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ABSTRACT: This study evaluated the accuracy of a portable recording device
(MESAM IV) in identifying obstructive sleep apnoea (OSA).

The MESAM IV system measures arterial oxygen saturation (Sa,O2), heart rate,
snoring sounds and body position, and allows both automatic and manual scoring
of the recordings. Nocturnal polysomnography and MESAM IV recordings were
performed simultaneously in 150 patients with suspected OSA, and were analysed
blindly by a different observer. Patients with an apnoea-hypopnoea index (AHI)
greater than or equal to 10 were diagnosed as having OSA. In the evaluation of
the discriminatory ability of MESAM IV scores, the cut-off point was set to min-
imize first the exclusion of truly diseased patients (i.e. false-negative interpreta-
tions), and then the confirmation of nondiseased subjects (i.e. false-positives).

When used as an exclusion test, the portable device reached a sensitivity of 0.98
and a specificity of 0.78; as a confirmation test, these values were 0.69 and 0.97,
respectively. These results were achieved with manual scoring, which was supe-
rior to automatic scoring. Manual scoring was also better than automatic scoring
when OSA was defined according to other threshold values (≥5, 15 and 20) for the
AHI.

The combination of MESAM IV manual scores could reduce the need for diag-
nostic polysomnography in three quarters of the patients clinically suspected of
having obstructive sleep apnoea, substantially reducing costs associated with diag-
nostic procedures.
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Obstructive sleep apnoea (OSA) affects 2–4% of ma-
les and 1–2% of females in middle age [1, 2]. The con-
dition is characterized by frequent episodes of apnoea
and hypopnoea during sleep, which lead to the fragme-
ntation of sleep and to decreases in oxyhaemoglobin
saturation [3, 4]. As a consequence, patients are at in-
creased risk of cardiovascular morbidity and mortality
[5], and are more frequently involved in traffic acci-
dents [6]. Despite the availability of therapies with pro-
ven effectiveness, such as continuous positive airway
pressure [7], it is likely that OSA is underdiagnosed
because the final diagnosis can only be carried out in
a sleep laboratory, using nocturnal polysomnography
by highly-qualified personnel [8, 9]. This has led to the
development of portable recording devices, which can
be used outside the sleep laboratory in an unattended
setting. In spite of the growing clinical use of portable
devices in the assessment of sleep apnoea, the evidence
available concerning their diagnostic accuracy is in-
conclusive [10], and more research in this area has been
suggested [11, 12].

The MESAM IV is a portable recording system which
records oxygen saturation, heart rate, snoring sounds and
body position. Four previous studies have evaluated
the diagnostic validity of MESAM IV, with conflicting

results [13–16]. The aim of the present study was to
evaluate the diagnostic accuracy of the MESAM IV sys-
tem in patients with clinical suspicion of OSA.

Material and methods

Patients and design

From November, 1991 to September, 1993, 152 con-
secutive patients with clinically suspected OSA were in-
cluded in the study. Data corresponding to the first 51
patients were presented in a previous paper [16]. From
the pneumology out-patient department, patients were
referred to the sleep unit of the Txagorritxu Hospital, a
university-affiliated general hospital in Vitoria-Gasteiz
(Spain). They complained of daytime hypersomnolence,
loud snoring, or were diagnosed as having polycythaemia,
respiratory failure or cor pulmonale, and none of these
diagnoses were explained by other causes. Data on sleep
symptoms were obtained by using a standardized ques-
tionnaire. The study was approved by the hospital's Re-
search and Ethics Committee. Conventional nocturnal
polysomnography and MESAM IV recordings were per-
formed simultaneously on all the patients. A different



observer carried out the readings of each of the two me-
thods; the observers were not informed of the patient's
health condition and were blind to the results of the
other method. It was necessary to repeat two polysom-
nographs because the total sleep time was less than 180
min. As the MESAM IV printouts could not be inter-
preted in two patients due to recording problems, a total
of 150 patients were evaluated.

Polysomnography

The polysomnography consisted of continuous poly-
graphic recording for a whole night (Duplex TR XVI;
Alvar Electronic) of the electroencephalogram (EEG)
(C3/A2), tibial and submental electromyograms (EMG),
and electro-oculogram (EOG). Electrocardiogram (ECG)
(modified V2 lead) was recorded with standard electrode
placement, thoracoabdominal movement by plethysmo-
graphy (Volucap; Alvar Electronics), oronasal flow by
nasal and oral thermistors (Alvar Electronics), and oxy-
gen saturation with an ear sensor (Critikon Oxyshuttle;
Johnson & Johnson). Polysomnography records were
scored for sleep, breathing, oxygenation, and movement
in 30 s periods. Sleep data were staged (Stages I–IV
and rapid eye movement (REM) sleep) according to
the system of RECHTSCHAFFEN and KALES [17]. Both time
in bed and recording time for polysomnography were
equal for all patients, from 0:00 to 07:00 h. Polysomno-
graphic recordings were analysed for the total sleep
time. Mean sleep time for the 150 patients included was
318 (SD 63) min. An abnormal breathing event during
objectively measured sleep was defined according to
standard clinical criteria as either a complete cessation
of airflow lasting 10 s or more (apnoea), or a discernible
reduction in respiratory airflow accompanied by a dec-
rease of 4% or more in oxyhaemoglobin saturation and/
or an arousal (hypopnoea). Apnoeas and hypopnoeas
were subdivided into central, obstructive and mixed
events. The apnoea-hypopnoea index (AHI) was calcu-
lated as the average number of episodes of apnoea and
hypopnoea per hour of sleep.

MESAM IV

The MESAM IV is a portable device with four-chan-
nel digital recording, which has been described previ-
ously [18]. The system records heart rate, snoring, oxygen
saturation and body position. The beginning of the recor-
ding is programmable with a personal computer (IBM
compatible). Preparation of the computer and attaching
the device in relation to the patient takes about 15 min.
Recording can be scored automatically, by means of
software included in the system, or manually, by visual
evaluation of printouts. In the present study, version
3.21 of the system software was used.

Automatic analysis of MESAM IV calculates three
indices. The heart rate variation index (HRVI) express-
es the number of sudden increases in heart rate from
the baseline per hour of analysis time. The oxygen de-
saturation index (ODI) expresses the number of oxy-
gen desaturations equal to or greater than 4% per hour
of analysis. The desaturation phase continues until sat-
uration has again risen by 90% of the difference be-
tween the base level and the desaturation level. The

intermittent snoring index (ISI) is a measure of intermi-
ttent snoring sound generated by the test subject. These
indices are not integrated in a final score but are pre-
sented separately.

Manual analysis aimed to summarize the changes in
the heart rate, oxygen saturation and breathing sounds
in a single index, which would allow the identification
of the occurrence of apnoea or hypopnoea with greater
accuracy than when using one of the components alone.
The manual scoring analysis was made by visual eval-
uation of printouts at 10 min intervals ("full disclosure")
(fig. 1). After a review of the whole night's recording
in 2 h periods, a minimum continuous episode of 5 h
was selected, which included, if present, the most abnor-
mal section. In practice, it was found that by selecting
the period from 01:00 to 06:00 h, the above criterion
was achieved in 95% of the patients. The same period
was used both for manual and automatic analysis. Two
manual scores (MS) were developed using criteria based
on those proposed by PENZEL [18]. The manual scores
were calculated by a two-step process. In the  first stage,
the recordings of each of the three variables (i.e. heart
rate, oxygen saturation and snoring sounds) were analy-
sed separately. For each one, the observer marked the
changes related to the possible occurrence of respira-
tory events, using the following criteria: for heart rate,
an increase from an immediate previous baseline of
10% or more; for oxygen saturation, a drop in the level
of arterial oxygen saturation (Sa,O2) from baseline equal
or greater than 4% and lasting longer than 10 s; for
snoring sounds, the occurrence of at least three snores
separated by intervals of 10–120 s with an absence or
attenuation of snoring sounds (fig. 1). Both for Sa,O2 and
heart recordings, evident changes according to the above
cited criteria were evaluated with the naked eye, and a
ruler was used to measure the magnitude of doubtful
changes. In the second stage, the results from the pre-
vious stage were used to calculate two manual score
indices. In the two-channel manual score index (MS2),
an event was defined as the simultaneous occurrence of
changes in at least two of the three variables. In the case
of the three-channel manual score index (MS3), an event
was defined as the simultaneous occurrence of changes
in all three variables. The MS2 and MS3 indices were
calculated as the number of the respective events per
hour of analysis time. Manual analysis, after printing of
the total recording, took the technician an average of
30 min per subject.

Analysis

To measure overall agreement between the AHI and
each of the scores of the MESAM IV, we calculated the
intraclass correlation coefficient, which indicates how
much of the total variation of the measurements can be
attributed to differences between the subjects rather
than to differences between the methods, and is equal
to 1 when the two methods achieve exactly the same
values [19]. The nature and extent of disagreement be-
tween the AHI and each of the MESAM IV scores was
evaluated using the average difference (d) between the
measurements, and the limits of agreement (d±1.96 sd)
where sd is the standard deviation of the differences
[20]. The analysis of the diagnostic accuracy of the
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MESAM IV scores was made for each of the definitions
of OSA corresponding to conventional cut-off values
for the AHI (≥5, 10, 15 and 20). The results of the pre-
sent paper will focus mainly on those obtained using a
threshold value of 10 for the AHI.

The discriminatory ability of the MESAM IV scores
for the diagnosis of OSA was evaluated using receiver
operating characteristic (ROC) curves [21]. The ROC
curve shows the trade-off between sensitivity (true-posi-
tive proportion) and 1-specificity (false-positive propor-
tion). The larger the area under the ROC curve, the more
valid the diagnostic test in comparison with the gold
standard (in this case conventional nocturnal polysom-
nography). Positive and negative predictive values were
also estimated. The validity indices obtained from each
of the ROC curves were estimated at cut-off points
selected using two criteria. The first was the use of the
MESAM IV as an exclusion test, i.e. to rule out the pre-
sence of OSA, sensitivity was set high at 0.97: although

most cases with OSA would be recognized as such by
the MESAM IV, a relatively large proportion (in com-
parison with a rule-in threshold) would be false-posi-
tives. The second criterion was based on the use of the
MESAM IV as a confirmation test, i.e. to rule-in the
presence of OSA: specificity was set high at 0.97 yield-
ing few false-positives, but relatively more false-nega-
tives than with the rule-out criterion.

Because we do not know the probability distribution
of the cut-off points obtained, the standard error of the
selected cut-off points is not readily available. Further-
more, the choice of the optimal cut-off point based on
the values of the study patients tends to overestimate
the validity indices, the bias being important when small
samples are involved. To address these two issues, the
bootstrap method [22, 23] was used to estimate the stan-
dard error of the optimal cut-off point, and the bias and
standard error of the corresponding validity indices (for
more details see the Appendix).
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Fig. 1.  –  Graphic recording of the MESAM IV for visual analysis.  Four examples of MESAM IV recording are presented as 10 min periods.
Trace represents (from the top to the bottom) respiratory sounds (R), cardiac frequency (fc), oxygen saturation (Sa,O2), and body position. The
body position channel indicates whether the subject is lying on his back (Ba), left side (Le), right side (Ri), frontal position (Fr), or is in an
upright position (Up). a) Normal recording. No evidence of snoring or significant changes in heart rate or Sa,O2. b) Normal subject but a heavy
snorer. The number of scores can be detected on the graph. The respiratory rate can be estimated (about 12 per minute). c) Subject with OSA.
Seventeen "apnoeas" can be detected from the breaks between snores. The same changes can be seen in the heart rate and the Sa,O2. It is thus
possible to calculate both the two channel and the three channel manual score indices. d) The same person as in graph c), where we can see
how he stops having "apnoeas" and continues snoring. 
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Results

Patients had an average age of 57 (SD 11) yrs and
134 (89%) were males. Forty nine patients (33%) had
at least a moderate chronic obstructive pulmonary dis-
ease (COPD) (FEV1 <70% of predicted value [24]). Ac-
cording to the results of polysomnography, 90 patients
(60%) had an AHI ≥10, and were diagnosed as having
OSA (table 1).
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Table 1.  –  Characteristics of patients

AHI ≥10 AHI <10
(n=90) (n=60)

Male gender  n (%) 81 (90) 53 (88)
Moderate-severe COPD  n (%) 30 (33) 19 (32)
Right ventricular hypertrophy  37 (41) 14 (25)
(by ECG)  n (%) 
Breathing pauses(%)†‡ 62 (70) 21 (35)
Moderate-severe diurnal 48 (53) 7 (12)
hypersomnia(%)†§

Age  yrs 58±11 57±10
Body mass index  kg·m-2 31±5 28±4
Diastolic blood pressure  mmHg 84±11 80±12
Oxygen desaturation index (ODI) 46±25 22±19
Heart rate variation index (HRVI) 26±24 9±12
Intermittent snoring index (ISI) 39±23 23±13
Two-channel manual score index 41±19 10±11
(MS2) 
Three-channel  manual score index 23±19 1.0±2.5
(MS3) 
Apnoea-hypopnoea index (AHI) 43±24 2.1±2.2

Data are presented as absolute values, and percentage in paren-
thesis, or mean±SD. †: evaluated by questionnaire; ‡: witnessed
respiratory pauses reported by the room-mate or by other per-
son living with the patient; §: tendency to fall asleep during
daytime, excluding the period after lunch ("siesta"), almost
every day or every day. COPD: chronic obstructive pulmonary
disease; ECG: electrocardiography.

Table 2.  –  Agreement between AHI and MESAM IV
scores

Correlation coefficient

Product- Limits of
Intraclass moment Bias* agreement†

Automatic scores
ODI 0.47 0.51 -94 -61 41.7

(0.33–0.58) (0.38–0.62)
HRVI 0.36 0.43 74 -46 60.6

(0.22–0.49) (0.28–0.55)
ISI 0.44 0.48 -59 -56 43.8

(0.30–0.56) (0.34–0.59)
Manual scores
MS2 0.72 0.73 -1.8 -38 34.8

(0.63–0.79) (0.65–0.80)
MS3 0.57 0.75 12.6 -24 48.7

(0.63–0.79) (0.66–0.81)

Values in parentheses are 95% confidence intervals. *: aver-
age difference (d)=(AHI) - (MESAM IV score). †: d±1.96 sd,
where sd is the standard deviation of the differences. ODI:
oxygen desaturation index; HRVI: heart rate variation index;
ISI: intermittent snoring index; MS2: two-channel manual
score index; MS3: three-channel manual score index; AHI:
apnoea-hypopnoea index.
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Fig. 2.  –  Receiver operating characteristic (ROC) curves for MESAM
IV scores in obstructive sleep apnoea defined according to different
threshold values for the apnoea-hypopnea index (AHI). a) AHI ≥5;
b) AHI ≥10; c) AHI ≥15; d) AHI ≥20. –––: two channel manual score
index (MS2); – – – : three channel manual score index (MS3); - - - - :
oxygen desaturation index (ODI); –×–×–: heart rate variation index;
–●–●–: intermittent snoring index (ISI).
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Table 2 summarizes the findings on the agreement
between the AHI and the MESAM IV scores. The agree-
ment was clearly greater in the MS2 than in the auto-
matic scoring. The width of the limits of agreement
indicates great variability in the differences between the
AHI and the MESAM IV scores.

Figure 2 presents the ROC curves for the MESAM
IV scores, using different diagnostic criteria for OSA.
As evidenced by the values for the area under the ROC
curve (table 3), irrespective of the diagnostic criteria,
the discriminatory ability of the manual scores was gre-
ater than that observed with automatic scores.

Tables 4–7 show the validity indices corresponding
to the optimal cut-off points selected from each ROC
curve using two decision criteria. When considering the
use of the MESAM IV as an exclusion test (rule-out

criterion), the best results were obtained with the MS2;
for instance, when considering an AHI ≥10 as diagnostic
of OSA, only two cases out of the 90 diagnosed by poly-
somnography were missed by the MESAM IV (sensiti-
vity 0.98; 95% confidence interval (95% CI) 0.95–1.00),
while 47 out of the 60 patients without OSA were cor-
rectly identified (specificity 0.78; 95% CI 0.68–0.89).
Thus, OSA was correctly ruled-out in 47 patients of
the 49 with negative MESAM IV results (negative pre-
dictive value 0.96; 95% CI 0.90–1.00). When using the
MESAM IV as a confirmation test (rule-in criterion)
the MS3 obtained the best validity indices; using the
same diagnostic criterion for OSA (AHI ≥10), only one
subject among the 60 without OSA was wrongly diag-
nosed as having OSA by the MESAM IV (specificity
0.98; 95% CI 0.95–1.00), while 62 of the 90 affected
patients were recognized as such (sensitivity 0.69; 95%
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Table 3.  –  Area under the receiver operating characteristic (ROC) curve (and 95% confidence interval in paren-
thesis) of MESAM IV scores in obstructive sleep apnoea (OSA)

Diagnostic criterion for OSA

AHI ≥5 AHI ≥10 AHI ≥15 AHI ≥20

Automatic scores
ODI 0.710 0.764 0.760 0.748

(0.627–0.793) (0.688–0.841) (0.681–0.839) (0.666–0.830)
HRVI 0.730 0.718 0.700 0.665

(0.649–0.811) (0.637–0.799) (0.615–0.785) (0.574–0.755)
ISI 0.744 0.726 0.712 0.728

(0.666–0.821) (0.647–0.806) (0.625–0.798) (0.641–0.814)
Manual scores
MS2 0.893 0.939 0.932 0.910

(0.837–0.949) (0.899–0.979) (0.893–0.970) (0.865–0.954)
MS3 0.914 0.943 0.931 0.918

(0.869–0.960) (0.907–0.979) (0.891–0.971) (0.873–0.962)

For definitions see legend to table 2.

Table 4.  –  Validity indices of MESAM IV scores in
obstructive sleep apnoea (AHI ≥5)

Cut-off
point Sens. Spec. PPV NPV

Confirmation test*
Automatic scores

ODI 60 0.29 0.96 0.94 0.41
HRVI 28 0.37 0.96 0.95 0.44
ISI 41 0.44 0.96 0.96 0.47

Manual scores
MS2 39 0.51 0.96 0.96 0.50
MS3 10 0.66 0.96 0.87 0.80

Exclusion test**
Automatic scores

ODI 2 0.95 0.04 0.66 0.29
HRVI 1 0.95 0.10 0.67 0.50
ISI 2 0.97 0.08 0.67 0.57

Manual scores
MS2 4 0.97 0.18 0.70 0.75
MS3 0 1.00 0.00 0.66 -

*: selected cut-off point corresponding to the specificity clos-
est to 0.97; **: selected cut-off point corresponding to the
sensitivity closest to 0.97. PPV: positive predictive value;
NPV: negative predictive value. Sens.: sensitivity; Spec.: speci-
ficity. For further definitions see legend to table 2.

Table 5.  –  Validity indices of MESAM IV scores in
obstructive sleep apnoea (AHI ≥10)

Cut-off
point Sens. Spec. PPV NPV

Confirmation test*
Automatic scores

ODI 66 0.23 0.98 0.95 0.46
HRVI 27 0.42 0.97 0.95 0.53
ISI 45 0.40 0.97 0.95 0.52

Manual scores
MS2 39 0.56 0.97 0.96 0.59
MS3 11 0.69 0.98 0.98 0.67

Exclusion test**
Automatic scores

ODI 2 0.97 0.07 0.61 0.57
HRVI 1 0.94 0.08 0.61 0.50
ISI 3 0.97 0.10 0.62 0.67

Manual scores
MS2 14 0.98 0.78 0.87 0.96
MS3 1 0.96 0.69 0.83 0.91

*: selected cut-off point corresponding to the specificity clos-
est to 0.97; **: selected cut-off point corresponding to the
sensitivity closest to 0.97. For definitions see legends to tables
2 and 4.



CI 0.59–0.78). Thus, OSA was correctly ruled-in in 62
of the 63 patients with positive MESAM IV results
(positive predictive value 0.98; 95% CI 0.95–1.00). By
combining MS2 and MS3, figure 3 shows that 38 pati-
ents (25%) of the 150 studied were not appropriately
classified by the MESAM IV: among those, 26 had OSA
and 12 did not.

The bootstrap procedure was used to study the stabi-
lity of the selected cut-off points (see Appendix). When
considering an AHI ≥10 as diagnostic of OSA, and using

the rule-out criterion, the mean value of the selected
cut-off point for MS2 was 14.2 (95% CI 13.4–15.1).
According to the rule-in criterion, the mean value of the
cut-off point for MS3 was 10.2 (95% CI 7.4–13.8). The
estimated bias for sensitivity and specificity in both cases
was less than ±0.004.

In order to assess reliability of the manual scoring
method, 126 randomly selected records were blindly
re-analysed by the same observer. Another set of 56 ran-
domly selected records was reanalysed by a sleep tech-
nician. Agreement for the classification of patients
according to the rule-in and the rule-out criteria was
evaluated by Cohen's kappa (κ) [25]. When OSA was
defined by an AHI ≥10, intraobserver agreement val-
ues were 0.96 (95% CI 0.91–1.00) for the MS2 and
0.984 (95% CI 0.95–1.00) for the MS3. The values of
κ for the interobserver agreement were 0.76 (95% CI
0.56–0.96) for MS2 and 0.86 (95% CI 0.72–0.99) for
MS3.

Discussion

In this study, visual evaluation of MESAM IV record-
ings achieved a high diagnostic accuracy in patients with
clinical suspicion of OSA; results were not as good using
automatic scoring. The results of the present study are
similar to those of ROOS et al. [14] and KOZIEJ et al.
[15]. The estimated validity for the automatic scores in
the present study contrasts with the results obtained by
STOOHS and GUILLEMINAULT [13] where the ODI attained
a sensitivity of 0.92 and a specificity of 0.97, whereas
the corresponding values for the HRVI were 0.58 and
0.32, and for the ISI 0.96 and 0.27. As regards the ODI,
the results obtained by STOOHS and GUILLEMINAULT [13]
are also in contrast with those found in previous studies
which have evaluated the diagnostic validity of oximetry:
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Table 6.  –  Validity indices of MESAM IV scores in
obstructive sleep apnoea (AHI ≥15)

Cut-off
point Sens. Spec. PPV NPV

Confirmation test*
Automatic scores

ODI 61 0.36 0.96 0.90 0.60
HRVI 63 0.12 0.97 0.82 0.53
ISI 50 0.39 0.97 0.94 0.61

Manual scores
MS2 50 0.47 0.97 0.95 0.65
MS3 14 0.68 0.97 0.96 0.75

Exclusion test**
Automatic scores

ODI 2 0.96 0.05 0.50 0.57
HRVI 1 0.93 0.07 0.50 0.50
ISI 3 0.96 0.08 0.51 0.67

Manual scores
MS2 17 0.96 0.76 0.80 0.95
MS3 1 0.97 0.58 0.70 0.96

*: selected cut-off point corresponding to the specificity clos-
est to 0.97; **: selected cut-off point corresponding to the
sensitivity closest to 0.97. For definitions see legends to tables
2 and 4.

Table 7.  –  Validity indices of MESAM IV scores in
obstructive sleep apnoea (AHI ≥20)

Cut-off
point Sens. Spec. PPV NPV

Confirmation test*
Automatic scores

ODI 66 0.28 0.96 0.86 0.63
HRVI 76 0.01 0.98 0.33 0.55
ISI 55 0.33 0.98 0.92 0.64

Manual scores
MS2 51 0.46 0.98 0.94 0.69
MS3 26 0.52 0.98 0.95 0.71

Exclusion test**
Automatic scores

ODI 2 0.96 0.05 0.45 0.57
HRVI 1 0.93 0.06 0.44 0.50
ISI 2 0.96 0.05 0.45 0.57

Manual scores
MS2 17 0.97 0.70 0.72 0.97
MS3 1 0.97 0.52 0.63 0.96

*: selected cut-off point corresponding to the specificity clos-
est to 0.97; **: selected cut-off point corresponding to the
sensitivity closest to 0.97. For definitions see legends to tables
2 and 4.

Fig. 3.  –  Classification of patients according to the MESAM IV
manual scores. Data are expressed as absolute value, and percentage
in parenthesis. MS2: two-channel manual score index; MS3: three-
channel manual score index; AHI: apnoea-hypopnea index.
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when an AHI ≥10 was used as a diagnostic criterion for
OSA, sensitivity values of more than 0.90 were accom-
panied by a specificity no greater than 0.53 [12].

The version of the MESAM IV system software used
does not appear to explain the differences found between
the studies being considered. When the recordings ob-
tained in the present study were reanalysed with soft-
ware version 3.1, which was that used in the STOOHS

and GUILLEMINAULT [13] study, the estimated validity indi-
ces showed no appreciable changes for any of the auto-
matic scores. The criteria for the choice of recording
time to be analysed were different in the studies under
consideration. STOOHS and GUILLEMINAULT [13] selected
the analysis period by using the lights out and lights
on times recorded in the patient sleep logs, with the
additional support of the visual evaluation of the heart
rate recording. ROOS et al. [14] used the EEG recor-
ding to select the period corresponding to the sleep
stage. However, this criterion could not be applied if
the MESAM IV were used on its own. In this study,
we chose a minimum standard continuous recording time
of 5 h, which is usually the most representative for an
overall view, and which in 95% of cases was from 01:00
to 06:00 h. As far as the type of patients is concerned,
while STOOHS and GUILLEMINAULT [13] included patients
with sleep/wake-related complaints, in the other studies
the patients studied were clinically suspected of having
OSA.

Potential limitations of the present study must be
addressed. Bias can arise when the determinations of
the status of each patient, according to the "gold stan-
dard" and the studied test, are not made independently
of each other [26]. In this study, this bias was prevent-
ed by the simultaneous application of both recording
methods, and by an independent assessment of each
recording in the absence of knowledge of the charac-
teristics of patients. The reliability of manual scoring of
MESAM IV printouts could compromise their accurate
use. The manual scoring procedure used in the present
study was developed in a standardized fashion, and based
on objective criteria. Results of inter- and intraobserver
agreement suggest that manual scoring of the MESAM
IV is a procedure which can be used in a way which
is highly reproducible. This conclusion is supported by
the observations made in the study by ROOS et al. [14],
in which the three observers achieved very similar va-
lidity indices. The present study was limited to pati-
ents with suspected OSA. Thus, the results observed do
not allow assessment of the diagnostic accuracy of the
MESAM IV when applied to subjects with other charac-
teristics, i.e. asymptomatic patients, or in other settings.
This last caveat is of special relevance when consider-
ing the use of the MESAM IV outside the sleep labo-
ratory in an unattended setting.

The MESAM IV system has several limitations, which
should be pointed out. Given the absence of measure-
ments for the direct determination of sleep staging, the
calculated scores refer to the selected recording time,
which does not always correspond to the sleep stage. In
some subjects with auricular fibrillation or who suffer
from arrhythmias during sleep, it is not possible to inter-
pret the heart rate recording. Drops in Sa,O2 of more than
50% are not registered, which makes manual analysis
difficult and leads to the underestimation of events in

the automatic analysis. Sensors can become disconnec-
ted, producing artefacts which are not always detect-
ed by the software. Furthermore, with the MESAM IV,
apnoeas are not identified; their occurrence is deduc-
ed from the changes in Sa,O2, heart rate and respiratory
sound. However, these measurements can be altered by
causes other than OSA, such as COPD, artefacts and
REM sleep. Moreover, snoring in subjects who snore
a great deal, without clear interruptions, gives rise to
difficulties in interpretation.

Standard polysomnography continues to be the accep-
ted diagnostic method used for obstructive sleep apnoea
[8–12]. Nevertheless, growing clinical awareness of the
frequency and potential consequences associated with
OSA have led to the search for methods that allow its
diagnosis at a lower cost. For this purpose, portable
recording devices are being widely used in the diagnos-
tic evaluation of OSA outside the sleep laboratory, in an
unattended mode. The American Sleep Disorders Associ-
ation has recently reviewed the publications on unat-
tended recording devices [11]. The MESAM IV system
was included among the level III devices, that allow for
the assessment of cardiorespiratory variables but do not
allow determination of wakefulness and sleep stages.
Most of these level III devices have been evaluated in
an attended setting, with the implicit assumption that a
good diagnostic performance in this setting is a neces-
sary condition for it to be so outside the laboratory, where
there is usually no sleep technician. It was from this per-
spective that our study was proposed. Its results indi-
cate that manual scoring of the MESAM IV applied in
the sleep laboratory cannot substitute for polysomnog-
raphy, but it can play a complementary diagnostic role
in patients who are clinically suspected of having OSA.
The MESAM IV could be used as the first examination
to be carried out in such patients. Were OSA defined
by an AHI ≥10, those patients classified as negative
according to the MS2 would not require a subsequent
polysomnographic study. The selected cut-off point could
vary in each setting, in accordance with the expected
prevalence of OSA and the balance required between
sensitivity and specificity. Patients classified as posi-
tive according to the MS3 could be considered as suf-
fering from OSA. In those patients for whom it was
decided to start treatment with continuous positive air-
way pressure, the polysomnography needed to adjust
the pressure level would serve to confirm the diagno-
sis, so that no patient mistakenly classified as positive
would receive the treatment. By making use of this strat-
egy and in accordance with the results of the present
study, manual scoring with MESAM IV could elimi-
nate the need for diagnostic polysomnography in three
quarters of the patients clinically suspected of having
OSA.

The complexity and costs of the alternative diagnostic
strategies must be considered. On the one hand, the in-
troduction of manual analysis of MESAM IV requires
specific training. In our experience, the expertise needed
to carry out the manual analysis by a sleep technician
can be acquired after a training period of 30 h. Further-
more, given that the current version of the MESAM IV
system does not allow the monitoring of the recording
during the study time, the frequency of lost data when
used in a sleep unit could be higher than that observed
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in this study. The experience of an ongoing epidemio-
logical study of OSA [27], in which the MESAM IV
system is being used at home in an unattended mode,
indicates that the proportion of evaluations that should
be repeated would be less than 10%. On the other
hand, the "partially attended" nature of the MESAM IV
recording allows for improved comfort during sleep
and reduces the likelihood of the "first night" effects.
Moreover, the attachment of the device requires con-
siderably less time and produces less discomfort than
polysomnography. As far as monetary costs are concern-
ed, we have compared the proposed diagnostic strategy
(first MESAM IV system for all patients, and thereafter
polysomnography for those with doubtful MESAM IV
results) with the conventional approach of submitting
all patients to polysomnography. Assuming a cost of US
$546 for each polysomnographic study, and of US$155
for each MESAM IV; if 10% of additional MESAM IV
evaluations need to be repeated, and polysomnography
is required in 25% of patients (classified as "doubtful"),
the cost of the proposed strategy (155+ 0.1×155+0.25×
546= 307 per patient) would produce a net cost reduc-
tion of 44% (546 - 307/546).

In summary, the manual scoring of a MESAM IV
recording as applied in the sleep laboratory is a valu-
able tool in the diagnostic assessment of patients with
suspected obstructive sleep apnoea. Manual scoring of
MESAM IV is clearly better than automatic scoring in
terms of agreement with apnoea-hypopnoea index, and
to discriminate patients with obstructive sleep apnoea.
As indicated by its low intra- and interobserver vari-
ability, manual scoring analysis of MESAM IV is a reli-
able procedure which can be used to identify those
patients who should undergo polysomnography. Future
studies should assess the diagnostic accuracy of the
MESAM IV system in an unattended setting and in
asymptomatic subjects.

Appendix

The bootstrap is a computer-intensive method which,
as applied here, involved drawing two sets of 1,000 ran-
dom samples of 150 patients each (with replacement)
from the original sample of 150 patients. From the first
set of bootstrap samples, an optimal cut-off point (mean
and standard error) and its corresponding validity indices
were estimated. By application of the optimal cut-off
point of set one to the second set of bootstrap samples,
an estimate of the validity indices was obtained. In this
way, the procedure imitates the development of a diag-
nostic rule from a set of patients and the subsequent
assessment of performance in another group. Bias was
estimated as the average difference between the two
estimates of the validity indices.
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