MALDEK
STUDY SHEET - CLINICAL REASONING

Acute Hypoxemic Respiratory Failure

Acute hypoxemic respiratory failure means oxygen will not cross from the air sacs
—called alveoli, the tiny balloon-like chambers where gas exchange happens—into
the blood, and giving high oxygen through a mask or tube may not fix it.

THE ONE-LINE TRUTH

The lungs cannot push enough oxygen into the blood, even when the person breathes
harder.

The chain — how it unfolds

1. SpO: falls below 90% on room air (21% oxygen). — why: Alveoli are filled with fluid, pus,
blood, or collapsed—so oxygen cannot cross the thin alveolar-capillary barrier (the
membrane separating air from blood) into blood, and oxygen saturation—SpO-, the percent
of hemoglobin carrying oxygen—drops.

2. Respiratory rate climbs above 20 to 24 breaths per minute, called fast breathing
(tachypnea). — why: Chemoreceptors—oxygen sensors in the carotid arteries (the main
neck arteries) and aortic arch (the curved part of the main artery leaving the heart)—sense
low oxygen and send signals to the medulla, the breathing control center in the brainstem,
to breathe faster, trying to pull more air into the lungs.

3. Work of breathing increases—patient uses neck and belly muscles, sits upright leaning
forward (called tripod position), cannot speak full sentences without gasping for air. — why:
Stiff, fluid-filled, or collapsed lungs have low compliance—they resist being inflated—so the
diaphragm (the main breathing muscle, a dome-shaped sheet below the lungs) and
accessory muscles must work much harder with each breath, burning extra fuel and
oxygen.

4. A fast heart rate (Tachycardia)—heart rate above 100 beats per minute. — why: Muscles
working harder need more oxygen; the sympathetic nervous system—the fight-or-flight
response—speeds up the heart to pump more blood per minute, trying to deliver whatever
oxygen is in the blood to starving tissues.

5. Anxiety, restlessness, or confusion. — why: The brain is extremely sensitive to low oxygen—
called low oxygen (hypoxia), when oxygen delivery falls below what cells need. Even mild
oxygen debt triggers the sympathetic nervous system—causing anxiety and sweating. If
oxygen drops further, neurons misfire, causing confusion or agitation.
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6. Exhaustion and respiratory muscle fatigue. — why: Breathing faster and harder for minutes
to hours burns through muscle fuel —ATP, the energy molecule cells use. Eventually the
diaphragm and intercostal muscles (the muscles between the ribs) cannot keep up the
work, breathing slows or stops, and CO: rises—called hypercapnia, too much carbon
dioxide in the blood.

7. Respiratory or cardiac arrest. — why: When breathing stops from exhaustion, or when
oxygen drops so low that the heart muscle cannot contract, the patient arrests. Brain
damage begins within 4 to 6 minutes without oxygen.

8. Trace it backward: every abnormal finding—fast breathing, fast heart, sweating, anxiety,
fatigue—points upstream to one broken step: oxygen cannot cross from alveoli into blood.
— why: Fix the upstream break—drain fluid with diuretics (water pills) for heart failure,
treat infection with antibiotics for pneumonia, re-expand the lung with a chest tube for
pneumothorax or positive pressure for atelectasis, dissolve the clot with anticoagulation
(blood thinners) or thrombolytics (clot-busting drugs) for PE, give supplemental oxygen and
positive pressure ventilation for ARDS—and the dominoes fall back: SpO: rises, breathing
slows, heart rate drops, and the patient stabilizes.

Spot it — what you see, and why

* Trouble breathing (Dyspnea) (shortness of breath): Special sensors in the neck arteries and
the big artery leaving the heart (carotid and aortic bodies) notice when oxygen in the blood
is too low. They send alarm signals to the breathing center in the brainstem (the medulla),
which makes you feel like you cannot get enough air and drives you to breathe faster and
deeper to try to pull in more oxygen.

Fast breathing (Tachypnea) (breathing faster than 20 times per minute): The medulla (the
part of your brainstem that controls breathing) tries to fix low oxygen by speeding up how
often you breathe. More breaths per minute means more chances to pull oxygen into the
lungs and push carbon dioxide out.

Low oxygen in the blood (Hypoxemia) (oxygen saturation below 90% or blood oxygen
pressure below 60 on room air): The tiny air sacs in your lungs (alveoli) are where oxygen
jumps from air into blood across a paper-thin wall. When those sacs are filled with fluid,
pus, blood, or have collapsed shut, oxygen cannot cross. So the amount of oxygen traveling
in your blood drops sharply.

* Use of accessory muscles (neck, shoulder, and belly muscles visibly working hard with
every breath): Normally your diaphragm (the big breathing muscle under your ribs) does
most of the work. But when lungs are stiff, wet, or collapsed, they are much harder to fill
with air. Your body recruits extra muscles in the neck (sternocleidomastoid and scalenes)
and abdomen to help pull and push on the rib cage.
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A fast heart rate (Tachycardia) (heart beating faster than 100 times per minute): When
oxygen is low, your fight-or-flight nerves (sympathetic nervous system) kick in and speed up
the heart. A faster heart pumps more blood per minute, trying to deliver whatever oxygen is
available to starving tissues around the body.

Bluish skin (Cyanosis) (blue color on lips, tongue, or fingernails): Red blood cells carry
oxygen attached to hemoglobin (a protein that holds oxygen). When oxygen saturation
drops below about 85%, a lot of hemoglobin is empty and turns dark bluish-purple. You can
see this blue tint through thin skin on the lips, tongue, and under the nails.

Red flags — act now

Oxygen saturation stays below 90% even when the patient is on high-flow oxygen or a non-
rebreather mask at 15 liters per minute (this means blood is flowing past air sacs that are
not working at all, or a thick barrier is blocking oxygen—supplemental oxygen cannot fix
these problems)

Breathing rate above 30 or below 8 breaths per minute (over 30 means the breathing
muscles are about to give out from exhaustion; under 8 means the brain's breathing center
is shutting down from too much carbon dioxide or sedation)

Confusion, extreme sleepiness, or unable to cough or swallow safely (this signals the brain
is not getting enough oxygen or carbon dioxide is building up dangerously high, causing the
blood to turn acidic)

Blood pressure drops below 90 systolic, heart rate climbs above 130, or signs of shock such
as cold clammy skin and weak pulses (the heart and blood vessels are starting to fail
because of severe oxygen lack or overwhelming infection)

PaO:2 to FiO2 ratio below 300 (this is the cutoff for acute lung injury by the Berlin definition)
or below 200 (this defines moderate to severe ARDS and requires lung-protective ventilator
settings to prevent further damage)
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Treat it — in this order

1. Supplemental oxygen delivered through nasal prongs (nasal cannula, 1 to 6 liters per
minute), a simple face mask (6 to 10 liters per minute), a non-rebreather mask with
reservoir bag (10 to 15 liters per minute giving close to 100 percent oxygen), or high-flow
nasal cannula (heated humidified oxygen at 20 to 60 liters per minute) — Raising the
fraction of inspired oxygen (FiO2—the percentage of oxygen in each breath) increases the
oxygen pressure in the alveoli (the tiny air sacs where oxygen crosses into blood). More
oxygen then pushes across the alveolar-capillary membrane (the one-cell-thick wall
between air and blood), dissolves in the blood plasma, and sticks to hemoglobin, raising
arterial oxygen saturation. This delivers oxygen to starving organs—the brain, heart,
kidneys, and liver—and buys time while you fix the root cause. Target saturation is 88 to 92
percent in COPD patients (to avoid suppressing their oxygen-starved (hypoxic) respiratory
drive—the low-oxygen signal that keeps them breathing) and 92 to 96 percent in others per
BTS 2017 oxygen guidelines.

2. Non-invasive positive pressure ventilation—CPAP (continuous positive airway pressure,
constant pressure throughout the breathing cycle) or BiPAP (bilevel positive airway
pressure, higher pressure breathing in, lower breathing out)—delivered through a tight-
fitting face mask in awake, cooperative patients who can protect their airway and are not in
shock — Positive pressure holds the alveoli open at the end of each breath (similar to PEEP
on a mechanical ventilator), preventing them from collapsing. In heart failure pulmonary
edema (fluid flooding the lungs), the pressure pushes fluid out of the alveoli back into the
interstitial space (the mesh-like tissue around the air sacs) and pulmonary capillaries (the
tiny blood vessels around the air sacs), improving gas exchange. In other causes of
hypoxemic failure, it recruits (opens up) collapsed lung units and reduces the work of
breathing, resting the tired diaphragm and intercostal muscles. Studies show CPAP reduces
the need for intubation (placing a breathing tube) in cardiogenic pulmonary edema per
Cochrane 2019 review.
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3. Treat the specific upstream disease: antibiotics for bacterial pneumonia (following IDSA/
ATS 2019 community-acquired pneumonia guidelines—usually ceftriaxone 1 to 2 grams IV
daily plus azithromycin 500 mg IV or by mouth daily, or a respiratory fluoroquinolone like
levofloxacin 750 mg IV or by mouth daily), diuretics for heart failure pulmonary edema
(fluid flooding the lungs) (furosemide, typically 20 to 40 mg IV initially, doubled if already
on oral diuretics, per ACC/AHA 2022 heart failure guidelines), anticoagulation for
pulmonary embolism (a clot lodging in a lung artery) (unfractionated heparin IV bolus 80
units per kg then infusion 18 units per kg per hour, or enoxaparin 1 mg per kg under the
skin twice daily, per CHEST 2021 guidelines), needle decompression or chest tube insertion
for tension pneumothorax (per ATLS 2022 guidelines), drainage by thoracentesis or chest
tube for large pleural a fluid collection (effusion) or empyema (pus in the pleural space) —
Antibiotics kill the bacteria invading lung tissue, stopping toxin release and further
destruction in pneumonia—clinical improvement (lower fever, less shortness of breath,
rising oxygen) usually begins within 24 to 72 hours. Diuretics (loop diuretics like
furosemide that block salt reabsorption in the loop of Henle in the kidneys) make the
kidneys dump salt and water into urine, shrinking blood volume and lowering the back-
pressure from the left ventricle (the main pumping chamber) into pulmonary capillaries,
clearing fluid from alveoli in heart failure—patients often urinate liters within hours.
Anticoagulation (heparin or other blood thinner) stops the clot from growing in pulmonary
embolism (a clot lodging in a lung artery), allowing the body's clot-dissolving system
(endogenous fibrinolysis—enzymes like plasmin that chew up clot) to break it down over
days to weeks. Needle decompression (inserting a large-bore needle into the second
intercostal space at the midclavicular line to release trapped air) or chest tube removes air
compressing the lung in tension pneumothorax, letting it re-expand immediately. Each
intervention repairs the broken step in oxygen delivery.
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4. Endotracheal intubation (placing a breathing tube through the mouth into the trachea, the
windpipe) and lung-protective mechanical ventilation using low tidal volume (6 milliliters
per kilogram of predicted body weight based on height and sex, NOT actual weight),
plateau pressure kept below 30 centimeters of water, positive end-expiratory pressure
(PEEP) titrated to the lowest FiO2 and best lung compliance (how easily the lung
stretches), and prone positioning (flipping the patient face-down for 12 to 16 hours per day)
for moderate to severe ARDS (PaO2/FiO2 below 150) per the PROSEVA trial 2013 - The
ventilator takes over the work of breathing, letting exhausted diaphragm and intercostal
muscles rest. Low tidal volumes (6 mL per kg predicted body weight) prevent
overstretching (volutrauma—injury from inflating alveoli too much, like overinflating a
balloon until it pops) and reduce release of inflammatory signaling proteins—cytokines like
interleukin-6 and tumor tissue death (necrosis) factor-alpha—that worsen lung injury, per
the landmark ARDSNet ARMA trial from 2000 which showed a 9 percent absolute reduction
in death (31 percent dying with low tidal volumes versus 40 percent with traditional higher
volumes). PEEP (pressure held at the end of each breath-out, like holding your lips tight
when blowing out a candle to keep your cheeks puffed) keeps alveoli open and prevents
repeated injury from opening and collapsing with each breath (atelectrauma). Prone
positioning redistributes blood flow and ventilation to the dorsal (back) parts of the lung,
which are bigger and healthier when lying face-down, improving oxygen levels and
reducing death by 17 percent absolute in moderate-to-severe ARDS per PROSEVA.

5. Proning (prone positioning—turning the intubated patient onto their stomach) for 12 to 16
hours per day if PaO2/FiO2 is below 150 (moderate to severe ARDS) and the patient is
deeply sedated or paralyzed — Gravity pulls blood flow toward the back (dorsal) regions of
the lungs. When lying face-up (supine), the dorsal lung regions are compressed by the
weight of the heart, mediastinum (the structures in the center of the chest—heart, blood
vessels, esophagus), and fluid, creating ventilation-blood flow (perfusion) mismatch (blood
flowing through unventilated collapsed lung—like water running through a blocked pipe).
Flipping face-down (prone) shifts weight off those regions, opens them up, and matches air
and blood flow better. Secretions drain out of airways more easily because the larger
bronchi (breathing tubes) are now on the bottom. The PROSEVA trial showed a 17 percent
absolute reduction in death (33 percent dying prone versus 50 percent supine) in moderate-
to-severe ARDS.
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Your top priorities at the bedside

1. Place the patient on continuous pulse oximetry and capnography (a monitor that measures
exhaled carbon dioxide) with alarm limits set at oxygen saturation below 90 percent and
respiratory rate above 30 or below 8 breaths per minute, and respond to alarms within 30
seconds. — why: Low oxygen in the blood (Hypoxemia) (low blood oxygen) damages the
brain, heart, kidneys, and liver within 4 to 6 minutes. Capnography detects rising carbon
dioxide before the patient becomes unresponsive, giving us a 2 to 5 minute warning to call
for intubation. Continuous monitoring catches sudden deterioration that spot checks miss,
especially during sleep or after sedation.

2. Start supplemental oxygen immediately using the lowest flow that keeps oxygen saturation
between 92 and 96 percent (or 88 to 92 percent if the patient has COPD), titrating up from
nasal cannula to non-rebreather mask or high-flow nasal cannula as needed, and notify the
provider if saturation stays below 90 percent despite a non-rebreather at 15 liters per
minute. — why: Every 1 percent drop in oxygen saturation below 90 percent on the curve
means the blood oxygen pressure is falling fast. Too much oxygen in COPD patients can
suppress their drive to breathe (hypercarbic respiratory failure). If high-flow oxygen fails to
correct low oxygen in the blood (hypoxemia), the problem is shunt (blood bypassing non-
functional air sacs) or diffusion barrier (thick fluid or inflammation blocking oxygen
transfer), and the patient needs positive pressure or intubation, not more oxygen.

3. Position the patient upright at 45 to 90 degrees (high Fowler position) or in prone position
(lying on stomach) if awake and able to tolerate it for at least 1 hour at a time, monitoring
oxygen saturation during position changes. — why: Gravity pulls fluid and blood to the back
of the lungs when lying flat, collapsing air sacs and worsening shunt. Sitting upright
increases functional residual capacity (the amount of air left in lungs after normal breath
out) by 30 percent, opening more air sacs. Awake prone positioning improves oxygen
saturation by 10 to 20 percent in ARDS and COVID pneumonia because it shifts blood flow
to better-ventilated front lung zones.
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