MALDEK
STUDY SHEET - CLINICAL REASONING

Hypophosphatemia and
Hyperphosphatemia

Low phosphorus starves every cell of energy and oxygen. High phosphorus pulls
calcium out of blood and deposits it where it doesn't belong.

THE ONE-LINE TRUTH

Low phosphorus (from refeeding, heavy alcohol use, or diabetic ketoacidosis (the acid
crisis of missing insulin) recovery) stops cells from making energy and delivering oxygen,
which leads to weak muscles, stopped breathing, and muscle breakdown. High phosphorus
(from kidney failure or massive cell death) pulls calcium out of the blood and deposits it in

tissues, causing stiff muscles and dangerously low calcium.

The chain — how it unfolds

1. Phosphate drops below 1.5 mg/dL (severe hypophosphatemia), so cells cannot make enough
ATP (the energy molecule) or 2,3-DPG (the oxygen-release switch in red blood cells). —
why: ATP is built from adenosine plus three phosphate groups; without phosphate, cells run
out of fuel and cannot do work. 2,3-DPG needs phosphate to form; without it, hemoglobin
holds onto oxygen too tightly and tissues starve even though blood oxygen saturation looks
normal.

2. Muscles weaken because they cannot make ATP to power contraction. The diaphragm
(main breathing muscle) fatigues and the patient develops shallow breathing, then
respiratory failure. — why: Every muscle squeeze needs ATP. When phosphate is gone,
muscle fibers cannot contract hard or long. The diaphragm works nonstop, so it is the first
to fail — breathing becomes weak, carbon dioxide builds up, and the patient may need a
ventilator.

3. Red blood cells hemolyze (break apart) because low ATP weakens the cell membrane and
low 2,3-DPG disrupts the membrane skeleton. — why: Red blood cell membranes are held
together by a phosphate-dependent protein scaffold. Without enough ATP and phosphate,
the membrane becomes fragile and bursts, releasing hemoglobin into the blood (hemolysis),
which can cause anemia and dark urine.
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4. Rhabdomyolysis develops: skeletal muscle cells break down, releasing myoglobin, creatine
kinase, potassium, and more phosphate into the blood. — why: Starved muscle cells cannot
maintain their structure without ATP. They dissolve (rhabdomyolysis), which dumps toxic
contents into the bloodstream. Myoglobin clogs the kidney tubules and can cause acute
kidney injury.

5. Brain function declines (confusion, irritability, seizures, coma) because neurons need ATP to
fire and maintain ion gradients. — why: The brain burns more ATP per gram than any other
organ. Without phosphate, neurons cannot pump sodium and potassium across membranes,
which disrupts electrical signals. Patients become confused, agitated, or unresponsive.

6. In hyperphosphatemia, phosphate binds calcium in the blood, forming calcium-phosphate
precipitates. Blood calcium drops (hypocalcemia). — why: Phosphate and calcium stick
together chemically. When phosphate is high, it pulls calcium out of solution. The calcium-
phosphate crystals deposit in soft tissues (blood vessels, heart, skin, joints) and the free
calcium left in blood falls dangerously low.

7. Low calcium causes tetany (muscle spasms and cramps), especially in the hands and face
(Chvostek sign, Trousseau sign), numbness and tingling around the mouth and fingers, and
prolonged QT interval on ECG (risk of lethal arrhythmia). — why: Calcium stabilizes nerve
and muscle membranes. When it drops, nerves fire too easily (hyperexcitability), causing
spasms, twitching, and abnormal heart rhythms. Severe low calcium (hypocalcemia) can
trigger seizures or sudden cardiac arrest.

8. Calcium-phosphate crystals deposit in soft tissues: blood vessels stiffen (vascular
calcification), heart valves harden, skin itches and hardens (calcinosis cutis), and joints
become painful. — why: High phosphorus drives calcium out of bones and blood into places
it does not belong. Over time, these deposits narrow arteries (raising the risk of heart
attack and stroke), damage heart valves, and cause severe itching and joint pain that do not
respond to usual treatments.

Spot it — what you see, and why

* Muscle weakness or pain: Phosphate is the fuel inside every muscle cell that powers
movement (it makes ATP, the cell's energy coin). When phosphate drops too low, muscles
run out of energy and feel weak or achy. When phosphate climbs too high, extra calcium-
phosphate crystals can form in muscle tissue and hurt.

» Confusion, irritability, or trouble thinking clearly: Brain cells need steady phosphate to
make energy and keep their outer walls healthy. Low phosphate starves the brain and
makes thinking foggy. High phosphate can raise calcium inside brain cells and throw off
their electrical signals, causing confusion or crankiness.
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* Numbness or tingling in hands and feet: When phosphate is very low, red blood cells lose a
chemical called 2,3-DPG (a helper that nudges oxygen off hemoglobin). Without enough 2, 3-
DPG, oxygen sticks tight to hemoglobin and nerves do not get the oxygen they need, so they
send tingly warning signals. High phosphate can also lower blood calcium, making nerves
fire randomly and causing tingling.

* Bone pain or easy fractures: Bones are a living bank of calcium and phosphate. Long-term
low phosphate (often from not enough vitamin D or kidney phosphate wasting) softens
bones because new bone cannot harden properly. Long-term high phosphate (usually from
failing kidneys) pulls calcium out of bone to keep blood levels balanced, weakening the
skeleton over time.

* Heart rhythm changes or palpitations: The heart's electrical system depends on balanced
phosphate, calcium, and potassium. Severe low phosphate weakens heart-muscle squeeze
and can trigger irregular beats. Very high phosphate lowers blood calcium, which also
disrupts the heart's rhythm and squeeze.

* Trouble breathing or needing the ventilator longer: The diaphragm (the big breathing
muscle under your lungs) is a muscle like any other and needs phosphate for energy. Severe
low phosphate makes the diaphragm too weak to pull air in well, so breathing becomes
hard or shallow.

Red flags — act now

» Seizures or sudden confusion
* Severe muscle weakness or trouble breathing
* Heart rhythm changes or chest pain

* Red or brown urine (sign that red blood cells are breaking apart)

Treat it — in this order

1. IV sodium phosphate or potassium phosphate 0.16-0.32 mmol/kg (roughly 15-30 mmol
total) over 4-6 hours for severe hypophosphatemia (phosphate < 1.0 mg/dL) — Replaces the
missing phosphate so cells can make ATP again, muscles get the fuel they need to contract,
and red blood cells stop bursting. This lifts phosphate back into the safe zone (= 2.5 mg/dL)
within hours.

2. Stop or slow refeeding; restart nutrition very slowly with small amounts (start 10-20 kcal/
kg/day, advance slowly over 4-7 days) and give thiamine, phosphate, magnesium, and
potassium from day one — When you feed a starving body too fast, cells suck phosphate
(and potassium and magnesium) out of the blood to restart their engines. Slowing down and
pre-loading electrolytes lets phosphate stay in the blood long enough for the body to
balance it safely. This prevents refeeding syndrome.
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3. Oral phosphate supplements (Neutra-Phos or K-Phos) 1-2 grams per day in divided doses
for mild to moderate hypophosphatemia (phosphate 1.0-2.5 mg/dL) if the person can
swallow — Refills phosphate stores slowly through the gut without the risks of IV phosphate
(which can drop calcium suddenly or deposit in the wrong places). Works well when the
person is stable and phosphate is not life-threateningly low.

4. For hyperphosphatemia: give phosphate binders (sevelamer 800-1600 mg, calcium acetate
667-1334 mg, or lanthanum 500-1000 mg) by mouth with every meal — These medicines
stick to phosphate in food and carry it out in the stool so your body cannot absorb it. This
lowers blood phosphate without the kidneys having to do all the work. Sevelamer does not
add calcium; calcium acetate does (so it helps if calcium is also low, but risks making
calcium too high).

5. For tumor lysis syndrome: give rasburicase 0.2 mg/kg IV once, aggressive IV fluids (150-
200 mL/kg/day), and avoid allopurinol if uric acid is very high; consider urgent hemodialysis
if phosphate > 10 mg/dL or kidneys are failing - Rasburicase breaks down uric acid so the
kidneys do not get clogged by uric acid crystals, and IV fluids flush phosphate and other
cell debris out through urine. This stops the sudden phosphate spike when cancer cells die
all at once and dump their insides. Dialysis directly pulls phosphate out of the blood when
kidneys cannot handle the load.

Your top priorities at the bedside

1. Watch breathing rate, depth, and oxygen saturation every 1 to 2 hours during treatment for
severe low phosphorus below 1.0 mg/dL. — why: Low phosphorus weakens the diaphragm
(main breathing muscle) and can cause respiratory failure (stopped breathing) requiring a
ventilator

2. Check the IV phosphate infusion rate every 30 minutes and never give faster than 7.5 mmol
per hour — why: Too-fast IV phosphate drops calcium suddenly causing tetany (muscle
spasms), seizures, or cardiac arrest (stopped heart); phosphate must go in slowly over 4 to
6 hours

3. Monitor heart rhythm on telemetry (heart monitor) continuously during phosphate
replacement — why: Low phosphorus causes arrhythmias (irregular heartbeats) and giving
phosphate too fast drops calcium which also causes dangerous arrhythmias and QT
prolongation (electrical delay that triggers sudden death)
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