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Clinical Signs and Symptoms of Acute Hypoxemia

Mild nausea, light- i ;
® Tachyca rdla headedness, dizziness  ILVEEHIER

e |ncreased minute ventilation BERE | 50~60 mmHg
e Restlessness and irritability  BBEIRZE | sp02<90%

. . -
Thig ° Mulq hypertension -
. * Peripheral vasoconstriction 35~50 mmHg
“‘5% e Muscular incoordination ——
Venous / Arterial blood :
|t Confusion g
5.6 . | SX#H
4 A: Cyanosis 1 a0 LUKENE | 25~35 mmHe
@i ® Bradycardia and arrhythmias . x—se -
n e Hypotension
R * |oss of consciousness Bk w
U 1.6.5%
» Cartilage

o if Anemia or Cardiac insufficiency = symptoms occur at higher PaO;
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HYPOXEMIA

v
A-a gradient
4—-—--—"”—"-_—-'-_—--——- ‘——-_—-—“—‘-“—“""‘—-—»
Normal Increased
#
Response to 100% FiO,
4 - e T
Hypoxemia corrects Hypoxemia does not correct*
Hypoventilation V/Q mismatch Diffusion impairment
; ; Most common cause of %
High altitude Associated with T b Only large shunts do not
PCO, ¥P correct completely

CNS depression (e.g.,
brainstem stroke,
narcotic overdose)

Obesity hypoventilation
Muscular weakness

V

4 Q Interstitial lung disease
Emphysema

(W -
Pulmonary vascular
disease
NAY I cardiac output states (T
Q transit time through

alveolar-capillary " . n
Obstructive lung disease Blood, water, pus, protein
membrane)

PE Alveolar collapse (atelectasis,
pleural processes)
Pulmonary AVMs,
intracardiac shunts

Mild alveolar filling
diseases (“blood, water,
pus, protein”)
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The reason(s) of dyspnea on exertion?

1. Air-trapping (dynamic hyperinflation)
2. Poor breathing pattern

3. Respiratory muscle impairment

4. Limb muscle impairment
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Respiratory failure
VS

Dyspnea
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Efferent and Afferent signals that contribute to the sensation of dyspnea

s Motor
ensory  cortex
cortex
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Dyspnea

 Respiratory centers: increased output
* Chemoreceptor: PO2, PCO>
e Stimulation of mechanoreceptors:
» Upper airway receptors: Trigeminal nerve (CN5S)
* Pulmonary receptors: Stretch, Irritant, C-fibers
» Chest wall receptors: M. spindles
* Mechanical loading of the respiratory system: dyspnea
vs. effort
* Neuromechanical dissociation
* Impaired oxygen delivery or utilization
* Anemia
» Cardiovascular deconditioning
* Neural activation associated with breathing discomfort
» Sensory dimension: intensity, quality, time course
» Affective dimension: immediate unpleasantness,
evaluative and emotional response



Dyspnea

 Respiratory centers: increased output
* Chemoreceptor: PO2, PCO>

Brain

4.5% The Chemoreceptor Reflex

Venous / Arterial blood

5.3% / 13.2% $firing of glossopharyngeal nerve (afferent)

$firing of vagal nerve (afferent)

Lung Carotid body
5.6% N chemoreceptors
Yfiring of vagal ‘
nerve (efferent) ?pco
\ ?g;:ose Cardiac & Vasomotor - * 0O 2
. Chemoreceptors centers ’ﬁring of sympathetic p 2
SAN

: Aortic arch

in the medulla nerves ]
Skin —_— A chemoreceptors
1.1-4.6% AVN

’firing
Sympathetic

Bone ;
1-6.5% chain Arteries

a Cartilage / _
" 1-6% Veins



Dyspnea

e Stimulation of mechanoreceptors:
» Upper airway receptors: Trigeminal nerve (CN5)
« Pulmonary receptors: Stretch, Irritant, C-fibers oot Sensory root
» Chest wall receptors: M. spindles

Dorsal Facial nerve

Higher brain centers
(cerebral cortex—voluntary
control over breathing)

Chorda
tympani
Other receptors (e.g., pain) +
and emotional stimuli acting -
through the hypothalamus
+ i
= Respiratory centers
(medulla and pons) Muscle Muscle

during stretch during contraction

Peripheral
chemoreceptors
0,4 CO,t, H'¢ | |'
Stretch receptors .
+ - in lungs p l
Central f
chemoreceptors =
CO, 4, H* - _
2h H' : =T iritant ,.
g X b
i Receptors in | ".l I S —
W SRSt mcions . CLLLLLL L I
» h - (a) Action potential frequency (b) Action potential frequency

increases during stretch declines during contraction



Dyspnea

* Mechanical loading of the respiratory system:
dyspnea vs. effort

Mechanism of Dyspnea (Breathlessness) due to Hyperventilation

Efferent signals /[ Controller stimulation = Air ]
hunger. need or urge to breathe Normal breathing pattern: 6 L/min, Ineffective breathing pattern (hyperventilation):
>12 L/min, >18 breaths/min, <35 mm Hg aC02

1 4
Motor cortex ,‘ Effort rl » Sensory cortex <€----------==sz---s SO 12 breaths/min, 40 mm Hg aC02
[Chemoreceptorsj L& J : E E M /\/\/\/\
< . ;
<€
<€ '

Air hunger

( « Brain stem j

» Upper airway > » Upper airway

Chest muscles are
hypoxic and tense

Chest muscles are
well oxygenated and
relaxed (at rest)

Airways are

Deconditioning: = Heavy

Acute
bronchoconstriction:

4

= Chesttightness breathing or sense of tricted (due t
- constricle ue to
breathing more . Airways are . alveolar hypocapnia)
clear and and possibly

Ventilatory pump , dilated | obstructed
problem: = Increased | ] : (due to mucus and
work of breathing 11 | , ,f i ',( .-,_ ~inflammation)

QVentilatory muscles I\ 7 o Pulmonary edema : é g t ﬁ ; e
__w : Suffocating, e ; il L CEe
— ‘ : smo[den'ng Diaphragm is well oxygenated and relaxed Diap hm'gm is tense (spasm) and hypoxic
during exhalations and automatic pauses during all phases of breathing

Pressure generated by
the ventilatory muscles

The sense of effort:
A given breath to the maximal pressure

achievable by the muscles

Sense of effort vs. Air hunger



Dyspnea

 Neuromechanical dissociation

100
l I I
I I |
Closing

ICapacity

In-phase
VS
out-of-phase

TLC%

ISpontaneous' 1PPB | IPPB '
Ventilation | | pEEP |

Time —»

Mechanical Ventilation Chest wall vibration
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Dynamic hyperinflation A flow of air on the face




Dyspnea

* Impaired oxygen delivery or utilization

* Anemia
» Cardiovascular deconditioning

Oxygen
Delivery to
Tissues

O,ER = [(Ca0, - CvO,)/(Ca0,)](%)

DO, = Ca0, » CO

VO, =CO « (Ca0, - CvO,)

Blood 0 Cardiac
Saturation Output
Ca02 = [(SaO2 * 1.39 x Hb) + (0.0031 » PaOz)]
Blood 0O
Rate/Rhythm Stroke Volume

}

Hemoglobin
Level

Afterload )(Contractility)

4

@ Breathing ) FI0, )



Deconditioning is often a major contributing
factor in patients with chronic lung disease

Active Inactive




Dyspnea

* Neural activation associated with breathing discomfort
* Sensory dimension: intensity, quality, time course
 Affective dimension: immediate unpleasantness, evaluative
and emotional response

R 52 ]
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Use this scale to rate the intensity or strength of your breathing sensations, how much ;;

sensation you have now.
Please focus on how your breathing feelsnow

o 1+ 2 3 4 5 6 7 8 9 10

NO  SLIGHT MODERATE MAXIMUM
SENGATION  SENGATION SENGATION SENGATION

Use this scale to rate the unpleasantness of your breathing sensations, how good or bad your
breathing feels
Please focus on how your breathing feelsnow

- < 0 1 2 3 4 5 6 7 8 9 10

PLEASANT NEUTRAL  SLIGHT ANNOYING DISTRESING UNBEARABLE
SBNSATION

SQ -- Sensory Qualities -Rate the intensity of the breathing sensations you feel (like
the loudness of sound, regardless of whether the sensation is pleasant or

unpleasant; for example a sensation could be intense without being unpleasant.)
SQ1-My breathing requires muscle work or effort .
SQ2-1 am not getting enough air, | feel hunger for air, or | am smothering.

SQ3-My breathing requires mental effort or concentration.
SQ4-My chest and lungs feel tight or constricted.

SQS5-1 am breathing a lot. (breathing rapidly, deeply or heavily)

E — Emotional Response-Please tell us about how your breathing sensations
made you feel - rate zero for any emotion you did not feel.
E1-Depression
E2-Anxiety
E3-Frustration
E4-Anger
ES-Fear

Multidimensional dyspnea

. Aee B¢ B2 T W pes SR I B AT TR T M X T VI DT PR S S P 5 Al QU e T M VG VO DB 6 L Ve
L~ > o L N ~ o - o~ B ~ s . ~- ) o - S ~



Air Hunger is More Unpleasant then Work/Effort
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PETCO,  VE PTP WOB VT fr
(x 0.1) (x 0.04) (x 25)

1. normocapnic hyperpnea with inspiratory resistance,
2: hypercapnia with moderate restriction of ventilation,

3: hypercapnia with severe restriction of ventilation.

Am J Respir Crit Care Med. 2008 Jun 15;177(12):1384-90
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SQ -- Sensory Qualities -Rate the intensity of the breathing sensations you feel (like
the loudness of sound, regardless of whether the sensation is pleasant or

unpleasant; for example a sensation could be intense without being unpleasant.)
SQ1-My breathing requires muscle work or effort .
SQ2-1 am not getting enough air, | feel hunger for air, or | am smothering.

SQ3-My breathing requires mental effort or concentration.
SQ4-My chest and lungs feel tight or constricted.

SQS5-1 am breathing a lot. (breathing rapidly, deeply or heavily)

M V72
~ W77

n
C
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L
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E - Emotional Response-Please tell us about how your breathing sensations
made you feel —= rate zero for any emotion you did not feel.

E1l-Depression

E2-Anxiety

E3-Frustration

E4-Anger

ES-Fear

RATING

Stimulus 1

B Stimulus 2

Stimulus 3
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Am J Respir Crit Care Med. 2008 Jun 15;177(12):1384-90
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Gastroesophageal reflux
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100
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Female, >= 5 AHI Female, >=15 AHI Female, >=30 AHI
0
Sleep Medicine Reviews 34 (2017) 70e81
‘ 6-17Y%
- De—"°
o - o*././‘ o—o- A_s——aﬂ'/.
Male >= 5 AHI Male, >=15 AHI ale, >=30 AHI
90%
| P —e
,_—@
. —9 o—9 o
o 2' 8l0 zlo 4'0 6'O 8'0
Medlan of the respectlve age group in years
® Lee et al 2014 ® Reddy et al 2009
® Duran et al 2001 ® Plywaczewski et al 2008
® Bixler et al 1998 ® Jenum & Sjol 1992
® Bixler et al 2001 Heinzer et al 2015
Graph
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Inflamed

Sinusitis
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Major Components of the
Anti-reflux Barrier
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OSA and Associated Manifestations GERD vs Chronic Sinusitis

* Treatment of GERD could improve Chronic Rhinitis and Post Nasal Drips

* However, no reflux contents found in Nasal Cavity

* Gastroesophageal “REFLEX” (instead of REFLUX): nasal congestion,
irritation and increased secretion

- H* induced sensory neuropeptides

Vibration
Trauma

- Neurogenic inflammation

- reduced Cough receptor threshold
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What does the patient feel about
Airway secretions?

NORMAL

Pneumonia

__da
Hypoxemla .




NORMAL

\ 4

Bronchiectasis | (Sinusitis, Rhinitis Pneumonia

Impaction of small airway

After deep breathing: V/Q mis-match
l -

Exercise, daytime

Restrictive lung,
Intermittently Hypoxia

Q'.‘
Dyspnea ﬁ Hypoxemia

=p-:




NORMAL

< 4

Bronchiectasis | (Sinusitis, Rhinitis Pneumonia

Air-trapping,
Exertional: Emphysema
Air-trapping
Breathing effort

Bronchitis
Intermittent|

Q'.‘
Dyspnea ﬁ Hypoxemia

=p-:




NORMAL

N

Sinus

itis, Rhinitis Pneumonia
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