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Regulation of Parathyroid gland
Calcium, Magnesium and Phosphate
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1 The ionized/free calcium is essential
for myocardial contraction whereas
protein:bound and:citrate-bound
calcium had no effect
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1 It is important to maintain ionized
calcium at a near normal
concentration duringssurgery and in
critically ill patients.

'l
1 Decreased ionized Ca conc. in blood
can cause neuromuscular irritability
which may become clinically apparer
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Symptoms of hypocalcaemia
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Regulation of Calcium
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 Three hormones, PTH, vitamin D, and calcitonin, are known

to regulate serum calcium by altering their secretion rate in

response to changes injlionized calcium| £V wd seeg
bownd G =

' PTH secretion in blood is stimulated by a decrease in
«—**/ jonized calcium and, conversely PTH secretion is stopped by

Cu
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 PTH exerts three majo_r_eﬁects on both:
Co” v 2 \go v & pUiad] s

(J Bone: activates bone resorption, break down osteoclast and
release Ca to ECF bore el
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J Kidney: conserves calcium by increasing tubular reabsorption of
calcium ions and stimulates renal production of active vitamin'D.




Regulation of Calcium

 Vitamin D3, a cholecalciferol, is obtained from the diet or
exposure of skin to sunlight, hydroxylated in liver to 25-OH-
(inactive form), activated in the kidney by 1-a-hydroxylase
to form (1}25-0H)2-D3, the biologically active form which

will: " & .,

d Increase calcium absorption in the intestine and
J Enhan '
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J Calcitonin, which originates in the medullary cells of the
thyroid gland, is secreted when the concentration of Ca in

blood increases (not at normal levels)

1 Calcitonin reduces Ca by inhibiting the actions of both PTH
and vitamin D
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4 Calcium absorption from gut

L

*

s



Distribution

About 99% of calcium in the body is part of bone.

The remaining 1% is mostly in the blood and other ECF. Little is in the cytosol of
most cells.

The concentration of ionized calcium in blood is 5,000-10,000 times higher than in
the cytosol of cardiac or smooth muscle cells.

Maintenance of this large gradient is vital to maintain the essential tapidiinward
flux of calcium ions

Calcium in blood: 45% circulates as free calcium ions (ionized calcium), 40% is
bound to albumin, and15% is bound to anions (bicarbonate, citrate, phosphate,
and lactate)

Distribution can change in disease as conc. Of citrate, bicarbonate, lactate,
phosphate and albumin can change dramatically during surgery or critical care.
This calcium cannot be reliably calculated from total calcium measurement
(acutely ill patients) @rts eI TUL L= Wis of 521 s> \gekise
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Primary hypoparathyroidism-glandular aplasia, destruction, or removal
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J Hypomagnesemia (in hospitalized patients)

O Hypermagnesemia causes hypocalcemia by three mechanisms:

4 it inhibits the glandular secretion of PTH across the membrane
parathyroid gland

it impairs PTH action at its receptor site on bone

It causes vitamin D resistance “elevated Mg levels may inhibit PTH
release and target tissue response. Perhaps leading to hypocalcemia and

yng}i}»& hypercalciuria
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ra Hypoalbumlnemla (total calcium only, ionized not affected): chronic liver
e disease, nephrotic syndrome, malnutrition: for each 1g/dL decrease in serum
albumin, there is a 0.2 mmol/L (0.8 mg/dL) decrease in total calcium levels
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Causes of hypocalcemia
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[ Acute pancreatitis: the cause appears to be a result of

increased intestinal biding of calcium as increased intestinal
lipase activity occurs

il Qsily (g daia]
1 Vitamin D deficiency and malabsorption can cause

decreased absorption, which leads to increased PTH
production or secondary hyperparathyroidism.

(] Renal disease (Altered concentrations of calcium, phosphate,
albumin, magnesium and hydrogen ion (pH):

d In chronic renal disease, secondary hyperparathyroidism
frequently develops as the body tries to compensate for
hypocalcemia caused either by hyperphosphatemia (phosphate

binds and lowers ionized calcium) or altered vitamin D
metabolism



Causes of hypocalcemia
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ﬁ Pseudohypoparathyrmdlsm a rare hereditary disorder in which
<" PTH target tissue response is decreased (end organ resistance)

H PTH production responds normally to loss of calcium, however,
(decreased€AMP( Adenosine 3',5’-cyclic
.-+,it phosphate) production), calcium is lost inthe urine or remains in

Ca l)f\:;}the bone storage pool L O e D1 YL e Lt
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(,,,,;EI Patients often have common physical features, including short
oo sw> stature, obesity. Shortened metacarpals and metatarsals, and

- =~ ahnormal calcification.
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(J Rhabdomyolysis: as with major crush injury and muscle damage,

may cause hypocalcemia as a result of increased phosphate release

from the cells, which binds to calcium ions. s L s mtadud i o bzl aolr S
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Surgical and intensive care
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 Controlling calcium concentrations may be critical in
open heart surgery when the heart is restarted and
during liver transplantation because large volumes of

citrated blood are given.
¥ iy Ao

dlonized Ca measurements are the measurement of
greatest clinical value.

J Hypocalcemia occurs commonly in critically ill patients,
that is, those with sepsis, thermal burns, renal failure, or
cardiopulmonary insufficiency (abnormalities of acid-
base regulation and losses of protein and albumin)



Neonatal monitoring
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 Typically blood-ionized calcium concentrations in neonates
are high at birth and then rapidly decline by 10-20% after 1-
3 days. After about 1 week, ionized calcium concentrations
in the neonate stabilize at levels slightly higher than in
adults.

 The concentration of ionized calcium may decrease rapidly
in the early neonatal period because the infant may lose N

calcium rapidly and not readily reabsorb it. v wrigms s 1o/
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] Several possible etiologies have been suggested: abnormal

PTH and vitamin D_metabolism, hypercholesterolemia, <.« s-

hyperphosphatemia, and hypomagnesemia.  »& gl &
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Symptoms of hypocalcemia
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J Neuromuscular irritability and cardiac irregularities are

the primary groups of symptoms that occur with
hypocalcemia. F lobal s der P 75 o]

J Neuromuscular symptoms include parasethesia,
muscle cramps, tetany, and seizures.

 Cardiac symptoms may includelarrhythmid or heart
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 Symptoms usually occur with severe hypocalcemia, in
which total calcium levels are below 1.88 mmol/L (7.5
mg/dL).



Treatment of hypocalcemia
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(dOral or parenteral calcium therapy may occur,
depending on the severity of the decreased level
and the cause.

dVitamin D may sometimes be administered in
addition to oral calcium to increase absorption.

If hypomagnesemia is a concurrent disorder,
magnesium therapy should also be provided



Hypercalcemia
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J Although either total or ionized calcium measurements

serious cases, ionized calcium is more frequently elevated in
: - oTH P P ey
asymptomatic hyperparathyroidism.
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1 In general, ionized calcium measurement elevated in 90-95%
of cases of hyperparathyroidism whereas total calcium is
elevated in 80-85% of the cases




Causes of hypercalcemia
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 Primary hyperparathyroidism (in old women)-adenoma or glandular
: hyperlf)'aSIa ,.,1 I"’-” \'~C”\ \/"\,.u_ Wompp o0~
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EI hyperthyroidism, because of the proximity of the parathyroid gland
to the thyroid gland, hyperthyroidism can sometimes cause
hyperparathyroidism. 4 w&stid*
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1 Benign familial hypocalciuria

1,0, Vole 5V %a-,\ vees
J Malignancy: —
[ Ca is sole biochemical marker for many tumors.

 Many tumors produce PTH-related peptide (PTH-rP), which binds to
normal PTH receptors and causes increased calcium levels

(1 Assays to measure PTH-rP are available because this abnormal protein
is not detected by most PTH assays



Ul e oS o) clilanis il Y] ) Y

... Causes of hypercalcemia
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] Thiazide diuretics increase ca

cium reabsorption
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J Prolonged immobilization may cause increased bone
resorption. This cause is further compounded by renal

insufficiency
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] Multiple myeloma .., ..
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Symptams of hypercalcemia
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‘A mild hypercalcemia (2.62-3.00 mmol/L) is often asymptomatic.
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(d Moderate or severe calcium elevations include:
1 Neurologic symptoms: mild drowsiness or weakness, lethargy, and
m I‘ | n, TP M2 550 WY 5 st ) p) Sane o) fepin U p et el s R ¢ Pl G gl )
d Gl constlpatlon nausea, vomiting, anorexia, and peptic ulcer disease.”

(1 Hypercalcemia may cause renal symptoms of nephrolithiasis and

nephrocalcinosis  oise-
J“;\;,\)_(,P,u yoD X6
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1 Hypercalciuria can result in nephro enic dia
causes polyuria and results in hypovolemla which further
aggravates the hypercalcemia.

(1 Hypercalcemia can also cause symptoms of digitalis toxicity.



Treatment of hypercalcemia

(d Depends on the level of hypercalcemia and the cause.

d Often people withprimary hyperparathyroidism are asymptomatic.
Postmenopausal women with primary hyperparathyroidism may have
estrogen deficiency sestrgn ket ey
&*u,;(%«‘biuy_'br.,._,é

 Parathyroidectomy may be necessary in some hyperparathyroidic patients
O Often, estrogen replacement therapy reduces calcium levels.

 Patients with moderate to severe hypercalcemia are treated by:

1 Encouraging salt and water intake to increase calcium excretion and avoid
dehydration

(1 Thiazide diuretics should be discontinued.

J Biphosphanate ( a derivative of pyrophosphate) are the main drug class used

b o suba)) UF : . . . . . .
" "wu:' i;fto lower calcium levels by preventing bone resorption,achieved by its binding
»02e r‘;";‘ action to bone. Moh A
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Determination of Calcium

1 For total calcium determinations is either serum or Iithiurp
heparin plasma collected without venous stasis. =%2%0 700 .
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J Anticoagulant such as EDTA or oxalate bind calcium tightly

and interfere with the measurementﬁso their use should
be aVOIded P\ o, Gl e i) wﬂ““#b‘ﬁ&&sﬂw”
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1 The proper collection of samples for ionized calcium
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will increase pH, samples must be collected anaerobically.

 Although heparinized whole blood is the preferred sample,

serum from[sealed|évactated blood collection tubes may
be used if clotting and centrifugation are done quickly (<30

“X 0
minutes) and at room temperature. @& " e bart TN
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Determination of Calcium
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J No liquid heparlnsproducts should be used. Most
>~ heparin anticoagulants (sodium, lithium) partially bind
to calcium and lower ionized calcium concentrations

& o~
L Dry heparin products are available titrated with small

amounts of Ca or Zn ions that essentially eliminates the
interference by heparin.

 For analysis of calcium in an accurately timed
urine collection is preferred, acidified with
approximately 1 ml of HCI (6M) for each 100 ml of

UFIHE’W g e g Uy g @ 2K ¢ WU ves (oo \p e DY W sar B2 2l ca
-U)J‘t-..s-" Pl‘a, ﬂ))%;WX\»qJ) (P(JJZU ljb"l'lv d"’




Sl O ditaeall

Method

1 The two commonly used methods for total calcium analysis are:

Q] glo ) (,,..Plbx I \prG v o ct lo Complexes | J& I’ZA?L# [P
1 Use of ortho= cresolphthaleln complexone (CPC) orarsenzo il dye to form
a complex with calcium. N e B A

 Prior to the dye binding reaction, calcium is released from its protein carrier
and complexes by agjdjilgaIJQn_o_f_thg_ia_mpl_e Hd

d The CPC method uses 8- hydroxyqumollg e to prevent magnesium interference
ion sllb£"’ et s, ,\_,-w.ul o> v LT N\ Ga > M L'»L.:'/;l" fJ-'wZo,'(,_;j: P

( Use ISES: £, fienizad

O Use membranes impregnated with special molecules that selectlvely, but
reversibly, bind calcium ion (. o /ouiz.d Wl g 67 3l s A Bl
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[ As calcium ions bind to these membranes, an electric potential develops
across the membrane that is proportional to the ionized calcium
concentration.

d AAS remains the reference method for total calcium



Reference Ranges

TOTAL CALCIUM
(SERUM, PLASMA)

Child

2.20-2.70 mmol/L (8.8-10.8 ma/dL)

Adult

2.15-2.50 mmol/L (8.6-10.0 mg/dL)

IONIZED CALCIUM
(SERUM)

EV A s upper” Lim

Neonate

1.20-1.48 mmol/L (4.8/5.9'mg/dL)

Child

1.20-1.38 mmol/L (4.8-5.5 mg/dL)

Adult

1.16-1.32 mmol/L (4.625.3/mg/dL)

Urine (24-hour)

2.50-7.50 mmol/day (100-300
mg/day), varies with diet
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Magnesium O
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 The average human body (70 kg) contains 1 mole (distributed as 24

g) of magnesium
d 53% in bone .~ 6 i) K DS Nty 2
[ 46% in muscle and other organs and soft tissue +

1 less than 1% in serum and RBC’s (1/3 bound to albumin) ,-
2/3 Fﬂ&?

 Similar to calcium, it is the free ion that is physiologically active in
the body

J The role magnesium in the body is:
[ It is an essential cofactor of more than 300 enzymes

1 The most significant findings are the relationship between abnormal
serum magnesium levels and cardiovascular, metabolic, and
neuromuscular disorders. Although serum levels may not reflect total
body stores of Mg, serum level is useful in determining acute changes
in the ion e G Abal B P o g My A o




Regulation

_T)\
 Rich sources of Mg in the diet: raw nuts, dry cereal, and “hard”
drinking water. e Gchwlirins

(d Other sources include vegetables, meats, fish, and fruit

1 Processed foods have low levels of magnesium that may cause an
inadequate intake LAy gos 0/ A ENSL Epp LA MWL, G Watl S

 The small intestine may absorb 20-65% of the dietary Mg,

gy Lo Qoo A 25 1 08 Lo 15,1 cannatms LJ
depending on the need and intake. o %,’QQWWU,, oy St 4L

(d The overall regulation of body magne5|um is controlled largely by

the kldgey which can reahmtb_qjagnﬂﬂum_m_deimgnmsiaiﬁs_or

readily(excrete excess magnesium in overload states.
/A} .x;/‘tlu“"’.f”rs'*’xa

1 Henle loop is the major renal regulatory site, where 50-60% of

filtered Mg is reabsorbed in the ascending limb
KO by dusarding 58 asiundivn o 1 eludebght wleis o g2 ) A ST e




Regulation
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[ The renal threshold for magnesium is about0.60-0.85 mmol/L (close to

normal serum conc.), so slight excesses of magnesium in serum are rapidly
excreted by the kidneys s 2 g PGS s M g gy = oy e o 8L() 1S

d Magnesium regulation appears to be related to that of calcium and
sodium My o ) My LG Mo SOt (s g b 2
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* J Parathyroid hormone (PTH) increases the renal reabsorptlon of
}Z:\‘fwfmagnesmm and enhances the absorption of magnesium in the intestine.
Sy SoySl pun GES5 G N PTH B VG pty eSS
(d Changes in ionized calcium have a far greater effect on PTH secretion.

PTh—Se s T,

J Aldosterone and thyroxme apparently have the opposite effect of PTH in
the kidney, increasing the renal excretion of magnesium.



Hypomagnesemia

\p 5 Tliue LusL & o) W T WU MJ'_VE;’@ /'% b Lol TE Lo 9[‘,\
[ Most frequently observed in hospitalized individuals in intensive
care units of those receiving diuretic therapy or digitalis therapy
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J Hypomagnesemia is rare in nonhospitalized individuals

 There are many causes of hypomagnesemia

(JReduced intake Poor diet/starvation, Prolonged magnesium-deficient
IV therapy, chronic alcoholism

(1 Decreased absorption: due to Gl disorders as malabsorption
syndrome, surgical resection of the small intestine, nasogastric
suction, pancreatitis, prolonged vomiting, diarrhea, laxative abuse,
neonatal (due to surgical procedure), primary (due to selective
malabsorption of the ion), congenital (autosomal recessive disorder)

[ A chronic congenital hypomagnesemia withisecondary hypocalcemia occurs
due to specific transport protein defect in the intestine



Causes of hypomagnesemia

J Increased Excretion

(' Renal: Tubular disorder, Glomerulonephritis, Pyelonephritis
Vg g nle LAY Lo sl G Slrls s innt ! oy g/l pTH & _glo) ~ae
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(J Endocrine: Hyperparathyroidism (increased calcium) Le 6 glotio\>5
(Hyperaldosteronism (increase of Mg excretion and water & =~
retention (pseudohypomagnesemia), hyperthyroidism (increase
excretion cause intracellular shift of ions), hypercalcemia,
diabetic ketoacidosis (increase renal loss due to glycosuria)

JDrug induced (increase renal loss of Mg): diuretics, antibiotics
(gentamicin), cyclosporine, and cisplatin (nephrotoxic), digitalis
(interfere with Mg reabsorption)

(] Miscellaneous: Excess lactation (loss in milk)), Pregnancy
(may cause a hyperexcitable uterus, anxiety and insomnia)



Symptoms of hypomagnesemia

J A patient who is hypomagnesemic may be
asymptomatic until serum levels fall below 0.5 mmol/L.

J A variety of symptoms can occur. The most frequent
involve cardiovascular, neuromuscular, psychiatric, and

metabolic abnormalities G0 Y 353 Yy Jsa ¥

Cardiovascular Psychiatric
Arrhythmia Depression
Hypertension Agitation
Digitalis toxicity Psychosis
Neuromuscular Metabolic
Weakness Hypokalemia
Cramps Hypocalcemia
Ataxia Hypophosphatemia
Tremor Hyponatremia
Seizure

Tetany

Paralysis

Coma



Symptoms of hypomagnesemia

1 Cardiac:

1 Symptoms result primarily from the ATPase enzyme’s Mg. requirement for Mg

d Mg loss leads to decreased intracellular K levels because of a faulty NaK pump
(ATPase)

1 This change in cellular RMP causes increased excitability that may lead to
cardiac arrhythmia and digitalis toxicity

d Normal nerve and muscle cell stimulation:

[ Requires magnesium and ATPase for normal calcium uptake following
contraction

[ Requires magnesium to assist with the regulation of acetylcholine, a potent
neurotransmitter

J Metabolic disorders:

Mg deficiency can impair PTH release and target tissue response, resulting in
hypocalcemia. Mg therapy alone may restore both ions levels to normal

[ Serum levels of the ions must be monitored during treatment.



Treatment of hypomagnesemia

dThe preferred treatment of hypomagnesemia by
oral intake is Mg-lactate, Mg oxide, MgCl or an
antacid that contains Mg.

din severely ill patients, a MgS0O4 solution is given
parenterally

dBefore initiation of therapy; renal function must
be evaluated to avoid inducing hypermagnesemia
during treatment



a

d

Hypermagnesemia and its causes

less frequently than hypomagnesemia

The most common cause is renal failure (GFR <30 severe elevations are
usually a result of the combine effects of decreased renal function and
increased intake of commonly prescribed magnesium-containing
medication, such as antacid, enemas, or cathartics.

Nursing home patients are at greatest risk for this occurrence.

Decreased excretion: acute or chronic renal failure, hypothyroidism,
hypoaldosteronism, hypopituitarism (IGH)

Increased intake: Antacids, enemas, cathartics, therapeutic-eclampsia,
cardiac arrhythmia

. W25 Gl Glap o 250 Wt fg S E ol . ‘,
Miscellaneous: dehydration (pseudohypermagnesemia, corrected by(z-*#—/

ve dghydration), hone carcinoma, bone metastases (high Mg due to bone

loss) boves o0 Ay ey E K



Causes of hypomagnhesemia

. : ®. ®

[ Endocrine disorders: Thyroxine and growth hormone cause a
decrease in tubular reabsorption of Mg and of either hormone may
cause a moderate elevation in serum Mg. i = Jyutsin) 13501 5 (072X

J Adrenal insufficiency may cause a mild elevation as a result of
decreased renal excretion of Mg /g =A%

J MgS04 may be used therapeutically with preeclampsia, cardiac
arrhythmia, or myocardial infarction . cc=.k; fsa2pg\ed o4 Voo
b 4y~ 1o e £t 2

J Mg is a vasodilator, and can decrease uterine hyperactivity in
eclampsic states and increase uterine blood flow (maternal
hypermagnesemia)

J Neonatal hypermagnesemia due to the immature kidney of the
newborn (Premature infants are at great risk)
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Symptoms of hypermagnhesemia

Hypermagnesemia typically do not occur until the serum level exceeds 1.5
mmol/L.

Most frequent symptoms involve cardiovascular, dermatological, Gl,
neurologic, neuromuscular, metabolic, and hemostatic abnormalities.

Mild to moderate\symptoms may occur when serum levels are 1.5-
2.5mmol/L: hypotension, bradycardia, skin flushing, increased skin
temperature, nausea, vomiting, and lethargy

Life-threatening symptoms, such as ECG changes, heart block, asystole,
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Symptoms of hypermagnesemla
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J Elevated Mg levels may inhibit PTH release and target tissue
response. This may lead to hypocalcemia and hypercalciuria

J Normal hemostasis is a calcium-dependent process that may
be inhibited as a result of competition between increased
levels of magnesium and calciumions. Thrombin generation
and platelet adhesion are two processes in which interference
may occur.



Treatment of hypermagnesemia

U If Mg excess associated with increased intake one should
discontinue the source of Mg. upval wiws ol iy oot vl

symptomatic hypermagnesemia requires immediate
supportive therapy for cardiac, neuromuscular, respiratory
or neurologic abnormalities.

GFK L 30 wl/mi~
] Patients with renal failure require hemodialysis.

 Patients with normal renal function may be treated with a
diuretic and IV fluids Vi sl >
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Determination of magnesium

J Specimen:
1 Nonhemolyzed serum or lithium heparin plasma may be analyzed.

QASNGE T D5 Ay ia\d2 N),-Le,\;c)wrséﬂ,.o.fr;% .
Mg is intracellular cation so hemolysis should be avoided and the
serum should be separated from the cells as soon as possible

J Oxalate, citrate, and EDTA anticoagulants are unacceptable because

they will bind with magnesium.

J A 24-hour urine is preferred for analysis and must be acidified with
HCI to avoid precipitation
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Method

 The three most common methods for measuring total
serumMg are colorimetric: Al dsnd on spedrrder

Calmagite: Mg binds with calmagite to form a reddish-violet
o complex that is read at 532 nm

ve ¥ | (' Formazen dye: Mg binds with the dye to form a colored complex
that is read at 660 nm

d Methylthymol blue: Mg binds with the chromogen to form a
colored complex

J Most methods use a calcium shelter to prohibit
interference from Ca. Jy TGy gy S G ¢ gios ) slo
sp G idegh A2

L The reference method for measuring magnesium is AAS.




|
Method | Principle | Wavelength (nm)

|
Calmagite | Mg binds with calmagite to | 532 nm

| form a reddish-violet complex | |
|

|
Formazen dye | Mg binds with formazan dye | 660 nm

| forming a colored complex | |
|




Limitations of Mg determination

J Although the measurement of total Mg conc in serum remains

the usual diagnostic test for the detection of magnesium

abnormalities, it has limitations:
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Because approximately 25% of magnesium is protein bound,
total magnesium may not reflect the physiologically active

. . . \,ﬁ))( \, . -
free ionized magnesium. # e g 5
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Because magnesium is primarily an intracellular ion, serum
concentration will not necessarily reflect the status of
intracellular magnesium (depletion of 20% of cellular Mg,

serum magnesium concentrations may remain normal)

TABLE 13-15. REFERENCE RANGE
FOR MAGNESIUM

Serum, plasma ;0.63—1.0;mmoI/L (1.2-2.1 mEq/L)

——

,\,::920“'0




Phosphate

1 Found everywhere in living cells: DNA, RNA, in most coenzymes

d The most important reservoirs of biochemical energy are ATP, creatine,
phosphate, and phosphoenolpyruvate. oY (@S Vono

d Phosphate deficiency can lead to ATP depletion, which is ultimately Liad

responsible for many of the clinical symptoms observed s wwf‘;‘,@lm:.,mw
- w2 r vEpT !
L1 s e Vemdis O, o Ay 3 g B@L%”f»i»,\
o O Alteration in the concentration of 2,3-bisphosphoglycerate (2,3-BPG) in
. yori-s red blood cells affect the affinity of hemoglobin for oxygen, the
«" = concentration of inorganic phosphate indirectly affects the release of

oxygen from hemoglobin N
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d Transcellular shlfts of phosphate are a major cause of hypophosphatemla
in blood. Once ph ate |

synthesis of phosphorylated gompounds As these phosphate compounds

are metabolized, Pi slowly leaks into the blood, where it is regulated
principally by the Kidney .tz oo o L7zt gyLw;'uUul Ser gip T Sl U oz
Q1 b W TogFusn Lo Ypy N 5k R ] e




Regulation

1 Phosphate in blood may be absorbed in the intestine from dletry%ources
released from=cells into blood and 185t from bones . In healthy individuals,
all these processes are relatively constant and easily regulated by renal
excretion or reabsorption of phosphate (Revgen) plpdudand e

| Many factors can alter phosphate concentrations in the blood:
Nl;)(u\-".’-‘”

bubher 90

s The loss of regulation by the kidneys will have the most profound effect

O The most important factor is PTH, which oc/zerall lowers blood conc. By
increasing renal excretion 2L G L ity S ) Sy el T

O Vitamin D acts to increase phosphate in the blood by increasing both
phosphate absorption in the intestine and phosphate reabsorption in the
kidney.

O Growth hormone, which helps regulate skeletal growth, can affect circulating
concentration of phosphate

L Excessive secretion or administration of growth hormone, phosphate
concentrations in the blood may increase because of decreased renal

excretion of phosphate.
[Calcitonin] acid-base status, can also affect renal regulation of Phosphate
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Distribution aebaall il plales

1 Although the concentration of all phosphate compounds in
blood is about 12 mg/dl (3.9 mmol/L), only about 3-4 mg/dL is

. . S so b’«\?f@"glx—oﬂlt/b
inorganic phosphate. jy O A e s

(1 Phosphate is the predominant intracellular anion, with i

variable concentrations depending on the type of cell. ';? a;#;
sp (4

1 About 80% of the total body pool of phosphate is contained in
bone, 20% in soft tissues, and less than 1% is active in the
serum/plasma.



Hypophosphatemia

J Hypophosphatemia occurs in about 1-5% of hospitalized patients.

1 The incidence of hypophosphatemia increases to 20-40% in patients
with:
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) diabetic ketoacidosis, chronic obstructive pulmonary disease

e WP Y A

J,a,‘(COPQ), asthma, malignancy. long-term treatment with total
parenteral nutrition (TPN), inflammatory bowel disease, anorexia
#l-= nervosa, and alcoholism. S wn) O et ok
d The incidence increases to 60-80% in:
O ICU patients with sepsis¢:
U increased renal excretion
[ Hyperparathyroidisim
U Decreased intestinal absorption
O vitamin D deficiency
O Antacid use - *25"
1 Although most cases are moderate and seldom cause problemsm

severe hypophosphartemia (<1mg/dl or 0.3 mmol/L) requires
monitoring and possible replacement therapy
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Hyperphosphatemia

[ Patients at greatest risk for hyperphosphatemia are those with
acute or chronic renal failure prlgolesml #U5S

1 An increased intake of phosphate or increased release of cellular
phosphate may also cuse hyperphosphatemia <« o w12/ w el

 Neonates: @developed mature PTH and vitamin D metabolism,
7, €3S (0 hyperﬁhosphatemla is caused by increased intake such as from

V\)—_)-J\“.

1 Increased breakdown of the cells as with severe infections,

intensive exercise, neoplastic disorders, or intravascular hemolysis
sl 5, 55 VW &7

092\#‘"“’ Mabue  Jb =, e omsoiin u\*(’?“[ s >— G52 N
+—'[] Because immature lymphoblasts have about 4 times the phosphate

/> content of mature lymphocytes, patients with lymphoplastic

leukemia are especially susceptible to hyperphosphatemia.




Determination of inorganic

(;fu
phosphorus
EI Speglﬁféan. Serum or lithium heparin plasma is acceptable for
analysis.

] Oxalate, citrate, or EDTA anticoagulants should not be used
because they interfere with the analytic method.

J Hemolysis should be avoided because of the higher
concentrations inside the red cells

2oy T ,)*” \
1 Circulating phosphate levels are subject to circadian rhythm,

\@,\ttﬁ.l with highest levels in late morning and lowest in the evening.

Crmms > ¢

M,M,«wxmer|ne analysis for phosphate requires a 24-hour sample
o
#r 2 collection because of significant diurnal variations.




Methods and reference ranges

J Phosphorus determmatlon methods involve the formation of
an ammonium phosphomolvbdate complex. This colorless
complex can beQne%gdred by ultraviolet absorption at 340 nm
or can be reduced to form molybdenum blue, a stable blue

chromophore, which is read between 600 and 700 nm.
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J Normal ranges: ol st n bV ™
olue &
SERUM, PLASMA
Neonate 1.45-2.91 mmol/L (4.5-9.0 mg/dL)
Child 1.45-1.78 mmol/L (4.5-5.5 mg/dL)
Adult 0.87-1.45 mmol/L (2.7-4.5 mg/dL)

Urine (24-hour) 13-42 mmol/day (0.4-1.3 g/day)




