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CONDITION CATALOG ·  CLINICAL REASONING

Acute Hypercapnic Respiratory Failure
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).

T H E  S T O RY  I N  O N E  S E N T E N C E

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).

“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.”

Normal anatomy — the body's job

Normally, ventilation (moving air in and out of the lungs) matches the amount of CO₂ your body

makes every minute, keeping CO₂ between 35 and 45 mm Hg and blood pH between 7.35 and

7.45. Four systems must all work: the brainstem breathing center in the medulla (the part at

the base of your brain that sends the automatic signal to breathe), the breathing muscles (your

diaphragm, the big dome muscle under your lungs, and the intercostal muscles between your

ribs that expand your chest), healthy lung tissue with open alveoli (the tiny air sacs where

oxygen and CO₂ are swapped), and open airways (from your nose and throat down through the

trachea and bronchi, the branching tubes that carry air). When all four are working, CO₂ is

blown off as fast as your cells make it, so it never builds up. Keep that normal picture in your

head, because every abnormal finding in hypercapnic respiratory failure is one or more of

those four systems breaking down.
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B O D Y ' S  J O B

Your body makes CO₂ nonstop as cells burn fuel for energy—about 200 mL (milliliters, a

small cup) of CO₂ every minute at rest, more when you exercise or have a fever. The only

way to get rid of that CO₂ is to breathe it out. If ventilation drops below what your body

needs, CO₂ rises in seconds. Think of it like a bathtub: water flowing in is CO₂ production,

water flowing out is ventilation. If the drain slows but the faucet stays on, the tub

overflows. The lungs are the drain, and if any part of the breathing pump fails, CO₂ floods

the blood.

The medulla (the breathing control center at the base of your brain, just above where your

spine meets your skull) sends the signal: breathe now.

That signal travels down nerves—the phrenic nerve (runs from your neck down to your

diaphragm) and the intercostal nerves (run between your ribs to chest muscles).

Muscles contract: the diaphragm pulls down like a piston, and the intercostal muscles lift

your ribs up and out, expanding your chest.

Pressure inside the lungs drops below outside air pressure (like pulling a syringe plunger

back creates suction).

Air rushes in through open airways—your nose, throat, trachea (windpipe), and bronchi

(branching tubes)—to fill the space.

Oxygen crosses from the alveoli (tiny air sacs, each thinner than tissue paper) into blood

flowing through capillaries (tiny blood vessels wrapped around each sac); at the same time,

CO₂ crosses from blood into the alveoli.

Muscles relax, the chest springs back (recoils), pressure inside the lungs rises above

outside pressure, and CO₂-rich air is pushed out.

This cycle repeats 12 to 20 times per minute at rest. Each breath moves about 500 mL (one

pint) of air—that amount is called your tidal volume.

Total ventilation per minute equals tidal volume times breathing rate. If either one drops,

CO₂ climbs.

What breaks

Usually one broken link upstream explains all the downstream findings together. In acute

hypercapnic respiratory failure, that broken link is always somewhere in the breathing pump:

the brain signal, the nerves, the muscles, the chest wall, the airways, or the lung tissue itself.

Once you find which part is broken, every lab value, vital sign, and symptom makes sense as a

downstream consequence of trapped CO₂.

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

M a ld ek Condition Catalog · Clinical Reasoning

educational use only · not a substitute for clinical judgment page 2 of 22



C L I N I C A L  T E R M

Acute hypercapnic respiratory failure is defined as PaCO₂ (partial pressure of carbon

dioxide in arterial blood) above 45 mm Hg with pH below 7.35, developing over hours to

days. The upstream break is failure of the ventilatory pump—the system that moves air in

and out—caused by one or more of the following mechanisms, listed by current guideline

frequency and teaching emphasis (ATS, ACCP, GOLD 2024):

How the body compensates

At first, the body tries to fight back by breathing faster and harder, and the kidneys start

holding onto bicarbonate (a base, or alkaline substance, that neutralizes acid) to buffer the

rising acid. But those fixes take time and energy, and they cannot last. Vital signs and oxygen

levels can look deceptively okay for a while—this is the dangerous middle zone where teams

can miss how close the patient is to total collapse. Your job is to spot the crash point before it

arrives by watching trends, not snapshots.

{'step': 'Breathing rate climbs (tachypnea, breathing faster than 20 per minute) and the

patient uses accessory muscles (the sternocleidomastoid and scalene muscles in the neck,

the trapezius in the shoulder, and the abdominal muscles in the belly—recruited to help

breathe, visible as the patient lifting shoulders, flaring nostrils, or pulling in the spaces

between ribs with each breath).', 'why': 'The brainstem senses rising CO₂ and dropping pH

through chemoreceptors (chemical sensors in the carotid arteries in the neck and in the

medulla itself that detect acid and CO₂), and tries to increase ventilation by speeding up

and deepening breaths. This can keep CO₂ stable temporarily if the underlying problem is

mild or caught early.', 'limit': 'This only works if the respiratory system has reserve capacity.

In COPD, severe obesity, or neuromuscular disease, the muscles are already working at

their maximum, so they cannot increase output and fatigue quickly instead. Once muscles

tire, compensation fails.'}

{'step': 'Heart rate rises (tachycardia, pulse above 100) and blood pressure may stay

normal or even rise slightly at first (from epinephrine and norepinephrine, the fight-or-flight

hormones released by the adrenal glands in response to distress).', 'why': 'The sympathetic

nervous system (fight-or-flight system driven by the hypothalamus and medulla) activates to

maintain oxygen delivery to vital organs by pumping blood faster. This keeps oxygen

saturation (SpO₂) near 90 percent or higher for a while, even as CO₂ is climbing.', 'limit':

'Once CO₂ becomes severely high (PaCO₂ above 70 to 90 mm Hg) and too much acid in the

blood (acidosis) is profound (pH below 7.20), the heart itself becomes depressed by the

acidic blood—contractility (squeezing strength) drops because too much acid in the blood

disrupts calcium handling in heart muscle cells, and blood pressure falls. This is the tipping

point into cardiovascular collapse and shock.'}
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{'step': 'The kidneys retain bicarbonate (HCO₃⁻, a base that neutralizes acid) and excrete

hydrogen ions (H⁺, acid) to raise pH back toward normal (called metabolic compensation

for respiratory acidosis (acid building up from trapped carbon dioxide)).', 'why': 'The

kidneys sense the low pH through sensors in the renal tubule cells and respond by holding

onto bicarbonate (reabsorbing it back into the blood instead of losing it in urine) and

making more of it in the proximal tubules (the filtering tubes inside the kidney).

Bicarbonate buffers (soaks up) the extra acid from CO₂, raising pH back up. This process

takes 12 to 24 hours to start and 3 to 5 days to reach full effect.', 'limit': 'Renal

compensation can only partly correct the pH—it cannot fix the root problem (high CO₂). If

the kidneys are damaged (chronic kidney disease, acute kidney injury) or if the too much

acid in the blood (acidosis) develops too fast (acute hypercapnic respiratory failure happens

over hours, not days), compensation is incomplete and pH stays dangerously low.'}

{'step': 'Oxygen saturation (SpO₂) may stay near 90 percent or above on room air or low-

flow oxygen, creating false reassurance.', 'why': 'In pure hypercapnic respiratory failure

(ventilation failure without severe lung disease destroying alveoli), the alveoli that are

ventilated can still load oxygen onto hemoglobin reasonably well, so SpO₂ does not drop as

dramatically as CO₂ rises. This is especially true if the patient is on supplemental oxygen,

which can mask worsening ventilation.', 'limit': 'A normal or near-normal oxygen level does

NOT mean the patient is safe. You must watch CO₂ (via arterial blood gas, ABG) and mental

status—if CO₂ is rising and the patient is getting sleepier despite normal oxygen, they are

on a path to respiratory arrest. Never reassure yourself with SpO₂ alone in a patient with

suspected hypercapnia. The pulse oximeter does not measure CO₂.'}

{'step': 'Mental status starts to decline: first restlessness or confusion, then somnolence

(severe sleepiness, hard to wake), then stupor (barely rousable, only responds to painful

stimuli) or coma (unresponsive).', 'why': 'High CO₂ (PaCO₂ above 60 to 70 mm Hg) crosses

the blood-brain barrier easily (it is a small, fat-soluble molecule) and acts like an anesthetic

on neurons, slowing their electrical activity by changing the pH inside brain cells and

disrupting ion channels. This is called CO₂ narcosis or hypercapnic encephalopathy. The

brain is trying to protect itself by reducing metabolic demand, but the tradeoff is loss of

consciousness and loss of airway protection.', 'limit': 'Once the patient is stupor or coma,

they cannot protect their airway (cannot cough or swallow to clear secretions), so

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

aspiration pneumonia or acute airway obstruction and severe low oxygen in the blood

(hypoxemia). At this point, intubation (placing a breathing tube) is usually necessary to

protect the airway and take over breathing.'}
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{'step': 'Breathing muscles fatigue: the respiratory rate may paradoxically slow or become

shallow, and accessory muscle use may decrease—this is a pre-arrest sign, not

improvement.', 'why': "Fatigued muscles cannot sustain the high work of breathing. The

diaphragm and intercostal muscles run out of energy (ATP, the fuel molecule inside cells

made from oxygen and glucose) and stop contracting forcefully. Tidal volume (air moved

per breath) drops from 500 mL down to 200 to 300 mL or less, effective ventilation

collapses, and CO₂ skyrockets. The patient may look calm or less distressed because they

have stopped fighting—but this is the calm before respiratory arrest, not recovery. It is

sometimes called the 'gasp and stop' phase.", 'limit': 'Once muscles quit, the only options

are noninvasive ventilation (BiPAP, bilevel positive airway pressure, a tight-fitting mask that

pushes air in during inhalation and helps push CO₂ out during exhalation) if the patient is

still awake and cooperative, or intubation and mechanical ventilation (a machine breathes

for the patient through a tube in the trachea). Without intervention, pauses in breathing

(apnea) (no breathing) and cardiac arrest follow within minutes.'}

Domino effect

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. — 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)). — 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. — 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. — 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. — 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. — 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). — 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. — 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.

Symptoms · what the patient feels, 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. 
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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.

Warm, flushed (red) skin and strong, forceful pulses (bounding pulses): CO₂ widens blood

vessels all over your body (systemic vasodilation, like opening every valve in the plumbing).

This brings more blood to your skin, making it warm and red. It also makes your heart

pump harder and faster to keep oxygen moving to your organs despite poor breathing, so

you can feel a strong pulse beat.

Bluish lips, tongue, or fingertips (cyanosis) if oxygen is also low: When the lungs are so sick

they can't remove CO₂ or take in oxygen, the amount of deoxygenated hemoglobin (the

protein in red blood cells that carries oxygen, but with no oxygen attached) rises above 5

grams per deciliter. That oxygen-poor hemoglobin is dark red-blue, so tissues look blue

through the skin, especially at the lips and fingertips where blood vessels are close to the

surface.
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Sweating and feeling anxious or panicky: High CO₂ triggers the sympathetic nervous

system (the 'fight or flight' wiring in your body) to release adrenaline (epinephrine, a

hormone that speeds up your heart and preps your body for danger). This makes you sweat

and feel anxious or panicky, even if you don't know why.

Focused exam

CO₂ level on blood gas above 45 mmHg with pH below 7.35: This is the definition of acute

hypercapnic respiratory failure — the lungs cannot get rid of CO₂ fast enough, so acid

builds up in the blood and slows the brain. Think of CO₂ like smoke trapped in a closed

room: if the window won't open, the smoke keeps building and makes everyone dizzy and

sleepy.

Patient is drowsy, hard to wake up, or confused: High CO₂ and low pH slow down signals in

the cerebral cortex (the brain's outer thinking layer) and reticular activating system (the

brain's wake-up center in the brainstem). When someone with breathing trouble becomes

sleepy or confused, it means the breathing muscles are about to fail completely — this is

the last warning before they stop breathing.

Flapping hand tremor when arms are held out (asterixis) or bad headache: CO₂ is poison to

the brain when it gets too high. The flapping tremor and headache happen because CO₂

disrupts how nerve cells fire and talk to each other — the cerebral cortex and basal ganglia

(deep brain areas that control smooth movements) cannot coordinate signals correctly.

High CO₂ also makes blood vessels in the brain swell (cerebral vasodilation, widening of the

arteries inside the skull), raising pressure inside the skull and causing headache.

Neck and belly muscles working hard to breathe, then suddenly the effort stops: At first, the

body tries to fix the problem by using extra muscles — the sternocleidomastoid and scalene

muscles in the neck, and the abdominal muscles in the belly — to breathe harder and blow

off CO₂. When those muscles get tired and the effort drops, it means the diaphragm and

intercostal muscles (breathing muscles between the ribs) are failing and the person is about

to stop breathing.

Breathing fewer than 12 times per minute, taking tiny shallow breaths, or stopping

breathing for seconds at a time (apnea): The pump that moves air in and out has failed —

either the medulla (the breathing control center in the lower back of the brain) is not

sending signals, the diaphragm and intercostal muscles are too weak, or the airway is

blocked. Not enough air is moving (minute ventilation is too low), so CO₂ keeps piling up

because the body makes it constantly from metabolism but cannot breathe it out.
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Wheezing, can only say one word before gasping for air, or no breath sounds at all (silent

chest): These clues tell you the cause — COPD flare-up (chronic lung disease where airways

are swollen and clogged with mucus), severe asthma (airways suddenly squeeze shut from

bronchospasm, tightening of smooth muscle around the airways), or a completely blocked

airway. Finding the cause tells you how to fix it. A silent chest means the airways are so

tight that almost no air is moving — this is a medical emergency requiring immediate

treatment.

Diagnostics · every test answers a question

Arterial blood gas (ABG) or venous blood gas (VBG) → Is CO₂ above 45 mmHg with pH

below 7.35, proving acute respiratory failure? Is bicarbonate (a base the kidneys make to

balance acid) above 28 mEq/L, meaning the kidneys have been working to balance high CO₂

for days or weeks?

Chest X-ray (front and side views) → Can we see a fixable cause — pneumonia (lung

infection), fluid in the lungs from heart failure, collapsed lung (pneumothorax), fluid around

the lung (pleural a fluid collection (effusion)), or over-inflated lungs from COPD?

Basic metabolic panel (BMP) with electrolytes → Is bicarbonate high, showing the kidneys

have been balancing chronic CO₂ buildup? Are potassium, chloride, or sodium abnormal —

all of which affect breathing muscle strength and acid balance?

Complete blood count (CBC) with differential → Is the white blood cell count high,

suggesting a bacterial infection caused the breathing crisis?

Brain natriuretic peptide (BNP) or NT-proBNP → Is heart failure (the heart pump is weak,

so fluid backs up into the lungs) adding to breathing failure?

Serum creatinine and estimated glomerular filtration rate (eGFR) → Are the kidneys

working well enough to balance respiratory acidosis (acid building up from trapped carbon

dioxide) by holding onto bicarbonate and getting rid of acid?

Thyroid-stimulating hormone (TSH) if slow breathing and mental status change are

unexplained → Is severe hypothyroidism (very low thyroid hormone) slowing down the

brain's breathing center?

Serum phosphate and magnesium → Are phosphate or magnesium low — both of which

weaken breathing muscles and can cause respiratory failure on their own?

• 

• 

• 

• 

• 

• 

• 
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• 
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Treatment logic

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.

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.
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• 

• 
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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).

Help breathing muscles work better — sit patient upright at 30–45 degrees to let the

diaphragm drop lower and reduce pressure from the belly on the lungs, use the least

sedation possible once safe (target RASS –1 to 0, meaning patient is a bit sleepy but wakes

up easily), and start physical therapy as soon as stable per ICU liberation bundle (ABCDEF

protocol) to prevent muscle wasting → Maximizes the power of the diaphragm. Sitting

upright increases functional residual capacity (the amount of air left in the lungs after

breathing out), giving more space for fresh air. Less sedation lets the patient trigger

breaths on their own (spontaneous breathing trials), strengthening the diaphragm and

intercostal muscles. Early moving around prevents ICU-acquired weakness (muscle and

nerve damage from critical illness, prolonged sedation, and lying still). Per SCCM (Society

of Critical Care Medicine) guidelines, this shortens time on the ventilator.

Replace low electrolytes — give potassium (oral potassium chloride or IV potassium

chloride in saline) to keep level above 4.0 mEq/L, phosphate (IV sodium phosphate or

potassium phosphate) to keep level above 2.5 mg/dL, and magnesium (IV magnesium

sulfate) to keep level above 2.0 mg/dL → Restores normal function to breathing muscles.

Low potassium (hypokalemia), phosphate (hypophosphatemia), or magnesium

(hypomagnesemia) all disrupt cellular energy production (ATP synthesis in mitochondria)

and muscle contraction — the diaphragm and intercostal muscles need these minerals to

generate force and move air. Per critical care guidelines, fixing electrolytes can restore

breathing muscle strength within hours to days.

• 

• 

• 
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Medications

Bronchodilators (albuterol, ipratropium) · Beta-2 agonist (albuterol) and

anticholinergic (ipratropium)

These drugs relax the tight muscle rings wrapped around your breathing tubes so the tubes

spring open wider, letting air move in and out more easily and helping trapped carbon dioxide

escape.

Albuterol clips onto beta-2 receptors on the airway muscle cells and flips a chemical switch

inside that makes cyclic AMP (a messenger chemical inside the cell) rise, telling the muscle

to let go and relax.

Ipratropium blocks acetylcholine (a nerve messenger that causes squeezing) from landing

on muscarinic receptors, stopping the squeeze signal so the muscle stays loose.

Both drugs widen the airway opening, lower the work of breathing, and let stale air full of

carbon dioxide flow out instead of getting trapped.

As trapped carbon dioxide escapes, blood carbon dioxide levels start to drop.

S A F E T Y  WAT C H

Albuterol can make the heart race, cause shaking hands, or trigger anxious feelings. Use

with care in people with heart disease. · Ipratropium can worsen glaucoma (high pressure

in the eye) or trouble emptying the bladder in older adults. · Watch potassium levels with

repeated albuterol doses. The drug shifts potassium into cells and can drop blood

potassium for a short time.

Systemic corticosteroids (prednisone, methylprednisolone) · Glucocorticoid

(steroid hormone)

Steroids shut down the immune cells and chemical messengers that cause swelling and thick

mucus in the airways, shrinking the puffiness so air passages stay open and carbon dioxide can

flow out.

The steroid enters airway cells and clips onto the glucocorticoid receptor inside the nucleus

(the cell's control room).

It turns OFF genes that make swelling chemicals like interleukin-6, interleukin-8, and

tumor tissue death (necrosis) factor (immune alarm signals) and turns ON genes for

lipocortin-1 (a protein that blocks swelling).

Swelling in the airway walls shrinks, mucus glands make less thick mucus, and the tubes

stay wider.

Better airflow means the lungs can blow off more carbon dioxide with each breath.
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S A F E T Y  WAT C H

Short courses like five days are safe for most people, but steroids raise blood sugar. Watch

glucose closely in people with diabetes. · They can trigger mood swings, trouble sleeping,

or upset stomach. · Long-term use (weeks to months) weakens bones, thins skin, raises

infection risk, and suppresses the adrenal glands (the body's own steroid-making organs).

Use the shortest course that works.

Naloxone · Opioid receptor antagonist (opioid blocker)

Naloxone kicks opioid drugs off their docking spots in the brainstem breathing center,

immediately restarting the automatic signals that tell the lungs to breathe and clearing out

built-up carbon dioxide.

Opioids like morphine, fentanyl, heroin, and oxycodone lock onto mu-opioid receptors in the

medulla oblongata and turn OFF the nerve cells that sense rising carbon dioxide and

trigger each breath.

Naloxone has a stronger grip on those same receptors and physically bumps the opioid off,

like pushing someone out of a chair.

Within one to two minutes, the medulla oblongata wakes back up, senses the dangerously

high carbon dioxide, and sends strong signals to the diaphragm (the main breathing

muscle) and intercostal muscles (the muscles between the ribs) to breathe.

The person starts breathing faster and deeper, blowing off the trapped carbon dioxide.

S A F E T Y  WAT C H

Naloxone can trigger sudden, severe withdrawal symptoms like pain, agitation, throwing

up, and sweating in people whose bodies depend on opioids. Be ready to support them. ·

Its effect wears off in 30 to 90 minutes. Long-acting opioids like methadone or fentanyl can

outlast naloxone, so watch the person closely and give repeat doses or a continuous drip if

needed. · Use the lowest dose that restores breathing. Giving too much causes

unnecessary distress and does not help carbon dioxide clear any faster.

Flumazenil · Benzodiazepine receptor antagonist (benzodiazepine blocker)

Flumazenil blocks benzodiazepine drugs from over-calming the brainstem, restarting the drive

to breathe and letting the person clear carbon dioxide that built up while breathing was

slowed.

Benzodiazepines like lorazepam, diazepam, and midazolam boost GABA (the brain's main

calming messenger), over-sedating the medulla oblongata centers that control breathing.

Flumazenil sits on the benzodiazepine binding site on the GABA-A receptor and blocks the

benzodiazepine from landing, stopping the excessive calming signal.
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The medulla oblongata breathing center wakes up, senses the high carbon dioxide, and

sends strong signals to breathe.

Breathing rate and depth go up, and carbon dioxide levels start to drop.

S A F E T Y  WAT C H

Flumazenil can trigger seizures in people who take benzodiazepines long-term for seizure

control or who have mixed overdoses with drugs that lower the seizure threshold like

tricyclic antidepressants. · It can cause sudden benzodiazepine withdrawal symptoms like

anxiety, shaking, and fast heart rate in people whose bodies depend on the drug. · Use is

LIMITED and carefully chosen. Often it is safer to support breathing with a machine and

let the benzodiazepine wear off on its own.

Non-invasive positive pressure ventilation (BiPAP or CPAP) · Mechanical

breathing support (not a drug—this is a breathing machine delivered through

a tight-fitting face mask)

The machine pushes air into the lungs under pressure through a mask, forcing open collapsed

or narrowed airways and actively pulling stale carbon dioxide-rich air out, taking over part of

the work of breathing when the muscles or lungs cannot keep up.

BiPAP delivers two levels of pressure: higher pressure when you breathe IN (called IPAP or

inspiratory positive airway pressure, typically 10 to 20 centimeters of water pressure, to

push air deep into the lungs) and lower pressure when you breathe OUT (called EPAP or

expiratory positive airway pressure, typically 4 to 10 centimeters of water, to help carbon

dioxide escape but keep airways from collapsing shut).

The incoming pressure splints open floppy or blocked airways like air holding open a

balloon, so fresh oxygen-rich air reaches the alveoli.

The positive pressure during exhale keeps airways open just enough that trapped carbon

dioxide can flow out instead of getting stuck.

By helping with each breath, BiPAP cuts the work the diaphragm and intercostal muscles

must do, preventing exhaustion while the root problem like COPD flare, pneumonia, heart

failure, or obesity is treated.
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S A F E T Y  WAT C H

The tight mask can cause pressure sores on the nose bridge or face. Check skin every few

hours and adjust fit or switch mask styles. · BiPAP can push air into the stomach, causing

bloating, nausea, or (rarely) vomiting with risk of choking if the person cannot protect

their airway. · Watch for worsening confusion, rising carbon dioxide despite BiPAP (check

arterial blood gas after one to two hours), or dropping blood pressure. These mean BiPAP

is failing and intubation (inserting a breathing tube) is needed. · Do not use BiPAP if the

person is unconscious, vomiting, has severe face injuries, cannot clear mucus and spit, or

has an untreated pneumothorax (collapsed lung with air leak).

Controlled oxygen therapy (target SpO₂ 88–92% in chronic carbon dioxide

retainers) · Supplemental medical gas (not a drug—oxygen is a therapeutic

gas)

In people whose breathing drive depends on low oxygen because their brainstem has gotten

used to high carbon dioxide, giving just enough oxygen to keep tissues alive without raising

oxygen too high preserves the signal that tells them to breathe, preventing carbon dioxide

from climbing even higher.

Normally, the medulla oblongata (the brainstem breathing center) senses rising carbon

dioxide through central chemoreceptors and tells you to breathe harder. In chronic COPD,

obesity hypoventilation syndrome, or neuromuscular disease, carbon dioxide stays high for

so long that central chemoreceptors get numb to it and stop responding.

The body then switches to using LOW oxygen as the main trigger to breathe. The carotid

bodies and aortic bodies send alarm signals to the medulla oblongata when oxygen drops,

and that alarm drives each breath.

If you give TOO MUCH oxygen and raise blood oxygen to normal or high (above 92 to 94

percent saturation), those alarm signals shut off because the sensors think everything is

fine.

Without the alarm, the person breathes less, carbon dioxide climbs even higher, and

respiratory acidosis (acid building up from trapped carbon dioxide) (blood turning acidic

from carbon dioxide) gets worse.

By keeping oxygen just high enough (88 to 92 percent saturation) to protect organs but low

enough to keep the oxygen-starved (hypoxic) alarm on, we preserve the drive to breathe

while we treat the root cause.
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S A F E T Y  WAT C H

Check arterial blood gas within 30 to 60 minutes of starting oxygen to confirm carbon

dioxide is not climbing. If PaCO₂ rises by more than 5 to 10 millimeters of mercury, switch

to BiPAP instead of more oxygen. · Do NOT hold back oxygen in people who are

dangerously low on oxygen (saturation below 85 percent or signs of severe low oxygen

(hypoxia) like confusion or blue lips). Keeping tissues alive comes first, and you can

support breathing with BiPAP or a breathing tube. · Adjust oxygen flow to the target range

(88 to 92 percent saturation) using a pulse oximeter (the fingertip clip that measures

oxygen saturation). Avoid giving high-flow or high-concentration oxygen to people with

known COPD, obesity hypoventilation, or past carbon dioxide retention.

Antibiotics (azithromycin, doxycycline, amoxicillin-clavulanate, ceftriaxone,

levofloxacin) · Antibacterial agents (macrolide, tetracycline, beta-lactam,

cephalosporin, fluoroquinolone—varies by drug)

Antibiotics kill or stop the growth of bacteria causing lung infections like pneumonia or COPD

flare-up (exacerbation), so swelling and mucus production drop, airways open back up, and

breathing improves enough to clear carbon dioxide.

Bacteria like Streptococcus pneumoniae, Haemophilus influenzae, and Moraxella

catarrhalis infect the lungs and trigger swelling, flood airways with pus and thick mucus,

and block alveoli (tiny air sacs), making it hard to move air in and out.

Beta-lactams like amoxicillin-clavulanate and ceftriaxone break down peptidoglycan (the

mesh that holds bacterial cell walls together) so the bacteria burst and die.

Macrolides like azithromycin and tetracyclines like doxycycline block the 50S and 30S

ribosomal subunits (parts of the protein factory), stopping bacteria from making proteins

they need to survive.

Fluoroquinolones like levofloxacin jam DNA gyrase and topoisomerase IV, so bacterial DNA

cannot unwind and copy itself, stopping bacteria from multiplying.

As bacteria die off, the immune system calms down, swelling shrinks, mucus clears, and air

can flow freely again, letting the lungs blow off trapped carbon dioxide and pull in fresh

oxygen.

1. 

2. 

3. 

4. 

5. 

M a ld ek Condition Catalog · Clinical Reasoning

educational use only · not a substitute for clinical judgment page 18 of 22



S A F E T Y  WAT C H

Azithromycin and levofloxacin can trigger abnormal heart rhythms like prolonged QT

interval (seen on ECG as a longer-than-normal pause between heartbeats) in people with

heart disease, low potassium, or low magnesium. Check an ECG (heart tracing) and

electrolytes before use in high-risk people. · Levofloxacin can cause tendon rupture,

especially the Achilles tendon in the heel, peripheral neuropathy (nerve damage with

numbness or burning pain), and worsening myasthenia gravis (muscle weakness disease).

Avoid in older adults if safer options like azithromycin or amoxicillin-clavulanate exist. ·

Amoxicillin-clavulanate and ceftriaxone can cause diarrhea (including Clostridioides

difficile infection) or allergic reactions like rash, hives, swelling, or (rarely) anaphylaxis

(life-threatening allergic shock) in people allergic to penicillin. · Only use antibiotics when

there is clear evidence of bacterial infection such as fever, colored or thick coughed-up

mucus (sputum) (yellow, green, or rust-colored mucus coughed up), chest X-ray showing

pneumonia, or elevated white blood cell count with left shift (more immature white cells, a

sign of bacterial infection). Overuse breeds antibiotic-resistant bacteria.

Diuretics (furosemide, bumetanide) · Loop diuretic (water pill)

Diuretics pull extra fluid out of the lungs and body by making the kidneys dump salt and water

into the urine, shrinking lung swelling so air sacs can open and gas exchange improves,

helping to clear carbon dioxide.

In heart failure (when the heart cannot pump blood forward efficiently) or kidney failure,

fluid backs up into the lungs, flooding the alveoli and the interstitial space around them,

blocking oxygen and carbon dioxide from moving between air and blood.

Loop diuretics block the sodium-potassium-chloride cotransporter (a protein pump also

called NKCC2) in the thick ascending loop of Henle, stopping the kidneys from pulling salt

and water back into the blood.

The kidneys dump the extra sodium, chloride, potassium, and water into the urine,

dropping the total fluid volume in the body.

Fluid drains out of the lungs through capillaries and lymphatic vessels, the alveoli unfold

and dry out, and gas exchange restarts, letting carbon dioxide escape into the exhaled air

and oxygen enter the blood.
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S A F E T Y  WAT C H

Loop diuretics can drop potassium, magnesium, calcium, and sodium too low. Check blood

electrolyte levels regularly (daily in hospital, every few days outpatient) and replace

minerals as needed with oral or IV supplements. · Pulling off fluid too fast can drop blood

pressure dangerously (causing dizziness, fainting, or falls), harm the kidneys by reducing

blood flow (raising creatinine), or trigger confusion from low sodium (hyponatremia). ·

Watch urine output closely (aim for about half a liter to one liter per dose). If the kidneys

are failing badly (creatinine above 3 or estimated glomerular filtration rate below 30),

higher doses or continuous infusions may be needed. · People allergic to sulfonamide

antibiotics (sulfa drugs) may worry about cross-reactivity with furosemide (which contains

a sulfonamide group), but true cross-allergy is rare. Bumetanide is often a safe alternative.

Red flags

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)

Blood pH below 7.25 with PaCO₂ above 70 mm Hg on arterial blood gas (severe acidemia—

organs can start failing)

Nursing priorities

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. — 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.

— 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.

• 
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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). — 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.

Start BiPAP (bilevel positive airway pressure, a tight-fitting mask that pushes air into the

lungs) with initial settings around IPAP 12 and EPAP 5 (pressure numbers your respiratory

therapist will adjust) if the person is awake enough to protect their airway. — BiPAP forces

stale air with high CO₂ out of the lungs and inflates collapsed alveoli (the tiny air sacs

where oxygen enters the blood)—studies show BiPAP lowers CO₂ by 10 to 15 mmHg in 1

hour and cuts the need for intubation by half in COPD exacerbations.

Give the first dose of prescribed treatments for the underlying cause—prednisone 40 mg by

mouth, albuterol (a bronchodilator) 2.5 mg plus ipratropium 0.5 mg by nebulizer (breathing

treatment) every 4 hours for COPD flare, or naloxone 0.4 mg into the vein every 2 to 3

minutes up to 2 mg total for opioid overdose. — Steroids like prednisone stop airway

inflammation within 4 to 6 hours, bronchodilators open constricted airways in 15 minutes to

let CO₂ out, and naloxone reverses opioid suppression of the breathing center in 1 to 2

minutes—treating the root cause is the only way to stop CO₂ from climbing.

Draw arterial blood gas (ABG, blood taken from the wrist artery) or venous blood gas (VBG,

from a regular vein) within 30 minutes of arrival and repeat 1 to 2 hours after starting

treatment. — The pH and pCO₂ (partial pressure of carbon dioxide, measured in mmHg) tell

you how severe the too much acid in the blood (acidosis) is—if pH is below 7.25 or pCO₂ is

above 60 mmHg and not improving after 1 hour of BiPAP and medicines, the person will

likely need intubation and a ventilator.

Hold or reduce any sedating medicines (opioids, benzodiazepines, sleeping pills) and ask

the pharmacy to review the medication list for respiratory depressants. — Even one dose of

a sedative can suppress the medullary respiratory center (the part of the brainstem that

controls breathing), raise CO₂ by 10 mmHg or more, and tip the person into respiratory

arrest—stopping these drugs lets the breathing drive recover.

Have intubation equipment (endotracheal tube size 7.0 to 8.0, laryngoscope, bag-valve

mask) and suction at the bedside, and notify the rapid-response team or ICU if mental

status worsens or respiratory rate falls below 12. — Hypercapnic respiratory failure can

progress to respiratory arrest (breathing stops) within minutes—having airway equipment

ready and the intubation team on standby cuts the time to secure the airway and prevents

cardiac arrest from severe too much acid in the blood (acidosis) and low oxygen (hypoxia)

(low oxygen).
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Sources

GOLD 2024 Global Strategy for the Diagnosis, Management, and Prevention of COPD

British Thoracic Society (BTS) / Intensive Care Society Guideline for Non-Invasive

Ventilation in Acute Respiratory Failure (2023 update)

American Thoracic Society (ATS) Clinical Practice Guideline: Respiratory Muscle Testing at

the Bedside

Cochrane Database: Non-invasive ventilation for acute hypercapnic respiratory failure due

to exacerbation of chronic obstructive pulmonary disease

Last reviewed: 2026-07-07
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