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Fluid and electrolyte balance

▪ Total body water is 60% of body weight.
▪ TBW is 42 liters in 70kg man , 35L in female .
▪ Intracellular water 2/3 the TBW 28 L.
▪ Extracellular water 1/3 TBW 14L  divided into
 Intravascular( plasma) 4.5%
 Interstitial fluid              14%
 Transcellular fluid          1.5%











5- 8 %3.500 MLPlasma

15 %10.500 MLInterstitial fluid

40%28.000 MLIntracellular

Total body water in 70 KG MAN
60%







Chemical composition of body fluids

CLPO4ProteinHco3MgKNaFluid

312040104015010Intracellular

114313024144Interstitial

1033162734142Plasma

109--28-4130Ringer 
lactate



Composition of parenteral fluids

CaHco3CLKNaFluid

5271034142ECF

3281094130R lactate

--154-154N saline

--30-30P saline

--1031070NG tube



Composition of gastrointestinal secretions
Hco3Cl-K+Na +VolumeType of 

secretion
307026301000Salivary

010010802000Stomach

0104201403000Small 
bowel

3510051401000Bile

1157051401000Pancreas

2810941301000R lactate



Maintenance fluid

 Sensible Loss
▪ Urine 1500 -  2000 ml day.
▪ Feces  300 ml day.
 Insensible Loss
▪ Skin  500 ml .    
                                      (10-12 mL/Kg/day)
▪ Lung  300 ml .
▪ Oxidation of fat   + 100 ml .
▪ 100-200 ml  loss per degree rise of temperature,10 % of 

insensible loss per oC .
▪ During laparotomy insensible losses reach700-1000 ml/H



Maintenance fluid per kg per h
▪ Less than 10 kg                 4 ml/ kg/ hr.
▪ 11-20 kg                             2 ml/ kg/ hr.
▪  More than 20                    1 ml/ kg/ hr.
▪ Adult                                  110-125 ml/ hr.
▪ Short Cuts WT in kilo + 40 = ml / Hour
▪  First 10 Kg  100 ml/Kg /day .
▪  10-20 kg         50 mL/Kg /day .
▪  20 or more Kg 20 mL/Kg /day .
▪ Keep Urine Output at 0.5 ml / kg/ Hour in Adult ,1ml / kg / 

Hour in Children .



Daily requirement for electrolytes 

• Na  : 1-2 mmol /Kg /day

• K : 0.5 -1 mmol/Kg / day

• Ca :  800-1200 mg/ day

• Mg : 300-400 mg /day

• Phos : 800-1200mg/ day



Example of maintenance fluid

▪ 2.5 L  of 5% dextrose water + 0.5L normal saline 
0.9Nacl .

▪ 3 L pediatric saline sol 0.18 saline + 4.3% Glucose

▪ 1 L dextrose 0.45% + 2L dextrose 5%.

▪ Add Kcl  20 mmol per each liter.



Crystalliod Colloid

Intravascular persistence Poor Good

Homodynamic stabilisation Transient Prolonged

Required infusion volume Large Moderate

Risk of tissue oedema Obvious Insignificant

Enhancement of capillary 
perfusion Poor Good

Risk of anaphylaxis Nil Low to moderate

Plasma colloid osmotic 
pressure Reduced Maintained

Cost Inexpensive Expensive

Crystalloids and colloids



Recognition and treatment of volume 
deficit

GIT and Third space loss lead to ECF deficit 
Symptom and signs of ECF deficit
▪ CNS: Apathy , confusion, stupor.
▪ GIT: Nausea ,vomiting, ileus excessive thirst .
▪ Cardiovascular: Tachycardia , hypotension .
▪ Tissue: Sunken eyes, decrease skin turgor.
▪ Metabolic: Hypothermia.
▪ Biochemical:   Hematocrit , BUN , Creatinine .



Losses from GIT

▪ Vomiting, diarrhea .  

▪ NG tube losses .

▪ Small bowel Fistula .

▪ Ileostomy, Colostomy losses .

▪ Pancreatic ,Biliary fistulae .



ERAS
• Enhanced recovery after surgery (ERAS) protocols are 

multimodal perioperative care pathways designed to achieve 
early recovery after surgical procedures by maintaining pre-
operative organ function and reducing the profound stress 
response following surgery.

• The key elements of ERAS protocols include preoperative 
counselling, optimization of nutrition, standardized analgesic and 
anaesthetic regimens and early mobilization..

• The key principles of the ERAS protocol include pre-operative 
counselling, preoperative nutrition, avoidance of perioperative 
fasting and carbohydrate loading up to 2 hours preoperatively, 
standardized anaesthetic and analgesic regimens (epidural and 
non-opiod analgesia) and early mobilization. 

















Third space loss
What is third space loss?

 Definition :  Redistribution of fluid to a Site Where It is 
No longer Considered part of ECF.

 Causes
 Burns, crush syndrome.
 Ascites, pleural effusion.
 Severe soft tissue infections.
 Intestinal obstruction. 
 Retro- peritoneum.
 Site of major operative dissection.



Treatment
▪ Fluids and electrolytes are Drugs and they need to be 

used in correct dose and appropriate indication.
▪ GIT , third space loss should be replaced volume by 

volume by normal saline.
▪ Add 10 mmol Kcl to each liter .
▪ In Shock R L is better than N S as it contain less cl-.
▪ N S is better used in pyloric obstruction , alkalosis , 

Hypochloremia .
▪ Drinking clear liquids up to 2-3 hours pre op prevent 

pre-op fluid depletion and does not aspiration related 
complications  .



Electrolyte disorders

  Hyponatremia :Na level less than 135 mmol /L.

Hypertonic Hyponatremia
High glucose, or High BUN.

Hypotonic Hyponatremia.
Renal, or GIT losses replaced by hypotonic fluids.

Isotonic Hyponatremia
Hyperproteinemia, hyperlipidemia .



Hypotonic Hyponatremia
I. Hypervolemic
II. Iso - volomic ( para-neoplastic syndrome) SIADH

Early Post operative period( Stress, Narcotics , 
NSIDS, Pain,Volume depletion,(ciprofloxacin).
Lung neoplasms, infections.
 Trauma, Head injuries.
Hypothyroid.
Excess water intake.

   III. Hypovolemic:  Renal, GIT loss ,skin, third space loss.



Symptoms and signs 

▪ Increased intracranial pressure.

▪ Muscle twitches, convulsions.

▪ Hypertension +? Bradycardia.

▪ Salivation , lacrimation, Diarrhea.

▪ Oliguria.



Hyponatremia
▪ Hyponatremia is usually associated with hypo 

osmolality.

▪ Posm  = 2x (Na)+ urea/ 2.8+glucose /18 

▪ Plasma osmolality : 275-290 m O sm/kg H2O.
▪ Urine osmolality:  100-1200 m O sm/kg H2O.

▪ Urinary Na < 10 mmol / L OR  > 20 mmol/L.



Treatment of Hyponatremia

▪ Treat underlying causes.

▪ Alleviate symptoms of Hyponatremia.

▪ Avoid correcting Hyponatremia too quick.



Continue

▪ Na deficit = (140-patient Na) x 0.6 x weight.

▪ Correct half over 24h .

▪ Don't correct more than 8mmol /day.

▪ Use 3% Na , or normal saline .





Hypernatremia

• Na level more than146 mmol /L.
• Always in Hypertonic State ( Hypo, Iso, Hypervolemia)
Causes
▪ Exercise, Sweating.
▪ NG suction,vomiting,diarrhea.
▪ Osmotic Diuresis.
▪ Burns, large open wounds.
▪ Excess hypertonic fluids.
▪ Cushing syndrome .
▪ Peritonitis .



Hypernatremia

Symptoms and signs
▪ Restlessness, weakness.
▪ Tachycardia, hypotension.
▪ Dry sticky mucous membranes.
▪ Oliguria, Decrease Saliva and Tears.
▪ Fever, red swollen tongue.
▪ H2O deficit = 0.6 x weight x (serumNa-140) ÷140
Give hypotonic fluids.
Don't correct rapidly.





Potassium Abnormalities

▪ K+ requirement is 60 mmol per day.

▪ 90% K+ is excreted in urine.

▪ Kidney can decrease secretion to 10-20 mmol .

▪ 98% of K+ is located intracellulary.

▪ Acid –base changes affect K+ levels .

▪ Hypokalemia leads to Hypo Magnesemia .



Hypokalemia
Serum K+ less than 3.5 mmol /liter.
Occur in 20% of Hospitalized patients.
Causes
Increase renal excretion.
GIT losses (NG tube diarrhea , ZE syndrome ,Villous 

Adenoma , Malabsorption , Ostomy losses) .
Movement of K to cell (Alkalosis) .
Decrease K administration , Insulin administration .
Diuretics ,TPN.
Increase catecholamine.
Hypo-Magnesemia .



Continue

▪  Renal excretion occur in Alkalosis.
▪ Hypokalemia produce Alkalosis.
▪ It cause muscle weakness, myalgia Absent tendon 

reflexes ,Paralytic Ileus.
▪ ECG changes, Absent T  wave, U Wave Depressed ST 

segment, prolonged QT interval, Atrial arrhythmias.





Treatment

▪ K+ tablets 20 mmol as chloride, citrate. 

▪ IV K+ for severe forms.

▪ Good urine output before K+ administration.

▪ Don't give more than 20 mmol K+ / hr.

▪ Don't give more than 40 mmol K+ / L in peripheral
    vein.



Hyperkalemia

Serum K+ level more than 5.5 mmol /L .
Causes
 Renal failure.
 Crush syndrome (Rhabdomyolysis).
 Redistribution in acidosis.
 Hemolysis , thrombocytosis , leukocytosis.
 Blood Transfusion.
 Succinylcholine.
 Reperfusion injury.
 Pseudo hyperkalemia.



CONTINUE

▪ ECG changes tall peaked T wave, wide  QRS, depressed 
ST segment Shortened QT interval.

▪ Ventricular arrhythmias.

▪ GIT symptoms nausea and vomiting, diarrhea.



Treatment
▪ Ca gluconate 10 ml 10% over 10 minutes
Act immediate last 15 minutes

▪ Glucose 50 gm+10 unit regular insulin
Acts in 10-20 minutes last 2-3 hours

▪ Kayexalate (Na-K exchange resin) 40gm,orally, or 100 
gm enema. 

▪ Loop diuretics furosemide , ethacrynic acid.

▪ NaHco3 0ne ampule 50 mmol over 5 minutes.



Calcium balance

▪ 99% of calcium is present in bone, 1% ECF.

▪ Ca++ metabolism need Bone , Bowel and , kidney. 
regulations, and PTH and vitamin D.

▪ Ca++ is 40% protein bound ,45% ionized form, 15% 
complex form (phosphate and citrate). 





Hypocalcemia

Definition

Serum Ca++ less than 8.4mg/dl.
Ionized form less than 4.5ml/dl.

Corrected Ca++ = Measured Ca++  + 0.8(4 -albumin) 



Causes of hypocalcemia
▪ Impaired PTH secretion or action.
 Thyroid and parathyroid surgery
▪ Impaired vitamin D synthesis or action
 Liver disease, malabsorption syndrome
▪ Ca chelating agents.
▪ Acute pancreatitis, burns and sepsis.
▪ End stage renal failure.
▪ Hypomagnesaemia , hyperphosphatemia.
▪ Massive blood transfusion, and large volume of 

resuscitation fluids.



Symptoms and signs
▪ Acral , perioral numbness, and Paresthesia
▪ Muscle cramps , seizures ,  laryngeal spasm , tetany.
▪ Carpo-pedal spasm (Trousseau’s sign).
▪ Facial twitches (Chvostek’s sign).
▪ ECG changes long QT interval arrhythmias.
▪ Bradycardia and hypotension.



Treatment

▪ Treatment of underlying cause.
▪ Calcium and vitamin D replacement.
▪  Treat Hypomagnesaemia , hyperphosphatemia.
▪ Ca gluconate 10% 10ml IV or, Ca chloride Iv slowly as 

bolus over 10 minutes, followed by 1mg/kg/hour.
▪ Oral elemental Ca carbonate 500-1000mg tds, with meals 
▪ Vitamin D3, 0.25-0.5ug Bid.
▪ Ca chloride contain three times more Ca gluconate.
▪ Ca chloride lead to thrombophlebitis and skin necrosis.



Hypercalcaemia
• Definition
▪ Serum Ca more than10.4 mg/dl
▪ Ionized calcium more than 5.6mg/dl
▪ Causes
▪ Metastatic bone tumors
▪ Hyperparathyroidism(adenoma , hyperplasia)
▪ Hyper-vitaminosis D
▪ Drugs.
▪ Milk alkali syndrome, hyperthyroidism.
▪ Prolonged Immobilization in bed.



Symptoms and signs

▪ Weakness , fatigue , lethargy , psychosis.
▪ Nausea , vomiting , constipation
▪ Renal stones , nephron-calcinosis
▪ Polyuria
▪ PUD.
▪ Pancreatitis
▪ ECG changes short QT interval , arrhythmias





Treatment

▪ Treatment of underlying cause.
▪ Expanding the intravascular volume by normal saline, 

reduce Ca by 30%.
▪ Furosemide (lasix) to increase renal excretion
▪ Bisphosphonates decrease osteoclastic activity
Acts after 48 h for 1-2 weeks
▪ Calcitonin reduce bone resorbtion, decrease ca 

reabsorption by tubules, acts within 6-9 h , for one w
▪ Glucocorticoids inhibit action of vitamin D



Magnesium balance

▪ Normal range 1.5mEq/l . 

▪ 2nd most common intracellular cation after K.

▪ Found in bone and muscle.

▪ Extracellular mg is 1%.

▪ Important for Ca , K homeostasis.

▪ Essential for protein synthesis, neuromuscular 
excitability and many enzymatic reactions energy 
metabolism.



Hypomagnesaemia

Less than 1.6 mg/dl
Causes
▪ Prolonged IV fluid therapy.
▪ TPN
▪ Prolonged GIT,and renal losses.
▪ Acute pancreatitis.
▪ Redistribution
▪ Diuretics
▪ Alcoholics



Symptoms and signs

▪ Muscle weakness, paresthesia ,spasm, seizures.

▪ Anorexia nausea and vomiting , dysphagia.

▪ Hyperactive tendon reflexes.

▪ Cardiac arrhythmias

▪ Delirium, coma.

▪ +Ve  Chvosteks’, and Trousseaus’ signs.



Treatment

▪ Treat underlying cause.
▪ Correct hypovolemic first.
▪ Correct associated Hypokalemia(Common Together).
▪ Mg sulphate 0.5mEq/kg/ day continuous infusion .
 Don't exceed 16 mEq/hour,1gm = 8mEq.
▪ Maintenance 10-20 mEq/day of 50% mg sulphate 
▪ In emergency 2gm in 5 minutes



Hypermagnesiemia

▪ Serum level above 2.5 mg/dl
▪ Mainly in renal failure,rhabdomyolysis.
▪ Excessive antiacids,laxatives.
▪ Lethargy, facial paresthesia,nausea.
▪ Weakness, loss of tendon reflexes, hypotension
▪ ECG changes, prolonged PR interval
▪ Hydration normal saline
▪ Ca gluconate , Loop diuretics







“Found Down”

▪ 45 yo WM, found down, presumed to be 
assaulted, hypertensive,bradycardia

▪ CT head - hygromas, small ICH
▪ labs:

▪ Na = 118
▪ K   = 2.4
▪ Cl  = 74

What do you think? What do you do?



Severe Hyponatremia

• Correct sodium to above 120 mEq/dl
– NaCl + 40 mEq/L KCl
– 3% Saline
– furosemide diuresis (euvolemic)
– serial electrolytes
– be prepared to handle seizures 

• Replace potassium
• Cl should correct itself 



HDU Code

A Code Blue is called in the HDU. 

65 yo male with ESRD has “arrested” awaiting 
his dialysis treatment. CPR and BVM 

resuscitation are in progress and an IV has 
been established.

What do you think?   What do you do?



Pre-Arrest Rhythm Strip



HYPERKALEMIA

• Treatment
•  CaCl2 10% - 1 ampule
•  Sodium Bicarbonate - 1 ampule
•  D50 & Insulin 10 U
•  2 - agonist nebulizer- cellular K 
•  Kayexalate



Post op patient

• 42 year old female admitted to the ICU post op 
after undergoing a thyroidectomy for thyroid 
cancer.

• She is complaining of peri-oral numbness and 
tingling. Her DTRs are hyperactive and her 
ECG has a prolonged QT interval.

What do you think?   What do you do?



HYPOCALCEMIA

• Treatment
– monitor ECG
– IV calcium
– follow up labs
– oral calcium supplements 

• normal is 1 gram/day



ACUTE ADRENAL INSUFFICIENCY

Treatment
• fluid and vasopressor support
• treat precipitating conditions
• draw baseline Cortisol level
• administer dexamethasone
• ACTH stimulation test
• hydrocortisone 100 mg IV q 8



Diarrhea Dysrhythmia

• 68 yo female on digoxin for chronic CHF, 
presents to the SIU for colitis as evidenced by 
copious diarrhea.

• The patient is weak and lethargic and ectopic 
beats are noted on her ECG.

What do you think? What do you do?



Hypokalemia

• Deficits
– Serum K = 

• 3-4 is a 100-200 mEq deficit
• 2-3 is a 200-400 mEq deficit

• Treatment
– replacement 10 mEq/hr via peripheral IV
– 10 mEq  0.1 mEq/L increase in serum K
– Remember to check the Mg level too



Cancer

• 72 yo female with stage 4, metastatic breast 
cancer.

• Patient is confused, cachetic, and nauseated
• Na+= 147, Ca+2 = 14mg/dl

What do you think? What do you do?



HYPERCALCEMIA

• Cancers associated
•  with hypercalcemia

– bone  
– breast
– kidney
– lung
– thyroid
– multiple melanoma
– prostate

• Treatment
– hydration
– diuretics-lasix
– mithramycin
– corticosteroids
– calcitonin- 

osteoclast 
resorption

– phosphate




