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Prediction of cardiovascular risk from nocturnal pulse wave signal using the
autonomic state indicator technology

Dirk Sommermeyerl'z, Ding Zou!, Derek Eder!, Jan Hedner!, Joachim Ficker?,
Winfried Randerath*, Thomas Penzel®, Bernd Sanner®, Ludger Grote'.

! Department of Pulmonary Medicine, Sahlgrenska University Hospital,
Gothenburg, Sweden; 2 Institute for Monitoring, Diagnosis and Assistance, SRH
University Heidelberg, Heidelberg, Germany; * Department of Pulmonary
Medicine, Clinic Niirnberg Nord, Niirnberg, Germany; * Department of
Pulmonary Medicine, Bethanien Hospital, Solingen, Germany; > Department of
Cardiology, University Hospital Charité, Berlin, Germany; ° Department of
Pulmonary Medicine, Bethesda Hospital, Wuppertal, Germany

Introduction: Analysis of continuous physiological signals measured by pulse
oximetry during sleep may provide a novel method to assess cardiovascular (CV)
risk. The sleep period appears to be a particularly useful window for assessment.
Methods: Subjects (n=520, 346 males, age 55.0m13.4 yrs, BMI 29.9m6.1 kg/m?)
were referred to five sleep centers in Germany and Sweden. CV risk factors were
assessed and subjects were classified by the ESC/ESH risk matrix into five separate
risk classes. The autonomic state indicator (ASI) algorithm extracted patterns of the
peripheral pulse wave and SpO, signal by amplitude and time/frequency analysis
from the overnight digital photoplethysmographic recording and computed a CV
risk score (range 0-1, >0.5 equals to high risk). Nine derived parameters (irregular
pulse, RCDC, pulse rate variability, pulse wave variability, pulse propagation time,
oxygen desaturations, duration of periodic symmetric desaturations and baseline
SpO,) were used to determine the final score.

Results: In the validation group (n=390), the developed algorithm detected high
CV risk (ESC/ESH scores 4 and 5) patients with a sensitivity of 74.5% and
specificity of 76.4%. The area under the ROC curve was 0.80. The ASI CV
risk score was elevated in patients with an already established CV endpoint (MI
and/or stroke, n=50) compared with all other patients (0.7340.27 vs. 0.42+0.34,
p<0.001).

Conclusions: The ASI technique appears to provide a possibility to detect in-
creased CV risk from a recording of physiological signals during sleep. The
technique — based on a modified pulse oximeter — may be useful in both sleep and
cardiovascular medicine.
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Mortality in heart failure patients with nocturnal Cheyne-Stokes respiration
receiving adaptive servoventilation (ASV) therapy

Olaf Oldenburg!, Thomas Bitter!, Birgit Wellmann?, Natalie Prib2,

Britta Korber!, Zisis Dimitriadis', Birgit Krause?, Thomas Fischbach',

Dieter Horstkotte!.  Department of Cardiology, Heart and Diabetes Center North
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Sleep-disordered breathing (SDB) with Cheyne-Stokes respiration (CSR) is of
major prognostic impact in heart failure (HF) patients. Adaptive Servoventilation
(ASV) therapy was recently introduced to especially treat CSR in these patients.
First results on mortality (time of death, left-ventricular assist device (LVAD)
device implantation and heart transplantation (HTX)) of a prospective registry are
presented.

A total of 186 HF patients (NYHA > II, EF < 45%), treated according to
present HF guidelines, with nocturnal CSA (apnoea-hypopnoea-Index, AHI >
15/h) received additional ASV treatment (AutoSet CS, ResMed) and were in-
cluded into a prospective registry. Mean age at inclusion (168 male, 91%) was
67+11 years, BMI 28.8+4.2 kg/qm, NYHA functional class 2.630.6, NT-proBNP
levels 272243420 pg/ml, left ventricular ejection fraction 31+8% and peak VO,
during cardiopulmonary exercise testing 14.44+4.7 ml/kg/min. AHI before ASV
initiation was 38.8+14.8/h, apnoea-index 22.2+15.2/h. After 20.7£16.1 months a
total of 35 patients (18.8%) reached a final endpoint: 28 (15.1%) died, 6 (3.2%)
received HTX and one (0.5%) LVAD implantation. Within the follow-up period,

ASV therapy was discontinued by 26 patients (14.0%) and 15 patients (8.1%) met
indication for cardiac resynchronization therapy (CRT).

Mortality in HF patients with nocturnal CSA and ASV treatment remains high. If
there is any reduction in mortality and/or hospitalization is currently be investigated
by 2 randomized controlled trials, first results are not expected before 2014. With
14% discontinuation, ASV therapy seems to be well tolerated and accepted.
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Sleep disordered breathing in patients undergoing transfemoral aortic valve
implantation for severe aortic stenosis

Zisis Dimitriadis ', Marcus Wiemer!, Werner Scholtz!, Lothar Faber!,
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Purpose: We examined the prevalence of sleep-disordered breathing (SDB) in
patients (pts) with severe aortic valve stenosis before and after transfemoral aortic
valve implantation (TAVI).

Methods: 79 pts (50% males, average age 83.046.3 years) had cardiorespiratory
polygraphy (PG) screening before TAVI. 62 of them (48.4% males, mean age
82.546.5 years) underwent a second PG screening 21.044.7 days after TAVI.
Results: 49 (62.0%) pts had OSA, 25 (31.6%) CSA and only 5 (6.3%) presented
without significant SDB (apnoea-hypopnoea-index, AHI <5/h). Of 62 pts evaluated
before and after valve implantation 36 (58.1%) had OSA, 21 (33.8%) presented
with CSA and no SDB was detected in 5 pts (8.0%). SDB was more severe in CSA
compared to OSA (AHI 34.5£18.3/h vs. 18.0£12.6/h, p<0.001). Successful TAVI
had a significant impact on CSA, but not on OSA: pts with optimal TAVI results
(aortic valve regurgitation, AI < grade 1) demonstrated a significant reduction
of central respiratory events (39.6+19.6/h to 23.1£16.0/h, p=0.035), while no
changes were detected regarding OSA (18.8£13.0/h to 20.25413.4/h, p=0.376).
Pts with primarily suboptimal TAVI results (Al > 2) presented with no change
in OSA (10.5+7.8/h to 12.545.0/h, p=0.5) and an increase in central respiratory
events (26.3£13.2/h to 39.2+18.4/h p= 0.036).

Conclusions: There is a high prevalence of OSA and CSA in pts in TAVI can-
didates. Successful TAVI had no significant impact on OSA, but improved CSA
significantly. TAVI resulting in moderate to severe Al is accompanied by a deteri-
oration of CSA. Presence of CSA after TAVI may indicate prognostically relevant
haemodynamic alterations like Al and/or heart failure.
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PAI-uPA system in patients with obstructive sleep apnea syndrome (OSAS) in
CPAP treatment

Elena Angelici!, Alessia Steffanina', Caterina Antonaglia’,

Giovanni Alessandrini', Michela Mordenti!, Paolo Palangel, Rita Canipariz.
!Malattie Infettive e Sanita Pubblica, Policlinico Umberto I La Sapienza, Rome,
Italy; ?Istologia, Policlinico Umberto I La Sapienza, Rome, Italy

Background: Prothrombotic state in OSAS play a role for cardiovascular risk.
Plasminogen activator inhibitor (PAI) is one of the primary regulators of the
fibrinolytic system. We evaluated plasma levels of PAI, uPA and uPA/PAI and their
correlation with Apnea-Hypopnea Index (AHI), Oxygen Desaturation Index (ODI)
and percentage of time with SpO,<90% (T<90%) before and after 1 month with
CPAP.

Methods: Thirty-nine patients (age 57+1.54; BMI 34.54+1.07) with OSAS (AHI
28.443.16; ODI 35.7+3.4; T<90% 23.1£3.3) 20 smokers (S) and 19 no smokers
(NS), and 16 age matched healthy control subjects were studied. Before and after
1 month with CPAP, uPA and PAI were measured in serum by ELISA.

Results: At baseline, PAI levels were higher in OSAS compared to controls
(95.36+3.99 and 83.96+6.06 ng/ml, respectively). PAI levels were similar in S
and NS subjects and were inversely related to AHI, BMI, ODI and T<90% in
OSAS. uPA was higher in S compared to NS subjects; moreover, it was slightly
higher in the controls compared to the OSAS (S 0.23340.03, NS 0.2214-0.028;
S 0.20640.01, NS 0.18240.02 ng/ml, respectively). In OSAS uPA levels were
inversed related to AHI, BMI, ODI and T<90%. uPA/PAI ratio was higher in
controls compared to OSAS. PAI levels after CPAP slightly decreased, while uPA
levels slightly increased. We observed an increase in uPA/PAl ratio from 1.90+0.04
and 2.5640.55 to 2.14+0.32 and 3.14-0.79, in S and NS patients respectively.
Conclusions: Our preliminary data are compatible with an impairment of fibri-
nolytic activity in OSAS. The increase of uPA/PAI ratio after CPAP suggests a
role of the PA system in the reduction of cardiovascular risk through the decrease
of the prothrombotic state.
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Treatment of central and obstructive sleep apnea in stable heart failure
patients with auto-servo ventilation reduces sleep fragmentation —

A randomized controlled trial

Michael Arzt!, Frederic Series?, Keir Lewis®, Amit BenjaminS,
Pierre Escourrou®, Ruth Luigart!, Christoph Birner!, Michael Pfeifer'”.
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Pneumology, Donaustauf Hospital, Donaustauf, Germany

Background: It is of debate, whether treatment of central sleep apnea (SA) reduces
sleep fragmentation. Therefore, we tested, whether auto-servo ventilation (ASV,
BiPAP-ASY, Philips Respironics) reduces sleep fragmentation in heart failure (HF)
patients with severe central or obstructive SA.

Methods: 42 patients with HF (age 66+9y, LVEF <40%) and SDB (apnea-
hypopnea index, AHI 48£19/h, 51% central SA) were randomized to either ASV
(n=21) or optimal medical treatment alone (control, n=21). Polysomnography
(PSG) and 5 days of actigraphy with centralized scoring by blinded raters were
obtained at baseline and 12 weeks.

Results: In the ASV-group AHI and central AHI were significantly suppressed
compared to the control-group (-40416 versus -1£13/h, p<0.001 and -24+14
versus +1.7410/h, p<0.001, respectively). The arousalindex (Arl), sleep stage 1
(S1, PSG) and the fragmentation index (actigraphy) were significantly reduced
(-14.7421.3 versus 2.6413.3/h, p=0.032 and 36+47 versus -6+41 min, p=0.005,
and -11.4%16.0 versus -2.9£9.4/h, p=0.002, respectively) and sleep efficiency
(SE) and daytime activity duration (actigraphy) significantly increased in the
ASV-group compared to controls (5.5£10 vs. 1.646.9/h, p=0.021 and 14+54 vs.
-24441 min, p=0.009, respectively). Effects of ASV on Arl, S1, SE and daytime
activity duration were similar in HF patients with obstructive and central SA
(p>0.05 for all comparisons).

Conclusions: ASV-treatment significantly improves sleep fragmentation similarly
in HF-patients with either central or obstructive SA. These effects were associated
with a modest increase of daytime activity duration.
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Tracheal sound intensity relates to daytime high blood pressure in
non-apnoeic snorers

Hiroshi Nakano!, Kenji Hirayama', Yumiko Sadamitsu’, Shizue Shin',
Tomoaki Iwanaga?. ! Sleep Disorders Center, Fukuoka National Hospital,
Fukuoka City, Japan; *>Pulmonology, Fukuoka National Hospital, Fukuoka City,
Japan

Background: The relationship between snoring and cardiovascular diseases had
been assumed to be due to co-existing sleep-disordered breathing (SDB). Recently,
we have reported that snoring sound intensity as assessed by ambient sound
pressure level during sleep is related to daytime blood pressure independently of
SDB in patients with primary snoring or mild SDB. We hypothesized that tracheal
sound intensity, which is more immune to environmental noises than ambient
sound pressure, during sleep may be related to daytime blood pressure.

Method: Clinical records and polysomnographic records of consecutive 1176 pa-
tients with suspected SDB were reviewed. Tracheal sound intensity was assessed as
an equal sound pressure level (TS-Leq) during sleep. Daytime high blood pressure
(HBP) was defined as taking antihypertensives, or having a systolic blood pressure
(SBP)>140 or a diastolic blood pressure (DBP)>90 at the patients’ first visit to
our clinic.

Results: A logistic regression analysis in the entire patients showed that patient’
age (p<0.00001), body mass index (BMI; p<0.00001), TS-Leq (p=0.00018), and
apnea-hypopnea index (AHI; p=0.012) were independent determinants of HBP.
The same analysis in the non-apneic (AHI<5) and normal-weight (BMI<25)
patients (n=252) showed only age (p<0.00001) and TS-Leq (p=0.0062) were
independent determinants of HBP. The Odds ratio for HBP at 6dB increase of
TS-Leq was 1.74 in the non-apneic normal-weight patients.

Conclusion: Tracheal sound intensity during sleep is a determinant of daytime high
blood pressure in non-apneic normal-weight patients. It may suggest a pathologic
role of non-apneic snoring.
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Acetazolamide improves cardiac dysrhythmias in patients with obstructive
sleep apnea at altitude. A randomized controlled trial

Tsogyal D. Latshang', Yvonne Nussbaumer-Ochsner!, Barbara Kaufmann',
Silvia Ulrich-Somaini!, Malcolm Kohler!, Robert Thurnheer?, Ivan Fauchére?,
Ardan M. Saguner3, Frank Scherff?, Firat Duru®, Konrad E. Bloch'. ISleep
Disorder Center and Pulmonary Division, University Hospital, Zurich,
Switzerland; ? Sleep Disorder Center and Pulmonary Division, Kantonsspital
Muensterlingen, Muensterlingen-Scherzingen, Switzerland; 3 Clinic for
Cardiology, Cardiovascular Center, University Hospital, Zurich, Switzerland

Background: Untreated lowlanders with obstructive sleep apnea syndrome (OSA)
benefit from acetazolamide (AC) during an altitude stay in terms of improved noc-
turnal oxygenation, breathing disturbances and sleep quality (Nussbaumer-Ochsner,

Chest 2012). The current study evaluates whether AC reduces the increased rate
of cardiac dysrhythmias at altitude.

Methods: 43 OSA patients living at <600m discontinued CPAP 3 days before
baseline examination at 490m and during 2 altitude sojourns at 1860-2590m for 3
days each, one on AC 2x250mg/d, the other on placebo, according to a randomized
cross-over design. Holter ECG and polysomnography were performed at 490m
and at altitude.

Results: At altitude on placebo, heart rate was higher and dysrhythmias were more
prevalent than at 490m. AC reduced bradycardia events, apneas/hypopneas and
improved oxygen saturation [table].

Dysrhythmias, oxygen saturation and breathing disturbances

490m Altitude, placebo Altitude, AC
Heart rate, 1/min. 67 (60; 76) 75 (68; 83)* 73 (67; 81)*
Bradycardia events, 1/d 0(0; 14) 3(0; 178) 0(0; 17)}
Ventricular extrabeats, 1/d 24 (0; 163) 31 (4;428)* 26 (4;291)*
Afib & supraventricular runs, 1/d 0(0;0) 0(0; 1)* 0(0;2)

89 (87; 91)*¢
54 (46; 63)"

Nocturnal oxygen saturation, %
Apnea/hypopnea index, 1/h

93 (92; 94)
51(42:73)

87 (86; 89)*
70 (56; 89)*

Medians (quartiles), n=43. Bradycardia events=heart rate <50/min. for >4 beats. Afib = atrial
fibrillation. *P<0.05 vs. 490m, $P<0.05 vs. placebo.

Conclusions: The increased heart rate and the higher prevalence of dysrhythmias at
altitude are consistent with increased sympathetic tone associated with hypoxemia.
AC reduces bradycardia events at altitude, possibly by improving sleep disordered
breathing.

Grants: Swiss National Science Foundation; Lung League of Zurich; Clinical
Trials Center, University Hospital of Zurich, Switzerland.
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Impact of CPAP treatment on the changes of maxi-k+ channel beta subunit-1
expression in patients affected by sleep apnea-hypopnea syndrome (SAHS)
Candela Caballero!, Angeles Sanchez Armengol!, M®.

Jesus Dominguez»Simeénz, Maria Abad!, Carmen Carmona', Pablo Stiefel?,
Francisco Capote'. ! Unidad Médico-Quiriirgica Enfermedades Respiratorias,
Virgen del Rocio Hospital, Sevilla, Spain; > Unidad de Hipertension, Virgen del
Rocio Hospital, Sevilla, Spain

Regulatory function on the vasodilatation of the maxi-K+ channel betal subunit
has been described in mouse model. CPAP treatment was shown to be related with
an increase of the betalsubunit expression.

Objective: To determine the relations between oxymetric and endothelial situation
and subunit betal expression in the moment of recruitment and after 3 month of
CPAP in SAHS patients.

Methods: Prospective study in SAHS patients with CPAP (3 months). SAHS was
defined as an apnea-hypopnea index (AHI) >15 (cardiorespiratory polygraphy).
Endothelial function was evaluated with a test of postocclusive hyperemia by
Laser-Doppler flowmetry. Betal-subunit mRNA expression was made by a blood
test in peripheral blood leukocytes.This two determinations were repeated 3 months
after CPAP, calculating the parameter betalb-betala.

Results: 33 patients were enrolled with 66,7% males. Polygraphy showed a mean
AHI of 61425.8, desaturation index 60=£25, nocturnal saturation 89.45+4.8(%),
minimum nocturnal saturation 53.87+20.34(%) and CT90 of 31.3+22.7(%). When
investigating the parameter betalb-betala we found a negative correlation with:
nocturnal saturation (%) (R=-0.3, p=0.02),minimum nocturnal saturation (%) (R=
-0.4, p=0.01) and area under the curve (PU/s), (R=-0,46, p=0.01) and a positive
correlation with CT90 (R=0.3, p=0.04) and the slope (PU) (R=0.4, p=0.001).
Conclusions: In our study population individuals showing worst oxymetric parame-
tres or basal vascular endothelial situation initially achieved after 3 month of CPAP
the most important improvement of betal subunit levels (expressed as higher values
in the difference betalb-betala).
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