MALDEK
CONDITION CATALOG - CLINICAL REASONING

CAUTI - Catheter-Associated UTI

When a catheter stays in the bladder, bacteria stick to it, grow, and then attack the
bladder tissue — that attack is the infection.

THE STORY IN ONE SENTENCE

When a catheter stays in the bladder, bacteria stick to it, grow, and then attack the bladder
tissue — that attack is the infection.

“CAUTI is a bladder infection that happens because the catheter gives bacteria a place to stick,
grow, and then invade.”

Normal anatomy — the body's job

A healthy bladder fills with urine, then empties completely every few hours. That regular
flushing washes out any bacteria that drift in. The bladder lining is coated with a thin
protective layer of mucus, and immune cells patrol the tissue underneath.

BODY'S JOB
The bladder's job is to store urine without letting it sit long enough for bacteria to multiply,
and to keep the lining sealed so bacteria cannot invade the tissue. Regular emptying is the
body's natural defense — it physically removes bacteria before they can take hold.

1. Kidneys filter blood and make urine, which drips down two tubes (ureters) into the bladder.

2. The bladder is a balloon made of muscle; it stretches as it fills and holds urine until you are
ready to urinate.

3. When the bladder is full, you feel the urge; then the muscle squeezes and a ring of muscle
at the bottom (the sphincter) relaxes, letting urine flow out through the urethra.

4. Complete emptying every few hours keeps the bladder clean — any stray bacteria get
flushed out before they can stick and grow.

5. The bladder lining is covered with a thin mucus-like coating (glycosaminoglycan layer) that
acts like a non-stick surface, making it hard for bacteria to grab on.

6. Immune cells in the bladder wall watch for invaders; if bacteria do try to break through,
these cells call for help (white blood cells, inflammation) to fight the infection.
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What breaks

When a catheter tube is left in the bladder for days, bacteria from the skin or outside world
climb up the tube or stick to its surface. They form a slimy protective coating (biofilm) that the
body's normal flush cannot wash away. Bacteria multiply inside the urine, and eventually some
break through the bladder lining to invade the tissue — that invasion is the real infection.

CLINICAL TERM

Catheter-associated UTI (CAUTI) results from bacterial colonization of the catheter
surface with biofilm formation, followed by ascent into the bladder and invasion of the
urothelium. The catheter bypasses normal voiding mechanics, creates a foreign-body nidus
for pathogens, and provides a conduit for ascending infection. Common organisms include
*E. coli*, *Klebsiella*, *Pseudomonas*, *Enterococcus*, and *Candida*.

How the body compensates

At first, the body tries to contain the infection locally — more blood flow to the bladder, white
blood cells rushing in, and fever to speed up the immune response. Vital signs might look okay
for a while, but inflammation is building. If bacteria spread into the bloodstream or up to the
kidneys, the situation tips into sepsis — blood pressure drops, oxygen needs go up, and organs
start to struggle. The dangerous middle is when fever is the only sign; by the time confusion or
low blood pressure appears, the infection has already spread.

1. {'stage': 'Early local response’, ‘what': 'The bladder lining gets inflamed (red, swollen,
painful). Blood vessels dilate to bring more immune cells to the area. You see pain low in
the belly or just above the pubic bone, burning, and the urine may look cloudy or have
blood in it.'}

2. {'stage': 'Fever and systemic signaling', 'what': "The immune system releases chemicals
(cytokines) that travel through the bloodstream and tell the brain to raise body
temperature. Fever speeds up immune cells and makes it harder for bacteria to grow — it is
the body's way of fighting back."}

3. {'stage': 'Older patients show confusion instead of classic symptoms’', ‘what': 'In elderly
people, the brain is more sensitive to inflammation and infection. Instead of pain or
burning, you might only see sudden confusion, agitation, or a drop in alertness — that is the
brain saying something is very wrong.'}

4. {'stage': 'Dangerous middle: stable vitals, hidden progression', ‘what': 'Blood pressure and
heart rate can stay near normal for hours or even a day while infection spreads. The team
sees stable numbers and may not realize the patient is on a downhill slope. This is the
window to act — remove the catheter if possible, send a urine culture, and start
antibiotics.'}
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5.

{'stage': 'Crash point: urosepsis', 'what': 'If bacteria break into the bloodstream or travel up
the ureters to the kidneys, the infection becomes systemic (sepsis). Blood pressure drops,
heart rate climbs, breathing gets fast, and organs (kidneys, lungs, brain) start to fail from
lack of oxygen and blood flow. Once sepsis tips into septic shock, the window to reverse it
closes fast — mortality rises sharply.'}

. {'stage': 'Watch the trend, not just the snapshot', 'what': 'A patient with normal blood

pressure today but rising heart rate, new confusion, and worsening fever is not stable —
they are compensating and heading toward decompensation. Treat the trajectory, not the
single moment.'}

Domino effect

1.

Catheter is placed and stays in for days — The catheter is a foreign object made of plastic.
Bacteria from the skin, the catheter insertion, or the collection bag stick to the tube's
surface within hours. Because the catheter bypasses normal bladder emptying, those
bacteria are never flushed out — they just sit and multiply.

. Biofilm forms on the catheter — Bacteria make a slimy coating (biofilm) that glues them to

the catheter and protects them from the immune system and many antibiotics. Think of it
like a fortress — once built, it is very hard to break down. The longer the catheter stays in,
the thicker the biofilm grows.

. Bacteria multiply in the urine and invade the bladder lining — Protected by biofilm,

bacteria reproduce rapidly in the urine. Eventually, some break free and attach to the
bladder wall. They burrow through the thin protective mucus layer and enter the tissue
underneath — that invasion is what turns colonization (bacteria just present) into infection
(bacteria attacking tissue).

. Immune system launches a response: fever, pain, cloudy or bloody urine — Once bacteria

invade tissue, immune cells detect them and release chemicals (cytokines, prostaglandins)
that cause inflammation. Blood vessels dilate (pain, redness), white blood cells flood the
area (cloudy urine, pus), and the brain raises body temperature (fever) to help fight the
infection. Each symptom is a defense, not the disease itself.

. Older patients show confusion or delirium instead of classic UTI symptoms — In elderly

people, the brain is more vulnerable to inflammation and changes in blood chemistry.
Infection triggers confusion, agitation, or a sudden drop in alertness before you see pain or
burning. This atypical presentation is why doctors often miss CAUTI as the fever source in
hospitalized older adults.
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6. If untreated, bacteria spread to the kidneys or bloodstream (urosepsis) — Bacteria can
travel up the ureters from the bladder to the kidneys (pyelonephritis), causing flank pain,
high fever, and kidney damage. Or they break into the bloodstream through inflamed
bladder tissue, triggering sepsis — blood pressure drops, organs get less oxygen, and the
body spirals toward shock. Mortality jumps once sepsis sets in.

7. Remove the catheter and give the right antibiotic — the whole chain reverses — Pulling out
the catheter removes the biofilm nidus and lets the bladder return to normal flushing.
Antibiotics kill the invading bacteria in the tissue. Once the upstream break is fixed
(catheter out, bacteria cleared), all the downstream findings — fever, pain, confusion,
cloudy urine — resolve together because they were all caused by the same problem. That is
why early removal of unnecessary catheters is the single best prevention.

8. Prevention: only use catheters when truly needed, and remove them as soon as possible —
Every day a catheter stays in, the risk of CAUTI goes up by about 3-7%. Most hospitalized
patients do not need a catheter — if they can urinate on their own or use a bedpan or
bedside commode, that is safer. Nurse-driven protocols that prompt daily review (‘Does this
patient still need the catheter?') cut CAUTI rates in half. The best treatment is prevention.

Symptoms - what the patient feels, and why

* Fever (temperature above 100.4°F or 38°C): Bacteria from the catheter climb into the
bladder and multiply. Your immune system responds by raising your body temperature to
fight the infection.

* Chills or shaking: Your body is trying to warm itself up even more to kill bacteria. This
happens when the infection triggers a strong immune response.

* New confusion or feeling very sleepy (especially in older adults): The infection releases
chemicals into the blood that affect how the brain works. Older brains are more sensitive to
these changes.

* Pain or tenderness above the pubic bone (lower belly): The bladder wall gets inflamed and
swollen from bacteria irritating it. This swelling presses on nearby nerves and causes pain.

* Pain in the lower back or side (flank pain): Bacteria have traveled up from the bladder
through the tubes (ureters) to the kidneys, causing inflammation there.

* Blood in the urine (pink, red, or tea-colored): Bacteria and inflammation damage tiny blood
vessels in the bladder lining, so red blood cells leak into the urine.

* Cloudy or foul-smelling urine: Dead bacteria, white blood cells, and proteins from the
infection mix into the urine and change how it looks and smells.

* Low blood pressure or fast heart rate: Bacteria or their toxins have entered the
bloodstream (sepsis). Blood vessels widen and leak fluid, dropping pressure. The heart
beats faster to try to keep blood flowing.
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Focused exam

* Fever (temperature = 100.4°F or 38°C) in a patient with a urinary catheter: Fever means
bacteria have crossed from the catheter into the bladder wall and the body is fighting back.
This is the clearest sign that bacteria are not just sitting in urine — they are invading tissue
and causing real infection.

* Pain or tenderness above the pubic bone (suprapubic area) or on the flanks (costovertebral
angle): Pain here tells you the infection has spread beyond the catheter. Suprapubic pain
means the bladder wall is inflamed. Flank pain means bacteria may have climbed the tubes
(ureters) up to the kidneys.

* Blood in the urine (hematuria), visible as pink or red urine, or detected on dipstick: Blood
means the inflamed bladder lining is breaking down and bleeding. This is a sign the
infection is deep enough to damage tissue, not just coating the catheter surface.

* New confusion, agitation, or delirium, especially in older adults (age > 65): In older people,
the brain can be the first place the body shows an infection. Inflammation chemicals from
CAUTI travel in the blood and make the brain work poorly. Fever and pain may not appear
at all.

* Cloudy, foul-smelling urine or visible white crust (encrustation) on the catheter tube:
Cloudiness and smell come from bacteria and white blood cells mixing in the urine. The
white crust is dried minerals and biofilm — a slimy layer where bacteria hide and grow on
the catheter surface.

» Catheter feels blocked, drains slowly, or no urine comes out even though the bladder feels
full: Blockage means biofilm and debris have clogged the catheter tube. This traps urine in
the bladder, which lets bacteria grow even faster and raises pressure that can damage the
kidneys.

Diagnostics - every test answers a question

» Urinalysis with microscopy and urine dipstick — Are there signs of infection in the urine
itself — white blood cells, bacteria, or blood?

* Urine culture and sensitivity (from a freshly placed catheter or straight catheter sample,
NOT from the old catheter bag) - Which bacteria are causing the infection, and which
antibiotics will kill them?

* Blood cultures (two sets from different sites), if fever = 100.4°F (38°C) or signs of sepsis
are present — Has the infection escaped the bladder and entered the bloodstream?

* Complete blood count (CBC) with differential — Is the body's immune system fighting hard?
Are white blood cells high or dangerously low?

* Blood urea nitrogen (BUN) and creatinine — Are the kidneys still filtering waste normally,
or has infection damaged them?
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* Bladder ultrasound (bladder scan) after catheter removal — Can the patient empty their
bladder on their own, or does urine stay trapped inside?

Treatment logic

* Remove the urinary catheter immediately, or replace it with a new sterile catheter if it must
stay in - Removes the surface where bacteria hide in biofilm. Lets the bladder start
emptying and flushing bacteria out naturally. A new catheter gives a clean sample for
culture and stops reinfection from the old, contaminated tube.

* Collect urine culture and sensitivity from the new catheter (or via straight catheterization if
catheter is removed) BEFORE starting antibiotics. Draw blood cultures if fever or sepsis
signs are present. — Identifies exactly which bacteria are causing the infection and which
antibiotics will work. Blood cultures catch bacteria that have escaped into the bloodstream.

» Start empiric (best-guess) antibiotics immediately based on local hospital resistance
patterns. Common choices: fluoroquinolone (ciprofloxacin or levofloxacin), third-generation
cephalosporin (ceftriaxone), or if high resistance, a carbapenem (meropenem or
ertapenem). Switch to targeted therapy once culture results return. — Kills the bacteria
invading the bladder wall and stops the fever, pain, and confusion. Targets the root cause:
uncontrolled bacterial growth.

» Treat for 7 days if the infection is straightforward (fever resolves, no sepsis, normal
anatomy). Extend to 10-14 days if the patient has high fever, bloodstream infection, kidney
involvement, or structural problems in the urinary tract. — Shorter courses work for mild
infections and lower the risk of antibiotic resistance. Longer courses are needed when
infection is deeper or the immune system is weaker.

* Do NOT treat asymptomatic bacteriuria (bacteria in urine with no fever, pain, or confusion)
unless the patient is pregnant or about to have urologic surgery. = Avoids unnecessary
antibiotics, which cause side effects and breed resistant bacteria. Bacteria living quietly in
catheter urine are not the problem — symptoms of tissue invasion are.

* Give intravenous (IV) fluids if the patient is dehydrated, has low blood pressure, or shows
signs of sepsis. = Raises blood pressure, helps kidneys flush out bacteria and toxins, and
supports the body's fight against infection.

* Monitor temperature, mental status, urine output, and repeat urinalysis daily. Repeat urine
and blood cultures if fever continues after 48-72 hours of antibiotics. — Catches treatment
failure or wrong antibiotic choice early. Fever dropping and confusion clearing mean the
antibiotic is working.
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Medications

Catheter removal - Non-drug intervention (primary strategy)

The catheter itself is the biggest reason bacteria keep growing in the bladder. The tube gives
germs a surface to stick to and a highway into the bladder. Taking it out removes that surface
and stops new bacteria from climbing in. If the person truly needs a catheter, replace the old
one with a clean new one right before starting antibiotics so the bacteria living in the biofilm (a
slimy layer on the old catheter) are cleared out.

1. Remove the indwelling catheter as soon as it is no longer medically necessary.

2. If a catheter is still required, replace the old catheter with a new sterile one immediately
before starting antibiotic therapy to remove the biofilm where bacteria hide.

3. Assess for continued need daily; use bladder ultrasound to check for urine retention before
deciding whether to replace the catheter.

SAFETY WATCH

Do not leave a catheter in place 'just in case' — prolonged use sharply raises infection risk.
- Before placing a new catheter, confirm the patient cannot urinate on their own or use
alternative methods (e.g., intermittent catheterization, condom catheter for men, bedside
commode).

Ciprofloxacin - Fluoroquinolone antibiotic

Blocks an enzyme (DNA gyrase) that bacteria need to copy and repair their DNA. Without
working DNA machinery, the bacteria cannot multiply and they die. Works well against
common catheter-infection germs like E. coli, Klebsiella, and Pseudomonas.

1. The drug enters bacterial cells.
2. It locks onto DNA gyrase, an enzyme that unwinds and copies bacterial DNA.
3. DNA replication stops, so bacteria cannot divide.

4. Bacteria die off, and the infection clears.

SAFETY WATCH

Can cause tendon rupture (especially Achilles tendon in older adults or those on steroids);
stop immediately if tendon pain occurs. - May prolong the heart's QT interval (risk of
dangerous rhythm); avoid in patients with known QT prolongation or on other QT-
prolonging drugs. - Can worsen myasthenia gravis. - Increasing resistance in E. coli means
culture and sensitivity testing is essential before choosing this drug. - Avoid in pregnancy
and children under 18 unless no safer alternative exists.
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Ceftriaxone - Third-generation cephalosporin antibiotic

Punches holes in the bacteria's cell wall by blocking the enzymes (penicillin-binding proteins)
that build and repair the wall. Without a sturdy wall, the bacteria burst and die. Covers a broad
range of gram-negative bacteria (E. coli, Klebsiella, Proteus) commonly seen in CAUTI.

1. The drug binds to penicillin-binding proteins on the bacterial cell wall.
2. These proteins can no longer cross-link the wall's building blocks.
3. The wall weakens and breaks open.

4. Bacteria die from the structural collapse.

SAFETY WATCH

Can cause allergic reactions; ask about penicillin or cephalosporin allergy before giving
(about 10% cross-reactivity with penicillin allergy). - May cause diarrhea or, rarely, severe
C. difficile colitis. - Do not mix with calcium-containing IV solutions in neonates (can form
dangerous precipitates). - Adjust dose or choose another drug in severe kidney failure.

Piperacillin-tazobactam - Extended-spectrum penicillin plus beta-lactamase
inhibitor

Piperacillin breaks bacterial cell walls (like penicillin does). Tazobactam blocks beta-lactamase
enzymes that many bacteria make to destroy penicillin-type drugs. Together, they cover a very
wide range of bacteria, including Pseudomonas and some Enterobacteriaceae that resist
simpler antibiotics.

1. Piperacillin binds to penicillin-binding proteins and weakens the bacterial cell wall.
2. Tazobactam inactivates beta-lactamase enzymes the bacteria produce.
3. With the enzyme blocked, piperacillin survives and finishes killing the bacteria.

4. Bacteria die from cell-wall collapse.

SAFETY WATCH
Risk of allergic reaction in patients allergic to penicillin or cephalosporins. - Can cause low
potassium (hypokalemia) and kidney injury, especially when combined with other
nephrotoxic drugs. - May lower seizure threshold in patients with brain lesions or kidney
failure. - Dose must be adjusted for kidney function.

Meropenem - Carbapenem antibiotic

Extremely stable beta-lactam that binds tightly to bacterial cell-wall enzymes and resists
destruction by most beta-lactamases. Covers nearly all gram-negative bacteria, including
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multidrug-resistant strains (ESBL producers) and Pseudomonas. Reserved for serious or
resistant infections.

1. The drug binds to penicillin-binding proteins inside the bacterial cell wall.
2. It resists breakdown by beta-lactamase enzymes.
3. The cell wall cannot repair itself and falls apart.

4. Bacteria die.

SAFETY WATCH
Can cause seizures, especially in patients with kidney failure, brain lesions, or a history of
seizures; dose must be adjusted for kidney function. - Risk of allergic reaction (lower cross-
reactivity with penicillin allergy than cephalosporins, but still possible). - May cause C.
difficile colitis. - Use only when cultures show resistance to narrower drugs, to preserve
effectiveness for future serious infections.

Nitrofurantoin - Nitrofuran antibiotic

Bacteria convert the drug into reactive chemicals that damage bacterial DNA, proteins, and
cell walls all at once. Works only in the urine (reaches high concentrations there), so it is used
for uncomplicated bladder infections, not kidney infections or bloodstream infections.

1. The drug is filtered into the urine and concentrated in the bladder.
2. Bacterial enzymes activate the drug into toxic metabolites.
3. These metabolites attack bacterial DNA, ribosomes, and cell walls.

4. Bacteria die from multiple simultaneous hits.

SAFETY WATCH
Do not use if creatinine clearance is below 30 mL/min (drug will not work and toxicity risk
rises). - Can cause lung toxicity (pulmonary fibrosis) with long-term use; avoid for
prolonged prevention (prophylaxis) in older adults. - May cause peripheral neuropathy
(nerve damage in hands and feet). - Turns urine brown or rust-colored (harmless but warn
the patient). - Use with caution in patients with G6PD deficiency (can cause red blood cell
destruction (hemolysis), breaking red blood cells).

Fluconazole - Azole antifungal

Blocks an enzyme (14-alpha-demethylase) that fungi need to build their cell membrane.
Without a working membrane, the fungal cell leaks and dies. Used when Candida (yeast) grows
in the urine, especially in catheterized or immunocompromised patients.

1. The drug enters the fungal cell.
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2. It blocks the enzyme that makes ergosterol, a key building block of the fungal membrane.
3. The membrane becomes weak and leaky.

4. The fungal cell dies.

SAFETY WATCH

Can prolong the QT interval; check electrocardiogram in at-risk patients. - Interacts with
many drugs metabolized by liver enzymes (CYP3A4, CYP2C9); check for drug interactions
before prescribing. - May cause liver enzyme elevation; monitor liver function in patients
on long courses. - Do not treat asymptomatic candiduria (yeast in urine without symptoms)
unless the patient is neutropenic, an infant, or undergoing urologic surgery; otherwise,
removing the catheter is usually enough.

Vancomycin - Glycopeptide antibiotic

Binds to the building blocks of the bacterial cell wall and physically blocks wall assembly:.
Covers gram-positive bacteria, especially Enterococcus (including VRE in some cases) and
MRSA. Used when catheter infections are caused by resistant gram-positive organisms.

1. The drug binds to D-alanyl-D-alanine ends of cell-wall precursors.
2. This blocks the enzymes that cross-link the wall.
3. The wall cannot finish forming.

4. Bacteria die from wall collapse, especially when dividing.

SAFETY WATCH

Must monitor trough levels in blood to avoid toxicity and ensure effectiveness. - Can cause
kidney damage (nephrotoxicity), especially when combined with other kidney-toxic drugs
or in dehydrated patients. - Can damage hearing (ototoxicity); risk higher with high levels
or long courses. - Red-man syndrome: flushing, itching, and rash if infused too quickly;
slow the infusion rate and consider premedication with antihistamine. - Dose must be
adjusted for kidney function.

Red flags

* New confusion or big change in mental state

* Very low blood pressure (systolic under 90) or signs of shock
* Severe back or side pain suggesting kidney infection

* High fever with shaking chills that won't stop

* Not urinating at all or catheter completely blocked
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Nursing priorities

1.

Remove the urinary catheter immediately if it is no longer medically necessary, or replace it
with a new sterile catheter if retention or other valid indication exists. — The catheter
surface is covered with biofilm (a sticky layer where bacteria hide and multiply). Removing
the source stops ongoing bacterial entry into the bladder. If a new catheter is placed, it
provides a clean surface and allows accurate urine culture collection.

. Collect a urine specimen for culture and sensitivity testing from the new catheter port (or

by straight catheterization if catheter removed) before any antibiotics are given. — Culture
identifies the exact bacteria causing infection, and sensitivity testing shows which
antibiotics will kill it. Collecting before antibiotics prevents false-negative results. Never
collect from the drainage bag because that urine is old and contaminated.

. Obtain two sets of blood cultures from separate sites if the patient has fever over 100.4°F,

chills, confusion, or any sign of sepsis. — Bacteria from the bladder can enter the
bloodstream through inflamed tissue. Blood cultures detect bacteremia (bacteria in blood)
or sepsis, which requires different antibiotic dosing and longer treatment than bladder
infection alone.

. Monitor vital signs every 2 to 4 hours, watching specifically for fever trends, heart rate

above 90, respiratory rate above 20, and systolic blood pressure dropping below 90. —
These four vital-sign changes are part of SIRS criteria (systemic inflammatory response
syndrome) and sepsis screening. Early detection of sepsis allows rapid fluid resuscitation
and antibiotic administration, which lower mortality by 7 percent for every hour of delay.

. Start IV fluids (typically normal saline bolus 500 to 1000 mL) if blood pressure is low, heart

rate is climbing, or urine output drops below 30 mL per hour. — Infection triggers
vasodilation (blood vessels widen), leaking fluid into tissues and dropping circulating
volume. IV crystalloids (salt-water solutions) restore blood pressure, perfuse kidneys, and
help deliver antibiotics to infected tissues.

. Administer empiric IV antibiotics within 1 hour of recognizing sepsis or severe infection,

following hospital antibiogram (local resistance patterns) and provider order. — Early
antibiotic therapy stops bacterial multiplication and toxin release. Each hour of delay in
septic patients increases mortality. Empiric choices cover common CAUTI organisms like E.
coli, Klebsiella, and Pseudomonas until culture results return in 24 to 48 hours.

. Assess and document mental status every 4 hours using a consistent tool, noting any new

confusion, sleepiness, or agitation compared to baseline. — Altered mental status in CAUTI
signals either sepsis-related poor blood flow (hypoperfusion) (low blood flow to the brain)
or, in older adults, delirium triggered by infection. It is often the first and only sign of
serious infection before fever appears.
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8. Monitor intake and output strictly, ensuring urine output stays above 0.5 mL per kilogram
per hour (roughly 30 mL per hour for average adult). — Adequate urine output confirms the
kidneys are perfused and filtering waste. Low urine output (Oliguria) (low urine output
under 30 mL per hour) signals either dehydration, septic shock with poor kidney blood flow,
or ascending infection damaging kidney tubules (acute pyelonephritis or acute kidney

injury).
Sources

* IDSA Catheter-Associated UTI Guideline 2009

* CDC Healthcare-Associated Infection Prevention 2023
* Cochrane Urinary Catheter Review

* SHEA/IDSA Compendium 2022
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