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I. Definition:  inadequate tissue perfusion, the state that results when tissue or organ blood flow is inadequate to sustain normal cell activites. This state is usually accompanied by lowered arterial blood pressure. “An inadqequate blood flow vital organs.”

II. Puerpose blood

A. Maintain volume

B. Oxygenate tissues

C. Carries nutrients

D. Hemoglobin if average is 15 it can be halved to 8, but there will still be sufficient oxygen carrying capacity, but below 8gm, it becomes impaired, if there is a slow bleeding, and there is an opportunity for water or other liquids to enter the blood vessels, you won’t have hypovolemia anymore

E. Oxygen and glucose are needed by the brain, other organs can use other substrates

III. Normal hemodynamic parameters

A. Stroke volume

1. the amount of blood that comes out of ventricle with contraction, normally 

2. normally its 60-100

B. CO

1. SV x HR

2. 80cc/beat, heart rate 70:  5600 L/min

3. CO normally is 4-8 L/min

C. cardiac index

1. CO/BSA (body surface area)

2. 2.5-4 L/min/m2 (must know)

IV. shock depends on

A. heart:  falla is cardiogenic shock

B. vessels:  hypovolemic shock

C. volume:  septic

D. does not carry nutrients and oxygen to the cell

V. Identificar tipos mas communes

A. Cardiogenic:  medicine

1. primary myocardial dysfunction

a. myocardial infarction

b. cardiac arrhythmias

c. myocardial depression

2. mechanical restriction of cardiac function

a. tension pneumothorax

b. vena cava obstruction

c. cardiac tamponade

B. Neurogenic

1. Decrease in arterial resistance, decrease in SANS control of arteries and veins, and have adequate blood volume, but there is an decrease in the preload and decrease in CO

2. Spinal anesthesia

3. Neurogenic reflexes

a. Acute pain

b. Gastric dilatation:  paralytic ileus after surgery, if ate before surgery, it will stay in stomach after surgery and not move, then the gastric acid will be forced into the stomach, and there will be a gastric dilatation, 1000-2000cc liquid in stomach

C. Hypovolemic:  in surgery, most important for us

1. Loss of blood

a. Externally:  see blood

b. Internally:  GI bleeding, PUD, LGI bleed

c. Third space:  pelvic or hip fracture, but as much as 2000cc can accumulate without being identified

2. Loss of plasma: burns

3. Loss of extracellular fluid: diarrhea, vomiting, fistula (patient with Crohn’s disease)

D. Septic

1. Changes in arterial resistance:  no loss of volume, but can also lose volume

2. Changes in venous capacity

3. Arteriovenous shunting

E. Others:  spinal shock

VI. Circulatory shock and collapse

A. Decreased venous return: loss of blood from trauma, or GI bleeding

B. Decreased cardiac output, the baroreceptor in the aorta or carotid will activate the hypothalamus to have endocrine response to adrenal glands and to the sympathetic system, to have a vasoconstriction from NE and Epi, will increase aldosterone, renin, to shrink the vasculature to accommodate the loss of blood

VII. Physiologic characteristics of various forms of shcok

A. Hypovoelmic:  CVP and PCWP decreased, CO decreased, vascular resistance increased, venous O2 sat decreased

B. Cardiogenic:  cardiac output decreased also, systemic vascular resistance increased, decreased venous O2 sat, but the difference from hypovolemic shock is that this has increased CVP and PCWP

C. Septic

1. Hyperdynamic:  decreased vascular resistance and has warm phase, decreased CO, don’t look pale like hypovolemic, but will see changes in mental status

2. Hypodynamic:  vascular resistance increases????????????
VIII. Classification hemorrhagic shock

A. 10-15%:  minimal change

B. 30%:  postural changes????????

C. 40%:  profound hypotension in supine position

IX. cell metabolism normal cell

A. aerobic cycle- krebs cycle producing CO2 and water (90% high energy ATP)

B. Anaerobic cycle-pyruvate producing lactic acid (10% high energy ATP)

C. ATP

1. maintains cell- potential, keeps sodium outside, potassium inside the cell

2. provides energy to synthesize proteins

3. maintains integrity of lysosomal membrane

X. cell metabolism abnormal cell

A. anaerobic cycle (pyruvate) lactic acid accumulates in cell

B. decreased production of high energy ATP

1. loss of membrane integrity – Na and water inside cell potassium outside cell

2. protein synthesis declines

3. loss integrity of lysosomal membrane – enzymes hydrolize cell

XI. pathophysiology shock

A. dec blood volume, dec venous return, dec cardiac output, dec regional blood flow, local hypoxia, lactic acidosis, cellular swelling, organ dysfunction, multiple system organ failure, death

B. also:  dec blood volume, catecholamines, peripheral vasoconstriction, decreases regional blood flow (continue above)

C. release mediators: increased capillary leak

XII. ARDS

A. Hypoxemia not responding to elevations of oxygen concentration

B. See in shock with infection

C. Decreased pulmonary compliance needs increased airway pressure:  give 100% oxygen, still doesn’t increase, its ARDS, need positive pressure

D. Chest xray:  diffuse patches

E. Etiology: injury to alveolo capillary membrane with loss of integrity of membranes and increased permeability to albumin (capillary leaks)

F. Sepsis – constant findings (very important)

G. Ischemia from hemorrhagic shock – only in extreme cases

H. Pulmonary infection – probably secondary

I. Aspiration – occasionally a factor

J. Fat embolism:  associate with fractures

K. Microembolization:  cause release of vasoactive substances with injury to capillaries and alveoli: stored blood

L. Fluid overload – colloids versus crystalloids

M. Oxygen toxicity: keep below 40-50% concentration

N. Microatelectasis: secondary to posture, sedation, operations

XIII. Oxygen transport

A. Shift to right: more O2 released

1. increase in H acidosis: will decrease metabolism of cell, dcreate cytokines, if a patient is acidotic, and then alkalinize rapidly, its worse, because then the oxygen dissociation curve changes to left and doesn’t release enough oxygen

2. increase temperature

3. increase DPG, ATP

4. Hb concentration

5. Aldosterone and cortisol

B. Shift to left: less O2 released

XIV. Physical findings hemorrhagic shock

A. All have cool extremieites, and pallor, and diminished capillary refill, diaphoresis, collapsed subcutaneous veins

B. Mild <20% blood volume loss:  all above, resolves spontaneously

C. Moderate 20-40%:  all above, plus tachycardia oliguria, postural hypotension

D. Severe >40% blood volume loss:  all above plus mental status changes (has lost 2L of their 5L), but in septic shock the mental changes are early

XV. Ancillary measurements

A. Arterial blood pressure: 120/80

1. 50 year old patient, hypertensive, normally 160/100, now has 120/80, they are hypotensive

2. 18 year old, normally in 100/70, so you have to know what the normal BP is

B. Pluse rate:  80/min

C. CVP:  5cm H2O

D. Urine flow 30-50ml/hour (remember 50)

E. Cardiac index 3.2 liter/min/m2 (CO/SBA) must know normal values for exam

F. Arterial blood Po2: 100mmHg:  88-90 is hypoxia

G. Arterial blood PCO2 40mmHg

H. Arterial blood pH:  7.4

I. Arterial blood lactate 12mm/100ml: don’t use much, measures acidosis by production of lactic acid, when we use ringer’s lactate, the liver converts lactic acid to bicarbonate, in the blood the Na and K are cations, Cl and HCO3 are anions, the liver will change lactic acid to bicarbonate, when patients get to ER, we give RL, which could alter the value

J. Hematocrit 35-45

XVI. Treatment

A. Restore blood volume

B. If patient comes in from the street, to give blood to the patient, neeed to have the blood type and cross match, normally this doesn’t exist, because the blood lasts only 20-25-30 days, because blood has a limit, I can’t donate my own blood for myself and keep it forever on hold for me, no, we receive blood from others, there are a series of tests to check the blood for virus, CMV, HIV, looking for antigens, so when patient comes to ER, we give them crystalloid solution

C. Crystalloid solutions: first to give in ER, restore fluid volume

1. balanced salt solutions: ringer’s lactate, has sodium, not 155 sodium, lado negativo, lactate, which converts to bicarbonate, appears more balanced, give to patient that comes with hypovolemia

2. normal saline: same number of 155 Na, 155 Cl, but we’re giving more Cl than normal, normally they have 140, and potassium, and others to get 155, then we have the anions to get about 155, so the normal saline isn’t exact copy of what need

3. hypertonic saline:  if give hypertonic

D. If a patient comes bleeding, need to give a certain amount, how do we estimate how much to give, based on the formula to determine the amount based on the history:  for each cc lost, we give 3 cc, if you have to look at the blood on the towel, or what told you the wife, you give a certain amount

E. If crystalloids don’t work, give colloids, to replace fluid volume

F. Colloid solution

1. hydrostatic (volume) and osmotic pressure (colloids)

2. albumin

3. dextran:  solution large sugars, act like albumin

4. hyodrxethyl startch

G. Give these crystalloid fluids until the patient has an adequate fluid volume, you determine the patient has adequate blood volume

1. see the tachycardia lowering

2. not too pale

3. capillary refill

4. urine output

H. if still not adequate blood volume, then you have to give colloid solutions or then give blood

I. O- blood is first to replace

J. If don’t know how much to give patient, give a certain set amount, such as 2-3L

XVII. Algorithm

A. Patient will have large bore catheters, foley catheter, measure CVP, monitoring the patient, if you believe the patient has adequate perfusion, if yes, then give maintenance fluid, not rapidly infused

B. if not adequate perfusion (no urine out of bladder, no capillary refill, oximetry low, pale, dry mouth), you have to check for evidence of decreased intravascular volume to see if cardiogenic shock or hypovolemic shock, so you check the central venous pressure

C. if the central venous pressure is low, you give liquid RL, if the patient is normal, go back to maintenance fluid

D. if patient is still abnormal, then insert swan ganz catheter, to make sure know what’s going on, already gave initial treatment, then another bolus, now must be sure if he’s hypovolemic or cardiogenic

E. if the wedge pressure is low: that is compatible with hypovolemia and keep giving liquid until you resuscitate the patient

F. if the wedge is high, the patient is in cardiogenic shock, so you have to work on the heart condition, an may have to give cardiogenic drugs

G. so therefore, when gets to the OR, have external bleeding, try to stop the bleeding, get two large veins in upper extremities, get blood samples for hematocrit and blood gases, and electrolytes, and then you put the catheter to empty the bladder and measure urine, oxygenate patient, if alert then oxygenate by mask, if unconscious put on ventilator, and get central venous pressure, then 3L rapidly, if no response, evaluate things, give another, measure CVP still low give more, if its CVP high, its cardaiac, if CVP low, need to continue resucucitate, and put in swan ganz

XVIII. cardiotonic agents:  dopamine:  renal vasodilator, increase contractility, lower SVR, peripheral vasodilator, important because everything may be back to normal, with tachycardia slowed down, good oxygenation, but no urine because kidney problem, so use this

XIX. criteria of adequate perfusion

A. normal mental status: in hypovolemia, to have altered mental status, must lose 40%

B. normal pulse rate (no beta blockade)

C. adequate urine output

D. warm, pink skin

E. normal core/extremity temp grad

F. normal sys vascultature resistance

G. no lactic acidosis

XX. indications ofr invasive montirong swan ganz

A. unresponsive hemodynamic instability: if gave drugs, liquids, no response, especially in elderly patient, multiple trauma patient (can have fat emboli too) and patients with suspicion of sepsis

B. previous organ dysfunction: cardiac, pulm, renal, hypertensive

C. high risk surgery

XXI. septic shock

A. LPS produce the endotoxin, must mix with the antibody and cmplement in circulation, to form anaphylatoxin which acts to increase catecholamines (epi, NE) and other vasoactive hormones (histamine, serotonin, kinin), increase vasoconstriction and ischemia which worsens the situation

B. Early on, warm skin, shunts from arterial to venous side normally that doesn’t go through the capillary to not go through the tissues, you feel thinking its warm skin and has good circulation, but its being shunted and not getting to the tissues, patient is hypoxic and develops acidosis rapidly

XXII. SURIGICAL COMPLICATIONS

XXIII. Atelectasis

A. Suspect on anybody who has fever the first 24 hours after surgery, any patient that has fever in the first 24 hours after surgery, talking about clean elective surgery, if patient comes with perforated appendix, you  have fever

B. What are the factors that contribute to atelectasis

C. Why does the atelectasis collapse:  circulation still going through, but shunt effect

D. Abdominal surgery, has pain, will not use diaphgram, and the diaphgram accounts for 50% of the respiration

E. and if the patient has pain, they give narcotics which will depress the respiratory center

F. if patient laying on one side and doesn’t move, they have stasis, tell the patient to sit up, cough, take deep breath, give chest tapping, incentive spirometry, teach patient before the operation

XXIV. Urinary tract infection

A. Cause of fever in patient after 24 hours

B. Caused by instrumentation, catheter for long surgery to take output

XXV. Wound infection

A. How many days after surgery do you have wound infection after surgery

B. 5-7 days

C. 1-2 days

XXVI. catheter site infection

A. introduced by anesthesiologist sometimes in the neck, subclavian vein

XXVII. thrombophlebitis

A. superificial, may have fever

XXVIII. deep vein thrombosis

A. factors for risk

B. old age, cancer, pelvic surgery, obese, viscous

C. pulmonary embolus
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