MALDEK
CONDITION CATALOG - PULMONARY - ALLERGY

Asthma Exacerbation

The airways clamp shut (smooth muscle spasm), swell up (inflammation led by IgE,
mast cells, eosinophils, and leukotrienes), and fill with thick sticky mucus—air
cannot get through.

THE STORY IN ONE SENTENCE

The airways clamp shut (smooth muscle spasm), swell up (inflammation led by IgE, mast
cells, eosinophils, and leukotrienes), and fill with thick sticky mucus—air cannot get
through.

“Every breath is a fight. The pipes squeeze shut, puff up, and plug with gunk.”

Normal anatomy — the body's job

Airways branch from the trachea (windpipe) into smaller and smaller tubes—bronchi, then
bronchioles—all the way down to the alveoli (tiny air sacs where oxygen jumps into the blood
and carbon dioxide jumps out). Each airway has three layers: a thin inner lining (mucosa) that
makes a small amount of mucus to trap dust, a middle layer of smooth muscle that can squeeze
or relax to adjust airflow, and mucus glands that keep the lining moist. In a healthy lung, air
glides in and out freely, and the immune system stays quiet unless a real germ shows up.

BODY'S JOB

Move air smoothly in and out of the lungs so oxygen reaches the blood and carbon dioxide
leaves—without the immune system attacking harmless things like pollen, pet dander, or
cold air.

1. Trachea (windpipe) — The main tube carrying air from your throat down into your chest.

2. Bronchi — Two big branches splitting off the trachea—one into the left lung, one into the
right.

3. Bronchioles — Smaller branching tubes spreading through the lung like tree branches—the
main place where asthma spasm and swelling happen.

4. Smooth muscle — A ring of muscle wrapped around every airway; when it relaxes, the pipe
opens wide; when it squeezes, the pipe narrows.
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5. Alveoli (air sacs) — Tiny balloon-like sacs at the end of the bronchioles where oxygen hops
into the blood and carbon dioxide hops out.

What breaks

The immune system treats a harmless thing—pollen, cold air, a virus—like a dangerous invader.
Mast cells (immune guard cells living in the airway lining) are coated with IgE antibodies
(sticky proteins that remember past triggers). When the trigger arrives, mast cells pop open
and dump histamine and leukotrienes (chemicals that cause swelling and muscle spasm). The
smooth muscle ring around the airway squeezes tight (bronchospasm—Ilike a fist closing
around a straw). Eosinophils (white blood cells that normally fight worms) flood into the airway
wall and pour out more chemicals that make the lining swell and stay inflamed. Mucus glands
kick into overdrive and fill the tube with thick sticky gunk. The airway gets narrow three ways
at once: muscle spasm, swelling, and mucus plugs.

CLINICAL TERM

Reversible airway obstruction caused by bronchospasm (smooth muscle contraction),
airway wall swelling (edema) (swelling driven by Th2-mediated eosinophilic inflammation
with release of IL-4, IL-5, and IL-13), and mucus hypersecretion (excess mucus production)
—triggered by allergens, respiratory viruses (rhinovirus most common), exercise, cold air,
or irritants such as smoke.

How the body compensates

Breathing speeds up (tachypnea) to push more air past the narrow spots. Extra muscles in the
neck and chest (accessory muscles) turn on to help the diaphragm work harder. The patient
takes shallow breaths to avoid setting off more spasm. Air gets stuck behind the narrowed
airways because breathing out is harder than breathing in—the chest puffs up (hyperinflation).
If the attack goes on, the breathing muscles get tired, carbon dioxide (COz2) starts to climb, and
the patient slides toward respiratory failure.

1. {'step': 'Breathing rate speeds up', 'note': 'The body tries to move more air per minute by
taking more breaths—compensating for the narrow pipes.'}

2. {'step': 'Accessory muscles turn on', 'note': 'The sternocleidomastoid (neck muscle) and
intercostal muscles (between the ribs) contract to lift the chest and help the diaphragm pull
in air.'}

3. {'step': 'Air trapping and hyperinflation', 'note': 'The patient cannot finish breathing out
before the next breath starts—air stacks inside the lungs, and the chest puffs out like a
barrel.'}
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4.

{'step': 'Rising COz2 is a red flag', 'note': 'Early in an asthma attack, CO2 is LOW because the
patient is breathing fast. A NORMAL or HIGH CO2 means the breathing muscles are
exhausted and can no longer blow off carbon dioxide—a warning sign of impending
respiratory failure.'}

. {'step': 'Silent chest and confusion mean danger', 'note': 'When wheezing stops but the

patient is still struggling, it means almost no air is moving (silent chest). Confusion or
drowsiness means the brain is not getting enough oxygen—the patient may stop breathing
any moment.'}

Domino effect

1

. Trigger contacts the airway — An allergen (pollen, pet dander, dust mite), virus (rhinovirus

is the top cause), cold air, exercise, or irritant (smoke, strong smell) lands on the airway
lining. In asthma, the immune system is already primed to overreact to harmless things.

. Mast cells pop open and dump histamine and leukotrienes — Mast cells in the airway lining

are coated with IgE antibodies that recognize the trigger. When the trigger binds, the mast
cells degranulate (burst open and spill their chemicals into the tissue)—this is a type 1
hypersensitivity reaction, the same kind that happens in hay fever or a bee-sting allergy.

. Smooth muscle around the airway spasms (bronchospasm) — Histamine and leukotrienes

lock onto receptors on smooth muscle cells and make them contract fast and hard—Ilike a
fist squeezing a straw shut. The airway narrows within seconds.

. Airway lining swells and mucus pours out — The inflammatory cascade kicks in—

eosinophils (white blood cells) swarm into the airway wall, Th2 helper T-cells release
cytokines (IL-4, IL-5, IL-13), and blood vessels get leaky (increased vascular permeability),
so fluid oozes into the tissue and the lining puffs up. Mucus glands go into overdrive and fill
the tube with thick sticky mucus.

. Air gets trapped behind the narrowed airways — Breathing out is harder than breathing in

when airways are squeezed—air can sneak in past the narrow spot, but it cannot easily
escape. Each breath stacks more air inside, and the lungs overinflate (air trapping).

. Wheeze, cough, chest tightness, and breathlessness — Air rushing through the tight pipes

makes a high whistling sound (wheeze). Stretch receptors and irritant receptors in the
airway sense the swelling and mucus and trigger coughing. The chest feels squeezed
because the airways are narrow and the lungs are overinflated.

. Muscle exhaustion leads to silent chest and respiratory failure — The breathing muscles—

diaphragm, intercostals, accessory muscles—can only work at maximum effort for so long.
When they tire out, breathing slows and shallows (hypoventilation), CO2 climbs, oxygen
drops, and the patient may stop breathing. A silent chest (no wheeze because almost no air
is moving) and confusion are late danger signs.
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Symptoms - what the patient feels, and why

Wheeze (mostly when breathing out): Air squeezes through narrowed small airways on the
way out. The tight space makes the air spin and whistle—just like blowing through pursed
lips—and that creates the musical wheeze sound you hear with a stethoscope.

Cough (often at night or after exercise): Swollen airway walls and sticky mucus irritate the
nerves that trigger coughing. Tightened airway muscles also pull on those nerves, making
the urge to cough even stronger.

Chest tightness or pressure: The rings of smooth muscle wrapped around each airway
squeeze into a spasm—Ilike a fist clenching—and that creates a squeezing or band-like
feeling across the chest.

Shortness of breath (hard to get enough air): Narrowed airways slow the flow of air in and
out. At the same time, old air gets trapped in the lungs because it cannot escape fast
enough, so the lungs overinflate like balloons that never fully empty. Both problems make
breathing feel hard.

Prolonged breathing-out phase (takes longer to exhale): Airways naturally collapse a bit
when you breathe out, because pressure outside the airway becomes higher than inside.
When airways are already narrowed by asthma, they collapse even more, so it takes much
longer to push all the air out.

Using neck, shoulder, and rib muscles to breathe: The diaphragm—the main breathing
muscle under the lungs—cannot move enough air on its own. So the body recruits extra
muscles in the neck, shoulders, and between the ribs to help lift and expand the chest with
each breath.

Speaking only a few words at a time or one word per breath: The lungs cannot hold enough
air to support a full sentence. The person must pause after every few words—or even after
every single word—to take another breath.

Silent chest (no wheeze, almost no breath sounds): The airways are squeezed so tight that
almost no air is moving in or out. Without airflow, there is no turbulence to make wheeze
sounds—the chest goes quiet. This is a sign of extreme obstruction.

Confusion, extreme drowsiness, or blue lips and fingernails: Carbon dioxide is building up
in the blood because the lungs cannot blow it off (this confuses the brain), and oxygen is
dropping because air cannot get in (this turns lips and nails blue). Together these signal
that the body is sliding into respiratory failure.

Fast heart rate and heavy sweating: Low oxygen in the blood and the hard work of
breathing flip on the body's fight-or-flight system (the sympathetic nervous system). That
system speeds up the heart to pump more oxygen and opens sweat glands to cool the body
during the effort.

educational use only - not a substitute for clinical judgment page 4 of 11



Maldek Condition Catalog - Pulmonary - Allergy

Focused exam

*» Wheezing on both sides of the chest, heard most clearly when the patient breathes out: Air
is rushing through narrowed airways and making a high-pitched whistling sound because
the ring of smooth muscle wrapped around each breathing tube has squeezed tight
(bronchoconstriction)—like trying to blow through a straw that someone is pinching shut.

Taking much longer to breathe out than to breathe in, using neck and shoulder muscles to

help push each breath: The patient has to work extra hard to push air out through blocked
airways. When you see neck and shoulder muscles pulling with every breath, you know the
obstruction is moderate to severe and the normal breathing muscles are not strong enough
on their own.

* Can speak only one or two words at a time, breathing faster than 30 times per minute,
heart rate over 120 beats per minute: This combination tells you the flare-up (exacerbation)
(sudden worsening) is severe: the patient is too short of breath to finish a sentence, the
lungs are struggling to pull in enough oxygen, and the heart is racing to pump harder and
make up for the low oxygen.

Silent chest—barely any breath sounds even though the patient is trying hard to breathe—
plus confusion or extreme drowsiness, blue lips or fingertips (cyanosis): The airways are
squeezed so tight that almost no air is moving in or out. The brain is starving for oxygen,
which causes confusion or sleepiness, and the skin turns blue because blood oxygen is
dangerously low. Breathing may stop at any moment, so prepare immediately to place a
breathing tube.

* Pulsus paradoxus—systolic blood pressure drops more than 10 mm Hg when the patient
breathes in: Severe airway obstruction creates huge pressure swings inside the chest.
When the patient breathes in, these swings squeeze the heart and reduce how much blood
it can pump with each beat, causing blood pressure to fall. This drop is a sign that the
attack is severe.

Diagnostics - every test answers a question

* Peak expiratory flow (PEF) or forced expiratory volume in 1 second (FEV:1) - How badly are
the airways blocked right now compared to the patient's usual best measurement?

* Pulse oximetry (Sp0Oz) — Is enough oxygen reaching the blood and being carried to the
brain, heart, and other organs?

* Arterial blood gas (ABG) - Is the patient becoming too exhausted to blow off carbon dioxide
(CO2), signaling that the breathing muscles are starting to fail?

* Chest X-ray — Is there a complication such as pneumonia (lung infection), pneumothorax
(collapsed lung from a pop in the airway wall), or pneumomediastinum (air leak into the
space between the lungs)?
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* Serum electrolytes (sodium, potassium, magnesium) and glucose — Are repeated doses of
albuterol or other bronchodilators causing dangerous shifts in blood chemistry?

* Complete blood count (CBC) — Is there evidence of infection triggering the flare-up
(exacerbation), or a high eosinophil count (a type of white blood cell) suggesting allergic
inflammation driving the asthma?

Treatment logic

* Supplemental oxygen by nasal cannula or mask to keep SpO: at least 90%, targeting 93-
95% — Raises the amount of oxygen in the blood right away, protecting the heart, brain,
and other organs from damage while other drugs work to open the airways.

* Short-acting beta-agonist—albuterol (salbutamol)—by nebulizer or metered-dose inhaler
with spacer: 4-8 puffs every 20 minutes for the first hour, then every 3-4 hours; or
continuous nebulization if the flare-up (exacerbation) is severe — Albuterol turns on beta-2
receptors on the smooth muscle wrapped around the airways, causing the muscle to relax
within 5-15 minutes. This opens the breathing tubes (bronchodilation) and makes it easier
to move air in and out—like releasing a pinched straw.

* Ipratropium bromide (a short-acting anticholinergic) added to albuterol in moderate to
severe exacerbations — Ipratropium blocks muscarinic receptors (the docking sites for
acetylcholine, a nerve signal chemical) on airway smooth muscle, preventing signals that
tell the muscle to tighten. Together with albuterol, it produces more bronchodilation than
either drug alone and reduces hospital admissions (Cochrane 2013, GINA 2024).

» Systemic corticosteroids: prednisone or prednisolone 40-50 mg by mouth, or
methylprednisolone 60-125 mg intravenously if the patient cannot swallow or is vomiting —
Shuts down the inflammatory cascade in the airway walls over 4-6 hours by blocking genes
that produce inflammatory proteins (cytokines). This reduces swelling, mucus production,
and airway twitchiness (hyperresponsiveness), cuts the risk of relapse, and speeds recovery
(GINA 2024, Cochrane reviews, NAEPP EPR-3). Oral and IV routes work equally well when
the gut is functioning.

* Intravenous magnesium sulfate 2 grams infused over 20 minutes for severe exacerbations
not responding to initial therapy (PEF or FEV: less than 40 percent predicted after 1 hour
of maximum treatment) - Magnesium blocks calcium channels in airway smooth muscle
cells. Since calcium makes muscle squeeze, blocking it causes the muscle to relax a little
more (bronchodilation). This gives a modest extra benefit and reduces hospital admissions
in truly severe cases (Cochrane 2014, GINA 2024).
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* Noninvasive positive-pressure ventilation (BiPAP) or endotracheal intubation with
mechanical ventilation for impending or actual respiratory failure (rising CO2, exhaustion,
altered mental status, or cardiac arrest) = Supports or takes over the work of breathing,
keeping oxygen levels up and blowing off CO2 while anti-inflammatory and bronchodilator
drugs take effect. Ketamine is the preferred sedative for intubation because it also relaxes
airway smooth muscle (bronchodilation) and does not suppress breathing or blood pressure
as much as other sedatives (GINA 2024, emergency medicine and critical care guidelines).

* Discharge the patient on a 5- to 7-day course of oral corticosteroids (prednisone 40-50 mg
daily for adults, 1-2 mg per kilogram daily up to 40 mg for children) and make sure daily
controller therapy—an inhaled corticosteroid with or without a long-acting beta-agonist—is
started or stepped up — Completes the anti-inflammatory treatment at home, preventing
relapse in the week after the flare-up (exacerbation). Starting or increasing a daily
controller medication reduces the risk of future attacks by keeping baseline airway
inflammation low (GINA 2024, NAEPP EPR-3, Cochrane reviews).

Medications

Albuterol (Ventolin, ProAir) - Short-acting beta-2 agonist (SABA)

Albuterol is a rescue inhaler that opens tight airways fast. It locks onto tiny switches called
beta-2 receptors on the muscle wrapped around your breathing tubes. When albuterol clicks
in, the muscle relaxes like a fist opening, the airways widen, and air flows easier within 5 to 15
minutes.

1. Albuterol binds to beta-2 receptors on airway smooth muscle cells, like a key fitting a lock.

2. That binding turns on an enzyme called adenylyl cyclase inside the cell, which makes a
molecule called cyclic AMP or cAMP. Think of cAMP as a 'relax’' signal.

3. High cAMP levels push calcium out of the muscle fibers. Without calcium the muscle cannot
squeeze, so it loosens up.

4. The bronchioles (small breathing tubes) open wide. Airflow improves within 5 to 15
minutes.

SAFETY WATCH

Shaking hands (tremor) and a fast heart rate (over 100 beats per minute) happen because
beta-2 receptors also sit on skeletal muscle and heart muscle. The drug cannot tell them
apart. - High or frequent doses can drop your blood potassium (hypokalemia) and raise
your blood sugar (hyperglycemia). Both can make your heart rhythm wobbly. - If you reach
for your rescue inhaler more than twice a week (outside of exercise), you need to step up
to a daily inhaled steroid controller per GINA and NHLBI guidelines.
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Prednisone (oral) or methylprednisolone (IV) - Systemic corticosteroid

Prednisone quiets the whole immune storm inside your airway walls. It shuts down the white
blood cells (eosinophils) and chemical messengers (cytokines) that cause swelling, mucus, and
inflammation. Relief starts in 4 to 6 hours and lasts for days, which prevents you from
bouncing back to the emergency room.

1. Prednisone enters cells and binds to glucocorticoid receptors (GR) floating in the cell's fluid
(cytoplasm).

2. The GR-steroid pair moves into the nucleus (the cell's control center) and blocks a master
switch called NF-kB, which normally turns on hundreds of inflammation genes.

3. Eosinophils (white cells that dump toxic granules into airways) die off by programmed cell
death (apoptosis). Production of inflammatory signals—cytokines such as IL-4, IL-5, and
IL-13, plus leukotrienes—drops sharply.

4. Swelling (edema from leaky blood vessels) and thick mucus production fall over the next 4
to 24 hours.

SAFETY WATCH

Standard course is 40 to 60 mg prednisone (or equivalent IV dose) daily for 5 days. No
taper is needed if total duration is under 2 weeks (GINA 2024, Cochrane, NHLBI). - Check
blood sugar closely if the patient has diabetes. Steroids spike glucose by making the liver
churn out sugar (gluconeogenesis) and blocking insulin from working. - Longer courses
(more than 2 weeks straight or frequent bursts) cause brittle bones (osteoporosis), cloudy
eye lenses (cataracts), high blood pressure, weight gain around the belly and face, and
shut down the body's own cortisol factory (adrenal suppression). Always switch to an
inhaled steroid (ICS) for daily control to avoid these harms.

Ipratropium bromide (Atrovent) - Short-acting muscarinic antagonist (SAMA)

Ipratropium blocks a different tightening signal in the airways—acetylcholine, a nerve
chemical that tells airway muscle to squeeze. By blocking muscarinic receptors (the switches
acetylcholine uses), ipratropium prevents that squeeze and adds extra airway opening when
combined with albuterol. Peak effect comes in 30 to 60 minutes.

1. Ipratropium binds to and blocks M3 muscarinic receptors on airway smooth muscle cells.

2. Acetylcholine (released by parasympathetic nerves—the 'rest-and-digest' system) can no
longer activate those receptors.

3. Without acetylcholine signaling, the muscle cells do not contract as much, so the airways
stay open wider.

4. Mucus secretion also drops because glands rely on the same receptors.
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SAFETY WATCH

In severe asthma exacerbations, adding ipratropium to albuterol improves lung function
and cuts hospital admissions (GINA 2024, Cochrane). - Avoid spraying into eyes. It can
cause blurry vision and acute angle-closure glaucoma (a painful spike in eye pressure) in
susceptible people. - Dry mouth and bad taste are common. Systemic side effects (heart
rate, tremor) are much milder than with albuterol because ipratropium barely enters the
bloodstream.

Magnesium sulfate (IV) - Smooth-muscle relaxant (cation)

Magnesium is a charged particle (cation) that calms overexcited muscle cells in the airways. It
blocks calcium channels (the doors calcium uses to enter muscle cells) and helps push calcium
out, so the muscle cannot stay tight. Given through an IV, magnesium relaxes airways that have
not responded enough to albuterol and steroids.

1. Magnesium ions (Mg?*) block calcium channels on the surface of airway smooth muscle
cells, so less calcium flows in.

2. Magnesium also helps activate pumps that push calcium out of the cell.

3. Without enough calcium inside, the contractile machinery (actin and myosin filaments that
slide to squeeze the muscle) cannot grip tightly.

4. The muscle relaxes. Airways open wider within 20 to 30 minutes of the IV infusion.

SAFETY WATCH
Dose is 2 grams IV over 20 minutes in adults (25 to 75 mg per kg in children, max 2
grams) for severe asthma exacerbations (GINA 2024, NHLBI EPR-4). - Watch for flushing
(warm, red face), low blood pressure, and muscle weakness. Magnesium relaxes all
smooth muscle and skeletal muscle, not just airways. - High magnesium levels
(hypermagnesemia) can slow heart rate, depress breathing, and—rarely—stop the heart.
Always give over 20 minutes and monitor vital signs. - Do NOT use in kidney failure unless
dose is adjusted and levels are checked. Kidneys normally filter out excess magnesium.

Oxygen (0O2) - Therapeutic gas

During an asthma attack, tight airways trap air and block oxygen from reaching your blood.
Giving extra oxygen through a mask or nasal prongs raises the oxygen level in the air you
breathe (from 21 percent up to 100 percent), which pushes more oxygen molecules across the
lung membrane into your blood. The goal is to keep oxygen saturation (Sp0Oz) at 93 to 95
percent or higher so your brain, heart, and other organs get enough fuel.

1. Oxygen flows through a nasal cannula, simple mask, or non-rebreather mask into the upper
airways.
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2. The higher concentration of oxygen in inhaled air increases the oxygen pressure (partial
pressure of Oz) in the alveoli.

3. Oxygen diffuses (moves from high to low concentration) across the thin alveolar membrane
into capillary blood.

4. Hemoglobin inside red blood cells binds the oxygen. Oxygen saturation (the percentage of
hemoglobin carrying oxygen) rises toward normal (at least 93 percent).

SAFETY WATCH

Target SpO2 93 to 95 percent in adults and children over 5 years; 94 to 98 percent in
children under 5 (GINA 2024, BTS/SIGN 2024). - Start with nasal cannula at 2 to 4 liters
per minute or simple face mask at 5 to 10 liters per minute. Escalate to non-rebreather (10
to 15 liters per minute) if SpO2 stays low. - Oxygen alone will NOT prevent respiratory
failure. If the patient is tiring out (rising COz2, altered mental status, silent chest) despite
maximum oxygen, they need intensive care and possibly mechanical ventilation. - Dry
oxygen can irritate airways and thicken mucus. Humidify flow rates above 4 liters per
minute when possible.

Red flags

* Silent chest, speaking only one word at a time, blue skin, or confusion—life-threatening
asthma; breathing may stop within minutes

* Carbon dioxide level holding steady or rising during a severe attack—the breathing muscles
are exhausting and the lungs are starting to fail

* Little or no improvement after one hour of strong inhaled medicine and steroids—the attack
is not responding to standard treatment

» History of being put on a breathing machine for asthma before, or any hospital admission
for asthma in the past year—marks the person as high-risk for another severe attack

* Cannot lie flat or can only say one word per breath—the airways are severely blocked

Nursing priorities

1. Assess airway and work of breathing every 15 minutes during acute phase — Silent chest or
single-word speech = intubate now.

. Continuous pulse ox + peak flow trend after each treatment — Objective response tracking.
. Give steroids EARLY (first hour) — Prevents rebound and cuts relapse in half.

. Never leave a severe asthma patient alone — Deterioration can happen in minutes.

U1 &= W N

. Teach inhaler technique + trigger avoidance + written action plan on discharge — Half of
readmissions are preventable at the education step.
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Sources

* Global Initiative for Asthma (GINA) 2024 Report

 NHLBI Expert Panel Report 4 (EPR-4) on Asthma Management 2020
* American Academy of Allergy, Asthma & Immunology (AAAAT)

» UpToDate Clinical Decision Support

Last reviewed: 2026-02-28
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