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Serotonin Syndrome

Too much serotonin makes your heart race, your muscles shake and lock up, and
your thinking confused and wild.

THE ONE-LINE TRUTH

Taking two drugs that both raise serotonin (like an SSRI plus an MAOI, linezolid, tramadol,
methylene blue, or MDMA) floods the brain with too much serotonin and poisons the
nervous system.

The chain — how it unfolds

1

. Two serotonin-boosting drugs are taken together (or one drug is started before the other

has cleared from the body). — why: Each drug blocks a different step in serotonin cleanup—
one stops the reuptake pump (SERT), the other stops the breakdown enzyme (MAO)—so
serotonin cannot escape the synapse and floods every serotonin receptor in the brain,
spinal cord, and gut.

. Within 6-24 hours, serotonin receptors in the brainstem and spinal cord lock into

continuous firing. — why: The raphe nuclei (serotonin-making cells in the brainstem) and
the spinal interneurons (which control muscle tone) are overwhelmed by serotonin, so they
send non-stop excitatory signals down to muscles and up to the cortex, unable to reset.

. The sympathetic nervous system (fight-or-flight) turns on full blast: heart rate jumps to

100-140, blood pressure climbs, pupils dilate, and sweating pours out. — why: Serotonin
overstimulates 5-HT2a receptors in the hypothalamus and brainstem, which command the
adrenal glands to dump adrenaline and norepinephrine into the blood—your body thinks it
is in mortal danger and cannot turn off the alarm.

. Muscles begin to shake, jerk rhythmically (clonus), and stiffen, especially in the legs;

reflexes become hyper-jumpy. — why: Spinal motor neurons, flooded with serotonin, fire too
fast and cannot relax, so muscles contract repeatedly and rigidly—this uncontrolled muscle
work generates huge amounts of heat and breaks down muscle fibers, releasing myoglobin

and creatine kinase into the blood.
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5. Core body temperature spikes above 104°F (40°C), and the person becomes confused,
agitated, or delirious. — why: The hypothalamus (brain's thermostat) loses control as
serotonin jams its temperature sensors; meanwhile the cortex (thinking brain) cannot filter
the flood of serotonin signals, so thinking fractures into confusion, hallucinations, or
combative agitation.

6. Muscle breakdown (rhabdomyolysis) clogs the kidneys with myoglobin, lactic acid builds up
from overworked muscles, and clotting proteins activate (disseminated intravascular
coagulation, DIC). — why: Destroyed muscle fibers dump myoglobin (a large protein) into
the bloodstream; the kidneys try to filter it but the tubes clog, leading to acute kidney
injury. High fever and too much acid in the blood (acidosis) (too much acid in the blood)
damage blood vessel linings, triggering runaway clotting that uses up all the clotting
factors and causes bleeding.

7. Without rapid cooling, sedation, and stopping all serotonergic drugs, multi-organ failure
(kidneys, liver, heart, brain) occurs within 24-48 hours. — why: Sustained hyperthermia
(high fever) denatures (cooks) proteins in every cell, blood clots choke off oxygen to organs,
and too much acid in the blood (acidosis) poisons cellular enzymes—once multiple organs
fail, the mortality rate climbs above 10-15% even with intensive care.

8. If the serotonergic drugs are stopped immediately, the patient is cooled (ice, fans,
sometimes paralytics and intubation), and cyproheptadine (a serotonin blocker) is given,
serotonin levels drop within hours and most symptoms resolve in 24-72 hours with full
recovery. — why: Serotonin has a short half-life (it breaks down quickly once new drug
dosing stops), so halting the flood lets the reuptake pumps and MAO enzymes catch up and
clear the excess—cooling and muscle relaxation prevent irreversible organ damage while
the brain resets.

Spot it — what you see, and why

» Agitation or restlessness: Too much serotonin (a brain messenger that affects mood and
movement) over-revs parts of the brain that control behavior and alertness, making you feel
jumpy, on-edge, or unable to stay still.

» Fast heart rate (tachycardia): Excess serotonin spills over onto the sympathetic nervous
system (the body's gas pedal), speeding up the heart as if you're in danger even when
you're not.

* Dilated pupils (mydriasis): The flood of serotonin pushes the sympathetic nervous system
into overdrive, telling the muscles in the iris to pull the pupil wide open—Ilike the body
thinks it needs to see in the dark or prepare for a threat.

* Muscle twitching or jerking (myoclonus): Serotonin receptor 5-HT2A (a docking site for
serotonin on nerve cells) gets overstimulated in the spinal cord and brain stem, causing the
muscles to fire off little jerks and twitches that you can't control.
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* Rigid or stiff muscles (especially in the legs): Too much serotonin locks up the motor

neurons (the nerve cells that tell muscles to move), making muscles clench tight—often
worse in the lower body because those motor pathways run through the lumbar spinal cord
where serotonin receptors are dense.

* Sweating more than usual (diaphoresis): The sympathetic nervous system, revved up by

serotonin overload, orders sweat glands all over the body to open up—your body thinks it's
overheating or under stress.

Red flags — act now

* High fever above 104°F (40°C)—this means the body is overheating dangerously and can

damage organs.

» Seizures (sudden shaking you can't stop)—the brain is firing out of control.

* Very stiff muscles that won't bend (severe rigidity)—this can break down muscle tissue and

poison the kidneys.

* Fast, confused thinking that gets worse quickly—sign the brain is overwhelmed.

* Low blood pressure or trouble staying awake—means the body is starting to shut down.

Treat it — in this order

1.

Stop all serotonin-raising medicines immediately (SSRIs, SNRIs, MAOIs, tramadol,
linezolid, methylene blue, MDMA, St. John's wort) = Removes the source driving serotonin
levels too high, so the brain's serotonin receptors stop being overstimulated. This is the
only way to stop the cascade at its root.

. Cool the body aggressively if temperature =39°C (102.2°F): ice packs to the groin and

armpits, cold IV saline, and cooling blankets — High fever itself damages brain cells,
triggers blood clots inside vessels (DIC), and breaks down muscle (rhabdomyolysis).
Bringing the temperature below 38.5°C protects organs and slows the runaway muscle
firing that generates more heat.

. Give lorazepam 1-2 mg IV (or diazepam 5-10 mg IV) and repeat every 10-15 minutes until

the person is calm and muscles relax — Benzodiazepines boost GABA (the brain's main
calming signal), which quiets overexcited neurons in the cortex, limbic system, and spinal
cord. This lowers agitation, reduces muscle rigidity, slows the heart rate, and brings down
blood pressure.

. Give cyproheptadine 12 mg by mouth as the first dose, then 2 mg every 2 hours (maximum

32 mg in 24 hours) if symptoms persist = Cyproheptadine is a serotonin receptor
antagonist (it blocks 5-HT:1A and 5-HT2A receptors), directly stopping serotonin from
activating nerve cells. It is the only drug that reverses the receptor-level cause of serotonin
syndrome.
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5. Give IV fluids (normal saline) rapidly—start with 1-2 liters over the first hour, then continue
at 200-300 mL/hour—to flush myoglobin out of the kidneys — Aggressive hydration dilutes
the muscle protein (myoglobin) in the urine and keeps it from crystallizing and blocking
kidney tubules. This prevents acute kidney injury when CK is elevated.

Your top priorities at the bedside

1. Stop all serotonin-raising medicines immediately and hold them until a doctor reviews the
case. — why: Serotonin syndrome is caused by too much serotonin flooding the brain, so
the first step is to remove the source. Continuing SSRIs, MAOIs, tramadol, linezolid, or
other culprits will keep poisoning the nervous system and make symptoms worse.

2. Check temperature every 15 minutes, and if it is 102.2°F (39°C) or higher, start aggressive
cooling right away with ice packs to the groin and armpits, cold IV saline, and a cooling
blanket. — why: High body temperature (hyperthermia) damages organs, breaks down
muscle tissue (rhabdomyolysis), and can cause kidney failure and death. Cooling the body
quickly lowers the temperature and prevents permanent harm.

3. Give lorazepam (Ativan) 1 to 2 mg IV or diazepam (Valium) 5 to 10 mg IV, and repeat every
10 to 15 minutes until the patient is calm and muscles relax. — why: Benzodiazepines calm
the overactive nervous system, stop seizures, reduce muscle rigidity, and lower heart rate
and blood pressure. Relaxing the muscles also reduces heat production and prevents
rhabdomyolysis (muscle breakdown that poisons the kidneys).
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