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OSMOLALIT Y AND VOLUME STATUS

Normal serum osmolality is usually 282 +/- 2 mOsm/ kg H20. If no osmolal gap 
exists from an acid alcohol ingestion, then measured osmolality should be 
equal to calculated osmolality, which is (roughly): 

Osmcalc = 2[Na+] + (glucose/18) + (BUN/2.8) 
If glucose and BUN are normal, use 2 x (Na+] to quickly see if the patient's 

osmolality is- 270.



Antidiuretic hormone (ADH) is the common term for arginine vasopressin 
(AVP). ADH is the primary regulator of renal water excretion; it is a 
neurohypophysial hormone that acts on the late distal tubule and cortical 
collecting duct to increase water permeability and mediate the urine 
concentration.



ADH levels are regulated by several mechanisms. The 2 most important 
are: 

I) Osmoreceptors in the hypothalamus 
2) Volume (stretch) receptors in the left atrium (and possibly in the 

pulmonary veins) and blood vessels 
The strongest stimulant for ADH release is significant volume loss 

resulting in hypotension; e.g., hemorrhage. This stimulates both the 
stretch receptors and baroreceptors. 

High plasma osmolality is a weaker but more sensitive stimulus for ADH 
release.















Volume status of the patient with a sodium abnonnality is critical in 
determining the treatment. In general, if the patient is edematous, there is 
volume overload. If the patient has the clinical signs of volume loss, there is 
a volume deficit. If there is neither of these, the patient is considered 
euvolemic. 

Remember these clinical clues to hypovolemia: tachycardia, narrowed pulse 
pressure, orthostatic hypotension, and resting tachycardia with 
hypotension. Central venous pressure is low.





HYPONATREMIA





HYPONATREMIA
lsoosmolar and Hyperosmolar 
Low serum Na+ is the most common electrolyte abnormality.  
• lsoosmolar hyponatremia: An artifactual decrease in the serum Na+ associated with 

older lab instruments that miscalculated sodium in settings of high protein (e.g., 
myeloma) or lipids. The current standard in laboratory practice is to use ion-specific 
electrodes, thus eradicating this problem. 

• Hyperosmolar: Both glucose and mannitol cause an osmotic shift of water out of 
cells, which dilutes plasma Na+. ( elevated BUN ) 

Remember: For each 100 increase in glucose over 100 mg/dL, the sodium concentration 
decreases by 1.6.



Hypoosmolar
By far, the largest low-Na+ subgroup is the hypoosmolar group. Note that the 

terms hypo osmolar and hypotonic are interchangeable. 
The low osmolality causes water movement into cells, leading to intracellular 

swelling, which may result in neuromuscular excitability, seizures, and 
coma-usually when the Na+ falls acutely ( < 120). If the sodium level 
decreases slowly, the cells re-equilibrate and do not swell enough to cause 
these symptoms. The hypoosmolar group is further subdivided by volume 
status: low, high, and normal.



         Always think of the serum sodium concentration as the ratio of total body 
sodium to water, with increased total body water content as the key 
disorder in most cases of hyponatremia. Therefore, hypotonic hyponatremia 
is a water problem. Whenever the serum sodium is low, it means the 
patient has more water relative to total body sodium either from loss of 
sodium, true water excess, or total body sodium excess that is exceeded by 
water excess. 

In the patient with hypotonic low Na+, the first thing to do is assess the volume 
status, which is done clinically. 

Volume status essentially reflects total body sodium content.



Low Osmolality ... Low Volume (Hypovolemia) 
Low-volume patients have lost both water and Na+, but more Na+ than water. 

This has several causes: 
• Diuretics 
• Gl losses (vomiting and diarrhea) 
• Third spacing of fluid 
• Adrenal insufficiency (Addison disease) 
In primary adrenal insufficiency, both cortisol and aldosterone are deficient. The 

low aldosterone causes renal Na+ wasting and decreased K+ and H+ excretion, 
resulting in hypovolemia (sometimes with hypotension), hyperkalemia, and 
metabolic acidosis. The low cortisol stimulates ADH production, resulting in 
hyponatremia.



Low Osmolality ... High Volume (Hypervolemia) 
High-volume hyponatremic patients usually retain water and Na+, but more 

water than Na+. These patients have dependent edema and JVD. 
Causes of low osmolality, high-volume status include: 
• Edema-forming states: heart failure, cirrhosis, and nephrotic syndrome 
• Kidney failure: acute or chronic



           Normal treatment is restriction of water and Na+. 
           Lithium and demeclocycline can improve hyponatremia by inducing 

tubular resistance to ADH, but should not be used routinely because they 
can lead to chronic kidney disease. Also, avoid chronic, oral thiazide 
diuretics because they impair urinary-diluting ability, which can worsen 
hyponatremia. Loop diuretics can be very effective in patients with high-
volume hyponatremia. 

           It's easy to precipitate acute kidney injury with rapid diuresis of a high-
volume cirrhotic patient. Cirrhotics tend to have a low GFR, even with a 
normal serum creatinine. 

         They have decreased muscle mass, so a decrease in their GFR is not 
necessarily reflected in their serum creatinine concentration.



Low Osmolality ... Normal Volume (Euvolemia) 
SIADH 
Normal-volume patients usually have SIADH or are taking drugs that either mimic ADH or cause ADH 

release. 
Know that pain and chronic nausea are potent natural stimulators of ADH release. 
Normal-volume hyponatremia also can be caused by psychogenic polydipsia (but in a patient with normal 

renal function and solute intake, it takes over 15 Llday of water intake to produce hyponatremia), 
hypothyroidism, and isolated glucocorticoid deficiency. 

Causes of SIADH include the following: 
• CNS disease (e.g., meningitis) 
• Lung disease (e.g., pneumonia) 
• Neoplasms (especially small cell lung cancer) 
• Drugs



Most common drugs associated with SIADH: 
• NSAIDs 
• SSRis 
• Carbamazepine and oxcarbazepine 
• Psychotropic drugs: haloperidol, amitriptyline 
• IV cyclophosphamide 
• VincristineNinblastine 
• Cisplatin 
• Chlorpropamide (now rarely used) 
• Ecstasy (methylenedioxymethamphetamine)





Diagnose SIADH by comparing the urine and serum osmolalities. The normal 
response to hyponatremia would be to excrete free water in the urine; e.g., 
healthy patients would have a low serum osmolality and a low urine 
osmolality (< 200 mOsrn/L) because they are making dilute urine; this is 
what you see in psychogenic polydipsia. In SIADH, however, the urine is 
inappropriately concentrated (> 250 mOsm/L) in the setting of a low serum 
osmolality. The patients are not excreting free water, so the serum 
osmolality is low, but the urine osmolality is high.



The mechanism for ADH release in moderate-to-severe hypothyroidism is 
decreased cardiac output, which stimulates the carotid baroreceptors. Rule 
out hypothyroidism and glucocorticoid deficiency in all patients with 
hyponatremia before making a diagnosis of SIADH because both causes can 
have low serum osmolalities and high urine osmolalities-more commonly 
seen in SIADH. Sometimes you cannot tell the difference using these tests, 
so look for the hormone deficiencies in everyone first, before diagnosing 
SIADH.







Thiazide Diuretics 
Thiazides also can cause euvolemic low osmolality hyponatremia via several 

possible mechanisms, both ADH-related (by inducing mild volume depletion 
and directly stimulating ADH release) and non-ADH-related (by impairing 
urinary dilution in the early distal tubule). Elderly patients are highly 
susceptible to this effect of thiazides.



Treatment of Hyponatremia
Treat asymptomatic hyponatremia (no CNS changes) based on etiology: 
• Normal serum osmolality hyponatremia: This is artifact and does not require 

treatment. 
• High osmolality hyponatremia: sometimes attributable to glucose or 

mannitol. Treating the underlying disease process (e.g., DKA) normalizes 
the sodium with time. 

• Low osmolality and: 
o Hypovolemic: normal saline to replenish deficit 
(watch for over-rapid correction!).



o Hypervolemic: fluid restriction(- 800 cc/day)  
+/- loop diuretics. 
o Euvolemic: SIADH is treated with fluid restriction (- 800 cc/day). Refractory 

cases can be treated with an ADH receptor antagonist, such as conivaptan 
or tolvaptan. Treat hypothyroidism or glucocorticoid deficiency with 
appropriate replacement.  

Remember: Isotonic saline worsens hyponatremia in patients with SIADH.



If the symptoms of hyponatremia are severe (e.g., neurologic symptoms such 
as lethargy, confusion, coma, seizures) and the patient is not hypovolemic, 
treat with 3% saline. Correction of hyponatremia should never exceed 9 
mEq/L over 24 hours due to the risk of osmotic demyelination syndrome 
(see next slide ).



Standard therapy: Give enough 3% saline to increase the serum sodium by 6-8 mEq/L 
over 24 hours. 

 For severe symptoms (seizure, coma), a 100 mL bolus of 3% saline is recommended to 
quickly raise the serum sodium by 2-3 mEq/L. If symptoms persist, 2 more boluses 
can be given in 10-minute intervals. 

 For moderate symptoms (confusion, lethargy) and suspected SIADH, hypertonic saline 
can also be used. A reasonable initial rate is 0.5-1.0 mL/kg lean body weight/hour. 
The serum sodium should be checked frequently (every 2-4 hours) and the rate 
adjusted to achieve the target correction of 6-8 mEq/L over 24 hours. Watch carefully 
for the abrupt onset of a water diuresis, which can cause the serum sodium 
concentration to rise too fast, especially in patients with psychogenic polydipsia, 
hypovolemic hyponatremia, and hyponatremia due to thiazide diuretics.



Osmotic demyelination syndrome was previously referred to as central 
pontine myelinolysis because it is most prominent in the pons. If the sodium 
concentration is raised too rapidly, the cells can shrink (water rushes out of 
cells into the blood stream, where the osmolality has risen), potentially 
causing this demyelination syndrome. This rare effect is more likely to occur 
in the patient with chronic, severe hyponatremia (Na+ < 115 mEq!L for > 2 
days) whose sodium is corrected rapidly(> 10 mEq!L over 24 hours). 
Symptoms are delayed by about a week, compared to the rise in the sodium 
concentration, and are usually not reversible. Presentation includes speech 
and swallowing difficulties, weakness or paralysis, cognitive deficits, and 
coma. Seizures occasionally occur.



A related cause of severe and sometimes symptomatic hyponatremia is 
exercise-induced hyponatremia, reported in marathon and other endurance 
exercise participants and caused by both nonosmotic production of ADH 
and excessive intake of hypotonic fluids. 

 3% hypertonic saline should be promptly administered when diagnosed.



HYPERNATREMIA



Can You Drink Too Much Water?



Overview
Severe hypernatremia is fairly rare but always represents a water deficit. It 

does not occur unless the patient is unable to get to water (debilitated or 
H2O unavailable) or the thirst mechanism is defective. Unlike 
hyponatremia, these patients are always hyperosmolar, so the 1st step is 
determining volume status. Low volume implies water and total body Na+ 
loss (water deficit exceeding Na+ deficit).  

 Treat severe hypovolemic hypernatremia with normal saline first to correct the 
volume deficit, and only then with hypotonic fluids to further replace the 
water deficit. 

 Remember: Even normal saline has a lower osmolality than serum in a patient 
with hypernatremia.



Cellular swelling can occur from too rapid  correction of any severe 
hyperosmolar state, such as hypernatremia, nonketotic hyperglycemic 
coma, and severe uremia. (These are just the variables in the osmolality 
equation.) Cellular swelling can cause cerebral edema, seizures, and coma. 
So be careful with the fluid rate and measure serum sodium frequently



High-volume hypernatremia: 
 This is unusual and typically not serious. It most often occurs with 

mineralocorticoid excess, such as primary hyperaldosteronism. Usually, the 
only time a serious result occurs is after giving large amounts of sodium 
bicarbonate or hypertonic saline during advanced cardiac life support. Treat 
with loop diuretics and free water.



Normal-volume hypernatremia is most often seen in patients with diabetes insipidus (01) and reduced access to 
water (and thus become hypernatremic) but have not yet developed frank volume depletion. 

Typical Dl patients with normal access to water have normal or borderline-high serum Na+ levels because they are 
constantly drinking water (hyperosmolar, and therefore always thirsty). Their primary complaint is usually 
polyuria and polydipsia. 

Think of central Dl in the patient with high Na+ and high urine volume who also has a history of recent 
neurosurgery, head trauma, or brain cancer/metastases. Otherwise, Dl is typically nephrogenic Dl (also called 
"ADH resistant"). 

Nephrogenic Dl can be hereditary, with most cases presenting in childhood (mutations in the vasopressin 2 
receptor or aquaporin 2 genes) or due to: 

1.  hypercalcemia (serum Ca2+ > 11 mg/dL), 
2.  chronic hypokalemia (serum K < 3 mEq/L), 
3.  intrinsic renal disease (especially Sjogren syndrome), 
4.  drugs (especially lithium).



Water Restriction Test ?
The water restriction test not only diagnoses DI but also differentiates 

between central and nephrogenic types. 
In a healthy person, when plasma osmolality increases to 295, ADH level 

is high and urine is maximally concentrated(> 700 mOsm/L). 
In central DI, even with water restriction, the ADH stays low and the 

urine dilute. 
Treat mild cases of central DI with thiazides and salt restriction. 

Chlorpropamide and carbamazepine can be used in cases of partial 
central DI, when desmopressin might be too potent or limited in 
supply. These drugs stimulate further ADH production if the patient 
has a partial defect.



Treat more resistant central DI with oral or intranasal desmopressin 
(synthetic vasopressin analog). Because the kidneys immediately 
respond to ADH, giving desmopressin results in a quick increase of 
the urine concentration and reduction in urine output. The intranasal 
preparation is the most potent. Be careful to titrate the dose 
properly and counsel the patient to drink only when thirsty, because 
volume overload and hyponatremia can easily occur (i.e., drug-
induced SIADH). 



In nephrogenic 01, the ADH is appropriately high, but the urine is 
dilute: The collecting duct is resistant to the effect of ADH. 
Giving extra ADH (desmopressin) does not increase the 
concentration of the urine. Treat nephrogenic DI with thiazide 
diuretics or amiloride. NSAIDs are used to treat rare hereditary 
forms. 

Remember: SIADH (high ADH) usually presents as hyponatremia 
with normal volume. DI typically presents as polyuria/
polydipsia, with or without hypernatremia, also with normal 
volume!.



Urine Osmolality
Urine osmolality can range from 50- 1,200 mOsm/L. To make sense of the 

osmolality, you must also know the urine output (L/d). Multiply the 
osmolality x output ( 1 kg = 1 L) to get total osmoles output per day. Normal 
is about 500. This is important in the case of a patient with high Na+ and 
high urine output. If the 24-hour solute output is > 900 mOsm, think of an 
osmotic cause of the hypernatremia (e.g., hyperglycemia); whereas in DI, 
the 24-hour osmoles are normal, so the urine is very dilute.







POTAS
SIUM





Aldosterone 
Basically, aldosterone can be considered the hormone that regulates potassium level. K+ secretion occurs in the late 

distal tubule and cortical collecting duct via aldo-regulated Na+/K+ active transport. 
Any situation that causes aldo release (or mimics aldosterone) lowers the serum K+. These include: 
• Increased renin as a result of decreased effective arterial blood volume: 
   o Volume depletion (GI losses, diuretic therapy) 
   o Decreased renal perfusion (HF, renovascular disease, NSAIDs) 
• Increased renin as a result of inappropriate release: 
   o Renin-secreting renal tumors 
• Increased aldo as a result of inappropriate release: 
   o Bilateral adrenal hyperplasia 
   o Aldo-secreting adrenal adenoma 
• Increased excretion of hormone with aldo-like effects: 
   o Cushing syndrome



Conversely, any situation that inhibits aldo release or aldo action increases the serum K+: 
• Potassium-sparing diuretics (Remember: Spironolactone blocks the aldosterone 

receptor; amiloride blocks the channel its action depends on.) 
• Dysfunctional kidneys that do not release renin (termed "hyporeninemic 

hypoaldosteronism"); chronic interstitial nephritis; diabetes; exacerbated by NSAIDs 
• ACE inhibitors, angiotensin receptor antagonists, and renin inhibition 
• Primary adrenal disease (Addison's), because it affects both the zona glomerulosa (site 

of aldo production) and fasciculata (site of cortisol production}-but not secondary 
adrenal insufficiency because lack of ACTH affects only the zona fasciculata 

• Heparins (Both unfractionated and low molecular weight are directly toxic to the zona 
glomerulosa.)



Know: NSAIDs typically decrease renin, so they can make K+ go up-but 
generally only if the patient has an existing problem that affects the 
kidneys. Basically, NSAIDs make hyporeninemic states worse than they 
already are.





Cellular Shifts 
Cellular uptake also affects serum K+ level: 
• Alkalosis, beta-agonists, and insulin increase uptake 
So hypokalemia 
• Acidosis and alpha-agonists decrease uptake 
So hyperkalemia 
So this works both ways. 
 Remember that  
Hypokalemia can cause alkalosis, and hyperkalemia causes acidosis. 
And the reverse is true: Alkalosis causes hypokalemia 
and acidosis causes hyperkalemia.



Other Factors Affecting K+ Level
Potassium excretion by the kidney is stimulated by increased urine flow, increased distal 

Na+ delivery, aldosterone, the presence of non-resorptive anions in the tubules, and 
metabolic alkalosis. The following factors also affect serum K and are important to 
know: 

• Increased cell turnover is associated with hyperkalemia (tumor lysis syndrome, 
rhabdomyolysis, acute leukemia). 

• Trimethoprim in TMP/SMX interferes with K+ secretion in the principal cells of the late 
distal tubule and cortical collecting duct, especially in patients with preexisting renal 
disease, causing hyperkalemia. 

• Type I distal RTA is associated with hypokalemia for unclear reasons. 
• Type 2 proximal RTA can be associated with hypokalemia because of cotransport 

problems.



• Loop and thiazide diuretics block reabsorption of solutes and water. Thiazides 
increase distal delivery of solutes and up-regulates the Na+JK+ ATPase in 
the early distal tubule causing hypokalemia. 

• Cisplatin and penicillins are associated with renal K+ wasting, causing 
hypokalemia. 

• 3 genetic syndromes are associated with hypokalemia: Liddle's, Bartter's, and 
Gitelman's.

























Hyperkalemia Manifestations 
Most patients have no symptoms if the increase in the potassium has been chronic, even with 

a level near 7 mEq/L. Symptoms can manifest at lower serum levels when the increase is 
acute. Presentation can include significant weakness or paralysis, conduction 
abnormalities or arrhythmias. Typically, if a patient is experiencing weakness, they also 
have ECG changes, although the opposite is not necessarily true. 

Know the sequence of ECG changes that occur with progressive hyperkalemia: 
• peaked T wave and short QT interval, then 
• progressive lengthening of PR and QRS intervals, then 
• loss of P wave+ QRS widening into sine wave, then 
• ventricular fibrillation or cardiac standstill.





Normal T-wave Physiology 
Normal T waves are upright in leads I, II, and V3-V6, inverted in AVR. Less than five mm in limb leads, less than 

ten mm in precordial leads, and variable presentations in III, AVL, AVF, and V1-V2 



Hyperkalemia Treatment
Treatment is aimed at decreasing the serum concentration and stabilizing cardiac membranes. Problems 

usually occur when K+ = - 7 mEq/L, but there is no absolute number that requires treatment. IV 
calcium is always given to patients with ECG changes. 

Treatment of acute hyperkalemia with ECG changes: 
• IV calcium gluconate (OK for peripheral injection) or IV calcium chloride (requires central access); use 

only if there is a wide QRS or absence of P waves. IV calcium can enhance the effect of digoxin; 
therefore do give to patients on this therapy. 

• Insulin with glucose infusion (15 minutes for effect). 
• Sodium bicarbonate injection or infusion, if acidosis is present (30 minutes for effect; minimal response 

in patients without acidosis). 
• Albuterol nebulization (90 minutes for effect) or injection (30 minutes for effect), but be careful in 

patients with heart disease. 
• Loop diuretics (in patients who make urine). 
• Dialysis.



Sodium polystyrene sulfonate ([SPS]; Kayexalate®, Kionex®, Marlexate™) is a 
cation-exchange resin given orally or as an enema that exchanges Na+ for 
K+ across the gut wall and also induces an osmotic diarrhea full of 
potassium. SPS can be used to treat hyperkalemia, but it should not be used 
for treatment of severe hyperkalemia because it may take hours to work. 
Know that SPS insorbitol (most common preparation) has been associated 
with colon necrosis, especially within a week after surgery and especially in 
patients with ileus.



Patients with severe chronic kidney disease or on dialysis should be treated as 
above, but they may also need immediate dialysis. SPS without sorbitol can 
be given if there is a delay in dialysis. Treat K+ more than 6.5 without 
symptoms or ECG changes with insulin + glucose, beta-agonists, sodium 
bicarbonate (if acidosis), and SPS enema. K+ less than  6.5 can be treated 
with loop diuretics and dietary restriction. 

Know that sodium bicarbonate infusions can cause edema and may precipitate 
cardiac decompensation. 

Make sure you check the patient's medication list and discontinue all of the 
drugs that cause hyperkalemia(ACE/ ARBs, K-sparing diuretics, beta-
blockers, heparin, NSAIDs, trimethoprim-sulfamethoxazole ).





Hypokalemia Manifestations and Treatment

Overview 
Severe hypokalemia may cause U waves, decreased deep tendon reflexes, and 

rhabdomyolysis. Serum K+ does not decrease to below normal until there is a net loss of 
200-300 mEq. The consequence of this is that large amounts of KCl are usually required 
for replacement. 

Treat contributing factors such as volume depletion and/or metabolic alkalosis; also, do 
whatever tests are necessary to diagnose the cause (e.g., measure urine free cortisol to 
diagnose Cushing's; consider hyperaldosteronism). 

Replace potassium orally when possible. 
Poor response generally means the deficit is large, and the patient merely requires more 

potassium. Comorbid magnesium deficiency causes renal potassium wasting, so always 
check and replenish mg stores.



Hyperaldosteronism
Primary hyperaldosteronism is caused by disease in the adrenal gland. 

Hyporeninemia, hypertension, and hypokalemia occur-as in other states of 
mineralocorticoid excess, such as Cushing syndrome. The adrenal disease is 
either bilateral adrenal hyperplasia or an aldo-secreting tumor in the zona 
glomerulosa ("Conn syndrome").



Secondary hyperaldosteronism is caused by disease in the kidneys or a 
restricted blood flow in the renal arteries. 

Hyperreninemia, hypertension, and, sometimes, hypokalemia occur. Decreased 
renal blood flow so increased renin so increased angiotensin II so increased 
aldosterone. 

Renin-secreting tumors of the kidney are rare. 
Renovascular disease can be due to either atherosclerotic renal artery stenosis 

or fibromuscular dysplasia.



In both primary and secondary disease, aldosterone is increased, so 
the Na+/K+ ATPase in the late distal tubule and cortical collecting 
duct is up-regulated, resulting in increased reabsorption of 
sodium and increased secretion of potassium and hydrogen ions. 

Hypokalemia without an obvious cause, in a patient with 
hypertension and metabolic alkalosis, should always cause you to 
deliberately consider hyperaldosteronism.





Liddle Syndrome
Liddle syndrome is a rare genetic cause of hypertension and hypokalemic 

metabolic alkalosis in which there is primary Na+ retention, mediated by an 
activating mutation of the epithelial Na+ channel in principal cells of the 
late distal tubule and cortical collecting duct. Renin and aldosterone levels 
are decreased. Liddle's is treated with amiloride or triamterene.





Bartter and Gitelman Syndromes

Bartter's and Gitelman's usually are due to rare genetic or sporadic defects 
that cause abnormal solute transport in the thick ascending segment and 
the early distal tubule. Both are associated with severe sodium losses and 
eventual volume contraction with activation of the reninangiotensin- 
aldosterone system. Renin and aldo levels are increased. Release of 
aldosterone is the mechanism for development of hypokalemia and 
alkalosis.



Bartter syndrome (4 types) is typically an autosomal recessive disorder, in 
which there is abnormal solute transport in the thick ascending segment 
that results in loss of Na, Cl, Ca, and Mg in the urine. Clinically, patients look 
like they are taking a loop diuretic. Bartter's type 4 has associated deafness. 
This syndrome sometimes presents in the neonatal period or early 
childhood due to salt-wasting and significant hypercalciuria, with stones or 
nephrocalcinosis.



Gitelman syndrome is caused by a defect in the Na+/Cl-cotransporter in the 
early distal tubule. This transporter is normally inhibited by thiazide 
diuretics; hence, patients with Gitelman's appear clinically as if they are 
taking a thiazide diuretic, except the patients have severe magnesium-
wasting that is incompletely understood. Gitelman's is milder than Bartter's 
and generally presents later with symptoms of muscle weakness, cramps, 
and spasms due to hypomagnesemia.











A Clinical Approach to Hypokalemia
It's hard to remember all of the conditions associated with low serum K+. The most helpful way to approach hypokalemia is to 

categorize patients according to whether or not they have a metabolic acid-base disorder, then whether or not they have 
hypertension.  

Hypokalemia+ NAGMA without HTN: 
• K+ loss is usually from diarrhea or Type I or 2 RTA. 
• Clinical history and the UAG help differentiate. UAG is neGUTive in diarrhea, UAG is positive in RTA. 
 Hypokalemia+ metabolic alkalosis+ HTN: 
• Diuretics (most common) causing contraction alkalosis. The urine sodium is increased in spite of the volume contraction. 
• Hyperaldosteronism (primary or secondary). 
• Cushing syndrome. 
• Liddle syndrome . 
• Adrenal hydroxylase deficiencies.  
Hypokalemia+ metabolic alkalosis without HTN: 
• Bartter syndrome 
• Gitelman syndrome



CALCIUM

Overview 
Calcium is regulated by PTH and vitamin D metabolites, which affect 

rates of absorption in the kidneys and gut and rates of resorption of 
bone.  

The measured plasma calcium concentration is a total of free/ionized 
calcium (45%), calcium bound to albumin (40%), and calcium bound 
to other substances (15%). Ionized calcium is the state available for 
immediate use by the body and correlates with consequences of 
hyper- or hypocalcemia. Measure ionized calcium directly to get the 
most reliable assessment of a patient's calcium status



Routinely, however, we measure the total plasma calcium. 
If albumin decreases, the measured plasma calcium decreases, and you need 

to make a mathematical correction to estimate true calcium concentration 
(or measure an ionized calcium level to be precise). For each I g/dL decrease 
in albumin, increase the measured plasma calcium by 0.8 mg/dL. In 
pregnancy, calcium absorption and excretion is increased because the 
active form of vitamin D, 1,25-(0Hh-D, is> 2x normal.

















Nephrocalcinosis, once known as Albright's calcinosis after Fuller Albright, is a term originally used to 
describe deposition of calcium salts in the renal parenchyma due to hyperparathyroidism. The term 
nephrocalcinosis is used to describe the deposition of both calcium oxalate and calcium phosphate









































MAGNESIUM














