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With recent changes in recommended criteria for the scor-

ing of respiratory events, comparisons between the
results of the scorings have been performed in some retrospec-
tive studies.'?® These comparative studies are very useful be-
cause they link previous data to our current data in terms of
disease severity and prevalence for sleep disordered breathing.
One may even speculate about conversion factors. One well-
designed retrospective comparison was published by Duce
et al. in this issue.!

DISCUSSION

Equipment Related Issues

Differences in scoring respiratory events had been reported
previously.* We can identify several different reasons for this.
First, different equipment is used in sleep studies for assessing
respiration. This had been addressed in reviews when trying
to identify the best and the most feasible methods for sleep
studies.** There is a consensus that the reference for oronasal
airflow is a mask with a pneumotachograph. Because this is
not practically applicable in clinical sleep studies, other sen-
sors are used. These include thermal sensors, pressure sensors
(nasal prongs), and snoring and air vibration sensors. Good
validations are available for pressure sensors and for some
thermal sensors. There is a consensus that the reference for
respiratory effort is esophageal pressure. Again, because this
is not practically applicable in clinical sleep studies, inductive
plethysmography, piezo sensors, strain gauges, and imped-
ance sensors are used. Validation studies have proven that in-
ductive plethysmography is the best alternative to esophageal
pressure.

Scoring, Software, and Definition Related Issues

The second reason for differences in scoring results lies in
the scoring process itself. Independent whether scoring was
performed automatic or visual, it is based on certain defini-
tions. An overview of the definitions as they have evolved is
given in Table 1. Definitions (and software algorithms) always
rely on some sort of thresholds, and thresholds are often ar-
bitrary. No study has shown that a 30% reduction in flow is
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superior to scoring 33% reduction in flow. Criteria were often
selected due to experience and practicability.

Apnea, Hypopnea, RDI, Surrogates

A bigger problem is some signals provide only surrogates for
respiratory events. A heart rate-based apnea/hypopnea evalua-
tion, a respiratory sound-based apnea/hypopnea evaluation, or
a pulse attenuation evaluation for apnea/hypopnea events are
surrogates.® Surrogates may serve very well against the refer-
ence standard and may do their job well in clinical practice.®
For summing up these surrogates the term “respiratory dis-
turbance index (RDI)” was coined, being different from AHI.
This opens our eyes to the problem that nasal prongs or thermal
sensors provide surrogates for airflow as well. This issue was
much debated during the development of the AASM rules for
scoring published in 1999, and as a consequence, no significant
effort was made to count apnea and hypopnea events differ-
ently at that time.” Respiratory related arousals may be a differ-
ent issue. With this reflection, all events are finally surrogates
for a pathology called sleep disordered breathing.

Consequences in Terms of Treatment Decisions

Using apnea or hypopnea events, depending on sensors and
definitions as surrogates for a pathology, we have to arrive at a
clinical decision for treatment. This is done quite well, and evi-
dence on AHI number-based treatment have helped to prove
success of various treatments.® However changing definitions
will result in treating more people or fewer people, as perfectly
concluded by Duce et al.! Whether we diagnose and treat more
patients with sleep apnea overall by changing AHI thresholds
for sleep apnea severity becomes a health economy problem.
Such decisions, if taken, should clearly state which event scor-
ing criteria they are based upon.

Consequences in Terms of Prevalence

Changing criteria for respiratory events results in totally dif-
ferent prevalence values for sleep disordered breathing. An ex-
ample for this is given by Heinzer et al.? In their Swiss general
population cohort study, they found a prevalence of 23.4% in
women and 49.7% in men for AHI > 15/hour using the AASM
2012 criteria.” In the supplement to their paper, the authors
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Table 1—Development of criteria for the scoring of respiratory

events over time.

Apnea Hypopnea Respiratory Events
1999 AASM “Chicago criteria” Cessation of breathing for =10 | Flow reduction = 50% or < 50% for Progressive negative esophageal
seconds duration with = 3% desaturation or arousal. pressure for > 10 seconds and
Event = 10 seconds duration arousal
2007 AASM recommended Flow reduction = 90% for > 10 Flow reduction = 30% for > 10 seconds | Increased effort or flattening in flow
seconds and = 90% of event and = 90% of event duration and 2 4% | for > 10 seconds and arousal, if
duration desaturation criteria for apnea and hypopnea are
not met
2007 AASM alternative Same as above Flow reduction = 50% for > 10 seconds | Same as above
and = 90% of event duration and = 3%
desaturation or arousal
2012 AASM recommended Flow reduction = 90% for > 10 Flow reduction = 30% for > 10 seconds | Same as above
seconds and 2 3% desaturation or arousal
2014 AASM recommended Same as above Same as above Same as above
2014 AASM acceptable Flow reduction = 30% for > 10 seconds
and 2 4% desaturation

compared the AASM 2012, AASM 2007 recommended,'’ and
AASM 1999 criteria.” While AASM 2012 and AASM 1999 did
not differ significantly, the AASM 2007 criteria resulted in
roughly three-fold lower AHI values. Using surrogate respira-
tory event recording and evaluation in a selected urban popu-
lation, we can see a 55% prevalence for moderate and severe
sleep apnea.® Where is the truth? This clearly demonstrates
that setting scoring criteria is also a health policy issue.

Consequences in Terms of Cardiovascular Risk

In the study by Marin, evidence was given that severe sleep
apnea (AHI > 30/h) has increased cardiovascular mortality.'?
Without apnea, with treated sleep apnea, and with some mild
degrees of sleep apnea, we have lower cardiovascular risk.
What we also know is subjects with mild and moderate sever-
ity of sleep apnea have a high night-to-night variability of their
AHL" What needs further investigation is who is in danger for
an increased cardiovascular risk. Counting respiratory events
is a surrogate, currently the best surrogate we have. But what
we do not know is how the risk changes based on these numbers.
Data suggest that there is a steady increase: the more respira-
tory events, the higher the risk. But there may be a threshold
for AHI. There may be a big variation in respiratory events that
do not increase cardiovascular risk in mild and moderate sleep
apnea. Changing criteria for scoring respiratory events does
not help to solve this problem.

CONCLUSION

All the definitions for respiratory events and for thresholds
defining mild, moderate, and severe sleep apnea are arbitrary.
Definitely we need thresholds to convince patients and payers
for health care payment decisions. However, in the end, we are
still seeking better correlates for the clinical picture of obstruc-
tive sleep apnea linked with obesity, obstructive sleep apnea
linked with narrow upper airways, heritable obstructive sleep
apnea, central sleep apnea linked to heart failure, sleep apnea
linked to hyper- or hyposensitivity in chemoreflexes, and sleep
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apnea linked to prolonged circulation time. Sleep stages, body
position, other medications might influence the resulting respi-
ratory events. A pure apnea hypopnea index is not the solution
but currently the best available option until we succeeded in
phenotyping and characterizing severity of these phenotypes.
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