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Fluids & Electrolytes, Acids & Bases, and Introduction to Lab Medicine

Fluids & Electrolytes
· Total Body Water (for standard 70kg man)
· Total body water = 60% (42 L) 

· The more fat you have the more % non-water you are

· Intracellular fluid, ICF = 40% (28L) 

· Extracellular Fluid, ECF = 20% (14 L)

· Interstitial 15% (11L)
· Intravascular 5% (3 L plasma, RBCs are ICF) 

· Fluid in RBCs is actually intracellular fluid 

· Fluid movement between plasma and interstitial space 

· Plasma proteins usually cannot leave capillaries
· Water and small molecules can leave 

· Hydrostatic capillary pressure: pushes out 

· Oncotic (pulls fluid back in) and hydrostatic pressure (pushes out) 

· If oncotic pressure greater than hydrostatic: pulls fluid back in 

· ~90% of what leaves comes back in, rest goes through lymphatics 

· osmolarity in interstitial area is same as inside cell, otherwise H2O moves to equilibrate 

· examples of changes in osmotic equilibrium between ECF and ICF 

· add water; osmolarity of extracellular environment goes down, water moves in, cell swells 

· RBC in pure water: water moves into cell and cell swells and causes hemolysis 

· Hyperosmotic fluid: water leaves cell and cell shrinks 

· RBC into hyperosmotic solution ( shrink 

· Edema 

· Increase in interstitial fluid somewhere in body 
· Causes 
· Decreased capillary oncotic pressure 

· Caused by decreased capillary oncotic pressure

· Decreased production of plasma proteins – e.g. liver failure or protein poor diet

· Loss of plasma proteins – e.g. proteinuria with kidney failure
· Increase permeability of capillaries to plasma proteins 
· Result of inflammation, e.g. sprained ankle, but also sepsis & septic shock
· Oncotic force no longer there to pull water back in and fluid stays in interstitial space

· Increased venous pressure – more pressure on venous side 

· See with right sided heart failure: put more blood in, add more pressure on vena cava, more fluid retained 

· Means more pressure and more fluid retained ( edema

· Heart failure pressure results in generalized edema, especially feet 

· diuretics can reduce the edema, but don’t cure heart failure

· also see with liver disease – hepatic portal hypertension
· Lymph obstruction – decreased lymphatic drainage 
· Decreased absorption of interstitial fluid 

· Elephantiasis: parasitic worm infests lymph vessel which doesn’t allow lymphatic drainage 

· Want to keep proper blood volume and proper osmolarity (around 290 mOsm) 

· Too high osmolarity: want to increase water to dilute 

· Increase ADH (increase water retention; decrease osmolarity) and increase thirst

· Regulation of thirst and antidiuretic hormone (ADH, aka vasopressin) secretion 

· Goal: maintain blood volume and osmolarity 

· If osmolarity is too high 

· Increase water to dilute via ADH
· ADH: increase water retention, decrease water excretion 

· Increase circulating fluid volume 

· Decrease plasma osmolarity 

· The renin-angiotensin-aldosterone system (RAAS, or sometimes RAS)
· Control water and sodium independently 

· Circulating blood volume too low 

· Increase water by increasing Na+
· Angiotensinogen: protein in blood produced constitutively by liver
· Renal juxtaglomerular cells sense decrease in blood pressure and release renin 

· Renin converts angiotensinogen to angiotensin I 

· Angiotensin I is converted to angiotensin II via angiotensin converting enzyme (ACE) in the lung 

· ACE found throughout the body but you have lots of capillaries in lungs and thus will do bulk of conversion in lungs
· Angiotensin II promotes vasoconstriction (increases BP) and stimulates aldosterone secretion from the adrenal cortex resulting in renal sodium retention 
· Angiotensin II also decreases GFR and sodium excretion in kidney

· Aldosterone: tells kidney to retain more sodium which increases osmolarity

· so we increase ADH and retain water and thus increase blood volume and BP 

· Activate RAAS when kidney has too little blood flow/pressure
· The Atrial Natriuretic Peptide/Hormone (ANP) and Brain Natriuretic Peptide (BNP)

· Increased venous pressure stimulates right atrium of heart to produce ANP

· Causes kidney to excrete Na+, ultimately decreasing blood volume and therefore venous pressure

· ANP & BNP are increased in volume overload situations

· not the common manner of regulating volume, usually present in disease states, e.g. heart failure
· Effects of potassium and calcium on membrane excitability 

· Resting membrane potential (normal charge on cells) typically between -70 mV –  -90 mV

· determined by K+ gradient
· If potential can get over threshold then cell becomes activated/excited 

· Decreased extracellular potassium, Nernst potential for K+ is lower (more negative), resting membrane potential for cell is lower, further from threshold, have to jump higher to reach threshold and cell is thus less excitable 

· Increase extracellular potassium, cell slightly depolarized (increased membrane potential) and cell becomes more easily excited 

· If heart saw potassium concentrations over potential of its excitability it would fire once and would not repolarize thus would cease to fire again 

· Potassium changes excitability of cells 

· Lethal injections: potassium chloride: heart has one big depolarization and heart doesn’t repolarize again 

· Calcium: alters the threshold 

· High EC calcium, threshold increased: cell less excitable 

· Low EC calcium, threshold decreased: cell more excitable 

· EKG changes with alteration of potassium or calcium 

· Changes in serum K+ and Ca2+ cause cardiac electrophysiology problems (worry about the details when we get to EKGs) 
· Serum Ca++ is primarily controlled by PTH (parathyroid hormone)

· PTH increases serum Ca++ by,

· Increasing bone breakdown and Ca++ release from bone

· We also get Phosphate (Pi) when we break down bone – don’t need it

· Decreasing renal Ca++ excretion

· Also, increases renal Pi excretion to get rid of unwanted Pi from bone

· Increasing renal activation of vitamin D: (25(OH)D ( 1,25(OH)2D)
· Active vitamin D increases intestinal absorption of dietary Ca++

· Calcitonin is hormone produced by thyroid gland

· Decreases serum Ca++

· much less important in Ca++ regulation
Acid – Base Regulation

· The one chemical equation you need to know! 

· CO2 + H2O ↔ H2CO3 ↔ H+ + HCO3- 

· HCO3- is bicarb, H2CO3 is carbonic acid

· Make carbon dioxide in tissues of body and released through lungs 

· Hold your breath: CO2 increase, H2CO3 up, H+ & HCO3- up 

· Hyperventilate: decrease CO2, H2CO3 and H+ & HCO3- all go down
· Henderson-Hasselbalch equation 
· pH = pKa + log([A-] / [HA])
· pH = 6.1 + log([HCO3-]/[CO2]) 
· example: 6.1 + log(24mM/(0.03*40)mM) = 6.1 + 1.3 = 7.4 (normal pH)
· NOTE: 6.1 is pKa for this chemical equation, but it’s the only equation we care about
· 40 mmHg of CO2 is normal
· need to convert this to mM, use 0.03 mM/mmHg – solubility of CO2 in H2O
· 1.2 mM, typical amount of CO2 dissolved in blood 

· Elevated carbon dioxide (CO2) levels result in increased formation of carbonic acid (H2CO3) in red blood cells. The resulting increase in hydrogen ions (H+), coupled with elevated CO2 levels, results in HHbCO2 and an increase in respiratory rate and secretion of H+ by the kidneys, thus helping to regulate the pH of body fluids. 

· Integration of pH Control mechanisms 

· Cells produce carbon dioxide, lungs get rid of it 

· Kidneys do what they think is best for body 

· Kidneys usually excrete H+ because of diet (urine mainly acidic)

· And consequently making bicarbonate 

· Davenport diagram: classic working diagram for studying acid-base imbalances 

· X-axis is pH, Y-axis is bicarb and lines are CO2 isobars 

· Normal – Bicarb: 24 mM, PCO2: 40 mmHg, pH: 7.4

· Hold breath: CO2 goes up ( H+ up, bicarb up

· Become Acidic, pH goes down 

· Compensate: increase bicarb production (and H+ excretion) in kidney ( pH back to normal but elevated bicarb and CO2 

· Compensated respiratory acidosis
· respiratory acidosis (initial problem was with lungs) 
· compensation was renal bicarb production
· Kidneys can’t get rid of acid, e.g. kidney failure
· Acidotic

· Metabolic acidosis: initial problem NOT with lung but rather kidney or GI tract 

· Compensation: breathe more get back to reasonable pH 

· When organs fail they generally do less of what they are supposed to do
· See way more acidosis than alkalosis 

· Lung failure: can’t get rid of CO2 ( respiratory acidosis

· Kidney failure: get rid of less acid ( metabolic acidosis 
· Know all the acid-base scenarios

Introduction to Lab Medicine
NOTE: values vary from lab to lab, so expect to see slightly different values in real practice

· Chem-7 or basic metabolic panel 

· Sodium: 136-144 mmol/L
· increased by dehydration

· decreased by water overload
· Potassium: 3.5 – 5.0 mmol/L 
· greatly affected by kidney failure and diuretics
· Chloride: 95 -105 mmol/L
· increased in response to decrease in bicarb (see anion gap)
· Standard bicarbonate: 20-28 mmol/L
· involved in acid-base problems
· Blood urea nitrogen (BUN): 7- 18 mg/dL 

· High: think kidney prob

· Creatinine (waste product that we have no use for) : 0.6 – 1.2 mg/dL

· High: think kidney failure 

· Fasting glucose: 64-99 mg/dL
· High: think diabetes 

· Total Osmolarity: 280- 296 mOsm/L 

· Anion Gap (Na+ – (Cl- + bicarbonate)) 

· Useful for determining source of pH abnormality (acidosis)
· High anion gap ( increase in acid

· Normal anion gap ( loss of bicarb with increase of Cl-

· Low anion gap is not very common
· Chem-20 or Comprehensive metabolic panel 

· Calcium: 8.5 – 10.9 mg/dL 

· Uric acid: 2-8 mg/dL

· Elevated in Gout 

· ALT: 8-37 IU/L 

· Elevated = indicator of liver damage 

· AST: 10-34 IU/L
· Elevated = indicator of liver damage

· Alkaline phosphate: 44-147 IU/L 

· Elevated could be biliary duct system or bone 

· GGT: 0-51 IU/L
· Biliary duct system damage 

· Direct bilirubin (conjugated)
· End result of heme breakdown that we can’t recycle

· Unconjugated heme is not water soluble 

· Liver takes water insoluble molecule and conjugates it (sticks water soluble molecule to its side) 

· Puts it in biliary duct and gets in the duodenum and goes through and out through feces (gives dark color) 

· Elevated: can conjugate but can’t get rid of it 

· Total bilirubin: 0.2-1.0 mg/dl
· Making bilirubin too fast or liver malfunction 
· unconjugated bilirubin = total – direct

· increased in liver failure – can’t conjugate bilirubin
· Albumin: 3.5-5.0 g/dl
· Most plentiful protein

· Liver will make as much albumin you need 

· Total protein: all protein in plasma; 6.0-8.4 g/dL 

· Decreased – normally (in conjunction with decreased albumin) indicates liver problem

· but, could result from loss of protein in kidney

· Normal or elevated  (in conjunction with decreased albumin) indicates that someone else is making too much protein 

· With too much of some other protein, albumin will be decreased but total protein will be normal or elevated 

· LDH (lactate dehydrogenase): 80-120 IU/L
· Pyruvate converted to lactate when too much glycolysis but not enough oxygen 

· When want to break covalent bond need enzyme to break 

· Occurs in cells that do glycolysis (ALL cells in body) 

· If any cell dies then LDH leaks out of cell (necrosis)
· Elevated levels indicate tissue damage somewhere in body – very unspecific 

· Different cells will have slightly different LDH, can order specific test if you think you know what you are looking for
· 5 different isozymes LDH-1 … LDH-5
· Total cholesterol: 120-200 mg/dL 

· Magnesium: 1.5-2.0 mmol/L 
· Some comments on Phlebotomy
· Poor Phlebotomist: plasma will be pink/red because of hemolysis; broke RBCs 

· LDH will be through the roof – LDH released from RBCs
· this is the same isozyme as found in the heart (LDH-1), be careful you don’t confuse poor phlebotomy with a heart attack
· Total protein increase 

· Albumin not effected (no albumin in RBC)

· Bilirubin not affected: heme not broken down yet 
· If we let the blood sit for awhile, macrophages will convert hemoglobin to bilirubin

· increase in unconjugated bilirubin (but only with poor handling as well as poor phlebotomy)
· Potassium way up: because potassium found inside cells 

· Red Blood Cells 

· RBC count: 4.2-6.2 x 10^12/L 

· Too few = anemia 

· Reticulocytes: 0.5-1.5 % RBC

· Baby red blood cells from marrow 

· Still have ribosomes and mRNA, making proteins (hemoglobin) for 1st day of life 

· If avg. lifespan of RBC is 100 days, reticulocytes are reticulocytes for 1 day = 1% of RBCs should be reticulocytes

· Can look at this count and it will tell you if RBCs are dying prematurely or if there may be bone marrow problem, more about this later in anemia lecture
· Hemoglobin: 13-16 g/dL

· Amount of hemoglobin in blood 

· If this or hematocrit low ( anemia 

· You can have normal number of RBCs and still be anemic 

· because RBCs don’t have that much hemoglobin 

· Small RBCs that can’t hold that much hemoglobin

· Hematocrit: 38 – 48 %

· % of blood volume made of RBCs 

· Usually 3 x hemoglobin 

· mean corpuscle volume (MCV): 80-100 fL 

· fL (femtoliter): 10^-15 L

· platelets and clotting 

· platelet count: 140,000-340,000 cells/ uL

· INR: 0.9-1.2 International normalized rate

· Ratio of patient blood clotting time / how long it takes normal person to clot 

· Lower than one: patient is quicker to clot 

· Prothrombin- extrinsic pathway: vitamin K: ?? (sec)

· Need to put something extra (tissue factor) in blood to make it clot 
· This test was very unreliable when it was first developed, hence INR instead
· Often used to monitor vit. K status with warfarin (Coumadin®) use

· typically want INR in 2 – 3 range for pt on warfarin
· Activated partial thromboplastin time- intrinsic pathway: 25-39 sec
· used to monitor pts on heparin 

· Bleeding time – ivy method (10 mmx1mm cut): 2-9 min 

· Cut and blot until stop bleeding 
· Not used very often, but easy to do and doesn’t require fancy equipment
· White Blood Cells 

· WBC count: 5,000- 10,000 cells/uL

· High count: infection

· Low: impaired immune function

· CD4+ cell count: 500-1500 cells/uL 
· Decreased with HIV/AIDS
· Neutrophils: 50-67 % WBC 

· Lymphocytes: 25-33

· Monocytes: 3-7

· Eosinophils: 1-4

· Basophils: 0-1

· (Never Let Monkeys Eat Bananas) 

· Arterial Blood Gases 

· Oxygen pressure: 83-100 mmHg (typically around 100 mmHg)

· Oxygen saturation (arterial): 96-100 % 

· % of hemoglobin that is oxygenated 

· Measured by pulse oximeter – device placed on finger 
· Measures redness & blueness of blood
· Interference: red and blue nail polish 

· Carbon dioxide pressure: 35-45 mm Hg 

· Hold breath: goes up, but O2 is relatively unaffected for a while
· Stop breathing: CO2 goes way up, and O2 eventually goes down 

· Acidity: 7.35-7.45 pH 

· Uncompensated = further above 7.45 or below 7.35

