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Hypothalamus

“Water-
ADH conservmg
hormone”
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Causes water retentlon
by kidney
eUrine volume
eUrine concentration +
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Hypothalamus

Osmolality

Causes water loss
by kidney +
eUrine volume
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Renin-angiotensin waz Aldosterone

Adrenal

gland
+ Aldosterone

Blood volume

Angiotensin lI

Angiotensin |

+ Blood volume stimulates renin + Aldosterone causes kidney
release from kidney, which to retain sodium and water,
ultimately stimulates aldosterone which serves to increase
release from the adrenal gland plasma volume
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Acute Illness | IChronic illness

L' Problems <—|

 Fluid volume deficit / excess
e Hyper/Hyponatremia

e Hyper/Hypokalemia

» Hyper/Hypocalcemia
 Acidosis/Alkalosis
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Fluid volume deficit

1. Isotonic volume deficit (dehydrationy —.

blood volume | .cellular hypoxia
2. Hypotonic volume deficit (dehydration)

d
— [BaalIN

3. Hypertonic volume deficit (dehydration)

d o
——  Faauai
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|sotonic Fluid Volume Deficit

NOF{MAL VOLUME DECREASED VOLUME
(Isotonic Fluid) (Isotonic Fluid)
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Fluid volume excess

1. Isotonic fluid volume excess

hypervolemia (overhydration)
2. Hypotonic fluid volume excess

water intoxication
3. Hypertonic fluid volume excess

d Y o
vaalivinaiil

5Yy AesAnanng




|sotonic Fluid Volume Excess

NORMAL VOLUME EXCESS VOLUME
(Isotonic Fluid) (Isotonic Fluid)




Fluid Volume Deficit
Defining characteristic

Weight loss over short period (except in third-space losses)
= 29% (mild deficit)
" 5% (moderate deficit)
= > 8% (severe deficit)

De_creased skin and tongue turgor

Dry mucous membranes

Urine output < 30 mL/hr in adult
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Postural hypotension

Weak, rapid pulse

Slow capillary refill

Decreased body temperature

Central venous pressure < 4 cm water in vena cava
BUN elevated out of proportion to serum creatinine

Urinary specific gravity high
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Haematrocrit elevated

Flate neck viens in supine position
Marked oliguria, late

Altered sensorium

Cold extremities, late
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Fluid Volume Excess
Defining characteristic

Weight gian over short period :
= 2% (mild excess)
= 5% (moderate excess)

= > 8% (severe excess)

Peripheral edema (excess of fluid in interstitial space)
Distended neck veins

Distended peripheral veins
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Slow-emptying peripheral veins

Central venous pressure >11 cm water in vena cava
Moist rales in lungs

Polyuria (if renal function is normal)

Ascites, pleural effusion

Decreased blood urea nitrogen (due to plasma dilution)
Decreased hematocrit (also due to plasma dilution)
Bounding, full pulse

Pulmonary edema, if severe
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Deficit Fluid
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Allgower’s shock index

mnanalld mlapa

0.5-0.6 Una

0.8 i@a@on 10 — 20 %

0 i@aaon 20 — 30 %

1.1 i@aaon 30 — 40 %

1.5 i@aaon 40 — 50 %

2 Jeaea > 50 %
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Maintenance Fluid
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NALNUNITVIIEAIVDIHADALADN naunu Surgical loss
e GA > 5—7 ya/mn. *HIAAIAN 2— 41D./NN./TY.

e LA = 300 =500 yg.  °*#¢ana14 — 6 ua./nn./vu.

*MIAA WA 6 —10 WA./NN./BU.
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Sodium Imbalance

HYPERNATREMIA HYPONATREMIA

O o H,0

Normal cell size; Cell shrinks Cell swells
Normal serum Na as HpO is pulled as HoO is pulled

concentration out of cell into cell
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Hyponatemic states

Hyponatremia associated with ECF volume excess

Both total body sodium and total body water
are increased, but total body water is increased
to a greater extent.

As may occur in:
—cardiac failure
—cirrhosis of liver
—nephrotic syndrome




Hyponatemic states

Hyponatremia associated with ECF volume deficit
(*'"Hypotonic dehydration’’)

Deficits of both total body water and sodium
but the deficit of sodium is relatively greater.

As may occur in:
—Iloss of Gl fluids
—diuretic abuse
—adrenal insufficiency
—salt-losing nephritis
—osmotic diuresis

:: Na < 135 mEq/L :::




Hyponatemic states

Hyponatremia associated with normal ECF volume

Low serum sodium level with no evidence
of hypovolemia or edema.

As may occur in:
—situations associated with
excessive ADH activity
(see section on SIADH)




Hyponatremia
Defining characteristic

Anorexia

Nausea

Vomiting

L_ethargy
Confusion
Muscular twitching
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Selzures

Coma

Respiratory arrest

Serum Na < 135 mEqg/L

Serum osmolality < 285 mOsm/kg

Urinary Na level varies with cause of
hyponatremia
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Hypernatemic states

Hypernatremia associated with a near normal ECF volume

Loss of water causes elevation of serum sodium
level: does not lead to volume contraction unless
water losses are massive.

As may occur in:
—increased insensible
water loss
(as in hyperventilation)
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Hypernatemic states

Hypernatremia associated with ECF volume deficit
(“Hypertonic dehydration™)

Losses of both sodium and water but relatively greater
loss of water.

As may occur in:

—profuse sweating

—diarrhea, particularly
in children

—aged individuals with poor
water intake (recall that
the aged kidney loses part
of its ability to concentrate
urine and thus cannot con-
serve water as it should)

. Na > 145 mEg/L
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Hypernatremia associated with fluid volume excess

Gains of both sodium and water, but relatively
greater gain of sodium.

As may occur:
—administration of hyper-
tonic sodium solutions
or substances (such as
sodium bicarbonate in

cardiac arrest)
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Hypernatremia
Defining characteristic

Thirst usually occurs early
Dry, sticky mucous membranes
Fever may be present

Severe Hypernatremia
- Disorientation
- Hallucinations
. Lethargy when undisturbed
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- Irritability when stimulated

- Focal or grand mal seizures Coma
Serum sodium > 145 mEqg/L
Serum osmolality > 295 mOsm/kg

Urinary SG > 1.015, provided water loss IS
from nonrenal route
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szauaNNsHIsIvesni Hyponatremia

SO ananfeslaen (IMEQ/L)
1anitos > 125 - 135
Phunans > 115 - 125

370 90 — 115
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Hypokalemia
Defining characteristic

Skeletal Muscle

= Fatigue

= \Weakness

= Cramps

m Rhabdomyolysis
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Cardiovascular System

m Increased sensitivity to digitalis
m ST segment depression

m Flattened T waves

m Ventricular arrhythmias

m Cardiac arrest
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Gastrointestinal System
m Decreased bowel motility (intestinal ileus)

Renal System

= Impaired urinary concentrating ability when
hypokalemia is prolonged, causing dilute urine,
polyuria, nocturia, and polydipsia

m Increased ammonia production and H* excretion

Lab Data
m Serum potassium < 3.5 mEg/L
m Often associated with alkalosis
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Hyperkalemia
Defining characteristic

Neuromuscular Effects

m Vague muscular weakness

m Flaccid muscle paralysis

m Paresthesias of face, tongue, feet, and hands

Cardiovascular System
m Tall, peaked T waves
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= Widened QRS complex progressing to sine waves
= Ventricular arrnythmias
m Cardiac arrest

Gastrointestinal System
m Nausea
m Intermittent intestinal colic diarrhea

aboratory Data
m Serum potassium < 5.0 mEqg/L
m Often associated with acidosis
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Sine wave pattern

InCreasng Soread O QRS and T

Absent P wave

Prolonged PR nterval

Increasing serum K

Peaked T wave

Flattened T wave

aAppearance of U wave

Depressed ST segmeni
Flat or inwered T wave
and Promeunent U wawve
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Hypocalcemis
Defining characteristic

Neuromuscular

= Numbness, tingling of fingers, circumoral
region, and toes

= Muscle cramps, which can progress to muscle
spasms, tremor, and twitching

= Hyperactive deep-tendon reflexes
= Trousseau’s sign
= Chvostek’s sign
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= Convulsions (usually generalized but may be
focal)

= Spasm of laryngeal muscles

Cardiovascular

m Decreased myocardial contractility with a
reduction in cardiac output

m ECG : Prolonged QT Interval

= Arrhythmias, ranging from bradycardia to
ventricular tachycardia and asystole
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Mental

= Impaired higher cerebral functioning, such as
depression, emotional instability, anxiety, or
frank psychoses

L aboratory

Total serum calcium level below8.9 mg/dL
or 1onized calcium level below4.6 mg/dL
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Trousseau’s sign

Carpopedal spasm
Chvestek’s sign
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Hypercalcemia
defining characteristic

Neuromascular
mascle weakness
deep tendon reflexes |
Renal
polyuria
hypercalciuria — renal stone
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Gastronitestinal
anorexia
nausea
vomiting
constipation
Cardiovascular
arrythmia
heart block
EKG : shorten QT interval
digitalis sensitivity t
hypertention
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Mental
Impair higher fuction : confusion

emotional instability
anxiety

pPsychosis

lethargy

or coma
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