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Acute Hypercapnic Respiratory Failure
Acute hypercapnic respiratory failure means CO₂ is climbing fast because not
enough air is moving in and out of the lungs—find why the breathing pump is
broken and support it now, before the brain and muscles shut down completely.

T H E  O N E - L I N E  T R U T H

The lungs cannot blow off enough CO₂ (carbon dioxide, the waste gas your body makes

every second), so it builds up in the blood and makes the blood too acidic (pH drops below

7.35)—this is called too much acid in the blood (acidosis).

The chain — how it unfolds

Ventilation fails—not enough air is moving in and out of the lungs each minute—so CO₂ that

cells make every second is not blown off and starts to build up in the blood. — why: Your

cells burn fuel (glucose and fat) nonstop to make energy (ATP, the energy molecule that

powers every cell), and CO₂ is the waste product, like smoke from a fire. Normally,

ventilation (total air moved per minute, which equals tidal volume times breathing rate)

matches CO₂ production, keeping blood CO₂ (PaCO₂) between 35 and 45 mm Hg. When any

part of the breathing pump fails—brain signal, nerves, muscles, chest wall, or airways—

ventilation drops below what the body needs, and CO₂ piles up in seconds. Think of it like a

factory with a broken exhaust fan: smoke (CO₂) fills the room fast because there is no way

to get rid of it.

CO₂ rises above 45 mm Hg (hypercapnia) and dissolves in blood to form carbonic acid

(H₂CO₃), which then splits into hydrogen ions (H⁺, acid) and bicarbonate (HCO₃⁻), so blood

pH drops below 7.35 (respiratory too much acid in the blood (acidosis)). — why: CO₂ is not

just a waste gas—it is an acid when it mixes with water in your blood. The reaction happens

instantly and is reversible: CO₂ + H₂O ↔ H₂CO₃ ↔ H⁺ + HCO₃⁻. The enzyme carbonic

anhydrase inside red blood cells speeds this reaction up. The more CO₂ in the blood, the

more H⁺ (acid) is made, and pH (the measure of acidity, where 7 is neutral, lower is more

acidic, higher is more alkaline) drops. Normal blood pH is 7.35 to 7.45; below 7.35 is too

much acid in the blood (acidosis). This is called respiratory acidosis (acid building up from

trapped carbon dioxide) because the lungs (respiratory system) are the cause. Acidic blood

disrupts every enzyme and protein in the body, especially in the brain and heart, because

enzymes only work in a narrow pH range.
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High CO₂ and low pH poison the brainstem respiratory center in the medulla (the breathing

control center at the base of your brain), weakening the breathing signal even more. —

why: The neurons in the medulla—specifically the pre-Bötzinger complex and other rhythm-

generating groups—that generate the breathing rhythm are extremely sensitive to pH and

CO₂. Mild hypercapnia (PaCO₂ 50 to 60 mm Hg) stimulates central chemoreceptors in the

medulla and peripheral chemoreceptors in the carotid bodies (sensors in the arteries in

your neck), triggering faster and deeper breathing (the body tries to compensate). But

severe hypercapnia (PaCO₂ above 70 to 90 mm Hg) and profound too much acid in the

blood (acidosis) (pH below 7.20) have the opposite effect: they depress (slow down)

neuronal firing by disrupting ion channels (sodium, potassium, calcium channels that

neurons use to send electrical signals), so the brain sends weaker and slower breathing

commands. This is the start of CO₂ narcosis, where CO₂ acts like an anesthetic on the brain.

Breathing muscles (the diaphragm, the intercostals between your ribs) fatigue from

working too hard against high resistance (in airway obstruction) or from trying to

compensate for weak drive or chest wall problems, so tidal volume (air moved per breath)

drops further. — why: Muscles need oxygen and energy (ATP made in mitochondria, the

power plants of cells) to contract. When they work at maximum effort for too long—like

sprinting without rest—they run out of fuel, lactic acid builds up as a waste product of

anaerobic metabolism (making energy without enough oxygen), and they stop contracting

as forcefully. Each breath moves less air (tidal volume drops from the normal 500 mL down

to 200 to 300 mL or less), so total ventilation per minute falls (ventilation equals tidal

volume times breathing rate) and CO₂ elimination collapses. Now the cycle is self-

sustaining: high CO₂ weakens the brain signal, weak signal and tired muscles reduce

ventilation, less ventilation raises CO₂ even more. This is a vicious cycle with no exit unless

you intervene from the outside.

Mental status declines: confusion and agitation first, then somnolence (severe sleepiness),

then stupor (barely rousable) or coma (unresponsive)—this is CO₂ narcosis or hypercapnic

encephalopathy. — why: High CO₂ (PaCO₂ above 60 to 70 mm Hg) crosses the blood-brain

barrier easily because it is small and fat-soluble, and changes the electrical activity of

neurons by making the inside of brain cells more acidic and disrupting ion channels that

control neuron firing. The brain slows down to protect itself from the toxic environment, but

the tradeoff is loss of consciousness. Early signs include headache (from dilated blood

vessels in the brain caused by CO₂, which is a potent vasodilator, meaning it widens blood

vessels), tremor or myoclonic jerks (muscle twitches from irritated neurons), confusion

(cannot think clearly or follow commands), and restlessness or agitation. As CO₂ climbs

higher (above 80 to 100 mm Hg), the patient becomes sleepy, then unresponsive. Once they

reach stupor or coma, they lose airway reflexes (cannot cough or swallow to protect the

airway), so aspiration (stomach contents or saliva going into the lungs) becomes imminent,

causing aspiration pneumonia or sudden airway obstruction and severe low oxygen in the

blood (hypoxemia).
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The cardiovascular system starts to fail: blood pressure drops (hypotension, systolic below

90 mm Hg), heart rhythm becomes unstable (arrhythmias like ventricular a fast heart rate

(tachycardia), ventricular fibrillation, or severe a slow heart rate (bradycardia)), and

cardiac output (amount of blood the heart pumps per minute) falls. — why: Severe too

much acid in the blood (acidosis) (pH below 7.20) directly depresses myocardial

contractility (the heart muscle cannot squeeze as hard) by disrupting calcium handling

inside heart muscle cells—calcium is needed for contraction, and too much acid in the blood

blocks calcium channels and reduces calcium release. Too much acid in the blood also

makes the heart and blood vessels less responsive to catecholamines like epinephrine and

norepinephrine (adrenaline, the fight-or-flight hormones), which normally keep blood

pressure up by squeezing blood vessels and speeding the heart. Too much acid in the blood

also triggers dangerous heart rhythms (arrhythmias) by disrupting the electrical channels

(sodium, potassium, calcium currents) in heart cells, especially in patients who already

have heart disease. Low blood pressure and low cardiac output mean vital organs (brain,

kidneys, liver, intestines) do not get enough oxygen-rich blood, leading to multi-organ

failure (kidneys stop making urine and toxins build up, liver cannot clear waste, intestines

die and leak bacteria into the blood).

Respiratory arrest (breathing stops completely, pauses in breathing (apnea)) or severe

aspiration occurs, leading to profound low oxygen in the blood (hypoxemia) (oxygen in

blood drops, PaO₂ below 60 mm Hg, SpO₂ below 88 percent) and then cardiac arrest (heart

stops beating). — why: Once the respiratory muscles quit from exhaustion or the patient

loses consciousness and airway protection, no air moves. Oxygen levels in the blood

plummet within 1 to 2 minutes because the body has no reserve storage of oxygen (unlike

food stored as fat or glucose stored as glycogen). Without oxygen, aerobic metabolism

(making ATP with oxygen) stops, and cells switch to anaerobic metabolism, which makes

very little ATP and produces lactic acid, causing severe metabolic acidosis (acid building up

in the blood) on top of the respiratory acidosis (acid building up from trapped carbon

dioxide). The heart, which needs constant ATP to pump, stops beating within 3 to 5 minutes

of severe low oxygen in the blood (hypoxemia) (cardiac arrest, usually pulseless electrical

activity or asystole, when the heart has no electrical signal or no effective squeeze). Brain

cells start dying within 4 to 6 minutes without oxygen (anoxic brain injury), leading to

permanent brain damage or brain death if resuscitation is delayed. This is the final common

pathway of untreated acute hypercapnic respiratory failure: pauses in breathing (apnea)

leads to low oxygen in the blood leads to cardiac arrest leads to death or severe brain

injury.
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Breaking the cycle requires two things at once: treat the upstream cause (bronchodilators

like albuterol and ipratropium for COPD flare-up (exacerbation) to open airways,

corticosteroids like prednisone or methylprednisolone to reduce airway inflammation,

naloxone to reverse opioid overdose, antibiotics like azithromycin or amoxicillin-clavulanate

for pneumonia triggering COPD flare, weight loss and positional therapy or CPAP for

obesity hypoventilation syndrome) AND support ventilation externally (noninvasive positive

pressure ventilation such as BiPAP if the patient is still awake, cooperative, and able to

protect their airway, or endotracheal intubation with mechanical ventilation if they are in

stupor, coma, respiratory arrest, or have severe hemodynamic instability) to take over the

work of breathing until the underlying problem is fixed. — why: The patient cannot fix this

on their own—the cycle is self-perpetuating and accelerating. External ventilatory support

(BiPAP or a mechanical ventilator) blows off the trapped CO₂ by moving larger volumes of

air in and out than the patient can manage alone, raises pH back toward normal (reversing

too much acid in the blood (acidosis)), wakes the brain back up (reversing CO₂ narcosis),

stabilizes the cardiovascular system (improving blood pressure and heart rhythm as pH

normalizes), and gives the exhausted respiratory muscles time to rest and recover (muscles

need hours to days to rebuild ATP and clear lactic acid). Treating the underlying cause

(opening obstructed airways, reversing sedation, treating infection, supporting weak

muscles) removes the upstream block so the patient can eventually breathe independently

again. Without both parts—fixing the cause AND supporting ventilation—the cycle

continues to death. The key teaching point: spot hypercapnic respiratory failure early

(rising CO₂ on serial blood gases, dropping pH, increasing sleepiness or confusion, rising

work of breathing followed by paradoxical slowing) and intervene before muscles quit and

arrest occurs, because once cardiac arrest happens, outcomes are much worse even with

aggressive resuscitation (survival to discharge is less than 20 percent and neurologic injury

is common in survivors). Early noninvasive ventilation (BiPAP) can prevent intubation and

reduce mortality in selected patients (COPD flare-up (exacerbation), obesity

hypoventilation, neuromuscular disease) if started before severe too much acid in the blood

or mental status decline.

Spot it — what you see, and why

Shortness of breath (dyspnea): When carbon dioxide (CO₂, the waste gas your cells make)

builds up in your blood, tiny sensors in the medulla oblongata (the breathing control center

deep in your brain stem) detect the rising CO₂ and trigger a powerful feeling of 'air

hunger'—you feel like you can't catch your breath, even if your oxygen level is still okay.

8. 

• 

M a ld ek Study Sheet · Clinical Reasoning

educational use only · not a substitute for clinical judgment page 4 of 7



Fast breathing at first (over 20 breaths per minute), then dangerously slow breathing later

(under 12 breaths per minute): At first, your body tries to fix the problem by breathing

faster to blow off the extra CO₂. But if CO₂ keeps climbing—usually above 70 to 90 mm Hg

on a blood test—it starts to poison the medulla oblongata (the breathing control center in

your brain stem). This is CO₂ narcosis (when high CO₂ acts like a sleeping drug on the

brain). The breathing center slows down dangerously or even stops sending signals to your

muscles to breathe.

Using neck and shoulder muscles to breathe at first, then chest sinking in when you

breathe in (paradoxical breathing) or very shallow breaths later: Your main breathing

muscle—the diaphragm (a dome-shaped sheet of muscle below your lungs)—gets exhausted

from working overtime. So your body recruits helper muscles in your neck and shoulders

(the sternocleidomastoid and scalenes, muscles that normally just steady your head and

neck) to lift your chest. When the diaphragm completely fails from fatigue, your chest

collapses inward instead of expanding when you try to breathe in. This is paradoxical

breathing, a sign the muscles have given out.

Extreme sleepiness (somnolence) or confusion: When CO₂ rises very high—usually above 70

mm Hg on a blood test—it crosses from the blood into the brain and slows down nerve cell

activity, like an anesthetic (a sleeping drug). This is CO₂ narcosis, and it means the person

is dangerously close to stopping breathing altogether.

Headache: High CO₂ makes blood vessels in the brain widen (vasodilation, like opening a

garden hose wider). This increases the pressure inside your skull (intracranial pressure)

and causes a throbbing headache. It is often worse in the morning because CO₂ builds up

overnight while you sleep and your breathing naturally slows.

Flapping tremor when you hold your arms out (asterixis): CO₂ and acid buildup disrupt the

normal electrical signals in the reticular activating system (the network in your brain stem

that keeps your muscles awake and tight). This causes brief lapses in muscle tone. When

you hold your arms straight out, your hands flap or drop for a split second, then catch again

—like a broken light switch flickering off and back on.

Red flags — act now

Extreme sleepiness, stupor, or coma (CO₂ narcosis—the person may need a breathing tube

within minutes)

Breathing rate below 12, gasping breaths, or irregular 'agonal' breaths (a sign breathing is

about to stop)

Paradoxical chest movement (chest sinks in when breathing in) or the person cannot speak

a full sentence (the breathing muscles are exhausted)

New confusion or agitation in someone with known COPD or taking opioid pain medicine

(assume high CO₂ until you prove otherwise with a blood gas test)
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Blood pH below 7.25 with PaCO₂ above 70 mm Hg on arterial blood gas (severe acidemia—

organs can start failing)

Treat it — in this order

Find and treat the root cause — for COPD flare-up, give prednisone 40 mg by mouth daily

for 5 days (per GOLD guidelines) and antibiotics if coughed-up mucus (sputum) (mucus

coughed up) is thick, green, or yellow; for opioid overdose, give naloxone 0.4–2 mg into a

vein or muscle; for blocked airway, remove the foreign object or treat allergic swelling with

epinephrine → Fixes the problem blocking airflow or shutting down the breathing center.

Steroids (like prednisone) shrink swelling in the bronchi (airways) by blocking inflammatory

signals (cytokines like interleukin-6 and tumor tissue death (necrosis) factor, chemical

messengers that recruit white blood cells and cause swelling) so air can move out.

Naloxone blocks opioid drugs at mu-opioid receptors (the locks on nerve cells that opioids

fit into) in the medulla, waking up the breathing centers. Clearing an obstruction reopens

the airway so air can move again.

Start non-invasive ventilation with BiPAP (a tight-fitting mask that pushes air in under

pressure) — typical starting pressures are IPAP 10–12 cm H₂O (pressure when breathing in)

and EPAP 4–5 cm H₂O (pressure when breathing out), then turn up as needed to target pH

above 7.30 and PaCO₂ dropping by at least 10 mmHg in the first 1–2 hours → Helps the

patient breathe by pushing air into the lungs and keeping tiny air sacs (alveoli) and small

airways from collapsing at the end of each breath. This moves more air with each breath

(tidal volume) and lowers CO₂, raising pH back toward normal. It also rests tired diaphragm

and intercostal muscles. Per ATS and GOLD guidelines, BiPAP cuts the need for breathing

tubes by half, shortens ICU stays, and lowers death rates in COPD flare-ups with acute

hypercapnic respiratory failure.

Put a breathing tube down the throat (endotracheal intubation) and connect to a ventilator

(machine that breathes for the patient) if BiPAP fails (CO₂ still rising or pH still falling after

1–2 hours), patient cannot protect their airway (no gag reflex, cannot cough up secretions),

blood pressure stays below 90 mmHg despite fluids, or patient is too agitated or confused

to tolerate the BiPAP mask → Takes over breathing completely. Guarantees enough air

(minute ventilation) moves to blow off CO₂ and fix pH within hours. Protects the trachea

(windpipe) so stomach contents or mucus do not get sucked into the lungs (aspiration).

Allows deep sedation with propofol (a GABA receptor activator that calms the brain) or

midazolam (a benzodiazepine that slows nerve signals) if needed to reduce the body's

oxygen needs and CO₂ production.

• 

1. 

2. 

3. 

M a ld ek Study Sheet · Clinical Reasoning

educational use only · not a substitute for clinical judgment page 6 of 7



Give oxygen carefully — in patients with chronic high CO₂ (baseline PaCO₂ above 45 mmHg

from COPD or obesity hypoventilation), keep oxygen saturation (SpO₂, measured with a

finger clip) between 88–92% per GOLD guidelines; in patients whose CO₂ is usually normal,

target SpO₂ 92–96% → Fixes low blood oxygen (hypoxemia) to prevent organs (heart, brain,

kidneys) from starving. In patients without chronic CO₂ problems, extra oxygen is safe and

necessary.

Accept a higher-than-normal CO₂ (permissive hypercapnia) in patients with chronic CO₂

retention — if pH is above 7.25, mental status is stable, and the patient is on BiPAP or

ventilator with lung-protective settings (small tidal volumes 6–8 mL/kg ideal body weight

and plateau pressure below 30 cm H₂O per ARDSNet protocol), do not push the ventilator

to bring CO₂ all the way down to normal → Prevents lung injury from overstretching the

alveoli (volutrauma) or using too much pressure (barotrauma). Gives the kidneys time (1–3

days) to hold onto more bicarbonate in the proximal tubules, which raises pH to a safe level

even if CO₂ stays high. Reduces sedation needs, ventilator days, and complications. Per ATS

and ARDSNet guidelines, this is standard in COPD and ARDS (acute respiratory distress

syndrome, severe lung injury where the alveoli fill with fluid and inflammatory cells).

Your top priorities at the bedside

Check oxygen saturation with pulse oximeter (the fingertip device) and give LOW-FLOW

oxygen (start at 1 to 2 liters per minute by nasal cannula) to keep saturation between 88

and 92 percent—not higher. — why: In chronic CO₂ retainers (people with COPD or obesity

hypoventilation), too much oxygen shuts off the oxygen-starved (hypoxic) drive (the brain

signal that says 'breathe now'), which makes CO₂ climb even higher and can cause coma—

controlled low oxygen protects the breathing drive.

Set up continuous pulse oximetry and capnography (a monitor that measures CO₂ in

exhaled breath) if available, and check respiratory rate and mental status every 15 minutes.

— why: CO₂ levels can rise fast—if the person becomes more confused, stops responding, or

the respiratory rate drops below 12, CO₂ narcosis is happening and you must call for

intubation (placing a breathing tube) immediately before the heart stops.

Position the person sitting upright at 45 to 90 degrees (high Fowler position) and coach

them to use pursed-lip breathing (breathe in through the nose, blow out slowly through

mouth like blowing out a candle). — why: Sitting up lets gravity pull the diaphragm down so

the lungs have more room to expand, and pursed-lip breathing keeps small airways open

longer during exhale so trapped CO₂ can escape—this can lower CO₂ by 5 to 10 mmHg

within minutes.
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