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CONDITION CATALOG ·  CLINICAL REASONING

Hospital Acquired and Ventilator
Associated Pneumonia
A lung infection that starts 48 hours or more after someone goes into the hospital
(HAP) or after a breathing tube is placed (VAP), usually caused by tough germs
that live in hospitals.

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

A lung infection that starts 48 hours or more after someone goes into the hospital (HAP) or

after a breathing tube is placed (VAP), usually caused by tough germs that live in hospitals.

“Hospital germs slide past the breathing tube → land in the lungs → multiply fast → fever, new

white cloud on X-ray, low oxygen, thick colored spit → needs several strong antibiotics right

away.”

Normal anatomy — the body's job

Normally, the airway has a defense system that keeps germs out of the lungs: nose hairs trap

particles, mucus catches bacteria, tiny beating hairs called cilia sweep the mucus up toward

the throat so you can swallow or cough it out, and a strong cough reflex clears anything that

slips too far down.

B O D Y ' S  J O B

The lungs' job is to pull oxygen from the air into the blood and push carbon dioxide (waste

gas) out. To do this safely, the airway must stay clean. The upper airway (nose, mouth,

throat) filters and warms air before it reaches the delicate lung sacs (alveoli), where

oxygen crosses a paper-thin membrane into tiny blood vessels and carbon dioxide crosses

back out. If bacteria reach the alveoli and start growing, they damage that thin membrane,

fluid leaks in, and oxygen transfer stops working.

Air enters through the nose or mouth, where hairs and sticky mucus trap dust and germs.

The trachea (windpipe) is lined with cilia (tiny beating hairs) and mucus that catch anything

that slips through.

The cilia beat upward like an escalator, moving mucus and trapped germs up to the throat

so you can cough or swallow them.
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Clean air travels down into the bronchi (branching tubes) and then into millions of tiny

alveoli (air sacs shaped like bunches of grapes).

In the alveoli, oxygen crosses into the blood through a thin wall, and carbon dioxide crosses

out to be breathed away.

If germs reach the alveoli and the body cannot clear them, infection starts.

What breaks

A breathing tube (endotracheal tube) or tracheostomy tube holds the airway open but skips the

nose, the cough reflex, and the mucus escalator, so hospital germs — especially tough ones like

Pseudomonas aeruginosa, MRSA, Acinetobacter, Klebsiella, and E. coli — can slide straight

down into the lungs, multiply in the warm lung tissue, and cause infection.

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

Loss of normal airway defense mechanisms (bypassed upper airway filtration, impaired

mucociliary clearance, suppressed cough reflex) plus colonization by nosocomial

pathogens (gram-negative bacilli such as Pseudomonas aeruginosa, Acinetobacter

baumannii, Klebsiella pneumoniae, Escherichia coli; and gram-positive cocci such as

methicillin-resistant Staphylococcus aureus) leads to bacterial invasion of the lower

respiratory tract, alveolar inflammation, neutrophil infiltration, and impaired gas

exchange.

How the body compensates

The body tries to fight the infection by raising temperature and white blood cell count,

breathing faster to pull in more oxygen, and coughing harder (if able) to clear spit, but these

efforts can keep vital signs steady for a while before the patient suddenly crashes into septic

shock or respiratory failure.

{'what': 'Fever and high white blood cell count (leukocytosis)', 'why': "The hypothalamus

(the brain's thermostat in the center of the brain) raises body temperature to slow bacterial

growth, and the bone marrow pumps out extra white blood cells (neutrophils) to swarm the

infected lung tissue and kill bacteria."}

{'what': 'Faster breathing (tachypnea) and increased work of breathing', 'why': 'The

infected, fluid-filled lung tissue cannot transfer oxygen well, so the medulla (the breathing

control center in the brainstem) signals the diaphragm and chest muscles to breathe faster

and harder to try to pull in more oxygen and blow off carbon dioxide.'}

{'what': 'Increased heart rate (tachycardia)', 'why': 'The heart pumps faster to deliver what

little oxygen is available to the brain and other organs, trying to make up for the low

oxygen in the blood (hypoxemia).'}

4. 

5. 

6. 

1. 

2. 

3. 

M a ld ek Condition Catalog · Clinical Reasoning

educational use only · not a substitute for clinical judgment page 2 of 15



{'what': 'Thick, pus-filled (purulent) (pus-filled) coughed-up mucus (sputum) production',

'why': 'The lungs ramp up mucus production to trap bacteria, and white blood cells dying in

the fight turn the mucus thick, yellow, or green, but without a good cough the spit just sits

in the airways and blocks more air.'}

{'what': 'Early stable vital signs despite growing infection', 'why': 'The adrenal glands

release adrenaline (epinephrine) and cortisol (stress hormones) that keep blood pressure

and heart rate steady for hours or even a day, so the team may not realize how sick the

patient is until the reserves run out and the patient suddenly tips into shock.'}

{'what': 'Watch for the crash point: septic shock, worsening low oxygen in the blood

(hypoxemia), multi-organ failure', 'why': 'Once the infection spreads into the bloodstream

(bacteremia leading to sepsis), blood vessels leak, blood pressure drops, oxygen falls

dangerously low, and organs (kidneys stop making urine, liver cannot clear toxins, brain

becomes confused) start shutting down — this is the point where the window to reverse

things closes fast.'}

{'what': 'Look at trends, not just one snapshot', 'why': 'A patient whose oxygen saturation

has dropped from 95% to 90% over two days, whose white count is climbing from 12,000 to

18,000, and who needs higher oxygen or ventilator settings is on a downhill slope — that is

not truly stable, and early action (adjusting antibiotics, increasing respiratory support,

checking for complications like empyema or abscess) can prevent the crash.'}

Domino effect

Breathing tube is placed and bypasses normal airway defenses. — The endotracheal tube (a

plastic tube placed through the mouth or nose into the trachea) holds the airway open for

mechanical ventilation, but it skips the nose and throat (which filter and warm air),

paralyzes the cough reflex with sedatives like propofol and fentanyl, and allows saliva and

bacteria pooling above the inflated cuff (the balloon that seals the tube in place) to leak

past into the trachea and lungs.

Hospital germs colonize the tube, mouth, and upper airway. — Tough bacteria like

Pseudomonas aeruginosa (a water-loving germ common in sinks, humidifiers, and ventilator

circuits), MRSA (methicillin-resistant Staphylococcus aureus), Acinetobacter baumannii,

and Klebsiella pneumoniae live on hospital surfaces, hands, and equipment; they form a

slimy biofilm on the tube and in the mouth, and every breath or swallow pulls them deeper

into the lungs.

Bacteria reach the alveoli and start multiplying. — Once past the defenses, bacteria land in

the warm, moist alveoli (the tiny air sacs at the end of the breathing tree where oxygen

normally crosses into the blood) and multiply rapidly, releasing toxins (like endotoxin from

gram-negative bacteria and exotoxins from MRSA) that damage the thin alveolar walls.
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The immune system floods the lungs with white blood cells and triggers fever. — The

alveolar macrophages (cleanup cells that live in the lungs) detect the bacteria and release

cytokines (alarm signals like interleukin-1 and tumor tissue death (necrosis) factor) that call

neutrophils (infection-fighting white blood cells) rushing from the bloodstream; the

hypothalamus raises body temperature (fever, often over 100.4°F or 38°C) to slow bacterial

growth, and the bone marrow cranks out more white cells, so the blood count goes up

(leukocytosis, often over 12,000 cells per microliter).

Infected lung tissue leaks fluid and pus, blocking oxygen transfer. — The battle between

bacteria and neutrophils damages the capillaries (tiny blood vessels) and the alveolar

membrane, causing protein-rich fluid, red blood cells, and dead white cells (pus) to leak

into the air sacs; this fluid blocks oxygen from crossing into the blood, so oxygen saturation

drops (hypoxemia, SpO₂ may fall below 90%) and the patient's lips or fingernails may look

dusky blue (cyanosis).

Chest X-ray shows a new white infiltrate (cloudy spot). — The fluid and pus filling the

alveoli show up as a white patch (infiltrate or consolidation) on the X-ray, usually in the

lower lobes where gravity pulls secretions in a patient lying flat, confirming that infection

has replaced air in that part of the lung.

Thick, yellow or green coughed-up mucus (sputum) appears, and the patient gets sicker. —

The lungs produce thick, discolored mucus full of bacteria, myeloperoxidase (an enzyme

from neutrophils that turns coughed-up mucus (sputum) green), dead white cells, and

debris; without a strong cough (because of the tube and sedation), the coughed-up mucus

pools in the airways, blocking more air and feeding more bacterial growth — the patient

becomes more tired, confused (from low oxygen delivery to the brain), and breathes faster

(respiratory rate often over 20 breaths per minute) and with more effort (using neck and

shoulder muscles).

Without treatment, infection spreads into the bloodstream (sepsis) and organs start failing.

— Bacteria and their toxins leak through the damaged lung tissue into the bloodstream

(bacteremia), triggering a body-wide inflammatory response (systemic inflammatory

response syndrome, SIRS, leading to sepsis); blood vessels leak fluid into tissues (causing

low blood pressure and swelling (edema)), cardiac output drops despite a racing heart,

oxygen delivery falls further, lactate (a waste product from oxygen-starved cells) builds up,

and organs like the kidneys (making less than 0.5 mL/kg/hour of urine, creatinine rising),

liver (cannot clear bilirubin and ammonia, leading to yellowing of the skin and eyes

(jaundice) and confusion), and brain (altered mental status, Glasgow Coma Scale dropping)

begin to shut down — this is why early, broad-spectrum antibiotics (covering Pseudomonas,

MRSA, and other nosocomial pathogens per local antibiogram, such as piperacillin-

tazobactam or meropenem plus vancomycin or linezolid) and supportive care (intravenous

fluids, oxygen, sometimes vasopressors like norepinephrine to support blood pressure)

within the first hour are critical and save lives.
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Symptoms · what the patient feels, and why

New fever or temperature changes: When bacteria invade the lungs, the immune system

releases chemicals called pyrogens (fever-makers) that reset the brain's thermostat in the

hypothalamus (the body's temperature control center) higher to help fight the infection —

or in very sick patients the body may lose the ability to stay warm and temperature drops

instead.

New or worsening cough with thick, yellow or green mucus: The infection triggers

inflammation in the airways and air sacs (alveoli), causing the lungs to make extra thick

mucus full of white blood cells and dead bacteria; the body coughs to try to clear this gunk

out so the lungs can breathe better.

Faster breathing or feeling short of breath: Infected and fluid-filled air sacs cannot pass

oxygen into the blood as well (like wet sponges that don't work), so the brain signals the

lungs to breathe faster and harder to try to get enough oxygen to the body.

Low oxygen levels on pulse oximeter (hypoxemia): Pus and fluid clog the tiny air sacs in the

lungs where oxygen normally crosses into the blood, blocking the exchange; blood flowing

past these blocked areas picks up less oxygen, so the oxygen level in the whole bloodstream

drops.

New confusion or change in mental state: Low oxygen reaching the brain and toxins

released by bacteria into the bloodstream (sepsis) both disrupt the normal electrical

signaling in the brain's neurons (nerve cells that carry messages), causing thinking to

become foggy, slow, or scrambled — especially in older adults.

New crackling or bubbling sounds in the lungs (rales) heard with a stethoscope: Fluid and

pus filling the small airways and air sacs make a wet, popping sound as air is forced

through them during breathing — like blowing bubbles through a straw in water — which

the stethoscope picks up as crackles or crackles in the lungs (rales).

Drop in blood pressure or signs of shock: Severe infection can spill bacteria and their toxins

into the bloodstream (sepsis), causing blood vessels throughout the body to leak and widen;

this drops the pressure inside the circulatory system (like a garden hose with holes),

starving organs of blood and oxygen.

Higher white blood cell count or a big shift in the blood differential: The bone marrow

ramps up production of white blood cells (the immune system's soldiers) to fight the lung

infection, flooding the bloodstream with extra cells — or in very severe infection the

marrow cannot keep up and the count may drop or young immature cells flood out early.

New shadowy patches or white areas on chest X-ray: Pus, fluid, and inflamed tissue fill the

normally air-filled spaces in the lung; since fluid and tissue block X-rays more than air does,

these infected areas show up as white or cloudy patches (infiltrates) on the image where

the lung should look dark and clear.
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Thick mucus that is hard to suction from the breathing tube (in ventilated patients):

Bacteria growing in the lungs and breathing tube trigger heavy mucus production that gets

thick and sticky; this gunk can plug the tube and small airways, making it harder for air to

flow and for nurses to clear the secretions out.

Focused exam

New crackles or wheezes heard through the stethoscope over one or both lungs: Crackles

are the sound of air popping through mucus and fluid that has pooled in the air sacs

(alveoli). Wheezes mean the small airways are swollen and squeezed tight. Both tell you the

lungs are not clear and something—infection, fluid, or inflammation—is blocking normal air

flow.

Fever ≥ 38°C (100.4°F) or temperature < 36°C (96.8°F) starting at least 48 hours after

hospital admission: A new fever beginning on day 3 or later means the body is fighting a

fresh infection that was not there when the patient arrived. A very low temperature

(hypothermia) can signal the immune system is overwhelmed and losing the battle.

Thick, yellow, green, or blood-tinged mucus suctioned from the breathing tube or coughed

up: Color and thickness mean white blood cells and dead bacteria are filling the airways.

Clear, thin mucus is normal. Thick, colored mucus—especially yellow, green, or streaked

with blood—signals active infection.

Drop in oxygen saturation (SpO₂) below 90% or need for higher oxygen settings on the

ventilator than the day before: The lungs' job is to move oxygen from the air into the blood.

When the air sacs clog with pus and fluid, oxygen cannot cross over, so the blood oxygen

level falls. Needing more oxygen support means the lungs are working less well.

Fast breathing (respiratory rate ≥ 25 breaths per minute) or working hard to breathe

(using neck and chest muscles with each breath): The body speeds up breathing to pull in

more oxygen when the lungs are struggling. Using extra muscles (the neck, the spaces

between the ribs) shows the lungs are stiff and taking more effort to fill. On a ventilator, the

machine may trigger more often or the patient may fight the machine.

New confusion, lethargy, or sudden change in mental status in a patient who was alert the

day before: The brain needs steady oxygen and clean blood to think clearly. When oxygen

drops or infection toxins (like bacterial endotoxins) flood the bloodstream, the brain fogs up

and the patient becomes sleepy, confused, or agitated. This can be an early sign of sepsis

(infection spreading to the whole body).

Diagnostics · every test answers a question

Chest X-ray (portable, taken at the bedside) → Is there a new white patch (infiltrate) on the

lung image that was not there on the previous X-ray?
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Coughed-up mucus (Sputum) culture and Gram stain (from deep airway suction,

endotracheal aspirate, or bronchoalveolar lavage) → What specific bacteria are growing in

the lungs, and which antibiotics will kill them?

Blood cultures (two sets drawn from different veins or IV lines) → Have the bacteria

escaped from the lungs and spread into the bloodstream?

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

low, or shifted, showing the immune system is fighting—or overwhelmed?

Arterial blood gas (ABG) or continuous pulse oximetry with trend monitoring → How much

oxygen is actually getting into the blood, and is carbon dioxide building up?

Procalcitonin level (blood test) → Is this truly a bacterial infection, and is it getting better or

worse with treatment?

Urinary antigen tests for Legionella pneumophila serogroup 1 and Streptococcus

pneumoniae (if HAP began within 72 hours of admission or patient has recent community

exposure) → Is this caused by Legionella (a water-loving bacteria that hides in hospital

plumbing) or Streptococcus pneumoniae (the most common community pneumonia germ)?

Lactate level (blood test, often part of a basic metabolic panel or sepsis bundle) → Is the

infection causing poor oxygen delivery to the body's tissues (hypoperfusion or early shock)?

Treatment logic

Start empiric intravenous antibiotics within 1 hour of recognizing pneumonia: vancomycin

15–20 milligrams per kilogram every 8–12 hours PLUS piperacillin-tazobactam 4.5 grams

every 6 hours (or cefepime 2 grams every 8 hours, or meropenem 1 gram every 8 hours if

high risk for multidrug-resistant bacteria) → Vancomycin kills methicillin-resistant

Staphylococcus aureus (MRSA), a tough gram-positive bacteria common in hospitals that

standard penicillins cannot touch. Piperacillin-tazobactam (or the alternatives cefepime and

meropenem) kills gram-negative bacteria—Pseudomonas aeruginosa, Klebsiella

pneumoniae, Escherichia coli, Acinetobacter—that crawl up breathing tubes and thrive in

ICU patients. Together they cover the most dangerous hospital germs before culture results

come back (which takes 2–3 days), stopping the infection from spreading to the blood and

other organs.
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De-escalate (narrow) antibiotics at 48–72 hours based on culture and sensitivity results:

stop vancomycin if MRSA is not growing; switch to a single targeted antibiotic if the exact

bacteria and its weaknesses are known → Reduces unnecessary broad-spectrum antibiotics,

which cuts the risk of breeding resistant super-germs like vancomycin-resistant

Enterococcus (VRE), carbapenem-resistant Enterobacteriaceae (CRE), and Clostridioides

difficile (C. diff, a diarrhea-causing bacteria). Lowers side effects such as kidney damage

(from vancomycin), low potassium (from piperacillin-tazobactam), and seizures (from

carbapenems). Targets only the actual bacteria causing the infection, saving the strongest

antibiotics for future real threats.

Treat for exactly 7 days total (may extend to 8 days if Pseudomonas aeruginosa or other

non-fermenting gram-negative rods are confirmed), then stop antibiotics even if the patient

still has mild symptoms like cough or low-grade fever → Seven days is long enough to kill

the infection in most patients without creating antibiotic resistance or causing toxic side

effects. Studies show longer courses (10–14 days) do not improve cure rates and increase

harm—more resistant bacteria, more kidney and liver damage, more C. diff diarrhea.

Stopping at 7 days protects future patients by preserving antibiotic effectiveness.

Elevate the head of the bed to 30–45 degrees at all times, perform oral care with

chlorhexidine 0.12% mouthwash or gel twice daily, minimize sedation with daily sedation

interruptions (wake-up trials), reposition the patient every 2 hours, and assess readiness to

remove the breathing tube every morning with a spontaneous breathing trial → Keeping the

head up uses gravity to stop stomach acid and germy saliva from sliding down the throat

into the lungs. Oral care with chlorhexidine (an antiseptic rinse) kills bacteria in the mouth

and gums before they can travel down the breathing tube. Daily sedation breaks wake the

patient so the body's own cough reflex kicks back in and clears mucus. Repositioning drains

pooled secretions and prevents them from sitting in one spot and breeding bacteria.

Spontaneous breathing trials (turning down the ventilator to see if the patient can breathe

on their own) identify when the tube can come out—which is the single most powerful way

to stop ventilator-associated pneumonia.

Reassess clinical response at 48–72 hours: recheck temperature, white blood cell count,

oxygen saturation, and chest X-ray; if no improvement or the patient worsens, consider

antibiotic failure, a resistant organism not covered by your drugs, or an alternate diagnosis

mimicking pneumonia → Tells you whether your antibiotic choice is working. If the fever

drops, oxygen saturation climbs, white count falls, and the patient looks and feels better,

you are winning. If nothing changes—or the patient gets worse—you need to repeat

cultures, switch antibiotics to cover resistant bacteria (like MRSA, extended-spectrum beta-

lactamase producers, or carbapenem-resistant organisms), or look for a different problem

masquerading as pneumonia: pulmonary embolism (a clot lodging in a lung artery) (a blood

clot in the lung), heart failure with fluid backup, drug reaction (drug-induced pneumonitis),

or a lung abscess.
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Remove the endotracheal tube (extubate) as soon as the patient can protect their own

airway (cough and swallow), maintain oxygen saturation ≥ 90% on minimal support (nasal

cannula or face mask), and pass a 30-minute spontaneous breathing trial breathing on their

own through the tube with minimal machine help → Gets the plastic tube out of the

windpipe, so bacteria lose their highway into the lungs. The patient's own cough, swallow,

and mucus-clearing reflexes turn back on, which are far better at keeping germs out than

any bundle or protocol. Every day the tube stays in, the risk of a new infection climbs by 1–

3%.

Consider adding inhaled antibiotics—tobramycin 300 milligrams or colistin 75–150

milligrams by nebulizer every 12 hours—for ventilator-associated pneumonia caused by

multidrug-resistant Pseudomonas aeruginosa or Acinetobacter baumannii that is not

responding to intravenous antibiotics alone → Delivers high concentrations of antibiotic

directly into the air sacs and small airways where the bacteria are hiding, which can reach

pockets of infection that IV antibiotics miss (because blood flow to infected, collapsed lung

is poor). May kill bacteria resistant to all available IV drugs. Used mainly in severe,

treatment-failing cases in ICU patients still on the ventilator.

Medications

Vancomycin · Glycopeptide antibiotic

Vancomycin stops tough bacteria like MRSA (methicillin-resistant Staphylococcus aureus, a

germ that regular penicillin drugs cannot kill) from building their protective outer wall.

Without that wall, the bacteria burst open and die.

Vancomycin travels through the blood to reach the infected lung tissue.

It grabs onto building blocks called D-alanyl-D-alanine that bacteria use to make their cell

wall.

This stops the bacteria from finishing their protective shell.

The bacteria's insides spill out through the broken wall, and the germ dies.

The immune system sweeps away the dead bacteria and damaged tissue.
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S A F E T Y  WAT C H

Can damage the kidneys (nephrotoxicity), especially if blood levels climb too high or if

used with other kidney-harming drugs; doctors check kidney function and drug levels

regularly. · Can harm hearing permanently (ototoxicity) if levels stay high for too long; this

is rare but cannot be reversed. · Must be given slowly through an IV (over at least 60

minutes) to avoid 'red man syndrome'—flushing, itching, and rash caused by sudden

histamine release in the body. · Does not work against all resistant bacteria; some strains

like VRE (vancomycin-resistant enterococci) are immune to it.

Linezolid · Oxazolidinone antibiotic

Linezolid stops tough bacteria like MRSA and VRE (vancomycin-resistant enterococci) from

making the proteins they need to survive. Without new proteins, the bacteria cannot grow or

multiply, and they die off.

Linezolid enters the bacteria and latches onto the 50S subunit of the ribosome (the part of

the protein-making machine).

It blocks the very first step of protein assembly, so the bacteria cannot build any new

proteins.

Without proteins, the bacteria cannot repair themselves, grow, or reproduce.

The bacteria weaken and die.

The immune system clears the dead bacteria from the lungs.

S A F E T Y  WAT C H

Can lower blood cell counts (bone marrow suppression), especially platelets and white

blood cells, if used for more than 2 weeks; doctors monitor blood counts weekly. · Can

cause serotonin syndrome (dangerous rise in the brain chemical serotonin causing

confusion, fast heart rate, fever, and muscle stiffness) if taken with certain antidepressants

like SSRIs, SNRIs, or MAO inhibitors. · Can damage the optic nerve (causing blurry vision

or vision loss) and peripheral nerves (causing numbness or tingling in hands and feet) with

long-term use. · Expensive; usually saved for cases where vancomycin cannot be used or

bacteria are resistant to it.

Piperacillin-Tazobactam · Extended-spectrum penicillin (piperacillin) plus

beta-lactamase inhibitor (tazobactam)

Piperacillin punches holes in the protective wall of many bacteria (including Pseudomonas and

other Gram-negative germs common in hospitals). Tazobactam shields piperacillin from
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bacterial scissors (enzymes called beta-lactamases) that would normally chop it up, so the

combo can kill resistant bacteria.

Piperacillin reaches the bacteria and binds to penicillin-binding proteins (PBPs) on the cell

wall.

This stops the bacteria from finishing their protective wall.

Tazobactam blocks beta-lactamase enzymes that bacteria release to destroy piperacillin.

With tazobactam protecting it, piperacillin breaks down the bacterial wall.

The bacteria burst open and die.

The immune system clears the debris from the lungs.

S A F E T Y  WAT C H

Can cause allergic reactions, including life-threatening anaphylaxis (swelling, trouble

breathing, dangerous drop in blood pressure), especially in people allergic to penicillin or

cephalosporins. · Can trigger Clostridioides difficile infection (C. diff), dangerous diarrhea

caused by killing normal gut bacteria and letting C. diff overgrow. · Can lower platelet

counts and cause bleeding (thrombocytopenia), especially at high doses or in kidney

disease. · Requires dose adjustment if kidneys are not working well; too much can cause

seizures or confusion.

Meropenem · Carbapenem antibiotic

Meropenem is a powerful antibiotic that kills a very wide range of bacteria, including tough

Gram-negative germs like Pseudomonas and Klebsiella and many resistant strains. It punches

holes in the bacterial cell wall, causing the bacteria to burst and die. It is stable against most

bacterial defense enzymes (beta-lactamases).

Meropenem travels to the site of infection in the lungs or bloodstream.

It binds tightly to penicillin-binding proteins (PBPs) on the bacterial cell wall.

This stops the bacteria from finishing their wall assembly.

The bacteria's internal pressure causes the weakened wall to rupture.

The bacteria die, and the immune system clears them away.
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S A F E T Y  WAT C H

Can cause seizures, especially in people with kidney disease, brain disorders, or those

receiving high doses. · Can trigger severe allergic reactions, including anaphylaxis,

particularly in people allergic to penicillins or other carbapenems. · Can cause

Clostridioides difficile infection (C. diff diarrhea) by wiping out normal gut bacteria. ·

Requires dose adjustment for reduced kidney function; buildup can be toxic. · Overuse

drives resistance; should be reserved for truly resistant or severe infections per current

guidelines.

Cefepime · Fourth-generation cephalosporin antibiotic

Cefepime kills a broad range of bacteria, including many Gram-negative germs like

Pseudomonas and Enterobacter and some Gram-positive bacteria. It breaks down the bacterial

cell wall by binding to the proteins that hold it together, causing the bacteria to burst and die.

It resists many bacterial defense enzymes.

Cefepime reaches the infection site in the lungs or blood.

It attaches to penicillin-binding proteins (PBPs) on the bacterial cell wall.

This prevents the bacteria from completing their protective shell.

The bacteria's internal pressure causes the wall to fail.

The bacteria burst and die, and the immune system removes the debris.

S A F E T Y  WAT C H

Can cause neurotoxicity (confusion, hallucinations, seizures), especially in elderly patients

or those with kidney disease; dose must be adjusted for reduced kidney function. · Can

trigger allergic reactions, including severe ones (anaphylaxis), particularly in people

allergic to penicillins or other cephalosporins. · Can cause Clostridioides difficile infection

(C. diff) by killing normal gut bacteria. · Can lower white blood cell counts (neutropenia)

with prolonged use.

Aztreonam · Monobactam antibiotic

Aztreonam kills Gram-negative bacteria like Pseudomonas, E. coli, and Klebsiella by breaking

their cell wall. It is safe for people allergic to penicillin because its chemical shape is

completely different. It does NOT work on Gram-positive bacteria like MRSA or anaerobes

(bacteria that live without oxygen).

Aztreonam reaches the bacteria in the lungs or blood.

It binds to penicillin-binding protein 3 (PBP3) on Gram-negative bacteria.

This stops the bacteria from building their protective cell wall.
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The bacteria stretch into long, misshapen filaments and eventually burst.

The bacteria die, and the immune system clears them.

S A F E T Y  WAT C H

Safe in true penicillin allergy (almost no cross-reactivity). · Can cause Clostridioides

difficile infection (C. diff) like other antibiotics. · Rarely causes allergic reactions on its

own. · Requires dose adjustment in kidney disease.

Amikacin · Aminoglycoside antibiotic

Amikacin kills tough Gram-negative bacteria like Pseudomonas and resistant

Enterobacteriaceae by jamming their protein-making machinery. It sneaks inside the bacteria

and causes them to build broken, useless proteins, which kills the bacteria. It is often added

when other antibiotics are not enough.

Amikacin enters Gram-negative bacteria by crossing their outer membrane.

It binds to the 30S subunit of the bacterial ribosome.

This causes the bacteria to misread their genetic instructions and make faulty proteins.

The broken proteins poison the bacteria from the inside.

The bacteria die, and the immune system clears them.

S A F E T Y  WAT C H

Can permanently damage the kidneys (nephrotoxicity); kidney function must be monitored

closely, and drug levels checked regularly. · Can permanently damage hearing and balance

(ototoxicity); risk is higher with long courses or high doses. · Must be dosed carefully

based on weight and kidney function; once-daily dosing is safer and equally effective. ·

Risk is higher when combined with other kidney- or ear-toxic drugs like vancomycin or

loop diuretics (furosemide).

Colistin (Polymyxin E) · Polymyxin antibiotic

Colistin is a last-resort antibiotic for extremely resistant Gram-negative bacteria like

carbapenem-resistant Pseudomonas, Acinetobacter, and Klebsiella (CRE). It punches holes in

the bacteria's outer membrane, causing their insides to leak out and the bacteria to die. It is

toxic and used only when no other options remain.

Colistin binds to lipopolysaccharide (LPS) on the outer membrane of Gram-negative

bacteria.

This disrupts the membrane's structure, creating holes.

The bacteria's internal contents spill out through the holes.
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The bacteria die.

The immune system clears the dead bacteria.

S A F E T Y  WAT C H

Highly toxic to the kidneys (nephrotoxicity); kidney function must be monitored very

closely, and many patients develop some kidney damage. · Can cause nerve damage

(neurotoxicity), including numbness, tingling, muscle weakness, and rarely respiratory

muscle paralysis. · Reserved strictly for multi-drug resistant Gram-negative infections with

no other treatment options. · Inhaled formulations can cause breathing problems

(bronchospasm) in some patients.

Red flags

Oxygen level below 90% even with extra oxygen, or needing a ventilator

Blood pressure dropping despite fluids (septic shock)

New confusion, extreme sleepiness, or difficulty waking the patient

Breathing over 30 times per minute or using neck and chest muscles to breathe

Kidney function worsening or urine output dropping sharply

Nursing priorities

Draw blood cultures from two different sites and collect coughed-up mucus (sputum) or

endotracheal aspirate (mucus from breathing tube) for culture within 1 hour before giving

the first antibiotic dose — Cultures identify the exact bacteria causing pneumonia so

doctors can narrow antibiotics at 48 hours, and drawing cultures before antibiotics gives

the best chance the lab will grow the germ

Start IV vancomycin and IV piperacillin-tazobactam within 1 hour of pneumonia diagnosis

— Early broad-spectrum antibiotics (medicines that kill many types of bacteria) reduce

mortality (death rate) by stopping bacteria from multiplying and releasing toxins (poisons)

that damage lungs and cause sepsis

Raise the head of the bed to 30 to 45 degrees at all times unless a medical reason prevents

it — Elevating the head uses gravity to keep stomach contents and saliva from sliding down

into the lungs, which prevents new aspiration (breathing in fluids that do not belong in

lungs) and more pneumonia

Perform oral care with chlorhexidine (germ-killing mouth rinse) or toothbrushing every 12

hours — The mouth holds billions of bacteria that slide down into lungs around the

breathing tube; cleaning the mouth reduces bacterial load (number of germs) and cuts VAP

risk by 40 percent
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Do a spontaneous awakening trial (turn off sedatives) and spontaneous breathing trial (test

if patient can breathe without ventilator) every morning unless contraindicated — Each

extra day on the ventilator increases VAP risk by 3 percent; daily testing finds the earliest

safe moment to remove the breathing tube and lets lungs clear secretions (mucus) better

on their own

Turn the patient to a new position every 2 hours and get the patient out of bed to a chair

daily if stable — Lying flat lets mucus and fluid pool in the back of the lungs where gas

exchange (oxygen in, carbon dioxide out) happens; movement and gravity help drain

secretions and expand collapsed alveoli (tiny air sacs)

Suction the airway only when you hear secretions or the ventilator alarms for high

pressure, not on a schedule — Each time the suction catheter (tube) enters the airway it

can push mouth bacteria deeper into lungs; suctioning only when needed reduces trauma to

the airway lining and new infection risk

Monitor temperature, white blood cell count, oxygen saturation, and chest X-ray daily to

track if antibiotics are working — Fever should drop and white blood cells should fall within

48 to 72 hours if the antibiotic is killing the bacteria; worsening numbers mean antibiotic

resistance or a complication like empyema (pus around the lung)

Sources

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

2016

CDC Healthcare-Associated Infections (HAI) — Pneumonia

IDSA Clinical Practice Guidelines

Cochrane Reviews on hospital-acquired pneumonia

Last reviewed: 2026-07-07
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