MALDEK
CONDITION CATALOG - CLINICAL REASONING

VAP and HAP Prevention and
Management

Hospital-acquired pneumonia is a new lung infection that starts at least 48 hours
after being admitted to the hospital; ventilator-associated pneumonia is the same
infection but happens after being on a breathing machine for at least 48 hours.

THE STORY IN ONE SENTENCE
Hospital-acquired pneumonia is a new lung infection that starts at least 48 hours after
being admitted to the hospital; ventilator-associated pneumonia is the same infection but
happens after being on a breathing machine for at least 48 hours.

“Hospital pneumonia and ventilator pneumonia are new lung infections that start after 48
hours in the hospital or on a breathing tube. Germs from the mouth or stomach slide past the
tube into the lungs. Stop it with a prevention bundle: keep the head of the bed up, brush teeth
twice a day, wake the patient daily to lower sedation, and remove the tube as soon as safe.
Treat with strong antibiotics that cover resistant bugs like MRSA and Pseudomonas, then
narrow the antibiotics at 48-72 hours once culture results come back.”

Normal anatomy — the body's job

The lower airways—the windpipe below the vocal cords and the branching tubes inside the
lungs—are normally sterile, meaning no bacteria live there. The body keeps them clean with
mucus, tiny sweeping hairs called cilia, and a strong cough reflex.

BODY'S JOB
The cilia beat constantly upward like a conveyor belt, pushing mucus and trapped germs
toward the throat so you can swallow or cough them out. Your cough reflex fires
automatically when something touches the back of the throat or windpipe, clearing
anything that does not belong. Together, these defenses stop germs from the mouth and
stomach from ever reaching the deep lung tissue.

1. Air enters through the nose or mouth, passing over millions of germs that live normally in
the mouth and throat.
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2. The epiglottis (a flap at the top of the windpipe) closes during swallowing so food and spit
go down the esophagus to the stomach, not into the lungs.

3. The vocal cords and the tight seal they make act as a second gate, keeping the windpipe
below them sterile.

4, Cilia in the trachea (windpipe) and bronchi (the branching lung tubes) beat upward
constantly, sweeping mucus and any trapped particles toward the throat.

5. When mucus or a foreign particle touches the back of the throat or upper trachea, the
cough reflex fires—the diaphragm (the breathing muscle under the lungs) and chest
muscles contract hard, blasting air out to clear the airway.

6. Any germs that do sneak past are attacked immediately by immune cells in the airway
lining (alveolar macrophages) before they can multiply.

What breaks

A breathing tube bypasses all the normal lung defenses. The tube holds the vocal cords open so
they cannot seal, the cuff (the small balloon around the tube) cannot make a perfect seal so
germs slide past it, and the patient cannot cough effectively because the tube blocks the
normal reflex. Germs from the mouth, stomach, or the tube itself then drip into the lungs and
multiply.

CLINICAL TERM

Endotracheal intubation disrupts the glottic barrier, impairs mucociliary clearance,
prevents effective cough, and provides a direct conduit for oropharyngeal and gastric
secretions to enter the lower respiratory tract. Biofilm forms on the inner surface of the
endotracheal tube, harboring resistant pathogens that seed the lungs with each breath.

How the body compensates

The body tries to wall off and kill the infection by flooding the lungs with white blood cells and
inflammatory fluid, raising the heart rate and breathing rate to deliver more oxygen, and
spiking a fever to slow bacterial growth. Vital signs and oxygen levels can look stable for hours
or even a day while this fight is happening, but the lungs are filling with pus and the patient is
on the edge of respiratory failure.

1. {'what': 'Increased white blood cell production', 'how': 'The bone marrow pumps out more
neutrophils (the white blood cells that eat bacteria) and sends them to the lungs, so the
white blood cell count on a blood test climbs above 10,000 or even 15,000.', '‘warning': 'A
very high white count (over 15,000) or a very low one (under 4,000) both signal severe
infection; the low count means the bone marrow is overwhelmed and cannot keep up.'}
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2. {'what': 'Fever', 'how': "White blood cells release chemicals called pyrogens (fever-causing
signals) that reset the hypothalamus (the brain's thermostat) higher, raising body
temperature to 100.4 °F (38 °C) or more to slow bacterial replication and speed up the
immune response.", 'warning': 'Fever above 102 °F or the absence of fever in an older or
very sick patient both suggest severe infection.'}

3. {'what': 'Increased respiratory rate (tachypnea)', 'how': 'The lungs are stiff and filled with
fluid and pus, so each breath moves less oxygen; the brainstem (the part of the brain that
controls breathing) senses low oxygen and high carbon dioxide and drives the breathing
rate up to 20, 25, or 30 breaths per minute to compensate.', ‘warning': 'A respiratory rate
over 30 or the patient using neck and shoulder muscles to breathe means the lungs are
failing and the patient is exhausting.'}

4. {'what': 'Increased heart rate (tachycardia)', 'how': 'The body raises the heart rate to pump
more blood to the lungs and tissues, trying to deliver oxygen even though the lungs are not
oxygenating blood well.!, 'warning': 'A heart rate over 100-110 at rest is a red flag; over
120-130 means the heart is working at its limit."'}

5. {'what': 'Inflammatory fluid in the alveoli', 'how': 'The alveoli (tiny air sacs where oxygen
crosses into the blood) fill with white blood cells, bacteria, and fluid leaked from blood
vessels during inflammation, creating pus that shows up as a white patch (infiltrate or
consolidation) on chest X-ray.’, 'warning': 'This fluid blocks oxygen from crossing into the
blood, so oxygen saturation drops and the patient may need higher oxygen or even a
ventilator.'}

6. {'what': 'The dangerous middle—stable vitals masking decline’, 'how': 'For the first 12-24
hours, the heart and lungs can compensate so blood pressure, oxygen saturation, and
mental status look acceptable, but the patient is using all reserves and is one step from
crashing into septic shock (blood pressure drops, organs fail) or ARDS (acute respiratory
distress syndrome—severe lung failure).', '‘warning': "Watch the trend, not the snapshot: a
patient whose fever is climbing, white count is rising, oxygen need is increasing, and chest
X-ray is worsening is decompensating even if the oxygen saturation is still 92% right now."'}

Domino effect

1. Secretions from the mouth and stomach bypass the normal airway defenses and enter the
lower respiratory tract. — The breathing tube holds the vocal cords open and the cuff
cannot seal perfectly, so spit, stomach fluid, and germs slide down around the tube with
gravity and each breath, landing in the sterile lower airways.

2. Bacteria colonize the endotracheal tube and airway lining. — Within hours, bacteria stick to
the inside of the tube and form a biofilm—a slimy protective layer. Warm, moist lungs are a
perfect home for bacteria to multiply, and the damaged cilia and suppressed cough reflex
cannot clear them.
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3. Infection spreads to the alveoli (air sacs) and surrounding lung tissue. — Bacteria break off
from the biofilm or are pushed deeper into the lungs with each ventilator breath, reaching
the alveoli where they invade tissue and trigger a massive local immune response.

4. The immune system floods the lungs with white blood cells and inflammatory fluid. —
Neutrophils (white blood cells) rush to the infection site and release enzymes and chemicals
to kill bacteria, but this also damages lung tissue and causes blood vessels to leak fluid into
the alveoli, creating pus and consolidation visible on chest X-ray.

5. Gas exchange fails—oxygen cannot cross from air into blood. — The alveoli are filled with
pus and fluid instead of air, so oxygen saturation drops, the patient becomes short of
breath, and the ventilator or oxygen support must be increased.

6. Fever, a fast heart rate (tachycardia) (fast heart rate), fast breathing (tachypnea) (fast
breathing), and a high white blood cell count (leukocytosis) (high white blood cell count)
appear. — The body raises temperature to slow bacteria, speeds up heart rate to pump
more blood, increases breathing rate to try to pull in more oxygen, and cranks out more
white blood cells to fight infection—these are the bedside signs of pneumonia.

7. Thick, pus-filled (purulent) (pus-filled) coughed-up mucus (sputum) is suctioned from the
breathing tube. — Dead white blood cells, bacteria, and debris mix with mucus to form
thick, yellow or green coughed-up mucus (sputum) that clogs the airways and must be
suctioned out.

8. Without treatment, the infection can spread into the bloodstream (sepsis) or cause acute
respiratory distress syndrome (ARDS). — Bacteria or their toxins cross from the lungs into
the blood, triggering body-wide inflammation (sepsis), dropping blood pressure (septic
shock), and causing multi-organ failure. ARDS happens when inflammation is so severe that
both lungs fill with fluid, oxygen levels crash, and the patient cannot survive without a
ventilator and intensive support.

Symptoms - what the patient feels, and why

* New or worsening cough with coughed-up mucus (sputum) (thick mucus you cough up from
the lungs): The lungs are infected, and the immune system floods the air sacs with white
blood cells and fluid to fight bacteria; this fluid and dead cells mix into thick mucus that you
cough up to clear your airways.

* Fever (body temperature above 100.4 °F or 38 °C): Your immune system raises your core
temperature when it detects bacteria in the lungs; the extra heat speeds up germ-fighting
cells and slows bacterial growth.

* New or worse shortness of breath or faster breathing: The air sacs in your lungs fill with
pus and fluid instead of air, so less oxygen crosses into your blood; your body tries to make
up for this by breathing faster and harder.
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* Low oxygen level in the blood (hypoxemia) when checked with a pulse oximeter or blood
gas: Infected, fluid-filled air sacs cannot transfer oxygen well; blood flowing past them picks
up less oxygen than normal.

* New cloudy or white patches on chest X-ray (infiltrates): Pus, bacteria, and immune cells
collect in the air sacs and surrounding tissue; these dense areas block X-rays, showing up
as white or hazy spots on the film.

* Higher white blood cell count or a rise in certain inflammatory markers (like C-reactive
protein): The bone marrow pumps out extra white blood cells when infection is detected,
and the liver releases inflammatory proteins to help coordinate the immune response.

* Confusion or sudden change in mental status (especially in older adults): Low oxygen in the
blood means the brain does not get enough fuel; infection also releases chemicals
(cytokines) that can disrupt brain signaling and cause delirium.

» Fast heart rate (tachycardia, often over 100 beats per minute): The heart pumps faster to
deliver more oxygen-poor blood to the lungs and move whatever oxygen is available to the
rest of the body; fever and stress hormones also speed the pulse.

Focused exam

* New infiltrate on chest X-ray after 48 hours in hospital: VAP and HAP always start 48 hours
or more after the patient arrives at the hospital. If you see a cloudy spot on the lung picture
before 48 hours, it is not VAP or HAP — it came in with the patient. This new spot shows
where spit from the mouth leaked into the lungs and the body is now fighting germs that do
not belong there.

» Fever (temperature over 100.4°F or 38°C): The body raises its heat to slow down and kill
the germs that are now growing in the lungs. Fever almost always shows up in VAP and
HAP. It tells you the infection is real and the immune system is fighting hard.

» Thick, green or yellow spit when suctioning the breathing tube (or when the patient
coughs): Thick, colored spit means bacteria are growing in the lungs and the body is
making sticky mucus to trap and fight them. Normal spit is clear and thin. The color and
thickness are signs that infection is happening, not just normal saliva.

* Oxygen level dropping (lower SpO: or needing more oxygen to keep the reading up): When
germs fill the tiny air sacs in the lungs with pus and fluid, oxygen cannot cross from the air
into the blood. Organs do not get the oxygen they need. This is the main danger you are
trying to fix in VAP and HAP.

* High white blood cell count (usually over 11,000 cells/uL, or sometimes very low under
4,000 cells/uL): White blood cells are the body's soldiers. When spit carrying germs lands in
the lungs, the body sends out more soldiers. A very low count is actually more worrying
because it means the body is being overwhelmed and cannot keep up the fight.
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* Crackles or wheezing when you listen to the lungs with a stethoscope: These sounds mean
fluid or mucus is sitting in the lung tissue or airways. In VAP and HAP, the fluid is there
because germs started an infection after the breathing tube let spit slip past the normal
defenses.

Diagnostics - every test answers a question

* Chest X-ray (posteroanterior and lateral views) — Is there a new cloudy patch (infiltrate) in
the lungs that was not there before?

* Complete blood count (CBC) with differential — Is the body sending out more white blood
cells to fight infection, or is it running out of soldiers?

* Coughed-up mucus (Sputum) culture and Gram stain (from endotracheal aspirate or
bronchoalveolar lavage) - Which germ is growing in the lungs, and which antibiotics will
kill it?

* Blood cultures (two sets from different sites) — Has the infection spread from the lungs into
the bloodstream?

* Arterial blood gas (ABG) or pulse oximetry (SpO2) — Is the patient getting enough oxygen
into the blood, and is carbon dioxide building up?

* Procalcitonin level (optional, not required but sometimes used) — Is this truly a bacterial
infection, and how severe is it?

* Basic metabolic panel (BMP) and liver function tests (LFTs) — Are the kidneys and liver still
working well enough to clear antibiotics and handle the infection?

Treatment logic

» Start broad-spectrum antibiotics within 1 hour: piperacillin-tazobactam 4.5 g IV every 6
hours OR cefepime 2 g IV every 8 hours OR meropenem 1 g IV every 8 hours (if high risk
for resistant bacteria) — These antibiotics kill the most common VAP and HAP bacteria —
Pseudomonas aeruginosa, Acinetobacter, Klebsiella, and other Gram-negative bugs —
before they multiply further and destroy more lung tissue. Starting within 1 hour lowers the
chance of death and organ failure.

* Add vancomycin 15-20 mg/kg IV every 8-12 hours OR linezolid 600 mg IV every 12 hours if
the patient has risk factors for MRSA (prior MRSA, recent broad antibiotics, severe sepsis,
or high local MRSA rates) — Vancomycin and linezolid kill MRSA, which the standard beta-
lactam antibiotics (like piperacillin-tazobactam and cefepime) cannot touch. Adding this
prevents treatment failure if MRSA is the culprit.
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Keep the head of the bed elevated 30-45 degrees at all times, perform oral care with
chlorhexidine 0.12% twice daily, and run spontaneous breathing trials every day to see if
the breathing tube can come out — Elevating the head uses gravity to stop spit from pooling
above the breathing tube and sliding down into the lungs. Chlorhexidine kills bacteria in
the mouth before they can travel down. Daily breathing trials get the tube out as soon as it
is safe, which stops new aspiration events.

Narrow antibiotics once culture results return (usually by day 2 or 3) to target the specific
bacteria identified, and plan a total course of 7 days (or 8 days for Pseudomonas) —
Switching from broad antibiotics to one or two narrow ones Kkills the real germ while
lowering the risk of antibiotic resistance, kidney toxicity, liver toxicity, and C. difficile
diarrhea. Stopping at 7 days prevents overtreatment.

Order a CT scan of the chest if the patient is not getting better after 48-72 hours of
antibiotics, to look for lung abscess, empyema (pus around the lung), or other complications
- Finding a walled-off pocket of pus (abscess) or fluid around the lung (empyema) explains
why antibiotics alone are not working. Both may need drainage with a needle or chest tube
to clear the infection.

Give oxygen support (nasal cannula, high-flow nasal cannula, or mechanical ventilation
adjustments) to keep SpO2 above 90% — Delivering more oxygen keeps vital organs (brain,
heart, kidneys) fed while the lungs heal. It buys time for the antibiotics to kill the bacteria
and for the immune system to clear the infection.

Continue the VAP prevention bundle (head elevation, oral care, spontaneous breathing
trials, cuff pressure checks on the breathing tube) throughout the entire hospital stay —
Keeping these simple steps going every day prevents new VAP or HAP from starting while
the current infection clears. It stops the cycle from repeating.

Medications

Piperacillin-tazobactam (Zosyn) - Beta-lactam antibiotic (penicillin) plus beta-

lactamase blocker

Piperacillin punches holes in the walls bacteria build to protect themselves. Tazobactam blocks

the scissors (enzymes called beta-lactamases) that many bacteria use to cut apart penicillin-

type drugs. Together, they kill a wide range of bacteria, including Pseudomonas (a common,

tough hospital germ) and other Gram-negative rods that often cause pneumonia in the hospital

or on a breathing machine.

1.

2.
3.

Piperacillin sticks to proteins in the bacterial wall and stops the bacteria from finishing
their wall construction.

Without a complete wall, the bacteria swell and burst like a balloon with too much air.

Tazobactam ties up the beta-lactamase enzymes so the bacteria cannot destroy piperacillin.
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4. The drug reaches high levels in lung tissue and kills the growing bacteria there.

SAFETY WATCH
Can cause allergic reactions, especially in people allergic to penicillin (rash, swelling,
rarely severe breathing trouble). - May lower potassium levels in the blood. - Rarely can
harm the kidneys, especially when combined with other strong antibiotics. - Watch for
diarrhea; severe watery or bloody diarrhea may mean C. difficile infection (a gut infection
caused by the antibiotic killing normal gut bacteria).

Cefepime (Maxipime) - Fourth-generation cephalosporin (beta-lactam
antibiotic)

Cefepime punches holes in bacterial walls just like piperacillin does, but it is shaped to sneak
past some of the defenses bacteria use. It covers a wide range of Gram-negative bacteria (like
Pseudomonas and E. coli) and many Gram-positive bacteria, making it a strong choice when
you do not yet know which exact germ is causing the pneumonia.

1. Cefepime binds to wall-building proteins (penicillin-binding proteins) on the bacteria.
2. This stops the bacteria from finishing their protective outer shell.
3. The bacteria break open and die.

4. Cefepime reaches good levels in lung tissue and fluid where the infection is.

SAFETY WATCH
Can cause allergic reactions; people allergic to penicillin have a small chance of reacting
to cephalosporins too. - Rarely can cause brain side effects (confusion, seizures), especially
in people with kidney problems who get too high a dose. - Watch for severe diarrhea
(possible C. difficile infection). - May need dose adjustment if kidneys are not working well.

Meropenem (Merrem) - Carbapenem (beta-lactam antibiotic)

Meropenem is one of the strongest wall-busting antibiotics. It kills nearly all common bacteria
that cause hospital pneumonia, including many that resist other drugs. Carbapenems are
shaped to dodge most of the scissors (beta-lactamases) bacteria use, so they work even when
penicillins and cephalosporins fail.

1. Meropenem locks onto the wall-building machinery inside bacteria.
2. Bacteria cannot finish building their protective shell.
3. The bacteria burst and die.

4. The drug spreads into lung tissue at high enough levels to kill the infection.
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SAFETY WATCH

Higher risk of seizures than some other antibiotics, especially in people with brain disease
or kidney problems. - Allergic reactions possible; cross-reaction with penicillin allergy is
less common than with cephalosporins but still can happen. - Can cause severe diarrhea
(C. difficile). - Dose must be lowered if kidneys are not working well.

Gentamicin or Tobramycin - Aminoglycoside antibiotic

These drugs slip inside bacteria and jam the machinery (ribosomes) that bacteria use to read
their instruction manual and build proteins. Without proteins, the bacteria cannot survive.
Aminoglycosides are often added to a beta-lactam when the infection is severe or caused by
tough bacteria like Pseudomonas, because the two types of drugs attack different parts of the
bacteria and work together to kill faster.

1. The drug enters the bacterial cell.

2. It binds tightly to the 30S part of the ribosome (the machine that reads genetic
instructions).

3. The ribosome makes mistakes and builds broken, useless proteins.

4. The bacteria cannot repair themselves and die.

SAFETY WATCH

Can damage the kidneys, especially with long use or high doses; doctors check blood levels
and kidney tests regularly. - Can harm hearing and balance by damaging the inner ear;
ringing in the ears or dizziness is a warning sign. - Usually given once daily and monitored
carefully to reduce these risks. - Should not be used in pregnancy unless absolutely
necessary because it can harm the baby's hearing.

Vancomycin (Vancocin) - Glycopeptide antibiotic

Vancomycin blocks the building of bacterial cell walls, but only in Gram-positive bacteria
(bacteria with thick walls). It is added when MRSA (methicillin-resistant Staphylococcus
aureus) is suspected, because MRSA is resistant to most other common antibiotics and is a
frequent cause of severe hospital pneumonia.

1. Vancomycin grabs onto the building blocks (peptides) bacteria use to make their wall.
2. This stops the bacteria from linking the blocks together into a strong wall.

3. The bacteria break apart under their own internal pressure.

4. The drug reaches lung tissue, though levels can be lower in thick secretions.
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SAFETY WATCH

Can cause 'red man syndrome' if infused too fast—flushing, itching, low blood pressure;
solved by slowing the drip. - Can damage the kidneys, especially when combined with
other kidney-toxic drugs like aminoglycosides. - Rarely harms hearing. - Doctors monitor
blood levels to make sure the dose is high enough to kill bacteria but not so high it causes
harm.

Linezolid (Zyvox) - Oxazolidinone antibiotic

Linezolid jams the ribosomes (protein factories) of Gram-positive bacteria, including MRSA and
vancomycin-resistant enterococci. It is an alternative when vancomycin cannot be used or is
not working. Linezolid reaches excellent levels in the lungs, making it especially useful for
pneumonia.

1. Linezolid binds to the 50S part of the bacterial ribosome.
2. This stops the ribosome from starting to build new proteins.
3. Without proteins, the bacteria cannot grow or repair damage.

4. The bacteria die or stop multiplying, and the immune system clears them.

SAFETY WATCH

Can lower blood cell counts (white cells, red cells, platelets) with use longer than two
weeks; doctors check blood counts regularly. - Can cause nerve damage (numbness,
tingling) with long use. - Can interact with certain antidepressants (SSRIs, MAO inhibitors)
and cause serotonin syndrome (fever, confusion, fast heart rate). - Watch for vision
changes; rare but can damage the optic nerve.

Red flags

* Oxygen level below 90 % on room air or needing high amounts of supplemental oxygen

* Blood pressure dropping below 90/60 mm Hg (septic shock from bacteria spreading into
the bloodstream)

* Needing a ventilator or worsening respiratory failure despite treatment
* Confusion, drowsiness, or inability to stay awake

» Urine output falling sharply (sign that kidneys are shutting down from low blood flow)
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Nursing priorities

1.

Keep the head of the bed elevated 30 to 45 degrees at all times unless a medical reason
prevents it — Gravity keeps stomach contents and oral secretions from sliding down the
esophagus (food tube) into the trachea (windpipe) and lungs. This single step cuts VAP risk
by 30 percent because aspiration causes most ventilator pneumonia.

. Perform oral care with chlorhexidine 0.12% solution swabs or rinse twice daily, morning

and evening — Chlorhexidine (an antiseptic) kills bacteria in the mouth that form biofilm
(sticky germ layer) on teeth and tongue. Without oral care, these bacteria multiply and get
breathed into the lungs with each breath, seeding pneumonia.

. Administer the first dose of antibiotics within 1 hour of pneumonia diagnosis, using

piperacillin-tazobactam 4.5 g IV every 6 hours OR cefepime 2 g IV every 8 hours as ordered
— Early antibiotics lower mortality (death rate) because bacterial pneumonia causes sepsis
fast. Every hour of delay increases death risk. Piperacillin-tazobactam and cefepime are
broad-spectrum (cover many germs) to hit Pseudomonas and other hospital bacteria before
culture results return.

. Add vancomycin 15 to 20 mg/kg IV every 8 to 12 hours if the patient has MRSA risk factors:

prior MRSA infection, recent broad-spectrum antibiotics, or severe sepsis — Vancomycin
covers MRSA, which standard pneumonia drugs miss. Untreated MRSA pneumonia causes
necrotizing pneumonitis (lung tissue death) and has 40 percent mortality. Dosing by weight
ensures the blood level kills MRSA without harming kidneys.

. Suction oral secretions above the endotracheal tube cuff every 2 to 4 hours using subglottic

suctioning if the tube has a suction port — Secretions pool above the inflated cuff (balloon
that seals the breathing tube) and leak around it into the lungs with each breath or cuff
deflation. Suctioning this area removes bacteria-laden mucus before it causes VAP.

. Conduct a spontaneous breathing trial daily if the patient is stable, turning off sedation and

lowering ventilator support to see if they can breathe independently — The longer a
breathing tube stays in, the higher the VAP risk because the tube bypasses natural airway
defenses and harbors biofilm. Daily trials identify patients ready for extubation (tube
removal) 2 to 3 days sooner, cutting VAP incidence.

. Monitor oxygen saturation continuously and report if SpO2 drops below 90 percent or the

patient needs higher oxygen settings — Worsening low oxygen in the blood (hypoxemia)
(low blood oxygen) means the pneumonia is spreading or causing acute respiratory distress
syndrome (ARDS, severe lung inflammation). This signals need for higher ventilator
support, prone positioning, or ICU transfer before respiratory failure occurs.
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8. Watch for new confusion, low blood pressure below 90 systolic, or urine output less than 30
mL per hour and notify the provider immediately — These are sepsis signs showing the
infection is overwhelming the body. Septic shock (dangerously low blood pressure from
infection) needs IV fluids, vasopressors (drugs that tighten blood vessels), and possible ICU
care within the hour to prevent organ failure and death.

Sources

* IDSA/ATS 2016 Hospital-Acquired Pneumonia and Ventilator-Associated Pneumonia
Guidelines

* CDC Healthcare-Associated Infections (HAI) prevention resources
* Cochrane systematic reviews on VAP prevention bundles

* American Thoracic Society (ATS) clinical practice standards

Last reviewed: 2026-07-07
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