MALDEK
CONDITION CATALOG - INFECTION - CRITICAL CARE

Sepsis

An infection escapes local control and triggers body-wide alarm chemicals that
make blood vessels leak and relax — pressure falls, organs starve for oxygen, and
without fast treatment organs shut down.

THE STORY IN ONE SENTENCE
An infection escapes local control and triggers body-wide alarm chemicals that make blood
vessels leak and relax — pressure falls, organs starve for oxygen, and without fast
treatment organs shut down.

“The fire alarm screams in every room even though the fire is only in the kitchen — and the
sprinklers flood the whole house instead of putting out the flames.”

Normal anatomy — the body's job

The immune system is the body's security team. When bacteria, a virus, or a fungus invades,
white blood cells rush to the spot, surround the invader, kill it, and clean up the debris. The
fight stays local. Meanwhile, blood vessels stay just tight enough to hold steady pressure and
just open enough to deliver oxygen and nutrients to every organ. Blood pressure, oxygen
delivery, and organ function — kidneys making urine, liver processing waste, brain thinking
clearly, heart pumping smoothly — all stay steady while the immune system handles the threat.

BODY'S JOB
Detect and destroy invaders at the site of infection while keeping blood pressure stable
and oxygen delivery to all organs uninterrupted.

1. Invader enters — Bacteria, virus, or fungus crosses into the body through a cut, the lungs,
the urinary tract, the gut, or the bloodstream.

2. Local immune alarm — White blood cells — neutrophils and macrophages — rush to the
spot, release chemicals to kill the germ, and clean up the wreckage.

3. Blood vessels stay controlled — Vessels at the infection site open a bit to let immune cells
through, but vessels everywhere else stay firm to hold pressure and deliver oxygen.

4. Organs work normally — Kidneys filter blood and make urine. Liver processes toxins. Brain
stays clear. Heart pumps steadily. Lungs exchange oxygen.
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What breaks

In sepsis, the immune alarm does not stay local. Bacteria release toxins — pieces of their outer
wall or poisons they make — into the bloodstream. The body's immune cells answer by pouring
huge amounts of alarm chemicals called cytokines (signals that call for help and turn up
inflammation) into the blood. Cytokines are supposed to work only at the infection site, but
now they flood everywhere. These chemicals hit the lining of blood vessels — the endothelium
(the thin inner skin of every vessel) — and make it leaky like a sieve and floppy like a deflated
balloon. Fluid leaks out of the vessels into the surrounding tissue. The vessels also lose their
squeeze — a surge of nitric oxide (a gas the body makes to relax vessels) tells them to open
wide. Blood pressure drops because the tank is leaking and the pipes are too wide. At the same
time, the immune overdrive flips clotting on: tiny clots form inside small vessels and block
oxygen from reaching tissue. Organs — kidneys, lungs, liver, brain, heart — run out of oxygen
and start to fail.

CLINICAL TERM

Life-threatening organ dysfunction caused by a dysregulated host response to infection,
characterized by widespread endothelial injury, capillary leak, vasodilation, microvascular
clot formation (thrombosis), and distributive shock (Sepsis-3 definition: infection plus
acute change in SOFA score =2 points).

How the body compensates

The body tries to rescue blood pressure and oxygen delivery by speeding up the heart,
breathing faster, squeezing remaining vessels with adrenaline (epinephrine — the fight-or-
flight hormone), holding onto salt and water in the kidneys, and dumping glucose from the
liver for emergency fuel. But the tank keeps leaking and the pipes stay too wide. If the
infection is not stopped and fluids are not poured in, compensation exhausts — the heart
cannot beat any faster, adrenaline runs out, pressure crashes, acid builds up in the blood, and
organs shut down one by one.

1. Heart rate rockets up — often over 100 or even 120 beats per minute — to pump more
blood per minute and try to keep pressure up.

2. Breathing rate climbs — sometimes 24, 28, or more breaths per minute — to blow off
carbon dioxide and fight the acid (lactic acid) building up in oxygen-starved tissue.

3. The adrenal glands dump adrenaline and noradrenaline (catecholamines — hormones that
squeeze blood vessels and speed the heart) to hold whatever pressure they can.

4. Kidneys hold onto salt and water by releasing renin and aldosterone (hormones that tell the
kidney to save every drop) to try to fill the leaking tank.

5. The liver pours glucose into the blood to give cells emergency fuel when oxygen is scarce.
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6.

If untreated: the heart exhausts, vessels stop responding to adrenaline, kidneys stop
making urine, lactate (the waste product of oxygen-starved cells) soars above 2 or 4 mmol/
L, blood pressure falls below 65 mmHg mean arterial pressure despite fluids, and organs
fail — this is septic shock.

Domino effect

1.

Infection starts anywhere — lungs (pneumonia), urinary tract (UTI or kidney infection),
belly (appendicitis, bowel tear, gallbladder infection), skin (cellulitis, wound), or directly in
the blood. — Any entry point can seed bacteria into the bloodstream.

. Bacteria multiply and release toxins — lipopolysaccharide (LPS, also called endotoxin — a

piece of the outer wall of gram-negative bacteria like E. coli) or exotoxins (poisons made by
bacteria like Staph or Strep). — These molecular danger signals are recognized by immune
sensors called Toll-like receptors on white blood cells.

. Immune cells — macrophages and neutrophils — release a flood of cytokines: tumor tissue

death (necrosis) factor-alpha (TNF-«), interleukin-1 (IL-1), and interleukin-6 (IL-6) — alarm
chemicals that crank up inflammation. — The immune system is calling for a massive, body-
wide response instead of keeping the fight local.

. Cytokines hit the endothelium (the inner lining of blood vessels) everywhere — it becomes

leaky and fluid pours out of vessels into the surrounding tissue. — The junctions between
endothelial cells loosen and the cells themselves swell and pull apart.

. Blood vessels also lose their tone and dilate wide open. — A surge of nitric oxide (a gas

made by endothelial cells that tells smooth muscle in vessel walls to relax) overwhelms the
system.

. Blood pressure drops. Heart rate shoots up to 110, 120, or higher. — The vascular tank is

leaking, the pipes are too wide, and there is not enough effective circulating volume to hold
pressure — this is distributive shock.

. At the same time, the immune overdrive activates clotting — tiny clots form in capillaries

and small vessels. — Tissue factor on endothelial cells and platelets triggers the
coagulation cascade; clots block oxygen delivery at the tissue level — this is called
disseminated intravascular coagulation (DIC) when severe.

. Organs starve for oxygen: kidneys slow or stop making urine (oliguria or no urine output

(anuria)), brain gets confused or sleepy (altered mental status), skin becomes mottled or
cold and clammy, lungs fill with fluid (ARDS — acute respiratory distress syndrome), liver
cannot clear waste (bilirubin and ammonia rise), and lactate (the waste from cells burning
fuel without oxygen) climbs above 2 mmol/L. — Every organ is screaming the same story:
not enough oxygen is getting delivered, even though there may be oxygen in the blood —
the delivery system is broken.
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Symptoms - what the patient feels, and why

» Fever (or very low body temperature): When germs invade, the immune system releases
chemicals called cytokines (immune alarm bells) that tell the hypothalamus (the brain's
thermostat) to turn up the heat to fight infection. In overwhelming sepsis, the body can lose
control and temperature drops dangerously low instead.

» Fast heart rate (over 90 beats per minute): The heart pumps faster to try to push enough
blood to organs when blood pressure is dropping and vessels are leaky. It's like a pump
working overtime to fill a bucket with holes.

» Fast breathing (over 20 breaths per minute): Tissues starved of oxygen make lactic acid
(waste that builds up when cells can't breathe properly). The lungs blow off carbon dioxide
fast to balance the acid and keep blood from becoming too acidic.

* Confusion, sleepiness, or acting strangely: The brain isn't getting enough oxygen-rich blood
because blood pressure is low and small vessels may be clogged. Toxins from bacteria can
also fog the brain directly.

* Low blood pressure that stays low even after giving lots of fluids: Infection chemicals make
blood vessels relax and widen, and vessel walls become leaky like a sieve. Even three to
four liters of IV fluid can't fill the system enough to hold pressure up.

* Mottled (blotchy purple-red) or cool skin, and weak pulse: The body pulls blood away from
the skin and arms and legs to save the heart, brain, and kidneys. Skin looks patchy because
some tiny vessels close off while others stay open.

* Little or no urine output (less than 0.5 mL per kilogram per hour): The kidneys need steady
blood flow to filter waste. When blood pressure drops, the kidneys don't get enough blood
and stop making urine to protect themselves.

» Fingertips or toes turning dark purple or black: Sepsis can trigger DIC (disseminated
intravascular coagulation), where tiny clots form in small vessels throughout the body,
cutting off blood to fingers and toes. The tissue dies from lack of oxygen.

Focused exam

* Temperature > 38 °C (100.4 °F) or < 36 °C (96.8 °F): Either extreme means the immune
system is in full alarm mode, flooding the body with signals that can harm your own tissues
while trying to fight the infection.

* Heart rate > 120, blood pressure < 90/60: The heart is racing to push blood through
vessels that are too relaxed and leaky — this is shock, meaning organs aren't getting the
oxygen-rich blood they need.

* Breathing rate > 22 breaths per minute, oxygen level dropping: The body is trying to blow
off extra acid building up in the blood (from cells not getting enough oxygen) and may also
signal lung infection or early lung injury.
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» Altered mental status — confused, slow to answer, or sleepy: Even mild confusion counts; it
means the brain isn't getting enough oxygen or is being affected by toxins from the
infection. You do NOT wait for coma.

* Mottled (blotchy) skin, capillary refill > 3 seconds: When you press the skin and it takes
more than 3 seconds to turn pink again, it means blood flow to the skin and other tissues is
shutting down to save the vital organs — a critical sign.

* Rigid, very tender abdomen: May point to the source of infection — a hole in the bowel, a
pocket of pus (abscess), or an inflamed gallbladder — which often requires surgery or
drainage, not just antibiotics.

Diagnostics - every test answers a question

» Lactate (blood test) — Are the body's tissues getting enough oxygen, or are cells switching
to emergency backup energy mode?

* Blood cultures x 2 sets (from different sites, ideally before antibiotics) — What germ is
causing the infection, and which antibiotics will kill it?

* Complete blood count (CBC) with differential — Is the bone marrow pumping out infection-
fighting white blood cells, and are there enough?

* Basic metabolic panel (creatinine, bicarbonate, glucose) - How are the kidneys holding up,
and is the blood turning acidic?

* Chest X-ray — Is the infection in the lungs, and are the lungs starting to fail?
* Urinalysis and urine culture — Is the urinary tract the source of infection?

e Procalcitonin (blood test, where available) — Is this infection bacterial (needs antibiotics) or
viral (antibiotics won't help)?

* Imaging targeted to suspected source (CT abdomen/pelvis if belly tender, ultrasound of
right upper belly for gallbladder) — Is there a pocket of pus (abscess), an infected
gallbladder, a blocked kidney stone, or a hole in the bowel that needs to be drained or fixed
surgically?

Treatment logic

* Hour-1 bundle: draw blood cultures and lactate, give broad-spectrum IV antibiotics, give 30
ml/kg IV crystalloid fluid, start vasopressor (norepinephrine) if blood pressure MAP < 65
mmHg after fluids — Kills the invading germs, refills the circulation (which is leaking and
dilated like a broken water system), and squeezes blood vessels back to normal pressure so
organs get oxygen again. Every hour you delay antibiotics, the chance of dying goes up
about 7-10%.
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Broad-spectrum IV antibiotics within 1 hour (examples: piperacillin-tazobactam or cefepime
or meropenem, plus vancomycin if MRSA or resistant Gram-positive risk) — Starts killing
bacteria immediately while you wait for culture results. Once cultures identify the exact
germ, you narrow to the most specific antibiotic to reduce side effects and resistance.

IV crystalloid 30 mL/kg bolus (balanced crystalloid like lactated Ringer's preferred, or
normal saline if that's all available) — Refills the blood vessels (which are dilated and leaky
from infection signals) so there's enough volume to pump oxygen to organs. Balanced
crystalloid causes less harmful blood acid buildup (hyperchloremic too much acid in the
blood (acidosis)) than normal saline.

Vasopressor — norepinephrine IV, first choice — Tightens the dilated blood vessels back to
normal tone, raising blood pressure so the mean arterial pressure (MAP) stays = 65 mmHg
and organs get perfused with oxygen-rich blood.

Source control — drain abscess, remove infected catheter or IV, debride dead tissue, relieve
obstructed bile duct or kidney, remove infected gallbladder — Physically removes or drains
the reservoir of bacteria so antibiotics can finish the job — like turning off the faucet
flooding your house instead of just mopping.

Corticosteroids (hydrocortisone 200 mg/day IV, divided or continuous) — only for refractory
septic shock — Restores the blood vessels' ability to respond to norepinephrine and other
pressors when they stop working well (because sepsis depletes the body's own cortisol, a
hormone that helps vessels tighten).

Reassess lactate and vital signs every 2-6 hours; stop pressors and fluids when stable —
Tells you if the treatment is working (lactate falling, blood pressure stable, urine output
coming back, mental status clearing). Guides when to turn down pressors and avoid fluid
overload (which can drown the lungs).

Medications

Norepinephrine (Levophed) - Alpha-1 agonist vasopressor (with mild beta-1

inotropy)

Squeezes blood vessels that have gotten too loose and floppy during sepsis. When vessels
tighten back up, blood pressure climbs again so organs get the flow they need.

1.

Norepinephrine locks onto alpha-1 receptors sitting on the muscle layer of blood vessel
walls.

. The smooth muscle around the vessels squeezes tight.

3. Vessels narrow, so resistance goes up across the whole body (systemic vascular resistance).

. Blood pressure rises — the goal is a mean arterial pressure (MAP) of 65 mm Hg or higher

so organs get enough blood.
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5. A small amount of the drug also hits beta-1 receptors on the heart and makes it squeeze a
little harder (mild increase in contractility).

SAFETY WATCH
Give through a central IV line whenever possible — if the drug leaks into the tissue around
a vein (extravasation), it can kill skin and muscle. - Watch the heart monitor for a slow
heart rate (reflex a slow heart rate (bradycardia)) or irregular beats (arrhythmias). - Dial
the dose up or down to keep MAP at or above 65; turn it down gradually as the sepsis gets
better.

Piperacillin-tazobactam (Zosyn) - Extended-spectrum beta-lactam antibiotic +
beta-lactamase inhibitor

Kills a wide range of bacteria by punching holes in their protective outer wall. The tazobactam
partner blocks scissors (enzymes) that bacteria use to snip apart the piperacillin before it can

work.

1. Piperacillin crosses into the bacterium and grabs onto proteins called penicillin-binding
proteins (PBPs) on the inside of the cell wall.

2. These proteins normally link together the bricks of the wall; piperacillin stops that cross-
linking.

3. The cell wall gets weak and full of holes.

4. Water rushes in, the bacterium swells, and the wall bursts (bacteriolysis).

5. Tazobactam blocks bacterial beta-lactamases (enzymes that chew up beta-lactam
antibiotics), so piperacillin stays active longer.

SAFETY WATCH
Lower the dose if kidney function is poor (estimated glomerular filtration rate below 40
mL/min). - Long use can drop platelet count (thrombocytopenia); check blood counts if
given more than a week. - Can cause a false-positive galactomannan test (a blood test for
Aspergillus fungus), which may hide a real fungal infection. - Ask about penicillin allergy
before giving — rash, hives, or anaphylaxis can happen in allergic patients.

Vancomycin - Glycopeptide antibiotic
Kills certain bacteria by stopping them from building a strong outer wall. It works on bugs that
other antibiotics miss, especially MRSA.

1. Vancomycin is a large molecule that cannot cross into gram-negative bacteria, so it only
works on gram-positive bugs.
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2. It binds to the D-alanyl-D-alanine end of cell-wall building blocks outside the bacterial
membrane.

3. This blocks the enzymes that normally glue the blocks together to make the wall strong.

4. The wall stays weak and incomplete.

5. The bacterium cannot hold itself together and dies (bactericidal).

SAFETY WATCH
Can damage the kidneys (nephrotoxicity) — check creatinine and adjust dose to keep
trough levels between 15 and 20 mcg/mL for serious infections. - Infuse slowly (over at
least 60 minutes) to avoid red-man syndrome: flushing, itching, and a red rash on the face,
neck, and chest caused by histamine release (not a true allergy). - Check a trough level
right before the fourth dose, then weekly; dose and frequency depend on kidney function. -
Rare risk of hearing loss (ototoxicity) with high levels or long courses.

Cefepime - Fourth-generation cephalosporin antibiotic

Kills a broad mix of bacteria by breaking their cell walls. It is especially good against hospital
bacteria that have learned to resist older antibiotics.

1. Cefepime enters the bacterium and locks onto penicillin-binding proteins (PBPs) on the
inside of the cell wall.

2. It stops the proteins from cross-linking the wall's scaffold.

3. The wall weakens and develops holes.

4. Water floods in, the bacterium swells, and the wall bursts (bacteriolysis).

SAFETY WATCH
Reduce dose if kidney function is low (creatinine clearance below 60 mI./min) to avoid
drug buildup. - High levels or kidney failure can cause neurotoxicity: confusion, seizures,
or coma — especially in older adults. - Ask about penicillin or cephalosporin allergy; cross-
reactivity is low but possible. - Check a basic metabolic panel to guide dosing.

Meropenem (or Imipenem) - Carbapenem antibiotic
Kills nearly every kind of common bacteria by ripping apart their cell walls. It is a last-line, big-
gun antibiotic saved for resistant or life-threatening infections.
1. Meropenem crosses the bacterial cell wall and binds penicillin-binding proteins (PBPs)
inside.
2. It blocks the final cross-linking step that makes the wall rigid.

3. The wall crumbles.
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4. The bacterium bursts under its own internal pressure (bacteriolysis).

5

. Carbapenems resist most beta-lactamase enzymes, so they work even when bacteria have

learned to break other antibiotics.

SAFETY WATCH
Lower the dose when kidney function drops (adjust for creatinine clearance). - Can cause
seizures, especially in patients with brain injury, kidney failure, or a history of epilepsy —
use meropenem instead of imipenem in those cases (lower seizure risk). - Overuse drives

resistance; use only when cultures or clinical picture demand it. - Can cause diarrhea and
Clostridioides difficile infection if normal gut bacteria are wiped out.

Lactated Ringer's solution or 0.9% saline (IV crystalloid fluids) - Isotonic

crystalloid resuscitation fluid

Refills the bloodstream with salt water to bring blood pressure back up and get oxygen flowing

to organs. In sepsis, blood vessels leak and widen, so the tank is both bigger and emptier —
fluids fill it back up.

1.

A large-bore IV pushes 30 mL per kilogram of crystalloid into the veins within the first three
hours.

. Fluid expands the volume of blood circulating in the body (preload).

3. More blood returns to the heart, so the heart pumps more with each beat (increased stroke

volume via the Frank-Starling mechanism).

. Cardiac output rises, mean arterial pressure climbs, and organs get better blood flow

(perfusion).

. Lactic acid (a waste product that piles up when cells do not get enough oxygen) starts to

fall as oxygen delivery improves.

SAFETY WATCH
Too much fluid can flood the lungs (pulmonary swelling (edema)), especially in patients
with heart failure or kidney failure — watch for shortness of breath, low oxygen, crackles
on lung exam. - Balanced crystalloids (lactated Ringer's, Plasma-Lyte) may be safer than
normal saline in large volumes because saline can cause hyperchloremic metabolic
acidosis (acid building up in the blood). - Reassess frequently after the initial bolus: if
blood pressure is still low or lactate is still high, the patient may need vasopressors, not
just more fluid. - Watch urine output — a sign kidneys are getting enough blood again.
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Red flags

» Lactate over 4 mmol/L. — tissues are starving for oxygen; start aggressive fluids, check

blood pressure every few minutes, move to ICU, and start a vasopressor medicine (like
norepinephrine) if pressure stays under 65 mean arterial pressure despite fluids

Mean arterial pressure under 65 despite giving 30 mL per kilogram of IV fluid — this is
septic shock; start norepinephrine through a large IV (ideally a central line), place an
arterial line to watch pressure beat-by-beat, and admit to ICU immediately

Purple bleeding blotches (Purpura) fulminans — dark purple or black patches spreading on
skin, purple fingers or toes — suggests meningococcemia (bloodstream infection with the
meningitis germ) or severe DIC; cover for meningitis with ceftriaxone, move to ICU, and use
contact precautions to protect others

Rapidly spreading redness with pain much worse than the skin looks, crackling or popping
feeling under the skin, or blisters with dark centers — necrotizing fasciitis (flesh-eating
infection); call surgery NOW because antibiotics alone cannot save the tissue, only cutting
out dead tissue can stop it

Fever in a cancer patient whose white blood cell count is under 500 (febrile dangerously
low infection-fighting cells (neutropenia)) — the body has almost no infection fighters left;
give broad antibiotics within one hour, isolate the patient to prevent new germs, and call
oncology urgently

Nursing priorities

1.

Recognize the sepsis alert early — vital signs are the first flag — Every hour of delay in
antibiotics increases mortality by ~4-7%.

. Draw cultures BEFORE antibiotics — but do not delay antibiotics for cultures — Cultures

guide narrowing; delaying antibiotics kills.

. Get the fluid running fast — 30 mL/kg within 3 hours — Fluid + antibiotics + source control

are the three pillars.

. Recheck lactate after resuscitation — A falling lactate is the best sign the treatment is

working.

. Watch mental status hourly — A new confusion or drowsy patient is decompensating.

6. Never miss the source — a walled-off abscess, blocked kidney, or infected line will keep the

sepsis going — Antibiotics can't kill what they can't reach.

Sources

* Surviving Sepsis Campaign International Guidelines for Management of Sepsis and Septic

Shock 2021
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» Sepsis-3 Consensus Definitions (JAMA 2016)
* CDC Sepsis Clinical Information

» UpToDate — Evaluation and Management of Suspected Sepsis and Septic Shock in Adults

Last reviewed: 2026-02-28
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