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CLINICAL USE OF PREVENTIVE ANTIBIOTICS                                         

Recommendations for use of antibiotics to prevent wound infection are as follows:

I) surgical wounds

   A) clean category (when the incidence of infx is no more than 1 in 20)

        1) use of prophylactic antimicrobial agents cannot be recommended except:

             a) when consequence of infx would be grave

             b) when permenant implants are inserted

   B) clean-contaminated category 

        1) operation involving intracavitary opening of colon, lower ileum, large or 

            small intestine in which vascularity is compromised

        2) gastric resection for carcinoma

        3) amputation of an extremity with improvised blood supply

        4) vaginal hysterectomy

        5) oropharyngial cavity in continuity with neck dissection

   C) contaminated and infected categories

        1) ruptured appendicitis

        2) gangrenous cholecystitis

        3) perforated diverticulitis or perforated carcinoma of the colon

        4) drainage of an abscess involving opening of tissue planes

        5) decortication in the face of pleural sepsis

        6) debridment of traumatic contaminated wounds

II) wounds of trauma

    -routine or indiscriminate use of prophylactic antimicrobial agents is to be avoided  

         with the exception of:

         1) burns

             a) penicillin in the acute phase (first 3-5 days) for the prevention of infx by 

                 groupA  beta-hemolytic streptococcus

             b) systemic antibiotics to the burn pt is ineffective

             c) topical chemotherapy with 10% sulfamylon acetate, 0.5% silver nitrate soln, or

                 silver sulfadiazine (silverdene)

III) infection-prone patients

      -disease creating infection-prone areas

        1) rheumatic valvular dz

        2) congenital heart dz

        3) chronic pulmonary dz

        4) extensive radiation fibrosis

        5) vascular insufficiency

IV) prophylactic antibiotic tx in various surgical specialities 

      1) head and neck surgery

      2) cardiovascular surgery

      3) thoracic surgery

      4) neurological surgery

      5) bone and joint surgery

      6) gynecology-major vaginal procedures

      7) plastic surgery-penicillin G should be administered prophylactically to prevent 

          groupA beta-hemolytic  streptococcal infx 

Surgical infection

Postoperative fever: first 12-24hrs

1) respiratory fever (>101ºF)

    a) maybe atelectasis

    b) acute pneumonia

        -hx of chronic lung dz, 

        -hx of heavy smoker -consider bronchitis prior to surgery

2) urinary tract

    -take out foley if started in ED and start new one

3) IV catheter

    -IV in >48hrs or started in ED take out and start new one

4) wound infx

    -infx within 12hrs 

    -two organisms

      a) groupA streptococcus

          -tx with penicillin or penicillin substitutes(erythromycin, clindomycin, 

           vancomycin)

      b) gas gangrene/clostridium perfringens

          -local pain within 24hrs

          -look at wound

          -remove sutures

          -open wide and pus will come out

          *bad smelling pus(bacteroide fragilis

-treatment

 1) sutures out

 2) open wide

 3) evacuate pus

 4) debridment

 5) penicillin (2.5 to 5 to 10 million units)

Clostridium tenani

-local toxin to

 a) myoneural junction

 b) CNS: inhibits inhibitors(tetanus spasm

-tx

 transfer to trauma center

 immunization 99% effective-0.5ml toxoid q10yrs unless deep dirty wound

Malignant synergistic gangrene

-leg ulcer, ileostomy site, colostomy site, appendicitis fistula(mild   

 erythema(edema(turn black(bright red cellulitis 

-tx

 1) anaerobic streptococcus-penicillin

 2) staphylococcus-oxacillin 

*necrotizing fascitis

-don’t look too bad on outside

-no redness

-does not heal

-anesthesia in the area

-tx

 1) open wound all the way

 2) antibiotics after opening

Choice of antibiotics  

Penicillin

1) interferes with cell wall metabolism

2) organism resistant to penicillin produce penicillinase (coagulase +) and become 

    resistant to penicillin, amoxicillin, ampicillin, and carbenicillin

3) effective for gram + and anaerobes (except bacteroid fragilis)

4) ineffective against Klebsiella pneumonia and Enterobacter

First generation cephalosporins

1) effective against gram + cocci, E. coli, Klebsiella pneumonia, and Proteus mirabilis

2) ineffective against enterococci and methicillin resistant staph aureus

Second generation cephalosporins

1) broader activity against gram – bacteria

2) cefamandole (Mandol) and cefaclor (Ceclor) have increased activity against H.flu and 

    some gram – bacilli

3) cefoxitin (Mefoxin) and cefotetan (Cefotan) have improved activity against bacteroid 

    fragilis, Neisseria gonrrhea and some aerobic gram – bacilli

Third generation cephalosporins

1) less active than older cephalosporins against gram + cocci

2) more active against enteric gram – bacilli

3) moderately active against Pseudomonas aeruginosa

4) highly active against H.flu and N. gonorrhea including penicillin producing strains

5) moderately active against anaerobes but less so than metronidazole, chloroamphenigl, 

    clindamycin, cefoxitin, or cefotetan

6) cefoperazone (Cefobid) and ceftazidine (Fortaz) are very active against Pseudomonas

Clinical use of cephalosporin

1) are not generally drugs of 1st choice for tx of any infx expect enteric gram – bacillary 

    meningitis and infxs due to Klebsiella pneumonia

2) serious Klebsiella and other gram – bacillary infxs outside the CNS, cephalosporins 

    are used in combination with an aminoglycoside such as gentamycin, tobramycin or 

    amikacin

General comparison of antimicrobial agents active against specific bacteria

Penicillins

penicillin G

1) strep fecali

2) e. coli +/-

3) proteus +/-

penicillin V

1) none

methicillin,  nafcillin,  cloxacillin,  dicloxacillin,  oxacillin

1) b lactamase

2) staph aureus

ampicillin,  amoxicillin,  bacompicillin

1) strep fecali

2) e. coli

3) proteus

carbenicillin,  ticarcillin

1) strep fecali

2) e. coli

3) proteus

4) enterobacter

5) pseudomonas aeruginosa

6) bacteroides fragilis

azlocillin,  mezlocillin

1) strep fecali

2) e. coli

3) proteus

4) klebsiella

5) enterobacter

6) serratia

7) pseudomonas aeruginosa

8) bacteroide fragilis

piperacillin

1) strep fecali

2) e. coli

3) proteus

4) klebsiella

5) enterobacter

6) pseudomonas aeruginosa

7) bacteroide fragilis

Beta lactimase inhibitors

amoxicillin/clavulanic acid (Augmentin)   ampicillin/sulbactam (Unasyn)

1) b lactamase

2) staph aureus

3) strep fecali

4) e. coli

5) proteus

6) klebsiella

7) enterobacter

8) serratia

9) bacteroide fragilis

10) NO PSEUDOMONAS

ticarcillin/clavulanic acid (Timentin)

1) b lactamase

2) staph aureus

3) strep fecali

4) e. coli

5) proteus

6) klebsiella

7) enterobacter

8) serratia

9) pseudomonas aeruginosa

10) bacteroide fragilis

cefoperazone/sulbactam

1) b lactamase

2) staph aureus

3) e. coli

4) proteus

5) klebsiella

6) enterobacter

7) serratia

8) pseudomonas aeruginosa

9) bacteroides fragilis

10) NO STREP FECALI

First generation cephalosporin

cefadroxil (Duricef),  cefalexin (Kelflex),  cephradine (Anspor),  cephalothin (Seffin)

cephazolin (Ancef),  cephapirin 

1) b lactamase

2) staph aureus

3) e. coli

4) proteus

5) klebsiella

Second generation cephalosporin

cefamandol (Mandol),  cefuroxime (Axetil),  cefonicid (Monocid),  ceforanide, cefotiam

1) b lactamase

2) staph aureus

3) e. coli

4) proteus

5) klebsiella

6) enterobacter

cefoxitin (Mefoxin)

1) b lactamase

2) staph aureus

3) e. coli

4) proteus

5) klebsiella

6) enterobacter

7) *bacteroide fragilis

cefotetan (Cefotan)

1) b lactamase

2) staph aureus

3) e. coli

4) proteus

5) klebsiella

6) *serratia

7) *bacteroide fragilis

cefumetazole

1) b lactamase (+/-)

2) staph aureus (+/-)

3) e. coli

4) proteus

5) klebsiella

6) *bacteroide fragilis

cefaclor (Ceclor)

1) b lactamase

2) staph aureus

3) e. coli

4) proteus

5) klebsiella

Third generation cephalosporins

cefotaxime (Claforan),  moxalatum (Moxam),  ceftizoxime (Cefizox), cefoperazone (Cefobid)

1) b lactamase

2) staph aureus

3) e. coli

4) proteus

5) pseudomonas aeruginosa (+/-)

6) bacteroide fragilis (+/-)

cefmenoxime

1) b lactamase

2) staph aureus

3) e. coli

4) proteus

5) klebsiella

6) enterobacter

7) serratia

cefsulodin

1) e. coli (+/-)

2) proteus (+/-)

3) pseudomonas aeruginosa

ceftrizxone (Rocephin),  ceftazidime (Fortaz)

1) b lactamase

2) staph aureus

3) e. coli

4) proteus

5) kebsiella

6) enterobacter

7) serratia

8) pseudomonas aeruginosa  (Rocephin +/-)

Carbapenems

imipenem

1) b lactamase

2) staph aureus

3) strep fecali (+/-) 

4) e. coli

5) proteus

6) klebsiella

7) enterobacter

8) serratia

9) pseudomonas aeruginosa

10) bacteroide fragilis

Monobactams

aztreonam (Azactam)

1) e. coli

2) proteus

3) klebsiella

4) enterobacter

5) serratia

6) pseudomonas aeruginosa (+/-)

Aminoglycosides

amikacin (Amikin),  gentamycin,  netilmicin,  tobramycin

1) b lactamase  (tobramycin +/-)

2) staph aureus (tobramycin +/-)

3) e. coli

4) proteus

5) klebsiella

6) enterobacter

7) serratia

8) pseudomonas aeruginosa
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SHOCK

Shock-state in which the circulatory system is unable to perfuse vital organs

Circulatory system:
pump=myocardium

conduit=vasculature

hydrolic=blood

↑↓flow = _  pressure_↑↓

                   resistance

↑↓flow = _pressure___

                resistance  ↑↓

increase catecholamine = increase pressure = increase flow (if resistance has no change)

increase resistance = decrease flow

Vasculature:

macrovasculature: >500μ in diameter 

   or 

microvasculature:  <500μ in diameter

-normal pt

 1/3 blood in macrovasculature

 2/3 blood in microvasculature

-shock pt

 1/5 to 1/20 blood in macrovasculature 

 4/5 to 19/20 blood in microvasculature

cardiac input = cardiac output

-cardiac input depends upon venous return

-in shock(blood rbc’s trapped in microvasculature(decrease in cardiac input

Hematocrit ratio                   (draw pic from pg 28)

normal            large vessel hct_  =  1.07          plasma-act like a bumper for rbc flow

                       small vessel hct

shock             ____large vessel hct____ =  0.7-0.8                   

                      increase in small vessel hct 

profound resistance-increased small vessel hct 

post-capillary venular constriction (increases 20-100x normal)

-sphincter stimulated by catecholemine(congested hydrostatic pressure  

 increases(fluid leaks into interstitial space(pulmonary congestion

-hydrostatic pressure exceeds oncotic pressure (pressure inside capillary)(fluid leaks 

 into lung(ARDS (occurs 3 days after shock)  

Vital organ perfusion

1) heart 

2) brain

3) lung

4) kidney

5) gi tract

1) Kidney

-decrease tissue perfusion secondary to:                              kidney=1million nephrons 

 1) increase catecholamine                                          700L blood go thru afferent arteriole

 2) decrease renal parenchimal blood flow                      (draw nephron pic from pg 28)

 3) increase aldosterone                                                                          

 4) increase ADH

-results in oliguria (<30ml urinary output/hr)

-if blood volume decreased(renal tubular ischemia or necrosis

-if complete(renal failure

-if temporary(ischemia

 ischemia (output is decreased secondary to shock)

    -give 20% mannitol( within 15 minutes draws fluid and rbc’s in surrounding tissue    

     and take thru tubule(if tubules not damaged output will increase within 30 min 

 necrosis/renal failure

    -give 20% mannitol(urinary output will not increase b/c fluid leaks out of tubules

JGA

-if blood loss or decrease renal perfusion(JGA produce  

 renin(angiotensinogen(angiotensin I(ACE enzyme(angiotensin II(stimulate 

 adrenal cortex (zona glomerulosa) to secrete aldosterone (sodium and water 

 reabsorbtion)(leads to secondary aldosteronism (JGA(renin(etc)

700L of fluid thru afferent arteriole

200L filtrates at glomerulus

    -1st zone is obligatory zone=160L reabsorbed

        -40L remains

            -30L of Na, water reabsorbed at aldosterone zone (second zone)

            -10L reabsorbed at anti-diuretic hormone zone (third zone)

                -9L of water reabsorbed at distal tubule, 1L will “come out” or be excreted

normal serum osmolarity=300

-increases to 320 in shock

-osmoreceptors sense and report to posterior pituitary(send out ADH to 

 correct(stimulate distal portion to reabsorb water into extracellular fluid space (plasma)  

 to dilute serum osmolarity (decrease to 290 or less)

 (ADH-controls only water;  aldosterone-controls Na and water)

 hydrostatic pr – (osmotic pr of glomerulus + osmotic pr of bowan’s capsule)

              70    --    (   32        +       20     )      =      18     

2) Liver             

-portal vein flow decreases to 20-30% of normal (p.v. supplies 60% of oxygen to liver 

 cells)

 a) thus liver cannot detoxify lactate(lactic acidemia occurs(metabolic acidosis occurs

    -lactic acid increases on anion side then HCO3-- is pushed out 

    -HCO3—can become H2O and CO2 
    -Na+ always goes with HCO3(so it is a weak acid (HCO3 is strickly an acid) 

    -when an acid is needed NaHCO3 splits, as Na+ goes and buffers    

    -when levels of HCO3 exceed the normal level(it splits into H2O and CO2   

    -if bicarbonate level is 16(metabolic acidosis or if bicarbonate level is 36(metabolic 

     alkalosis  (refer to Henderson-Hasselback equation)

b) thus liver cannot detoxify citrate into HCO3

     -citrate level are thus increased in blood

    -calcium-citrate complex occurs thus serum ionized Ca2+ deficiency will occur

          Ca2+  +   citrate-----(  Ca—citrate complex

    -serum ionized Ca2+ is important to myoneural junction, calcium-citrate complex cant 

     act at myoneural junction

3) Lung 

  Shock lung syndrome

  Post-traumatic lung

  Vietnam lung

  Interstitial edema of lung

  ARDS-adult respiratory distress syndrome

normal blood gas                                      alveolae  

PaCO2 = 40 mmHg                                   PAO2 = 108 mmHg

PaO2 = 100 mmHg                                   PACO2 = 40 mmHg

pH = 7.4                                                    water vapor = 47 mmHg

                                                                  N2 = 569 mmHg (N cant be reabsorb by body)

                                    (draw pic from pg 51)

              PO2                                                                       PCO2
          PaO2 = 100 mmHg                                              PaCO2 = 40 mmHg

-because of interstial fluid (edema)(diffusion disturbance can occur

-when pt breathes fast, O2 cannot meet the demands b/c of interstial fluid (edema) in 

 lung(thus CO2 is utilized 

-hypoxemia stimulates hyperventilation allowing PaCO2 levels to drop and PaO2 levels to 

 increase

-Kussmaul’s respiration(CO2 being blown off by hyperventilation

-3 factors that involve respirator center stimulation

  1) hypoxemia

  2) hypercapnia

  3) pH

-O2 diffusibility is 1/20th of CO2 diffusibility thus when O2 stop diffusing CO2 can still 

 continue to diffuse (utilizing tachypnea which is caused by hypoxic stimulation of the 

 respiratory center)        

-if PaCO2 decreases(respiratory alkalois;  if PaCO2 increases(respiratory acidosis

-in ARDS(PaO2 is decreasing(lactic acidemia will occur

                                  glucose


                                                                  lactic acid


                                                                     - If no O2, pyruvic acid cant convert into                

                                                                       acetyl co-enzyme A

                                                                      -thus lactic acid is produced b/c of no O2
                                                                       available for respiration(lactic acid levels                       

                                                                       increase

                                                                      -anaerobic metabolism(lactic acidemia                 

                                                                       occurs then  “Gamble gram” pushes HCO3-

                                                                                                          out(metabolic acidosis occurs

                                                                      -hypoxemia(lactic acid increases

-ARDS to get worse b/c interstitial edema is bad (will get worse if not tx and even 

 CO2 cant correct itself in later stages)(need respirator and increase expiratory pressure;

 respirator with a “cape” is best 

1/23/01

Etiology of shock

CO = cardiac output

PR = peripheral resistance

1) hypovolemia

    -causes:

       hemorrhage

       burns

       peritonitis    

    -CO is decreased and PR will be increased b/c of catecholamines (NE, EPI)

2) traumatic (neurogenic shock)

    -spinal cord severed between C5 and T2(PR will decrease and CO will decrease b/c 

     blood vessels dilated instantaneously(blood volume thus spread out

3) anaphylaxis (drug or bee sting)

    -CO decreased and PR decreased

4) cardiogenic shock

    -causes:

     myocardial infarction

     coronary artery occlusion

     pulmonary embolism

     acute cardiac tamponade

     stoke-adam’s syndrome

   -CO decreases and markedly increase in PR (increase in catecholamines)

5) tourniquet shock

    -decrease in both CO and PR

    -abdominal aorta anuerism surgery with tourniquet(anaerobic metabolism at lower 

     extremities(lactic acid accumulation(then let go of tourniquet (SHOCK

6) septic shock

   -two types are DIC and intra-abdominal abscess

   -once use to believe meta-arteriolar shunting lead to shock (refer to pg 45)

   -basic lesions

    1) cell

        a) leaking

        b) insufficiency

        c) suicide (self destruction)

    2) systemic

        -most common cause is DIC

        -activation of complement and platelet aggregation increases(microaggregation of 

         thromboxane(DIC

        -DIC(most common manifestation is hematemasis or hematuria

        -most common cause of sepsis is intra-abdominal abscess (i.e. ARDS(greater than 

         50% develop ARDS secondary to intra-abdominal abscess post abdominal 

         surgery(sepsis(if pus found then drain it)

Monitoring shock  
1) urine output

    -normally urine osmolarity is 2x greater than plasma osmolarity

        -if serum osmo is close to urine osmo = bad news  

    -Na conservation is the most important anion in kidney function

       1) if urine Na >20 and urine output is decrease = renal failure

       2) if urine Na < 20 and urine output is decrease = hypovolemia

    -if output is decrease then perfusion to kidney will also be decreased

    -if pelvic fracture(put foley catheter in(no urine output or blood in meatus(then 

     pelvis fracture commonly associated with membranous urethral rupture(NO 

    FOLEY CATHETER(can sever the urethra completely(lifetime impotence

2) CBC (platelets)

    -if trauma use 14 gauge IV needle in  upper extremeties 

    -draw blood 

    -massive trauma pt may need blood replacement substitute with dextran or hetastarch

3) Chem 7/13

4) Central Venous Pressure = right atrial pressure and right ventricular diastolic filling  

    pressure

          (draw pic from pg 33)

                                                              -if heart isn’t healthy massive blood transfusion 

                                                               will make the heart swell

                                                              -when vena cava swells before central venous 

                                                               pressure was available(difficult to diagnose

                                                              -if CVP increases(heart is failing(fix with the  

                                                               use digoxin, isoproterenol to help give blood

                                                              -left sided heart failure can’t be measured by CVP

 5) pulmonary capillary wedge pressure monitor 

    -used in:

     a) elderly over 60 yo

     b) myocardial insufficiency

     c) chronic pulmonary insufficiency

     d) ARDS

     e) sepsis

    -best monitor of central venous circulating blood volume

    -normal wedge 4-10 mmHg

    -left sided heart failure can’t be measured by CVP(must use wedge pressure           

     monitor(balloon tip catheter (Swan-Ganz catheter) into vein(right 

     ventricle(pulmonary artery(lung(balloon wedge in lung tissue

    -Pulmonary Capillary Wedge Pressure = left atrial pressure = left ventricular diastolic 

     filling pressure

    -oxygen/hemoglobin dissociation curve shifts to left( tissue not ready to accept O2 

       (refer to pg 104 for curve)

6) alveolar arterial oxygen gradient

    -PAO2 = atmospheric pressure – (water vapor + PaCO2)  {nitrogen takes up whats left}   

                         760                      --     ( 47        +        40)    =     673

   -give 100% O2 for 30 mins via tight mask to wash out all N2 in alveoli with O2 except 

    CO2 and water vapor

   -alveolus is filled with 673 mmHg of O2 and if no interstitial edema is present most 

     high O2 tension will be delivered to artery so PaO2 will be 560 mmHg

    -P(A-aDO2) = PAO2 – PaO2                                 A = alveolus

                        =  25  to  65 (normal                       a = artery

                                                                                 D = difference

   -if P(A-aDO2) = 300  ( pulmonary physiological shunting

    -physiological shunting(if atelectasis (one portion of lung collapsed)(blood “shunts”

      no O2 perfusing to tissue 

    -if difference between PAO2 and PaO2 is greater than 25-65(physiological 

     shunting or interstial edema

    -arterial and aveolar oxygen pressure should be about equal if no interstitial edema, but 

     if edema then high O2 cant diffuse from alveoli to blood

7) serum osmolality (do in ICU)

    -normal serum osmolality = 290-300 MOS/L

    -if serum osmolality greater than 325 MOS/L(problem

    -carotid body sends signal to posterior pituitary will secrete ADH(water will be 

     reabsorbed to extracellular fluid space to dilute the ECF

8) intra-arterial pressure (do in ICU)

Treatment of hypovolemic shock  

1) replace blood volume deficit

    -trauma pt with massive blood loss(give 2000-3000 cc of balanced solution (normal 

     saline) rapidly within 10-15 mins

    -DO NOT use D5 and water(can do more harm(hemolysis (blood cells absorb 

     water  in cell(red blood cells burst)

    -if want to replace blood with crystalloid (lactate ringer, D5 and water, normal 

     saline) use 1: 3 ratio thus if lost 1500cc of fluid must use 500cc of crystalloid

    -if want to replace blood with colloid (blood packed cells, plasma, dextran)(use 1:1 

     ratio

    -if use more blood(increase risk of tranfering hepatitis

2) correct arterial pH

     -don’t use bicarb too much(oxy/hemo dissociation curve will shift to left

3) correct PaO2    

    -FI O2 (O2 tension) =  .2 = 20% O2
                                        .5 = 50% O2
                                      1.0 = 100% O2(toxic if for a long time

4) vasodilators (after pt is fluid loaded)

    -nitroprusside or nitroglycerin IV 

    -if blood loss(peripheral resistance increases b/c catecholamine 

      secreted(vasoconstriction

     -give vasodilators so that can get blood

     -don’t use in septic shock(use dopamine instead

5) dopamine low dose

    -3 doses

      1) small dose-renal dose

          -increases kidney perfusion if not perfused enough

      2) dopaminogenic dose-medium dose

          -use in septic shock 

          -if PR is decreased

          -if need to maintain BP

      3) neoseneprine-high dose

          -total waste

          -use dopamine at higher dosage

  isoproterenol 

  -most potent beta-receptor stimulator

  -increase in ionotropic effect(increase myocardial contraction

  -increase in chronotropic effect(increase in rate

  -if use wrong way(can lead to V.tach

Shunting and shock 

-normally there is an 8-10% pulmonary shunt

-20-30% shunt(life threatening

-nl arterial-venous O2 content difference is 5%

-critically ill pt arterial-venous O2 content difference. is  3.5-4%

Septic shock vs. hypovolemic shock

-in septic shock cardiac output is increased, peripheral resistance is decreased

-in hypovolemic shock CO is decreased, PR is increased (catecholamine release)

-tx of septic shock

  1) early use of steroids

  2) early antibiotics

  3) high dose dopamine

  4) naxalone (decreases mortality)

  5) NEVER USE ISOPROTERENOL (CO already high)

  6) PCWP (always use)

  7) glucagon 3-5mg IV (increases colloid oncotic pressure)

  8) MgCl2 (increases ATP)

  9) Ca2+ (increases colloid oncotic pressure)   

-tx of hypovolemic shock

  1) vasodilator

  2) isoproterenol (occasionally)

  3) antibiotics (rarely)

  4) late use of steroids (may or may not use)

  5) PCWP (occasionally used)    

  6) glucagon 3-5mg IV (increases COP)

  7) MgCl2 (increases ATP)

  8) Ca2+ (increases colloid oncotic pressure)  

Respiratory insufficiencies--electrolytes

acid – a solution which yields H+; all anions are acid

base – all cations are base except H+

organic acid: 6 MEQ/L

  metabolic product                                                      

  -lactic acid

  -pyruvic acid           belongs to right side 

  -malic acid

  -citric acid

HCO3-                                                                                

-is an acid, but is also a labile base

-is located in the ECF at 27meq/L

                     CO2  +  H20             H2CO3
                            H+ +  HCO3- 

ECF


                                                

hangs around                                                                                                      weak acid

with HCO3-                                                                                                  

or vice versa

                                                                                                                  -when metabolic

                                                                                                                   acidosis joins                         

                                                                                                                   right side do to                        

                                                                                                                   increase organic 

                                                                                                                   acids, bicarb 

                                                                                                                   pushed out 

                                                                                                                   (Gamble gram)

                                            Cation (base)               Anion(acid)

Henderson-Hasselback equation 

pH = pK + log  _HCO3-_

                           H2 CO3

pH = 6.1 + log   27

                          1. 3

pH = 6.1 + log 20/1

                                                                                 = metabolic acidosis

 

pH = NaHCO3  (metabolic)                                    = metabolic alkalosis

         H2 CO3  (respiration)                                     = resp. alkalosis


                                                                                 = resp acidosis

-thus if resp is stable and decrease in HCO3  to 10 mmHg(metabolic acidosis

-if met is stable and cant breathe,  increase in PaCO2 to 60 mmHg, decrease in pH,      

 increase in H2CO3(resp acid

-if tachypnea causes decrease in PCO2 to 20 mmHg, decrease in H2CO3, increase in  

 pH(resp alkalosis

**Refer to pg 52(metabolic and repiratory alkalosis/acidosis**

**Refer to pg 53(draw graph* *





Respiratory acidosis (pg 54)
-skillful CO2 diffusion has failed 

-respiration has failed due to interstitial edema(clumsy O2 failed long ago

-anaerobic metabolism occurs(lactic acidemia causes mixed resp and met acidosis

*thus a decrease in PO2(anaerobic metabolism(lactic acidosis(metabolic acidosis 

             and 

  an increase in PCO2(respiratory acidosis

1/29/01 (new material also added on pgs 15-18)

Adult Respiratory Distress Syndrome (ARDS) 

-among adults who die following severe injury 1/3 die from progressive respiratory 

 failure

-pulmonary insufficiency contributes to the death in over 50% of adult pts

-causes of ARDS in the surgical pt:

 1) shock

 2) multiple trauma

 3) sepsis

 4) contusion/chest wall trauma

-causes of ARDS in the medical pt:

 1) shock

 2) sepsis

 3) aspiration

 4) chemical lung injury

 5) DIC

 6) drug ingestion

 7) mis-match blood transfusion

 8) oxygen toxicity (100% FIO2 for 2 hrs)

Phases of post-traumatic pulmonary insufficiency syndrome

1) phase 1: injury, resuscitation, alkalosis

2) phase 2: circulatory stabilization, beginning of respiratory difficulty

3) phase 3: progressive pulmonary insufficiency

4) phase 4: terminal hypoxia and HTN

Phase 1

-phase 1 alkalosis is mixed respiratory and metabolic 

-pH 7.49

-decrease PCO2 due to hyperventilation

-increase HCO3- due to citrate and NG tube (ng tube causes hypochloremic metabolic 

 alkalosis)

-pt is resuscitated from immediate insult (low flow state, trauma, etc.)

-resuscitation includes one or more of the following:

 1) transfusion of fluid or blood products

 2) antibiotics

 3) anesthetic agents

 4) opiates

 5) surgical operation

-during low flow states(build of metabolic acid (lactic acid)

-within improved circulation, the lactic acid is oxidized or excreted and the pt becomes 

 alkalotic

-recovery usually follows if:

 1) circulatory homeostatsis remains

 2) urine output remains good

 3) cardiac filling pressures are nl

 4) blood lactate disappears

-transition from phase 1 to phase 2 has occurred when:

 1) continual need for blood/vasopressors

 2) arterial hypoxemia (decrease PO2) despite hyperventilation and hypocarbia (decreased   

      PCO2)

 3) arterial hypoxemia (decrease O2) despite increase O2 in the airway FI O2/O2 tension

 4) failure to restore urine flow and volume

 5) inability to clear blood of lactate

Phase 2

-PO2 is nl or slighty decreased (due to physiologic shunt)

-PCO2 is decreased

-pH is elevated at 7.49-7.5

-free interval:  pressure, flow, perfusion (renal and tissue) have returned to nl and may 

 last hrs to 5 days. Cardiac output may be 2x nl during this period

-gradual development of pulmonary insufficiency despite stable circulation

-decreased lung compliance 

-chest x-ray:

    -may look nl initially as it lags behind the pathologic process by 12-36 hrs

    -may show diffuse alveolar infiltrate with honeycomb appearance

    -may mimic typical cardiac/pulmonary edema or diffuse pneumonitis 

-pt may appear to be doing well when in fact they are very sick

Phase 3 (characteristic ARDS/shock lung syndrome)

-pH is 7.4    

-PO2 is decreased

-PCO2 is very decreased (respiratory alkalosis)

-decrease HCO3- (metabolic acidosis because of lactic acid) 

-as respiratory difficulty progresses intensive respiratory therapy is required:

  1) tracheal intubation/tracheostomy

  2) ventilation (PEEP, CPAP, FIO2)       
-hypocarbia continues unless treated

-differential diagnosis of ARDS

  1) CHF

  2) pneumonia

  3) aspiration

  4) pulmonary emboli

-bacterial infection becomes evident

-very critical period—recovery can still occur, but decreasing tolerance for therapeutic 

 excess such as:

  1) high O2
  2) overhydration

  3) prolonged use of steroids

  4) multiple changes of antibiotics

  5) carelessness with asepsis

-unfavorable signs of prognosis leading to phase 4:

  1) decreased PO2
  2) loss of sponatenous ventilation

  3) drowsyness

  4) intractable hypoxemia

  5) increase lactic acid

  6) increase PCO2
-due to an increase in alveolar deadspace and continuing shunt, portions of lung are 

 ventilated without perfusion while other portions are perfused but not ventilated 

Phase 4

-very decreased HCO3- 
-very decrease PO2
-extremely increase PCO2
-pH of 7.2

-mixed respiratory and metabolic acidosis (due to increased PCO2 and lactic academia)

-last only a few hrs

-sx:

 1) deepening coma

 2) progressive acidosis

 3) further rise in PCO2

 4) progressive EKG changes due to hypoxia

    a) bundle branch or heart block

    b) ST segment changes

    c) rhythm disturbances—V.fib or asystole

3 catheters used in ARDS

 1) arterial 

 2) foley

 3) Swan-Ganz

 Avoid in ARDS:

 1) unnecessary and frequently changed antibiotics

 2) iatrogenic contamination of tracheobronchial tree

 3) albumin (do not use b/c half is short, leaks into interstitial space)

 4) hematocrit that is too high or too low

 5) prolonged or unnecessary surgerical procedures

 6) oxygen toxicity:

    a) high FIO2 causes direct damage to alveolar membrane

    b) type 2 pneumocytes degenerate when exposed to high O2

    c) ARDS pt have refractory hypoxemia and will have same arterial saturation with 

        50% inspired O2 as with 100% inspired O2

Gold standard of ARDS therapy is positive-end expiratory pressure (PEEP)

-start with pressure of 5 and increase up to 15  (DO NOT go above 15 b/c can cause 

 pneumothorax)

-advantages of PEEP:

 1) improves arterial oxygenation 

 2) decreases respiratory effort (PEEP causes improved lung compliance)

 3) improves ventilation/perfusion (V/Q) inequality (shunt effect and deadspace 

     ventilation both decrease)

-disadvantages of PEEP

 1) decreased cardiac output (increased intraplueral pressure = decreased venous return)

 2) increased pulmonary shunting

 3) decrease lung compliance secondary to overdistention

FLUIDS AND ELECTROLYTES

                                                70 Kilo pt

H2O

                             11.2L                

                                                                                                       16%                                              


65%                     30.8L                                                                 45%

of 

total

body                    11.9L                                                                 20%     plasma (4.5%)               

wght                                                                                                                ISF (12.5%)

 

                              12.6L                                                                18%      92% protein   

                                                                                                                       8% CHO    

                                3.5L                                                                  5% most in bone and    

                                                                                                                nonexchangeable   

-65% of total body weight is water

    -45% of body mass is ICF 

    -20% of body mass is ECF (4.5% plasma and 12.5% interstitial fluid)

-ICF cannot be directly measured—must check ECF and then calculate ICF 

-fluid body will not shift, but Na+ will

-follow lean body mass principle when considering water weight of obese pts

-water intake by IV or enteric (drinking water) 

-water output via:

 1) kidney (urine) 

 2) GI (stool)

 3) insensible loss (skin and lung)

Normal osmolality solute calculation   
(2 × Na+)  +  BUN + glucose = osmolar ECF

                       2.8          18 

-Na+ is the osmolality controlling ion  

-cell membrane is impermeable to Na+ (Na+ located in ECF)

-decreased Na+ caused by 

  1) diarrhea and vomiting

  2) intestinal obstruction

  3) fistula

  4) peritonitis

-Na+ pump: 

    -ICF Na+ = 10meq/L

    -ECF Na+ = 140meq/L

    -cell membrane is Na+ barrier

-diarrhea caused by water transfer from ICF to ECF by Na+ free water(leads to 

 dilute ECF. Decrease Na+ leads to a hypo-osmolar water deficit

-Na+ paradox – when ECF looses Na+, water moves from ICF to ECF in attempt to 

 increase Na+ levels in ECF.  ICF is low in Na+, therefore, ECF becomes more diluted 

-after surgery or trauma(corticosteroids (cortisol) release causes in changes membrane 

 permeability. Na+ enters ICF causing serum hyponatremia.  When cortisol levels  

 decrease, Na+ goes back to ECF with normalization of cell membrane.  Thus, giving 

 too much Na+ after trauma can cause hypernatremia.           

Kidney physiology
-nl urine output = 550ml/24hrs to 1200ml/24hrs

-specific gravity = 1.001 to 1.036

-specific gravity is affected by solute size 

-osmolality is not affected by solute size, only by number of solute particles

-glomerulus receives 20% of cardiac output

-mannitol increase urine output

-JGA is sensitive to pulsatile pressure(renin secretion is trigger by decreased pulsatile 

 pressure(angio I(ACE enzyme(angio II(stimulates aldosterone release(increased   

 Na+ and H2O reabsorption

-adrenal cortex tumor is the most common cause of primary hyperaldosteronism

-primary hyperaldosteronism is diagnosed by elevated plasma levels of aldosterone and 

 decrease plasma levels of renin(this suggest that the pathologic process is independent 

 of renin

-ADH is the osmolality control hormone 

-ADH is synthesized in the anterior inferior hypothalamus(stored in the posterior 

 pituitary(secreted to distal tubule (ADH zone)(H2O reabsorption

Noctural oligouria
-when sleeping there is increase insensible loss secondary to rapid deep 

 breathing(increases osmolality(stimulates osmoreceptor center(increase ADH 

 secretion(increased H2O reabsorption in distal tubule(oligouria (reason why don’t 

 piss the bed)

H2O is a potent diuretic
-H2O intake decreases serum osmolality(decreases ADH secretion(decreases water 

 reabsorption(increases water urine volume

Neurogenic/central/primary diabetes insipidus
-posterior pituitary damage(decreased ADH secretion(polyuria 

 (8-10L/day)(hyperosomolar serum

Hypovolemia
 1) increase aldosterone – volume controlling hormone/Na+ controlling 

      hormone(decrease urine output

 2) increase ADH – osmolality controlling hormone (H2O reabsorption without 

     Na+)(decreased urine output

 3) increase catecholemine – profound influence in urine output via afferent arteriolar 

     flow(decrease urine output

GI secretion of water
-6300-9600ml of fluid secreted by GI tract (most reabsorbed by small bowel)

-succus entericus is the secretory gland of the small intestine (2000-3000ml)

Gut is embryologically divided into 4 sections
 1) foregut

     a) blood supply = celiac trunk (hepatic a., splenic a., left gastric a.)

     b) purpose = to mix pepsinogen (chief cell) with HCl (parietal cell)

2) proximal midgut

    a) blood supply = superior mesenteric artery

    b) purpose = 20% of H2O and 95% of solutes are absorbed here

    c) made up of jejunum and proximal half of ileum 

    d) this area of bowel is necessary to sustain life (not able to resect too much in surgery)

 3) distal midgut

     a) blood supply = superior mesenteric artery

     b) purpose = 80% of H2O and 5% of solutes are absorbed here (B12, zinc, glucose 

         absorption)  

     c) made up of distal half of the ileum, ascending and transverse colon

     d) if resected = diarrhea for approximately 1 yr (hemicolectomy performed here)

 4) hindgut 

     a) blood supply = inferior mesenteric artery

     b) purpose = storage (forms nice big brown trout)

     c) made up of sigmoid colon, rectum (damn near killed ‘em)

     d) sigmoid colon volvulus – twisting of the bowel on itself causing obstruction( 

         causing poop to impact in sigmoid colon;  mostly occurs in the elderly

Insensible loss
-60% from lung

-40% perspiration

-loss of 400ml/24hrs

-water vapor from lung is solute free 

-perspiration is almost solute free

-during operation, fluid loss is 500ml/hr

Water deficit  

-dehydration (4-6-8 rule):

  1) mildly dehydrated = 4% loss of total body weight

      a) hct 45-50%

      b) albumin concentration increase of 10% (nl = 10-100mg/d)

      c) urine specific gravity = 1.020 – 1.024 (nl = 1.001-1.030) 

      d) urine osmolality = 600-750 (nl = 50-1400 mOsmol/kg)

      e) skin is dry;  tongue has dry center with moist periphery

      f) thirst = thirsty

  2) moderately dehydrated = 6% loss of total body weight

      a) hct 50-55% 

      b) albumin concentration increases by 20%

      c) urine specific gravity =1.025 – 1.028 

      d) urine osmolality = 750-900 

      e) skin = axillary is dry;  tongue completely dry

      f) thirst = severe thirst  

  3) severely dehydrated = 8% loss of total body weight

      a) hct 55-60%

      b) albumin conc increases by 30%

      c) urine specific gravity = 1.030 – 1.035

      d) urine osmolality >900

      e) skin = loss of elasticity;  tongue completely dry

      f) no thirst

Fluid replacement

-give ½ of lost fluid in 1st 24hrs, give 2nd ½ of lost fluid in 2nd 24hrs 

-example for 70 kg pt who is severely dehydrated:

          70kg  x  0.08  =  5.6L (amount of fluid lost)      1kg = 1L  or 1g = 1ml

          5.6L  =  2.8L  

             2 

          Plus next 24 hr requirement

            vomitus  2000cc

            stool         200cc                                   4000cc + 2800cc = 6800cc/24hr

            ins. loss   700cc         

            urine       1000cc

                           3900cc (4000cc)
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Water deficit vs water excess

I. Water deficit  

 A) hypo-osmolar water deficit (most common type) 

   1) depletion of isotonic ECF (H2O and Na+ loss) secondary to:

       -diarrhea

       -vomiting

       -intestinal obstruction

       -peritonitis

       -pancreatitis

   2) ICF attempts to replenish Na+ and H2O (Na+ paradox)(subsequent dilutional 

       hyponatremia occurs 

   3) sx include drowysness, decreased deep tendon reflex

   4) tx with 0.9% normal saline (NS)(when ECF water returns to ICF, ECF osmolality 

       levels return to normal (DO NOT give 3 or 6% hypertonic solution(hypertonic 

       ECF)

B) iso-osmolar/hyperosmolar water deficit 

    1) water loss with minimal Na+ loss(hypernatremia

    2) sx include restlessness, agitation, hyperreflexia

    3) causes:

        a) insensible water loss 

        b) partial esophageal obstruction (decreased H2O intake,  nl solute intake)

        c) osmotic diarrhea

        d) nonketotic hyperosmolar dehydration (coma)

            i) secondary to sepsis(damages phosphorylating enzyme(glucose cannot enter 

               cell (cant convert from glucose to G6P)(increase in serum 

               glucose(hyperosmolar(cerebral dehyration(coma

            ii) treatment

                1) stop hyperalimentation (nourishment)

                2) 25 units of regular insulin immediately and then q4hrs until 

                    blood sugar <200 and serum osmolality <300 mos

                        3) 2.5% Dextrose/0.45% saline @ 250ml/hr

II) Water excess – secondary to overhydration or kidney failure(edema

   A) iso-osmolar excess

        1) injudicious fluid therapy (post-traumatic)

            a) during shock levels of aldosterone, ADH, and catecholemine are increased(if 

                give too much fluid replacement(edema

       2) renal failure

            a) cannot excreted water

  B) hypo-osmolar water excess

      1) SIADH (inappropriate high secretion of ADH)

          a) secondary to:

                i) head trauma

               ii) major remote soft tissue tumor

              iii) carcinoma of lung

              iv) CNS tumor

               v) CNS infection

              vi) metastatic tumor

             vii) retroperitoneal tumor

           b) diagnosis

               i) decrease osmolality of ECF

              ii) increase in total body water

             iii) decrease in serum Na+   
             iv) increase in urinary osmolality

              v) decrease urine volume

           c) occurs 5-6 days after trauma

           d) if serum Na+ decreases to 100-115meq/L(cerebral 

               edema(convulsion(coma(death

           e) treatment 

               i) cautiously use 6% saline to draw water out of brain cells (cerebral edema)

              ii) block ADH

                   1) lithium

                   2) declomycin

            iii) lasix does not work

      2) water intoxication  (acute hypo-osmolality)              

          a) large amounts of fluids (3000cc) given rapidly over a few hrs

          b) decreased osmolality and decrease serum Na+ (100-110meq/L)

          c) tx hypo-osmolar excess with 6% normal saline

Syndromes causing low Na+ in surgery:

1) hypo-osmolar dehydration  

   a) serum Na+ = decreased

   b) total body water = slightly decreased

   c) total body Na+ = decreased

2) SIADH 

   a) serum Na+ = decreased because plasma is diluted

   b) total body water = increased

   c) total body Na+ = nl

3) Acute water intoxication 

   a) serum Na+ = decreased because plasma is diluted

   b) total body water = increased

   c) total body Na+ = nl

4) Sodium paradox 

   a) serum Na+ = slightly decreased due to Na+ moving from ECF into ICF

   b) total body water = nl

   c) total body Na+ = nl 

Na+ paradox (opposite of one discussed earlier)     
-occurs after trauma or surgery

-release of cortisol, epi, tissue kinin causes Na+ to enter ICF from ECF

-Na+ does not fall below 128meq/L

-lasts 12 to 36 hrs

-no treatment needed; if treated with NSS, hypernatremia 12-36hrs later when Na+                

 returns to ECF

Electrolytes

1) Na+

   a) most important buffering ion  

   b) metabolically inactive in ECF

   c) water/osmolality controlling ion

2) K+
   a) mainly in ICF

   b) 4.5 meq/L in ECF

   c) EKG to detect intracellular K+

3) Ca2+
   a) 3meq/L in ECF

   b) none in ICF

   c) 60% bound to serum protein

   d) under parathyroid control

4) Mg2+
   a) 28meq/L in ICF

   b) 2meq/L in ECF

5) HCO3-
  a) acid and labile base 

  b) 27meq/L in ECF

  c)   CO2  +  H20                H2CO3                         H+ +  HCO3-
6) Cl-
  a) 100meq/L in ECF

  b) none in ICF

  c) no metabolic function, just balances Na+

Acidosis vs Alkalosis

1) acidosis occurs when:

    a) decrease Na+( increase H+( lowers pH

    b) increase Cl- ( increase H+( lowers pH

    c) increase organic acid( increase H+( lowers pH

2) alkalosis occurs when:

    a) increase Na+( decrease H+( raises pH 

    b) decrease Cl-(decrease H+(raises pH

Anion Gap

-increase anion gap = increase organic acid (mainly lactic acid)

-formula only valid when renal function is nl

     Na+  -  (Cl-  +  HCO3-)  =  anion gap  =  nl 10-12

Lactate/Pyruvate ratio

    lactate       =      1. 1    =    3.0 (nl)

    pyruvate            0. 3

-when L/P ratio increases to 8-9(lactate build up(shock, hypoxia, cardiac arrest

-lactate itself is not harmful, but process is harmful

Ion buffers

1) plasma buffer –  Na+/H+ exchange system

   a) H+ can be secreted out of cell and into tubule to bond with HPO4 to form 

       H2PO4(Na+ bonds with H2PO4(NaH2PO4(excreted out urine

                 or

       H+ can be reabsorbed out of cell and into ECF 

   b) Na+ is reabsorbed out of  tubule and into ECF(HCO3- bonds with Na+(NaHCO3     

   c) CO2 is taken up by the cell(CO2 bonds with H2O to form H2CO3 (carbonic acid)

                                        (draw pic from pg 83)

2) lung buffer 

    a) stimulus for respiration

        -primary = increase PCO2
        -secondary = decrease PO2
        -tertiary = decrease pH

    b) acidosis compensated by hyperventalition

    c) anerobic glycolysis produces lactic acid(glossopharyngeal (CN 9) stimulates 

        respiratory center(increase respiration = acidosis buffer

    d) when alkalosis(lung retains CO2 = alkalosis buffer 

3) kidney buffer

    a) Na+ conservation is primary purpose of kidney

    b) amino acid taken up by cell(breaks down into COOH- + NH2+(NH2+ converted to 

        NH3(secreted into tubule

    c) NH3 bonds with H+ (from carbonic acid within cell)(NH4+

      d) NH4  bonds with Cl- (from NaCl within tubule)(NH4Cl(excreted out of urine

    e) HCO3- reabsorbed into ECF (from carbonic acid within cell)

    f) Na+ reabsorbed into ECF (from NaCl within tubule)

    g) CO2 taken up by cell(bonds with H2O inside cell(reacts with carbonic 

        anhydrase(H2CO3 (carbonic acid)(see step c and e

Base deficit/excess

-HCO3- is a labile base which always goes with Na+ which is a fixed base

-majority of Na+ binds with Cl-, small percent binds with HCO3-

-increase Na+  =  increase HCO3-  =  alkalosis 

-metabolic alkalosis = base excess = too much HCO3-
-metabolic acidosis = base deficit  =  not enough HCO3-
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Metabolic acidosis

I) increase anion gap (secondary to increase in organic acid)

    A) lactic acidemia

         1) hypoxia

         2) shock

         3) cardiac arrest

         4) tourniquet shock

         5) rewarming acidosis

             a) when body temp is lowered for surgery( tissue perfusion and metabolic rate 

                 decrease. 

             b) when rewarmed(tissue perfusion and metabolic rate increase(increase 

                 lactate

             c) to prevent(warm at room temp, maintain circulation

     B) starvation ketoacidosis         

          1) no glucose available for glycolsis to occur  b/c not eating(B-oxidation occurs 

               breaking down fat into fatty acid and glycerol(acetyl coenzyme A (Krebs 

               cycle)(ketone bodies formed(ketonuria without glycosuria (in diabetic 

               ketoacidosis glucose is available but no insulin for glucose to enter 

               cell(ketonuria with glycosuria)

          2) starvation ketoacidosis is common in ruptured appendicitis/peritonitis b/c fever 

              and increase metabolic rate and will not eat

    C) diabetic ketoacidosis

          1) glucose is available but no insulin for glucose to enter cell(ketonuria with 

              glycosuria

          2) increase in ketone bodies (acid) joining anion side (Gamble gram) pushes HCO3- 

              out metabolizing it into H2O and CO2 (Kaussmaul’s respiration/hyperventilation 

              occurs to get rid of excess CO2)(decrease in HCO3- leads to metabolic acidosis

              (refer to pg 87 for pic) 

     D) renal failure 

          1) cannot excrete organic/mineral acids

    E) methyl alcohol poisoning

           1) increase in formic acid

           2) metabolic acidosis with pH of 7.25

           3) decrease in cardiac output

           4) peripheral resistance is unresponsive to catecholemine 

II) hyperchloremic metabolic acidosis (increase Cl-)

     A) 1000cc of normal saline adds 150meq/L of Na+ (nl 140meq/L) and 150meq/L of 

           Cl- (nl 100meq/L)(thus if receive 1000cc NS then gain extra 50meq/L of Cl- to 

           system(hyperchloremic metabolic acidosis

      B) Diamox (diuretic/carbonic anhydrase inhibitor) or Sulfamyelon

           1) prevents conversion of CO2 and H2O(H2CO3 (HCO3- + H+ (refer to pic on 

               top of pg 84)
                2) NH3 cant bond with H+ to form NH4+ 

           3) NaCl and NH4+ exchange cannot occur

           4) no NH4Cl to be excrete out urine(build up of Cl-(hyperchloremic metabolic 

               acidosis

         C) uretero-sigmoidostomy (done long ago when doctors weren’t so bright)

              1) CA of bladder was obstructing output(ureter was anastomosted with the 

                  sigmoid colon b/c the silly doctors thought all acids were absorbed in the 

                  sigmoid colon (only used for storage)(thus pyelonephritis 

                  occured due to bacteria ascending to kidney(renal failure(metabolic 

                 acidosis 

III) hyponatremic metabolic acidosis (decrease Na+) 

      A) biliary pancreatic fistula

            1) lose bile or pancreatic juice (high in HCO3-) to fistula which runs from 

                 pancreas to skin(metabolic acidosis 

      B) small bowel fistula

      C) intestinal obstuction

      D) peritonitis

      E) diarrhea       

IV) treatment  

      A) Na-lactate

           1) lactate converts into HCO3-
           2) takes 3 days to work

           3) DO NOT use Na-lactate in liver failure b/c liver cannot metabolize lactate into 

               HCO3-

      B) NaHCO3- 

            1) DO NOT use in respiratory failure (PaCO2 > 60mmHg) b/c HCO3- is 

                metabolized into CO2 and H2O and thus CO2 will need to be blown off by the 

                lungs(however if in respiratory failure then CO2 levels will increase if given       

                NaHCO3-

      C) TRIS buffer (THAM)

           1) strong alkali without Na+   

           2) combines with HCO3- so that Na+ can be utilized for treatment of acidosis 

               without producing CO2
          3) since TRIS combines with HCO3- (CO2 levels are low(therefore respiratory 

              center is not stimulated

          4) useful in respiratory arrest or in cardiac surgery when lungs are not utilized 

      D) normal saline (0.9% NS)

           1) if use(leads to Cl- excess

Metabolic Alkalosis

I) hypochloremic metabolic alkalosis (decrease Cl- (increase HCO3-)

    A) prolong gastric suction

    B) benign pyloric obstruction

         1) excessive vomiting(lose more Cl-  than Na+  (plus a loss of K+)(hypocloremic 

             hypokalemic metabolic alkalosis with paradoxical aciduria

         2) paradoxical aciduria

              a) renal tubular cell kicks out 3K+ in attempt to replace K+ loss in ECF while 

                  taking up 2Na+ into the cell(thus one less cation (base) in renal tubular cell 

                  while adding one more cation to the ECF(ECF now alkalotic due to the extra 

                  cation (K+)(however renal tubular cell continues to secretes acid (NH4Cl) 

                  into urine thus not compensating for increase in alkali in ECF(ECF becomes 

                  more alkalotic  

          3) treatment

              a) normal saline (NaCl) + KCl

                   i) 1000cc of NS adds extra 50meq/L of Cl- to fix hypochloremia

                  ii) replacement of K+ to fix hypokalemia 

II) hypernatremic metabolic alkalosis (increase Na+(increase HCO3-)

    A) citrate infusion(increase HCO3-
    B) primary aldosteronism (Conn’s syndrome)

    C) Cushing’s disease (increase cortisol release(increase Na+ reabsorption)

    D) Sloop-Orloff 

         1) liver cirrhosis plus esophageal varices

         2) liver cirrhosis(edema(decrease afferent arteriole blood flow(increase renin 

             secretion((aldosterone release(metabolic alkalosis

    E) pathology of metabolic alkalosis

         1) tachyarrhythmias(sudden cardiac arrest at pH>7.6 

         2) oxyhemoglobin curve shifts to the left

    F) labs

         1) increased HCO3-
         2) increased pH

         3) nl or slightly increase PCO2
    G) treatment

         1) NaCl (NSS)

              a) giving NaCl(40meq Cl- excess(decreases pH  

              b) not practical rx for CHF, cirrhosis, metabolic alkalosis urgency

         2) NH4Cl (2%) 

              a) NH4 excreted out as urea, thus Cl- lowers pH

         3) arginine HCl 

         4) 0.1 nl HCl via CVP catheter
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Respiratory acidosis

-occurs with metabolic acidosis in respiratory insufficiency

-10mmHg PCO2 shift = 0.1 pH shift conversely

-CO2 retention due to: 

 1) hypoxia (decreased PO2(anaerobic metabolism(lactic academia(metabolic 

        acidosis) 

 2) increased PCO2(respiratory acidosis   

 3) compensatory mechanism for both is increased HCO3- , but CO2 continues to rise           

      which thus lowers O2 levels

-causes of respiratory acidosis

 1) hemopneumothorax

 2) tension pneumothorax

 3) severe atelectasis

 4) respiratory distress syndrome (end stage)

-pathology of respiratory insufficiency 

 1) nl respiratory drive due to CO2 increase 

 2) chronic respiratory insufficiency(nl respiratory drive is lost(hypoxic drive

 3) hypoxic drive is stimulated by low O2 thus chronic respiratory insufficiency cannot 

     tolerate high levels of O2 

-treatment

 1) respiratory support

 2) TRIS buffer when cannot use NaHCO3- b/c lung cannot blow off CO2  

-ECF fluid equation 

    ECF volume = wgt (kg) x 20%   (ECF equals 20% of body weight)

-base deficit equation

    ECF volume  x  base deficit 

    ex)  70kg with base deficit of  -5

            70 x 0.2  =  14L

            14 x 5  =  70meq/L 

-refer to pg 94 and 95 for metabolic/respiratory compensation mechanisms 

Potassium

-exchangeable K+ = 4000-5000meq/L

-non-exchangable K+ = 2000meq/L (located in bones)

-functions of K+
 1) required for phosphorylation of glucose (cellular transport)

 2) required for gluconeogenesis (synthesis of glucose/glycogen from fat and protein) 

 3) required for protein synthesis (most K+ in ECF comes from protein degradation)

 4) required for smooth muscle contraction

 5) K+ treatment for digitalis toxicity (K+ is antagonistic of digitalis) 

Hypokalemia 

-normally daily K+ loss 

  1) 15-30meq via urine

  2) 15-25meq via gastric juices

  3) if have diarrhea can lose additional 15-25meq of K+(leads to hypokalemia

-sx of hypokalemia

  1) weakness

  2) lethary

  3) paralytic ileus (often seen post-surgery)

-treatment of hypokalemia is KCl

  1) high levels of K+ are toxic to myocardium thus replacement must not be given too 

     rapidly

  2) excessive K+ replacement  =  cardiac arrest in diastole

  3) hypokalemia   =  cardiac arrest in systole

-EKG changes due to hypokalemia

  1) low voltage QRS complex 

  2) depressed ST segment 

  3) flat or inverted T wave 

Hyperkalemia

-hyperkalemia due to 

  1) renal failure secondary to sepsis, ect.

  2) rapid K+ administration

 -EKG changes due to hyperkalemia 

  1) high voltage QRS complex

  2) elevated ST segment

  3) high peaked diphasic T wave

-treatment of hyperkalemia 

  1) reduce fever 

  2) CHO and fat diet – no protein

  3) antibiotics

  4) dialysis required in progressive renal failure with serum K+ >6.7meq

Magnesium

-28meq in ICF

-2meq in ECF

-functions of Mg+
 1) required for ATPase enzyme

 2) required for protein synthesis

 3) potentiates cholinesterase (cholinesterase inactivates acetylcholine)

     a) administration of Mg+ and cholinesterase(diminishes pain sensation

      b) Mg+ was first effective local anesthetic

      c) IV MgSO4 is used as anticonvulsant

-Mg+ and Ca+ have same effect

-muscle activity is decrease by both Mg+ and Ca+ excess

 (if Mg+ or Ca+ are decreased(increased acetylcholine activity at myoneural  

  junction(increased skeletal activity)

-Mg+ reabsorption from bone is increased by PTH

-Mg+ reabsorption from GI tract is increased by PTH

-Mg+ and digitalis have synergistic effect

Hypomagnesemia

-etiology

 1) acute pancreatitis

 2) 3rd degree burn

 3) prolonged gastric suction

 4) intestinal obstruction

 5) Lannec’s cirrhosis

 6) severe diarrhea (cha cha cha!)

 7) resection of PTH secreting adenoma (can lead to hypomagnesemic tetany)

-symptoms

  1) muscle twitching

  2) deep tendon hyperreflexia

-treatment

  1) IV Mg+ (do not use in renal failure)

Hypermagnesemia

-etiology

  1) renal failure

  2) MgSO4 excess (often given in Hirschsprung’s dz)

-symptoms

  1) lethargy

  2) extreme muscle weakness

  3) hyporeflexia 

  4) coagulopathy (DIC)

-treatment 

  1) dialysis 
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BLOOD  COMPONENT THERAPY

Types of blood replacement (without anticoagulant effect)

 1) whole blood (citrate, phosphate, dextrose)

     a) last 25-35 days

 2) packed cells 

     a) half of plasma has been removed

     b) less hepatitis risk than whole blood   

 3) serum albumin (5% or 25%)

Problems with whole blood 

1) adenine (ATP precursor)

2) citrate excess (binds with calcium)

3) phosphate (O2 disassociation curve)

4) acid excess

5) potassium excess

6) microaggregates

7) temperature

8) ammonia excess

*whole blood is not used in hemorrhage (use colloid or crystalloid)

Citrate excess

-large volume of whole blood often causes citrate excess

-excess citrate binds with ionized calcium 

-ionized calcium is required for normal clotting

  a) ionized calcium = 60% of total calcium

  b) serum calcium = 2.5-3.5meq (below 2.0meq is abnormal)

-citrate intoxication causes

  a) arrhythmias (bradycardia)

  b) hypotension

  c) cardiac arrest

-CaCl2 is administered 1g per 3 units of whole blood to prevent citrate intoxication

Oxyhemoglobin disassociation curve  (pg 104)

-2,3 diphosphoglyceric acid (DPG) is most important factor in oxyhemoglobin  

 disassociation

-hemoglobin is 50% saturated at 27mmHg PO2
-hemoglobin is 90% saturated at 63mmgHg PO2
-oxyhemoglobin curve shifts to the right = O2 has less affinity to hemoglobin b/c 

 increasing PCO2 (decreasing PO2
-factors causing curve to shift to right

 1) increase 2,3 diphosphoglyceric acid (DPG)

 2) metabolic acidosis

 3) respiratory acidosis

 4) fever

 5) high altitude

 6) hyperthyroidism

-oxyhemoglobin curve shifts to the left = O2 has greater affinity to hemoglobin b/c of 

 hypocarbia(thus O2 does not perfuse tissue

-factors causing curve to shift to the left

 1) decreases 2,3 diphosphoglyceric acid (DPG)

 2) metabolic alkalosis

 3) severe hypocarbia

 4) hypothermia

 5) hypothyroidism

 6) hyperbarism (high FiO2)

 7) sepsis

Acid excess in whole blood 

-causes breakdown of glucophosphorylation(insulin resistance(lactic  

 acidemia(metabolic acidosis

-treatment

  1) pH  >7.3      = no treatment

  2) pH 7.2-7.3   = 1-2 ampules of NaHCO3

   3) pH 7.1-7.2   = 2-4 ampules of NaHCO3

  4) pH  <7.1      = TRIS buffer

Potassium excess (refer to chart on pg 106)

1) secondary to leakage of K+ from RBC to ECF

2) longer a pt is treated with whole blood(higher levels of K+ in ECF 

3) if pt has renal dz(do not use whole blood longer than 7-10 days (use packed cells)

Microaggregates

-wbc, rbc, platelets and fibrin contain microaggregates (debris)(must be filtered out

Temperature

-banked whole blood is “freaking cold mr. bigglesworth” (4-7 ºC)(must warm before  

 transfusion 

Ammonia excess

-whole blood contains twice as much acid, potassium, citrate, and ammonia as packed 

 cells 

-packed cells are safer than whole blood and should be used except in massive bleeds

Hemorrhage  

-nl blood volume = 7% of total body weight

-equation:

  

 Acute hemorrhage (classes I-IV depend on percent volume lost)

  1) class I hemorrhage

     -15% or less blood loss

     -equation:


     -signs of class I

      a) nl to increased pulse rate (110-116)

      b) nl to increased respiration rate

      c) nl blood pressure

   2) class II hemorrhage

       -20-25% blood loss (loss of 1000-1250ml w/in 12hrs)

       -signs of class II

         a) increased pulse rate (120-130)

         b) increased respiratory rate (24-28)

         c) decreased systolic (due to decreased cardiac output) but increased diastolic (due 

             to catecholamine release)(decreased pulse pressure

        d) abnormal tilt test

        e) decreased capillary refill

  3) class III hemorrhage

      -30-35% blood volume loss

      -signs of class III

       a) shock

  4) class IV hemorrhage

       -40-45% blood loss

       -signs of class IV

         a) profound shock (no peripheral pulse or bp)   

-treatment of acute hemorrhage (class I-IV) -- colloid (1:1) or crystalloid (3:1) 

 replacement 

-colloid replacements

  1) 5% serum albumin 

      a) advantages  = less toxicity, no hepatitis risk, lowers bp, raises alk phos

      b) disadvantages  = expensive and only last 4-8hrs

  2) Dextran 40 (low molecular Dextran)

      a) advantage = circulates in blood for 16-20hrs

      b) disadvantage = should not be used for acute hemorrhages due to adverse effects  

          on fibrinogen(clotting problems 

  3) Dextran 75 

      a) advantages = inexpensive (can be used in disaster plans), circulates in blood 

          16-20hrs

      b) disadvantages 

           i) interferes with cross-matching 

          ii) toxic in doses greater than 2g/kg/24hrs

         iii) anaphylactic rxn (rare)

Types of blood replacement (with coagulant effect)

 1) ultrafresh whole blood 

     a) less than 36hrs old 

     b) provides platelets    

 2) platelet rich plasma

      a) last 72-96hrs

 3) fresh frozen plasma (FFP)

     a) all clotting factors except fibrinogen (factor I)

     b) no platelets

     c) factor V last 12-24hrs, factor VIII last 3-6hrs

 4) cryoprecipitate

     a) factors VIII, IX, I

     b) safest vehicle for fibrinogen replacement

 5) hyperimmune globulin

      a) hepatitis prophylaxis 

 6) fluosol – whole blood substitute

Ultrafresh whole blood (UFWB)

-indications for use:  

 1) supply platelets (when <25,000(spontaneous bleed, when <30,000(post-op bleed)

 2) active bleeding (banked blood has no platelets after 72hrs)

      -administer UFWB after q 3rd or 4th banked whole blood transfusion 

 3) treatment of DIC

-drugs affecting platelet aggregation:

  1) aspirin

  2) motrin

  3) indomethocin

Fresh frozen plasma (FFP)

-supplies labile factors V and VIII

-indications:

 1) liver dz

 2) massive blood transfusions 

-one unit of FFP for q unit of  whole blood or packed cells

-surgical pt on coumadin can be treated with FFP or vitamin K

Cyroprecipitate    

-supplies factors VIII, IX, and I

-only safe way to give fibrinogen

-indicated for DIC

Disseminated Intravascular Coagulation (DIC)

-most common cause is sepsis

-leads to multiple organ failure

-lab findings:

 1) platelets <100,000 (nl 150,000-400,000)

 2) decreased fibrinogen

 3) increased FDP (fibrin split product)

-treatment:

 1) treat underlying cause (drain abscess, etc)

 2) multiple blood transfusions (whole blood, packed cells, etc)

 3) heparin (low dose)

 4) platelets (ultrafresh whole blood)

 5) cryoprecipitate (for factors I and VIII)

Blood transfusion reactions 

Immediate transfusion reaction

1) allergic reaction 

2) febrile reaction

3) hemolytic transfusion reaction

4) bacterial contamination

Delayed transfusion reaction

1) isosensitization

2) disease transmission

Immediate transfusion reaction (few minutes to 24hrs)

1) allergic reaction (plasma proteins)

     -4% of all whole blood or packed cell recipients

     -at least ½ unit to be symptomatic

     -symptoms often happen with atopic hx (hives, hay fever, asthma, etc)         

     -symptoms: 

       a) chills/fever

       b) <103ºF

       c) itching/hives  

     -treatment = symptomatic (not serious condition)

2) febrile reaction (leukocyte antigens)

    -transfusion greater than ½ unit required for reaction to take place

    -symptoms:

      a) chills/fever (temp 102-103ºF)

      b) no itching or hives

    -preventable by washing rbc (triple wash)

3) hemolytic transfusion reaction

    -1 in 3000 recipients

    -100% preventable 

    -mortality rate is 30% 

    -symptoms in conscious pts

      a) chills/fever (takes <100ml of whole blood or packed cell transfusion)

      b) flank pain

      c) HA (occipital region)

      d) chest pain

      e) tachycardia

      f) hypotension

      g) hemoglobinuria

      h) renal insufficiency

      i) DIC

   -symptoms in anesthetized pt

     a) fever

     b) hypotension

     c) sudden unexpected bleeding

   -treatment

     a) stop transfusion

     b) recross-match

     c) heparin – low dose

     d) mannitol

     e) maintain bp

4) bacterial contamination

    -1 in 10,000 transfusions

    -40% mortality rate

Delayed transfusion reaction  (>24hrs)

1) isosensitization

    -due to unmatched blood type (emergency transfusion)

2) disease transmission

     a) malaria

     b) Brucellosis (Brucella = gram negative bacteria)

     c) CMV    

     d) hepatitis

hepatitis secondary to transfusion 

-30% are hep B

-70% are non A – non B (also know as hep D) 

-35-120 day incubation period for both

-most common cause of transfusion death - 12% mortality rate

-mortality rate higher at age extremes (under 5 or over 65)

hepatitis risk secondary to transfusion

-serum albumin = no risk

-cryoprecipitate = 0.1% risk

-packed cells = 0.1-0.2 % risk

-whole blood = 0.2-0.5% risk

-fresh frozen plasma = 0.2-0.5 % risk

-prothrombin complex = >15% risk

-hepatitis immune globulin antigen can be detected 3-7 days after exposure

-indications for prophylactic use of hepatitis immune globulin antibody

  a) negative B antigen and negative B antibody = no treatment

  b) negative B antigen and positive B antibody = no treatment

  c) positive B antigen and negative B antibody = treatment

  d) positive B antigen and positive B antibody = treatment

-administration of hepatitis immune globulin antibody

  a) 1st dose 7-10 days after exposure

  b) 2nd dose 3-4 wks later
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COAGULATION/BLEEDING DISORDERS

Coagulation factors

Factor I = fibrinogen

Factor II = prothrombin

Factor III = thrombplastin

Factor IV = calcium

Factor V = labile factor

Factor VII = proconvertin 

Factor VIII = antihemopheliac factor 

Factor IX = Christmas factor or plasma thromboplastin component (PTC)

Factor X = Stewart-Power factor

Factor XI = plasma thromboplastin antecedent (PTA)

Factor XII = Hageman factor

Factor XIII = fibrin stabilizing factor

Labile factors

-Factors V, VIII, I, and platelets

Stable factors

-Factors II, VII, IX, X, XI, XII

Normal coagulation hemostasis requires:

1) vascular integrity

2) effective platelet function

3) intact coagulation process

4) fibrinolytic system

Physiology of coagulation  (see pg 120 and 121)

-coagulation requires both intrinsic (aPTT) and extrinsic (PT) pathways

-normal PT = 11-15 sec

-normal aPTT = 20-35 sec

-plasma platelets interact with thrombplastin (Factor III) in the presence of Ca+ to 

 convert prothrombin (Factor II) into thrombin

-thrombin in the presence of Ca+ converts fibrinogen to fibrin  

-fribin stabilizing factor (Factor XIII) prevents lysis of fibrin

-proplasmin acts in the presence of EACA to form plasmin

-plasmin in the presence of EACA inactivates Factor XIII which causes fibrin 

 degradation

Platelet abnormalities

1) thrombocytopenia 

2) hemophilia

3) von Willibrand’s dz

4) Christmas dz (Ho! Ho! Ho!)

5) massive blood transfusion

6) disseminated intravascular coaguability

Thrombocytopenia

-most often due to primary deficiency

-causes of surgical (intraoperative) thrombocytopenia:

 1) DIC

 2) hemodilution from massive transfusions

 3) platelet consumption

      a) cardiopulmonary bypass, hemodialysis

      b) intravascular platelet thrombi formation

      c) primary hypersplenism

          -causes of hypersplenism

           i) thrombocytopenic purpura

           ii) granulocytopenic anemia

           iii) neutropenia

           iv) pancytopenia

         -treatment 

          i) if steroids ineffective(splenectomy

 4) post-transfusion purpura

 5) idiopathic thrombocytopenic purpura

      -epidemiology

       a) females 4x more likely than men

       b) rarely seen over 40 y.o.

      -treatment 

       a) splenectomy in chronic cases (platelet transfusion post-splenectomy)

       b) corticosteroids or ACTH in acute setting

Hemophilia

1) severe hemophilia (0% AHF)

    -increased PT

    -increased aPTT

    -treatment

      a) pooled cryoprecipitate

2) overt hemophilia (5% to 10% AHF)

    -nl PT

    -increased aPTT

    -surgery or  trauma during overt hemophilia(severe hemophilia

3) latent hemophilia (15% to 20% AHF)

    -no hx of bleed

    -nl PT

    -increased aPTT

    -makes up 70% of hemophilias

    -surgery or trauma during latent hemophilia(overt hemophilia

    -treatment

     a) fresh blood

     b) poole cryoprecipitate

von Willebrand’s disease

-qualitative defects in platelets

-nl platelet count

-increased bleeding time

-increased aPTT

-decreased factor VIII

Christmas disease

-decreased factor IX

-no change in factor VIII

-treatment

 a) fresh frozen plasma

Massive blood transfusion

-stored blood is deficient in factors V, VIII, XI

-treatment

 a) give one unit of fresh frozen plasma for q 3-4 units of banked blood

Disseminated Intravascular Coagulability (DIC) (refer to pg 130 for flow chart)

-decreased factor VIII

-decreased factor I

-decreased platelets

-increased fibrinogen-fibrin degradation products (FDP)

-increased fibronolytic activity

-etiology of DIC

  a) sepsis – most common 

  b) trauma

  c) hemolytic transfusion

  d) shock

  e) renal transplatation rejection

  f) abdominal aorta aneurysm

  g) cavernous angiomata

  h) fat. embolism

  i) massive steroid therapy

 j) obsteteric

     -incomplete abortion

     -abruptio placenta

     -eclampsia (HTN, proteinuria, edema)

     -ruptured uterus

-treament 

 a) treat underlying cause

 b) heparin (after treating underlying cause)

     -low doses

     -2000 units as bolus IV

     -600 units qh by continuous infusion

 c) platelet pack (or UFWB)

 d) cryoprecipitate (factor I, VIII) 

Prothrombintime test (PT)

-measures speed of extrinsic pathway

-can detect deficiencies in factors II, V, VII, X

-normal PT = 11-15 sec

Diseases associated with stable factors

-Factor II ----- prothrombin deficiency (Rx with vitamin K)

-Factor VII ------ proconvertin deficiency

-Factor IX ------ Christmas disease

-Factor X ------- Stewart Power disease (associated with amyloidosis)

-Factor XI ------ Rosenthal’s syndrome

-Factor XII ------ Hageman trait

-treatment

 a) fresh frozen plasma (can contain factors for over one yr)

Life of transfused labile factors

-Factor VIII -- 100% removed at 4hrs

-Factor V -- 40% removed after 24hrs

-fibrinogen (Factor I) – 100% removed at 48-72 hrs

-platelets – 100% removed at 48-72 hrs

Parahemophilia (deficiency of Factor V)

-Factor V synthesized in liver without vitamin K

-very rare disease affected men and women equally

-treatment 

 a) fresh frozen plasma

Primary fibrinolysis (pathologic fibrinolysis)

-normally small amount of plasmin but not enough to overcome circulating antiplasmin

1) local fibrinolysis

     -attacks organs rich in plaminogen activator such as prostate, meninges, kidney

     -treatment

       a) local application of EACA

       b) 2% nl saline

2) systemic hemorrhagic diathesis

    -primary fibrinolysis secondary to:

       a) liver disease

       b) viral hepatitis

       c) porto-cava shunt

       d) hepatectomy

       e) liver transplant

       f) cardiopulmonary bypass

       g) lung resection

       h) gastrectomy

       i) nephrectomy

       j) pancreatectomy

       h) prostatectomy

       k) splenectomy

    -diagnosis

       a) decreased time of E globulin lysis ?

       b) must be differentiated from DIC

    -treatment -- EACA 

      a) good renal fxn required as EACA is excreted by kidney

      b) 5gm IV followed by 1gm q2hrs       

      c) if impaired renal fxn – dose should not exceed 100mg/kg
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amount of whole blood (liters)  x  0.15   =  amount of blood lost (liters) 





total lean body wgt (kg)   x   0.7  =  amount of whole blood (liters)         (1kg = 1L)








