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DESCRIPTION
Cyanocobalamin (vitamin B12) is a water-soluble vitamin that functions in the body as a coenzyme in DNA synthesis and in amino acid and lipid metabolism. Vitamin B12 is present in meats and dairy products. The usual western diet contains 5 to 20 microgram (mcg) of cobalamin per day; while minimum daily requirement for adult is about 1 mcg.  Vitamin B12 is stored in the liver and other tissues. Additionally, there is enterohepatic recirculation. Typically dietary deficiency would be expected to cause clinical manifestations of vitamin B12 deficiency only after many years because liver stores are usually very large.  Adequate absorption of vitamin B12 depends on dietary intake, acid-pepsin in the stomach to liberate Cobalamin (Cbl) from binding to proteins, pancreatic proteases to free Cbl from binding to R factors, secretion of intrinsic factor (IF) by the gastric parietal cells to bind to cobalamin and an ileum with Cbl-IF receptors. 

CAUSES OF DEFICIENCY

Vitamin B12 deficiency is usually due to inadequate absorption associated with pernicious anemia or with gastrointestinal disorders.  It also can result from poor dietary intake or overgrowth of intestinal bacteria that deplete dietary vitamin B12.  Poor dietary intake may be seen in individuals with dietary habits of low or absent vitamin B12 and/or in combination with increased vitamin B12 demands.  Women who follow a strict vegetarian diet who are pregnant or lactating is an example. Overgrowth of bacteria is uncommon and occurs primarily in diverticulosis, blind loops, surgical anastomosis or pseudoobstruction.  One approach to prevent vitamin B12 deficiency in theses patients is the administration of antibiotics to reduce colonic flora.  Gastrectomy and gastritis are other abnormalities that can produce Cbl deficiency. The absence of gastric acid and pepsin in these disorders results in impaired liberation of Cbl from binding proteins. Number of intestinal disorders can also cause Cbl deficiency. These include severe pancreatic disease and small bowel disease including malabsorption, ileal disease (eg, tuberculosis ileitis, lymphoma, amyloid) resection or bypass, Crohn’s disease, and blind loops. 

CLINICAL MANIFESTATIONS
In the “classic” case of vitamin B12 (cobalamin, Cbl), the patient presents with a severe macrocytic anemia (red blood cell mean corpuscular volume (MCV) >100 fL), a low to low normal absolute reticulocyte count, and a characteristic blood smear showing macroovalocytes, occasional megalobastic, and hypersegmented neutrophils (>5% of neutrophils with five or more lobes or 1% with six or more lobes). 

Pernicious anemia is most common disease caused by Cbl deficiency and its presentation in full blown case include lemon colored skin reflecting anemia and icterus, mental sluggishness, swollen and red followed by shiny tongue usually due to atrophic glossitis and shuffling broad gait.    

The neurologic problems, when present, consist of the classic picture of subacute combined degeneration of the dorsal and lateral spinal columns. This lesion, specific for cobalamin deficiency, is due to a defect in myelin formation of unknown mechanism. The neuropathy is symmetrical and affects the legs more that the arms. It begins with paresthesias and ataxia associated with loss of vibration and position sense, and can progress to severe weakness, spasticity, clonus, paraplegia and even fecal and urinary incontinence.

Other neurologic abnormalities that can be seen are axonal degeneration of peripheral nerves and central nervous system symptoms including memory loss, irritability, and dementia. Patients may present with L’hermitte’s syndrome, a shock- like sensation that radiates to the feet during neck flexion. Not all patients with neurologic abnormalities are anemic but are typically associated with macrocytosis (MCV>100 fL) and an abnormal peripheral blood smear (eg, hypersegmented neutrophils). 

Diagnostic Strategy – Vitamin B12 deficiency should be suspected in patients with one or more following clinical findings:

· Macrocytic anemia

· Pancytopenia (anemia, thrombocytopenia, neutropenia) of uncertain cause

· Unexplained neurologic signs and symptoms, especially dementia or sensory neuropathy.

· Special populations, such as the elderly, alcoholics, and patients with malnutrition.  Caution: Low serum vitamin B12 levels (<200 pg/ml) without anemia or neuropathy may occur in a significant proportion of elderly patients who have normal absorption. The benefit of vitamin B12 therapy in these patients is not certain. 

· Hematological manifestations of vitamin B12 deficiency are similar to those of folate deficiency. Folate deficiency should also be considered and treated if present. 

The evaluation of suspected vitamin B12 deficiency generally proceeds in two stages; documenting the presence of the vitamin deficiency and then determining its cause (eg, pernicious anemia, malabsorption, dietary lack). The diagnosis can most often be established by a combination of the following:

· Measurement of the serum vitamin B12 levels is diagnostic for deficiency (Reference range 100 - 800 picograms (pg) per ml).  The level <200 pg/ml consistent with vitamin B12 deficiency (specificity 95 to 100%). 

· Measurement of specific metabolites (eg, total plasma homocysteine [tHcy], methylmalonic acid [MMA]) also can be measured; however, these metabolites are also elevated in patients with impaired renal function. These tests should be reserved for those patients in whom a high degree of suspicion of vitamin B12 deficiency is present, especially those with borderline levels or in the patient with neurologic complaints, in whom it is important to uncover a treatable cause of dementia. 
· 
· The presence of anti-intrinsic factor antibodies is highly specific and confirmatory for the diagnosis of pernicious anemia, with sensitivity varying from 50-84%. Anti-parietal cell antibodies are much less specific and less sensitive (55%). 

Indications for vitamin B12 therapy:

· Patients with Pernicious anemia (deficiency of intrinsic factor)

· Patients with documented absorption deficits secondary to gastrointestinal pathologies (eg, gastrectomy, ileal resection or bypass, blind loops)

· Patients with low serum vitamin B12 level (< 200pg/ml) or MMA (<70 nmol/L) and neurological changes even if no anemia is present. Peripheral blood smear in such cases typically abnormal.  

· 
· 
DOSING RECOMMENDATIONS  
Dosing varies depending on the severity of deficiency and associated clinical manifestations.

· Significant neurological deficits with or without anemia: Vitamin B12 1,000 mcg IM/SC daily for 1 week (5-10 days) followed by 1,000 mcg once weekly for 4 weeks and then 1,000 mcg IM/SC monthly.

· Anemia alone or with less serious neurological complications or asymptomatic deficiency: Vitamin B12 1,000 mcg IM/SC daily for 1 week (5-10 days) followed by 1,000 mcg IM/SC monthly.
· Anemia without neurologic deficit, oral therapy with vitamin B12 (1000 mcg once daily) may be considered but patients must be monitored carefully to ensure response.  A repeat serum B12 level should be drawn in one month and periodically thereafter to ensure that there is adequate oral absorption and patient compliance. Oral therapy however should be avoided if neuropathy is evident to ensure that further neurologic deterioration does not occur. Neurologic examination (once yearly) should be done to detect subclinical neuropathy such as posterior column spinal cord disease or dementia 

· Low serum B12 without anemia or neurologic deficit, blind therapy with B12 injection provides no beneficial effect. Homocystine or Methylmalonic acid level should be checked in such case and treat patient with Vitamin B12 injection if these level are elevated. 
· Since most cases are related to malabsorption, therapy is continued for life.

· Consultation with Neurology Service should be considered for normal serum vitamin B12 level with non-diagnostic neurologic manifestations and the indication of vitamin B12 therapy is in question. 

ADVERSE EFFECTS 

Injectable Cyanocobalamin is considered non-toxic.  The main side effect is pain from the injection.  Itching, urticaria and anaphylaxis are very rarely reported. 

MONITORING 
· Laboratory studies (eg, CBC, Vitamin B12, folate, iron and potassium) should be monitored after vitamin B12 therapy. 
· There will be a reticulocytosis in 3 to 4 days, peaking at 6 to 10 days, followed by a rise in hemoglobin (Hgb) and a fall in red blood cell MCV. The Hgb concentration begins to rise within 10 days and usually returns to normal within 60 days of treatment initiation. The hypersegmented neutrophils disappear at 10 to 14 days. A delayed response suggests the presence of an additional abnormality, such as iron deficiency, infection, malignancy, or lack of response if oral therapy is being used.  

· Hypokalemia during the early response (first 48 hours) typically occurs due to a marked increase in potassium utilization during production of new hematopoietic cells. Severe hypokalemia should be treated with potassium supplementation. 

· Neurologic abnormalities, if present, improve more slowly over six months; the degree of improvement is inversely related to the extent and duration of the disease. NCS may be done in 6 months and may be repeated in 6 months if there is no clinical improvement. If there is no EMG improvement in 1 year after therapy, this should suggest another diagnosis. 
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