUS
and
the COPD
discharge
team’s
patient
ducted
to
determine
adherence
toandata
collection
procehealthcare
contacts
(otherthethan
the
supported
service.
The
clinicians
reported
that
refusal
records.
of
adherence
to
the
research
protocol.
A
total
of
83.3%
Healthcare
service
usage
data
dures. Significant gaps were identified which resulted in COPD discharge service) were extracted for all partici-to
participate
was mostand
often
due to(bed
the person
too unwell.
of
intervention
the 8- Data
on
the completed
frequency
days) offeeling
hospital
theparticipants
initiation ofcompleted
additional the
procedures.
The within
most signifipants
(who
the
8length
week
intervention)
for the
Analysis
–
primary
outcome
measures
week
service was
delivery
time frame. of a research nurse in admissions,
frequency
of A&E
(whichfollow-up.
did not lead
cant change
the introduction
duration of the
intervention
andvisits
6-month
ReOf the 63 randomised
participants,
data for
10 (15.9%)
Analysis
was
conducted
on ancollection
intention-to-treat
basis.
For
the to hospital
After
6
months
of
data
an
audit
was
conadmission),
and
frequency
and
type reofwere
month
10
to
take
consent
and
collect
trial-related
data,
sults
summarised
in
Table
7
show
that
participants
excluded
from
analysis
as
data
completion
was
inadequate.
A
primary
outcome
measures,
descriptive
statistics
are
presented.
ducted
to
determine
to datathis
collection
proce- community
service had
contacts (other
than the
thereby
relieving
the adherence
clinical
responsibility.
the5healthcare
standard
service
readmission
further
participants
randomisedatolower
the Telehealth-supported
No
inferential
statistical
analysesteam
wereofperformed
as the main ceiving
dures.
Significant
gaps
were the
identified which
resulted in COPD
discharge
service) were extracted
for all particiProtocol
during
rate,service
fewer
hospital
fewer
bed
were
lostadmissions,
to follow-up and
(Table
4). Ininpatient
three instances,
this
objective
ofadherence
the study was
to assess8-week
the trialintervention
methodology.inthe
initiation
of
additional
procedures.
The
most
signifipants
(who
completed
the
8
week
intervention)
for serthe
creased to 100% after the research nurse was involved. dayswas
than
those
receiving problems
the Telehealth-supported
due
to unexpected
with technology connectivity
cant
change
was the
introduction
a research
nurse in duration
of the
theexistence
intervention
6-month
follow-up.
Re-problems.
As demonstrated
in Table
5, there
were
many instances
vice.despite
Frequency
of community
healthcare
service
of a and
protocol
to screen
outcontact
such
Analysis
– cost-effectiveness
and of
cost
utility
month
10
to
take
consent
and
collect
trial-related
data,
sults
summarised
in
Table
7
show
that
participants
re-the
One
participant
in
each
group
died
prior
to
completing
Data
on hospital
admissions
unscheduled
healthcare
of missing
or invalid
SGRQand
data,
with 56.6%,
54.2%, and was similar between the two groups. It was not possible
thereby
relieving
the
clinical
team
of
this
responsibility.
ceiving
the
standard
service
had
a
lower
readmission
6-month
follow-up.
support,
EQ-5D
scores,
and
COPD
team
patient
contact
records
28.3% valid completion rates for each respective time to infer the number of GP visits from the available data.
Protocol
during
the to
8-week
intervention
in- rate, fewer hospital admissions, and fewer inpatient bed
were
be adherence
accessed
and
analysed
provide
an indication
pointto(when
excluding
drop-outs
and missing
consent).
ofcreased
the cost-effectiveness
care pathway.
A cost-utility
Protocol
adherence
of data collection
to 100% after of
theeach
research
nurse was
involved. days
than
receivingand
the success
Telehealth-supported
serSample
sizethose
calculation
analysis
carried
based5,on
the
estimated
costs
of
strategy
As demonstrated
Table
there
were many
instances
vice.
Frequency
of
community
healthcare
service
contact
Table
4 was
Reasons
forinout
discontinuing
Telehealth
intervention
It was not possible to use the pilot RCT data to generate
Telehealth
de-installation
of units,
Table
5 summarises
completeness
of data
collection at each
of missingequipment,
or invalid installation
SGRQ data,and
with
56.6%, 54.2%,
and was
similar
between
thethe
two
It was
not
Reason
Number
a sample
size
calculation
due groups.
to incomplete
datapossible
collectelemonitoring,
and
clinician
costs.
The
cost
of
a
day
of
COPDtime
point
and
provides
an
indication
of
extent
ofdata.
adherence to
28.3%
valid completion rates for each respective2 (0.4%)
time to
infer
the number
of
GP visits was
fromconducted
the available
tion.
Therefore,
the
calculation
using
esNo
landline
related
hospital
admission
and
other
secondary
care
services,
the
research
protocol.
A
total
of
83.3%
of
participants
completed
point (when excluding drop-outs and missing consent). timates of readmission rates, clinically meaningful effect
Table
for exclusion
from trial
Bentley3etReasons
al. Trials 2014,
15:313
http://www.trialsjournal.com/content/15/1/313
Reasons (n = 132)
Number
(% of eligible patients)

Unable to install

1 (0.2%)

Refused4unit
at installation
stage
1 (0.2%)
Table
Reasons
for discontinuing
Telehealth intervention
Found
Reasonunit difficult to use

1Number
(0.2%)

No landline

2 (0.4%)

Unable to install

1 (0.2%)

Refused unit at installation stage

1 (0.2%)

Found unit difficult to use

1 (0.2%)

34

the intervention within the 8-week service delivery time frame.
Sample
size calculation
sizes based
on the literature, and clinical expertise. A 10

It
not6 possible
to use the
RCT
datawas
to generate
to was
20%
reduction
in pilot
hospital
readmission
rate to
Afterrelative
months
of data collection
an audit
conducted
awas
sample
size
calculation
due
to
incomplete
data
deemed toadherence
be clinically
meaningful.
Table 8 collecshows
determine
to data
collection procedures.
Significant
tion.gaps
Therefore,
the calculation
was conducted
using of
eswere identified
which resulted
in the initiation
timates
of readmission
rates,
meaningful
effect
additional
procedures.
Theclinically
most significant
change
was the
sizesintroduction
based on the
and clinical
expertise.
A consent
10
of aliterature,
research nurse
in month
10 to take
and collect
thereby readmission
relieving the clinical
to 20%
relativetrial-related
reduction data,
in hospital
rate
of this
Protocol adherence
was team
deemed
to responsibility.
be clinically meaningful.
Table 8during
showsthe
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n

Table
completion
for research outcomes
Bentley5etData
al. Trials
2014, 15:313
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Standard

Telehealth

Total

Total randomised

31 (100%)

32 (100%)

63 (100%)

25 (80.6%)

28 (87.5%)

53 (84.1%)

Consent
Valid consent
Table
5 Data completion for research outcomes
Missing consent

6 (19.4%)
Standard

4Telehealth
(12.5%)

10
(15.9%)
Total

Dropped
out
Total
randomised

31 (100%)

32 (100%)

63 (100%)

Prior to 8-week completion
Consent

0 (0.0%)

5 (15.6%)

5 (7.9%)

Prior to
8-month completion
Valid
consent

1 (3.2%)
25
(80.6%)

1 (3.1%)
28
(87.5%)

2 (3.2%)
53
(84.1%)

Intervention
length
Missing
consent

6 (19.4%)

4 (12.5%)

10 (15.9%)

8 weeks out
Dropped

20 (64.5%)

20 (62.5%)

40 (63.5%)

Less than
8 weeks
Prior
to 8-week
completion

0 (0.0%)

(0.0%)
50 (15.6%)

(0.0%)
50 (7.9%)

More to
than
8 weeks
Prior
8-month
completion

(16.1%)
15 (3.2%)

(9.4%)
13 (3.1%)

(12.7%)
28 (3.2%)

8Valid
weeks

16 (64.5%)
(51.6%)
20

14 (62.5%)
(43.8%)*
20

30 (63.5%)
(47.6%)
40

Invalid**
Less
than 8 weeks

(16.1%)
05 (0.0%)

(9.4%)
03 (0.0%)

(12.7%)
08 (0.0%)

Missing
More
than 8 weeks

(13.0%)
54 (16.1%)

(21.9%)
37 (9.4%)

(17.5%)
811(12.7%)

Valid

11 (51.6%)
(35.5%)
16

15 (43.8%)*
(46.9%)
14

26 (47.6%)
(41.3%)
30

Invalid
Invalid**

(6.5%)
52 (16.1%)

(3.1%)
31 (9.4%)

(4.8%)
83 (12.7%)

Missing

(38.7%)
412(13.0%)

7 (21.9%)

19 (17.5%)
(30.2%)
11

Valid

8 (25.8%)
11
(35.5%)

5 (15.6%)
15
(46.9%)

13 (41.3%)
(20.6%)
26

Invalid

(3.2%)
21 (6.5%)

1 (3.1%)

(3.2%)
32 (4.8%)

Missing

5 (16.1%)
12
(38.7%)

(15.6%)
75 (21.9%)

10 (30.2%)
(15.9%)
19

Baseline SGRQ
Intervention
length

8-week SGRQ
Baseline
SGRQ

6-monthSGRQ
SGRQ
8-week

Had not reached
6-month
SGRQ time point by Jan12

10 (32.3%)

11 (34.4%)

21 (33.3%)

Participants with valid baseline & 8-week SGRQ data
Valid

(29.0%)
89 (25.8%)

(37.5%)
512(15.6%)

21 (20.6%)
(33.3%)
13

Participants with valid baseline, 8-week & 6-month SGRQ data
Invalid

(6.5%)
12 (3.2%)

(6.3%)
12 (3.1%)

(6.3%)
24 (3.2%)

*One
participant who dropped out completed the baseline SGRQ; **Not enough completed5 questions
Missing
(16.1%) to generate a valid5 score.
(15.6%)
SGRQ, St. George’s Respiratory Questionnaire.

Had not reached time point by Jan12

10 (32.3%)

Participants
validrequired
baseline &to
8-week
SGRQ
data
the
samplewith
sizes
detect
reductions

in this

10 (15.9%)

11 (34.4%)

21 (33.3%)

9 (29.0%)
12 (37.5%)
21 (33.3%)
Objective
three: quality of life
and preliminary evaluation
Clinician feedback during the pilot was that they did not feel
2 (6.5%)
2 (6.3%)
4 (6.3%)
of cost-effectiveness

8-week intervention increased to 100% after the research nurse
Participants
with
valid
baseline,
8-weeksignificant
& 6-month SGRQ
data at
range,
given
90%
power
toindetect
differences
comfortable overseeing SGRQ completion as they were wary of
was involved.
As demonstrated
Table 5, there were
many
*One
participant
who
dropped
out
completed
the baseline SGRQ;
**Not
enough
to generate
a valid
score.
a
P
value
of
0.05.
If
we
take
an
intermediate
value,
with
a completed
SGRQquestions
data
analysis
shows
that
both groups
reported
biasing
participants’
responses
when
asked for
advice.an ininstances of missing or invalid SGRQ data, with 56.6%, 54.2%,
SGRQ, St. George’s Respiratory Questionnaire.
15%
relative
reduction
in
hospital
admissions
from
34%
to
crease
in
disease-related
quality
of
life
(decrease
in SGRQ
and 28.3% valid completion rates for each respective time point
1,517 patients
arm
(n = 3,034
total)Only
would
be re- The
score)
between rate
baseline
and
8 weeks
(Table8-week
9). However,
completion
for the
standard
service
self-report
(when29%,
excluding
drop-outsper
and
missing
consent).
43.8%
the
sample
sizes
required
to detect
reductions
in this diaries
Objective
three:
quality
ofthe
life
and was
preliminary
evaluation
quired
forhad
a full
RCT.
this increase
was
larger the
in
standard
service
group.
(which
included
EQ-5D)
similarly
challenged.
of participants
a valid
SGRQ score
for both
baseline and
range,
to detect
significant
differences
of cost-effectiveness
standard service group EQ-5D completion rate at baseline
8-week
time given
points,90%
andpower
this figure
reduced
to just 8.7%
for all at The
a
P
value
of
0.05.
If
we
take
an
intermediate
value,
with
a
SGRQ
datawith
analysis
shows
that both rate
groups
reported
an inwas
72.0%
a 5 week
completion
of 44.0%,
which
did
three Table
time points.
The SGRQ
is designed
to be completed by the
6 Baseline
demographic
information
15%
relative
reduction
in
hospital
admissions
from
34%
to
crease
in
disease-related
quality
of
life
(decrease
in
SGRQ
not
allow
comparison
with
EQ-5D
data
from
the
Telehealthparticipant
overseen
by
a
researcher
or
healthcare
professional.
Demographic
Standard
Telehealth
Total
groupbaseline
(embedded
Doc@Home).
self-report
Although
waspatients
agreed in
protocol,
clinicians
tended be
to re- supported
29%,this
1,517
perthe
arm
(n = 3,034
total) would
score) between
andwithin
8 weeks
(Table 9). The
However,
Sex
diaries
for thewas
standard
group were
completed
leave quired
the SGRQ
to complete in their own time.
for with
a fullparticipants
RCT.
this increase
larger service
in the standard
service
group. in 44.0%
Male, n (%)

7 (28.0%)

12 (42.9%)

19 (35.8%)

Female, ninformation
(%)
Table 6 Baseline demographic

18 (72.0%)

16 (57.1%)

34 (64.2%)

Age (years)
Demographic
Sex

Age (years)

Standard

Telehealth

Total

Mean (SD)

65.88 (9.39)

67.22 (11.60)

66.59 (10.54)

Median
(IQR)
Male,
n (%)

(58.85–72.85)
768.00
(28.0%)

70.80
(60.93–73.73)
12
(42.9%)

69.60
(59.80–73.40)
19
(35.8%)

Minimum
Female,
n (%)

41.2(72.0%)
18

44.2(57.1%)
16

41.2(64.2%)
34

Maximum

78.4

90.9

90.9

Mean (SD)

65.88 (9.39)

67.22 (11.60)

66.59 (10.54)

Median (IQR)

68.00 (58.85–72.85)

70.80 (60.93–73.73)

69.60 (59.80–73.40)

Minimum

41.2

44.2

41.2

Maximum

78.4

90.9

90.9
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observation
carried
forward
method.
Healthcare
service
usage
data Costs and
PageQALYs
9 of 12
on the frequency
length
(bed
days)
of hospital
wereData
calculated
for each and
group,
and
then
used
to plot
frequency of A&E
visits
did notassolead to
dataadmissions,
on the cost-effectiveness
plane
and(which
to produce
Sample size
25
23
48
hospital
admission), and
frequency and
type A
of value
community
ciated
cost-effectiveness
acceptability
curves.
of
Proportion with hospital admissions
healthcare
service
than the
discharge
£20,000
per QALY
wascontacts
used to(other
determine
theCOPD
probability
Number
4
8
12
were
extracted
all participants
(whoQALYs
completed
Table 7 Healthcare service use by participants
observation
carried
forward
method.
Costs
and
thatservice)
the intervention
is for
cost-effective
under
current
the 8 week intervention) for the duration of the intervention
Percentage
16.0%
34.8%
25.0%
were
calculated
for each group, and then used to plot
Standard Telehealth Total
funding
conditions.
and 6-month follow-up. Results summarised in Table 7 show
Numbersize
of hospital admissions
data
onprimary
the cost-effectiveness
planeon
andalltoNHS
produce
assoThe
analysis
was based
costs
Sample
25
23
48
that participants receiving
the standard
service
had and
a lower
ciated
cost-effectiveness
acceptability
curves.
A
value
of inpatient
was
performed
using
estimates
of
unit
costs
and
estiTotal
7
16
23
Proportion with hospital admissions
readmission rate, fewer hospital admissions, and fewer
£20,000
per
QALY
was
used
to
determine
the
probability
mates
of
resource
use.
There
was
a
higher
mean
total
Mean
0.70
0.48
bed days than those receiving the Telehealth-supported service.
Number
40.28
8
12
that
thetheintervention
is cost-effective
under
current
costFrequency
in
Telehealth-supported
groupservice
(£1,750
vs.
£580
of community
healthcare
contact
was similar
Maximum
3
5
5
Percentage
16.0%
34.8%
25.0%
funding
for between
the conditions.
standard
service).
with to
theinfer
mean
the two
groups. Comparison
It was not possible
the number
Total number
of hospital
days
Number
of hospital
admissions
The
primary
analysis
baseddata.
on all cost
NHSper
costs
and
ofdifference
GP
visits from
the was
available
cost
showed
an incremental
QALY
Total
21
129
150
was
performed
estimates
of unit costs and estiTotal
7
16
23
gained
of £68,811using
(Table
10).
sizesensitivity
calculation
Mean
0.84
5.61
3.13
mates
of resource
use. There
waswas
a higher
total
A Sample
secondary
analysis
carriedmean
out based
Mean
0.28
0.70
0.48
Itinwas
not
possible
to use
the
pilot
RCT(£1,750
data toi.e.,
generate
a
cost
the
Telehealth-supported
group
vs.
£580
on
just
the
costs
relating
to
community
care,
TeleMaximum
14
43
43
Maximum
3
5
5
sample
size
calculation
due
to
incomplete
data
collection.
for
theand
standard
Comparison
withforthe
health
nursingservice).
contacts.
The rationale
thismean
was
Proportion
with
visitsdays
Total
number
of A&E
hospital
Therefore, the calculation was conducted using estimates of
cost
difference showed
an
incremental costeffect
per on
QALY
that
hospitalisations
had
a
disproportionate
the
Number
421
1129
5
readmission rates, clinically meaningful effect sizes based on the
Total
150
gained
of
£68,811
(Table
10).
results,
and
being
so
rare
in
a
pilot
study,
their
mean
literature, and clinical expertise. A 10 to 20% relative efreduction
Percentage
16.0%
4.3%
10.4%
Mean
0.84
5.61
3.13
A in
secondary
sensitivity
analysis
was
carried
based
fect
was
possibly
largely due
towas
chance.
hospital
readmission
rate
deemed
to beout
clinically
Number
onThe
just
the costs
relating
to community
care,
i.e.,
Maximumof A&E visits
14
43
43
results
ofTable
the
using
onlyTelethe
meaningful.
8secondary
shows
theanalysis,
sample sizes
required
to detect
Total
5
1
6
health
nursing
The90%
rationale
foris
this
was
costsreductions
ofand
community
care, showed
that
there
a 71.4%
Proportion
with A&E visits
in thiscontacts.
range,
given
power
to
detect
significant
that
hospitalisations
disproportionate
effect
the value,
chance
that theatTelehealth-supported
areoncostMean
0.20
0.04
0.13
differences
a P had
valuea of
0.05. If we services
take an
intermediate
Number
4
1
5
results,
and
being
so
rare
in
a
pilot
study,
their
mean
ef- 34% to
with
a
15%
relative
reduction
in
hospital
admissions
from
effective
given
the
willingness
to
pay
of
£2,041
per
Maximum
2
1
2
Percentage
16.0%
4.3%
10.4%
29%,
1,517
patients
perdue
armto(nchance.
= 3,034 total) would be required for
fect
was
possibly
largely
QALY
gained
(Table
11).
Proportion
community nurse contacts
Number of with
A&E visits
RCT. of the
The
results
secondary
analysis,
using only care
the
Toa full
summarise,
when
considering
community
Number
Total
54
15
69
costs only,
of community
care, equipment
showed thatcosts
there
a 71.4%
and estimated
of is£455
over
Objective
quality
of liferate
and
preliminary
Percentage
16.0%
21.7%
18.8%
chance
that
Telehealth-supported
services
are costMean
0.20
0.04
0.13
5 years
with the
a three:
fairly
low
utilisation
(three
users
per
evaluation
of
cost-effectiveness
Number of community nurse contacts 2
effective
the willingness
to is
payperceived
of £2,041to per
year), thegiven
Telehealth
intervention
be
Maximum
1
2
SGRQ data analysis shows that both groups reported an increase
QALY
gained
(Table
11).
cost-effective.
However,
when
hospital
admissions
data
Total
8
13
21
Proportion with community nurse contacts
in disease-related quality of life (decrease in SGRQ score)
summarise,
when
community
careincrease
areToincluded
in the analysis
then the
Telehealth
intervenMean
0.57
0.44
between
baseline
and 8 considering
weeks
(Table
9). However,
this
Number
40.32
5
9
costs
only,
and
estimated
equipment
costs
of
£455
over
tion
is
not
deemed
to
be
cost-effective.
was larger in the standard service group.
Maximum
316.0%
4
4
Percentage
21.7%
18.8%
5 years with a fairly low utilisation rate (three users per
Mortalityofrate
Number
community nurse contacts
year),
the9. St
Telehealth
intervention
is perceived
toanalysis
be for
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The consequences of both care pathways being relatively
new within what was a recently introduced service cannot be
underestimated. Fidelity to the pathways was difficult to achieve
at the outset and was readily compromised. The waiting list
for admission to the discharge service, which began to build in
month 4 of the pilot trial due to the unanticipated 60% reduction
in staff capacity, is a clear example of how the care pathways
were changed due to service imperatives which were out of the
control of the research team.
There were issues regarding clinician commitment to Telehealth
and the work-based support they needed to deliver this new
intervention efficiently and appropriately. The importance
of training and on-going support to deliver Telehealth is now
recognised,14 but was not available to the clinicians who
participated in this study with the consequence that adherence
easily eroded and confidence waned. Problems with device
connectivity for some of the participants randomised to receive
Telehealth despite application of the study’s inclusion/exclusion
criteria reinforced the lack of clinician confidence.
Feedback from the feasibility study indicated that those
receiving the clinician-delivered ‘standard service’ valued this
service and benefitted from it, and that both groups expressed
a preference for personalised face-to-face service. The
question this poses is whether those receiving Telehealth were
disadvantaged in this instance compared with those in receipt
of a specialist face-to-face service, which was highly tailored to
patient need but unlikely to be sustainable in the longer term.
This preference for face-to-face care may be more influential
than the perceived reassurance of daily monitoring provided
through using Telehealth. Additionally, questions were raised
by the study regarding which patients might gain most benefit
from Telehealth. Study participants were recruited at the point
of hospital discharge and it became evident that receptiveness to
using Telehealth could be severely compromised by their illness.
It is possible that asking a patient to use a piece of technology at
this point, even one which is simple to use, could be a daunting
commitment to take on in addition to recovering from their
exacerbation. There are unanswered questions regarding when
in the overall care pathway from acute to primary care can
Telehealth technology be most effective and for how long, taking
into account exacerbation severity. There are also questions
around the representativeness of the sample, and when in the
COPD disease pathway deployment of Telehealth would be of
most benefit. Forty percent of patients referred to the COPD
service failed to qualify for the trial on one or more of the
eligibility criteria, indicating that trial participants may not have
been fully representative of the COPD population as a whole
and that our trial design may not have been as ‘pragmatic’ as had
been intended. The definition of between one and three previous
hospital admissions, which formed a key component of the
eligibility criteria, was based on the local definition of early stage
COPD. However, it could be argued that a person with three
admissions in the previous 12 months may have more advanced
disease compared to someone with one or no admissions.
To summarise, commissioners and clinicians require greater
guidance for deployment.

clinicians do not need to be involved in data collection, the
observations of Bird et al.26 provide further support regarding the
importance of context and culture when conducting trials, yet
this is not evidenced through on-going commissioning of trials of
complex interventions.
Questions remain regarding how to most appropriately conduct
local evaluations to inform commissioning decisions. Leykum
et al.27 suggest integration of participatory action research and
randomised controlled trial methods to ensure that a complex
intervention is adequately embedded within the setting.
Arguably, this did occur within this study through the extensive
involvement of commissioners and clinicians in study set up,
design, and progress, and through regular meetings during the
entire programme. As demonstrated by Hendy et al.,25 the drive
to demonstrate population-based benefit through evaluation
of complex interventions does not necessarily equate with the
demands of implementing a complex intervention in situ.

Conclusions
We were able to complete an informative pilot RCT, despite
service reconfiguration and slow recruitment rates. However,
ultimately, these factors precluded progression to a full RCT in
this setting. On the basis of our experience in conducting this
pilot study, we are able to recommend that a definitive trial
should be multi-centre and aim to include 1,517 participants
in each arm. Consent, randomisation, and data collection (in
accordance with the protocol) should be supported by dedicated
research staff rather than by clinicians. However, the study
also raises a dilemma — there are indications that patients
prefer face-to-face contact even when offered daily but remote
interaction through Telehealth, yet this model of care delivery
may not be sustainable in the current climate.
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Acute Bronchodilator Responses Decline
Progressively Over 4 Years In Patients With
Moderate To Very Severe COPD
Donald P Tashkin, Ning Li, Eric C Kleerup, David Halpin, Bartolome Celli, Marc Decramer and Robert Elashoff

Abstract

Introduction

Background: We previously reported a progressive decline in
absolute responses of FEV1 and FVC to a near-maximal dose
of 2 different short-acting bronchodilators over 4 years. Since
varying host factors and the method of expressing the response
may impact the time trend of acute bronchodilator responses,
we now examined the potential influence of salient host
characteristics on changes in bronchodilator responses over
time expressed in different ways.

Bronchodilator responsiveness is a well-described feature of
both asthma and COPD. While the response to a bronchodilator
in COPD is never complete, nonetheless it often fulfills the
currently accepted criteria for a significant response,1-3 although
the degree of response (and the attainment of a significant
response) is highly variable between testing sessions.4,5 Since
COPD is usually a progressive disease characterized by a
variably accelerated annual rate of decline in lung function,
as determined from measurements of both pre- and postbronchodilator forced expired volume in 1 sec (FEV1),6 it is
possible that the response to a bronchodilator might also change
over an extended period of time; however, few studies have
examined the long-term course of responses to a bronchodilator
in COPD with varying results.7-9

Methods: As part of the 4-year, placebo-controlled
Understanding Potential Long-term Impacts on Function
with Tiotropium (UPLIFT) trial, pre- and post-bronchodilator
spirometry was performed at baseline and 1 month and every 6
months thereafter. Post-bronchodilator values for FEV1 and FVC
were analyzed for subjects completing at least the 1 year visit
(Placebo – N = 2463; Tiotropium – N = 2579), stratified by GOLD
stage, age, gender and smoking status and expressed as absolute,
relative (%) and % predicted changes from pre-bronchodilator
values. Annual changes in bronchodilator response were
estimated using linear mixed effects models.
Results: For all subjects analyzed, FEV1 and FVC bronchodilator
responses showed progressive and highly significant (p < 0.0001)
declines over 4 years. Declines were generally larger in patients
with severe/very severe than mild/moderate airflow obstruction,
in older patients (≥65 yrs) and in former than continuing
smokers.
Conclusion: Acute FEV1 and FVC responses to bronchodilators
decline significantly over time in COPD patients, whether
expressed as absolute, relative or % predicted changes,
potentially impacting on the clinical responses to bronchodilator
therapy as well as on the annual rate of decline in postbronchodilator lung function.

The authors are with the Department of Medicine, David Geffen School
of Medicine at UCLA, Royal Devon and Exeter Hospital, Brigham and
Women’s Hospital, University of Leuven, Department of Biomathematics,
David Geffen School of Medicine at UCLA. This is an Open Access article
distributed under the terms of the Creative Commons Attribution License
which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly credited. The Creative
Commons Public Domain Dedication waiver applies to the data made
available in this article, unless otherwise stated.
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We recently compared the annual rates of change in the preversus post-bronchodilator FEV1 and FVC over 4 years in
5041 COPD UPLIFT trial participants10 and observed that, on
average, the absolute FEV1 and forced vital capacity (FVC)
responses to a bronchodilator decreased progressively and
significantly over the 4-year course of the trial, in contrast to
findings from previous studies of 1-11 years duration in which
either no change, small average changes of varying significance
or substantial increases in responses were observed.7-9 These
differences could be due to several factors, including differences
in the study populations, especially regarding the severity of
airflow obstruction, as well as differences in the methods used
to measure the bronchodilator response. Such methods included
a standard therapeutic dose of a beta-agonist followed only
10 minutes later by repeat spirometry in the IPPB trial7 and
the Lung Health Study8 and 400 mcg salbutamol with repeat
spirometry after only 15 minutes in the Evaluation of COPD
Longitudinally to Identify Predictive Surrograte Endpoints
(ECLIPSE) study,9 compared to double doses of both a betaagonist and a muscarinic antagonist and performance of the
post-bronchodilator spirometry at the expected time of peak or
near-peak action of each of the two classes of bronchodilators in
the UPLIFT trial.11 It is not unlikely, therefore, that the responses
to a bronchodilator were sub-maximal in the earlier trials and
near-maximal in the UPLIFT study.
Because of these differences in methodology for measuring the
response to a bronchodilator and the possibility that varying host
factors (including gender, age, severity of airflow obstruction,
smoking status and use of inhaled corticosteroids) may impact
the bronchodilator response over time, we extended our analysis
Respiratory Therapy Vol. 10 No. 1 Winter 2015
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Longitudinal analysis was conducted to estimate the annual
changes in bronchodilator response over the period from the
1-month assessment to the end of the four-year follow-up.
In particular, the analysis was performed using linear mixed
effects models which included the subject-specific trajectories
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Table 1 Baseline characteristics of subjects in the placebo
and tiotropium arms of the UPLIFT trial included in the
analysis of time trends in bronchodilator responses over
the course of the trial
Characteristic

Placebo
(N = 2463)

Tiotropium
(N = 2579)

Age, yrs, mean (SD)

64.2 (8.39)

64.3 (8.39)

>65 yrs, N (%)

1158 (47.0%)

1223 (47.4%)

≤65 yrs, N (%)

1305 (53.0%)

1356 (52.6%)

Gender, male, N (%)

1852 (75.2%)

1965 (76.2%)

Pre-bronchodilator FEV1, L, mean (SD)

1.12 (0.40)

1.11 (0.40)

Pre-bronchodilator FEV1, % predicted,
mean (SD)

39.9 (11. 8)

39.8 (11.9)

Post-bronchodilator FEV1, L, mean (SD)

1.35 (0.44)

1.34 (0.43)

Post-bronchodilator FEV1, % predicted,
mean (SD)

48.2 (12.4)

48.1 (12.5)

Pre-bronchodilator FVC, L, mean (SD)

2.66 (0.83)

2.64 (0.80)

Pre-bronchodilator FVC, % predicted,
mean (SD)

75.4 (18.0)

74.8 (17.9)

Post-bronchodilator FVC, L, mean (SD)

3.13 (0.90)

3.11 (0.86)

Post-bronchodilator FVC, % predicted,
mean (SD)

88.7 (18.7)

88.2 (18.5)

Pre-bronchodilator FEV1/FVC ratio, %,
mean (SD)

42.5 (10.3)

42.7 (10.4)

Post-bronchodilator FEV1/FVC ratio, %,
mean (SD)

43.8 (10.5)

43.9 (10.7)

Sustained ex-smoker, N (%)

1471 (59.7%)

1502 (58.2%)

Intermittent smoker, N (%)

679 (27.6%)

761 (29.5%)

Continuing smoker, N (%)

313 (12.7%)

316 (12.3%)

Pack-yrs smoking, mean (SD)

48.0 (27.9)

49.0 (28.0)

Grade I/II, N (%)

1179 (48.6%)

1226 (48.3%)

Grade III, N (%)

1059 (43.6%)

1118 (44.0%)

Grade IV, N (%)

189 (7.79%)

197 (7.75%)

Yes

1506 (61.1%)

1581 (61.3%)

No

957 (38.9%)

998 (38.7%)

SGRQ total scores, mean (SD)

45.2 (17.2)

45.0 (17.0)

Smoking status

GOLD grade of airflow obstruction

Use of Inhaled Corticosteroids at baseline
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Because of the possibility that changes in bronchodilator
response over time within individual patients might influence
the change in their health-related quality of life, we also
examined, at the patient level, the relationship between decline
in bronchodilator response and change in the St. George’s
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Figure 1 Mean absolute bronchodilator responses (±SD) (Δ = post- minus pre-bronchodilator FEV1 and FVC, ml) over 4 years by
treatment group separately (placebo and tiotropium). Mean absolute FEV1 responses are shown for the placebo group (A) and the
tiotropium group (B) separately. Mean absolute FVC responses are shown for the placebo group (C) and the tiotropium group (D) separately.

Respiratory Questionnaire (SGRQ) total score over the course of
the study
in the by
placebo
group usinginstitutional
a linear regression
approved
the designated
review model.
board at
The outcome
was
change
in
SGRQ
total
score
at
the end of the
each of the participating centers.
study as compared to the baseline and the primary predictor
was the patient level change in bronchodilator response per year
Analytic methods
estimated from the linear mixed effects model, adjusting for
Acute
bronchodilator
responses
forofboth
FEV1 andinFVC
baseline
% predicted
FEV1 and
frequency
exacerbations
the
were
expressed
as
absolute
(ml),
relative
(%) and % prefirst year (> = 2 versus < 2).

dicted changes from the pre-bronchodilator values.

Since wevariability
noted a substantial
decline
insquare-root
the absolute
Within-patient
was expressed
as the
of rethe variance
residuals
sponse for
in the
theregression
tiotropium
groupestimated
between from
the the
baseline
linearand
mixed
effects models,
and betweenpatient
1-month
assessment,
responses
were variability
analyzed in
beannual
changesatwas
the square-root
the variance
ginning
theexpressed
1-monthasassessment
for ofpatients
who
of thecompleted
slopes. Proportions
a significant positive
at least of
thepatients
1-yearwith
post-randomization
visit
1
response
according
to
ATS/ERS
criteria,
namely
increaseover
(N = 2463 placebo and 2579 tiotropium an
patients)
of FEV1 and/or FVC of 12% and 200 ml above baseline, were
the 4 years of the trial. Since tiotropium resulted in a
determined at each visit and the odds ratios for annual changes
sustained increase in the pre-bronchodilator FEV1
in these proportions were estimated using generalized estimating
(which could have impacted on the response to the two
equations.

short-acting bronchodilators) and was administered
along with the latter to assess the acute bronchodilator
Results
response
patients in the
tiotropium
arm of the
trial,
Baseline
clinicalincharacteristics
of the
subjects included
in the
analysis
arefrom
shown
Table 1 for
placebo and
tiotropium
data
theinplacebo
andthe
tiotropium
treatment
groups
groups
separately.
These
are similar
to those were
in thealso
entire
were
analyzed
separately.
Responses
stratified
11
UPLIFT
as previously
reported.
Mean
absolute
by population,
GOLD grading
for airflow
obstruction
(grades
I/II, III
FEV1and
and IV),
FVC responses
to the
bronchodilators
(in ml
age (≤65 yrs,
>65
yrs; median age
was± SD)
65 yrs),
are shown
for smoking
all patients,
in the(continuing
placebo andsmokers,
tiotropiumsustained
groups
gender.
status
separately, at each time point over the 4 years of the study in
Figure 1. Progressive declines in both FEV1 and FVC responses
are observed beginning 1 to 1½ years after the start of the study
in both treatment groups.
Table 2 shows the estimated average change per year over 4

42

years in the absolute bronchodilator response (Δ, in ml) (±SE)
for
FEV1 smokers,
and FVC inintermittent
the placebo arm
both for
all use
subjects
former
smokers)
and
of inand
by
GOLD
grading
for
airflow
obstruction,
age,
gender,
haled corticosteroids (ICS) at baseline. Longitudinal
anasmoking status and baseline ICS use. The estimated changes
lysis was conducted to estimate the annual changes in
per year in FEV1 and FVC responses were significant for all
bronchodilator response over the period from the 1subgroups, except for changes in FVC responses among the
month assessment
theannual
end of
the four-year
follow-up.
continuing
smokers.to
The
changes
in the absolute
FEV1
In
particular,
the
analysis
was
performed
using
linear
response were larger for sustained ex-smokers than continuing
mixed effects
models
which
included
the subject-specific
smokers
(p = 0.0264)
and
for those
receiving
ICS at baseline
trajectories
anddid
data
due to repeated
measures
(p
= 0.0081) but
notclustering
differ significantly
by GOLD
grade of
airflow
age or time
gender.
Thewas
changes
per year
in FVC
within obstruction,
patients. A linear
trend
assumed
to deresponses
significantly
larger in GOLD
III andover
IV compared
scribe the were
trajectory
of bronchodilator
response
the
to
GOLD
I/II (p
= 0.0059
andlinearity
0.0006, respectively),
in subjects
4 year
study
period.
The
assumption was
tested
>65
vs
≤
65
yrs
of
age
(0.0022),
in
sustained
ex-smokers
by including a quadratic time effect, but it was not than
sigcontinuing
(p = 0.0088),
in those
receiving
nificant in smokers
the models.
As an and
output
of the
model,versus
the
not receiving ICS at baseline (p < 0.0001). Similar data are shown
annual change was expressed as the estimated fixed efin Additional file 2 for the tiotropium treatment group. For
fect of time (in years) and the standard error of this reall subjects analyzed, results were comparable to those in the
gressiongroup,
coefficient.
Since
this quantity
wasinestimated
placebo
although
differences
were noted
some of the
based
on
a
statistical
model,
not
raw
data,
its estimated
subgroups.

variability could only be expressed as standard error, not

standard
deviation.
The
time trends
of relative bronchodilator responses
expressed
changesthat
in FEV1
and FVC
from the
Because as
ofpercent
the possibility
changes
in bronchodilapre-bronchodilator
are shown
for all subjects
each
tor response over values
time within
individual
patientsinmight
treatment
in Figure
Similar
to the findings
for absolute
influence group
the change
in2.their
health-related
quality
of
changes,
the percent
changes
in patient
both FEV1
andthe
FVC
declined
life, we also
examined,
at the
level,
relationprogressively
4 years,
at 1 to 1.5
years after
ship betweenover
decline
in beginning
bronchodilator
response
andtrial
initiation for all subjects in both treatment groups. Estimated
average changes per year in relative bronchodilator responses
for FEV1 and FVC (% ± SE) in all subjects and by GOLD stage,
age, gender, smoking status and baseline ICS use are shown in
Table 3 for the placebo group and Additional file 3 for tiotropium
subjects. In placebo subjects, declines in both FEV1 and FVC
Respiratory Therapy Vol. 10 No. 1 Winter 2015
n

naire
n the
The
nd of
mary
dilamixed
FEV1
>=2

the
duals
and
was
the
posi[1],
and
visit
tions

uded
o and
hose
orted
o the
ents,
each
Pros are
f the

year
e (Δ,
both
obICS
FVC
xcept
nuing
1 recong ICS
ly by
The
antly
I/II
>65
than
iving
milar
pium

Table 2 Estimated average change per year over 4 years
in absolute bronchodilator response (Δ, in ml) (±SE) for
FEV1 and FVC in the placebo arm of the UPLIFT trial by
GOLD grading for airflow obstruction (I&II, III, IV), age
(≤50 yrs, >50 yrs), gender, and smoking status (sustained
ex-smoker, intermittent smoker, continuing smoker)
Group

FEV1

FVC

Estimated
p value Estimated
p value
change in Δ
change in Δ
(SE) per yr
(SE) per yr
All

-10.9 (0.76)

<0.0001 -20.6 (1.87)

<0.0001

I & II

-11.1 (1.10)

<0.0001 -14.4 (2.42)1

<0.0001

III

-11.2 (1.10)

<0.0001 -25.2 (3.08)

<0.0001

IV

-13.1 (2.35)

<0.0001 -40.6 (8.21)

<0.0001

≤65 yrs

-11.6 (1.05)

<0.0001 -15.5 (2.64)2

<0.001

>65 yrs

-10.1 (1.09)

<0.0001 -2.66 (2.60)

<0.0001

Male

-10.7 (0.92)

<0.0001 -21.4 (2.27)

<0.0001

Female

-11.5 (1.21)

<0.0001 -18.4 (2.98)

<0.0001

GOLD Stage

Age, yrs

Gender

Smoking status
Sustained ex-smoker

-11.9 (0.93) 3 <0.0001 -24.6 (2.37)3

<0.0001

Intermittent smoker

-10.5 (1.48)

<0.0001 -17.3 (3.57)

<0.0001

Continuing smoker

-6.77 (2.42)

0.0053

0.11

No

-8.41 (1.24)4

<0.0001 -11.3 (3.01)4

0.0002

Yes

-12.5 (0.95)

<0.0001 -26.6 (2.38)

<0.0001

-9.17 (5.70)

Inhaled steroids
(baseline)

1

Significantly different from GOLD III (p = 0.0059) and GOLD IV (p = 0.0006).
2
Significantly different from age >65 yrs (pp = 0.0022).
3
Signficiantly different from continuing smokers (p = 0.0264 for FEV1 and
p = 0.0088 for FVC).
4
Significantly different from those with baseline inhaled steroids (p = 0.0081
for FEV1 and p < 0.0001 for FVC)).

responses
significantly
greater in
GOLD IVresults
vs. both
GOLD
treatmentwere
group.
For all subjects
analyzed,
were
I/II and GOLD III, in sustained ex-smokers than continuing
comparable to those in the placebo group, although difsmokers and in those using ICS at baseline but did not differ
ferences were noted in some of the subgroups.
by age or gender, except for significantly greater declines in
The
time trends
of subjects.
relative Similar
bronchodilator
responses
FVC
responses
in older
findings were
noted in
expressed
as
percent
changes
in
FEV1
and
FVC
from
tiotropium subjects.

the pre-bronchodilator values are shown for all subjects

in each
grouptointhe
Figure
2. Similar to
the find-as
FEV1
andtreatment
FVC responses
bronchodilators
expressed
%ings
predicted
values over
4 years
shown for
all patients
in
for absolute
changes,
thearepercent
changes
in both
each
group
at each time
point in Figure
with
FEV1treatment
and FVC
declined
progressively
over 3.4Asyears,
the
other methods
expressing
the bronchodilator
beginning
at 1 toof 1.5
years after
trial initiationresponse,
for all
asubjects
progressive
in % predicted
responses
for both
FEV1
in decline
both treatment
groups.
Estimated
average
and
FVC
over
4
years
was
observed
in
both
treatment
groups.
changes per year in relative bronchodilator responses for
Estimated average changes per year in % predicted responses for
FEV1 and FVC (% ± SE) in all subjects and by GOLD
FEV1 and FVC for all subjects and by subgroups are shown in
stage, age, gender, smoking status and baseline ICS use are
Table 4 for placebo subjects and Additional file 4 for tiotropium
shown inFor
Table
3 for the
placebo
groupgroups
and Additional
subjects.
all subjects
in both
treatment
annual
file
3
for
tiotropium
subjects.
In
placebo
subjects,
declines
declines were modest but highly significant (p < 0.0001).
In
in
both
FEV1
and
FVC
responses
were
significantly
greater
placebo subjects, declines in percent predicted FVC responses
were significantly larger in GOLD IV and GOLD III than GOLD
I/II subjects (p = 0.0013 and 0.0023, respectively) and in older
than younger patients (p = 0.0040), declines in % predicted FEV1
responses were significantly larger in women than men (p < 0.05)
and declines in both FEV1 and FVC % predicted responses were
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Discussi
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lenge de
significan
respective
(absolute
tor chang
Group
FEV1
FVC
responses
Estimated p value Estimated p value
by the in
change in
change in
smoking
Δ (SE)
Δ (SE)
per yr
per yr
ICS at ba
All
-0.68 (0.08) <0.0001 -0.66 (0.09) <0.0001
in respo
within so
GOLD Stage
1
1
over tim
I & II
-0.40 (0.11) 0.0001 -0.28 (0.10) 0.0085
and/or F
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-0.86 (0.14)2 <0.0001 -0.89 (0.15)2 <0.0001
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-2.08 (0.38) <0.0001 -2.11 (0.47) <0.0001
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smokers
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-0.61 (0.11) <0.0001 -0.34 (0.12)3 0.0058
ICS at ba
sponses
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-0.77 (0.12) <0.0001 -1.04 (0.13) <0.0001
FEV1 wh
Gender
not as rel
Male
-0.61 (0.10) <0.0001 -0.64 (0.10) <0.0001
difference
Female
-0.90 (0.17) <0.0001 -0.74 (0.19) <0.0001
FVC resp
Smoking status
tropium
Sustained ex-smoker
-0.91 (0.11)4 <0.0001 -0.88 (0.11)3 <0.0001
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expressin
Intermittent smoker
-0.54 (0.16) 0.0007 -0.55 (0.17) 0.0014
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to do so
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short tim
1
Significantly different from GOLD III (p = 0.0072 for FEV1 and p = 0.0008 for
trends in
FVC) and GOLD IV (p < 0.0001 for FEV1 and p < 0.0001 for FVC).
2
year have
Significantly different from GOLD IV (p = 0.0018 for FEV1 and p = 0.0058
for FVC).
trial, in w
3
Significantly different from age >65 (p < 0.0001).
4
FEV1 (36
Signficiantly different from continuing smokers (p < 0.0001 for FEV1 and
p = 0.0002 for FVC).
LIFT (39
5
Significantly different from those with baseline inhaled steroids (p = 0.0002
FEV1 res
for FEV1 and p < 0.0001 for FVC).
lar to tha
significantly greater in sustained ex-smokers than continuing (-0.68/yr)
nificantly
smokers (p = 0.0267 and 0.0038, respectively), and in those on ICS
at baseline (p = 0.0045 and p < 0.0001, respectively). Somewhat change i
comparable
were noted invariability
the tiotropium
group.
Between- findings
and within-subjects
in the
annual (-0.36/yr)
change in absolute, relative and % predicted responses populatio
Aover
progressive
was also
in the
of different
4 years decline
was quite
large,observed
as shown
in proportion
Table 6 for
subjects
in each
who fulfilled
criteria
responses
FEV1 and
FVCtreatment
and eacharm
treatment
arm ATS/ERS
separately.
No for
asignificant
significantdifferences
bronchodilator
reduction In con
wereresponse,
observedaveraging
between6-9%
treatment
in the proportion of subjects likely to exhibit a significant
groups. Variability in annual changes in FVC response baseline
bronchodilator response per year (Table 5).
was approximately twice as large as that in FEV1 re- much hig
LIFT, a s
sponses from
whentheexpressed
or between
% predicted
Findings
analysis of as
the absolute
relationship
individual
as relativ
changes,
but
was
similar
when
calculated
as
relative
declines in bronchodilator response and individual changes
changes.
in health-related quality of life (assessed as total SGRQ score) noted ov
Table 3 Estimated average change per year over 4 years
in relative bronchodilator response (percent change
Δ = post- minus pre-bronchodilator FEV1 and FVC/
pre-bronchodilator value X 100) (±SE) in the placebo
arm by GOLD grading for airflow obstruction (I&II, III,
IV), age (≤50 yrs, >50 yrs), gender, and smoking
status (sustained ex-smoker, intermittent smoker,
continuing smoker)

over the course of the study in the placebo group indicated a
modest but statistically significant inverse relationship between
decline in FEV1 (but not FVC) response and change in SGRQ
score, after adjustment for both baseline FEV1 % predicted and
exacerbation frequency (≥2 versus <2) in the first year. For for
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Figure 2 Mean percent changes (±SD) (Δ = post - minus pre-bronchodilator FEV1 and FVC, ml/pre-bronchodilator FEV1 and FVC, ml *
100, %) over 4 years by treatment group. Mean relative FEV1 responses (percent changes) are shown for the placebo group (A) and the tiotropium
group (B) separately. Mean relative responses (percent changes) in FVC are shown for the placebo group (C) and the tiotropium group (D) separately.

GOLD
IVinvs.
both
GOLD there
I/II and
III, in0.12
suseach 1inml
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there
estimated
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at an
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but 1.2
didunit
notincrease
differ by
or
score)gender,
(data notexcept
shown).for significantly greater declines in
FVC responses in older subjects. Similar findings were

Betweenand
variability in the annual change
noted
inwithin-subjects
tiotropium subjects.
in absolute, relative and % predicted responses over 4 years
FEV1 and FVC responses to the bronchodilators
was quite large, as shown in Table 6 for FEV1 and FVC and
expressed
as % predicted values over 4 years are shown
each treatment arm separately. No significant differences were
for
all
patients
in each
treatment
group
at each time
observed between treatment
groups.
Variability
in annual
point
in
Figure
3.
As
with
the
other
methods
expresschanges in FVC response was approximately twice as of
large
ing
the
bronchodilator
response,
a
progressive
decline
in
as that in FEV1 responses when expressed as absolute or %
% predicted
responses
for when
both calculated
FEV1 andasFVC
over
predicted
changes, but
was similar
relative
changes.
4 years was observed in both treatment groups. Esti-

mated average changes per year in % predicted responses
Discussion
for FEV1 and FVC for all subjects and by subgroups are
We have
shown
that, in4 moderate
to very
severe
mean file
shown
in Table
for placebo
subjects
andCOPD,
Additional
responses
a near-maximal
bronchodilator
challenge
decline
4 fortotiotropium
subjects.
For all subjects
in both
treatprogressively over time to a statistically significant, albeit
ment groups annual declines were modest but highly
modest and highly variable, extent, irrespective of the method
significant (p < 0.0001). In placebo subjects, declines in
of calculating the responses (absolute, relative or % predicted
percent
predicted change).
FVC responses
were significantly
pre-post
bronchodilator
These downward
trends in larger
in
GOLD
IV
and
GOLD
III
than
GOLD
subjects
bronchodilator responses were observed in nearly allI/II
subgroups
(p
=
0.0013
and
0.0023,
respectively)
and
in
older
than
defined by the initial severity of airflow obstruction, age, gender,
younger
(p = 0.0040),
declines
in %
predicted
smoking
status patients
over the course
of the study
and use
of ICS
at
baseline.
However,
the were
magnitude
of the decline
FEV1
responses
significantly
larger in
in responses
women than
for FEV1
differed
these
menor(pFVC
< 0.05)
andsignificantly
declines inwithin
both some
FEV1 ofand
FVC %
subgroups; for example, declines over time in absolute, relative
and % predicted FEV1 and/or FVC responses were larger in
patients with severe and very severe vs. mild/moderate airflow,
> vs. ≤65 years of age, in sustained ex-smokers than continuing
smokers and in patients receiving versus not receiving ICS
at baseline (Tables 2, 3 and 4). The declines in responses for
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predicted
significantly
in susFVC
tendedresponses
to be largerwere
than those
for FEV1greater
when these
were
assessed
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changes,
but not as
relative(p
or=percent
tained ex-smokers
continuing
smokers
0.0267
predicted
changes.
While some
theatmean
annual
and 0.0038,
respectively),
and differences
in those oninICS
baseline
changes
in FEV1
FVC responses
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between
the
(p = 0.0045
and pand
< 0.0001,
respectively).
Somewhat
complacebo
tiotropium
of the
these differences
parable and
findings
werearms
noted
in trial,
the tiotropium
group
were
not statistically
(Additional
file 4). significant irrespective of the method of
expressing the bronchodilator response.

A progressive decline was also observed in the proportion
of subjects in each treatment arm who fulfilled
Responses to a bronchodilator in COPD patients are well
ATS/ERS
criteria
a significant
bronchodilator
re-a
known to vary
over afor
relatively
short time
frame such that
sponse,
averaging
6-9%
reduction
in
the
proportion
large proportion of patients who respond significantly to aof
subjects likely challenge
to exhibiton
a one
significant
re- day
bronchodilator
day failbronchodilator
to do so on another
sponse
year
(Table
5).
and
viceper
versa
over
a relatively
short time frame.4,5,15 On the other
hand,
long-term
in bronchodilator
responses
over inmore
Findings
fromtrends
the analysis
of the relationship
between
7,8
than
one declines
year have
beenresponse
measured.
In the IPPB
dividual
ininfrequently
bronchodilator
and
individual
trial,
in which
the average baseline
pre-bronchodilator
changes
in health-related
quality of
life (assessed as FEV1
total
(36.1%
to that
in UPLIFT
(39.4%
SGRQ predicted)
score) overwas
thecomparable
course of the
study
in the placebo
predicted),
the mean
change
the relativesignificant
FEV1 response
group indicated
a modest
butinstatistically
inverse
per year over 3 years (-0.58/yr) was similar to that which we
relationship between decline in FEV1 (but not FVC) reobserved in UPLIFT over 4 years (-0.68/yr) but, unlike the
sponse and change in SGRQ score, after adjustment for
present findings, was not significantly different from zero.7 On
bothother
baseline
FEV1
% predicted
and FEV1
exacerbation
the
hand, the
change
in % predicted
responsefreover
quency
(≥2
versus
<2)
in
the
first
year.
For
for
1 ml
3 years (-0.36/yr) was both similar to that noted ineach
the UPLIFT
decline in FEV1
there was
estimated
0.12 different
unit
population
over 4response
years (-0.33/yr)
andan
also
significantly
increase
inThe
totallong-term
SGRQ score
(orinfor
each 10responses
ml decline
from
zero.
change
absolute
in in
the
IPPB
was not
reported.
FEV1trial
response
there
was an estimated 1.2 unit increase in
SGRQ score) (data not shown).
In contrast, in the 5-year LHS, in which the mean baseline prebronchodilator FEV1 (75.4% predicted) was much higher than
that in either the IPPB trial or UPLIFT, a substantial increase in
responsiveness (assessed as relative, absolute and % predicted
responses) was noted over the first year, with either a slight
further increase or no change over the ensuing 4 years and
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Figure 3 Mean (±SD) % predicted (Δ = post-bronchodilator [% predicted] - minus pre-bronchodilator [% predicted] FEV1 and FVC)
bronchodilator responses over 4 years by treatment group. Mean % predicted FEV1 responses are shown for the placebo group (A) and the
tiotropium group (B) separately. Mean percent predicted responses in FVC are shown for the placebo group (C) and the tiotropium group (D)
separately.

substantial increases from year 5 to year 11, except for the
absence
of anyor
perceptible
onlyensuing
in absolute
responses
increase
no changechange
over the
4 years
and sub8
in sustained
quitters
over
this
time
frame.
The
reason
for for
these
stantial increases from year 5 to year 11, except
the
disparate findings in the LHS compared to both the IPPP study
absence of any perceptible change only in absolute reand UPLIFT is unclear but might possibly be related to the
sponses in sustained quitters over this time frame [8].
much milder degree of airflow obstruction in LHS participants
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pared
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study
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the decline in relative responses in UPLIFT was significantly
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besevere/very
related to severe
the much
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greater
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than milder
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airflow
obstruction
LHS participants
airflow
obstruction
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with thiscompared
possible to those
in the other
two even
studies.
observation
thatsubjects
the decline
explanation;
however,
the The
subgroup
of UPLIFT
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obstruction
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significantgreater
in relative responses
in UPLIFT
significantly
declines
in both FEV1
FVC responses,
of the
in patients
withand
severe/very
severe irrespective
than mild/moderate
method
of
expressing
these
responses.
airflow obstruction seems consistent with this possible ex-

planation; however, even the subgroup of UPLIFT subjects

In this analysis, as in previous reports,5,7-9 the response to a
with mild/moderate obstruction showed highly significant
bronchodilator has been shown to be highly variable both
declines in both FEV1 and FVC responses, irrespective of
between and within individuals. Moreover, because of this
the method
of expressing
these responses.
variability
and because
responsiveness
has not been shown
In
this
analysis,
as
in
previous
reports
[5,7–9], 9the reto be predictive of exacerbations or mortality
in ECLIPSE
sponse
a bronchodilator
has
been shown toover
be highly
or predict
theto
long-term
response to
a bronchodilator
1
variable
both between
and withinhas
individuals.
Moreover,
year,16,17
bronchodilator
responsiveness
been considered
9
of this
variability
and because
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to be because
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However,
the progressive
decline
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over time
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to be predictive
ofdemonstrated
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as well
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extent remortality
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long-term
the usually
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but
admittedly
variable,
decline
in lung
sponse to a bronchodilator over 1 year [16,17], bronchofunction
characteristic
of
COPD,
suggesting
that
these
two
dilator responsiveness has been considered to be an
phenomena might be inter-related. One can only speculate as
to the mechanism of the observed declines in bronchodilator
responses over time. One possible mechanism is a progressive
increase in the thickness of the walls of the small airways with
progressive increases in the severity of airflow obstruction, as
reported by Hogg et al.18; the resulting decreases in airway wall
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responses were seen in most of these subgroups. The possible
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change
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statusstatus
(sustained
(sustained
ex-smoker,
ex-smoker,
intermittent
intermittent
smoker,
smoker,
continuing
continuing
smoker)
smoker)
Tiotropium
Tiotropium
Placebo
Placebo
Tiotropium
Tiotropium
Placebo
Placebo
GroupGroup

All

All

GOLD GOLD
Stage Stage

FEV1 FEV1

FVC FVC
Between-subject
Between-subject 15.2 15.2 15.3 15.330.2 30.2 44.5 44.5
variability
variability
in annual
in annual
Estimated
Estimated
p value
p value
Estimated
Estimated
p value
p value
change
change
(square-root
(square-root
change
change
in Δ in Δ
change
change
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of variance)
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variability
variability
109.2 109.2 107.9 107.9
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-0.33 (0.03)
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<0.0001
-0.53 (0.05)
-0.53 (0.05)
<0.0001
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of variance)
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I & II I & II

1
-0.33 (0.04)
-0.33 (0.04)
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-0.351 (0.07)
<0.0001
<0.0001

III

III

-0.35 (0.04)
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IV

IV

Response
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Response
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by % change
by % change
in
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by % change
in
in
FEV (ml)
FEV (ml)
FVC (ml)
FVC (ml)

GenderGender

Tiotropium
Tiotropium
Placebo
Placebo
Tiotropium
Tiotropium
Placebo
Placebo
-0.41 (0.08)
-0.41 (0.08)
<0.0001
<0.0001
-1.05 (0.24)
-1.05 (0.24)
<0.0001
<0.0001
Between-subject
Between-subject 1.44 1.44 1.65 1.651.43 1.43 1.98 1.98
variability
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in annual
2
changechange
(square-root
(square-root
-0.33 (0.04)
-0.33 (0.04)
<0.0001
<0.0001
-0.39 (0.07)
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<0.0001
of variance)
of variance)
-0.32 (0.04)
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variability
variability
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Male Male

3
-0.30 (0.03)
-0.303 (0.03)
<0.0001
<0.0001
-0.51 (0.06)
-0.51 (0.06)
<0.0001
<0.0001

FemaleFemale

-0.43 (0.06)
-0.43 (0.06)
<0.0001
<0.0001
-0.61 (0.11)
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Placebo
Placebo
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4
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ex-smoker
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-0.37 (0.03)
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<0.0001
<0.0001
-0.65 (0.07)
-0.653 (0.07)
<0.0001
<0.0001
Between-subject
Between-subject

0.55 0.55 0.54 0.540.89 0.89 1.26 1.26
variability
variability
in annual
in annual
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Table 6 Long-term trends in the proportion of subjects in each treatment arm who achieved a significant
bronchodilator response for FEV1, FVC and either FEV1 or FVC
FEV

FVC

Tiotropium

Placebo

Proportion N

FEV or FVC

Tiotropium

Proportion N

Placebo

Proportion N

Tiotropium

Proportion N

Placebo

Time

N

Proportion N

1m

2535 0.42

2416 0.55

2535 0.47

2416 0.62

2535 0.59

2416 0.73

Proportion

6m

2515 0.42

2391 0.53

2515 0.44

2391 0.63

2515 0.57

2391 0.72

1 yr

2503 0.39

2382 0.53

2503 0.43

2382 0.63

2503 0.55

2382 0.72

1.5 yr

2380 0.40

2200 0.51

2380 0.43

2200 0.62

2380 0.56

2200 0.71

2 yr

2236 0.39

2040 0.49

2236 0.43

2040 0.60

2236 0.56

2040 0.69

2.5 yr

2132 0.39

1906 0.50

2132 0.42

1906 0.61

2132 0.55

1906 0.70

3 yr

2012 0.36

1792 0.47

2012 0.39

1792 0.59

2012 0.52

1792 0.69

3.5 yr

1894 0.36

1674 0.47

1894 0.41

1674 0.59

1894 0.52

1674 0.68

4 yr

1804 0.35

1599 0.47

1804 0.39

1599 0.56

1804 0.51

1599 0.66

Estimated OR (95% CI) for
change in proportion per
year*

0.92 (0.90, 0.94)

0.91 (0.89, 0.94)

0.93 (0.91, 0.95)

0.94 (0.92, 0.96)

0.92 (0.90, 0.94)

0.92 (0.90, 0.95)

p-value

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

*The OR (odds ratio) and its 95% CI were estimated with GEE methods using data starting from 1 m.
FEV: Tiotropium vs. placebo p = 0.79.
FVC: Tiotropium vs. placebo p = 0.60.
FEV or FVC: Tiotropium vs. placebo p = 0.84.
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Compartment Differences Of Inflammatory
Activity In Chronic Obstructive Pulmonary
Disease
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Lena Palmberg

Abstract

Introduction

Background: Chronic obstructive pulmonary disease (COPD) is
associated with local and systemic inflammation. The knowledge
of interaction and co-variation of the inflammatory responses in
different compartments is meagre.

Chronic obstructive pulmonary disease (COPD) is characterized
by airway inflammation, chronic airflow limitation, progressive
tissue destruction, extra-pulmonary manifestations and systemic
inflammation. Several studies had shown the relationship
between inflammatory biomarkers and exacerbations as well as
systemic inflammation in COPD.1,2 The inflammatory response
in COPD is dominated by neutrophils and chemokines/cytokines
such as tumor necrosis factor-α (TNF-α) and interleukin-8
(IL-8), which are of importance for neutrophils recruitment.3
Also interleukin-6 (IL-6), a pro-inflammatory cytokine, is
increased locally in the airways and systemically in COPD,
especially in association with acute exacerbations.4 TNF-α is
capable of macrophage activation and stimulation of matrix
metalloproteinase production,5 and the effects are mediated
through interaction with tumor necrosis factor receptor 1
(TNFR1, TNF receptor 55) and tumor necrosis factor receptor 2
(TNFR2, TNF receptor 75), which are expressed on the surface
of a number of cell types6 The TNFRs also appear in soluble
forms which are generated by proteolytic cleavage of the cell
surface bound TNFR in response to inflammatory mediators
such as endogenous TNF-α.7 Matrix metalloproteinase-9 (MMP9) degrades components of the extracellular matrix which alters
the balance between MMP-9 and its inhibitor,8 tissue inhibitor
of metaloproteinases-1 (TIMP-1) that plays a critical role in
inducing airway remodelling. Chronic destructive periodontal
disease is characterized by chronic inflammation of the
periodontal tissues. Smoking, which is the main risk factor for
COPD, also increases the risk for periodontal disease by 5 to
20 times.9 There are epidemiological studies suggesting a covariation between periodontal disease and COPD10 but a causal
relationship between the two diseases has not been convincingly
demonstrated.

Method: Healthy controls (n = 23), smokers with (n = 28)
and without (n = 29) COPD performed spirometry and dental
examinations. Saliva, induced sputum, bronchoalveolar lavage
(BAL) fluid and serum were collected. Inflammatory markers
were assessed in all compartments using ELISA, flow cytometry
and RT-PCR.
Results: Negative correlations between lung function and
saliva IL-8 and matrix metalloproteinase-9 (MMP-9) were found
in smokers with COPD. IL-8 and MMP-9 in saliva correlated
positively with periodontal disease as assessed by gingival
bleeding in non-smokers.
Tumor necrosis factor-α (TNF-α) in saliva, serum and TNF-α
mRNA expression on macrophages in BAL-fluid were lower in
smokers than in non-smokers. There were positive correlations
between soluble TNF-α receptor 1 (sTNFR1) and soluble TNF-α
receptor 2 (sTNFR2) in sputum, BAL-fluid and serum in all
groups. Sputum interleukin-8 (IL-8) or interleukin-6 (IL-6) was
positively correlated with sTNFR1 or sTNFR2 in non-smokers
and with sTNFR2 in COPD.
Conclusion: Saliva which is convenient to collect and analyse,
may be suitable for biomarker assessment of disease activity
in COPD. An attenuated TNF-α expression was demonstrated
by both protein and mRNA analyses in different compartments
suggesting that TNF-α response is altered in moderate and
severe COPD. Shedding of TNFR1 or TNFR2 is similarly
regulated irrespective of airflow limitation.

The authors are with the Lung and Airway Research, Institute of
Environmental Medicine, Karolinska Institutet, Department of dental
medicine, Karolinska institutet, Stockholm, Sweden, Department
of Medicine, Unit for Heart and Lung disease, Karolinska institutet,
Stockholm, Sweden. This is an Open Access article distributed under
the terms of the Creative Commons Attribution License which permits
unrestricted use, distribution, and reproduction in any medium, provided
the original work is properly credited. The Creative Commons Public
Domain Dedication waiver applies to the data made available in this
article, unless otherwise stated.
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In this cross sectional study inflammatory biomarkers, of
importance in COPD were assessed in different compartments
(mouth, large and small airways and blood) in smokers with and
without COPD and healthy non-smokers. The aim was to find
out whether or not the inflammatory processes in smokers are
similarly regulated in different tissues and to what extent the
presence of airway obstruction influences these outcomes.

Materials and methods
Subjects and study design
Twenty-three non-allergic, healthy non-smokers and 57 current
smokers with a cumulative exposure of ≥5 pack-years were
included. Smokers with a post-bronchodilator FEV1/FVC <0.7
Respiratory Therapy Vol. 10 No. 1 Winter 2015
n

alveolar lavage (BAL) were collected on three separate
days. Blood samples were drawn on the bronchoscopy

by counting approximately 300 cells on cytospins and
stained with May-Grünwald Giemsa, and the data have

Table
Characteristics
the15:104
participants
Ji et al. 1
Respiratory
Research of
2014,
http://respiratory-research.com/content/15/1/104 Healthy non-smokers

Smokers without COPD

Smokers with COPD

Subjects n

n = 23

n = 29

n = 28

Age yrs Mean (range)

55 (41-72)

53 (38-66)

61 (48-73)**###

Gender
male/female
Results

15/8

BMI
Meancharacteristics
(range)
Clinical
and dental signs

25.0 (19.7-31.2)

Page 4 of 9

14/15 in both smoker groups11/17
were increased
compared with
25.1 (20.4-32.7)
23.7 (17.3-29.7)
non-smokers
(Table 3).

CharacteristicsMean
of the
subjects
Smoking(pack-yrs)
(range)

are shown
in Table 1.
0
36 (5-120)
37 (15-60)
35102pack-years
in Serum/blood
(97-106)
96 (91-100)
58***### (51-65)
both
smoker
groups.
An
impaired
periodontal
status
was
TNF-α
in
serum
was
lower
in
the
COPD
group than in
FEV1/FVC (post-bronchodilator)
0.80 (0.77-0.82)
0.77 (0.75-0.79)
0.55***### (0.51-0.58)
found in both smokers with and without COPD with no other two groups (P = 0.049; Table 4).
Results are presented as mean and 95% confidence intervals or range.
major
difference
between
the two
groups
previously
The levels of CRP in serum were lower in nonBetween groups
comparisons
were assessed
by ANOVA
and as
Fisher’s
PLSD.
one second. than in the two groups of smokers with no difBMI:
Body mass
index; FVC: Forced Vital Capacity; FEV1: Forced Expiratory Volume in smokers
described
[11].
**, ***indicate P < 0.01 and P < 0.001, respectively, compared with healthy non-smokers.
ference between the latter two (P = 0.004; Table 4).
### indicate P < 0.001 compared with smokers without COPD.
Serum MMP-9-level was higher in COPD than in
Saliva
induced
by inhaling increased concentrations of saline (0.9%,
and FEV1 of 40-70% of predicted value were included in the
The level of salivary TNF-α was significantly lower in healthy controls (P = 0.006; Table 4).
Smoking
habits were approximately
FEV
1% predicted (post- bronchodilator)

COPD group (n = 28), and smokers with a post-bronchodilator
the two smoker groups than in non- smokers (P < 0.001)
FEV1/FVC >0.7 and FEV1 > 70% of predicted value were included
IL-8,
MMP-9
and
TIMP-1
in saliva did
in thewhereas
non-COPD
group
(n = 29)
(Table
1). Spirometry
wasnot differ between
thetogroups
(Tableguidelines.
2). There Subjects
was a negative
performed
according
the ATS/ERS
with
correlation
between
lung function
andorthe
salivary
levels
a history
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other pulmonary
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serious
heart
of were
IL-8 excluded.
and MMP-9
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1). Gindisease
Exacerbations
during
the(Figure
last month
prior gival
to thebleeding
study constituted
anpositively
exclusion with
criterion.
correlated
IL-8 and MMP-

9 levels in saliva of non-smokers (Figure 2).

A clinical periodontal examination included assessment of
periodontal pockets depth, gingival bleeding, and number of
Sputum
remaining
teeth and occurrence of dental plaque. Periodontal
groups ofwas
smokers
hadbyhigher
levels
of IL-6
tissueBoth
inflammation
assessed
gingival
bleeding
on in sputumexpressed
than hadasnon-smokers
< 0.001),sites.
and Saliva,
sputum IL-8
probing,
percentage of(Pbleeding
wassputum
higherand
in broncho-alveolar
COPD patients than
the non-smokers
induced
lavagein(BAL)
were
collected
threeTable
separate
Blood
were was
drawn
on
(P = on
0.006;
3). days.
TNF-α
levelsamples
in sputum
under
the bronchoscopy
day.
Characterizations
and
periodontal
status
detection limit in almost all cases. Sputum neutrophil
11
of theTNFRs
subjectsexpression
have been described
elsewhere.
and sputum
sTNFRs did not differ

between the groups. The levels of sputum IL-6 and IL-8

All subjects
gave their informed
consent
the study
was and
were positively
correlated
with and
sputum
sTNFR1
approved by the ethics committee at Karolinska Institutet,
sTNFR2 in healthy controls, and with sputum sTNFR2
Stockholm, Sweden.

in COPD patients (Figure 3).

Saliva
The subjects
were not allowed
to brush their teeth, eat, drink
Bronchoalveolar
lavage (BAL)
(except
water)
or
smoke
at
least
90 minutes
beforelimit
the visit.
In BAL-fluid, IL-8 was under
detection
in most
After cases
rinsingand
theirMMP-9
mouth twice
with
cold
water,
salivation
was
did not differ between the groups
stimulated
by
watching
a
basket
of
lemons.
After
10
minutes
(P = 0.112; Table 3). The levels of TIMP-1 were higher in
collection by repeated spitting into a sterile Falcon tube, the
the two smoker groups than in non-smokers (P = 0.01;
saliva was weighed and centrifuged at 3600 rpm, at 4°C, 4
Table 3). The macrophage mRNA TNF-α was lower in
minutes. The supernatant was collected and stored in -80°C until
both smoker groups than in the non-smokers (P = 0.027)
analyses.
while its receptor (TNFR1) was higher in COPD group
thansputum
the other two groups (P = 0.037; Table 3). sTNFR1
Induced
levels
in BAL
were were
higher
in smokers
without
Sputum
induction
and fluid
processing
performed
as previously
12
described.
After
of salbutamol
(0.4
mg),
sputumlevels
was
COPD
than inhalation
in the other
two groups,
and
sTNFR2

3%, 4% and 5%), by using an ultrasonic nebulizer. At each saline
concentration,
FEV1 was measured. The subjects were asked to
TNFR1 and TNFR2
blow
their
noses
and rinse their
mouths
with water between
after each
There was a significant
positive
correlation
concentration, and then to cough deeply and to make an attempt
sTNFR1 and sTNFR2 both in BAL fluid and serum in all
to expectorate sputum. A sample that macroscopically appeared
three groups (Figure 4). In sputum, there was a significant
to be free from saliva and had a weight > 1 g was considered
correlationAnbetween
sTNFR1
and
sTNFR2 in
adequate.
equal volume
of 0.1%
dithiothreitol
washealthy
added to
controls
in smokers
COPD for
(Figure
but notinin
the
wholeand
sputum
sample with
and rocked
15-204)
minutes
a 37°C
smokers
without
COPD
(Rho = 0.476;
P = 0.09).
water
bath,
and then
the samples
were filtered
and centrifuged.
Pooled
data from
all three and
groups
revealed
positive
The
supernatant
was collected
stored
at -80°Cauntil
analyses.
The
cell pellet
was re-suspended
using
PBS and
put on iceon
until
correlation
between
TNFR1 and
TNFR2
expression
antibody
staining
for
flow
cytometry.
circulating neutrophils (Rho = 0.843; P = 0.0001; data not

shown).

Trypan blue was used to determine total cell number and
cell
viability. Differential cell counts were performed by
Discussion
counting approximately 300 cells on cytospins and stained
In the present study it was shown that smokers have an
with May-Grünwald Giemsa, and the data have been presented
ongoing inflammation in the central airways (sputum),
elsewhere.13 Sputum samples containing more than 30% of
peripheralepithelial
airways cells
(BALwere
fluid),
and systemically
(blood)
squamous
excluded
from the analysis.

and that this inflammatory response is rather associated
with smoking than
with (BAL)
the presence or absence of
Broncho-alveolar
lavage
chronic airflowwas
limitation.
Bronchoscopy
performed as previously described.14 After
pre-medication
morphine
pethidine
Although thewith
levels
of IL-8orand
MMP-9and
didscopolamine,
not differ
abetween
bronchoscopy
was
performed
using
local
anesthesia
the groups there was a significant negative with
relaxylocaine.
The bronchoscope
wasofwedged
in a MMP-9
middle lobe
tionship between
saliva levels
IL-8 and
and
segmental
bronchus
and isotonic
saline (5may
× 50 indicate
ml) was instilled
lung function
in COPD.
The findings
that
into
airway tree markers
and gentlyinsucked
the the
inflammatory
salivaback.
may The
be lavage
relatedfluid
to was
collected and after centrifugation, the supernatant was stored in
disease severity in COPD. A similar relationship has pre- 80°C until analyses. The cell pellet was re-suspended, then total
viously been shown between biomarkers in serum and
cell count and differential cell count were performed as done
lung sputum
function
[16]. However
or not thatinsaliva
13
with
samples.
The cellswhether
were re-suspended
RPMI cell
analysessupplemented
may be useful
analyses
inflammatory
medium
withfor
5% serum
andof
then
put into petri
markers
COPD has ofto2 million
be further
explored.
dishes
at ainconcentration
cells/dish
After 2Intrihours
guingly,
we foundcells
a very
correlation
the
non-adherent
andstrong
supernatants
were between
discardedIL-8
and the
adhered
cells (macrophages)
prepared for
mRNA analysis.
and MMP-9
in saliva andwere
periodontal
inflammation

Table 2 Inflammatory mediators in saliva
Healthy non-smoker

Smokers without COPD

Smokers with COPD

IL-8 (pg/ml)

307 (225-558)

262 (208-407)

360 (165-474)

P = 0.512

MMP-9 (ng/ml)

338 (105-679)

170 (62-465)

217 (101-351)

P = 0.437

TIMP-1 (ng/ml)

449 (225-814)

354 (221-535)

360 (241-469)

P = 0.556

MMP-9/TIMP-1

0.54 (0.29-1.16)

0.37 (0.23-1.10)

0.38 (0.27-0.96)

P = 0.789

TNF-α (pg/ml)

2.04 (1.19-3.82)

0.529*** (<0.5-1.25)

0.704*** (<0.5-1.23)

P < 0.001

Results are presented as median and 25th-75th percentiles.
P-values indicate comparisons between groups (Kruskal-Wallis test), bold data indicate significance.
***indicate P < 0.001 compared with healthy non-smokers (Mann-Whitney U test).
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Figure 1 Relationship between lung function index and salivary biomarkers. Relationship between FEV1 (percent of predicted value) and
IL-8 (a) and MMP-9 (b) in saliva in smokers with COPD. Rho indicates coefficient of correlation according to Spearman.

Serum/blood
Peripheral
blood
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and
assessed
bywas
gingival
bleeding
in healthy tubes
non-smokers
ethylene
(EDTA)
tubesfinding
(BD indibut diaminetetra-acid
not in the two groups
ofvacutainer
smokers. This
Bioscience,
Newthese
Jersey,
USA). The
samples in supplement
freeascates that
markers
of inflammation
in saliva are
tubessociated
were left with
60 minutes
to
clot
and
then
centrifuged
twice
at
periodontal inflammation under normal
3000 rpm, for 10 minutes. The obtained serum was then aliquoted
conditions and that this association is masked in
and stored in -70°C until analyses. The samples in EDTA
smokers when inflammatory activity is triggered by a povacutainer tubes were used for flow cytometry analysis.
tent pro- inflammatory stimulus such as tobacco smoke.
The levels of TNF-α in saliva and serum as well as
Flow cytometry
TNF-α
mRNA
expression
macrophages
in BAL(100
fluid
For TNFR1 and
TNFR2
analyses ofinneutrophils
in sputum
werein total)
lowerand
inblood
smokers
with and
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than in whole
non000 cells
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Ji(100
et al.μL)
Respiratory
Research 2014,
15:104
bloodsmokers.
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incubated
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10 μL
monoclonal
antibodies
The attenuated
TNF-α
response
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demhttp://respiratory-research.com/content/15/1/104
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H398, anti-CD120b
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in different
(mouth,
serum,
clonealveolar
80 M2, IOTest)
for 20 minutes.
macrophages)
by theIsotype-matched
use of differentantibodies
methods
were (protein
used as negative
controls.
After
incubation,
the samples
and mRNA expression) clearly indicating
a generally diminished TNF production and secretion. It has
Table 3 Inflammatory mediators in respiratory tracts
previously been shown that pro-inflammatory cytokine,
Healthy non-smoker
e.g. TNF-α, responses to different stimuli are attenuated
Sputum
IL-6 (pg/ml)
33.4 (11.5-62.6)
in macrophages and monocytes from smokers
compared
IL-8
(pg/ml)
(430-1351)
with non-smokers [17–19]. In a study628by
Pinto-Plata
MMP-9 was
(ng/ml)
21.6 (13.3-109)
et al. [20], there
a positive relationship
between the

BAL

were fixed and centrifuged, then stored at 2 – 8°C and analyzed
within
hours.
werethe
performed
blood 2levels
ofAnalyses
TNF-α and
severity by
of FACSCalibur
the disease in
and
median
fluorescent
intensity
(MFI) was
by
patients
with
COPD and
the patients
withdetermined
moderate disCELLQuest
(BD
Bioscience
Pharmingen)
and
relative
median
ease (GOLD stage II) had the lowest blood levels of
fluorescent
intensity
(rMFI)et
was
TNF-α [21].
Di Francia
al.calculated.
[22] demonstrated un-

altered TNF-α in patients with severe COPD who did

The sTNFR1 and sTNFR2 in supernatant from sputum, BAL
not lose weight while COPD patients with unintentional
fluid and serum were detected using BD Cytometric Bead Array
weightflex
losssethad
TNF-αPharmingen).
serum levels.Analyses
Our COPD
(CBA)
(BDhigh
Bioscience
were
patients
had
normal
BMI
and
were
in
stage
III
performed by FACSCalibur and the concentrationIIofand
sTNFR1
withsTNFR2
a FEV1were
> 40%
of predicted
value Array
implying
that, (BD
paand
determined
by FCAP
Software
tients withPharmingen).
low BMI and
the
most
severe
disease
were
Bioscience
The
range
of the
standard
curve
was
Page 6 has
of 9
0-10000
pg/ml for
sTNFR1
0-2500
pg/ml for
sTNFR2.
not included.
The
clinicaland
effect
of TNF-α
inhibitors

been shown to be poor in mild and moderate.
mRNA
and real-time
PCRphysical performCOPDpreparation
[23,24] whereas
an improved
Preparation
of mRNA
fromhas
alveolar
was paance of TNF-α
inhibition
been macrophage
indicated in COPD
tients with severe disease and cachexia [25]. It could thus
be speculated that the TNF-α response in COPD is bimodal
Smokers without COPD
Smokers with COPD
P-value
with an attenuated response in moderate disease and an en223*** (78.9-641)
486*** (262-1031)
P < 0.001
hanced response in more severely ill patients; in particular
1100 (595-1710)
P = 0.010
those
who also experience 2941**#
weight(980-4912)
loss. In addition,
our
57.3 (30.2-106)
(17.4-408)
0.091
COPD
patients were in a 97.5
stable
phase with noP =recent

TIMP-1 (ng/ml)

117.5 (28.7-257)

96.6 (46.4-242)

166 (69.4-346)

P = 0.423

MMP-9/TIMP-1

0.35 (0.14-1.36)

0.78 (0.19-1.72)

0.70 (0.22-1.80)

P = 0.636

TNF-α (pg/ml)

1.17 (<1.00-4.88)

<1.00 (<1.00)

<1.00 (<1.00-8.05)

P = 0.123

sTNFR1 (pg/ml)

589 (59-996)

205 (36-536)

80 (16-560)

P = 0.207

sTNFR2 (pg/ml)

140 (65-469)

196 (118-344)

204 (43-545)

P = 0.996

TNFR1 on neutrophils (rMFI)

1.94 (1.46-2.48)

2.70 (2.36-2.94)

1.76 (1.44-2.12)

P = 0.076

TNFR2 on neutrophils (rMFI)

1.58 (1.37-1.67)

1.63 (1.35-1.93)

1.34 (1.17-1.49)

P = 0.236

IL-8 (pg/ml)

<12.5 (<12.5-15.8)

<12.5 (<12.5-33.0)

20.3 (<12.5-31.8)

P = 0.459

MMP-9 (ng/ml)

0.69 (0.44-1.45)

0.97 (0.58-1.27)

1.38 (0.93-3.87)

P = 0.112

TIMP-1 (ng/ml)

1.85 (1.46-3.71)

3.92** (2.71-9.34)

3.46** (2.18-7.85)

P = 0.010

MMP-9/TIMP-1

0.51 (0.18-0.77)

0.25 (0.11-0.62)

0.42 (0.11-0.74)

P = 0.654

sTNFR1 (pg/ml)

82.2 (75.4-118)

161** (102-203)

92.9 # (73.7-133)

P = 0.009

sTNFR2 (pg/ml)
36.0 (24.8-50.2)
77.7** (54.6-110)
69.5* (34.6-88.5)
P = 0.003
Figure 2 Relationship between dental statues and salivary biomarkers. Relationship between gingival bleeding index and IL-8 (a) and
-ΔCt
TNF-α
(2
)
0.05 (0.04-0.12)
0.02* (0.02-0.03)
P = 0.027
MMP-9 (b) inMacrophages
saliva in healthy
non-smokers.
Rho indicates
coefficient of correlation
according to Spearman. 0.01* (0.01-0.05)
Macrophages TNFR1 (2 − ΔCt)
0.008 (0.005-0.01)
0.006 (0.005-0.016)
0.004*# (0.004-0.005)
P = 0.037
Macrophages TNFR2 (2 − ΔCt)

0.003 (0.001-0.003)

0.003 (0.003-0.004)

0.002 (0.001-0.002)

P = 0.055

Results are presented as median and 25th-75th percentiles.
P-values indicate comparisons between groups (Kruskal-Wallis test), bold data indicate significance.
In BAL fluid IL-6 was below detection limit (<3 pg/ml) with a few exceptions and TNF-α was below detection limit (<0.5 pg/ml) in all samples.
*, **, ***indicate P < 0.05 P < 0.01 and P < 0.001, respectively, compared with healthy non- smokers (Mann-Whitney U test).
# indicate P < 0.05 compared with smokers without COPD (Mann-Whitney U test).
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COPD patients were in a stable phase with no recent

Ji et al. Respiratory Research 2014, 15:104
http://respiratory-research.com/content/15/1/104

Page 6 of 9

Table 3 Inflammatory mediators in respiratory tracts
Sputum

Healthy non-smoker

Smokers without COPD

Smokers with COPD

P-value

IL-6 (pg/ml)

33.4 (11.5-62.6)

223*** (78.9-641)

486*** (262-1031)

P < 0.001

IL-8 (pg/ml)

628 (430-1351)

1100 (595-1710)

2941**# (980-4912)

P = 0.010

MMP-9 (ng/ml)

21.6 (13.3-109)

57.3 (30.2-106)

97.5 (17.4-408)

P = 0.091

TIMP-1 (ng/ml)

117.5 (28.7-257)

96.6 (46.4-242)

166 (69.4-346)

P = 0.423

MMP-9/TIMP-1
0.35 (0.14-1.36)
0.78 (0.19-1.72)
0.70 (0.22-1.80)
P = 0.636
Figure 2 Relationship between dental statues and salivary biomarkers. Relationship between gingival bleeding index and IL-8 (a) and
1.17 (<1.00-4.88)
<1.00 according
(<1.00) to Spearman. <1.00 (<1.00-8.05)
P = 0.123
MMP-9 (b) inTNF-α
saliva (pg/ml)
in healthy non-smokers. Rho indicates
coefficient of correlation
sTNFR1 (pg/ml)
589 (59-996)
205 (36-536)
80 (16-560)
P = 0.207
(pg/ml)
140 (65-469)
performed in eightsTNFR2
subjects
from each group. Total
mRNA was
isolated by PureLink
Micro-to-Midi
TNFR1
on neutrophils Total
(rMFI) RNA Purification
1.94 (1.46-2.48)
System (Initrogen). DNase I, amplification grade was used
TNFR2 on neutrophils (rMFI)
1.58 (1.37-1.67)
to remove the genomic DNA (Initrogen). First-strand cDNA
BAL
IL-8
(pg/ml)
<12.5
(<12.5-15.8)
was synthesized from 0.5 μg of total mRNA, using
QuantiTect
MMP-9Kit
(ng/ml)
0.69 (0.44-1.45)
Reverse Transcription
(Qiagen, Hilden, Germany).
The
ABI Power SYBR TIMP-1
Green(ng/ml)
Master mix (Applied Biosystems)
1.85 (1.46-3.71)was
used to perform the RT-PCR, also the primers were purchased
MMP-9/TIMP-1
0.51 (0.18-0.77)
from Invitrogen. The widely used cDNA of glyceraldehydes-3sTNFR1
(pg/ml)
82.2as
(75.4-118)
phosphate dehydrogenase (GAPDH) was adopted
an internal
control gene. 1 μl sTNFR2
cDNA (pg/ml)
was used in each 25 μl 36.0
PCR(24.8-50.2)
reaction
volume to identifyMacrophages
the products
of (2
interest.
-ΔCt
TNF-α
)
0.05 (0.04-0.12)

196 (118-344) of TNF-α in supernatant
204 (43-545) from saliva, Psputum
= 0.996 and
measurements
serum
were performed by purchased
HS quantikine PELISA
2.70 (2.36-2.94)
1.76 (1.44-2.12)
= 0.076Kit
(R&D SYSTEMS). The analyses of MMP-9, TIMP-1 and TNF-α
1.63 (1.35-1.93)
1.34 (1.17-1.49)
P = 0.236
were performed according to the manufacturer. For all the
<12.5
(<12.5-33.0)
20.3
(<12.5-31.8)
P =TNF-α,
0.459
duplicated samples, an intra-assay variation <10% (for
0.97 (0.58-1.27)
1.38 (0.93-3.87)
P = 0.112
<20%)
was accepted.
3.92** (2.71-9.34)

3.46** (2.18-7.85)

P = 0.010

0.25 (0.11-0.62)

0.42 (0.11-0.74)

P = 0.654

77.7** (54.6-110)

69.5* (34.6-88.5)

P = 0.003

0.01* (0.01-0.05)

P = 0.027

High-sensitivity CRP test

A high-sensitivity CRP (hs-CRP) test was used to measure serum
161**
92.9 #with
(73.7-133)
P = 0.009
level
of (102-203)
C-reactive protein (CRP)
laser nephelometry.

Statistics
0.02* (0.02-0.03)

Depending on distribution of the data results are presented as
Macrophages TNFR1 (2 ΔCt)
(0.005-0.01)
0.006 (0.005-0.016)
0.004*# (0.004-0.005)
= 0.037
Data were analyzed
using 7500 Software v.2.0.1,0.008
the results
were
means
(95% confidence intervals)
or medians (25-75Ppercentiles).
-ΔCt− ΔCt
Macrophages
TNFR2
0.003
(0.001-0.003)
0.003
(0.003-0.004)
0.002
(0.001-0.002)
P
=
0.055
then calculated and
expressed
as 2(2
Between
groups
comparisons
were
assessed
by
ANOVA
followed
. )
by Fisher’s protected least significant difference (PLSD), or
Results are presented as median and 25th-75th percentiles.
by significance.
Kruskal-Wallis test with the Mann-Whitney U test as a post
ELISAP-values indicate comparisons between groups (Kruskal-Wallis test), bold data indicate
In BAL fluid IL-6 was below detection limit (<3 pg/ml) with a few exceptions and TNF-α was below detection limit (<0.5 pg/ml) in all samples.
hoc
test when appropriate, and by means of Spearman’s rank
Measurement
of
IL-6
and
IL-8
in
saliva,
sputum
and
BAL-fluid
*, **, ***indicate P < 0.05 P < 0.01 and P < 0.001, respectively, compared with healthy non- smokers (Mann-Whitney U test).
15
was performed
an in- house
ELISA.
The
lower
detection
# indicate P <using
0.05 compared
with smokers
without
COPD
(Mann-Whitney
U test). correlation. A p-value <0.05 was considered significant. All data
were analyzed using StatView version 5.0.1 (SAS Institute Inc.,
limit of the IL-6 assay was 3 pg/ml in all compartments. The limit
Cary NC).
of IL-8 assay of saliva and sputum was 50 pg/ml and for BAL was
12.5 pg/ml.
−

MMP-9 and TIMP-1 in supernatant from saliva, sputum, BALfluid and serum were measured using purchased DouSet ELISA
MMP-9 Kit and DouSet ELISA TIMP-1 Kit (R&D SYSTEMS). The

Results
Clinical characteristics and dental signs
Characteristics of the subjects are shown in Table 1. Smoking
habits were approximately 35 pack-years in both smoker groups.

Figure 3 Relationship between sputum soluble TNFRs and sputum biomarkers. Relationship between sputum concentration of soluble
TNF- α receptors and IL-6 and (a, c) and IL-8 (b, d) in healthy non-smokers. Relationship between sputum concentration of sTNFR2 and IL-6 and
(e) and IL-8 (f) in smokers with COPD. Rho indicates coefficient of correlation according to Spearman.
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Table 4 Inflammatory mediators in serum/blood

Ji et al. Respiratory Research 2014, 15:104
Healthy non-smoker
http://respiratory-research.com/content/15/1/104

Smokers without COPD

Smokers with COPD

Serum

Page 7 of 9

MMP-9 (ng/ml)

430 (251-577)

490 (382-801)

757** (557-1000)

P = 0.006

TIMP-1 (ng/ml)

282 (221-367)

358 (266-442)

338 (298-544)

P = 0.104

MMP-9/TIMP-1

1.21 (0.92-1.93)

1.31 (0.96-2.29)

2.13 (1.57-2.81)

P = 0.116

CRP (mg/l)

0.75 (0.40-1.20)
Healthy non-smoker
1.39 (0.72-1.93)
430 (251-577)
1353 (817-1570)
282 (221-367)
3499 (2806-3708)
1.21 (0.92-1.93)
11.8 (10.5-15.0)
0.75 (0.40-1.20)
28.2 (21.3-47.8)
1.39 (0.72-1.93)
6.95 (6.24-9.45)
1353 (817-1570)
11.8 (8.79-14.6)
3499 (2806-3708)

1.80** (1.00-2.70)
Smokers without COPD
1.22 (1.08-1.53)
490 (382-801)
1322 (1166-1855)
358 (266-442)
3561 (3097-3919)
1.31 (0.96-2.29)
12.5 (9.9-13.7)
1.80** (1.00-2.70)
31.1 (25.0-40.9)
1.22 (1.08-1.53)
6.74 (5.42-7.70)
1322 (1166-1855)
8.28 (7.30-9.97)
3561 (3097-3919)

2.45** (0.73-4.30)
Smokers with COPD
0.64*# (<0.5-1.30)
757** (557-1000)
1302 (943-1829)
338 (298-544)
3750 (2975-4261)
2.13 (1.57-2.81)
13.2 (11.3-15.7)
2.45** (0.73-4.30)
44.0 (28.9-52.2)
0.64*# (<0.5-1.30)
6.69 (5.70-7.92)
1302 (943-1829)
7.82 (6.58-10.6)
3750 (2975-4261)

P = 0.004
P = 0.049
P = 0.006
P = 0.848
P = 0.104
P = 0.826
P = 0.116
P = 0.600
P = 0.004
P = 0.342
P = 0.049
P = 0.509
P = 0.848
P = 0.117
P = 0.826

Blood
TNFR1
on monocytes
11.8 (10.5-15.0)
(9.9-13.7)
P-values indicate
comparisons
between(rMFI)
groups (Kruskal-Wallis
test), bold data indicate12.5
significance.

13.2 (11.3-15.7)

P = 0.600

IL-6 and IL-8 were below detection limit (<3 pg/ml, <12.5 pg/ml) in serum in almost all subjects.
TNFR2 on monocytes (rMFI)
28.2 (21.3-47.8)
31.1 (25.0-40.9)
*, **indicate P < 0.05 and P < 0.01, respectively, compared with healthy non-smokers (Mann-Whitney U-test).
# indicate P < 0.05
compared
with smokers
without COPD
U-test).
TNFR1
on neutrophils
(rMFI)
6.95 (Mann-Whitney
(6.24-9.45)
6.74 (5.42-7.70)

44.0 (28.9-52.2)

P = 0.342

6.69 (5.70-7.92)

P = 0.509

7.82 (6.58-10.6)

P = 0.117

Table 4 Inflammatory mediators in serum/blood
Serum

Blood

TNF-α (pg/ml)
MMP-9 (ng/ml)
sTNFR1 (pg/ml)
TIMP-1 (ng/ml)
sTNFR2 (pg/ml)
MMP-9/TIMP-1
TNFR1 on monocytes (rMFI)
CRP (mg/l)
TNFR2 on monocytes (rMFI)
TNF-α (pg/ml)
TNFR1 on neutrophils (rMFI)
sTNFR1 (pg/ml)
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Figure 4 Relationship between soluble TNFR1 and TNFR2. Relationship between soluble TNFR1 and TNFR2 in sputum (a), BAL fluid (b) and
serum (c). Rho indicates coefficient of correlation according to Spearman.

Figure 4 Relationship between soluble TNFR1 and TNFR2. Relationship between soluble TNFR1 and TNFR2 in sputum (a), BAL fluid (b) and
serum (c). Rho indicates coefficient of correlation according to Spearman.
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Discussion
In the present study it was shown that smokers have an ongoing
inflammation in the central airways (sputum), peripheral airways
(BAL fluid), and systemically (blood) and that this inflammatory
response is rather associated with smoking than with the
presence or absence of chronic airflow limitation.
Although the levels of IL-8 and MMP-9 did not differ between
the groups there was a significant negative relationship between
saliva levels of IL-8 and MMP-9 and lung function in COPD.
The findings may indicate that the inflammatory markers in
saliva may be related to disease severity in COPD. A similar
relationship has previously been shown between biomarkers in
serum and lung function.16 However whether or not that saliva
analyses may be useful for analyses of inflammatory markers
in COPD has to be further explored. Intriguingly, we found a
very strong correlation between IL-8 and MMP-9 in saliva and
periodontal inflammation assessed by gingival bleeding in
healthy non-smokers but not in the two groups of smokers. This
finding indicates that these markers of inflammation in saliva
are associated with periodontal inflammation under normal
conditions and that this association is masked in smokers when
inflammatory activity is triggered by a potent pro- inflammatory
stimulus such as tobacco smoke.
The levels of TNF-α in saliva and serum as well as TNF-α mRNA
expression in macrophages in BAL fluid were lower in smokers
with COPD than in non-smokers. The attenuated TNF-α response
was thus demonstrated in different compartments (mouth,
serum, alveolar macrophages) by the use of different methods
(protein and mRNA expression) clearly indicating a generally
diminished TNF production and secretion. It has previously been
shown that pro-inflammatory cytokine, e.g. TNF-α, responses to
different stimuli are attenuated in macrophages and monocytes
from smokers compared with non-smokers.17-19 In a study by
Pinto-Plata et al.,20 there was a positive relationship between the
blood levels of TNF-α and the severity of the disease in patients
with COPD and the patients with moderate disease (GOLD stage
II) had the lowest blood levels of TNF-α.21 Di Francia et al.22
demonstrated unaltered TNF-α in patients with severe COPD
who did not lose weight while COPD patients with unintentional
weight loss had high TNF-α serum levels. Our COPD patients
had normal BMI and were in stage II and III with a FEV1 > 40%
of predicted value implying that, patients with low BMI and
the most severe disease were not included. The clinical effect
of TNF-α inhibitors has been shown to be poor in mild and
moderate.

pathways, the regulation and shedding of TNFRs occur in
parallel on a cellular level, as assessed by TNFR expression on
neutrophils, locally in BAL fluid and sputum and systemically in
serum.
The levels of sTNFRs in BAL fluid were higher in both groups of
smokers than in non- smokers. It has previously been reported
that high levels of sTNFRs may regulate TNF-α formation27 and
compete with membrane bound TNFRs.28 Therefore, it seems
likely that the high levels of sTNFRs in the smokers may inhibit
the production of membrane bound TNFRs. This is in agreement
with our finding of lower mRNA expression of TNFRs on BAL
macrophages from both groups of smokers compared with nonsmokers. In addition, as macrophages are a major producer
of TNF-α,6 it could be speculated that macrophages respond
to inflammation by regulating the levels of TNFRs along two
different lines, enhancement of TNFR shedding and reduced
production of membrane bound TNFRs.
The increased levels of the MMP-9 in extracellular matrix
is of importance for remodeling processes in COPD, and its
expression is considered to be regulated by specific inhibitors,
such as TIMP-1.29 We found elevated levels of TIMP-1 in BAL
fluid from both groups of smokers compared with healthy nonsmokers and increased levels of MMP-9 in serum in the COPD
group. Elevated levels of MMP-9 and TIMP-1 have been observed
in serum,30 sputum31 and BAL fluid in COPD.32,33 However, there
are contradicting results indicating decreased plasma levels of
MMP-9 and TIMP-1 in COPD.33 These inconsistent results might
be due to the fact that MMP levels may vary over time in COPD.33
Differences in the severity of the disease and smoking habits
in the study population may also explain differences between
studies.
In conclusion, we demonstrated that saliva, which is easy to
collect, might be suitable for studies of biomarkers in smokers
with and without COPD. Also, our study provides comprehensive
information about different inflammatory biomarkers in
different compartments and showed associations of different
inflammatory markers both locally and systemically in smokers
with and without COPD. An attenuated local and systemic
TNF-α response as assessed both by mRNA and protein analyses
was demonstrated in moderate COPD. Furthermore, a close
relationship between TNF-α receptor expression and other
inflammatory markers as well as between two different soluble
TNF-α receptors was shown.
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