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Abstract
There are two types of sleep scoring techniques for evaluation of obstructive sleep apnea
(OSA) on polysomnography, they are manual and automated scoring. Manual scoring with
expert technician is considered as a gold standard scoring technique. It evaluates total sleep
time, stage of sleep, and apnoea or hypopnea index (AHI) better than automated scoring.
However, this technique needs more manpower, money, and infrastructure. Automated scoring
technique is simple, cost effective, and less time consuming. Both techniques can be performed
with home sleep testing or in laboratory polysomnography. Though, automated scoring
technique is less accurate in diagnosis of mild form of OSA, it is a viable option for moderate
and severe OSA especially where the patient load is high and facilities are limited.

Introduction

Manual scoring

O

Manual scoring technique requires a trained sleep
technician to score initiation of sleep, stages of sleep,
apnea or hypopnea index, sleep onset, and arousals and
to follow each epoch on monitor. The length of one epoch
is 30 seconds. So, 6 hour of sleep recording requires
about 720 epochs to be evaluated separately. This process
takes nearly 80-180 minutes, even when performed by
the most experienced technician. Thus, it requires
expertise and is time-consuming3. Since, manual scoring
is done manually which has considerable interscorer and
intrascorer variability makes its reliability and
reproducibility questionable4. In India, manual scoring
is usually performed for in-laboratory PSG. The cost of
in-laboratory PSG is 3-5 times higher than that of home
sleep testing. Manual scoring is rarely practiced for home
sleep testing. It is essential for a practicing sleep physician
to know the scoring system, so that in case of doubt
even home sleep test can be crosschecked.

bstructive sleep apnea (OSA) has become a
public health problem due to its high frequency
rate. The estimated prevalence of symptomatic
OSA is between 3 and 8% in men and 1 and 5% in
women1. Identification of true patients and accurate
interpretation of disease severity directly affects the
success of the treatment. Polysomnography (PSG) is used
for recording neurophysiological, cardiorespiratory, and
other physiological parameters during sleep at night2. It
is the gold standard diagnostic method for OSA. The
scoring of PSG parameters which determine OSA can
be done by manual and automated (computational)
techniques. Both the scoring techniques have their own
advantages and disadvantages. Manual scoring is
considered as a gold standard technique. However,
automated scoring can also be useful if used judicially
and appropriately.
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Automated scoring
In automated scoring, the installed software reports
apnoeas, hypopnoeas, snoring, sleep onset, stages of
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sleep, and the apnoea or hypopnea index5. Automated
scoring can be performed in a shorter time without the
need for expert technician support. There may be errors,
particularly in recognizing the process of passing from
the awake state to stage I and rapid eye movement (REM)
sleep and in distinguishing arousal, epileptic activity, and
parasomnia6. Automatic systems are not sufficiently
validated and lack precision in discriminating sleep stages
or detecting respiratory episodes in clinical practice7.
However, it is a cost effective method as compared to
manual scoring. In India, this scoring technique is usually
done for home sleep testing. If automated scoring of
laboratory performed PSG correlates with clinical finding
then one may not review each and every study.

Studies on Manual verses automated
scoring
Some studies have shown that automated scoring is not
as good as manual scoring. Ozturket al.8 compared 30
patients diagnosed with OSA and found the rate of
consistency to be 58% between manual and automatic
scoring. Asik Met al3 in study of direct comparison of
manual verses automated scoring showed that the
percentage of rapid eye movement (REM) stage was
significantly lower for all patients and all OSA subgroups
in automated scoring. The non rapid eye movement
(NREM) AHI was significantly higher in the automated
scoring (p=0.002). The rate of specificity was only 90.0
and 86.6% for mild and moderate OSA, respectively.
Barreiro B et al7 in comparison between automatic and
manual analysis showed that automated scoring
underestimates the duration of the stages of REM sleep
(P<0.007) and deep sleep (P<0.3). Aurora RN et al9
compared 2 types of devices, Apnea Link Plus monitor
and Emletta in 200 subjects. The difference between
manual and automated AHI was 6.1 (95% CI, 4.9-7.3)
and 4.6 (95% CI, 3.5-5.6) events/hour, respectively.
Thus, agreement between automated and manual scoring
of home sleep tests varies depending on the function of
the portable device and definition of disordered breathing
used. As per these studies, automated scoring
underestimates the AHI compared with manual scoring.
There are a few other studies which favour automated
scoring. Ernst G et al. 5 showed that there was no
significant difference between automated and manual
apnea or hypopnea indexes. The agreement between
manual and automatic AHI for AHI >30 was 94%, with
a Kappa coefficient of 0.83 (p< 0.001). The AUC-ROC,
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sensitivity, and specificity were 0.99, 86% and 97%,
respectively. Asik M et al.3 in a study on 120 patients on
manual verses automated scoring showed that there were
no statistically significant differences in the total AHI
and REM. AHI between two scoring techniques (p=0.053
and p=0.319, respectively). Sensitivity, specificity,
positive predictive value, and negative predictive value
of automated scoring were 98.88, 93.33, 97.80, and
95.55%, respectively. Masa JF et al.10 in study of 366
randomized patients had a specificity of 93% for
automated and 94% for manual scorings in patients of
home sleep testing. In an another study average scores
of the 10 technologists for the 70 pairs of automated
scoring verses manual scoring showed that the automatic
system yielded results that were similar to those obtained
by experienced technologists4.
Thus, overall the rate of consistency has been
reported to range from 60% to >90% in the
literature3,4,11,12. Possible causes of this inconsistency
between the two techniques is postulated to be due to
variation in devices in different studies, the restricted
number of samples in some studies, or inhomogeneous
cases of the sampling in terms of the severity of OSA
and the expertise of technician. The calculated NREM
stage N1, N2, N3 REM sleep time is likely to be better
with an experienced technologists. Arousals, apneas, and
hypopnea are also likely to be scored better with an
experienced technician.

Indian scenario
There is lack of proper studies on manual scoring versus
automated scoring in India. Based on the available data,
the question arises whether manual scoring should be
done to achieve accurate AHI at the cost of huge
manpower, money and infrastructure. There is a lack of
proper population prevalence study of OSA in India due
to paucity of health care facilities with multi-channel
polysomnography equipment. The various studies in last
decade reported that the prevalence of OSA was nearly
3–4% in India13. With a population of approximately
1.2 billion it is estimated that nearly 40–50 million suffer
from OSA. There are only about 500 PSG laboratories
across India. With nearly 600 sensitized technician across
the country, it is difficult to know how many are welltrained technician. It is not technically possible to
evaluate all 40–50 million sleep studies by 600
technicians.
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Besides, there is night-to-night variability in AHI
scoring and it also varies with different technician in
manual technique. It should also be remembered that
there is insufficient evidence to draw conclusions
regarding the efficacy and/or effectiveness of CPAP
treatment for mild OSA14,15.
Overall, proper sleep time detected by manual scoring
makes a significant difference in the diagnosis of mild
OSA. The automated scoring is possibly more costeffective for moderate to severe OSA. If automated
scoring generates mild OSA or there is discrepancy
between history, examination, and automatically
generated report, then review with manual scoring is
required even if it is a home sleep testing.
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