MALDEK
CONDITION CATALOG - HEMATOLOGY

Vitamin B12 Deficiency & Pernicious
Anemia

Without intrinsic factor or adequate B12 absorption, the body cannot make healthy
red blood cells or maintain nerve sheaths, leading to macrocytic anemia and
irreversible neurologic damage if untreated.

THE STORY IN ONE SENTENCE

Without intrinsic factor or adequate B12 absorption, the body cannot make healthy red
blood cells or maintain nerve sheaths, leading to macrocytic anemia and irreversible

neurologic damage if untreated.

“Vitamin B12 deficiency happens when your body does not absorb enough B12 from food, often
because the stomach stops making a special protein called intrinsic factor. Pernicious anemia
is the most common type, caused by an autoimmune attack on stomach cells that make
intrinsic factor.”

Normal anatomy — the body's job

Vitamin B12 (cobalamin) from animal foods binds to proteins in the stomach, then to intrinsic
factor (a glycoprotein made by gastric parietal cells in the stomach lining). This B12-intrinsic-
factor complex travels to the terminal ileum (the last part of the small intestine), where special
receptors absorb it into the bloodstream. Once inside the blood, B12 binds to transport
proteins and moves to the bone marrow and nervous system, where it acts as a cofactor
(helper molecule) for DNA synthesis and myelin (nerve coating) production.

BODY'S JOB
Think of intrinsic factor as a shuttle bus that picks up B12 passengers at the stomach
station and drives them to the small intestine terminal where they can board the
bloodstream train—without the shuttle bus, the passengers are stranded and cannot reach
their destination.

1. You eat animal foods (meat, dairy, eggs) that contain vitamin B12

2. Stomach acid and enzymes free B12 from food proteins, and parietal cells in the stomach
lining secrete intrinsic factor
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3. B12 binds tightly to intrinsic factor, forming a protective complex

4. The B12-intrinsic-factor complex travels through the stomach and small intestine to the
terminal ileum

5. Specialized receptors in the terminal ileum absorb the complex into intestinal cells, then
release B12 into the bloodstream

6. Blood carries B12 to bone marrow (to make red blood cells) and nerves (to build and repair
myelin sheaths)

What breaks

The most common breakdown is in the stomach, where the immune system attacks and
destroys parietal cells, so intrinsic factor production stops. The small intestine can also be
damaged by diseases like Crohn's or surgical removal, blocking absorption even when intrinsic
factor is present. Sometimes people simply do not eat enough B12-rich foods (strict vegans) or
take medicines that block acid needed to free B12 from food.

CLINICAL TERM

Pernicious anemia results from autoimmune atrophic gastritis (immune destruction of
stomach lining cells), which destroys gastric parietal cells and eliminates intrinsic factor
secretion. Malabsorption can also occur with terminal ileum disease (Crohn's ileitis,
surgical resection), pancreatic insufficiency (loss of enzymes needed to free B12 from R-
proteins), or chronic proton-pump inhibitor or metformin use that impairs B12 release
from food. Dietary deficiency is seen in strict vegans who consume no animal products.

How the body compensates

The body tries to compensate by slowing red blood cell production and making larger cells to
carry more hemoglobin per cell, but these macrocytes (large red blood cells) are fragile and
fewer in number. The bone marrow increases ineffective erythropoiesis (red blood cell
production that fails), and the liver releases stored B12, but these measures only delay
symptoms for months to years until stores are exhausted.

1. {'step': 'Liver releases stored B12 into circulation', 'detail': 'The liver normally holds a 3-
to-5-year supply of B12 and slowly releases it to maintain serum levels even when
absorption stops'}

2. {'step': 'Bone marrow produces larger red blood cells (macrocytes)', 'detail': 'Without B12
for DNA synthesis, developing red cells cannot divide properly, so they grow larger and
release fewer mature cells'}
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. {'step': 'Reticulocyte count drops as production slows', 'detail': 'The marrow reduces the

number of young red blood cells (reticulocytes) released because many fail to mature and
die inside the marrow (ineffective erythropoiesis)'}

. {'step': 'Kidneys release erythropoietin to stimulate red cell production', 'detail': 'Low

oxygen-carrying capacity triggers the kidneys to secrete erythropoietin (a hormone that
tells the marrow to make more red cells), but the marrow cannot respond effectively
without B12'}

. {'step': 'Heart rate and cardiac output increase to deliver more oxygen per minute', 'detail':

'The cardiovascular system compensates for fewer red cells by pumping blood faster and
harder to maintain tissue oxygen delivery'}

. {'step': 'Nervous system tries to slow myelin breakdown by reducing nerve conduction

speed’, 'detail': 'Damaged myelin sheaths cause slower nerve signals, and the body cannot
rebuild myelin without B12, leading to progressive neuropathy (nerve damage)'}

Domino effect

1.

Intrinsic factor production stops or B12 intake is inadequate — Autoimmune destruction of
parietal cells, ileal disease, or dietary deficiency blocks B12 absorption

. Serum B12 levels drop below 200 pg/mL and tissue stores deplete over months to years —

The liver's stored B12 runs out, and daily losses through bile and urine are not replaced

. DNA synthesis slows in rapidly dividing cells (bone marrow, intestinal lining) — B12 is

essential for converting folate to its active form (methyltetrahydrofolate) needed to build
DNA bases

. Megaloblastic anemia develops with macrocytic red cells and low reticulocyte count — Red

blood cell precursors grow large but cannot divide, leading to ineffective erythropoiesis and
low counts of all blood cells (pancytopenia) (low counts of all blood cells)

. Homocysteine and methylmalonic acid (MMA) accumulate in blood and tissues — B12

deficiency blocks the enzymes (methionine synthase and methylmalonyl-CoA mutase) that
break down these toxic metabolites

. Myelin sheath degenerates in spinal cord and peripheral nerves (subacute combined

degeneration) — High MMA levels damage mitochondria in nerve cells, and impaired
methionine synthesis prevents myelin repair

. Progressive neurologic symptoms appear: tingling or numbness (paresthesias), loss of

coordination (ataxia), loss of proprioception, dementia — Posterior and lateral spinal
columns degenerate (combined systems disease), and peripheral nerve axons die, causing
irreversible damage if untreated beyond 6-12 months
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8. Severe anemia causes high-output heart failure, and untreated neurologic damage becomes
permanent — The heart cannot sustain increased workload to compensate for severe
anemia, and dead nerve axons do not regenerate even with B12 replacement

Symptoms - what the patient feels, and why

» Fatigue and weakness: Without B12, red blood cells become large and fragile (macrocytes),
carry less oxygen, and deliver less energy to muscles and tissues

 Pale or yellowish skin (jaundice): Fragile oversized red blood cells break apart easily in the
bloodstream (hemolysis), releasing bilirubin that turns skin yellow

* Numbness or tingling in hands and feet (paresthesias): B12 is required to build the fatty
myelin sheath that protects nerves; without it, nerve signals travel poorly, especially in the
longest nerves

* Difficulty walking or balance problems: Damage to the posterior columns of the spinal cord
(subacute combined degeneration) disrupts position sense and coordination

» Sore, red tongue (glossitis): Rapidly dividing cells in the tongue lining need B12 to make
DNA; without it, they cannot replace themselves and the tongue becomes smooth and
inflamed

* Memory problems or confusion: Brain neurons depend on myelin for fast signaling and on
B12-dependent enzymes to clear toxic homocysteine and methylmalonic acid that damage
brain tissue

* Shortness of breath: Fewer healthy red blood cells mean less oxygen reaches the lungs and
body, triggering faster breathing to compensate for low oxygen delivery

* Rapid or irregular heartbeat (palpitations): The heart pumps faster to deliver enough
oxygen when anemia reduces oxygen-carrying capacity in the blood

Focused exam

* Pale conjunctivae and palmar creases: Indicates anemia (low red blood cell count) severe
enough to reduce the pink color normally provided by blood flow in mucous membranes and
skin folds

* Smooth, beefy-red tongue without normal bumps (atrophic glossitis): Loss of the tiny finger-
like projections (papillae) on the tongue surface signals that rapidly dividing mucosal cells
lack B12 for DNA synthesis

* Decreased vibration sense in the toes and ankles (tested with a tuning fork): Damage to the
posterior columns of the spinal cord impairs vibration and position sense; this is an early
sign of subacute combined degeneration that may progress to permanent disability
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* Positive Romberg test (patient sways or falls when standing with eyes closed and feet
together): Loss of position sense from spinal-cord damage means the patient cannot
maintain balance without visual input; this confirms posterior column involvement

* Diminished or absent ankle reflexes with upgoing toes (Babinski sign): This mixed pattern
shows both peripheral nerve damage (lost reflexes) and spinal-cord tract damage (Babinski
sign), typical of subacute combined degeneration

* Yellow tint to the skin and whites of the eyes (jaundice): Fragile macrocytic red blood cells
break down in the bloodstream (intravascular red blood cell destruction (hemolysis)),
releasing bilirubin that causes yellowing; this signals severe, ineffective red blood cell
production

Diagnostics - every test answers a question

* Complete blood count (CBC) with peripheral blood smear — Are red blood cells too large
(macrocytic), too few (anemia), and are white blood cells and platelets also low?

* Serum vitamin B12 (cobalamin) level — Is the amount of B12 circulating in the blood low
enough to cause symptoms?

* Methylmalonic acid (MMA) level — Is there functional B12 deficiency at the tissue level
even if serum B12 is borderline?

* Homocysteine level — Is the methylation cycle impaired due to insufficient B127?

* Intrinsic factor antibodies — Is the cause of B12 deficiency an autoimmune attack on
intrinsic factor (pernicious anemia)?

* Anti-parietal cell antibodies — Is there autoimmune inflammation attacking the stomach
lining cells that produce intrinsic factor and acid?

* Reticulocyte count = Is the bone marrow trying to make new red blood cells, or is red blood
cell production stalled?

* Lactate dehydrogenase (LDH) and indirect bilirubin — Are fragile red blood cells breaking
down inside blood vessels (hemolysis)?

Treatment logic

* Cyanocobalamin or hydroxocobalamin intramuscular injection — Bypasses the gut entirely,
delivering B12 directly into muscle where it is absorbed into the bloodstream; corrects
anemia within 6-8 weeks and begins reversing nerve damage within days if caught early

* High-dose oral cyanocobalamin (1000-2000 mcg daily) — Even without intrinsic factor,
about 1% of a large oral dose is absorbed by passive diffusion across the intestinal lining;
this can maintain B12 levels after initial correction with injections
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* Sublingual or nasal B12 formulations — Absorbed through mucous membranes in the mouth
or nose, avoiding the need for injections and bypassing gut absorption problems; useful for
patients who refuse injections or have needle phobia

* Red blood cell transfusion — Immediately increases oxygen-carrying capacity in patients
with severe symptomatic anemia (hemoglobin below 7 g/dL with chest pain, shortness of
breath, or altered mental status); stabilizes the patient while B12 replacement takes effect

» Folate supplementation (with B12 replacement, never alone) — Corrects the anemia by
allowing DNA synthesis to proceed; both B12 and folate are needed as cofactors in the
methylation cycle and nucleotide production

» Discontinue or reduce causative medications (metformin, proton-pump inhibitors,
histamine-2 blockers) — Restores normal B12 absorption by allowing stomach acid
production and intestinal absorption mechanisms to recover; may prevent recurrence after
B12 stores are repleted

Medications

Cyanocobalamin intramuscular - Vitamin B12 replacement (synthetic form
with a cyanide molecule attached)

This synthetic form of vitamin B12 is injected into muscle and absorbed into the bloodstream.
Inside cells, enzymes remove the cyanide part and convert cyanocobalamin into the two active
forms the body uses: methylcobalamin (for the methylation cycle) and adenosylcobalamin (for
energy production in mitochondria). These active forms serve as helper molecules (cofactors)
for two essential enzymes: methionine synthase (which recycles folate and makes DNA
building blocks) and methylmalonyl-CoA mutase (which breaks down certain fats and proteins
for energy).

1. Cyanocobalamin is injected into the deltoid or thigh muscle and absorbed into capillaries

2. The vitamin binds to transcobalamin (a transport protein) in the blood and travels to all
tissues

3. Cells take up the B12-transcobalamin complex through receptor-mediated endocytosis (the
cell membrane folds inward and swallows the complex)

4. Inside the cell, enzymes remove the cyanide and add either a methyl group (making
methylcobalamin) or an adenosyl group (making adenosylcobalamin)

5. Methylcobalamin enters the methylation cycle in the cytoplasm, helping methionine
synthase convert homocysteine to methionine and recycle folate for DNA production;

adenosylcobalamin enters mitochondria to help methylmalonyl-CoA mutase break down fats
and amino acids
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SAFETY WATCH

Low potassium (Hypokalemia) (low potassium) can occur in the first week as new red
blood cells consume potassium rapidly; monitor potassium levels and supplement if needed
- Rare allergic reactions to the injection (rash, itching, swelling); extremely rare
anaphylaxis - Do not give folic acid alone without checking B12 level first; folate can
correct anemia but allows nerve damage to worsen silently - Standard initial regimen per
guidelines: 1000 mcg intramuscular daily or every other day for 1-2 weeks, then weekly
for 1 month, then monthly for life (if absorption cannot be restored)

Hydroxocobalamin intramuscular - Vitamin B12 replacement (synthetic form

with a hydroxyl group attached)

Hydroxocobalamin is another synthetic form of B12, similar to cyanocobalamin but with a

hydroxyl (OH) group instead of cyanide. It is injected into muscle and absorbed into the

bloodstream, where it binds more tightly to transport proteins and stays in the body longer

th

an cyanocobalamin. Cells convert it to the two active forms (methylcobalamin and

adenosylcobalamin) in the same way. The longer retention time may allow for less frequent
dosing, and it is preferred in patients with cyanide toxicity or tobacco amblyopia (a rare type of
vision loss from cyanide in tobacco smoke).

1
2

. Hydroxocobalamin is injected into muscle and absorbed into the bloodstream

. It binds to transcobalamin and other plasma proteins with higher affinity and longer
duration than cyanocobalamin

. Cells internalize the B12-protein complex through receptor-mediated endocytosis

. Intracellular enzymes remove the hydroxyl group and attach a methyl or adenosyl group,
creating the active coenzyme forms

. Methylcobalamin supports the methylation cycle and DNA synthesis; adenosylcobalamin
supports fat and amino acid breakdown in mitochondria

SAFETY WATCH

May cause red or pink discoloration of urine for 1-2 days after injection (harmless, due to
red color of hydroxocobalamin) - Low potassium (Hypokalemia) can occur as new red
blood cells are produced; monitor potassium in the first 1-2 weeks - Rare allergic reactions
(rash, itching); extremely rare anaphylaxis - Typical regimen: 1000 mcg intramuscular 3
times per week for 2 weeks, then every 1-3 months for life (dosing interval varies by
guideline and country; some use monthly, others quarterly)
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Cyanocobalamin oral high-dose - Vitamin B12 replacement (oral tablet or
capsule)

Even without intrinsic factor, about 1-2% of an oral B12 dose is absorbed by passive diffusion
directly through the cells lining the small intestine. When the dose is very high (1000-2000
mcg), this small percentage provides enough B12 to meet daily needs (2-3 mcg per day). After
absorption, the vitamin enters the bloodstream, binds to transport proteins, and is delivered to
tissues where it is converted to active forms. This approach works for maintenance after initial
correction with injections, or as primary treatment in patients with mild deficiency and no
neurologic symptoms.

1. A large dose (1000-2000 mcg) of oral B12 enters the small intestine

2. About 1-2% diffuses passively across the intestinal lining into the bloodstream (this does
not require intrinsic factor or the ileal receptor)

3. B12 binds to transcobalamin in the blood and is distributed to all tissues

4. Cells take up the B12-transcobalamin complex and convert B12 to methylcobalamin and
adenosylcobalamin

5. These active forms support DNA synthesis, the methylation cycle, and mitochondrial
metabolism

SAFETY WATCH

Monitor B12, MMA, and homocysteine levels every 3-6 months to confirm absorption is
adequate - If neurologic symptoms are present, intramuscular therapy is preferred initially
for faster correction - Rarely, very high doses may cause acne-like skin eruptions
(mechanism unclear; resolves when dose is reduced) - Typical dose: 1000-2000 mcg by
mouth once daily, continued indefinitely if the underlying cause (malabsorption, pernicious
anemia) cannot be corrected

Folic acid (folate) oral - B-vitamin (folate replacement)

Folic acid is a synthetic form of folate, a B-vitamin that works closely with B12 in the
methylation cycle. After absorption in the small intestine, folic acid is converted to
tetrahydrofolate (THF) and then to 5-methyltetrahydrofolate (5-methyl-THF), the active form.
Methionine synthase (the B12-dependent enzyme) transfers the methyl group from 5-methyl-
THF to homocysteine, making methionine and regenerating THFE. THF is then used to build
purines and thymidine, the building blocks of DNA, so cells can divide. Folate supplementation
corrects the anemia in B12 deficiency by allowing DNA synthesis, but it does not prevent or
treat nerve damage because it does not supply the adenosylcobalamin needed for myelin
synthesis and mitochondrial function.

1. Oral folic acid is absorbed in the upper small intestine
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2. Liver enzymes reduce and methylate folic acid, converting it to 5-methyl-THF
3. 5-methyl-THF travels in the bloodstream to all cells

4. Inside cells, methionine synthase (which requires B12) removes the methyl group and
transfers it to homocysteine, regenerating free THF

5. THF accepts one-carbon units from serine and other donors, becoming 5,10-methylene-THF,
which is used to synthesize thymidine for DNA

SAFETY WATCH
NEVER give folate without checking B12 level and treating B12 deficiency first; this is a
critical safety rule to prevent irreversible neurologic damage - High doses (above 1 mg
daily) can mask B12 deficiency by improving the blood count while nerves deteriorate -
Generally safe in recommended doses (400-1000 mcg daily); excess is excreted in urine -
Always combine with B12 replacement in patients with megaloblastic anemia until the
cause is known

Packed red blood cells (transfusion) - Blood product (cellular therapy)

Packed red blood cells (PRBCs) are donated red blood cells separated from plasma and white
cells, then stored in a preservative solution. When transfused into a vein, these cells
immediately increase the oxygen-carrying capacity of the blood. Each unit raises the
hemoglobin by about 1 g/dL in an average adult. In severe B12-deficiency anemia with
symptoms (chest pain, severe shortness of breath, altered mental status, hemoglobin below 7
g/dL), transfusion provides life-saving oxygen delivery while B12 replacement takes days to
weeks to stimulate new red blood cell production. Transfused cells have a normal lifespan
(about 120 days), but the underlying deficiency will cause anemia to recur unless B12 is
replaced.

1. Donor red blood cells are cross-matched to the patient's blood type to prevent immune
reaction

2. PRBCs are infused slowly through an intravenous line over 2-4 hours per unit

3. Transfused red blood cells mix with the patient's blood and begin carrying oxygen
immediately

4. Hemoglobin and oxygen saturation rise within hours, improving oxygen delivery to the
heart, brain, and muscles

5. Transfused cells survive for weeks to months, but the patient's bone marrow must produce
new cells (with B12 support) to maintain the hemoglobin level long-term
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SAFETY WATCH

Transfuse slowly in patients with severe anemia to avoid volume overload and heart
failure; consider diuretics (furosemide) between units - Monitor for transfusion reactions
(fever, chills, back pain, shortness of breath, low blood pressure (hypotension)); stop
transfusion immediately if reaction occurs - Risk of iron overload with repeated
transfusions (not typically a concern in B12 deficiency, which requires only 1-2 units
acutely) - Use restrictive transfusion threshold (hemoglobin 7 g/dL in stable patients, 8 g/
dL in patients with heart disease) per ASH and AABB guidelines; avoid overtransfusion

Dietary modification (animal-product inclusion or fortified foods) - Nutritional

intervention (non-drug therapy)

Vitamin B12 is naturally found only in animal products: meat, fish, poultry, eggs, and dairy.
Some foods (breakfast cereals, plant-based milks, nutritional yeast) are fortified with synthetic

B12. In people who can absorb B12 normally (intact stomach and terminal ileum, adequate
intrinsic factor), eating these foods provides the 2-3 mcg of B12 needed daily. The stomach

releases B12 from food proteins using acid and pepsin, then intrinsic factor binds the free B12
and carries it to the ileum for absorption. Dietary modification alone cannot treat established
deficiency or pernicious anemia, but it can prevent deficiency in vegans and maintain B12

status after medical treatment corrects a deficiency.

_ W N

. B12-containing food enters the stomach
. Stomach acid and pepsin break down proteins, releasing B12 bound to food
. Intrinsic factor (from parietal cells) binds the free B12 in the stomach and small intestine

. The intrinsic factor-B12 complex travels to the terminal ileum and binds to cubilin

receptors on ileal cells

. B12 is absorbed into the bloodstream, binds to transcobalamin, and is distributed to tissues

for conversion to active forms

SAFETY WATCH

Vegans and strict vegetarians must use fortified foods or supplements; dietary sources
alone are insufficient - Older adults (over 50) often have reduced stomach acid and may
need supplements even with adequate dietary intake per CDC recommendations - Patients
with pernicious anemia or malabsorption require intramuscular or high-dose oral B12;
dietary modification is not sufficient - Recommended daily intake: 2.4 mcg for adults;
higher (2.6-2.8 mcg) in pregnancy and breastfeeding per ACOG guidelines
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Red flags

* New numbness, tingling, or weakness in legs with difficulty walking (subacute combined

degeneration requires urgent B12 replacement to prevent permanent disability)

* Confusion, memory loss, or personality change in a patient with macrocytic anemia

(neuropsychiatric manifestations of B12 deficiency)

* Severe anemia (hemoglobin below 7 g/dL) with chest pain, shortness of breath, or altered

mental status (risk of high-output heart failure; may need transfusion)

* Low counts of all blood cells (Pancytopenia) (low red cells, white cells, and platelets) with

macrocytosis (can mimic acute leukemia or myelodysplastic syndrome; needs urgent
hematology evaluation)

Nursing priorities

1.

Monitor for signs of worsening neurologic damage (numbness, tingling, balance problems,
memory loss) — Vitamin B12 deficiency causes demyelination (loss of protective nerve
covering) in the spinal cord and peripheral nerves. Early detection and treatment can
reverse symptoms, but delays may cause permanent nerve damage.

. Assess for fall risk related to peripheral neuropathy and gait instability — B12 deficiency

damages the posterior columns (nerve pathways in the spinal cord that control position
sense), leading to loss of coordination (ataxia) (unsteady walking) and increased fall risk,
especially in older adults.

. Educate about lifelong B12 replacement therapy for pernicious anemia — Pernicious

anemia results from autoimmune destruction of parietal cells (stomach cells that make
intrinsic factor needed to absorb B12). Patients cannot absorb oral B12 and require
injections or high-dose oral therapy forever.

. Monitor complete blood count and reticulocyte response after treatment initiation —

Reticulocytes (young red blood cells) should rise within one week of B12 replacement,
confirming diagnosis. Hemoglobin (oxygen-carrying protein) corrects over 6 to 8 weeks.
Lack of response signals another cause of anemia.

. Screen for other autoimmune conditions (thyroid disease, type 1 diabetes, vitiligo) —

Pernicious anemia is often part of autoimmune polyendocrine syndromes. Up to 30 percent
of patients have concurrent autoimmune thyroid disease or other autoimmune disorders
requiring separate management.

. Assess dietary intake in patients with vegan or vegetarian diets — B12 exists only in animal

products (meat, eggs, dairy). Strict vegans who do not supplement develop deficiency over
3 to 5 years as liver stores (2 to 5 mg) deplete, requiring dietary counseling and
supplementation.
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7. Monitor potassium levels closely during initial B12 replacement therapy — Rapid red blood
cell production after B12 treatment causes low potassium (hypokalemia) (low blood
potassium) as new cells consume potassium. Severe low potassium can trigger arrhythmias
(irregular heartbeats) or cardiac arrest in the first week.

8. Evaluate for reversible causes including medications (metformin, proton-pump inhibitors)
and gastric surgery — Metformin reduces B12 absorption in up to 30 percent of long-term
users. Proton-pump inhibitors decrease stomach acid needed to release B12 from food.
Gastric bypass removes intrinsic-factor-producing cells, requiring lifelong supplementation.

Sources

* American Society of Hematology (ASH) guidelines on the evaluation and management of
vitamin B12 deficiency (2020)

* National Institute for Health and Care Excellence (NICE) clinical guideline on vitamin B12
deficiency and pernicious anemia diagnosis and treatment (2019)

» UpToDate clinical overview: 'Causes and pathophysiology of vitamin B12 and folate
deficiency' and 'Treatment of vitamin B12 and folate deficiencies' (2023)

* Centers for Disease Control and Prevention (CDC) recommendations for vegetarian and
vegan nutrition including B12 supplementation guidance (2022)
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