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Abstract
AIM: To validate the sleep-disordered breathing com-
ponents of a portable electrocardiography and hemo-
dynamic monitor to be used for sleep apnea screening.

METHODS: Sleep-disordered breathing (SDB) is asso-
ciated with cardiovascular disease. Patients with exist-
ing cardiovascular disease may have unrecognized SDB 
or may develop SDB while under the care of a cardi-
ologist. A screening device for SDB, easy to use and 
appealing to cardiologists, would assist in referral of 
appropriate patients for full polysomnography (PSG). A 
cardiac and respiratory monitor (CPAM) was attached 
to patients undergoing PSG and an apnea/hypopnea 
index (AHI) generated. The CPAM device produced 
respiration rate, snoring rate, individual apnea/hy-
popnea events and an SDB severity score (SDBSS). 

In addition to AHI, an expert over-reader annotated 
individual breaths, snores and SDB breathing events to 
which the automated algorithms were compared.

RESULTS: The test set consisted of data from 85 
patients (age: 50.5 ± 12.4 years). Of these, 57 had 
a positive PSG defined as AHI ≥ 5.0 (mean: 30.0 ± 
29.8, negative group mean: 1.5 ± 1.2). The sensitiv-
ity and specificity of the SDBSS compared to AHI was 
57.9% and 89.3%, respectively. The correlation of 
snoring rate by CPAM compared to the expert over-
reader was r  = 0.58 (mean error: 1.52 snores/min), 
while the automated respiration rate had a correlation 
of r  = 0.90 (mean error: 0.70 breaths/min).

CONCLUSION: This performance assessment shows 
that CPAM can be a useful portable monitor for screen-
ing and follow-up of subjects for SDB.
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INTRODUCTION
As recognized by the American College of  Cardiology 
in 2008, sleep-disordered breathing (SDB) is associated 
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with cardiovascular disease including heart failure, hy-
pertension and increased arrhythmias[1]. Central sleep ap-
nea is a common comorbidity of  heart failure and may 
contribute to readmission, poor response to treatment 
and heart failure progression. Effective treatment exists 
for SDB that may improve or reverse the cardiovascular 
consequences, making accurate diagnosis important. 
The prevalence of  SDB ranges from 24% of  men in a 
random sample of  middle-aged adults[2] to 73% in pa-
tients with stable heart failure[3]. In addition, it has been 
estimated that 80%-90% of  patients with obstructive 
sleep apnea (OSA) are undiagnosed[4]. SDB is typically 
diagnosed during overnight polysomnography (PSG), 
with technicians attending to both the patient and the 
equipment. These extensive studies are the accepted 
gold standard for diagnosis of  sleep disorders. In 2007, 
the American Academy of  Sleep Medicine (AASM) 
provided guidelines on the use of  portable monitors to 
assess moderate to severe sleep apnea[5] for screening. 
In certain populations, such as those with heart failure, 
repeat studies are beneficial to evaluate the effectiveness 
of  treatment, and a portable monitor for at-home stud-
ies would facilitate that process, especially if  information 
concerning cardiac function was also available. 

Standard PSG techniques have been adapted to por-
table monitors including electro-encephalography (EEG), 
electro-oculography (EOG), thoracic and abdominal 
effort, and oximetry. Novel technologies have been de-
veloped including one device that measures peripheral 
artery tone from a finger sensor to estimate changes in 
vascular flow[6] during apnea, whereas another incorpo-
rates actigraphy as a marker of  sleep and wakefulness[7]. 
The performance of  portable monitors compared to 
PSG has been reported and varies greatly[8]. To date, 
there have been no monitors available to assess both he-
modynamic function and SDB simultaneously.

Targeting the patient population with cardiovascular 
disease, we report the performance of  the respiratory 
components of  a new portable monitor capable of  re-
cording 48-h electrocardiography (ECG), heart sounds, 
snoring, body position and respiration [Cardiopulmonary 
Ambulatory Monitor (CPAM), Inovise Medical, Inc., 
Beaverton, OR, United States]. In addition to full Holter-
type ECG analysis and heart rate variability, this device 
incorporates automated algorithms for quantification of  
diastolic heart sounds and systolic time intervals previ-
ously validated and shown to correlate with independent 
hemodynamic measurements of  left ventricular (LV) 
function[9,10]. Parameters produced by CPAM include 
those to assess systolic and diastolic function[11]. For sys-
tolic function, the presence of  a third heart sound has 
been shown to be associated with increased LV filling 
pressures and electromechanical activation time (Q-wave 
onset to S1 interval) correlating with reduced ejection 
fraction. For diastolic function the presence of  a fourth 
heart sound (S4) has been shown to be associated with 
increased LV stiffness[12]. Moreover, we have previously 
shown that additional use of  portable acoustic cardiog-

raphy can improve cardiovascular diagnosis[13].
To test this device for SDB screening, we compared 

the results obtained with CPAM against standard PSG 
AHI and over-read of  sound and respiration signals by 
trained personnel for snoring and respiration rate.

MATERIALS AND METHODS
Ambulatory cardiorespiratory monitoring equipment
The cardiorespiratory monitor records three leads of  
ECG (leads Ⅰ, Ⅱ and a modified V4-RA) and two heart 
sound signals (V3 and V4 locations) (Figure 1); body 
position, snoring, and respiration. Body position and 
respiration are determined from a triaxial accelerometer 
within the main recorder unit. A wireless connection to 
a computer allows a preview of  ECG and heart sound 
traces to confirm data quality. A removable micro SD 
card can store up to 48 h of  data. The data are down-
loaded to a Windows PC application with automated 
algorithms for detection of  respiration, including SDB 
events, snoring, body position, and activity level. The 
monitor uses previously validated automated algorithms 
for heart sound parameters and systolic time intervals[14] 
that were not part of  this study.

The main recorder unit is secured in a holster that 
is placed on the upper chest wall and attached with two 
standard ECG snap-type electrodes. The triaxial acceler-
ometer signals undergo several signal processing steps to 
create a pseudo-respiration signal. This signal is used to 
detect breaths for calculation of  respiration rate and also 
to detect individual SDB events. The SDB, respiration 
and snoring algorithms were developed on learn por-
tions of  large datasets from apparently healthy subjects 
and from the learn set of  data from this and other PSG 
studies. The algorithms were developed strictly on learn-
ing set data and tested infrequently on the separate test-
ing datasets. The test data in this study were over-read 
and annotated by trained experts for individual breaths, 
snores and individual episodes of  SDB. The data col-
lected on patients during PSG studies had the additional 
independent results for apnea/hypopnea index (AHI). 

Study design, patient recruitment and assessment
The patients participating in this study were prospec-
tively enrolled at Luzerner Kantonsspital for PSG at the 
Center of  Sleep Disorders. The main inclusion criterion 
was suspicion of  sleep apnea. Exclusion criteria were: 
age < 18 years, decompensated heart failure, myocardial 
infarction within the last 6 mo, and significant chronic 
obstructive pulmonary disease. The study protocol was 
approved by the local medical ethics committee and all 
patients gave written informed consent. The anthropo-
metric parameters of  all patients were determined, and 
a brief  medical history and all current medications were 
recorded. The ambulatory monitor was placed on the 
subject by research team members independent of  the 
sleep study team not involved in the data analysis. Pa-
tients were fitted with the PSG equipment and the AU-
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DICOR CPAM device between 20:00 and 22:00 h. The 
patients followed their personal routine and retired be-
tween 22:30 and midnight and were awakened between 
05:00 and 07:00 h next morning. The PSG equipment 
was fully disconnected while the ambulatory monitor 
continued to record until the research team removed 
the device later in the morning. The ambulatory moni-
tor data were downloaded and sent to one individual for 
automated analysis while PSG analysis was performed 
in the sleep laboratory according to usual standards by 
separate personnel.

PSG
PSG was performed in accordance with AASM 2007 stan-
dards[15] by trained and certified technicians. The following 
parameters were monitored: EEG (Fp1/Fp2, C3/C4, 
O1/O2 vs M1/M2, rate 500-2000 Hz), EOG, chin, sub-
mental and leg electromyograms, and ECG. Respiration 
was monitored with thoracic and abdominal effort (induc-
tion plethysmography) while airflow was monitored by 
nasal cannular (flow pressure transducer). A microphone 
was placed near the head of  the bed and sound recorded 
for later snoring analysis. The body position was recorded 
using a position sensor and the patient monitored by an 
infrared camera. Oxygen saturation was monitored by a 
pulse oximeter applied to the finger. All these parameters 
were computerized using the Embla™ Recording System 
S7000 or N7000 (ResMed Embla™, ResMed Corp., San 
Diego, CA, United States). CO2 was measured using a 
transcutaneous partial pressure of  CO2 (tcpCO2) sensor 
(TOSCA 500, Radiometer GmbH, Switzerland).

SDB scoring
PSG: The PSG data were scored using AASM 2007 
standards[15] by a certified Swiss sleep technician and 
physician certified by the Swiss Board of  Sleep Medi-
cine. Apnea was categorized into central, obstructive and 
mixed using the thermistor recordings or hypopnea (un-
classified) using the cannula recordings. The criteria of  
hypopnea were 30% reduction of  airflow and 4% oxy-

gen desaturation or 50% airflow reduction and arousal. 
Sleep, arousal, periodic limb movements and respiration 
were analyzed using 30-s epochs with assistance from 
REMlogic software (Embla Systems, Thornton, CO, 
United States). 

AUDICOR CPAM: Using the PSG report, the begin-
ning and end of  sleep were input to the software ignor-
ing periods of  intermittent wakefulness. The data were 
analyzed using the automated algorithms for snoring, 
respiration, individual timing and duration of  SDB 
events and an SDB severity score. The timing and dura-
tions of  the individual SDB events are used to create an 
SDB severity score (SDBSS). Apnea and hypopnea > 10 
s in duration that met certain physiological timing con-
straints and occurred during quiescent periods were con-
sidered SDB events and were totaled and divided by the 
total sleep time. This score was developed by the manu-
facturer of  the device on a learn set of  data collected 
using AUDICOR CPAM from patients undergoing PSG, 
and was intended to correlate with the PSG AHI.

RESULTS
Population
The test set of  this study consisted of  85 patients (71 
men) whose mean age was 50.5 ± 12.4 years (range: 
22-81 years). There were 57 patients with a positive PSG 
(AHI ≥ 5.0), and the others, while negative for SDB, 
had other sleep disorders such as restless legs syndrome, 
periodic limb movements, narcolepsy or cataplexy syn-
drome. The positive SDB group had a mean AHI of  
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Figure 1  Placement of the recorder unit and the electrocardiography 
/sound sensors. Regular electrocardiography (ECG) monitoring electrodes are 
placed on the right arm (RA), left arm (LA) and left leg (LL) locations for ECG 
monitoring. Combined ECG/sound sensors are placed in the precordial V3 and 
V4 positions. The recorder unit is placed on the right upper chest wall.

  Parameter All (n  = 85)
Negative SDB Positive SDB

(AHI < 5, n  = 28) (AHI ≥ 5, n  = 57)

  Age (yr)    50.5 ± 12.4          47.2 ± 12.3        52.1 ± 12.2
  Sex (% male)    83.50%          78.60%        91.60%
  Weight (kg)    88.1 ± 18.9          82.1 ± 17.1        91.1 ± 19.2a

  BMI (kg/m2)    28.9 ± 5.5          26.9 ± 4.8        29.9 ± 5.6a

  History of 
  hypertension (%)

   34%          39%        21%

  History of MI (%)      6%          11%          2%
  History of CAD (%)      9%          18%          3%
  AHI (events/h)    20.6 ± 27.8            1.5 ± 1.2        30.0 ± 29.8a

  Obstructive 
  apnea (n)

   34.8 ± 89.3            0.9 ± 1.8        51.5 ± 105.3a

  Central apnea (n)      5.7 ± 22.3            1.6 ± 4.8          7.7 ± 26.9a

  Mean % SaO2 (%)    93.1 ± 2.7          93.9 ± 2.5        92.7 ± 2.7a

  Oxygen desaturation 
  index

   12.5 ± 19.6            1.1 ± 1.2        17.5 ± 21.8a

  Desaturation > 4%   
  (n)

   70.1 ± 120.3            6.2 ± 7.0        98.4 ± 135.7a

  Apnea arousal (n)    31.6 ± 79.3            1.8 ± 4.9        46.2 ± 93.6a

  Total arousals (n)  200.0 ± 137.8        166.1 ± 74.3      216.6 ± 158.0a

  Awakening > 1 min 
  (n)

   17.4 ± 32.7          11.0 ± 17.2        20.6 ± 37.9

  SDBSS      9.3 ± 15.3            1.4 ± 3.7        13.2 ± 17.2a

Table 1  Demographics and clinical characteristics (mean ± SD)

aP < 0.05 vs negative SDB; AHI: Apnea/hypopnea index; MI: Myocardial 
infarction; CAD: Coronary artery disease; SDB: Sleep-disordered breathing; 
SDBSS: Sleep-disordered breathing  severity score; BMI: Body mass index.
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30.0 ± 29.8 events/h, whereas the negative SDB group 
had a mean AHI of  1.5 ± 1.2 events/h. Age was not 
significantly different, but body mass index was signifi-
cantly higher in the positive SDB group (Table 1). Mean 
percent oxygen saturation, oxygen desaturation index, 
number of  desaturations > 4%, apnea arousals, total 
arousals, and the SDBSS were all significantly different 
in the positive SDB group (AHI ≥ 5) compared to the 
negative SDB group (AHI < 5).

SDB detection
Expert over-readers annotated individual episodes of  
SDB for a total of  16 071 min in the test set. The prod-
uct provided the clinician with a time-based graph of  
SDB events as well as duration of  each event. The per-
minute performance metrics represented the ability 
of  the product to represent correctly these individual 
events. Performance metrics are presented in Tables 2 
and 3 on a per-minute basis comparing the automated 
SDB detection algorithm to the expert over-reader. For 
the expert over-reader, a positive minute had at least one 
annotation of  SDB > 10 s in length. 

Performance of the SDBSS
The AHI threshold recommended by AASM is 5 events/
h (AHI ≥ 5). On this test set, the sensitivity and specific-
ity of  the SDBSS compared to positive PSG (AHI ≥ 5) 
was 57.9% and 89.3%, respectively (Figure 2 and Table 4). 
The performance was not significantly different between 
those patients with a final diagnosis of  OSA (sensitivity 
50.0%, specificity 89.3%) or central/mixed sleep apnea 

(sensitivity 69.6%, specificity 89.3%).
The standard thresholds defined by the AASM on 

AHI for classification into mild, moderate and severe 
sleep apnea were: (1) mild, 5 ≤ AHI < 15; (2) moderate, 
15 ≤ AHI < 30; and (3) severe, AHI ≥ 30. In Table 5, 
these three thresholds for SDBSS were implemented, 
yielding the performance statistics shown.

We also sought to determine the impact of  periodic 
limb movements on the performance of  the CPAM 
device SDB detections. The SDB detection algorithm 
was not trained specifically on patients with and without 
periodic limb movement syndrome (PLMS). Therefore, 
the full dataset from this study (n = 111, 32 patients with 
final diagnosis of  PLMS) was used to determine the 
impact of  PLMS on performance. The sensitivity and 
specificity of  SDB detection on patients with PLMS was 
57.9% and 92.3% and those without PLMS was 60.4% 
and 90.0%, respectively, indicating no substantial perfor-
mance degradation with PLMS.

Snoring
The automated algorithmic snore detections generated 
event markers on the main AUDICOR CPAM summary 
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Sleep disordered breathing severity score performance 
against polysomnography sleep apnea categories
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Figure 2  Performance of sleep-disordered breathing severity score 
against polysomnography apnea/hypopnea index for categorizing sub-
jects into mild, moderate or severe sleep apnea on test set data. Error bars 
show 95% confidence intervals. AHI: Apnea/hypopnea index.

Expert
Negative Positive

  Algorithm Negative         9782             413
Positive           398           1381

Table 2  Per minute sleep-disordered breathing results

Mean 95% CI

  Accuracy 93.2 92.8-93.7
  Sensitivity 77.0 75.0-78.9
  Specificity 96.1 95.7-96.4
  Positive predictive value 77.6 75.7-79.6
  Negative predictive value 95.9 95.6-96.3

Table 3  Per minute sleep-disordered breathing algorithm per-
formance statistics  (%)

Mean 95% CI

  Accuracy 68.2 58.3-78.1
  Sensitivity 57.9 45.0-69.8
  Specificity 89.3 72.8-96.3
  Positive predictive value 91.7 82.6-100
  Negative predictive value 51.0 37.0-65.0

Table 4  Sleep-disordered breathing severity score perfor-
mance statistics against apnea/hypopnea index ≥ 5  (%)

Sensitivity Specificity Accuracy
(95% CI) (95% CI) (95% CI)

  Mild 57.9 89.3 68.2
  5 ≤ AHI < 15 (45.0-69.8) (72.8-96.3) (58.3-78.1)
  Moderate 74.3 86.0 81.2
  15 ≤ AHI < 30 (57.9-85.8) (73.8-93.0) (72.9-89.5)
  Severe 50.0 88.1 80.0
  AHI ≥ 30 (29.0-71.0) (78.2-93.8) (71.5-88.5)

Table 5  Sleep-disordered breathing severity score perfor-
mance statistics against mild, moderate and severe apnea/hy-
popnea index categories  (%)

AHI: Apnea/hypopnea index.
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screen and metrics in the physician’s report to assist cat-
egorization of  SDB into obstructive or central by the 
clinician.

To test the ability of  the device to detect snoring, the 
expert over-readers annotated individual snores visually 
from the collected sound signal. The automated algo-
rithm of  the ambulatory monitor to detect snoring was 
developed by the manufacturer strictly on learn datasets. 
On this test set, the correlation of  snoring rate by the 
automated algorithm compared to the expert over-reader 
snoring rate was r = 0.58, mean error of  1.52 snores/
min with 74% of  the algorithm snoring rates within 10% 
of  the expert over-reader snoring rate.

Respiration rate
The CPAM product generated a trend of  respiration 
rate, and to test this feature, the expert over-readers an-
notated individual breaths in the test dataset. The CPAM 
automated algorithm to detect individual breaths and 
respiration rate was developed strictly on learn datasets. 
The performance of  the respiration rate by the auto-
mated algorithm compared to the expert over-reader 
respiration rate calculated on 4830 5-min intervals in this 
test dataset is shown in Figure 3 (r = 0.90, average error 
= 0.70 breaths/min). The respiration rate of  the ambu-
latory monitor was within 2 breaths/min of  the over-
reader respiration rate 93% of  the time.

DISCUSSION
Cardiovascular disease and SDB are common comor-
bidities. An overnight technician-attended sleep study 
with multi-parameter PSG provides the standard mea-
surement of  AHI used to diagnose SDB. However, the 
desire for a less expensive, more timely and convenient 
alternative for screening patients and to use for repeat 
studies has grown and various devices have been de-
veloped. There are different classes of  portable sleep 

monitors based upon the number of  channels of  data 
collected and the type of  sensors/technology used in 
the assessment[16]. A single device capable of  assessing 
SDB and cardiac function such as CPAM is desirable, 
particularly for cardiologists following the progression 
of  diseases such as heart failure with central sleep apnea, 
and to understand the efficacy of  treatment over time.

Other portable monitors have reported performance 
of  SDB detection with moderate to quite good accu-
racy[17], using a variety of  thresholds on the PSG AHI, 
ranging from 5 to 40 events/h. In a study of  75 stable 
heart failure patients comparing PSG to a home study 
with a portable monitor, Quintana-Gallego found diag-
nostic accuracies of  78.6%, 84% and 80% using AHI 
thresholds of  5, 10 and 15, respectively[18]. In another 
study of  37 patients comparing contemporaneous PSG 
and a multichannel portable monitor to detect cor-
rectly the presence of  SDB (defined as AHI ≥ 15), the 
reported sensitivity was 96% and the specificity was 
83%[19]. The AUDICOR CPAM monitor has similar per-
formance to these devices. 

Growing evidence shows that over time SDB con-
tributes to LV dysfunction and the American College 
of  Cardiology has provided guidelines for diagnosis 
and treatment of  SDB in the context of  cardiovascular 
disease[1]. In heart failure, there is a high prevalence of  
central sleep apnea, whose effect may lead to further 
decline of  LV function, but since symptoms overlap, un-
derdiagnosis of  CSA is common. The German Sleep So-
ciety has recommended that a sleep study be performed 
on every patient with congestive heart failure and LV 
ejection fraction < 40%, irrespective of  the presence of  
sleep-related symptoms[20]. Treatment for SDB within 
the context of  heart failure could lead to improved qual-
ity of  life and better prognosis[21], especially if  repeat 
sleep study confirms effectiveness of  treatment. OSA 
has been shown to be associated with hypertension, 
LV dysfunction, arrhythmias and increased sympathetic 
tone. In one study, LV diastolic function was assessed by 
echocardiography in 68 OSA patients. Abnormal diastol-
ic relaxation patterns were common in OSA patients and 
more severe sleep apnea was associated with longer iso-
volumic relaxation times[22]. Alchanatis et al[23] found that 
OSA patients had lower LV ejection fraction, reduced 
LV peak emptying rate, lower LV peak filling rate, and 
delayed time to peak filling rate as compared to controls. 
The authors conclude that OSA patients without any 
cardiovascular disease tend to develop both LV systolic 
and diastolic dysfunction that can be reversed after 6 mo 
of  CPAP. 

AUDICOR CPAM has the ability to detect abnor-
mal diastolic heart sounds and assess systolic function 
through systolic time intervals. Until recently, the ability 
to do long-duration simultaneous ECG and heart sound 
recording has not been available. We performed CPAM 
ambulatory monitoring in 128 asymptomatic subjects[24] 
and found the third heart sound was significantly more 
prevalent in patients aged < 40 years and more pro-
nounced during sleep in this age group. The fourth heart 
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Figure 3  Relationship of the automated respiration rate algorithm to the 
over-read respiration rate on test set data.
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sound was meanwhile significantly more prevalent in 
patients aged > 40 years and more pronounced during 
sleep in this age group, reflecting the change in diastolic 
filling patterns with increasing age. In addition, time in-
tervals reflecting systolic function showed less circadian 
variation and less worsening with age in this asymptom-
atic population. We also performed CPAM ambulatory 
monitoring on 67 heart failure patients and 63 asymp-
tomatic controls with no history of  heart failure[25]. The 
heart failure group had significantly greater prevalence 
of  the third heart sound and prolongation of  the elec-
tromechanical activation time, indicating poorer systolic 
function and worse prognosis[26]. Now that the ability 
of  CPAM to detect SDB has been determined, studies 
can begin to use it to evaluate LV function and assess 
changes in hemodynamic function in the presence of  
SDB and over the course of  its treatment.

AUDICOR CPAM is able to detect SDB with rea-
sonable accuracy. The ambulatory monitor should assist 
in screening and follow-up of  patients at home and in 
hospital, and may be particularly appealing to cardiolo-
gists who can additionally assess contemporaneous 
cardiac function. Although the automatically generated 
SDBSS alone is useful, the device is best used with phy-
sician over-read to assess the potential relationships of  
SDB to its hemodynamic consequences.

The present study was conducted solely in the sleep 
laboratory and further validation of  the device perfor-
mance is needed in at-home environments. The study 
population was Caucasian and further study on a more 
diverse group of  patients should be completed. Ad-
ditional testing of  heart failure patients and those with 
associated respiratory or cardiac conditions is important.
Given the high prevalence of  known SDB and an esti-
mated 80%-90% being undiagnosed, there is a need for 
simplified diagnostic devices that do not require special 
facilities and highly trained personnel. We conclude that 
AUDICOR CPAM can adequately identify subjects with 
SDB and may be a useful screening device. In addition, 
the ambulatory monitor can quantify and detect LV dys-
function, which may be present with SDB, particularly in 
the setting of  heart failure.
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COMMENTS
Background
The relationship between sleep-disordered breathing (SDB) and detrimental 
altered cardiac dynamics has been demonstrated. There exists a need for a 
portable ambulatory monitor capable of simultaneously assessing both SDB 
and cardiac hemodynamics. 
Research frontiers
Due to the association between SDB and cardiac consequences, the ability to 
screen for and prioritize patients for full polysomnography (PSG) would be ben-
eficial. A novel device [cardiac and respiratory monitor (CPAM)] is available that 
is capable of assessing both cardiac hemodynamics and SDB. In this study, the 

authors demonstrated that the CPAM device had adequate performance to be 
used for screening of SDB.
Innovations and breakthroughs
The CPAM device evaluated in this study is unique in its ability to assess both 
cardiac hemodynamics and SDB simultaneously. The performance of the 
cardiac assessment portion of CPAM has been investigated and published 
previously. This study reports the first evaluation of the SDB assessment com-
ponents of the device.
Applications
The ability to screen and prioritize patients, particularly those with existing car-
diac disease such as heart failure, for full PSG would be beneficial. In addition, 
follow-up assessments after modifications to either cardiac or SDB treatment 
could assist in optimizing treatment. The performance reported of the SDB as-
sessment components of the device under study indicates its use for screening 
is feasible. 
Terminology
SDB is a term that describes a group of disorders characterized by abnormal 
respiratory patterns such as pauses or reduced quantity of ventilation, including 
obstructive and central sleep apnea. 
Peer review
The authors aim to validate a portable monitor incorporating a detection method 
for heart sounds, holter-ecg analysis and detection of sleep-disordered breathing. 
The study was designed as a prospective cross-sectional mono-centric trial with 
85 persons undergoing polysomnography and ambulatory cardiorespiratory moni-
toring with the CPAM. 
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