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Technology Overview:
COSMED Wearable Metabolic Systems
Introduction
The purpose of this white paper is to describe the evolution of COSMED portable open-circuit spirometry systems,
and discuss their validity, reliability, and principles of operation.
Technological advances have led to the continuous development of new portable devices that measure gas
exchange and respiratory values with an accuracy comparable to conventional stationary metabolic carts. COSMED
has been the pioneer in the development of compact metabolic technology since the 80s with the introduction
of the first K2 and maintained along the years its leadership with the regular introduction of breakthrough
technology and new features, which were highly appreciated in partiular among the exercise physiology and
human performance assessment community.
This review analyzes the evolution of COSMED wearable metabolic technology from the K4RQ to the current K5,
from the introduction of the COSMED patented dynamic mixing chamber to the shift to the breath by breath
technology, ending up to the current system (K5), which provides researchers the option of using either microproportional sampling or breath-by-breath techniques within the same system.
K4RQ

K5 Page
http://www.cosmed.com/wearit

K5

Year of introduction

1994

1998

2015

Product Set-up

Portable unit, Receiver
unit (with data elaboration and thermal printer),
Battery

Portable unit, Receiver
unit, Battery

All-in-one unit

Gas sampling Method

Dynamic Mixing Chamber (DMC)

Breath by Breath (BxB)

IntelliMET (Breath by
Breath and DMC) user
selectable

Oxygen Sensor

GFC (9-22%)

GFC (7-24%)

GFC (0-100%)

Carbon Dioxide Sensor

NDIR (0-8%)

NDIR (0-8%)

NDIR (0-10%)

Useful Links
COSMED Homepage
http://www.cosmed.com

K4 b2

Flow Measurement

Bidirectional turbine flowmeter

Telemetry

RF (Unidirectional)

Long Range Telemetry
User Interface (Portable
Unit)

300-600 m
6 keys

PC Interface
Memory

6 keys + 2 lines LCD
B&W
Serial RS-232

32 kb (Receiver Unit)

Heart Rate

1 MB (16000 breaths)
Polar

Bluetooth (Bidirectional)
up to 1000m
4 keys + 3,5” LCD
Transflective (320x240)
65K colors + Touchscreen
USB or Bluetooth
512 MB (2.048.000
breaths)
ANT+ (standard), Polar
(option)

GPS

NA

External (1 Hz)

Embedded (10Hz GPS/
QZSS receiver)

Weight

800 g with battery

950 g with battery

900 g with battery

Dimensions

Unit: 170x48x90 mm
Battery: 120x20x80 mm

Unit: 170x55x100 mm,
Battery: 120x20x80 mm

Unit: 174x111x64 mm

Battery

External (Ni Cd)

External (Ni-MH)

Internal (Li-ion)

Battery Autonomy

2h

3h

4h

Software

K4Win (16 bit)

PFT Suite (16 bit)

OMNIA (64 bit)
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K4RQ
The K4RQ was introduced in 1994 and was the first portable metabolic device in the market providing both O2
and CO2 sensors. This and many additional innovative features, compared to the previous version of the COSMED
portable metabolic system (K2), represented an important step forward for the scientific community for the
measurement of respiratory parameters and to determine the energy cost of many sport and real life activities.
Gas Sampling Design
The K4RQ employs a DMC (Dynamic Micro Chamber), a COSMED patented sampling system (US 4631966 A), which
uses an internal miniaturized dynamic mixing chamber.
COSMED patented sampling system introduced an “intelligent” proportional sampling technique of the expired
oxygen fraction, ie a mixing chamber that varies its volume according to the ventilation. COSMED K4RQ directs
thus a certain percentage of expired gas into a small mixing chamber, and average together several breaths
to determine FEO2 and FECO2, which are then used to calculate VO2. K4RQ minimum sized sampling chamber
(about 0.5 cm2) varies its specification with the varying of the ventilation, keeping a constant washing time on a
ventilation range going from 4 to 250 litres/min.
This method (micro-proportional sampling technique) leads to greater stability in the gas fractions and is a
perfect compromise to conventional (fixed volume) mixing chamber systems, as it can be adapted to high and
low ventilations.
Dynamic Mixing Chamber
Chamber

Sampling line

Analyzers

O2

CO2

Gas Signals

Peristaltic Pump
Exhaust

FeO2
FeCO2

IN
EX

IN
EX

K4RQ

Validations
The COSMED K4 telemetry system as an accurate device for oxygen uptake measurements during exercise.
Hausswirth C, Bigard AX, Le Chevalier JM. Int J Sports Med. 1997 Aug;18(6):449-53.
Physical activity energy expenditure measured using a portable telemetric device in comparison with a mass
spectrometer. Maiolo C, Melchiorri G, Iacopino L, Masala S, De Lorenzo Br J Sports Med. 2003;37(5):445-447.
Validity and reliability of a new portable telemetric calorimeter designed to measure oxygen consumption
and carbon dioxide production. De Lorenzo A, Sorge, RP, Bertini, I, Andreoli, A, lacopino, L, Di Daniele, N, Perriello, G. Diabetes Nutr Metab 2001;14(5):268-76.
K4 b2
The COSMED K4 b2 was released few years after the K4RQ (1998). Together with several hardware improvements
(see comparison table), the new K4 b2 was the first mobile system allowing breath by breath (BxB) gas sampling
available in the market, following up the growing recognition from the scientific community of the breath by
breath as the state-of-the-art technology. The introduction of the new K4 b2 had a tremendous impact in the
ability to measure the energy cost of a wide variety of activities for use in clinical, educational, and laboratory
settings
Gas Sampling Design
The K4 b2 is a breath by breath gas exchange measurement system, in which a detachable optoelectronic flow
meter provides measurements of the inhaled and exhaled volumes. Flow and Volume are measured using a bidirectional digital turbine that ensures great accuracy within a wide flow range.
A sampling line with an integrated dryer (Permapure) delivers gas samples to the sensing part. A constant volume
pump samples exhaled breath continuously at a specific rate. The built-in O2 and CO2 sensors (together with the
complex pneumatic circuitry) allow measuring the composition of the exhaled air.
The K4 b2 , thanks to breath by breath sampling, measures instantaneous changes in O2 and CO2 throughout the
respiratory cycle, and use complex equations to compute the oxygen uptake and carbon dioxide production during
each breath.
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K4 b2, through calibration procedures before each test, allows to know the “delay time” between measurement of
minute ventilation and gas fractions, in order to align the signals and provide accurate calculation of gas exchange
variables. The delay time consists of the sum of two components: a) the time necessary for the gas sample to be
transported from the facemask to the analyzers (e.g., 350 milliseconds), and b) the analyzer response time (e.g.,
150 milliseconds). Errors in delay time between gas flow and gas analysis can cause an error in VO2 measurements
of up to 30% at high breathing frequencies (Proctor & Beck, 1996).
The accuracy of breath-by-breath calculations is highly dependent on proper alignment in time of expired oxygen,
expired carbon dioxide, and minute ventilation measurements. Despite concerns about this potential source of
error, breath-by-breath systems are commonly regarded to provide valid VO2 measurements when properly
calibrated, and they have the advantage of allowing VO2 kinetics to be studied.
Breath by Breath
Sampling line

Gas Signals

Analyzers
Temp Probe

O2

CO2

Exhaust

Pump
K4b2

FetO2
FetCO2

Delay

Validations
Validation of the COSMED K4b2 portable metabolic system. McLaughlin JE, King GA, Howley ET, Bassett DR, Jr.,
Ainsworth BE - Int J Sports Med 2001;22(4):280-4.
Accuracy and reliability of a Cosmed K4b2 portable gas analysis system. Duffield R, Dawson B, Pinnington HC,
Wong P. - J Sci Med Sport 2004;7(1):11-22.
Test-retest reliability and minimum detectable change using the K4b2: oxygen consumption, gait efficiency,
and heart rate for healthy adults during submaximal walking. Darter BJ, Rodriguez KM, Wilken JM - Res Q
Exerc Sport 2013;84(2):223-31.
Variability and minimum detectable change for walking energy efficiency variables in children with cerebral
palsy. Thomas SS, Buckon CE, Schwartz MH, Russman BS, Sussman MD, Aiona MD - Dev Med Child Neurol
2009;51(8):615-21.
K5
After almost 30 years of experience in compact metabolic systems and a significant number of feedbacks and
ideas collected directly from clients in the most important institutions around the world, COSMED introduced in
2015 the newest version of its metabolic systems family. The new K5 introduces a list of unique features that give
a solid contribution to the expansion of metabolic testing scope. Adopting latest advances in technology, the K5
is a highly sophisticated system, smaller, and lighter compared to previous versions or the competition, offering
unique flexibility and versatility for the accurate measurement of respiratory parameters.
Gas Sampling Design
Among numerous innovative features, K5 introduces, for the first time, the option of using either a dynamic mixing
chamber by means of micro proportional sampling or breath-by-breath techniques within the same system.
Allowing both methodologies gives the chance to address all possible criticism of both methods.
Compared to the K4RQ dynamic mixing chamber configuration, the K5 features the latest design electronics,
including a microprocessor controlling and a constant flow pump (instead of a peristaltic pump), which guarantees
more reliable operation.
This new development challenged the prevailing view, which holds that the breath-by-breath technique is the
more advanced and desirable method in all situations. As a matter of fact, the breath-by-breath method in some
circumstances is potentially subject to more errors due to alinearity of the sensors and temporal mis-matching of
ventilation and gas fractions (when RF is above 60 breaths a minute).
Breath by breath measurements with the K5 are allowed through the optional IntelliMET module. With IntelliMET
users can select between the mixing chamber and the breath by breath mode depending on the type of protocol,
research field or other factors.
Instantaneous percentages of O2 and CO2 are determined and are mathematically averaged using a weighted
averaging algorithm to determine FEO2 and FECO2. A pre-test routine is used to establish a delay calibration in
order to match the changes in FEO2 and FECO2.
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IntelliMET™

Dynamic Mixing Chamber
Chamber

Gas Signals

Analyzers

Temp Probe

O2

Sampling line

Exhaust

CO2
CPU Driven Valve

Pump

FeO2
FeCO2
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EX

IN
EX

Breath by Breath
Gas Signals

Analyzers

O2

Exhaust

CO2

FetO2
FetCO2

Valve Closed

Pump
Delay

Validations
Accuracy and reliability of COSMED K5 portable metabolic device versus simulating system. C. Baldari, M.
Meucci, F. Bolletta, M.C. Gallotta, G.P. Emerenziani, L. Guidetti - Sport Sciences for Health, September 2015,
Volume 11, Supplement 1
Conclusions
In the past 30 years COSMED has been the forerunner of all most important technological advancements in
portable metabolic systems. The recent launch of the COSMED K5 represents an important step forward in how
metabolic testing can be performed, thanks to the introduction of IntelliMET, which allows to perform tests either
with dynamic mixing chamber or with breath by breath gas sampling methods.
The debate on which gas sampling method is more appropriate has been overcome with the possibility offered by
COSMED K5 to select dynamic mixing chamber or breath by breath methods depending on portocol and type of
test, increasing significantly flexibility and versatility in testing opportunities.
Additional Bibliography
Automated metabolic gas analysis systems: a review. Macfarlane DJ - Sports Med. 2001;31(12):841-61.
Validity and reliability of selected commercially available metabolic analyzer systems. Hodges LD, Brodie DA,
Bromley PD - Scand J Med Sci Sports. 2005 Oct;15(5):271-9.
Measurement of human energy expenditure, with particular reference to field studies: an historical perspective. Shephard RJ, Aoyagi Y - Eur J Appl Physiol 2012;112(8):2785-815.
Portable open-circuit spirometry systems: a review. Overstreet BS, Bassett DR Jr, Crouter SE, Rider BC, Parr B.-J
Sports Med Phys Fitness. 2016 Feb 10.
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