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Disorders of the Respiratory System
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Disorders of the Respiratory System

'Pons controls rate of breathing,

depth, and Inspiration

Medulla oblongata controls

rhythm of inspiration and expiration

Medulla oblongata

Sntech receptors

“$—— Medulla oblongata




Disorders of the Respiratory System
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Physiology of Respiratio
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Ventilation (V) refers to the passage of air in and out of the respiratory
system

® Pulmonary ventilation is the volume of air that enters and exits the lungs

in 1 minute
Pulmonary ventilation = Tidal volume x RR

® Alveolar ventilation is the volume of air that enters respiratory part in 1 minute

Alveolar ventilation = (TV — Dead space volume) x RR

If normal RR is 12 times per minute, Tidal volume = 500 ml,
°°°°°° Anatomical dead space =150 ml

------ then pulmonary and alveolar ventilation will be mL/min...........................




Disorders of the Respiratory System

Physiology of Respiration
& (Perfusion (Q) - |

) Perfusion (Q) is the blood flow
from the Right Ventricle

® Pulmonary Artery -
Carries blood to the lungs

Blood Flow from
Right Ventricle
ﬁ

) S .- @- Pulmonary Capillaries (Gas Exchange)

Pulmonary Veins . O2 enters the blood

' x Capillaries '
Left / CO,, leaves the blood
Ventricle ® Pulmonary Meins =5
2

\_'/ Systemic J Return oxygenated blood to the heart

Right
Atrium

Circulation @B 2 --oommoommotmosssssmesssesssecccscsssscsscnesssnsscsnesesssenecenensacn-
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Pulmonary Circulation (Low Pressure)

* Resistance of pulmonary circulation

; <N is lower than Systemic Circulation

Body Tissues

~ Example: If normal Cardiac Output = 5 L/min
—> Pulmonary Perfusion = 5,000 mL/min

—> Alveolar Perfusion = 5,000 mL/min




Disorders of the Respiratory System

Physiology of Respiration

Lung compliance (c)
High ¢ = lungs expand easily; Low c = lungs require more force to expand

e Relationship between: Volume, pressure difference, + in alveoli and bronchioles

Healthy

-~ Emphysema

Healthy / Smoking and
| Emphysema

Healthy Volume Decreased Fibrotic pulmonary parenchyma
e Fibrotic tissue (Lung fibrosis) leads to stiff lung tissue

e Damaged alveoli (Emphysema) such as COPD

alveolar septum

Source: https://www.nature.com/articles/nrdp201774

% Damaged alveoli (Emphysema) such as COPD




Disorders of the Respiratory System

(physiology of respiration 1 N

Surface tension (s)
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» Inside alveoli, a substance called surfactant e i Open:alveol;
reduces surface tension & prevents collapse
(anti surface tension)

Pneumocyte type | (gas eXChange) High Surface Tension Low Surface Tension
Difficul Ex d & i
e Pneumocyte type Il (surfactant) fificuit to Expan Easier to Expand &

Prevent Collapse Prevent Collapse

A i/’Alveolar Structure and Surface Tension \n
o If surfactant decreases (collapsed alveoli difficult to open) \

« Inhalation: Requires greater force to expand alveoli

) TN
- s . 5 s / | / .OT\ ;YP:X Ih N
e Exhalation: 2 sides of the alveoli stick together more easily , L. /o=|/GasExchange )

)\

/
If surfactant decreases (collapsed alveoli difficult to open) |

-

e Inhalation: Requires greater force to expand alveoli \

e Exhalation: 2 sides of the alveoli stick together more easily ~ “._Type I Pneumocyte -’

“~_ Produce surfactant

~

- -

Source: https://www.nature.com/articles/nrdp201774 RS

Type 1
(Gas Exchange) Produce surfactant



Disorders of the Respiratory System

Perfusion :

Perfusionis the flow of blood starting from the Pulmonary artery delivering from the

right ventricle (deoxygenated blood) to the pulmonary capillary.

® Ensures adequate blood flow
Pulmonary Artery

e Adequate volume

: : vi\f*‘
. Diffusion : D ' -

High Surface Tension
Difficult to Expand
& Collapse

Pulmonary Vein

Low Surface Tension
Easier to Expand &
Prevent Collapse

Q Alveolar Capillary Membrane )

Diffusionis the exchange of gases CO, and O, between alveoli and
pulmonary capillary across Alveolar Capillary Membrane

Diffusion
)

o‘:: —

High concentration Low concentration

Source: https://www.nature.com/articles

Alveolar Capillary Membrane




Disorders of the Respiratory System

Covid-19

SAR-COV-2
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CORORAVIRUS k‘(gpé\zm-w)
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associated ARDS




Disorders of the Respiratory System

Pneumonia pneumonia.. — endothelium injury

/\

alveolar type Il injury Vascular injury

/ \/

surfactant damage — permeabilityuﬁu

Unhealthy alveoli (airsacs)

Less oxygen

! l ge il
Inflammation protein leakage neutrophil — LAY
\ adhesion to [ e
endothelium e P R
Proinflammatory cytokine T (; O SR .
L TNF-alpha, IL1, IL6, IIL8 ' _—
l Cytokines — _ .
IL1, IL6, TNFx Fluid & debris
[ TNF-alpha, IL1,IL6, IL8 ] ARDS




Disorders of the Respiratory System

Hypoxia

= Tissue hypoxemia

(Pa02 < 50 mmHg, PaCo2 > 50 mmHg)

fnins1 4 Causes

1. Hypoventilation
2.V/Q matching

3. Diffusion impairment

4. Shunting




Disorders of the Respiratory System

- CO2 is retained in the alveoli while Oz intake is reduced

e Delivered to the frontal lobe:

TLC
FVC

FEV1/FVC ratio
(normal >0.7) (0.8-)

TLC= Total lung compliance

FVC= Functional volume capacity

Hypoventilation

CO2 + HoO == HoCO3 = H'+ HCO3

neurons
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—— Cerebrospinal
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—— Blood-CSF
barrier

Capillary
blood

Central
Chemoreceptors
1 nerve impulses

Chemoreceptors
1 nerve impulses

Peripheral

1CO2 \ ( Medulla oblongata
exhaled Respiratory Centers
1 nerve impulses
High Po, High Pco, Low pH Respiratory Muscles
e — _ 10, J contractions
__|Low Po, | |LowPco, HighpH jnhaled R —_
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4 Ventilation




Disorders of the Respiratory System

Hypoventilation

Decreased alveolar ventilation — CO2 is retained, Oz is decreased

PaCO2 > 80 mmHg, PaO2 {4 to 53 mmHg When blood vessels: { to 43 mmHg

I/[Causes (3 factors affecting ventilation) )

1. Lung compliance

L Lung stiffness - Hard to expand

2. Surface tension

1+ Surface tension— Alveoli collapse
easily

3. Diaphragm & Chest wall

l | NS 4 Weak contraction—> { Air intake
l Hypoventilation Disorders l
[1. Obstructive Lung Diseases j (2. Restrictive Lung Diseases ' Q Central and Sleep-Related Hypoventilation
v v .
2 Upper Airway -, .- Lower Airway - ; -~ Parenchymal - - Extra-Parenchymal - ~  Congenital N Acquired 3
| ! | / ! \ | ,{
i e Throat obstruction | e Bronchus, COPD, | | ' e Fibrosis, Pneumonia | e Obesity, Chest wall injuryi  Congenital central | ' e Brain injury, Drugs,
| : | | .

Asthma

|  Epiglottis, Tumor g

hypoventilation

. s s

|
|
Sedatives E
e Sleep apnea, Obesity |
|
|

hypoventilation |

A
y A,
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Disorders of the Respiratory System

Hypoventilation disorder

Obstructive Lung Disease

Bronchoconstriction No radial traction®

Oedema +1 Dynamic compression
) Hypersecretion 1\

-, Radial traction. ok )N
| ( Destruction of lung tissue and

& / capillaries”
( /‘ { ) ¢ ' N
Normal Emphysema
Restrictive Lung Disease
Trachea l
J A 2 4 Adipose chest wall
A | and mediastinum

‘/// \\\ Stiff lung:
4 Y = |Lung fibrosis

-

y. \ f
( ) ( ) Abdominal adiposity
O 4 with high diaphragm
Fig. 13-8 Pickwick Syndrome




Disorders of the Respiratory System

Alveolar Hypoventilation

Increased Dead Space
| (Damaged Lung Tissue)

® Damaged lung tissue (physiologic
dead space) increases

® 4 dead space ventilation

® Decreased air volume and ventilation

® Respiratory Infection
® Acute respiratory infection
® Chronic respiratory infection

® Exacerbations of airway disease
(e.g, Asthma, COPD)



Disorders of the Respiratory System

Alveolar Hypoventilation

Airway Obstruction
(Damaged Lung Tissue)

® Airway Obstruction: t

— J Air passage flow or blocked

— 4 Air clearance: aspiration, mucous plug

1. Central hypoventilation: brainstem infarction

2. Chemical hypoventilation: sedative drugs,
respiratory depressants (e.g., Morphine)

3. Bronchospasm with 1 airway resistance:
Bronchial asthma

4. Tumors

- ——— ——— ———————— — —
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