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Enhancing capnography accuracy
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Capnography monitoring

When patients are very sick, undergoing anaesthesia,
and/or receiving certain types of medication, including
opioids, they may experience difficulty breathing.
Respiratory compromise and respiratory depression
describe slow, ineffective breathing patterns that can
quickly turn to respiratory failure or death. Respiratory
depression events occur in 46% of patients receiving
opioids' and are the most common cause of adverse
events in procedures occurring under sedation and
analgesia. Postoperative opioid-induced respiratory
depression (OIRD) is a significant cause of death and
brain damage in the perioperative period.? Failure to
detect and prevent respiratory compromise is associated
with poor health and economic outcomes. Early
identification of respiratory compromise allows for earlier
intervention, mitigating the need for more significant and
disruptive interventions.’

Capnography is the continuous monitoring of the
patient’s ventilation. It provides a near real-time
assessment of both the patient’s exhaled carbon dioxide
as well as continuous respiratory rate. There is a wealth
of data supporting the use of continuous capnography
monitoring to detect respiratory compromise and reduce
associated adverse events.* As such, capnography
monitoring is endorsed by a number of medical societies
as the recommended practice for monitoring patients at
risk for respiratory compromise.>”?

To ensure effective and safe monitoring of patients,
accurate capnography readings are essential. The
capnography monitoring system includes a monitor
and sampling line, which extracts and transports the
breath sample to the monitor for analysis. An important
component of obtaining accurate readings is capturing
representative samples of the patient’s true ventilation.

Prevalence of septal deviation, nasal
obstruction, and nasal cycling

Septal deviation is a common condition where the
nasal septum, the bone and cartilage that divide

the nasal cavity, is off-center or crooked, affecting
approximately 86% of Americans.’® While many
individuals may not experience significant symptoms, a
substantial portion suffers from chronic nasal blockage
in one or both nares. Nasal obstruction is defined as
the subjective perception of discomfort or difficulty in
the passage of air through the nostrils and may affect
up to 30%-40% of the population.™

Nasal cycling is the physiologic process of alternating
congestion (increased airway resistance) and
decongestion (decreased airway resistance) of the
opposing nasal passages, with the predominance

of nasal airflow shifting back and forth intermittently
between the two nares. Nasal cycling is estimated to
occur in 80% of the healthy population. The duration of
the nasal cycle for humans ranges from 25 minutes to
4 hours, with an average of 2.5 hours between cycles,
and data demonstrates its impact on FiO,."?

Consequences on capnography
measurement

Single nare sampling line design and limitations
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Figure 1: Masimo NomoLine-O™ split nare sampling desi%
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Sampling lines using a single nare sampling,



also known as split flow cannula designs, can be
problematic for patients with nasal blockages, as it may
inaccurately capture exhaled CO,, leading to unreliable
readings.™" Split-flow cannula designs like the Masimo®™
NomolLine-O™ may lead to an increase in sample
dropouts and false alarms,™'* as many capnography
sampling lines, including AirLife's™ SalterSTAT™ from
Salter Labs™, only capture exhaled CO, from one nostril
referred to as split-flow cannula design.™'®

Clinical implications of split-flow cannula

During bench testing of sampling lines, Masimo™

and AirLife” sampling lines reported errors greater

than the accepted margin of 2 mmHg under simulated
conditions of varied respiratory rate and/or supplemental
oxygen flow.""¢

High respiratory rates or need for supplemental oxygen
are seen in patients who are at higher risk for respiratory
compromise. Accurate capnography readings in

this patient group are vital, and inaccurate readings,
including those due to single nare sampling, can delay
the detection of respiratory issues.

The Microstream™ solution

Microstream™ Advance filter lines, when paired with
Microstream™-enabled monitors, form a comprehensive
system that leverages advanced capnography
technology. This integration not only ensures precise
EtCO, measurement and respiratory rate monitoring,
delivering crisp and clear waveforms,'” but also
addresses the limitations of single nare sampling.
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Figure 2: Fluidics of nasal/oral CO, sampling

Dual nare sampling

The Microstream™ Advance filter lines include nasal
prongs designed to provide sampling from either nare
and an oral scoop that captures CO, samples from mouth
breathers. Capturing exhaled breath from the right or left
nare, or the mouth, provides a more comprehensive and
accurate measurement of EtCO, levels.

Uni-junction™ sampling technology

The Microstream™ Advance filter lines are designed
with a patented Uni-junction™ technology that ensures
effective sampling from both nares and the mouth, even
at low tidal volumes.

Positive pressure is transferred down through
Uni-junction™ technology design into top of oral scoop
restricting room air from entering oral scoop and diluting
sample. When patient exhales through nose and mouth,
pressure is equilibrated from both directions resulting in
sampling from both nose and mouth.'

Smart Capnography™ family of algorithms

All hardware equipped with Microstream™ technology
features proprietary algorithms known as Smart Breath
Detection™ (SBD) and Smart Alarm for Respiratory
Analysis™ (SARA). These unique algorithms operate
automatically in the background, engineered to reduce
clinically insignificant nuisance alarms by up to 53% while
providing a comprehensive view of respiratory status."
These algorithms are exclusive to validated Microstream™
Advance filter lines.

Oxygen delivery

When monitoring EtCO,, there are significant differences
in the performance of different designs, both in CO,
sampling and oxygen delivery. It is important to ensure
that the sample line being used provides a quality
sample of exhaled gas and delivers a consistent level

of oxygen. The Microstream™ Advance filter lines are
designed to deliver oxygen to both nares and orally by
producing an “"oxygen cloud” in front of the nose and
mouth, delivering up to 5L per minute without diluting
the CO, sample. This is achieved with a series of small
holes at the base of the nasal prongs and oral scoop that
deliver oxygen. This design is also intended to minimize
attenuation of the CO, sample by oxygen dilution.?

Increased patient safety

Microstream™ Advance filter lines outperformed other
capnography sampling lines for EtCO, accuracy in head-
to-head testing, and are shown to deliver more accurate
readings compared to Masimo®™ NomolLine-O™, as well
as AirLife®” samplings lines such as VentFLO™, Salter
Labs™, and Curaplex™."1%.20.21

Through early detection of adverse events, timely
intervention, and a wealth of published clinical benefits,
Microstream™ capnography is a powerful tool in the
drive to elevate patient safety anywhere patients are

at risk of OIRD. Use of Microstream™ capnography is
associated with a 61% reduction in adverse events.'2"22

tTesting funded and conducted by Medtronic; bench results may not be
indicative of clinical performance.
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Overview of testing results for sampling lines"?'
X Defined as measurements that fell outside the specifications of the capno-

graph system used for testing. If multiple conditions were tested, falling out-

side specifications for any condition was marked as outside specifications.
Indicates at the top limits of specifications.

v Indicates within system specifications.

Split nare sampling devices fall short of accurately
measuring EtCO, in patients with septal deviations
or nasal obstructions because they are restricted to
monitoring a single nare. Microstream™ Advance
filter lines with Uni-Junction™ sampling technology

are not affected by the common clinical presentation

of septal deviations or nasal obstructions since
they are designed to sample EtCO, from both or
either nare as well as from the mouth. Additionally,
Microstream™ Advance filter lines used in
combination with Microstream™-enabled monitors
provide caregivers with a family of smart algorithms
which help to identify changes in a patient’s
respiratory status. Microstream™ Advance dual nare
sampling is an accurate and reliable technology
ensuring safe and precise monitoring even in
challenging situations.

FTesting funded and conducted by Medtronic; bench results may not be
indicative of clinical performance.
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