MALDEK
CONDITION CATALOG - CLINICAL REASONING

Postoperative Hemorrhage

A blood vessel starts leaking after surgery, red blood cells spill out faster than the
body can replace them, and blood pressure drops because there is not enough fluid
left in the pipes.

THE STORY IN ONE SENTENCE

A blood vessel starts leaking after surgery, red blood cells spill out faster than the body
can replace them, and blood pressure drops because there is not enough fluid left in the

pipes.

“Bleeding after surgery — the heart races to push what little blood is left, pressure falls, urine
stops, the belly swells or the drain fills with blood, and you must find the leak and close it
before the body runs out of time.”

Normal anatomy — the body's job

During surgery, every blood vessel that is cut must be tied off, clipped, or sealed with heat so
that bleeding stops completely. This sealing — called hemostasis — keeps blood flowing only
inside the vessels where it belongs, so oxygen and nutrients reach every organ and blood
pressure stays steady.

BODY'S JOB

Blood travels through a closed loop of arteries (carrying oxygen-rich blood out from the
heart), capillaries (tiny vessels where oxygen and nutrients move into tissues), and veins
(carrying used blood back to the heart and lungs). When a vessel is cut, platelets (tiny
sticky cells in the blood) rush to the break, clump together, and form a plug. Then clotting
factors (proteins that float in the blood) weave a net of fibrin threads over the plug to lock
it in place — like a scab inside the vessel. At the end of surgery, the surgeon makes sure
every vessel is sealed so this clot can finish the job and no leak is left behind.

1. The surgeon cuts through skin, muscle, and tissue to reach the organ or area that needs
repair.

2. Every blood vessel that is cut is immediately tied with a suture (a medical thread), clipped
with a metal or plastic clip, or sealed with an electric tool that burns the vessel shut.
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3. Platelets stick to any raw edge, clumping together to plug the hole.

4. Clotting factors in the blood weave fibrin threads over the platelet plug, hardening it into a
stable clot — like a dam that holds back the blood.

5. The surgeon checks the entire area before closing, making sure there is no oozing and
every vessel is dry.

6. The incision is closed in layers, and a drain tube may be placed to carry away any normal
fluid that collects during healing.

7. Blood stays inside the vessels, pressure stays up, and oxygen reaches every organ —
hemostasis is maintained.

What breaks

Postoperative bleeding (hemorrhage) happens when a blood vessel that was sealed during
surgery starts leaking afterward. The most common reasons are: a suture or clip slips off the
end of a vessel; the patient has a clotting problem (from liver disease, blood thinner
medication, or low platelets) so the clot never hardens; a small vessel that was not seen during
surgery opens up when blood pressure rises after anesthesia wears off; or the patient is on
anticoagulant drugs (blood thinners like heparin, warfarin, or a direct oral anticoagulant) that
keep the blood too thin to clot.

CLINICAL TERM
The upstream break is failure of surgical hemostasis due to: inadequate ligation or
cauterization of a vessel; impaired blood clotting (coagulopathy) (impaired clotting from
liver dysfunction, anticoagulant use, a low platelet count (thrombocytopenia), or dilutional
impaired blood clotting from massive fluid resuscitation); or unrecognized injury to a
vessel that manifests when systemic blood pressure normalizes postoperatively.

How the body compensates

When blood leaks out, the body tries to keep oxygen delivery going by speeding up the heart,
squeezing blood vessels tight to hold pressure up, and telling the kidneys to save every drop of
fluid. For a while, blood pressure and oxygen levels look okay — but this is borrowed time.
Once the heart can no longer keep up or the blood volume drops too low, pressure crashes and
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organs fail. The job is to see the leak while compensation is still working, before the patient
tips into shock.

1.

{'step': 'The heart beats faster (tachycardia)', ‘why': 'When blood volume drops, the
baroreceptors (pressure sensors in the aorta and carotid arteries) tell the brainstem that
pressure is falling. The brainstem sends signals through the sympathetic nervous system to
release norepinephrine (a chemical messenger that revs the heart), so the heart pumps
faster to push what little blood is left to the brain and kidneys. Heart rate climbing above
100-110 is often the first clue.'}

. {'step': 'Blood vessels squeeze tight (vasoconstriction)’, 'why': "Norepinephrine also makes

smooth muscle in the walls of arterioles (the smallest arteries) contract, shrinking the
diameter of the pipes. This pushes blood away from the skin, gut, and muscles and sends it
to the heart and brain — the most critical organs. The patient's skin may feel cool and look
pale."}

. {'step': 'The kidneys make almost no urine (oliguria)', 'why': 'When blood pressure drops,

the kidneys do not get squeezed hard enough to filter blood, so urine output falls below 0.5
mL per kilogram per hour. The kidneys also release renin (a hormone that triggers the body
to hold onto salt and water), trying to keep whatever fluid is left inside the blood vessels.'}

. {'step': 'Blood pressure stays near-normal at first, then suddenly drops', 'why': 'The heart

beating fast and the vessels squeezing tight can hold blood pressure up for a while — this is
compensated shock. But once 30-40% of blood volume is lost (roughly 1,500-2,000 mL in
an adult), the heart cannot fill between beats and pressure crashes (decompensated shock).
This is the dangerous tipping point.'}

. {'step': 'The patient feels anxious, confused, or drowsy', 'why': "The brain is exquisitely

sensitive to low oxygen. Even a small drop in blood flow makes the patient restless or foggy.
If bleeding continues, confusion deepens and the patient may become unresponsive.'}

. {'step': 'The hemoglobin and hematocrit drop', 'why': 'Red blood cells are spilling out of the

blood vessels, so the proportion of oxygen-carrying cells in each drop of blood falls.
Hemoglobin below 7-8 g/dL signals significant blood loss. If bleeding is very fast, the blood
count may not drop immediately because the fluid that dilutes the blood has not yet shifted
from the tissues into the vessels.'}

Domino effect

1.

A blood vessel seal fails — a suture slips, a clot does not harden, or a hidden vessel opens.
— Blood leaks out of the closed loop of vessels and pools in the belly (hemoperitoneum),
chest (hemothorax), or tissues around the surgery site. The volume of blood that is
circulating — the amount available to carry oxygen — starts to fall.
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2. The heart races (tachycardia) and beats harder. — Baroreceptors in the aorta and carotid
arteries sense the pressure drop and signal the brainstem, which releases norepinephrine
through the sympathetic nervous system. Norepinephrine revs the heart to pump faster and
harder, trying to push what little blood is left to the brain and kidneys.

3. Blood vessels squeeze tight (vasoconstriction), and the skin turns pale and cool. —
Norepinephrine also makes smooth muscle in the walls of small arteries contract, shrinking
the diameter of the pipes. Blood is shunted away from the skin, gut, and muscles and sent
to the heart and brain — the most vital organs. The patient looks pale and feels cold to the
touch.

4. The kidneys make almost no urine (oliguria below 0.5 mIL/kg/hr), and urine becomes dark
and concentrated. — When blood pressure falls, the kidneys do not get enough squeeze to
filter blood, so urine output drops. The kidneys also release renin, triggering the body to
hold onto sodium and water through the renin-angiotensin-aldosterone system, trying to
keep whatever fluid is left inside the vessels.

5. The red blood cell count (hemoglobin and hematocrit) falls, and the blood becomes diluted.
— Red blood cells are leaking out of the circulation faster than the bone marrow can
replace them. As the body pulls fluid from the tissues into the blood vessels to maintain
volume, the remaining blood becomes more diluted — so each drop carries less oxygen.

6. The drain tube fills with blood, the belly becomes swollen and tight, or imaging shows a
blood collection (hematoma). — Blood that leaks into the abdomen, pelvis, or chest shows
up as bright red fluid in the drain, a firm mass on exam, or a fluid pocket on ultrasound or
CT scan. The abdomen may become distended (swollen) and tender as blood fills the space.

7. Blood pressure suddenly crashes (hypotension below 90 mmHg systolic), and the patient
becomes confused, drowsy, or unresponsive. — Once 30-40% of blood volume is lost, the
heart can no longer fill between beats — there is simply not enough fluid in the tank.
Cardiac output plummets, blood pressure collapses (decompensated shock), and oxygen
delivery to the brain falls. This is the tipping point into bleeding-driven (hemorrhagic)
shock.

8. Organs begin to fail: the kidneys stop making urine (acute kidney injury), the brain
becomes oxygen-starved (hypoxic) (leading to confusion or coma), the gut lining breaks
down (risking infection), and the heart may stop (cardiac arrest). — Without enough
oxygen, cells switch to anaerobic metabolism (burning fuel without oxygen), which makes
lactic acid and poisons the cells. If the leak is not stopped and blood volume is not replaced
with transfusion, multi-organ failure and death follow. The only way to reverse this domino
is to find the bleeding vessel and close it — usually by taking the patient back to the
operating room — and to give packed red blood cells, fresh frozen plasma, and platelets to
replace what was lost and restore the clotting system.
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Symptoms - what the patient feels, and why

Bleeding from the surgical cut or drain: After surgery, the blood vessels at the cut edges
need time to seal shut with clots. If a clot breaks loose, or if the surgeon's stitches or
cautery burns (the tool that seals vessels with heat) don't hold, blood leaks out through the
wound or the drain tube the surgeon left in place to carry away extra fluid.

Swelling or a growing bruise near the surgery site: Blood is pooling under the skin or inside
the tissue instead of staying in the vessels. The pooled blood pushes the tissue outward,
creating a swelling called a a pooled collection of blood (hematoma) (a pocket of clotted
blood), and iron in the blood makes the skin look purple or black like a bruise.

Blood-soaked bandages that need changing often: Active bleeding is soaking through the
gauze faster than the body can clot the wound. This means either a vessel is still open or
the clotting system isn't strong enough to plug the leak.

Fast heart rate (tachycardia): When you lose blood, the amount of fluid carrying oxygen
around the body drops. The heart tries to fix this by beating faster to push what's left
through the body quickly, like a pump speeding up when the tank is low.

Low blood pressure (hypotension): Blood loss shrinks the total volume in the blood vessels,
so there's less pressure pushing against the vessel walls—like a garden hose with half the
water turned off. If the pressure drops too low, organs don't get enough oxygen-rich blood.

Pale, cool, or clammy skin: The body pulls blood away from the skin and sends it to the
brain and heart first when blood volume is low. Less blood in the skin makes it look pale
and feel cold. Stress hormones like epinephrine (the body's main 'fight or flight' chemical)
also trigger sweating, making the skin clammy.

Dizziness or confusion: The brain needs a steady supply of oxygen carried by red blood
cells. When blood loss is serious, less oxygen reaches the brain, so thinking gets foggy and
balance wobbles—Ilike trying to run a computer on a weak battery.

Blood in the urine (hematuria) or stool (melena or bright red blood in the stool
(hematochezia)), or vomiting blood (hematemesis): If the surgery was on the belly, pelvis, or
digestive organs, bleeding can leak into the bladder, stomach, or intestines. Blood then
shows up in urine, stool (black and tarry if from the stomach or upper gut, bright red if
from the lower gut), or vomit.

Drop in hemoglobin or hematocrit on blood tests: Hemoglobin is the protein inside red
blood cells that carries oxygen, and hematocrit measures what fraction of your blood is red
cells. When you lose blood, you lose red cells, so both numbers fall—like draining a bucket
of red marbles mixed with water and seeing fewer marbles left.
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History of taking blood thinners (anticoagulants or antiplatelet drugs): Medicines like
warfarin, apixaban, rivaroxaban, aspirin, or clopidogrel slow clotting by blocking proteins
or cells that form clots. If these drugs are still in the body during or right after surgery,
even normal oozing can turn into serious bleeding because clots don't form fast or strong
enough.

Focused exam

Heart rate over 100, blood pressure dropping, skin cold and clammy: When you lose blood
after surgery, your body panics. Your heart races to pump what little blood is left, and blood
vessels squeeze tight to push blood toward your brain and heart — the organs that need it
most. Cold, clammy skin means blood is being pulled away from your skin to keep your core
alive. This is your body buying time, and it tells you bleeding is happening right now.

Urine output less than 0.5 mL per kilogram per hour, or urine very dark and concentrated:
Your kidneys need blood flowing through them to make urine. When postoperative bleeding
steals blood volume, your kidneys get starved. They slow down and hold onto every drop of
water they can. Dark urine means your kidneys are working overtime to save fluid because
your body thinks it is running dry.

Drain tube output suddenly large and bright red, or belly swelling up tight like a drum:
Blood is either pouring out through the drain tube where you can see it, or it is pooling
inside your belly where you cannot. Bright red blood means fresh bleeding — not old
clotted blood. A swollen, tight belly means blood is filling the space inside and has nowhere
to go.

Hemoglobin dropping 2 or more grams per deciliter from the value in the operating room:
Hemoglobin lives inside red blood cells and carries oxygen. A big drop means you lost a lot
of red blood cells fast — not the slow trickle you might see from a small ooze. A fall of 2 g/
dL or more in a few hours is a red flag for real bleeding.

Patient confused, restless, or not waking up from anesthesia as expected: Your brain is the
greediest organ for oxygen. When bleeding steals blood volume, your brain does not get
enough oxygen-rich blood. Confusion or unusual sleepiness is your brain's alarm bell that
something is very wrong.

Surgical wound warm to touch, oozing blood, or showing a bulge under the skin: The
bleeding might be coming from the cut itself — a blood vessel the surgeon tied off that
slipped loose, a tiny vessel that was missed, or a clot that broke apart. Warmth and a bulge
mean blood is collecting right under the skin at the wound site.
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Diagnostics - every test answers a question

* Complete blood count (CBC) with hemoglobin and hematocrit, repeated every 1-2 hours if
bleeding suspected — How many red blood cells does the patient have left, and how fast are
they losing them?

* Type and crossmatch (send at least 4 units of packed red blood cells) - What is the
patient's blood type, and do we have safe blood ready to transfuse if they need it urgently?

* Prothrombin time (PT) and international normalized ratio (INR), activated partial
thromboplastin time (aPTT) — Can the patient's blood clot normally, or is something
blocking the clotting cascade?

» Fibrinogen level — Does the patient have enough fibrinogen — the protein that forms the
mesh of a blood clot?

* Platelet count — Does the patient have enough platelets — the sticky cells that plug small
leaks in blood vessels?

* Lactate level (serum or point-of-care) — Are the patient's tissues getting enough oxygen, or
are they switching to emergency energy mode?

* Bedside ultrasound (FAST exam) or CT scan of abdomen and pelvis with IV contrast — Is
there free blood pooling inside the belly, pelvis, or around the surgical site?

* Drain output volume and character (measure hourly, inspect color and clotting) - How
much blood is leaving through the surgical drain, and is it fresh or old?

Treatment logic

* Place two large-bore IV lines (18-gauge or bigger), send type and crossmatch, activate
massive transfusion protocol if patient is in shock (1:1:1 ratio of packed red blood cells :
fresh frozen plasma : platelets) — Replaces the blood volume and red blood cells you lost, so
your heart does not have to race and your organs get oxygen again. The 1:1:1 ratio keeps
your blood thick enough to clot — if you only give red cells and skip plasma and platelets,
you water down the clotting factors and make bleeding worse.

* Reverse any blood thinners the patient was taking: give prothrombin complex concentrate
(PCC) or fresh frozen plasma plus vitamin K for warfarin; andexanet alfa or PCC for factor
Xa inhibitors like apixaban or rivaroxaban; idarucizumab for dabigatran; protamine sulfate
for heparin — Turns off the drug that was blocking your clotting system. Once the block is
lifted, your body can make clots again and seal the bleeding vessel. For example, warfarin
blocks vitamin K so your liver cannot make clotting factors — giving PCC or FFP plus
vitamin K restores those factors immediately.
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* Give tranexamic acid (TXA) 1 gram IV over 10 minutes, ideally within 3 hours of bleeding
onset; can repeat 1 gram over 8 hours — Locks clots in place by blocking plasmin, the
enzyme that normally dissolves fibrin (the mesh that holds a clot together). This stops clots
from falling apart and keeps the plugs you form from washing away.

* Find the bleeding source: examine the wound, review drain output, order bedside
ultrasound or CT scan, call interventional radiology for embolization or return the patient to
the operating room for surgical exploration and repair — Locates exactly where the blood is
leaking — a slipped tie, a missed vessel, a reopened suture line — so you can tie it off,
cauterize it, pack it with gauze, or block it with a coil or glue from inside the vessel.
Stopping the one broken pipe upstream fixes the whole problem.

* Correct impaired blood clotting (coagulopathy): give fresh frozen plasma if PT/INR is
prolonged or aPTT is high; give cryoprecipitate if fibrinogen is below 150 mg/dL; give
platelets if platelet count is below 50,000 per microliter or if the patient is still bleeding —
Restores the missing pieces your blood needs to clot — clotting factors in plasma,
fibrinogen in cryoprecipitate, and platelets to plug small holes. Once these are back, your
blood thickens and can seal wounds instead of staying thin and runny.

* Monitor for compartment syndrome in the limbs (measure compartment pressures if
swelling or pain is severe; normal is below 30 mmHg) and abdominal compartment
syndrome (measure bladder pressure; sustained pressure above 20 mmHg is abnormal);
perform fasciotomy or decompressive laparotomy if pressures are dangerously high —
Prevents pooled blood from building up so much pressure inside a closed space (like the
muscle compartments in your leg or your belly) that it crushes blood vessels and nerves.
Releasing the pressure lets blood flow again and stops tissue from dying.

» Keep the patient warm (use forced-air warming blankets, warm IV fluids); avoid
hypothermia below 35°C (95°F) — Cold blood does not clot well — the enzymes that build
clots slow down when your body temperature drops. Warming the patient speeds up
clotting and helps transfused blood work better.

Medications

Packed red blood cells (pRBCs) - Blood product replacement

Replaces the lost red blood cells that carry oxygen to every part of your body. When you lose a
lot of blood after surgery, your body runs low on the cells that deliver oxygen—like losing
delivery trucks. Giving packed red cells puts those trucks back on the road so your organs can
breathe.

1. A large IV catheter (14- or 16-gauge) is placed in a big vein so blood can flow in fast.

2. The transfusion lab matches your blood type to donor blood so your immune system won't
attack it.
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. Red cells are given through the IV; they immediately start picking up oxygen in the lungs.

. Those oxygen-loaded cells travel to the brain, heart, kidneys, and every other organ that is

starving for oxygen.

. Your blood pressure stabilizes because there is now enough volume and oxygen-carriers in

the pipes.

. In massive bleeding, a 1:1:1 ratio is used: for every unit of red cells, you also get one unit of

plasma and one unit of platelets—this keeps all the parts of blood in balance and prevents a
dilution problem where clotting factors run out.

SAFETY WATCH
Transfusion reaction: fever, chills, back pain, or trouble breathing during the infusion—
stop immediately and tell the team. - Fluid overload: too much volume too fast can flood
the lungs, especially in older adults or anyone with a weak heart; watch for sudden
shortness of breath. - Hypothermia: cold blood can drop body temperature and make
clotting worse—use a blood warmer. - High potassium: stored red cells leak potassium; in
huge transfusions this can disturb the heart rhythm. - Citrate toxicity: the preservative in
banked blood can bind calcium and cause tingling or muscle twitching; calcium may be
given alongside.

Fresh frozen plasma (FFP) - Blood product replacement (clotting factors)

Supplies all the clotting proteins (factors) that glue a clot together. After big blood loss or if
you were on a blood thinner, these factors run low or are blocked—Ilike losing the bricks to
build a wall. Fresh frozen plasma delivers a full set of bricks so clots can form and hold.

_ W N e

. Plasma is thawed and checked to match your ABO blood type.
. It is infused through the IV, mixing with your blood.
. The clotting factors (II, V, VII, VIII, IX, X, XI, and others) spread through your circulation.

. When bleeding occurs, these factors activate in a cascade—each one turns on the next—

until fibrin threads form a mesh that traps platelets and seals the hole.

. In massive transfusion, plasma is given early in a 1:1 ratio with red cells to prevent running

out of clotting power.

SAFETY WATCH
Allergic reaction or transfusion reaction: hives, itching, or breathing trouble—pause and
notify the team. - Fluid overload: plasma is liquid; too much too fast can strain the heart
and lungs. - TRALI (transfusion-related acute lung injury): rare but serious—sudden
trouble breathing and low oxygen within six hours of transfusion. - Citrate toxicity and low
calcium: same risk as with red cells; watch for tingling, and calcium may be given.
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Platelets - Blood product replacement (clotting cells)

Replaces the tiny cell fragments that form the first plug in a damaged blood vessel. When you
lose a lot of blood, platelets drop, or certain blood thinners block them—like running out of
sandbags to stop a leak. Transfused platelets rush to injury sites, stick together, and create a
temporary seal while clotting factors build the permanent patch.

1. Platelet units are matched (ABO-compatible preferred) and brought to room temperature.

2. They are infused through the IV and circulate immediately.

3. Platelets sense torn vessel walls and stick to the exposed collagen underneath.

4. They change shape, spread out, and release chemicals (ADP, thromboxane) that recruit
more platelets.

5. A platelet plug forms within seconds; clotting factors then weave fibrin over it to lock it in
place.

6. In massive bleeding, platelets are given in a 1:1:1 ratio with red cells and plasma to
maintain the balance.

SAFETY WATCH

Transfusion reaction: fever, chills—rare but possible. - Bacterial contamination: platelets
are stored at room temperature, which allows bacteria to grow; fever or chills during
infusion may signal this—stop and culture the unit. - TRALI: watch for sudden breathing
trouble. - Platelet refractoriness: in some patients, antibodies destroy transfused platelets
quickly and counts do not rise—may need HLA-matched units.

Tranexamic acid (TXA) - Antifibrinolytic

Stops the body from dissolving clots too soon. After injury or surgery, the body activates
plasmin—an enzyme that breaks down fibrin threads in clots, like a cleanup crew arriving too
early. Tranexamic acid blocks plasmin, so newly formed clots stay in place long enough to seal
the bleeding vessel.

. Tranexamic acid is given by slow IV push or infusion, usually 1 gram over 10 minutes.
. It binds to plasminogen molecules floating in the blood.

. This binding blocks plasminogen from becoming plasmin, the enzyme that cuts fibrin.
. Existing clots and new clots are protected from breakdown.

. Bleeding slows because the seals stay intact longer.

S U1 W N

. Benefit is greatest when given early—within three hours of injury or at the start of massive
bleeding.
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SAFETY WATCH

Seizure: rare, more common with high doses or in patients with kidney problems or during
heart surgery. - Clots in the wrong place (thrombosis): very rare in trauma or postoperative
bleeding (hemorrhage) when used at guideline doses and timing, but avoid in patients
actively clotting inappropriately (e.g. DIC late phase). - Do NOT give more than three
hours after injury in trauma—Ilate dosing may increase risk without benefit. - Nausea or
dizziness: usually mild.

Prothrombin complex concentrate (PCC) - Clotting factor replacement
(reversal agent for vitamin K antagonists and some factor Xa inhibitors)

Delivers a concentrated dose of clotting factors II, VII, IX, and X—the exact factors blocked by
warfarin and partially by some newer blood thinners. Warfarin stops the liver from making

active versions of these factors, so clots cannot form properly. PCC bypasses the wait and
dumps ready-made factors into the blood, reversing the blood thinner effect in minutes.

1.

Dose is calculated based on body weight and how high the INR (a measure of blood-thinner
effect) is.

. PCC is reconstituted and given by IV push or short infusion.

3. Factors 11, VII, IX, and X enter the bloodstream instantly.

. The extrinsic and intrinsic clotting pathways restart—factor VII kicks off the extrinsic side,

IX and X continue the cascade, and II (prothrombin) converts to thrombin, which makes
fibrin.

. INR drops within minutes, and clot formation resumes.

6. Vitamin K is given at the same time because PCC factors are short-lived (hours); vitamin K

takes 12-24 hours to work but provides lasting reversal by restarting the liver's own
production.

SAFETY WATCH
Clotting (thrombosis): PCC is concentrated clotting power—risk of stroke, heart attack, or
clots in the legs or lungs, especially in patients with a history of clots; use the lowest
effective dose. - Fluid overload: less volume than plasma, but still monitor. - Heparin in
some formulations: 4-factor PCC contains a small amount of heparin to prevent clotting in
the vial; this is usually not a problem, but be aware in heparin-allergic patients. - Does
NOT fix the reason the patient was on a blood thinner—restart anticoagulation when
bleeding is controlled and safe, per cardiology or neurology guidance.
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Idarucizumab - Reversal agent (specific antibody fragment for dabigatran)

A lab-made antibody piece that grabs onto dabigatran—a blood thinner that blocks thrombin—
and pulls it out of action. Dabigatran normally clamps onto thrombin (the enzyme that turns
fibrinogen into fibrin clots), stopping clots from forming. Idarucizumab has an even stronger
grip on dabigatran than thrombin does, so it yanks dabigatran away, freeing thrombin to do its
job again.

. Two 2.5-gram vials (total 5 grams) are given by IV push, one right after the other.

. Idarucizumab spreads through the blood and binds dabigatran within minutes.

. Dabigatran is now locked onto the antibody and cannot attach to thrombin anymore.

. Free thrombin resumes cleaving fibrinogen into fibrin, and clots can form.

. The dabigatran-idarucizumab pair is cleared by the kidneys.

S U AW N

. Reversal is sustained because idarucizumab's half-life is longer than dabigatran's,
preventing rebound.

SAFETY WATCH

Return of clotting risk: the condition that required dabigatran (atrial fibrillation, DVT/PE)
is unprotected now—plan when to restart anticoagulation with the team. - Headache, low
potassium, delirium: reported in trials, usually mild and related to the acute illness rather
than the drug itself. - Allergic reaction: rare, but possible with any antibody product—
watch for rash, itching, or trouble breathing.

Andexanet alfa - Reversal agent (decoy protein for factor Xa inhibitors)

A fake version of factor Xa that acts as a decoy. Factor Xa inhibitors (apixaban, rivaroxaban)
normally latch onto real factor Xa and block it, stopping the clotting cascade. Andexanet alfa is
a modified factor Xa that still binds the drug but cannot carry out clotting itself—like a sponge
soaking up the blood thinner. Once the drug is mopped up, real factor Xa is free to turn on
thrombin and build clots.

1. Dose depends on which Xa inhibitor the patient took, when the last dose was, and the dose
size—two regimens exist (low and high).

. An IV bolus is given over 15-30 minutes, followed by a 2-hour infusion.

. Andexanet alfa molecules circulate and capture factor Xa inhibitor molecules.

. The drug is pulled off real factor Xa.

. Factor Xa re-enters the clotting cascade, turning factor II (prothrombin) into thrombin.

. Thrombin cleaves fibrinogen into fibrin, forming clots.

N O Ok W N

. Anti-Xa activity drops within minutes and stays low during the infusion.
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SAFETY WATCH

Clot formation (Thrombosis): andexanet restores clotting, and the underlying condition
(atrial fibrillation, prior clot) is unprotected—blood-starved (ischemic) stroke, heart attack,
DVT, and PE have been reported within 30 days; restart anticoagulation as soon as safely
possible per cardiology/neurology. - Infusion reactions: fever, flushing, or changes in taste
during infusion—usually mild. - Rebound bleeding: anti-Xa activity can rise again hours
after the infusion ends; monitor closely and consider re-dosing if bleeding restarts and
drug levels are confirmed high. - Antibody formation: possible with repeated use, though
clinical impact is not yet clear.

Protamine sulfate - Reversal agent (heparin antagonist)

A positively charged protein that binds to negatively charged heparin and neutralizes it

instantly. Heparin works by turbocharging antithrombin—a natural brake on clotting.

Protamine grabs heparin and locks it up, so antithrombin returns to normal speed and the
clotting cascade can proceed. Think of heparin as a magnet holding clotting factors back;

protamine is the opposite magnet that cancels it out.

1.

Dose is based on how much heparin was given and how recently—usually 1 mg protamine
per 100 units of heparin, given slowly IV.

. Protamine and heparin form an inactive complex within seconds.

3. Antithrombin is no longer supercharged, so it stops blocking factors ITa (thrombin) and Xa

at high speed.

4. The clotting cascade restarts, and clots can form.

. Effect is immediate and can be confirmed by checking aPTT (activated partial

thromboplastin time) or ACT (activated clotting time).

SAFETY WATCH

Low blood pressure (Hypotension) and a slow heart rate (bradycardia): give slowly (over
10 minutes) to avoid a sudden drop in blood pressure and heart rate. - Pulmonary high
blood pressure (hypertension): rare, can cause the blood pressure in the lungs to spike and
the heart to struggle—watch oxygen levels and heart function. - Allergic reaction: more
common in people allergic to fish (protamine is derived from fish sperm), those with prior
protamine exposure (e.g. NPH insulin, which contains protamine), or those who have had a
vasectomy (antibodies to sperm proteins). - Rebound bleeding: heparin can redistribute
from tissues back into blood hours later; monitor and consider re-dosing if aPTT rises
again. - Too much protamine has anticoagulant effects on its own—use the calculated dose,
do not exceed it.
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Cryoprecipitate - Blood product replacement (concentrated fibrinogen and
factor VIII)

Supplies fibrinogen—the protein that forms the final mesh of a clot—and factor VIII, which is
needed earlier in the cascade. After massive bleeding or dilution from fluids and transfusions,
fibrinogen drops below the level needed to build strong clots (like running out of thread to
weave a net). Cryoprecipitate is the frozen part of plasma richest in fibrinogen; it delivers a
concentrated dose to restore clotting power quickly.

1. Units are thawed (usually 10 units pooled together for one adult dose).

N

. Cryoprecipitate is infused through the IV.

3. Fibrinogen levels rise immediately; each 10-unit pool raises fibrinogen by roughly 50-100
mg/dL.

. When thrombin is activated, it clips fibrinogen into fibrin monomers.
. Fibrin monomers link together into long threads, trapping platelets and red cells.

. The clot gains strength and stops bleeding.

g O O

. Factor VIII also rises, supporting the intrinsic clotting pathway.

SAFETY WATCH
Transfusion reactions: fever, chills, allergic signs—monitor and pause if they occur. -
Infection risk: pooled product from multiple donors, though screened and treated to
reduce viruses. - Fluid overload: less volume than plasma, but still watch in patients with
heart or kidney issues. - Fibrinogen concentrates (a newer alternative) may be used
instead in some centers and carry lower infection risk because they are treated and
pathogen-reduced.

Calcium gluconate or calcium chloride - Electrolyte replacement (cofactor for
clotting)

Replaces calcium, which is a required helper in almost every step of the clotting cascade.
Massive transfusion brings in citrate—a preservative in banked blood that grabs onto calcium
and locks it away (chelation), like handcuffing the key player. Without free calcium, clotting
factors cannot activate each other, and the heart and muscles struggle because calcium also
controls contraction. Giving calcium breaks those handcuffs and restores clotting and muscle
function.

1. Calcium is given by slow IV push (over several minutes) through a large vein—extravasation
(leaking into tissue) causes severe damage.

2. Ionized calcium in the blood rises.
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3. Clotting factors that were stalled can now bind to cell membranes and activate the next
factor in the cascade.

4. Thrombin generation increases, leading to fibrin formation.
5. Heart muscle contracts more effectively, and blood pressure stabilizes.

6. Repeat dosing is guided by ionized calcium levels, checked frequently during massive
transfusion.

SAFETY WATCH

Extravasation: calcium chloride especially is caustic—if it leaks outside the vein, it causes
tissue death; use a central line or large, secure peripheral IV and stop immediately if
burning or swelling occurs. - A slow heart rate (Bradycardia) or arrhythmia: giving too fast
can slow the heart or cause irregular beats; push slowly and watch the monitor. - High
calcium (Hypercalcemia): too much calcium can cause confusion, kidney stones, or
dangerous heart rhythms—monitor ionized calcium and adjust dosing. - Interaction with
digoxin: calcium can worsen digoxin toxicity—use cautiously in patients on this heart
medication.

Vitamin K (phytonadione) - Cofactor replacement (reversal agent for warfarin,
long-term)

Restarts the liver's production of clotting factors II, VII, IX, and X. Warfarin blocks an enzyme

(vitamin K epoxide reductase) that recycles vitamin K, so the liver runs out of the raw material
needed to build active clotting factors. Giving vitamin K bypasses the blockade and refuels the
assembly line, but it takes 12-24 hours for new factors to be made and released into the blood.

1. Vitamin K is given IV (slow infusion to avoid reaction) or by mouth (takes longer but safer).
2. It is absorbed or delivered to liver cells.

3. Gamma-glutamyl carboxylase uses vitamin K to add carboxyl groups to clotting factors II,
VII, IX, and X—this step is called carboxylation, and it makes the factors functional.

4. Active factors are released into the blood over the next 12-24 hours.

5. INR (international normalized ratio, a measure of blood-thinner effect) gradually falls as
new factors accumulate.

6. Warfarin effect is durably reversed because the liver keeps making factors as long as
vitamin K is available.
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SAFETY WATCH

Anaphylactoid reaction: rare with IV vitamin K, especially if given fast—flushing, chest
tightness, drop in blood pressure; give slowly (over 30 minutes) and watch closely. -
Warfarin resistance: a large vitamin K dose can make warfarin hard to restart later
because the liver is flooded with vitamin K; in non-emergency settings, use the lowest
effective dose (often 1-2.5 mg). - Does NOT fix the reason the patient was on warfarin—
plan with cardiology or hematology when to resume anticoagulation safely.

Red flags

* Bleeding that soaks through bandages every hour or faster

* Heart rate above 120 beats per minute or blood pressure dropping below 90 systolic (the

top number)

* Confusion, extreme sleepiness, or trouble staying awake
* Swelling at the surgery site that grows quickly or feels tight and painful

* Vomiting blood, blood in the urine, or black tarry stools

Nursing priorities

1.

Get large-bore IV access (two 18-gauge or bigger needles) in place right now and start
giving crystalloid fluids like normal saline or lactated Ringer solution wide open — Big IV
needles let us push fluids and blood products fast. Crystalloid fluids (salt water solutions)
fill up the blood vessels temporarily while we get blood ready. This keeps blood pressure up
so organs get oxygen.

. Apply direct pressure to any visible bleeding wound or surgical site with gauze pads —

Direct pressure squeezes blood vessels shut so clots can form. This is the fastest way to
slow down bleeding we can see and saves blood while we prepare other treatments.

. Measure vital signs every 5 to 15 minutes: blood pressure, heart rate, respiratory rate,

oxygen saturation, and temperature — Falling blood pressure with rising heart rate tells us
shock (not enough blood flow to organs) is getting worse. Frequent checks catch changes
early so we can act before organs fail.

. Draw blood immediately for type and crossmatch, complete blood count, PT/INR, PTT,

fibrinogen, and lactate — Type and crossmatch finds safe blood to transfuse. Complete
blood count shows how many red blood cells are left. PT/INR and PTT (clotting time tests)
show if clotting is broken. Fibrinogen (clotting protein) drops when bleeding is massive.
Lactate (waste product) rises when organs are not getting enough oxygen.
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5. Measure and document all visible blood loss from drains, dressings, and wounds every 15
minutes — Tracking exact blood loss helps doctors decide when to activate massive
transfusion protocol (giving lots of blood products fast). It also shows if bleeding is slowing
down or getting worse.

6. Keep the patient flat or in Trendelenburg position (head down, feet up) if blood pressure is
dropping — Lying flat or with legs elevated uses gravity to push blood from the legs back to
the heart and brain. This keeps vital organs perfused (getting blood flow) even when blood
volume is low.

7. Prepare for massive transfusion protocol by calling the blood bank and having the rapid
infuser machine ready at bedside — Massive transfusion protocol gives red blood cells,
plasma, and platelets togetherin a 1:1:1 ratio to replace what is lost. Early preparation
saves minutes that can save a life when a patient is bleeding to death.

8. Keep the patient warm with blankets and warming devices on all IV fluids — Cold blood
does not clot well. Hypothermia (body temperature below 95 degrees) makes bleeding
worse by slowing down clotting enzymes (proteins that help blood clot). Warmth helps the
body stop bleeding.

Sources

* American College of Surgeons (ACS)
* Society of Thoracic Surgeons (STS) 2011 bleeding guideline
* American Society of Anesthesiologists (ASA) perioperative blood management guideline

* AABB (formerly American Association of Blood Banks) transfusion guideline

Last reviewed: 2026-07-07
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