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* Respiratory dysfunction refers to the failure of gas exchange, i.e., decrease in arterial
oxygen tension, Pa0O,, lower than 60 mm Hg (hypoxemia).

Yespiravory foilure

* It mayor may not accompany hypercapnia, a PaCO, higher than 50 mm Hg (decreased
CO, elimination).

* Type 1 :Arterial oxygen tension (PaO,) lower than 60 mm Hg with a normal or low
arterial carbon dioxide tension (PaCO,)

* Type 2:Hypercapnic respiratory failure is characterized by a PaCO, higher than 50 mm
Hg and arterial oxygen tension (PaO,) lower than 60 mm Hg.




Lungs are supplied by 1w cireulavions Pulmonary circularion - Right side OF Hhe heart

Bronchial ciradavion : Lefr side of the hearr

» Respiratory failure may be further classified as either acute or chronic.

- Acute respiratory failure :  seveve SOB , major Jrop in On

» Characterized by life-threatening derangements in arterial blood gases
and acid-base status.

» Acute hypercapnic respiratory failure develops over minutes to hours;
therefore, pH is less than 7.3.

it acure accumulation of C0; —s nzsPimporT acidosic — f""\oie\': in acid-base



- Chronic respiratory failure: In clinic
» Less dramatic and may not be as readily apparent

» Develops over several days or longer, allowing time for renal compensation and an
increase in bicarbonate concentration. Therefore, the pH usually is only slightly
decreased.

Compensaron of low Oz: 1\ Hb production severe vasoconsrriction of
» The clinical markers of chronic hypoxemia, such as polycythemia or cor-pulmonale, %= \unqs due ve
suggest a long-standing disorder. chronie hypoxia

vasadil\aron eve: PR
where in ‘10*\"’(-&1 erce pr
* The distinction between acute and chronic hypoxemic respiratory failure cannot i e \w
readily be made on the basis of arterial blood gases. N
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Normal Physiology of Respiration

* The “Alveolar” oxygen tension PAO, remains close to 100 mmHg, while
alveolar carbon-dioxide tension PACO, is maintained close to 40 mmHg.

= to bloed COq

* There is a small difference of 5-10 mmHg between “Alveolar (A)” and
“arterial (a)” oxygen tension because around 2% of the systemic cardiac
output bypasses the pulmonary circulation (physiologic shunt) and is

not oxygenated Lnermal shunt — frem Loranchiol vein
Ls other normal shunr coranart! arrery

Aa jmd fank

* Resulting mix of a small amount of deoxygenated blood makes the PO,
of arterial blood (Pa0,) slightly lower than that of alveolar air (PAO,).



* A normal A-a gradient is about < 10 mmHg. If the A-a gradient is
normal, it means there is no defect in the diffusion of gases.

* The A-a gradient helps to outline the different causes of respiratory
failure.



* At steady-state, the rate of carbon dioxide production within the body is constant. The PACO,
depends on and is ‘inversely proportional’ to the ventilation, so the increased ventilation will lead to
decreased PACO,, and decreased ventilation will cause increased PACO.,.

* The alveolar oxygen tension, PAO,, depends on the concentration of inhaled oxygen (FIO,), and

alveolar carbon-dioxide tension (PACO,), as in the following equation:
ffesut»mlevd aiveolar COt . 2
. PAO, = FIO,x (PB—PH, 0)— PACO,/R — Yestiratery —exchange mo =0-
L— tho vapor pressure ﬂ

Lﬁrqu-fonal of .'nsr.'ra’ ar 2%

1. rempretrure is a variable

PAO,: Alveolar PO,

FIO,: Fractional concentration of oxygen in inspired gas _, can chande : supply move O to the pr.
PB: Barometric pressure

PH,O: water vapor pressure at 37°C
PACO,: Alveolar PCO,

R: Respiratory exchange ratio.

2.qlvirude —» it you P 4P PR willke \o» _rmulrir 5, in alveola will be low



Pathophysiology of Hypoxemia
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There are five important pathophysiological
causes of hypoxemia and respiratory failure.

1. Diffusion Impairment

2. Hypoventilation

3. High Altitude

4. Pulmonary Shunt

5. Ventilation — Perfusion (V/Q) Mismatch



Pulmonary shunt(right-to-left shunt)

Laarea [>oor|7 venriared wWirth nermal Fergus(o\ﬂ

The venous deoxygenated blood from the right side enters the left side of the
heart and systemic circulation without getting oxygenated within the alveoli.

So, shunt refers to “normal perfusion, poor ventilation.”

The lungs have a normal blood supply, but ventilation is decreased or absent,
resulting in failure to exchange gases with the incoming deoxygenated blood.

The ventilation/perfusion ratio is or near to zero.
O / incack



* The A-a gradient increases as deoxygenated blood enter the arterial (systemic)
circulation, decreasing the arterial oxygen tension, PaO,

* Therefore increasing the oxygen concentration does not correct the

hypoxemia. The blood will bypass the lungs, no matter how high the oxygen
concentration.

* This failure to increase PaO, after oxygen administration is a very important
point and helps with a differential diagnosis between impaired diffusion and
other causes of hypoxemia that resolve with supplemental oxygen.



* For example, in atelectasis, the collapsed lung is not ventilated, and the
blood within that segment fails to oxygenate. \our there is a PerPusion

L why small atelecrasis awm improve wirh Jving C2? 0z will P to rhe unaPlecred areas

and improve its oxygenarien /# bur Lame arelactasis or bilareral atelacrasic —no marrer
how much You give O< i+ Wil ot Improve-
* In'cyanotic heart diseases, the blood from right side bypasses (shunts)

the lungs and enters the left side, causing hypoxemia and cyanosis.

Lino benebiv- if you give them O,

ARDS —> also an example of sphunr: 1y, infecrious matenal will cover the lzivﬂ , ho matter how much
You give Oz there will be 4 barrier and shunting of blood.
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Ventilation — Perfusion (V/Q) Mismatch

venk laken (s asually lesy Haan ,)crﬁ,(g,'on 22 oL s ) sbals

* The V/Q ratio in normal individuals is around 0.8, but this ratio alters if there
are significant ventilation or perfusion defects.

» The decreased V/Q ratio (< 0.8) may occur either from decreased ventilation
(airway or interstitial lung disease) or from over-perfusion.

- In these cases, the blood is wasted because it fails to properly oxygenate.

- In extreme conditions, when ventilation decreases significantly, and V/Q
approaches zero, it will behave as a pulmonary shunt.
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» The increased V/Q ratio (> 0.8) usually occurs when perfusion is
decreased (a pulmonary embolism prevents blood flow distal to
obstruction) or over-ventilation.

- The air is wasted in these cases and is unable to diffuse within the
blood.

- In extreme conditions, when perfusion decreases significantly, and V/Q
approaches 1, the alveoli will act as dead space, and no diffusion of

ases occurs. : .
: O 7 O?f\”i‘ﬂe) L Slo g



* Therefore, the increased mismatchin ventilation and perfusion within
the lung impairs gas exchange processes, ultimately leading to
hypoxemia and respiratory failure.




Diffusion Impairment _, ), el

surface  areq

\—> inc,rec\seA thickness of alveolar membranes

* There is a structural problem within the lung.

@
* There may be decreased surface area (as in emphysema).

0" vensilarr X perbusion Ll \sawss 2@bil _\ made ms Sl

@
e Orincreased thickness of alveolar membranes (as in fibrosis and

@restrictive lung diseases) that impairs the diffusion of gases across the
alveoli, leading to an increased alveolar-arterial gradient.

kfgbcr ‘cvel of alv&ola" pOz ComparerJ o He arrerial




* In an increased A-a gradient, the alveolar PO, will be normal or higher,
but arterial PO, will be lower. The greater the structural problem, the
greater the alveolar-arterial gradient will be.

* Since the diffusion of gases is directly proportional to the concentration
of gases; therefore increasing the concentration of inhaled oxygen will
correct Pa0,, but the increased A-a gradient will be present as long as
the structural problem is present.
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High Altitude(Low inspired FiO2)

* At high altitudes, the barometric pressure (PB) decreases, which will lead to

decreased alveolar PO, as in the equation: gnd this leads ro hypoxia
Volume e

* PAO, = FIO, x (PB - PH, O) — PACO,/R

* The decreased alveolar PAO, will lead to decreased arterial PaO, and
hypoxemia, but the'A-a gradient remains normal since there is no defect within
the gas exchange processes. Under these conditions, additional oxygen
(increasing the FIO,) increases the PAO, and corrects the hypoxemia.



 When a person suddenly ascends to the high altitude, the body responds to
the hypoxemia by hyperventilation, causing respiratory alkalosis. The
concentrations of 2, 3-diphosphoglycerate (DPG) are increased, shifting the
oxygen-hemoglobin dissociation curve to the right. k

—

* Chronically, the acclimatization takes place, and the body responds by as o reblex of
increasing the oxygen-carrying capacity of the blood (polycythemia). Th

e : .
. . ) . R R Chyonic h poxiq
kidneys excrete bicarbonates and maintain the pH within normal limits. 1
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HyvaentilatiOn 't A gradian is E‘ﬂt‘—r hypoventilation 4 orher mechanism
¥ CO. N muscle Bq(-,jug_

 The minute ventilation depends on the respiratory rate and the tidal

volume, which is the amount of inspired air during each normal breath
at rest.

VE = RK X \/T
 Minute ventilation = Respiratoryrate x Tidal volume
J, iw mintre venklaron it R.R rqu:gJ l—.»,: it tidal volume Jecreas‘cc’ Lr
melication , Rracrare airway obshuckion , mascle weakness
Low 0. and ) in O Hial chesr

 The normal respiratory rate is about 12 breaths per minute, and the
normal tidal volume is about 500 mL. Therefore, the minute respiratory

volume normally averages about 6 L/min. less — hypoventilarion
—— movre ‘\"?CVVC?\H'IG.KO'\



Occurs when there is a decrease in the respiratory rate and/or tidal volume so that a lower amount of air is
exchanged per minute.

There will be decreased oxygen entry within the alveoli and the arteries, leadingto decreased PaO,.

The PaCO, is inversely proportional to the ventilation. Hence, hypoventilation will lead to increased PaCO,.

The alveolar-arterial gradient will be normal and less than 10 mmHg since there is no defect in the diffusion of
gases. In these cases, increasingthe ventilationand/orincreasing the oxygen concentration will correct the

deranged blood gasesfor q limir —, you may use l"l"'r
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Pathophysiology of Hypercapnia

Hypercapnia occurs when carbon-dioxide tension (PCO,) increases to more than 50
mmHg. As explained above, at a steady-state,

The rate of carbon dioxide production within the body is constant.

The PACO, depends on and is inversely proportional to ventilation, so decreased

ventilation will cause increased PACO, and vice versa. lm,l;ovcnn'fah'oﬂ
(—") Constany = 43 ™Mm ‘,\J

= X .
PaC0, = VO, X K/Na — aivectar venstavion e part of mnure ventilarion which participare

in hange
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Therefore, hypercapnia (along with hypoxemia, Type |l respiratory failure) occurs,
usually due to conditions that decrease ventilation.
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Causes of hypoventilarion

Multiple sclerosis
Stroke — CO2 VelenHon
Arnold-Chiari malformation

Quadriplegia

Amyotrophic lateral sclerosis
Poliomyelitis

Spinal muscular atrophy
Syringomyelia

Guillain-Barré syndrome
Tumor compression

Neuralgic neuropathy /

Critical-illness polyneuropathy

Chronic inflammatory /
demyelinating polyneuropathy 3

Charcot-Marie-Tooth disease

Idiopathic

1

Hyperinflation (COPD, asthma)

N
Myasthenia gravis
Lambert-Eaton syndrome
Botulism

Organophosphates

Drugs iy

J

Muscular dystrophies /\
Myositis (infectious,
inflammatory, metabolic) \

Acid maltase deficiency Diaphragm

Glucocorticoids
Disuse atrophy




Treatment of Respiratory Failure

e Patients with acute respiratory failure have an increased risk of hypoxic tissue
damage and should be admitted to a respiratory/intensive care unit.

* The patient’s airway, breathing, and circulation (ABCs) must be assessed and

managed first, similar to all emergencies. L firwey
\-—)Brearlnin_q

L’ Civeularon

* The first goal is to correct hypoxemia and/or prevent tissue hypoxia by
maintaining an arterial oxygen tension (Pa0O,) of 60 mm Hg or arterial oxygen
saturation (Sa0,) greater than 90%.

iF the pr- is COv retainer —sYou ceep SaOp biw 80—A9Z/,
We don't wank +o cver oxygenare him bes vhis will cause
More (COw vetenrion
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* Usually, initially providing supplemental oxygen and mechanical ventilation, which is provided by facial
mask (non-invasive) or by trachealintubation, is effective.

Liyou bypass the obsiruckion, Jou overcome e muscle weakness

L,;ﬂ Consnousniss ‘e.vel is less than 10 —s invasive

» Specific respiratory failure treatment depends on the underlying cause.

Lit's vor a ck‘fjfmsis »it’s o vePlection of other process : eg- inPecrion Preumonia - traak
by anribiotics , ég;\Dma-o steroid & bronchodilater, PE _, heparin or FhrombolyHC. Hherapy
- -
» Therefore, we should try to identify the underlying pathophysiologic disturbances that led to
respiratory failure and correct them by providing specific treatment, such as steroids and
bronchodilators for COPD and asthma, antibiotics for pneumonia, and heparin for pulmonary
embolism.




Acute respiratory distress syndrome (ARDS)

* Arapidly progressive noncardiogenic pulmonary edema that initially manifests as
dyspnea, tachypnea, and hypoxemia, then quickly evolves into respiratory failure.

L mechanism: Shum-iﬁ

e These criteriaare based on timing of symptom onset (within one week of known

clinical insult or new or worsening respiratory symptoms)
How o diagnose ARDS ?

{ Bilateral opacities on chest imaging that are not fully explained by effusions, lobar or
lung collapse, or nodules;

2 The likely source of pulmonary edema (respiratory failure not fully explained by
cardiac failure of fluid overload);

> Oxygenation as measured by the ratio of partial pressure of arterial oxygen (Pao2 ) to
fraction of inspired oxygen (Fio2 ).
faO- / Lo, = F/rml—io

it room air FiOpL= 0.21
it qou give the pr. €03 02 = 0-5

PF ratio



Severity

FF rario s

o normal : > 300

e Mild: 200 mm Hg < Pao2/Fio2 ratio £ 300 mm Hg with positive end-

expiratory pressure (PEEP) or continuous positive airway pressure > 5
cm H20.

* Moderate: 100 mm Hg < Pao2/Fio2 ratio < 200 mm Hg with PEEP>5 cm
H20.

e Severe: Pao2/Fio2 ratio < 100 mm Hg with PEEP > 5
cm H20.



* ARDS often must be differentiated from pneumonia and congestive
heart failure, which typically has signs of fluid overload.

 ARDS is responsible for one in 10 admissions to intensive care units and
one in four mechanical ventilations. In-hospital mortality for patients
with severe ARDS ranges from 46% to 60%.

* Most cases of ARDS in adults are associated with pneumonia with or
without sepsis (60%) or with non-pulmonary sepsis (16%).



Chest radiograph of a patient with acute respiratory
distress syndrome. Note the bilateral air space
opacification and lack of obvious vascular congestion.




Treatment

- supportive and includes:

mechanical ventilation, prophylaxis for stress ulcers and venous thromboembolism,
nutritional support, and treatment of the underlying injury.

L Oz usually is nor ePPective

* Low tidal volume and high positive end-expiratory pressure improve outcomes.

* Prone positioning is recommended for some moderate and all severe cases.
venslaron et ais Je pod A\ s

* As patients with ARDS improve and the underlying illness resolves, a spontaneous
breathing trial is indicated to assess eligibility for ventilator weaning.






