Syndrome de Haute Resistance des Voies Aériennes Supérieures : Une cause de fatigue
chronique ? Faut-il la dépister ?
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A Cause of Excessive Daytime Sleepiness
The Upper Airway Resistance Syndrome
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Monitoring of an alpha EEG arousal with quantitative evaluation of
airflow. Flow is measured with a tightly fitting mask and a heated
pneumotachograph (channel 7 from top). Esophageal pressure
(channel 8) is at its nadir in the two breaths just preceding the arousal
(indicated by arrows). The arousal begins with the second Pes nadir.
Immediately following the onset of the transient arousal, inspiratory
Pes nadir is less negative (breath just following black arrow). The "sum
signal of inductive respiratory plethysmography presents some change
in shape. However, this change would be difficult to interpret if
Bowand Pes were not simultaneously measured . No desaturation is
noted in the pulse oximetry recording. The Bow (channel 1) decreased
the most in the breath just preceding the arousal (black arrow) but is
already decreasing in the breath marked by the white arrow

Guilleminault C. et al. CHEST 1993



Table 1— Population With Upper Airway Resistance Syndrome*

Night 3
Night3  Baseline
Night 1 Night3 Baseline (w/Pes) CPAP  Follow-up
Night 1 Baseline Night 1 Baseline (w/Pes) Maxi- Titration CPAP Night Followup Follow-up
Subject No./ Baseline Alpha EEG Baseline (w/Pes) Alpha EEGC mum Maximum Alpha EEG CPAP Night CPAP Night
Age, yr/ BMI, TST, Arousal MSLIT, TST, Arousal Pes Nadir, Pes Nadir, Arousal TST, MSLT,

Sex Snoring kg/m* min Index min min Index omHO omH0 Index min min

V30/F + 32 481 33 2.3 492 35 -27 -8 9 398 9

2/42/F + 28 473 31 2.8 460 30 -34 -6 10 393 10
V4O0/F 0 20 492 19 5 478 23 -29 -4 8 406 12.8
4/39F 0 24 468 36 6.1 490 A —-43 -5 6.1 389 14.5
S24/F + 2 501 17 6 452 23 =37 -4 6 411 14.6

6/36/F + 21 497 52 8.1 450 46 —41 -5 0.8 381 17
T/46/F Int 24 479 35 6.4 495 38 —-36 -4.5 7 308 15.4
8/35F + 23 486 24 7 479 26 -33 -6 10 428 15.2
¥50/M + 23 469 14 6.3 453 19 -23 -4 8 395 14.7
10/47M + 23 485 20 4 511 22 -25 -5 8 387 11.8
11/30/M Int 23 499 42 4.7 442 38 —43 -5.5 9 401 13.5
121%M + 19 471 16 5 473 18 -31 -3 6 389 14.8
13/44M + 23 465 40 5.1 434 44 -28 -6 9 386 12.5
14/41/M Int 22 456 42 6.0 472 31 -24 -6 9 419 13.8
15/39%M + 26 484 49 5.1 509 37 —42 -5 6 413 12.6
Mean 37.5 23.6 480.4 31.3 5.3 472.7 R -33. -53 7.9 399.6 13.5
2.3 15 2.1

SD7.0 32 1283 12.4 1.5 24.7 9.2 7.1 1.1




Upper airway resistance syndrome-one decade later

Bao G. and Guilleminault C. Cur. Opin. Pulm. Med. 2004

Table 1. Clinical differential features in upper airway resistance syndrome
(UARS) and obstructive sleep apnea-hypopnea syndrome (OSAHS)

Feature UARS OSAHS
Age All ages Children
Male > 40 y old
Female after menopause
Male:female ratio 1:1 21
Sleep onset Insomnia Fast
Snoring Common Almost always
Apnea No Common
Daytime symptoms Tiredness Sleepiness
Fatigue (less common in children)
Body habitus Slim or normal Obese
Somatic functional complaints Fibromyalgia Rare
Chronic pain
Headaches
Orthostatic symptoms Cold hands/feet Rare
Fainting
Dizziness
Blood pressure Low or normal High
Neck circumference Normal Large

Table 2. Polysomnography and power spectral analysis in
upper airway resistance syndrome (UARS) and obstructive

sleep apnea-hypopnea syndrome (OSAHS)

UARS OSAHS
Sleep onset latency Long Short
AHI <5 = h
Minimum O, saturation >92% Often <92%

Respiratory
effort-related arousals

Cyclic alternating
patterns

Power spectral EEG
analysis

Predominant
Frequent
Higher o power

Higher & in rapid
eye movement

(rare in children)
Minimal

Less common

Less o or

AHI, apnea-hypopnea index as events per hour.
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An Official American Thoracic Society Workshop Report:
Noninvasive Identification of Inspiratory Flow Limitation in

Sleep Studies  Ann Am Thorac Soc 2017; 14(7): 1076-1085.
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Figure 1. Flattening is shown pictographically here in a nasal cannula flow tracing. Flow-limited breaths, characterized by flattening, demonstrate a
nonlinear relationship between driving pressure and flow in contrast to normal-contour breaths. Reprinted by permission from Reference 1.
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Airflow shape is associated with the pharyngeal structure causing obstructive sleep apnea

Posteriorly-located tongue
Inspiratory flow

Genta PR. et al. CHEST 2017

A ®

5 -
ressure s 1 Soft palate
catheter g SR

Endoscope Epiglottis

I
Bulging Posterior pharyngeal wall
palate

Posteriorly g

Located Tongue £ Obliterated

vallecula

Tongue base , ~

Pressure Epiglottis

catheter

|
Posterior pharyngeal wall



Airflow shape is associated with the pharyngeal structure causing obstructive sleep apnea

Unobstructed Epiglottic
breaths collapse

¥ "

abrupt discontinuity

no discontinuity

\

Representative examples of epiglottic collapse taken from
different subjects. Epiglottic collapse is characterized by severe
NED with and without abrupt discontinuities.

Genta PR. et al. CHEST 2017
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Frequency of flow limitation using airflow shape

Example pneumotach flow traces for breaths visually
0 » » » scored as normal, possible flow limitation “Possible FL,”

and certain flow limitation “Certain FL” for an individual

patient. Note also the heterogeneity in shapes for
breaths within this single subject.
10 9 13 18

=

{

=
T

-
w
141
©
-
@
(2]
iy

Possible FL

%
>
77
=

[==]
(=]
[4.2]
7=}
=2}
w
[=2]
(=]

-

/,\b Mann D.L. et al. SLEEPJ 2021

<< =

q?
-
-

w
[+]
w0
[+]
w0
-1
©
@

Certain FL

LTI

7
T

-~
[{=]
=]

2

~

S

:\j
[I=]
[£=]
[{=]
<=
w
©
[==]



(BPM)

PTT 392
(ms)

ECG —H
(mV) 2.0

PULSE

(uy) 1000

ﬁtl|t|i

PR 101

211

a0z w00 |

(%) :
o A s PN A L SRR R ¥ o A Ao mal e PP me B TR e ek G me ke o m Ry v
o vy oy vy v oV . '~I Vo . gy | v : \ '~" V . Vo ﬁ v -. Vi Spg Tw BRI v ._
= WY
. 50 £y L | AL AW Hf | g i i ' 1r“ . : J
= VWUV VWUV VUV VUYL
T?sz = ’AU -Uﬁ.,lu ﬁlU'.r*-]]Iu'rﬁlJ ~--.L:I|a—~.,|t ‘Jﬁ U "“'Llf" ‘|u|‘ﬁ|t |I'H1luu[ﬁll'-\,lml__ | ML.[—W.'L\JFL |- I|r’“|u||”'| v}[ﬁ"lu(ﬂ-.kwllj:’“I 'J'ﬂlluiﬂ'lur“ﬁ JF]JH]\-'IH \F\ J-#Uﬁl |M‘|U|'_'_H|IJ/ "

[gHINE

367

l_
—H?'__ "
z
1
— Hazl}j[!,

A

s

\

L

|

W

|

A

v |4

5££s|
e

| # [20m Preusd | m | | ||r IrlsuH

9 Ch.

i

w |z | w2 | v
|MAPHEUMIE&| | = |l|

I




/

@,

N

|

M

|

\

|

\
\

i

VUYL

[

\

I

il

J

\ |

N

|

Hl

\/

i

\}

\

{V\

B ) s B S E— —

i

Al
(il

W

(AR

e ——

PNV,

AN ANANNAANAAA AR,

LA ALY U LA

I

i

F

|

:

|

|

I

-

/“\

|

o

,%
i

A

VWYY




Endotyping Sleep Apnea One Breath at a Time
An Automated Approach for Separating Obstructive from Central
Sleep-disordered Breathing

American Journal of Respiratory and Critical Care Medicine Volume 204 Number 12 | December 15 2021

A Feature Engineering B Scores to Probabilities
Preprocessing, feature selection, and weight assignment Breath-by-breath probability of obstruction
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Frequency (N)

Inspiratory Flow Limitation in a Normal Population of Adults

in Sao Paulo, Brazil

Distribution of inspiratory flow
limitation in the normal group.
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Correlation between percentage of total sleep
time with inspiratory flow limitation (IFL) and
body mass index (BMI) according to age groups

60

50

40-

30

Age (years)
020-39
©040-59
060-80
o
o
o
o o
o
o
o
CI |
40 50

BMI (kg/m?)

Palombini et al. SLEEP 2013



Inspiratory Flow Limitation in a Normal Population of Adults
in Sao Paulo, Brazil

Unstandardized

Coefficients
B
1 (Constant) -145.596
BMI 0.686
Age -0.040
Arousal index 0.138
Sleep efficiency -0.020
PLM index 1.293
SWS 0.215
Stage REM 0.021
AHI -0.553
Desaturation index -0.311
% time Sp0, < 90% -0.237
Lowest SpO, 1.113
Mean SpO, 0.331

AHI, apnea-hypopnea index; BMI, body mass index; PLM, periodic limb movement; REM, rapid eye

Std. Error

119.616
0.309
0.149
0.205
0.173
1.057
0.233
0.291
1.115
0.520
0.481
1.051
1.418

Standardized
Coefficients
Beta

0.315
-0.048
0.112
-0.023
0.178
0.159
0.012
-0.068
-0.078
-0.066
0.174
0.037

movement; Sp02, oxyhemoglobin saturation; SWS, slow wave sleep.

Sig.
0.229
0.031
0.788
0.505
0.909
0.227
0.361
0.943
0.622
0.553
0.624
0.295
0.816

Regression model for inspiratory
flow limitation and
anthropomorphic and PSG variables

Palombini et al. SLEEP 2013



UARS: patients have worse sleep quality compared to

Table 1. Descriptive data.

mild OSA

Descriptive variables Control (n = 34) UARS (n = 34) Mild OSA (n =47) F Effect size Observed power
Gender (M/F) 15/19 14/20 21/26 - - -

Age (years) 36.76+8.99 42.91+8.0* 46.67+9.37%* 12.16 0.18 0.99

BMI (kg/mz) 24.40+3.12 25.94+3.94 28.28+3.41**F 12.43 0.18 0.99
Schooling years 16.20+4.16 13.76+3.93* 13.59£3.31** 5.42 0.09 0.84

* p <0.05 between control group and UARS

** p < 0.05 between control group and Mild OSA

£p < 0.05 UARS group and Mild OSA

Data represented by Mean * Standard deviation and 95% Confidence Interval (lower and upper); General Linear Model (GLM)

De Godoy et al PLoS ONE 2016; 11(5): e0156244.
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Upper Airway Resistance Syndrome Patients Have Worse Sleep Quality
Compared to Mild Obstructive Sleep Apnea

Table 2. Questionnaires.

Questionnaires Control (n = 34) UARS (n = 34) Mild OSA (n = 47)
Mean + SD 95% ClI Mean + SD 95% Cl Mean * SD 95% Cl

Epworth 6.43+2.9 5.39-7.48 12.70 £4.37% 11.10-14.31 12.45+4.82%% 11.02-13.89
Fatigue 27.83+16.23 21.42-33.13 47.38+17.42* 40995377 44.15¢16.88**%  39.13-49.16
Pittsburg 1 1.2110.65 0.98-1.45 1.93+1.06% 1.54-2.32 1.7310.61 1.55-1.92
Pittsburg 2 0.90+0.77 0.62-1.18 1.35%1.14 0.93-1.77 1.26+0.95 0.97-1.54
Pittsburg 3 1.2540.80 0.96-1.53 1.5440.92 1.20-1.88 1.47+0.88 1.21-1.74
Pittsburg 4 0.68+0.99 0.32-1.04 0.74+0.96 0.38-1.09 1.004+1.13 0.66-1.33
Pittsburg 5 1.1840.69 0.93-1.43 1.8340.68 1.58-2.09 1.7810.59 1.60-1.95
Pittsburg 6 0.12+0.42 (-0.02)-0.27 1.77+0.76% 1.49-2.05 0.36+0.92%*% 0.09-0.64
Pittsburg 7 0.75+£0.84 0.44-1.05 1.09+1.01 0.72-1.46 1.47+0.80%* 1.23-1.71
Pittsburg Total 6.12+2.99 5.04-7.20 10.61+4.81* 8.84-12.37 9.10£3.02%*F 8.21-10.00
FOSQ General productivity 3.52+0.45 3.35-3.68 2.83+0.81* 2.53-3.13 3.2240.55° 3.05-3.39
FOSQ Social outcome 3.7040.48 3.354.12 2.95+1.01* 2.58-3.32 3.3240.78° 3.09-3.55
FOSQ Activity level 3.35+0.46 3.18-3.51 2.72+0.85* 2.42-3.02 3.0120.59° 2.84-3.18
FOSQ Vigilance 3.4610.53 3.27-3.65 2.71+0.85*% 2.39-3.02 3.0340.66° 2.83-3.22
FOSQ Intimate Relationshipsd and Sexual Activity 3.3440.81 3.04-3.63 2.7141.21 2.27-3.16 3.17£0.86° 2.92-3.43
FOSQ Total 17.28+2.29 16.46—-18.11 13.5043.65% 12.16—-14.84 15.4243.08° 14.50-16.33
BECK Anxiety 7.65+8.50 4.58-10.72 19.22414.41*  13.93-24.51 13.82+11.88° 10.29-17.35
BECK Depression 8.1845.69 6.13-10.24 17.48+£10.84*  13.50-21.46 13.10£6.96%*% 11.03-15.17

* p < 0.05 between control group and UARS
** p < 0.05 between control group and Mild OSA
£ p < 0.05 UARS group and Mild OSA

Data represented by Mean * Standard deviation and 95% Confidence Interval (lower and upper); Generalized Linear Model (GLzMM)

De Godoy. et al. PLoS ONE 2016



Number of lapses (PVT)

Upper Airway Resistance Syndrome Patients Have Worse Sleep Quality
Compared to Mild Obstructive Sleep Apnea
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Repeated measures

Group

—— Control
UARS
Mid OSA

Number of lapses of PVT repeated
measures: mild OSA patients had
more lapses at times 2 than at time
5 than “control group” (p = 0.044).
UARS patients had more lapses at
time 1 than at time 5 in comparison
to mild OSA patients (p = 0.02).

De Godoy. et al. PLoS ONE 2016



Risk of low score in HRQol in patients with UARS and patients with OSA
compared to participants in the GP

Domains Odds Ratio (95% CI) P value
Physical functioning i —— A gg\/F\{S :1:'?1 gi:(l)ﬂzg]) zggg:
ysatroe | 1 s By ok
Bodilty pain - i o OSA 341333 <000
General health J['_:_ BE}ES Ilé z?g:%gg <%.[I)3I
I
Physical component { |~ #——— OSA" $5(4479) <0001
Vitality i T OSA” 147 (106:203) <0001
Social functioning i e e OSA 43 (:4-60) <0001
Emotional role - :_.; gé}fg ‘]’Eg Hg,:%g: <g%él
Mental health 4 i t Bg\f\{S %3 }égiigg zggg:
Mental component - : _._: HQES 2:3 Elgzggi zggg:
I
Totalscore | | = ———— OSA" 62(1684)  <0.00i
51 5 10 15 20 25 30

—e— UARS —— OSA

Odds ratios adjusted for age and sex. The city and socioeconomic status were the same for the GP data and UARS and OSA data. Cl
= confidence interval, GP =general population, HRQoL = health-related quality of life, OSA = obstructive sleep apnea, UARS = upper
airway resistance syndrome.

Vizcarra-Escobar D. et al. JCSM 2022



The role of mean inspiratory effort on daytime sleepiness
Z. Pelin, Eur Respir J 2003; 21: 688—694

Table 4.—-Correlation coefficients and their significance for
Epworth and multiple sleep latency test (MSLT) scores in
upper airway resistance syndrome (UARS) and obstructive
sleep apnoea syndrome (OSAS) patients

UARS OSAS
r p-value r p-value
Epworth score
Arousal index 0.20 0.24 0.31 0.04
RDI 0.20 0.24 0.33 0.03
Average Poes 0.48 0.03 0.44 0.01
APoes 0.31 0.12 0.34 0.02
Stage variations n -0.19 0.47 0.26 0.07
Min. O, % -0.28 0.15 -0.18 0.15
%TST with O> <90% 0.26 0.07
MSLT score
Arousal index -0.26 0.46 -0.16 0.18
RDI -0.01 0.49 -0.14 0.22
Average Poes -0.35 0.10 0.02 0.45
APoes -0.22 0.21 0.06 0.36
Stage variations n 0.28 0.16 0.13 0.23
Min. O % 0.38 0.09 0.23 0.1
% TST with O, <90% -0.13 0.24

RDI: respiratory disturbance index: Poes: oesophageal pressure;
Min.: minimum: O»: oxygen: TST: total sleep time.



Percentage of sleep time with increase
o in respiratory effort is a strong predictor of
prevalent hypertension in OSA patients
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Phenotypes
du Syndrome
de Haute

Resistance
des VRS

* Jeune adulte maigre au sommeil non rafraichissant exposé a
une pression de sommeil la journée mais aussi a une variété de
plaintes peu spécifiques somatigues ou psychosomatiques voire

de manifestations plus psychiatriques ( inattention,
hyperactivité, anxiété , dépression ) a une insomnie

et/ ou a de la fatigue chronique

* montrant des troubles de croissance cranio faciale ou /et
dento-squeletique

* Jeune adulte ou d’ age moyen en net surpoids voire obése
* Jeune adulte exposé a une allergie nasale mal contrélée

* Hypersomnie avec allongement du temps de sommeil

* Ronflement non apnéique Primary Snoring

* Lipothymie de la consultation cardiologique

* La femme pendant la grossesse ou au décours de la
ménopause
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