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Cardiac 
 
Thrombocytopenia (causes) 

1. Hypersplenism 
2. ITP 
3. Drugs (Quinidine) 
4. Dilutional 
5. DIC 

 
Asystole (causes) 

1. Hypovolemia 
2. Hypotension 
3. Hypoxemia 
4. PE 
5. Tension PNX 
6. Cardiac tamponade 
7. Cardiac rupture 

 
Roizen Criteria for Pheo surgery 

1. No BP > 165/90 x 48hrs 
2. Orthostatic hypotension (but > 80/45) 
3. EKG free of ST changes x 2 wks 
4. < 5 PVC in 5 min 
  ** Tx: alpha blocker before beta blocker 

 
Wedge Monitoring (PCWP) 
- PCWP artificially ! than LVEDP 

1. mitral stenosis 
2. left atrial myxoma 
3. PEEP 

- PCWP artificially " than LVEDP 
1. non-compliant LV 
2. LVEDP > 25 mmHg 
3. AI leads to premature closure of MV 

 
Beta-2 side effects (Albuterol) 

1. Hyperglycemia (glycogenolysis & 
gluconeogensis) 

2. Hypokalemia 
3. Arrhythmia 
4. Pulmonary edema 
5. Hypotension 
6. Renin secretion 

 
Blood Transfusions 
- massive > 1 blood volume => 10 units pRBC 
-" fibrinogen; " cofactors 5 & 8; " platelets 
- infectious risk: CMV > Hep-B > Hep-C > HIV 
- platelets stored at room temp can transmit 
syphilis (22oF for 5 days) 
- albumin has essentially no infectious risk 
- Factor-7 has shortest half-life (4-6 hrs) 
- factors not synthesized by liver (Factors 4 & 8) 
 
Blood volumes by age (approximate): 

1. preterm neonate – 100 ml/kg 
2. term neonate – 90 ml/kg 
3. infant – 80 ml/kg 
4. 5 y/o – 70 ml/kg 
5. adult – 65 ml/kg 

 
 
 
 

Transfusion Reactions 
- ABO / Rh –> 1:1,000 
- screen –> 1:10,000 

1. non-hemolytic – febrile (most common), 
immediate, Coombs test neg 

2. hemolytic – ABO incompatible (immediate 
and delayed), complement binding, " 
haptoglobin, + hemoglobinuria 

 
Crossmatch Stages 

1. (5 min):  ABO 
2. (45 min):  Rh 
3. (15+ min):  strange Ab- (Kell, Duffy, Kidd) 

 
Storage 
- CPDA-1 => 35 days (whole blood) 
- ACD, CPD, CP2D => 21 days (whole blood) 
- AS-1, AS-3, AS-5 => 42 days (pRBC) 
 
Prophylax: Subacute Bacterial Endocarditis 
- directed against Strep, Entero, Staph 
- give Ampicillin 1-2 gm IV & Gent 1.5 gm IV 
- if PCN allergy -> give Vanco 1 gm IV 
 
Right-to-Left Intracardiac Shunting 
- cyanotic lesions 
1. TOF (Tetralogy of Fallot) 
2. Eisenmenger’s Syndrome 
3. Ebstein’s malformation of tricuspid valve 
4. Pulmonary atresia with VSD 
5. Tricuspid atresia with flow through PFO 
6. Patent foramen of ovale (PFO) 
* PDA is primarily a systemic to pulmonary 
vascular system shunt (L -> R) 
 
Determinants of Myocardial O2 Consumption 
- (most to least important) 
* HR > afterload > preload 
 
Stokes-Adams-Morgagni Syndrome  
- cardiac syncope secondary to high degree AV 
block resulting in sudden decrease in CO 
 
Pulses 
1. bisferens – aortic regurgitation 
2. pulsus parvus et tardus – aortic stenosis 
3. pulsus paradoxus – cardiac tamponade (? 

severe airway obstruction or RV infarct) 
4. pulsus alterans – severe LV dysfunction 
 
Autoregulated Organs 

1. heart – blood flow 250 ml/min at rest, 5% 
of total CO, 80% O2 extraction 

2. brain 
3. kidney 
4. liver 
5. intestines 
6. muscle groups 

 
Bubble Oxygenators of CPB Circuits 
- less expensive 
- easier to use / less complex 
- lower prime volume 
 
 

Wide Complex Tachycardia (origin unknown) 
1. if unstable -> direct current cardioversion 
2. if stable -> Amiodarone or Procainamide 
3. use Adenosine for narrow (? wide) 

complex SVT 
 
Frank Starling Curves 
- relates LV filling pressure to LV work 
- “x” axis = filling pressure, LVEDV, LVEDP, 
LA pressure, PAOP (wedge), CVP 
- “y” axis = LV work, LV stroke work index, 
SV, CO, CI, arterial BP 

 
 
Q-T Prolongation 

1. Droperidol 
2. Zofran (5-HT3 receptor antagonists) 
3. " Ca+ & Mg2+ 
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ST Segment Elevation 
1. MI 
2. pericarditis 
3. pericardial tomponade 
4. brain injury 
5. LVH with strain 

 
Cardiovascular Reflexes 
1.  Carotid sinus (baroceptor) – carotid afferents   
(CN-9) & aortovagus (CN-10) 
- stimulus: ! BP 
- response: inhibit sympathetics & ! 
parasympathetics; actions via " contractility, 
bradycardia, " vasoconstrictor tone 
2.  Valsalva maneuver – carotid afferents (CN-
9) & aortovagus (CN-10) 
- stimulus: forced expiration against closed a 
glottis 
- response: ! venous pressure in head / upper 
extremities; " right heart venous return; " BP, 
CO (reflex ! HR) 
3.  Muller maneuver - " pleural pressure, ! LV 
volume 
- stimulus: inspiratory effort against closed 
airway 
- response: ! right ventricular EDV & LVEDP 
(unchanged LVEDV & SV) 
4.  Bezold-Jarisch reflex – ventricular 
chemoreceptors & mechanoreceptors (C-fibers) 
- stimulus: noxious stimuli to RV / LV 
associated with MI, etc. 
- response: hypotension, brady, sympathetic 
coronary vasodilation 
5.  Cardiogenic hypertensive chemoreflex – 
chemoreceptors between aorta & pulmonary 
artery (supplied by LCA) 
- stimulus: serotonin 
- response: ! arterial BP (4-6 sec), ! 
ionotropy, ! peripheral vasoconstriction 
6.  Cushing reflex – ! CSF pressure 
compresses cerebral arteries 
- stimulus: cerebral ischemia secondary to ! 
CSF pressure 
- response: ! BP sufficient to perfuse the brain; 
severe vasoconstriction (HTN); severe brady 
7.  Bainbridge atrial reflex – vagal afferents 
with ! right atrial pressure 
- stimulus: ! vagal tone & distension of RA & 
central veins 
- response: tachy, hypotension, " SVR 
8.  Chemoreceptor – carotid / aortic bodies 
chemoreceptors -> nerve of Herring / vagus -> 
medullary vasoconstrictor center 
- stimulus: " O2 tension; ! [H+] 
- response: ! pulm ventilation, ! BP, " HR 
9.  Occulocardiac reflex – afferents: long / short 
ciliary nerves to ciliary ganglion -> V2 
(trigeminal n. – ophthalmic branch) to gassarian 
ganglion -> floor of the 4th ventricle -> vagus to 
heart 
- stimulus: extraocular muscle traction & 
pressure on the globe 
- response: " HR & BP 
10.  Celiac (vasovagal) – vagal stimulation via 
mesenteric, rectal, gallbladder, resp tract 
response: " HR, " BP with narrow pulse 
pressure, apnea 
 
 
 

Pressure-Volume Loops  
Arterial Blood Gas Analysis 
Alpha Stat – allow alkalosis with hypothermia 
in order to keep alpha constant; prioritizes 
maintenance of intracellular buffering capacity: 
alpha is the ionization state of the major 
intracellular buffer => histadine 
 
pH Stat – prevents respiratory alkalosis that 
normally develops with hypothermia by adding 
CO2 (to the patient & CPB machine) in order to 
keep extracellular pH at 7.40; prioritizes 
maintenance of extracellular pH 
 
** hypothermia causes gases to become more 
soluble in solution => increased CO2 to dissolve 
in the blood and produce a respiratory alkalosis 

 
Stress Response 
- release of hormones & vasoactive substances 
in response to hypothermia, hemodilution, 
surgery, and non-pulsatile blood flow 
 
 
Pacemakers (“PSA”) 

1. Paced (atrium, ventricle, dual) 
2. Sensed (atrium, ventricle, dual, none) 
3. Activated – mode of response to sensed 

beat (inhibited, triggered, dual, none) 
4. Rate adaptive abilities (responsive to 

electricle, chemical, physical signals) 
5. Anti-tachycardia pacing (rapid pacing or 

premature stimulation) 
Groupings: single vs. dual chamber -> 
synchronous / asynchronous 
 
Thrombocytopathia 
- severely decreased function of platelets 
- #1 cause of post-CPB coagulopathy 
- not thrombocytopenia (decreased platelet #) 
 
Neurologic Sequelae with CPB 
- must maintain higher MAP during CPB 

1. Age > 70 
2. DM 
3. Cerebral vascular dz 
4. Aortic dz 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Patient 
Temp 

In Vivo In Sampling Bath at 
37OC 

< 37OC Decreased 
PaO2, PaCO2 
Increased pH 

Falsely elevated PaO2, 
PaCO2 
** Falsely low pH 

> 37OC Increased 
PaO2, PaCO2 
Decreased pH 

Falsely low PaO2, 
PaCO2 
** Falsely elevated pH 
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Thromboelastogram (TEG) 
• R – period of time from test initiation to the initial 

fibrin formation. 
• K – measure of time from beginning of clot 

formation until the amplitude of 
thromboelastogram reaches 20 mm (represents the 
dynamics of clot formation). 

• Alpha angle – angle between the line in the 
middle of thromboelastogram and the line 
tangential to the developing "body" of the 
thombelastogram; (represents the acceleration 
[kinetics] of fibrin build up and cross-linking). 
• MA – maximum amplitude reflects strength of a 

clot which is dependent on number and function 
of platelets and its interaction with fibrin. 
• MA60 – measures the rate of amplitude reduction 

60 minutes after MA (represents the stability of 
the clot). 

 
Teg Profiles 

 
 
 

 

 
Aortic Dissection classification 
DeBakey I – ascending aorta and extending 
variable distance to descending aorta 
DeBakey II – limited to ascending aorta only 
DeBakey III – descending aorta distal to left 
subclavian 
Stanford type A – any involvement of ascending 
aorta (DeBakey I & II) 
Stanford type B – descending aorta distal to left 
subclavian (DeBakey III) 
** Stanford type A is treated surgically whereas 
Stanford type B is usually treated medically. 

 
Causes of PEA (H’s & T’s) 

1. Hypovolemia 
2. Hypoxia / Hypoxemia 
3. Hydrogen ions (acidosis) 
4. Hyper / Hypokalemia 
5. Hypoglycemia 
6. Hypothermia 
7. Tablets / Toxins (drug overdose) 
8. Tamponade (cardiac) 
9. Tension pneumothorax 
10. Thrombosis (MI) 
11. Thrombosis (PE) 
12. Trauma (hypovolemia) 
13. Obstructing intracardiac Tumor / 

Thrombus 
 
EKG / CVP / Hepatic Vein 

 
 
CVP waves 
1. “a” wave results from right atrial contraction 
2. “c” waves result from tricuspid valve 

closure and isovolumic right ventricular 
contraction 

3. “v” waves result from ventricular ejection, 
which drives venous filling of the right 
atrium 

 
 
 

Coronary Vascular Resistance (CVR) 
- ! Hct & " Temp =>  !Viscosity => ! CVR 
- autoregulation occurs within a CPP range of 
60-150 mmHg 
- myocardial O2 consumption is very high 
- coronary venous blood saturation only ~30% 
(PaO2 ~ 18-20 mmHg) therefore can NOT 
increase extraction 
 
Coronary Vascular Resistance 

 
PA Catheter Issues 
- Overestimation of cardiac output results when 
anything that results in "less cold" reaching 
thermistor tip causes:  

a. Smaller injectate volume 
b. Indicator that is too warm (> 24°C) 
c. Thrombus on thermistor tip 
d. Partial "wedging" of PA catheter 

- Potential sources of error in pulmonary artery 
thermodilution measurement: 

1. <10 ml injectate  (increased CO) 
2. >10 ml injectate  (decreased CO) 
3. L-R Shunt  (increased CO) 
4. R-L Shunt  (decreased CO) 
5. Respiratory variation, timing of respiratory 

cycle (best if measured during end-
expiratory phase when mechanically 
ventilated; however may use any phase of 
respiratory cycle if always consistent when 
being measured) 

6. Injection takes longer than 4 seconds 
7. Wedged catheter (damped PA trace) 

unreliable (blood not getting past 
thermistor tip) 

8. Catheter looped in RV unreliable (need 
~20 cm between injectate and mixing) 

9. Tricuspid and Pulmonic Valvular 
Regurgitation (theoretically produces 
recirculation of blood in the right heart 
with broad / low-amplitude curves and 
increased artifact) 

10. Arrhythmias 
11. Repetitive measurements without allowing 

time for temp to equilibrate (~90 sec)  
 
 
 
 
 
 
 
 
 
 
 

 Increase CVR Decrease CVR 
Metabolic!
(tissue!
content)!

!!O2!
"!CO2,!"!H+!

"!O2,!
!!CO2,!!!H+!
!!Lactate,!
!!Adenosine!

Autonomic.
Nervous.
System.

!!Alpha9
adrenergic!
tone!
!!Cholinergic!
tone!

!!Beta9
adrenergic!
tone!

Hormonal. !!Vasopressin!
(ADH)!
!!Angiotensin!
!!
Thromboxane!

!!Prostacyclin!

3



Arterial Line Issues 
A.  Over-damped system (Blunted): 
- waveform has slurred upstroke and absent 
dicrotic notch 
- factors causing over-damping: 

1. diaphragm that is too rigid (<2 oscillations) 
2. partially closed stopcocks 
3. air bubbles 
4. bends / kinks in the tubing 
5. clots at the tip of the catheter 

 
B.  Under-damped system (Hyper-resonant): 
- waveform appears to overshoot with a sharp 
systolic peak 
- secondary to reverberation of pressure waves 
within the monitoring system 
- factors causing hyper-resonance: 

1. diaphragm that vibrates for a prolonged 
time (> 5 oscillations) 

2. long connecting lines (> 1.4 m) 
3. small tubing (< 1.5 mm) 
catheter occludes the arterial vessel 

 
Common Arterial Line Mistakes: 
1. failure to establish zero 
2. failure to re-check zero when transducer 

drift occurs 
3. failure to re-level transducer appropriately 

when changes in patient position are made 
a) raising patient above transducer --> 

artificially high pressures 
b) lowering patient below transducer --> 

artificially low pressures 
 
Arterial Line Tracing Changes 

- from aorta to distal artery: 
- systolic pressure wave increases amplitude 
- diastolic pressure wave decreases amplitude 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
Acute Atrial Fibrillation: causes 

1. metabolic disorders:  acid / base 
disturbances 

2. acute binge drinking 
3. vascular accidents 
4. sympathomimetic drugs 
5. electrolyte disturbances (hypo-kalemia & 

hypo-magnesimia) 
6. surgical interventions (recent cardiac 

surgery have post-op A-Fib rates >30%) 
7. sudden volume overload to atria (R & L) 
8. chronic heart disease / failure  (may 

develop acute A-Fib) 
9. acute thyroid crisis 

* Tx: rate control or synchronized cardioversion  
a) Digoxin  (purified cardiac glycoside: 0.5 

mg IV bolus until rate controlled)  
b) Esmolol  (beta blocker: 0.5 mg/kg bolus 

until rate controlled, then begin infusion at 
0.05-0.2 mcg/kg/min)  

c) Verapamil  (calcium entry channel blocker: 
0.1 mg/kg bolus until rate controlled) 

 
* Pharmacologic therapy is generally preferred 
if the patient is awake and not in serious 
hemodynamic jeopardy.   
* Atrial pacing may override the 
supraventricular arrhythmia and help convert 
back into sinus rhythm. 
* Synchronized cardioversion, if the patient is a 
candidate anesthesia.  

 
Etiology of Peri-Op Bradycardia 
1. Anesthetic overdose 
2. High epidural or spinal anesthesia (blocks 

cardio-accelerator fibers between T1-T4) 
3. Manipulation of bowel or peritoneum 
4. Hypothermia (less than 33O C) 
5. Severe hypoxemia 
6. Dilatation of the cervix 
7. Oculocardiac reflex  (pressure on eye, 

traction on extraocular muscles, or injection 
into retrobulbar space) 

8. ECT treatments 
9. Laryngoscopy (especially in neonates) 
10. Underlying heart disease (sick sinus 

syndrome, ischemic heart disease, 2nd or 3rd 
degree heart block) 

11. Diabetic autonomic neuropathy 
12. Increased ICP 
13. Drugs (Succinylcholine, Vecuronium, 

Atracurium, Neostigmine, Halothane, beta 
blockers, high dose opoids) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Cardiac Artery Anatomy & Distribution 

1. Left Main Coronary Artery 
- the left main coronary artery (LCA) travels 
laterally behind the pulmonary artery for a very short 
distance before it divides into the larger left anterior 
descending artery (LAD) and the smaller left 
circumflex artery (CX) 
- the LAD passes along the anterior interventricular 
groove to the apex of the heart and here the LAD turns 
around the inferior border of the heart and junctions 
with the posterior descending artery (PDA) which is 
a branch of the right coronary artery (RCA) 
- the LAD supplies the anterior wall of the left 
ventricle and the anterior two-thirds of the 
interventricular septum 
- the CX of the LCA follows the coronary groove 
around the left border of the heart and gives rise to the 
marginal branches (in 20% of the population the CX 
gives rise to the PDA) 
- the CX (and branches) are responsible for the blood 
supply of the left atrium, the posterolateral surface of 
the LV, and the base of the LV inferiorly. 
 
2. Right Main Coronary Artery 
- the RCA runs anteriorly behind the pulmonary artery 
in between the right atrium and ventricle (then the 
RCA passes toward the inferior border of the heart, 
where it gives off the right marginal branch that runs 
toward the apex of the heart) 
- the RCA then turns circumferentially to the left and 
enters the posterior interventricular septum giving off 
the PDA in 50% of the population (in 30% of the 
population, the PDA arises as a combination of the 
CX (LCA) and the RCA) 
- the RCA and its branches are responsible for the 
blood supply of the right atrium and ventricle, the 
posterior one third of the interventricular septum.  
 
3. Nodal Supply 
- the arterial supply of the SA node is either the RCA 
(60%) or the left circumflex artery (40%) 
- the AV node is usually supplied by the 
atrioventricular nodal artery of the RCA (90%) (the 
CX of the LCA may also give rise to this artery in 
approximately 10% of the population) 
 
4. Venous Return 
- the venous return from the coronary arteries returns 
to the heart via the coronary sinus which runs 
posteriorly in the atrioventricular groove 

- the ostia of the coronary sinus enters the right 
atrium immediately superior to the tricuspid valve     
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Pulmonary 
 
Hypoventilation / Hypercarbia  (A-RIPE) 

1. Acidosis / arrhythmia 
2. Right shift of oxy-hgb diss curve 
3. Intercerebral steal 
4. Epi / Nor-epi release 

(cutaneous vasodilate & splanchnic 
vasoconstrict) 
 
Hyperventilation / Hypocarbia  (A-V-C-O) 

1. Apnea / alkalosis / airway constrict 
2. V/Q mismatch 
3. Decreased: CO2, cerebral blood flow, 

coronary blood flow, Ca2+, K+ 
4. Oxy-hgb curve shift to left 

 
Hypoxia (causes) 

1. hypoventilation 
2. low FiO2 
3. V/Q mismatch shunt 
4. R -> L intracardiac shunt 
5. diffusion impairment 
6. anemia 
7. low P-50 
8. low CO 
9. hystotoxic hypoxia (SNP toxicity) 

 
Pulmonary Shunt increased (! CC & " FRC) 

Increased Closing Capacity (CC) 
 (ACLS-SO) 
1. age (!) 
2. chronic bronchitis 
3. LV failure 
4. surgery 
5. smoking 
6. obesity 

Decreased FRC   
(PANGOS) 
1. pregnancy 
2. ascites 
3. neonates 
4. general anesthesia 
5. obesity 
6. supine position 

 
Closing Capacity (CC) 
- residual volume (RV) + closing volume (CV) 
- closing volume is the gas volume expelled 
during phase 4 of single breath nitrogen test    
Pulmonary Volumes 
 
 
 
 
 

Pulmonary Vascular Resistance (! PVR) 
1. hypoxia 
2. hypercarbia 
3. acidosis 
4. pain 
5. COPD 
6. pulm emboli / edema 
7. drugs 
8. mitral valve dz 

 
Volumes (single level) 

1. Inspiratory reserve volume (3000 ml) 
2. Tidal volume (500 ml) 
3. Expiratory reserve volume (1000 ml) 
4. Residual volume (1500 ml) 
5. Total lung capacity = 6000 ml 

 
Capacities (multiple added levels) 

1. Inspiratory capacity (IC) =  IRV + TV 
2. Vital capacity (VC) =  IRV + TV + ERV 
3. Total lung capacity (TLC) =   
 IRV + TV + ERV + RV 

4. Functional residual capacity (FRC) 
=  ERV + RV 

5. Vital capacity = 60-70 ml/kg 

 
Oxygen Content 
CaO2 = (1.34 x Hgb x Sat) + (0.003 x PaO2) 
 
Alveolar Oxygenation 
PAO2 = FiO2 (PB – PH2O) – PaCO2 / 0.8 
 
Mixed Venous Saturation 
SvO2 = SaO2 – [VO2 / (1.34 x CO x Hgb)] 
 
Oxy-Hemoglobin Dissociation Curve 
- adult P50 = 27 mmHg (partial pressure of O2 
when sat is 50%) 
- fetal P50 = 19 mmHg (left shift; increased lung 
O2 loading) 
- normal PvO2 = 35-45 mmHg (O2 sat 65-75%) 
Bohr effect – oxy-hgb dissociation curve shifts 
with changes in CO2 (! CO2 => right shift) 
Haldane effect – the more deoxygenated the 
blood -> the more CO2 it will carry 
 
SvO2 or PvO2 Factors (COAL) 

1. cardiac output 
2. oxygen consumption 
3. amount of Hgb 
4. loading of Hgb 

 
 

O2 Consumption Rates 
1. adult:  3-4 ml/kg/min 
2. child:  5-7 ml/kg/min 
3. neonate:  7-9 ml/kg/min 

- normal resting myocardial consumption:  
 ~ 10 ml/100gm/min 
- normal resting coronary artery blood flow:  
 ~ 80 ml/100gm/min 
 
West Lung Zones 

1. collapse (dead space) –  PA > Pa > Pv 
2. waterfall (good zone) – Pa > PA > Pv 
3. distension (shunt)    –    Pa > Pv > PA 

- from top to bottom, the alveolar pressure (PA) 
moves from most important to least important 
- for every 10% increase in FiO2, the PaO2 
should increase ~ 50 torr 
- room air (21% O2) – PaO2 ~ 100 mmHg 
 50% O2 – PaO2 ~ 250 mmHg 
 100% O2 – PaO2 ~ 500 mmHg 

 
Hypoxic Pulmonary Vasoconstriction (HPV) 
- minimizes lung blood shunting by 
redistributing blood to ventilated areas 
- HPV inhibited by anesthetics & N2O 
- volatile anesthetics cause atelectasis, shunting, 
and hypoxia 
 
Peripheral Chemoreceptors 
- carotid & aortic bodies 
- respond to decreased PaO2 < 60 mmHg 
- do not respond to low O2 content or O2 sat 
- afferent (CN-9) & efferent (CN-10) 
 
Central Chemoreceptors 
- brainstem & medulla 
- respond to increased PaCO2 & pH (not H+) 
- CO2 (not H+) passes through the BBB and 
blood-CSF barrier 
- very potent stimulator to increase MV 
- inhalation of CO2 ! MV by 1-3 L/min/mmHg 
increase in PaCO2 
 
PEEP (positive end expiratory pressure) 
• < 10 cm H2O – distension of small already 

open alveoli 
• > 10 cm H2O – recruitment of collapsed 

alveoli leads to improve oxygenation and 
compliance 

• PEEP leads to increased FRC which leads to 
less shunting in the lung 

• Redistributed interstitial H2O is more 
centrally located (rather than interstitial) 

 
 

Left Shift Right Shift 
! lung O2 loading ! tissue O2 loading 
" H+ (alkalosis) ! H+ (acidosis) 
" temp ! temp 
" 2,3-DPG ! 2,3-DPG 
methemoglobin ! CO2 
CO hemoglobin volatile anesthetics, 

anemia, high altitude, 
cirrhosis,  abnormal Hgb 
(sickle cell, thalassemia), 
pregnancy (P50 ~ 30) 

Large A-a 
gradient 

IRV 
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FEV-1% 
- sensitive to large airway dx & obstruction 
- % of VC exhaled in 1st sec of maximal exhale 
- normally 75-80% of VC 
 
MEFR (maximum mid-expiratory flow rate) 
 - 25% – 75% 
- not influenced by patient effort (effort 
independent) 
- indicator of small airway dz / obstruction 
 
Pulmonary / Pneumonectomy Parameters 
Dual lung – initial criteria (good outcome if…) 

1. FEV-1 > 2.0 Liters 
2. FEV-1 / FVC > 50% 
3. Max breathing capacity > 50% predicted 
4. RV / TLC < 50% 

Split lung fxn – balloon occlusion of diseased 
lung pulm artery (worse outcome if…) 

1. temporary PAOP > 35 mmHg 
2. temporary PaO2 < 45 mmHg 
3. post-op FEV-1 < 800 ml 
4. VO2 max 10 ml/kg/min (extreme risk) 
5. VO2 max 15 ml/kg/min (moderate risk) 
6. VO2 max 25 ml/kg/min (minimal risk) 

 
Pulmonary Diseases 
1. Emphysema 
- mild hypoxia 
- normal PaCO2 
- CXR – over inflated 
 
2. Chronic Bronchitis 
- severe hypoxia 
- ! PaCO2 
- CXR -> congested secondary to ! secretions 
 
3. Asthma 
- hypoxia 
- " PaCO2 (secondary to hyperventilation and 
very high CO2 diffusion capacity) 
- respiratory alkalosis 
- ! PaCO2 (late & severe sign) – seen with 
status asthmaticus 
 
4. COPD 
- hypoxia (CXR – flattened diaphragm) 
- CO2 retainer (!! PaCO2) 
- respiratory acidosis with metabolic alkalosis 
- breath secondary to hypoxic respiratory drive 
 
Extubation Criteria 

1. VC > 15 cc/kg & TV > 5 cc/kg 
2. NIF > -25 cm H20 
3. RR < 30 & spontaneous 
4. PaO2 > 60 mmHg 
5. PaCO2 < 50 mmHg 
6. Awake and protecting airway 
7. Following commands 
8. Return of motor fxn (reversed) 

 
 
 
 
 
 
 
 
 
 

Capnography 
- dead space ventilation dilutes expired CO2 
causing EtCO2 to be less than PaCO2. 
- gradient between PaCO2 & EtCO2 < 5 mmHg 
in healthy adults.   
- PaCO2 & EtCO2  > 10 mmHg in the presence 
of most forms of lung disease (COPD, chronic 
bronchitic, asthma) and some forms of 
congenital heart disease (cyanotic lesions) 
 

 
Hypercapnia and Cardiovascular Effects 

1. Depression of cardiac & smooth muscle 
(direct action) 

2. Sympathetic stimulation (generally offsets 
cardiac depression) 

3. Increase in systolic blood pressure (high 
CO2 levels) 

4. Increase in heart rate (high CO2 levels) 
5. Increase plasma K+ level 
6. Pulmonary vasoconstriction 
7. Dysrrhythmias (very high CO2 levels)  
8. Decrease systemic vascular resistance 
9. Decrease alveolar O2 level (therefore 

decreases PaO2) 
10. Oxy-hemeglobin dissociation curve shifted 

to right (facilitates tissue oxygenation) 
 
Pulmonary Hypertension 

1. Optimize Oxygenation – high FiO2 and 
correction of anemia 

2. Hyperventilation – decrease CO2 causing 
pulmonary vasodilation and make sure 
expiratory phase adequate for pulmonary 
blood flow 

3. Mean Airway Pressure – small amount of 
PEEP may be beneficial (avoid high 
PEEP), and maintain paralysis (do NOT 
want a pulmonary hypertensive crisis) 

4. Decrease Sympathetic Stimulation – 
minimize and attenuate, Rx: narcotics, 
benzodiazepines 

5. Avoid Acidosis – slight alkalosis may help 
(~ pH 7.6) 

6. Vasodilators – watch for drop in SVR as 
well as PVR (Milrinone / Amrinone, NTG, 
? SNP, Prostaglandin E-1, Priscoline, and 
Prostacycline) 

7. Inotropes – improvement of forward flow; 
Isoproterenol (Isuprel), Epinephrine mildly 
reduce PVR in adults (lesser evidence for 
marked PVR reduction in infants and 
young children but still cause a decrease in 
PVR), and Dobutamine (decreases PVR & 
SVR and increases contractility & CO) 

8. Nitric Oxide – only drug to selectively 
decrease PVR 

** The most important changes to decrease 
PVR are controlling PaO2, PaCO2, and pH 

 
Pulmonary Function Tests 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Increased EtCO2 Decreased EtCO2 
1.  Rebreathing  
(CO2 absorber) 
2.  Hypoventilation 
3.  Increased CO2 

production  (MH, 
increased temp, 
bicarb, shivering) 

1.  Pulmonary 
Embolism (air, 
thrombus, amniotic, 
particulate) 

2.  Hyperventilation 
3.  Decreased C.O. 
(cardiac / non-cardiac 
4.  Disconnection / leak 
(increased EtN2) 

Pulmonary Function Tests in Restrictive & 
Obstructive Lung Disease 

Value Restrictive 
Disease 

Obstructive Disease 

Definition Proportional 
decreases in 
ALL lung 
volumes 

Small airway 
obstruction to 
expiratory flow 

FVC """ Normal or slightly " 
FEV-1 """ Moderately " 
FEV-1 / FVC Normal ratio 

(" total vol) 
""" 

FEF 25-75% Normal """ 
FRC """ Normal or ! if gas 

trapping 
TLC """ Normal or ! if gas 

trapping 
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Drugs 
 
Digitalis toxicity (causes / predilection) 

1. Hypokalemia 
2. Hypothyroid 
3. Hypomagnesemia 
4. Hypercalcemia 
5. Hypoxia 
6. Ca2+ channel blocker 

    ** Rx: Dilantin 
 
Potentiation of NM blockade (factors) 

1. Volatile & local anesthetics 
2. Anticholinesterases -> Echothiophate 
3. Abx: tetracycline, aminoglycosides, 

polymixin, lincosamide 
    ** Not: e-mycin, PCN, cephalosporins 
4. Cardiovascular meds: lido, quinidine, Ca2+ 

blocker (verapamil) 
5. Lytes:  ! Li+, Mg2+, Na+;  " Ca2+, K+ 
6. Hepatic dysfunction  
7. Hypothermia 
8. Acidosis 

 
Cholinergic Crisis 
-anticholinergics block these effects 
-parasympathetic effects 
-SLUDE+brady+bronchoconstrict+pupil constr 

1. salivation 
2. lacrimation 
3. urination 
4. defication 
5. erection 
6. bradycardia 
7. broncho constriction 
8. pupil constriction 

    ** Rx: Atropine +/- Pralidoximine 
    ** caused by organophosphates which inhibit 
acetylcholinesterases leading to increased ACh 
 
Central Anticholinergic Crisis 
- can be caused by Scopalomine & Atopine 
- not Glycopyrrolate 
- Rx: Physostigmine (tertiary amine; all others 
are quaternary amines) 

1. fever 
2. blurred vision (dilated pupils) 
3. photophobia 
4. tachycardia 
5. restlessness 
6. somnolence 

 
Drugs that inhibit Pseudocholinesterase 
- can cause prolonged NM blockade if Sux used 

1. anticholinesterase (except Edrophomium) 
2. Echothiophate 
3. Trimethaphan 
4. Nitrogen Mustard (organophosphates) 
5. Panc, Vec, Atracurium 

 
Histamine releasing NMBD 
- cause hypotension & tachycardia 

1. D-tubocurare 
2. Atracurium 
3. Mivacurium 

 
 
 

Parkinsonism (causes) 
1. Drugs: 

a. Phenothiazines (Compazine) 
b. Butyrophenones (Droperidol) 
c. Metoclopramide (Reglan) 

2. Viral encephalitis 
3. Atherosclerosis 

** not caused by Zofran / Vistaril / 5-HT3 
receptor antagonist -> Serotonin) 
 
Phenytoin (Dilantin) 

1. ! sensitivity: Cimetidine, Diazepam 
2. " sensitivity: barbs, Theophylline, 

antacids 
 
TPN complications (HAS) 

1. Hypo / hyperglycemia 
2. Hypercarbia 
3. Hypophosphatemia 
4. Acid (fatty) deficiency (need intralipid) 
5. Acidosis (metabolic) 
6. Sepsis 

 
Steroid Potency 
-- Anti-inflammatory potency 

1. Dexamethasone – 25x (least mineralocoid) 
2. Methylprednisone (Solumedrol) – 5x 
3. Prednisone / Prednisolone – 4x 
4. Hydrocortisol / Cortisol(Solucortef) – 1x 

-- Mineralocoid Potency 
Fludrocortisone > Hydrocortisone > 
Cortisone > Prednisone > Prednisolone 

 
Acetazolamide 
- carbonic anhydrase inhibitor 
- leads to hyperchloremic metabolic acidosis 
- wastes bicarb 
 
Drugs highly cleared by the liver 
-prolonged duration with liver failure 
-A, B, C, D, P 

1. Aminophylline  
2. Amides (Lidocaine) 
3. Beta blockers (Inderal) 
4. Ca2+ blockers (Verapamil) 
5. Digitalis 
6. Diazepam 
7. Demerol 
8. Pentazocine 

 
Depolarizing NMB (Sux & Decamethonium) 
Phase-I 

1. no fade with tetnus or twitch (" height) 
2. no post-tetonic peotentiation 
3. no reversal from anti-cholinergics 
4. + fasciculations 

Phase-II 
1. repeated stimulation inactivates receptor 
2. fade with tetanus or twitch 
3. post-tetonic potentiation 
4. +/- reversal with anti-cholinergic 
5. neonates have NO phase-II block 
6. infants / children more prone to phase-II 

Succinylcholine 
- ultra short duration 
- rapid metabolism by plasma cholinesterase 
 
 
 
 

Non-Depolarizing NMB 
1. fade with tetanus or twitch 
2. post-tetonic potentiation 
3. reversal with anti-cholinergics 
4. no fasciculations 

 
Aminosteroids NMB – “___uronium” 
Benzylisoquinolinium NMB – “___urium” 
 
Pancuronium (ultra long acting) 

1. renal excretion (80%) 
2. highly ionized 
3. anti-vagal & sympathomimetic (HTN & 

tachy) 
D-Tubocurare 

1. Histamine release (largest) 
2. renal excretion (50%) 

 
Atracurium 

1. Histamine release 
2. Hoffman elimination 
3. esther & plasma hydrolysis 
4. laudanosine metabolite 

 
Cis-Atracurium 

1. no Histamine release 
2. total Hoffman elimation  
3. cardiovascular stability 
4. laudanosine metabolite (much less than 

Atracurium) 
 
Mivacurium (0.15 mg/kg) 

1. Histamine release 
2. rapid acting (slight longer than Sux) 
3. plasma cholinesterase hydrolysis 
4. pseudocholinesterase & plasma hydrolysis 

 
Vecuronium (0.2 mg/kg) 

1. hepatic metabolism 
2. biliary excretion 
3. cardiovascular stability 

 
Rocuronium (0.6 mg/kg) 

1. hepatic metabolism 
2. biliary excretion (small renal) 
3. cardiovascular stability 
4. rapid acting Vec 

 
Renal Excretion (100%) 

1. Gallamine 
2. Metocurine 

 
Renal Excretion Long Acting NMB 

1. Pancuronium (80%) 
2. Doxacurium (70%) 
3. Pipecuronium (70%) 
4. D-Tubocurarine (50%) 

 
Non-Depolarizing NMB w/ Histamine release 

1. D-Tubocurarine 
2. Atracurium 
3. Mivacurium 
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Porphyria 
- rate limiting enzyme in production of 
porphyrins and heme 
-enzyme: ALA synthetase (alpha levulonic acid) 
- classification:  Hepatic vs. Erythropoietic 
 
Hepatic (acute): inducible with meds / drugs 

1. acute intermittent porphyria (AIP) 
2. hereditary coproporphyria (HCP) 
3. varigate porphyria (VP) 
4. ALA dehydrogenase deficiency porphyria 

or plumboporphyria (PLP) 
** porphyria cutanea tarda (PCT) – hepatic non 
acute and non inducible 
 
** Exacerbating / Precipitating Drugs: 
1. Barbs (STP) 

 
7. Oral contraceptives 

2. Benzo ? 
 

8. Alpha methyl dopa 
 

3. Etomidate 
 

9. Phenoxybenzamine 
 

4. Ketamine 
 

10. Pentazocine 
 

5. Panc 
 

11. Hydralazine 
 

6. Griseofulvin 12. Enflurane? 
 

Safe: Propofol, Roc / Vec, Versed / Lorazepam, 
Sux, Atropine, opioids, volatile gas 
 
Decrease symptoms: Propanolol, increase carbs 
(glucose), increase negative feedback loop from 
heme 
Rx: ? Hematin -> bad side effects (renal failure, 
thrombophlebitis, coaculopathy) 
Heme Arginate -> less side effects 
 
Erythropoietic (non-acute): 
- uroprophyria 
- propoporphyria 
 
Lipid Solubility 
- fentanyl > dilaudid > morphine 
- most lipid soluable => fastest with least 
spread; decreased side effects 
- biphasic respiratory depression (1 hr & 24 hr 
with morphine) 
 
Volatile Anesthetics 
* neonates: highest MAC => Sevo 
MAC – decreased (increased potency) 
- acute ETOH & chronic amphetamines 
- Ketamine, narcs, Panc, Li2+, Clonidine 
- pregnancy, hypothermia, local anesthetics 
- no effect on MAC: thyroid fxn, K+, anesthetic 
duration 
 
MAC – increased (decreased potency) 
- chronic ETOH & acute amphetamines 
- hyperthermia, hypernatremia, TCA’s, MAOI’s 
- neonates (highest at 3 mo – 1 yr then decrease 
over rest of life) 
 
MAP – most decrease with Iso & Des 
CO – most decrease with Halo & Enflurane 
SVR – most decrease with Iso & Des 
HR – most increase with Iso & Des (? Enflur) 
Myocardial O2 consumption – most with Halo 

 
Nitrous Oxide (N2O) 
- dose dependent mild myocardial depressant 
- sympathetic stim (! MAP, HR, SVR, CO) 
- " cerebral blood flow, PAWP, pulm blood 
flow 
 
Halothane 
- depressed AV conductance 
- depressed automaticity 
- decreased myocardial O2 consumption 
- heart sensitive to catacholamines and 
arrhythmia 
 
Sevoflurane 
- " HR & CO until ~1 MAC, then ! HR (dose 
dependent) & " SVR at higher MAC 
 
Volatile Anesthetics and CNS 
- ! CBF & CMRO2 (uncouple cerebral blood 
flow and metabolic O2 usage) 
 
Volatile Anesthetics and Metabolism 
- Methoxyflurane (40%) > Halo (20%) > Enflu 
(2%) > Iso (0.2%) 
 
Volatile Anesthetics and Solubility 
- Methoxy > Halo > Iso > Enflu > Sevo > Des > 
Nitrous 
 
Vapor Pressure 
- the percentage (%) of anesthetic delivered 
increases with increasing vapor pressure 
- Halo in an Enflurane vaporizer (240/175 = 
1.37 times increase) 
- vaporizer machine calibrated at sea level and 
taken to higher elevation (VP / BP ratio) => VP 
stays the same but the BP decreases, therefore 
the delivered concentration is higher than the 
dial indicates (VP – vapor pressure; BP – 
barometric pressure) 
 
Volatile Anesthetics (M-HIES-E-D-N on MA) 

 MAC Vapor 
Pressure 

B/G 
solubility 

Methoxyflurane 0.15 22 12 
Halothane 0.75 240 2.3 
Isoflurane 1.15 238 1.4 
Enflurane 1.68 175 1.8 
Sevoflurane 1.7 160 0.6 
Desflurane 5.7 670 0.42 
Ether 2.0 450 12 
Nitrous 105 --- 0.47 

VP / BP (vapor pressure to barometric pressure) 
- since VP stays the same a different altitudes, 
only the BP changes 
- therefore at higher altitude (" BP), the 
delivered concentration will be higher than the 
concentration on the vaporizer dial 
 
Trace Gases & NIOSH 
- N2O < 25 ppm 
- volatile agent + N2O < 0.5 ppm 
- volatile agent alone < 2 ppm 
 
Minoxidil (hair growth med) 
- direct acting smooth muscle dilator (pulm) 
- causes pulm HTN secondary to fluid retention 
- pericardial effusion 
- cardiac tamponade 

 
Triggering Agents for MH 
- inhaled anesthetics (not N2O) 
- depolarizing NMB (Sux, Decamethonium) 
- Curare (? Triggering agent -> weak DNMB) 
 
Catecholamines 
Epinephrine 
- potent alpha & beta agonist 
-! CO, MAP, preload, afterload, contractility, 
HR, dysrhythmias 
-" renal blood flow 
- effect metabolism: hyperglycemia 
 
Norepinephrine 
- stronger alpha effects (alpha > beta) 
-! MAP & afterload 
-" HR (baroceptor reflex), CO, renal blood flo 
 
Dopamine  (Dopa -> beta -> alpha receptors) 
- low dose (0.5 – 3 mcg/kg/min): ! HR, 
contractility, MAP, SVR, CO, renal blood flow 
- moderate dose (3 – 10 mcg/kg/min): acts like 
Epi (beta effect) 
- high dose (10 – 20 mcg/kg/min): acts like 
NorEpi (alpha effect) 
 
Dobutamine 
- selective beta-1 receptor agonist 
- little to no effect on beta-2 receptor & alpha 
- ! CO with like decrease in afterload 
- mild ! in HR, MAP, and renal blood flow 
 
Isoproterenol 
- non-selective beta receptor agoinst 
- no alpha activity 
-! HR & contractility with decreased afterload 
leading to !! CO 
- mild decrease in MAP & renal blood flow 
 
 
Opioid Receptors 
- Mu (2), Kappa (3), Delta (2) 
- Mu-1: supraspinal: ! prolactin release 
- Mu-2: spinal: " respiratory fxn 
- Delta-1: supraspinal 
- Delta-2: supraspinal & spinal analgesia 
- Kappa: dysphoric effects  
- ? Epsilon & Sigma -> dysphoria) 
- supraspinal: Mu-1, Delta-1&2, Kappa-3 
- spinal: Mu-2, Delta-2, Kappa-1 
 
1. Morphine – selective Mu agonist; activates 

Kappa at higher doses 
2. Methadone – Mu agonist 
3. Nalbuphine – Kappa agonist; Mu antagonist 
4. Meperidine – atropine like structure; local 

anesthetic properties 
 
Chemotherapy Agents 
- cardiomyopathy – cyclophosphamide & 
doxarubacin 
-" plasma cholinesterase – cyclophosphamide 
& alkylating agents 
- pulmonary fibrosis / pneumonitis – bleomycin 
- vincristine – renal toxic, CNS toxic (peripheral 
neuropathy & encephalopathy) 
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Local Anesthetics 

1. Potency – lipid solubility 
2. Speed of onset – pKa 
3. Duration/toxicity/metabolism – protein bind 

 
Reduced Clearance of “Amide” LA 
* hepatic clearance (very little renal) 
- decreased hepatic blood flow: 

1. volatile anesthetics 
2. sympathomimetics 
3. H2 receptor blockers (Cimetidine) 
4. beta-blockers (Labetolol, Propanolol) 

* evidence that Propranolol directly inhibits 
mixed function oxidase activity in hepatocytes 
 
Reduced Clearance of “Ester” LA 
* metabolized by blood pseudocholinesterase & 
RBC esterase (? small liver clearance) 
1. pregnancy – decreased enzyme activity 
2. liver dz / cirrhosis  
3. renal insufficiency / uremia 
4. anticholinesterasees 

(Echothiopate, Neostigmine, Edrophonium) 
 
Pro-Convulsant Meds 
-can also cause neuroexcitatory movement 
Enflurane, Etomidate, Ketamine, Demerol 
(Normeperidine), Methohexitol, Atracurium 
(Laudanosine), Fentanyl, Alfentanyl, Sufentanil, 
Flumazenil (anti-benzo) 
 
Anti-Convulsants Meds 

1. Phenytoin & Carbamezapine => ! dose of 
NDMR (Roc) 

2. Barbs => ! dose for agents with hepatic 
cytochrome P-450 enzyme degradation 

 
Drug Kinetics 
1.  zero order – constant amount of drug being 
transformed 
2.  first order – constant fraction or percentage 
of drug being distributed or metabolized 

 
 
Myasthenia Gravis 
- weakness and rapid exhaustion of voluntary 
skeletal muscles with repetitive use that is 
followed by partial recovery with rest 
- decrease in the ACh receptors at post-synaptic 
neuromuscular junction because of their 
destruction by circulating IgG's leads to net 
resulting fewer ACh receptors available for 
NDMR’s (Rocuronium, Vecuronium) 
- extremely sensitive to NDMR 
- resistant to Sux 
- female > male incidence 
 
 

 
Disease states causing acetylcholine receptor 
up-regulation (leading to hyperkalemia) 

1. Burns (greatest risk with in a few days to 6 
months post-injury) 

2. Muscle diseases (Duchene’s muscular 
dystrophy) 

3. Neuromuscular disorders (Guillain-Barre, 
ALS, Friedrich's Ataxia) 

4. Upper and Lower motor neuron disease 
5. Trauma 
6. Prolonged bed rest 
7. Closed head injuries 
 

Drugs for Gastic pH and Emptying 
I.  H-2 Blockers (Cimetidine, Famotidine, 
Ranitidine) 

1. Decreases the gastric acidity (increases 
gastric pH) and volume 

2. Does NOT alter pH of fluid already present 
3. Warfarin and Theophylline clearances are 

reduced secondary to alterations of the 
cytochrome p-450 system 

4. Serum levels of some drugs are increased 
secondary to displacement from protein 
binding sites 

5. Rapid IV admin can cause bradycardia, 
hypotension, and cardiac arrest 

II.  Metaclopromide (Reglan) 
1. Central Dopamine antagonist 
2. Increases gastric and intestinal motility 
3. Increases lower esophageal sphincter 
4. Relaxation of pylorus and duodenum 
5. Side effects:  tardive dyskinesia and drug 

induced dyskinesia 
6. Avoid in pheochromocytoma or GI 

obstruction, and patients taking MAOI’s 
III.  Antacids (Bicitra) 

1. Increases gastric pH by neutralizing or 
removing acid from gastric fluid 

2. Raises gastric pH and possibly increases 
gastric motility 

3. Non-particulate antacids (Bicitra) mix 
more easily than particulate antacids 
(Maalox, Rolaids, Tums) and are less likely 
to cause chemical burns if aspirated 
without mixing 

 
Inherited Pseudocholinesterase Deficiency 
 (variants & the Dibucaine Number) 
- ? single gene locus is responsible for the 
abnormal cholinesterase with many genetic 
variants (Dibucaine variant is most common) 
- Dibucaine is a local anesthetic (amide), which 
inhibits pseudocholinesterase to varying degrees 
depending on the type of enzyme variant 
- Dibucaine Number (DN) represents the 
percentage of enzyme inhibition by the local 
anesthetic. 
• 80% inhibition = normal individual.  

Normal response to Sux. 
• 60% inhibition = heterozygous.  Most will 

still have normal response to Sux. 
• 20% inhibition = homozygous.  Marked 

prolongation of Sux. 
 
 
 
 

 
Alpha-2 Agonists  
- used mainly as anti-hypertensive agents via 
stimulation of CNS alpha-2 adrenergic receptors 
- second set of alpha-2 receptors located in the 
spinal column where the direct activation leads 
to sedation, sympatholytic, and anxiolysis. 

1. Clonidine (Catapres) 
2. Dexmedetomidine (Precedex) 
3. Methyldopamine 
4. Guanabenz 
5. Guanfacine (more selective for alpha-2 

receptors than Clonidine)  
 
Pseudocholinesterase Deficiency 
- plasma cholinesterase is an enzyme found in 
plasma and most tissues (except RBC), which 
degrades acetylcholine released from the 
neuromuscular junction 
- enzymes are manufactured in the liver 
- Succinylcholine, Mivacurium, and rarely ester-
linked local anesthetics can be altered with 
abnormalities in these enzymes 
- body has a large reserve of the enzyme 
- decrease in enzymatic activity > 75% is 
clinically significant 
- factors which may " cholinesterase activity: 

1. Inherited Cholinesterase Variants 
2. Disease:  liver disease, malnutrition, some 

collagen disease, uremia, malnutrition, 
myxedema, burns 

3. Treatments:  plasmapheresis, radiation 
therapy, and extracorporeal circulation 

4. Drugs:  Ecothiphate, Neostigmine, 
Pyridostigmine, Cyclophosphamide, 
MAO-Inhibitors, Pancuronium, 
Cyclophosphamide, contraceptives 

5. Physiologic:  decreased in 3rd trimester of 
pregnancy, decreased activity in newborns 

 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

" enzyme 
concentrate 
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GI / Liver 
 
Child Classification for Liver Tx 

1. Bili 
2. Albumin 
3. Ascites 
4. Encephalopathy (hepatic origin) 
5. INR 

 
MELD Score (Model for End-Stage Liver Dz) 

1. Bilirubin 
2. INR 
3. Creatinine 

 
Glucagon Effects 

1. " gastric motility 
2. ! insulin secretion 
3. anorexia 
4. ionotropic / chronotropic cardiac effects 
5. relax GI smooth muscle 
6. hypokalemia 

 
Post-Operative Jaundice Causes 
1. Cholestasis (most common) 
2. Pre-op events causing liver ischemia (shock, 

trauma, sepsis) or preexisting liver dz 
3. Drugs:  catecholamines / sympathomimetics 

leading to vasoconstriction and hepatic 
ischemia 

4. Massive transfusion (metabolism of 
bilirubin load) 

5. Occult hematomas (resorption of 
retroperitoneal hematoma) 

6. Hemolysis (incompatible blood, 
autoimmune) 

7. Hepatitis (infectious, autoimmune, 
Halothane) 

8. Extra-hepatic abnormalities (CHF, 
pulmonary failure, renal failure, PE) 

9. Benign post-op intrahepatic cholestasis 
(occurs after extensive / lengthy surgery; 
complicated by hypotension, hypoxemia, 
and massive blood transfusion) 

10. Halothane hepatitis 
 
Liver Functions (A-I) 

A. Albumin synthesis 
B. Bilirubin secretion 
C. Coagulation homeostasis 
D. Drug metabolism 
E. Elimination of waste products 
F. Fat metabolism 
G. Glucose / Glycogen metabolism 
H. Hormone metabolism 
I. Immunologic function / modulation 

 
 
 
 
 
 
 
 
 
 
 
 
 

Liver Fxn Tests and DDx of Hepatic Fxn 
 

 
 

 
 

Renal 
 
Vomiting / Gastric Suctioning 
- leads to hypokalemic / hypochloremic / 
hyponatremic metabolic alkalosis 
- secondary metabolic acidosis from severe 
dehydration & hypoperfusion 
 
Renin – Angiotensin – Aldosterone System 
- RAAS 
- decreased renal perfusion pressure & 
decreased salt to distal convoluted tubule (DCT) 
1. JG apparatus secretes Renin 
2. Renin acts on alpha-globulin => 

Angiotensin-I 
3. Angiotensin-I => lungs => Angiotensin-II 
4. Angiotensin-II => adrenal => Aldosterone 
5. DCT with Aldo => Na+ resorption, K+ 

secretion (urine), H+ secretion (urine) 
Aldosterone effects:  HTN, hypokalemia, 
metabolic alkalosis 
 
Oliguria 
 Pre-Renal Renal 
FENA < 1 > 3 
Urine Osmol > 400 < 300 
BUN / Cr ratio > 20 : 1 < 20 : 1 
Urine Na+ < 20 > 40 
 
Atrial Stretch Receptors 
- stretch leads to: 
• ANP release 
• fluid overload 
• naturesis & diuresis 

- contraction leads to: 
1. ADH release 
2. hypovolemia 
3. H2O retention 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Increased ADH Secretion 

1. volatile anesthetics 
2. fluid loss (hypovolemia) 
3. PEEP (positive pressure ventilation) 
4. painful stimuli 

 
Chronic Renal Failure 
- anemia, cardiac failure, acidosis, infection, 
coagulopathy, hyperglycemia, HTN, 
hyperparathyroidism 
- electrolytes: ! K+, Mg2+, Cl-; " Na+, Ca2+ 
- 100% renal excretion: Gallamine & 
Dexamethonium 
- 80% renal excretion: Neostigmine 
- Creatinine & Mannitol are freely filtered but 
not reabsorbed 
 
Carbonic Anhydrase Inhibitors 
- Acetazolamide: prevents secretion of H+ & 
inhibits reabsorption of HCO3

- 
- leads to hypokalemic, hyponatremic, 
hyperchloremic metabolic acidosis 
- urine is extremely alkaline (!! HCO3

-) 
 
Adrenal Diseases 
Conn’s Dz – hyperaldosterone 
- HTN, hypokalemic metabolic alkalosis 
- Rx: Spirololactone, Amoloride, Triamterene 
 
Cushing Dz – adrenal hypersecretion 
- ! cortisol & aldosterone 
- HTN, hypokalemia, hypernatremia, metabolic 
acidosis, hyperglycemia 
- usual cause is pituitary adenoma -> Rx 
pituitary resection 
 
Addison’s Dz – adrenal hyposecretion 
- hypotension, hyperkalemia, hyponatremia, 
increased risk of CV collapse 
- Rx: cortisol 

 Bilirubin 
Overload 
(Hemolysis) 

Hepatocellular 
Dysfunction 

Cholestasis 

Bilirubin Unconjugated Conjugated Conjugated 
Amino 
Transferases 

Normal Increased Normal # 
Increased 

Alkaline 
Phosphatase 

Normal Normal Increased 

PTT Normal Prolonged Normal # 
Prolonged 

Serum Proteins Normal Decreased Normal # 
Increased 

Liver Function Tests and Differential Diagnosis 
Hepatic 
Dysfunction 

Bilirubin Trans 
Aminase 
Enzymes 

Alkaline 
Phosphatase 

Causes 

Pre-Hepatic Increased, 
unconjugated 

Normal Normal Hemolysis, hemotoma 
resorption, bilirubin overload 
from whole blood 

Intra-Hepatic 
(hepatocellular) 

Increased, 
conjugated 

Markedly 
increased 

Normal to slightly 
increased (2-3x 
normal) 

Viral, drugs, sepsis, 
hypoxemia, cirrhosis 

Post-Hepatic 
(cholestatic) 

Increased, 
conjugated 

Normal to 
slightly 
increased 

Markedly 
increased 

Stones, sepsis 

10



 
Creatinine Clearance 
Ccr = [(UF)(Ucr)] / (Bcr) 
 
Cockcroft-Galt Estimated Creatinine 
Clearance 
Clcr = [(140 – age) (wt in kg)] / [(Bcr)(72) 
{x 0.85 for females} 
 
Fractional Excretion of Sodium 
FENA = (UNa / PNa) / (Ucr / Pcr) 
 
Na+ Deficit = (140 - serum Na+)(wt in kg) x 0.6 
 
Predictors of Post-Op Renal Failure 
1. Advanced Age (> 70 yr) 
2. Cardiovascular Dysfunction: 
• myocardial failure with decreased cardiac 

output 
• hypotension 
• hypertension 

3. Hypovolemia 
• hemorrhage 
• dehydration 
• third space loss 

4. Major Trauma – secondary to direct injury, 
fluid shifts, ischemia, and parenchymal 
congestion 

5. Electrical Burns – myonecrosis, myo / 
hemoglobinuria 

6. Muscle Necrosis 
7. Sepsis – secondary to hypovolemia, 

hypoperfusion, vasodilatory mediators / 
shock 

8. Hepatic Failure – leading to hepato-renal 
syndrome; caused by disturbances in 
albumin synthesis, coagulation homeostasis, 
drug metabolism, elimination of waste 
products, immunologic function / 
modulation. 

9. Pancreatitis 
10. Diabetes Mellitus – secondary to destruction 

of the kidney parenchyma and via HTN 
11. High Risk Surgery:  abdominal aortic / 

thoracic aortic aneurysm; cardiopulmonary 
bypass 

12. Infections:  glomerulonephritis / 
pyelonephritis 

13. Pharmacologic:  radiocontrast dye, 
aminoglycosides, NSAID’s, 
vasoconstrictors, diuretics 

14. Increased Renal Blood Flow in conjunction 
with nephrotoxins 

 
Potentiation of Drug Interactions caused by 
HyperMagnesemia 

1. Beta blockers – may lead to profound 
bradycardia & hypotension 

2. Calcium channel blockers – may lead to 
profound bradycardia & hypotension 

3. Succinylcholine (not a consistent 
observation) 

4. Effects of CNS sedatives 
5. Narcotics 
6. Volatile anesthetics 
7. Non-depolarizing muscle relaxants 

 
 
 

 
HyperKalemia (etiology) 
A.  Pseudohyperkalemia 

1) In vitro red cell hemolysis 
2) Marked leukocytosis 
3) Marked thrombocytosis 

B.  Intercompartmental shifts 
1) Acidosis 
2) Hypertonicity 
3) Tissue breakdown 
4) Rhabdomyolysis 
5) Severe exercise 
6) Beta-2 adrenergic blockade 
7) Periodic paralysis 
8) Succinylcholine 
9) Digitalis overdose 
10) Arginine HCl 

C.  Decreased renal potassium excretion 
1) Renal failure 
2) Decreased mineralocorticoid activity 

a) Primary adrenal insufficiency 
• Addison's disease 
• Bilateral adrenalectomies 
• Congenital adrenal hyperplasia 
• Hydroxylase enzyme deficiency 

b) Hyporeninemic hypoaldosteronism 
c) Acquired Immunodeficiency syndrome 
d) Competitive K+ sparring diuretics 

• Spironolactone 
e) ACE inhibitors 
f) Cyclosporine 
g) Heparin 

3) Isolated ê K+ secretion in distal nephron 
a) Pseudohypoaldosteronism 
b) Noncompetitive K+ sparring diuretics 

• Amiloride 
• Triamterene 

c) Sickle Cell Disease 
d) Renal allograft 
e) Systemic lupus erythematosus 
f) Urinary obstruction 

D.  Increased potassium intake 
1) Transfusion of whole blood 
2) Salt substitutes 
3) Potassium penicillin 

 
Hyperkalemic Periodic Paralysis 
- aka: “Gamstorp episodic adynamy” 
- muscle hyper-excitability or weakness leads to 
uncontrolled shaking followed by paralysis 
- onset in humans usually occurs in the 20’s 
- mutation on “SCN4A” gene linked to sodium 
channels expressed in muscle tissue (mutation 
causes changes in the sodium channel that are 
important for conduit inactivation) 
- high potassium levels (induced by diet and 
exercise) lead to failure of the sodium channel 
to activate properly => hyperkalemia !
- muscle strength often improves between 
attacks, although many affected people may 
have increasing bouts of muscle weakness as the 
disorder progresses (abortive attacks) 
- triggering factors for hyperKPP: 

1. Stress 
2. Fatigue 
3. Rest after exercise 
4. Potassium-rich foods 
5. Weather changes (cold) 
6. Environmental pollutants (cigarette smoke) 
7. Periods of fasting 

 
 
 
 

 
SIADH  
- Syndrome of Inappropriate Antidiuretic 

Hormone secretion is characterized by 
hyponatremia, serum hypo-osmolality, and 
normovolemia (no evidence of tissue edema) 

- Antidiuretic Hormone (ADH) is the primary 
hormone regulating water excretion in 
individuals who are healthy (synthesized in 
the hypothalamus and works primarily in the 
collecting ducts in the kidneys to reabsorb 
water)   

- ADH is released under two conditions: 
1. an elevation in serum osmolality (1-2% 

elevation of plasma osmolality > 280 
mOsm/kg) 

2. a 7-10% volume deficit 
Diagnosis: 

1. Plasma osmolality (< 280 mOsm/kg) 
(inappropriately concentrated urine in the 
face of hyponatremia) 

2. Urine osmolality (> 100-150 mOsm/kg, but 
usually > 300 mOsm/kg)  

3. Urinary sodium concentration (usually > 
40 mEq/L) 

4. Normal plasma creatinine 
5. Normal adrenal and thyroid function 
6. Normal acid-base (HCO3) and potassium 

balance 
 
Oliguria 
- urine output less than 0.5 ml/kg/hr 
- most common causes of post-op oliguria are pre-
renal  causes 
- rarely is post-op oliguria renal in origin 
- hypovolemia is by far the most common cause 
for low urine output seen in the PACU. 

 
 
  

 Causes 
Pre-Renal Hypovolemia 

Decreased renal perfusion 
Post-Renal Ureteral / urethral obstruction 

Regional anesthetic induced 
urinary retention 
Urinary catheter obstruction 
Urethral edema 

Renal ATN 
Glomerular nephrosis 
Vasculitis 
Papillary necrosis 
Hepatorenal syndrome 
Severe hypercalcemia 
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Neuro 
 
EEG Monitoring 
- amplitude & frequency 
- “D-TAB” 

1. delta: 0-4 Hz (anesthesia) 
2. theta: 5-8 Hz (sleep) 
3. alpha: 9-12 Hz (resting) 
4. beta: 13-30 Hz (fully awake) 

 
EEG: ! frequency 

1. Ketamine 
2. N2O 
3. seizures 
4. gas < 1 MAC 

 
EEG: " frequency / ! amplitude 

1. Etomidate 
2. Propofol 
3. barbs 
4. narcotics 
5. gas > 1 MAC 
6. hypothermia 

 
EEG: " frequency / " amplitude 

1. hypoxia / hypercarbia (severe) 
2. barbs (large dose) 

 
SSEP Monitoring 
-amplitude & latency 

1. Ketamine: ! amplitude 
2. Etomidate: ! amplitude & ! latency 
3. Volatile gas / narcs / benzo / Propofol:  
 " amplitude & ! latency 
4. N2O: " latency 

- sensitivity of neuromonitoring to volatile gas: 
 VEP > SSEP > BAEP 
-VEP most sensitive to VA 
-BAEP most resistant to VA 
 
Neuroanesthesia 

- PaCO2: linear relationship (!PaCO2 = !CBF) 
- PaO2: critical BP of 50 mmHg 
- PaO2: hypoxemia < 50 mmHg = ! CBF 
- PP: cerebral autoregulation of MAP 50 - 150 
- normal CBF is 50 cc / 100 gm tissue per min 
- normal ICP: 5-15 mmHg (cerebral HTN > 15) 
 
 
Cerebral Autoregulation lost with:  

1. hypercarbia 
2. hypoxia 
3. ischemia 
4. ! [volatile agent] 

 

 
Neuroanesthesia facts: 
- " 1oC = 8% " metabolic rate 
- " 1oC = 6% " CMRO2 
- brain O2 consumption = 3-5 ml/100gm/min 
- CBF =  50 ml / 100gm / min 
- ! PaCO2 1 mmHg = ! CBF 1 ml/100gm/min  
-  ~2% for each 1 mmHg incr / decr of PaCO2  
 
Volatile Agents 

1. ! CBF & " CMRO2  
2. uncouple CBF & CMRO2  
3. Halothane " CSF production 
4. Isoflurane ! CSF absorption 
5. Halo & Iso decrease CSF production 
6. Enflurane ! CSF production & " CSF 

absorption 
 
Ketamine / N2O 

1. ! CBF & ! CMRO2  
2. N2O does not alter CBF autoregulation 

 
IV agents 

1. " CBF & " CMRO2  
2. opioid – minor effect on CBF & CMRO2  

 
Cerebral Vasospasm 

1. Rx: Nimodipine (Ca2+ channel blocker) 
2. 3-H therapy: HTN, hypervol, hemodilate 

 
Ketamine (mechanism of action) 
-NMDA, MAO, muscarinic, opioid receptors 
-racemic mixture of 2 isomers 
 
GCS (Glascow Coma Score) 
- eye opening (4), verbal (5), motor (6) 
- total initial score < 8 correlates poor outcome 
 

 
Plasma vs. CSF  

Na+ equal 
Cl-, Mg2+ ! in CSF 
glu, K+, HCO3-, phos " in CSF 

 
Neurovascular Sensitivity to PaCO2 
- cerebrum > cerebellum > spinal cord 
 
Osmotic Diuretic to Reduce ICP 
- disadvantages of Urea vs. Mannitol 

1. ! incidence of rebound ICP-HTN 
2. ! incidence of venous thrombosis 
3. ! ability of urea to penetrate an intact BBB 

 
Autonomic Hyperreflexia 
- following a spinal cord injury at / or above T7 
- common post injury time period: 6 mo – 2 yrs 
- SSx: HTN, brady, v-arrhythmias, vasodilation 
above lesion, vasoconstriction below lesion 
- HTN secondary to central mediated increased 
sympathetic stimulation 
- bradycardia secondary to HTN acting on 
carotid sinus 
- most effect treatment is spinal or GA (not 
SNP); may also try Nicardipine, Trimethaphan, 
Phentolamine 
 

 
 
Seizure Threshold 
- lowered by (increased seizure potential): 

1. hypocarbia (hyperventilation) 
2. hypokalemia 
3. alkalosis 
4. Methohexitol & Ketamine 

* leads to hyperpolarization of resting potential 
of neurons 
* hyperoxia does nothing but prevent hypoxia 
 
Autonomic Nervous System 
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Pro-Convulsant Meds 
-can also cause neuroexcitatory movement 
Enflurane, Etomidate, Ketamine, Demerol 
(Normeperidine), Methohexitol, Atracurium 
(Laudanosine), Fentanyl, Alfentanyl, Sufentanil, 
Flumazenil (anti-benzo) 
 
Anti-Convulsants Meds 

1. Phenytoin & Carbamezapine => ! 
dose of NDMR (Roc) 

2. Barbs => ! dose for agents with hepatic 
cytochrome P-450 enzyme degradation 

 
 
 

Peds 
 
Neonates / Infants 
- desaturation faster than adults 
- O2 consumption 6 cc/kg/min (vs. 3 cc/kg/min) 
- increased MV & decreased FRC leads to !! 
MV/FRC ratio 
 
Non-Shivering Thermogenesis 
-  cold stressed -> !! O2 consumption 
-  !! Nor-epi (NE) release 
-  brown fat – scapula, clavical, adrenal, kidney 
-  NE -> activates lipase in brown fat 
-  lipase breaks down brown fat -> triglycerides 
-  triglycerides -> glycerol + NEFA (non-
esterified fatty acids) 
-  NEFA => CO2 + H2O + HEAT 
 
APGAR Score 
 0 1 2 
Appearance blue acrocyanotic Pink 
Pulse absent < 100 bpm >100 bpm 
Grimace absent grimace cough / cry 
Activity absent just arms 

/legs 
full movt 

Respirations absent shallow deep/force 

APGAR Score correlations: 
• 0 – 2: severe resp / metabolic acidosis 
• 3 – 7: slight resp / metabolic acidosis 
• 8 – 10: satisfactory initial status 

 
Mapleson Circuits 
- semi-open / non-rebreathing 
- rebreathing prevented if minute ventilation 
>200 cc/kg in infants 
- best for spontaneous: A > D > B > C 
 “all dogs can bite” 
- best for controlled: D > B > C > A 
 “dog bites can ache” 
 
Retinopathy of Prematurity (! risk if…) 

1. < 1500 gms 
2. < 35 wks gestational age 
3. < exposure to PaO2 > 80 mmHg 

- keep O2 sat 90-95% (PaO2 ~ 70 mmHg) 
- negligible risk after 44 wks gestational age 
 
Succinylcholine avoided disorders 

1. MH 
2. Duchene’s Muscular Dystrophy (! K+) 
3. ALS (! K+) 
4. Hyperkalemic periodic paralysis (weak) 
5. Myotonic dystrophy (sustained 

contractures) 

 
Newborns vs. Adults 
- terminus of spinal cord / dural sac 

1. newborn - L3 S3 
2. 1 yr old - L1-2 S1 
3. adult - L1-2 S1 

 
- cricoid cartilage 

1. newborn - C4 
2. 6 yr old - C5 
3. adult  - C6 

 
Fetal Circulation 
• well-oxygenated blood from placenta and 

venous blood returning from lower body  
(IVC to Right Atrium) 

• up to one-half of well-oxygenated blood in 
umbilical vein goes to (1) Ductus Venosus 
then to IVC (therefore bypassing liver) 

• in the Right Atrium, blood from IVC is 
directed through the (2) Foramen Ovale to 
the Left Atrium 

• left Atrial blood goes to the Left Ventricle 
and then to the upper body, brain, and heart. 

• poorly oxygenated blood from upper body 
goes to the SVC then the Right Atrium then 
to the Right Ventricle 

• RV blood goes to the pulmonary artery (high 
PVR) then to the (3) Ductus Arteriosus to 
the descending aorta to the placenta and 
lower body 

• parallel circulation: unequal ventricular flows 
- RV ejects 2/3 ventricular output; LV ejects 
1/3 output. 

** Fetal Circulation at Birth 
1. Lung expansion leads to an increase in 

alveolar and arterial O2 tension which 
decreases PVR. 

2. Increase in pulmonary blood flow + 
augmented flow to left heart lead to an 
increase in left atrial pressure which causes 
a functional closure of foramen ovale. 

3. An increase in arterial O2 tension leads to 
the functional closure of ductus arteriosus. 

4. Overall result: elimination of right -> left 
shunt which starts the process of 
physiologic adult circulation. 
• Anatomic closure of ductus arteriosus:  

~ 2 wks 
• Anatomic closure of foramen ovale:  

months to years 
** Persistent Fetal Circulation 
• Hypoxia, acidosis, hypercarbia, and 

hypothermia - prevent or reverse 
physiologic changes, resulting in return to 
fetal circulation 

• Other causes: congenital heart disease 
(VSD, PDA), diaphragmatic hernia, 
prematurity 

• Vicious cycle develops with a R-to-L shunt 
which promotes hypoxemia, de-saturation, 
and acidosis 

• Results in fetal demise if not corrected. 

 
 
Neurofibromatosis 
- aka: von Recklinghausen’s dz 
- autosomal dominant 
- neurofibromas of skin, PNS, CNS 
- associated with pheochromocytoma (1%) 
- can lead to peripheral HTN 
- CNS neurofibromas -> intercranial HTN 
- no association with MH 
 
 
Beckwith-Weidmann Syndrome 
- associated with omphaolcele 
- macroglossia 
- hypoglycemia 
- cardiac defects 
- retardation 
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OB 
 
Fetal pH 
- ion trapping in presence of acidosis 
- local anesthetics & narcs are weak bases 
(pKa> 7.5) 
 
Eclampsia 
- usually after the 24th week of gestation 
- seizures, HTN, edema, proteinuria, DIC, 
thrombocytopenia 
- Rx: 1.  Mg2+ - sedative, slight muscle relaxant, 
anticonvulsant, tocolytic, vasodilator 

- 5-10 meq/L => EKG changes, loss of 
DTR’s, decreased respiration depth 
- 15 meq/L => respiratory paralysis 
- 20 meq/L => cardiac arrest 

  2.  Hydralazine – arteriolar dilator 
  3.  Lasix 
  4.  DIC treatment 
 
Placenta Previa 
- placenta over the cervical os 
- “painless” bleeding 
 
Abruptio Placenta 
- placenta tearing away from uterine lining 
- “painful” bleeding 
 
Uterine blood flow not autoregulated 
- hyperventilation -> decreased PaCO2 -> 
uteroplacental vasoconstriction 
 
* drugs not crossing the placenta: 
 “he is going nowhere soon” 

1. Heparin 
2. Insulin 
3. Gylcopyrrolate 
4. Non-depolarizing relaxants 
5. Sux 

 
Pregnancy 

 
Stages of Labor 
1.  Complete cervical dilation 

-visceral pain 
-paracervical block 
-T10-L1 innervation of uterus, cervix, upper & 
mid vagina 

2.  Full cervical dilation to fetal expulsion 
-visceral & somatic pain 
-saddle & pudendal block 
-S2-4: pudendal n. innervates perineum 

3.  Fetal expulsion to placental expulsion 
 
 
 
 
 
 
 
 

Increased Uterine Tone (PEOKA) 
1. PGF-2alpha – Carboprost & Hemabate; 

can cause bronchospasm, fever, N/V, and 
V/Q mismatch 

2. Ergots – Ergonovine & Methylergonovine; 
can cause HTN and bronchospasm 

3. Oxytocin – hypotension and tachycardia 
4. Ketamine 
5. Amide local anesthestics – lido, bupi, ropi 

 
Decreased Uterine Tone (BP-MMINE) 
- tocolytics 

1. Beta-2 agonists – Ritodine & Turbutaline; 
may cause hypotension, tachy, MI, pulm 
edema, hyperglycemia 

2. Potent volatile anesthetics (except N2O) 
3. Mg2+ 
4. Methylxanthines 
5. Indomethacin 
6. Nifedipine (Ca2+ channel blocker) 
7. Ethanol 

 
Beta-2 side effects (Albuterol) 

7. Hyperglycemia (glycogenolysis & 
gluconeogensis) 

8. Hypokalemia 
9. Arrhythmia 
10. Pulmonary edema 
11. Hypotension 
12. Renin secretion 

 
Decelerations 
- head -> cord -> uterus 

1. early decel – fetal head compression 
2. variable decel – umbilical cord compress 

- slowing of HR not related to contractions 
3. late decel – uteroplacental insufficiency 

- sign of uterine ischemia 
 
Ventilatory Changes in Pregnancy 

1. Increased MV – progesterone effect; 
increased TV with no increased resp rate 

2. Increased O2 consumption – decreased 
FRC + increased O2 consumption leads to 
faster hypoxia 

3. Decreased FRC – due to decreased RV; 
increased closing capacity + decreased 
FRC leads to faster shunting & increased 
hypoxia 

4. Decreased airway resistance – ? possible 
progesterone effect 

 
Pregnancy & Cardiac Output 
- (!) 50% increase of CO at term vs. preterm 
- (!) > 75% increase in CO at delivery 
- CO below pre-labor values ~ 48 hrs post-birth 
- 10% greater than pre-pregnancy at 2 wks  
- return to normal -> 12-24 wks post-partum 
 
Post-Dural Puncture Headache (! by:) 

1. young age 
2. female 
3. pregnancy 
4. large bore needle 
5. ? midline approach 

 
Blood / Systemic Reabsorption of LA 
(greatest -> least) 
tracheal > intercostal > caudal > epidural > 
brachial plexus > sciatic > femoral > spinal 

 
Pregnancy Cardio-Pulmonary Changes 

 
Maternal Changes with Pregnancy 
1. Musculoskeletal 
• Pubic symphysis widens 8 mm by 7th month 
• Widening of sacro-iliac joints 

2. Blood volume 
• Total blood volume increases ~ 50% 
• Relative anemia (increased plasma volume 

greater than cellular volume) 
3. Heart rate 
• Progressive elevation (increase of ~ 20 

beats/min greater than pre-pregnant state 
during the 3rd trimester) 

4. Blood pressure 
• Up to 15 mmHg decrease in systolic and 

diastolic BP during 2nd trimester (returns to 
normal near end of 3rd trimester) 

• Supine hypotension during 3rd trimester 
secondary to IVC compression. 

5. Cardiac output 
• Progressive increase 
• After 10 weeks, CO can become 1.5 L/min 

greater than baseline 
6. ECG 
• Increase in ectopic beats 
• Leftward deviation up to 15° 

7. Respiratory 
• Increased total oxygen consumption 
• Increased tidal volume  
• Mild increase in respiratory rate secondary 

to effects of progesterone 
• Relative hypocapnia in 3rd trimester 

 Umbilical vein (1) 
- oxygenated 

Umbilical art (2) 
- deoxygenated 

pH 7.35 7.28 
pCO2 40 50 
pO2 30 20 
Sat 70% 20% 
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Fetal Drug Concentrating Effects 
A. Fetal circulation – very little drug entering 

the fetus is seen by the fetal brain and heart 
because of first pass metabolism through 
the fetal liver and progressive dilution by 
blood returning to the heart from other 
parts of the fetal circulation 

B. Fetal pH is less than maternal pH (fetus 
more acidic) 
• local anesthetics can get "trapped" in the 

fetus causing levels that can exceed 
maternal levels (baby is slightly acidotic; 
therefore when B crosses and binds to 
H+, it combines and consequently 
becomes trapped as “BH+”) 

• 2-Chloroprocaine is recommended 
during fetal distress secondary to 
shortest half life 

C. Protein binding – low protein binding leads 
to high levels of "free" drug that can cross 
the placenta 

D. Fetal metabolism – immature metabolism 
contributes to elevated active drug levels 

Specific Drugs and Pregnancy 
1. Atropine - crosses placenta and can mask 

fetal distress 
2. Thiopental - crosses placenta rapidly but 

does not affect fetus due to redistribution 
and first pass effect 

3. Propofol - rapidly crosses the placenta in a 
dose dependent manner but has lesser 
affect on fetal BP than maternal BP 

4. Inhalation agents - rapidly cross placenta 
and equilibrate after ~15 min 

5. Opioids - cross placenta rapidly (Fentanyl 
has the lowest proportion)  

 
Drugs that do NOT cross the placenta   

(“He Is Going Nowhere Soon”) 
1. Heparin 
2. Insulin 
3. Glycopyrrolate 
4. Non-Depolarizing Muscle Relaxants 
5. Succinylcholine 

 
 
 

Regional 
 
Airway Innervation 
• Nasopharyngeal -  CN-5 
• Pharynx -  CN-9 
• Hypopharynx - CN-9&10 (??12) 
• Larynx / Trachea - CN-10 
 
Vocal Cord Innervation 

Nerve Sensory Motor 
1.  Superior 
Laryngeal n. 

 -Internal Div. 

Epiglottis to top 
of vocal chords 

None 

2.  Superior 
Laryngeal n. 

-External Div. 

None Cricothyroid 
muscle (chord 
adduction) 

3.  Recurrent 
Laryngeal n. 

Tissue below 
vocal chords 

All intrinsic 
muscles of the 
larynx (except 
Cricothyroid) 

 

 
Tracheal Anatomy (medial to lateral) 
** trachea -> recurrent laryngeal n. -> carotid a.   
-> vagus n. -> internal jugular v. -> phrenic n. 
 
Foot Innervation 
- 5 terminal nerves 
- branches of Sciatic & Femoral nerves 
1. Superficial peroneal – branch of Sciatic n.; 

sensory dorsum foot & toes; cuff block 
between medial & lateral malleolus 
anteriorly 

2. Deep peroneal – branch of Sciatic n.; 
sensory between great and 2nd; block 
between toes as above; motor to toe flexors 

3. Sural – branch of Sciatic n.; sensory to 
posterior lateral leg, lateral foot, and 5th toe; 
block posterior to lateral malleolus 

4. Posterior tibial – branch of Sciatic n.; 
sensory to plantar surface of foot; block 
posterior to medial malleolus 

5. Saphenous – branch of Femoral n.; sensory 
to anterior medial leg & medial foot; block 
anterior to medial malleolus 
• Saphenous n – L3-4 (from Femoral n.) 
• Tibial n – L4-5 – S1-2 (from Sciatic n.) 
• Sural n – S1-2 (from Sciatic n.) 

 
 
 
 

Hand Innervation 

 
 
Occulocardiac Reflex 
Trigemminal (CN-5) -> Vagus reflex (CN-10) 
-- Eye via long / short ciliary n. -> Ciliary 
ganglion -> CN-5 (V-1) via ophthalmic branch  
-> Gassarian ganglion -> lateral nucleus of 4th 
ventricle -> CN-10 -> heart 

 
 
Retrobulbar Block 
- blocks CN-3,4,6  
- eye opening is CN-3 (levator oculi) 
- eye closing is CN-7 (lateral temporal & 
zygomatic) => orbicularis oculi 
 
Neuraxial Blocks – Factors of Spread 

Spinal Epidural (SHAW) 
1. specific gravity / density  1. site 
                       (baricity) 2. speed of injection 
2. volume / concentration 3. height 
3. injection site 4. age 
4. position of Pt 5. weight 
*material characteristics *Patient characteristics 
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High Thoracic Spinal 
- dimished cough 
- do not change ABG (phrenic n. is sufficient) 
- block cardiac accelerator nerves T1-4 => brady 
- decreased ERV by 20% 
- inspiratory capacity (IRV+TV) unaffected 
(diaphragm is C3-5) 
- closing capacity unaffected 
 
3-Chloroprocaine 
- preservative is Na+ bisulfite 
- not often used in epidural bc potential adhesive 
arachnoiditis 
- not used in regional bc of thrombophlebitis 
 
Lipid Solubility 
- fentanyl > dilaudid > morphine 
- most lipid soluable => fastest with least 
spread; decreased side effects 
- biphasic respiratory depression (1 hr & 24 hr 
with morphine) 
 
Pain Blockade Onset 
- sympathetics / pain / temp > proprio > touch / 
pressure > motor 
-factors: diameter, myelination, location in trunk 
- 1st – small unmyelinated (sympathetics) 
- 2nd – unmyelinated “C” fibers (pain & temp) 
- 3rd – small myelinated (proprioception, touch, 
pressure) 
- 4th – large myelinated (motor) 
 
Terms of Pain 
- allodynia – pain caused by stimulus that does 
not normally cause pain 
- hyperalgesia – increased response to a 
stimulus that is normally painful 
- dysesthesia – unpleasant / abnormal sensation 
(spontaneous or provoked) 
- neuropathic pain – pain initiated / caused by a 
primary lesion or dysfunction in the nervous 
system 
- anesthesia dolorosa – spontaneous pain in an 
area / region that is numb to touch (trigeminal 
neuralgia) 
 
Post-Dural Puncture Headache (! by:) 

6. young age 
7. female 
8. pregnancy 
9. large bore needle 
10. ? midline approach 

 
Blood / Systemic Reabsorption of LA 
(greatest -> least) 
tracheal > intercostal > caudal > epidural > 
brachial plexus > sciatic > femoral > spinal 
 
Neuraxial Blocks (interthecal additives) 
• Clonidine -> analgesia 
• Alpha agonists (neo & epi) -> analgesia 
• Epi -> reduces systemic uptake -> 

enhancement of local anesthetic effect -> may 
lead to increased hypotension from dense 
block 

 
 
 
 

Regional Blocks 
Interscalene Nerve Block 
- landmarks: C6-7 level, between the anterior & 
middle interscalene muscles 
- often ulnar n. sparing 

 
 
Sciatic Nerve Block 
- landmarks: PSIS, greater trochanter, sacral 
hiatus (bisect the midpoint of PSIS to GT and 
drop a perpendicular line to intersect SH to GT) 

 
 
Axillary Nerve Block 
- nerves: musculocutaneous, median, ulnar, 
radial 
- usually blocked using U/S for direct placement 
of local anesthetic 
- musculocutaneous n. blocked by infiltration of 
local into belly of coracobrachialis muscle 

 
 
Peripheral Nerve Injuries 
- ulnar nerve – #1 post-op peripheral neuropathy 
- brachial plexus – #2 post-op peripheral 
neuropathy 
- common peroneal nerve – most common lower 
extremity injury 
 
Symptom and Peripheral Nerve Injury 
1. wrist drop =  radial n.  
2. foot drop =  common peroneal n. 
3. claw hand =  ulnar n.  
4. OB / delivery =  obturator n. and femoral n. 
5. diabetic =  lateral femoral cutaneous n. 

(meralgia paresthetica) 
 
 
 

 
Peripheral Nerve Classification 
* A-alpha:  large diameter, fast conduction, 

motor fxn, myelinated 
* A-beta:  large diameter, proprioception, 

myelinated (somatic) 
* A-gamma:  medium diameter, efferent to 

muscle spindles, myelinated 
* A-delta:  medium diameter, pain/temp/touch, 

myelinated (somatic) 
* B:  small diameter, pre-ganglionic autonomic 

fxn, myelinated 
* C:  small diameter, post-ganglionic autonomic 

fxn (also pain/temp/touch), non-myelinated 
(visceral) 

 
Epidurals / Spinals & Anti-Thrombotics 
1. NSAID / ASA do not increase risk of 

perispinal hematoma 
2. d/c platelet inhibitors 5-14 days before 

placement (Clopidigrel & Ticlopidine) 
3. if… SQ Heparin or BID-LMWH (Lovenox) 

-> wait 8-12 hrs after dose 
4. if… Qd-LMWH (Lovenox) -> wait 18 hrs 

after dose 
5. d/c epidural catheter just before next 

scheduled SQ dose 
6. anticoagulant prophylaxis should be delayed 

“2hrs” after spinal placement or epidural 
catheter removal 

7. do not place epidural if INR > 1.3 or 
removal if INR > 1.5 

 
 
 
 
 
  

16



General / Machine 
 
Total Body Water 
TBW (60%)    -> Intracellular – 2/3 (40%) 

-> Extracellular – 1/3 (20%) 
Extracellular   -> Extravascular – 3/4 (15%) 
         -> Intravascular – 1/4 (5%) 
 

 
Modified Aldrete PACU Discharge Criteria 
- CCARO 
- each criteria has 0, 1, 2 scoring (max 10) 
- score greater than or equal to 9 for PACU d/c 

1. Consciouness 
2. Circulation 
3. Activity 
4. Respiration 
5. O2 sat 

 
Extubation Criteria 

9. VC > 15 cc/kg & TV > 5 cc/kg 
10. NIF > -25 cm H20 
11. RR < 30 & spontaneous 
12. PaO2 > 60 mmHg 
13. PaCO2 < 50 mmHg 
14. Awake and protecting airway 
15. Following commands 
16. Return of motor fxn (reversed) 

 
Soda Lime Equation 
CO2 + H20 $ H2CO3 
H2CO3 + 2 NaOH $ Na2CO3 + 2 H20 + heat 
Na2CO3 + Ca(OH)2 $ CaCO3 + 2 NaOH 
• Soda lime: 94% Ca(OH)2, 5% NaOH, 1% 

KOH, minor silica 
• Baralyme: 50/50 Ba(OH)2 & NaOH + H2O 

(no silica) 
• Absorbant capacity of soda lime: 26L of CO2 

per 100 gms absorbant 
• CO (carbon monoxide) formation: baralyme 

> soda lime 
 
Pulse Oximetry 
- frequency 940 nm -> 100% sat (observed red) 
- frequency 660 nm -> 50% sat (observed blue) 
- measures the difference between background 
absorption during diastole and peak absorption 
during systole 
- methylene blue has the greatest effect 
(decrease) in O2 sat / pulse ox measurement 
**Remember “40 – 50 – 60; 70 – 80 – 90 Rule” 
- saturation of 90% has ~ PaO2 of 65 mmHg 
- sat of 50% (p50) has ~ PaO2 of 27 mmHg. 

 
E-cylinders 

O2 N2O CO2 
625 L 1600 L 1600 L 

2200 psi 750 psi 850 psi 
Gas Liquid Liquid 

-120oC +36oC +31oC 
Green Blue Gray 

** nitrous liquid / gas equilibrium at 215 L @ 
750 psi 
** critical temperature – temp above which a 
substance can NOT be liquefied regardless of 
the pressure placed upon it 
 
Volatile Anesthetics (M-HIES-E-D-N on MA) 

 MAC Vapor 
Pressure 

B/G 
solubility 

Methoxyflurane 0.15 22 12 
Halothane 0.75 240 2.3 
Isoflurane 1.15 238 1.4 
Enflurane 1.68 175 1.8 
Sevoflurane 1.7 160 0.6 
Desflurane 5.7 670 0.42 
Ether 2.0 450 12 
Nitrous 105 --- 0.47 

VP / BP (vapor pressure to barometric pressure) 
- since VP stays the same a different altitudes, 
only the BP changes 
- therefore at higher altitude (" BP), the 
delivered concentration will be higher than the 
concentration on the vaporizer dial 
 
Poiseiulle Equation (laminar flow) 
Q = (π / 8) × [(ΔP × r4) / (μ  × L)] 
Q = flow        r = radius 
ΔP = pressure change / drop 
� = viscosity      L = length 

 
Turbulent Flow 
Q ≈ [  �(ΔP × r2)] / (δ × L) 
Q = flow        r = radius 
ΔP = pressure change / drop 
� = density      L = length 
 
Reynold’s Number (turbulent flow) 
- turbulence = number greater than 2000 
R# = (V × r × δ) / (μ) 
v = velocity    r = radius 
δ = density     μ = viscosity 
 
Flowmeters 
- low flow -> viscosity of gas (laminar flow 
with Poiseiulle equation & �) 
- high flow -> density of gas (turbulent flow 
with Reynold’s number & �) 
 
 
 
 

Law of LaPlace 
(“two weeks in Puerto Rico”) 
T × W = P × r 
 
Arterial Line Transducers 
- damping coefficient (Φ) 
Φ = (16μ / d3) × �(3LVd / πρ) 
� = viscosity of fluid 
d = tubing diameter 
L = length of tubing 
Vd = volume of displacement of transducer fluid 
(capacitance & compliance) 
� = density of fluid 
* ! Φ causes over-damping (under-resonance) 
* " Φ causes under-damping (hyper-resonance) 
 
Doppler 
- speed of sound in H2O => 1540 meters/sec 
 C = F x λ 

C = speed of sound 
F = frequency 
� = wavelength 

 
Pressures Areas for Anesthesia Machines 
* pressure sensor shut-off valve 
- aka: “fail safe valve” (~ 25 psi) 
- will not allow N2O to open unless > 25 psi of 
O2 available 
* first stage pressure regulator causes a decrease 
O2 / N2O psi from wall pressure (150 psi) to safe 
machine pressure of 45 – 55 psi. 
* second stage pressure regulator causes a 
decrease O2 / N2O psi from the machine (45 – 
55 psi) to 14 – 16 psi. 
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Anesthesia Machine Components 
A. Low Pressure System 
- breathing circuit has many components / 
connections that can develop leaks & malfxns 

1. Gas line from anesthesia machine to 
breathing circuit 

2. Reservoir bag connection 
3. One way valves (inspiratory / expiratory) 
4. Absorbent canisters 
5. Oxygen analyzer 
6. Gas sampling tubing 
7. Circuit pressure gauge 
8. Spirometer 
9. Ventilator connection 
10. Ventilator pressure connection (measures 

pressure for a ventilator disconnect alarm) 
11. Pop-off valve 

 
B. Wall Circuit 
- anesthesia machine is connected to the wall 
circuit by hoses (O2, N2O, and compressed air) 
- each hose has a gas specific coupling 
(Diameter Index Safety System [DISS] 
threaded body fittings) on each end which are 
designed to prevent accidental gas interchange 
- incoming wall pressure for O2, N2O, and 
compressed air should be ~ 50 psi and will be 
registered with the "line pressure" gauge on the 
anesthesia machine 
- the “fail-safe system” will activate when O2 
pressure is < 50 psi and prevent the flow of both 
nitrous oxide and compressed air and thereby 
not allow a hypoxic mixture to be released 
 
C. Tank Circuit 
- "E" cylinders are mounted to the anesthesia 
or larger “H” tanks mounted along the OR walls 
- the "E" cylinders are connected to the 
anesthesia machine with a "yoke" and "Pin 
Index" Safety System (PISS) 
- pin index system is used to prevent mounting 
the wrong tank into the "yoke", so that you 
cannot deliver the wrong gas to the respective 
flow meters (each of the gas pressures will be 
displayed by the gas specific gauges on the 
anesthesia machine) 
• tank pressure for O2 is 1500-1700 psi 
• tank pressure for N2O is 700-750 psi 

- the tank pressures are lowered to the working 
pressure of 50 psi by pressure reducing valves 
located in the anesthesia machine 
 
D. Flow Meters / Flush Valve 
- check that the flow meter ball or float for each 
of the specific gases (O2, N2O, and compressed 
air) rotates freely and is not jammed at the top 
of the flow meter 
- check that the flush valve operates freely and 
fills the reservoir bag rapidly 
 
Types of Heat Loss (in the OR): 

1. Radiation - accounts for 60% of heat loss 
2. Evaporation - from skin surface and lungs 

(insensible loss) account for 25% 
3. Convection - (12%) 
4. Conduction - (3%) 

 
 
 
 

OSHA 
- N2O < 25 ppm 
- halogenated + N2O < 0.5 ppm 
- halogenated agent alone < 2 ppm 
 
Mapleson Circuits 

 
** Controlled ventilation (best first) 
 “dog bites can ache” 
 D > B > C > A 
** Spontaneous ventilation (best first) 
 “all dogs can bite” 
 A > D > C > B 
 
Bain Circuit 
- same as Mapleson “D” exept that FGF tube is 
inside corrugated tubing (expiratory tubing) 
 
Jackson-Rees Modification 
- modification of Mapleson “E” circuit 
- adjustable unidirectional expiratory valve is 
incorporated into the reservoir bag  
- FGF inlet closest to patient 
 
 
 
 

ASA Physical Status Exam 
ASA 
Class 

Description 

1 Normal healthy patient 
2 Mild systemic disease and no functional 

limitation 
3 Severe systemic disease with some 

functional limitation 
4 Severe systemic disease that is a constant 

threat to life and functionally 
incapacitating 

5 Moribund patient not expected to survive 
24-hrs without surgery 

6 Brain dead patient whose organs are being 
harvested 

“E” Delay in operation presents risk to life or 
function of patient 

** Key Point:  The assessment is of physical function 
(what the patient is able to do) is of great importance 
on both written and oral exams.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Geriatric Anesthesia 
A. Cardiovascular 

1. decreased ability to increase heart rate in 
response to hypovolemia, hypotension, and 
hypoxia 

2. decreased arterial oxygen tension 
1.  decreased arterial elasticity / compliance 

which predisposes to increased afterload & 
LVH 

2. decreased cardiac reserve leads to 
exaggerated drop in BP on induction 

B. Respiratory 
1. decreased lung compliance 
2. increased propensity for atalectasis & V/Q 

mismatch 
3. impaired cough reflex 
4. decreased protective laryngeal reflexes and 

increased risk for aspiration 
C. Renal 

1. decreased renal tubular function 
(concentrating ability, sodium handling, 
diluting capacity, drug excretion) therefore 
greater risk for dehydration & fluid overload 

2. decreased renal blood flow & GFR 
D. GI 

1. decreased hepatic blood flow and therefore 
decreased first pass extraction 

2. decreased albumin leading to greater amounts 
of free drug that is normally protein bound 

3. decreased plasma cholinesterase, 
biotransformation, and oxidative metabolism 
phase-I (Propanolol & Midazolam) 

E. CNS 
1. decreased synthesis of neurotransmitters 
2. decreased dosage requirements for local 

anesthetics and inhalational anesthetics 
(MAC) 

3. increased cephalad spread of a given volume 
of epidural anesthetic but a shorter duration 

4. increased duration of spinal anesthetic 
F. Pharmacodynamics 

- decreased absolute number of receptors 
(receptor sensitivity variably increased / 
decreased) 

G. Pharmacokinetics 
1. decreased oral absorption, change in 

distribution, decreased muscle mass, 
increased adipose tissue, increased 
bioavailabilty, decreased albumin, altered 
protein binding, decreased clearance, 
decreased hepatic blood flow, decreased 
oxidative metabolism, decreased renal 
clearance 

2. decreased total body water and therefore an 
increased plasma concentration of water 
soluble drugs 

3. increased fat and therefore decreased plasma 
concentration of lipid soluble drugs but longer 
half-life elimination 

H. Inhalational 
1. MAC is decreased 4% per decade over 40 y/o 
2. many authors suggest that MAC for an 80 y/o 

is decreased ~ 25%) 
I. Non-Volatile agents 

1. slower redistribution (consider using half the 
dose of propofol & STP) 

2. opioids: 1) smaller initial volume of 
distribution (higher serum levels of Fentanyl, 
MS, and Demerol) and 2) a longer half-life 
and increased brain sensitivity (initial dosing 
decreased by approximately 25-50%) 

3. Midazolam: fat soluble at physiologic pH 
(longer half-life) 

4. muscle relaxants:  delayed onset secondary to 
decreased CO and reduced blood flow to 
muscle (also slower relaxant recovery from 
decreased hepatic & renal function) 
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Equations 
 
Oxygen Content 
    CaO2 = (1.34 x Hgb x Sat) + (0.003 x PaO2) 
 
Oxygen Delivery 
- useful for titrating the amount of PEEP 
 O2 delivery = CO × Hgb × O2 sat 
 
Shunt Fraction (Qs / Qt) 
- normal ~ 4-6% 
- for every increase of 20 mmHg in A-a 
difference, there is a 1% increase of shunt 
fraction in cardiac output 
    Qs / Qt = (CcO2 – CaO2) / (CcO2 – CvO2) 
 
Alveolar PO2 
    PAO2 = (Pbar – PH20) × FiO2 – (PaCO2 / 0.8) 
 
A-a Gradient 
- Alveolar to arterial gradient 
 PAO2 - PaO2 
 
Dead Space 
- normal ~ 0.3 
- PeCO2 is partial pressure of expired CO2 
(mixed expired CO2 tension) 
 Vd / Vt = (PaCO2 - PeCO2) / PaCO2 
 
Fick’s Equation 
Q = VO2 / [(CaO2 – CvO2) × 10] 
Q = cardiac output 
VO2 = O2 consumption (~ 4 ml/kg) 
CaO2 = arterial O2 content 
CvO2 = mixed venous O2 content 
 
Fick’s Law of Diffusion 
 V = D × [A (P1-P2) / T] 
V = rate of diffusion 
D = diffusion coeffient of gas 
A = area of membrane 
P1-P2 = transmembrane partial pressure gradient 
T = membrane thickness 
 
Systemic Vascular Resistance 
- normal is ~ 1200-1500 dynes-sec-cm-5 
SVR = (MAP – CVP) / CO × 80 
 
Pulmonary Vascular Resistance 
- normal is ~ 200 dynes-sec-cm-5 
PVR = (mean PA – PCWP) / CO × 80 
 
Flow Through Vaporizer 
Fvap = (%)(Fdil)(Patm - VPanes) / (VPanes) - (%)(Patm) 
[%] = concentration % 
Fdil = flow of dilutent gas 
Patm = atmospheric pressure (750 torr) 
VPanes = vapor pressure of anesthetic gas 
 
Anesthetic Vapor Concentration Percent 
[%]= (Fvap)(VPanes) / (Patm)(Fvap-Fdil)-(VPanes)(Fdil) 
 
Law of LaPlace 
(“two weeks in Puerto Rico”) 
T × W = P × r 
T = wall tension W = wall thickness 
P = pressure r = radius 
 
 

Parkland Formula (for burns) 
Fluid in 24 hrs = 4 × wt(kg) × % area burned 
 
Equality Numbers 
14.7 psi = 750 mmHg = 1 atm 
1 mmHg = 1.36 cm H20 
44 gms = 1 mole = 22.4 liters 
 
Laminar Flow (μ) [Poiseiulle Equation] 
 Q = (π / 8) × [(ΔP × r4) / (μ  × L)] 
Q = flow        r = radius 
ΔP = pressure change / drop 
� = viscosity      L = length 

 

 
 
Turbulent Flow (�) 
 Q ≈ [�(ΔP × r2)] / (δ × L) 
Q = flow        r = radius 
ΔP = pressure change / drop 
� = density      L = length 
 
Reynold’s Number (turbulent flow) 
- turbulence = number greater than 2000 
 R# = (V × r × δ) / (μ) 
v = velocity    r = radius 
δ = density     μ = viscosity 
 
Graham’s Law 
- diffusion coefficient is inversely proportional 
to the square root of the molecular weight 
 
Soda Lime Equation 
CO2 + H20 $ H2CO3 
H2CO3 + 2 NaOH $ Na2CO3 + 2 H20 + heat 
Na2CO3 + Ca(OH)2 $ CaCO3 + 2 NaOH 
 
Altitude Changes with Delivered Anesthetic 
Gas Concentration 
VP / BP (vapor pressure to barometric pressure) 
- since VP stays the same a different altitudes, 
only the BP changes 
- therefore at higher altitude (" BP), the 
delivered concentration will be higher than the 
concentration on the vaporizer dial 
 
Cerebral Blood Flow 
50 cc / 100 gm tissue / min 
 
O2 Delivery (ml / min / m2) 
 DO2 = CI × CaO2 
 
 

Mixed Venous O2 Saturation 
    SvO2 = SaO2 – [(VO2) / (CO × Hgb × 13)] 
 
Henderson – Hasselbalch Equation 
    pH = 6.1 + log [(HCO3-) / (0.03 × PaCO2)] 
 
Ohm’s Law 
 E = I × R 
E = volts (electromotive force) 
I = amps (current flow) 
R = ohms (resistance) 
 
Electrical Power 
 W = E × I 
 also W = I2 × R 
 
Hertz = cycles per sec (2 Hz = 120 cycles/min) 
 
Max Allowable Blood Loss (ml) 
     ABL = [EBV x (HCTs – HCTf)] / [(HCTs)] 

HCTs = starting HCT 
HCTf = lowest acceptable HCT 

- assumes that the patient is being expanded 
with crystalloid 
 
Blood Volumes per Life Stage 

Preterm Neonate 100 ml/kg 
Term Neonate 90 ml/kg 

Infant 80 ml/kg 
Child 70 ml/kg 
Adult 60 ml/kg 

 
Oxy-Hemoglobin Dissociation Curve 
- adult P50 = 27 mmHg (partial pressure of O2 
when sat is 50%) 
- fetal P50 = 19 mmHg (left shift; increased lung 
O2 loading) 
- normal PvO2 = 35-45 mmHg (O2 sat 65-75%) 
 

Left Shift Right Shift 
! lung O2 loading ! tissue O2 loading 
" H+ (alkalosis) ! H+ (acidosis) 
" temp ! temp 
" 2,3-DPG ! 2,3-DPG 
methemoglobin ! CO2 
CO hemoglobin volatile anesthetics, 

anemia, high altitude, 
cirrhosis, pregnancy (P50 
~ 30), abnormal Hgb 
(sickle cell, thalassemia) 
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Statistics 
 
Types of Data 
1.  Interval Data 

Continuous (e.g., 1, 2, 3, 4, etc.) 
Discrete (e.g., 2.3 children) 

2.  Categorical Data 
Ordinal (e.g., 1st, 2nd, etc.) 
Binary (e.g., Male/Female) 
Multiple (e.g., Red/Green/Blue) 

 
Measures of Central Tendency 
1.  Mean – Sum of observations divided by total 
number (3,4,5,6,7 = 25/5=5) 
2.  Median – The middle observation when 
arranged in order (1,2,3,4,5 = 5) 
3.  Mode – The most frequently occurring 
observation (1,2,3,4,4 = 4) 
 
Measures of Frequency!
- Percentile – percentage of a distribution below 
a certain value 
- Percent of Observations – the range of data 
from the 25th to the 75th percentile 
 
Measures of Dispersion 
- Range – the difference between largest and 
smallest observations. 
- Variance – the square of the deviation of the 
observation from the mean divided by the total 
number of observations. Used for theory and 
development of formulas. 
- Standard Deviation – the square root of the 
variance and is the measurement of variability 
around the mean, with unit values. 
- Standard Error of the Mean – is derived from 
the standard deviations of multiple samples. 
Follows normal distribution, is described by the 
formula: SEM = SD/ �N 
 

 

 
 
 
 
 
 

 
 
Testing Normal vs. Abnormal Distributions 
1. Parametric statistical method – to be used when 
data follow a normal distribution of interval data. 
    a. Refers to ability to describe distribution with a 
specific set of values 
   b. Types of tests 
      1) T-test – Must be used when making inferences 
about means that are based on estimates of population 
parameters. 
         i. Use when question involves only one or two 
means, or when making only one comparison, or 
N<100 
         ii. Unpaired t-test to compare two groups 
(example – compare mean heights of basketball vs. 
football players to see if there is any correlation 
between height and profession) 
         iii. ANOVA – analysis of variance, to be used 
when comparing more than two means or more than 
two groups (a favorite on boards!) (add hockey player 
to above example) 
         iiii. Paired t-test to compare two paired groups 
(example – compare mean blood pressure before and 
after administration of a drug on same subjects) 
      2) Z-test – Concerned with how many standard 
deviations above or below the mean of actual data 
points. 
         i. Similar to t-test but can only be used if N>100 
         ii. Based on actual data rather than estimates 
 
2. Nonparametric statistical method – to be used with 
abnormal (skewed) distributions or with categorical 
data. 
    a. This method makes fewer math assumptions and 
thus is considered “less robust” but thus also can be 
more accurate. 
    b. Two most common are chi-square and Fisher’s 
      1) Chi-Square – used to compare frequencies or 
proportions (e.g., are the proportions different than 
would be expected by chance?) 
      2) Fisher’s Exact Test – used in same situations as 
above but only when expected frequencies are small 
(e.g. <2 or if 20% are <5) 
 
3. Regression analysis 
    a. Univariate – uses only one variable for data fit 
(e.g. weight compared with height) 
    b. Multivariate – uses more than one variable (e.g. 
weight compared with height, age, and gender) 
 
Study Design 
1. Observational Studies – gather data without 
performing any specific intervention 
2. Interventional Studies – we pick the group, 
determine what is being done, and collect data 
(e.g., a clinical trial) 
3. Types of bias 
    - Selection – e.g., who responds to survey 
    - Confounding – e.g., obesity on longevity, 
but DM can be present and confounding 
    - Measurement – e.g., patients with known 
CAD vs. unknown CAD tend to remember pain 
quality and quantity better 
4. Blinded vs. double-blinded 
5. Case control – factors separating groups 
determined after intervention 
6. Cohort – Study group monitored and 
assembled before the intervention 
** Double blinded, randomized, controlled 
clinical trial is the gold standard 
 
 
 
 

 
 
Hypothesis Testing 
• Null Hypothesis – There is NO difference 
between the two groups of data 
• Alternative Hypothesis – There is a difference 
between the groups of data 
• P-Value – The probability of obtaining a 
certain data set if in fact the null hypothesis 
were to be true and correct 
    1. P-Value is NOT the probability that the 
alternative hypothesis is true 
    2. P-Value is essentially the chance that the 
null was true, but through bad luck data came 
out this way anyway 
• Alpha Value – Arbitrarily chosen level of 
significance (typically .05); thus we can say that 
if P<Alpha (.05) the result is statistically 
significant and accepted as true. If P>Alpha 
(.05) we reject the alternative hypothesis and 
accept the null hypothesis. 
• Alpha Error – Also called Type 1 error, 
defined as falsely Accepting the Alternative 
hypothesis (Gullibility) 
    1. Alpha, type 1, g comes before s in alphabet 
    2. Also, Gary Stier 
• Beta Error – Also called Type 2 error, defined 
as falsely accepting the null hypothesis 
(Skepticism) 
    1. Beta, type 2, s comes after g in alphabet 
    2. Gary Stier 
• Power – A description of the ability of the 
study to detect a true difference (calculated as 1-
beta) 
 
Epidemiology 
1. Incidence (Absolute Risk) – Number of new 
events in a specific time interval divided by the 
number at risk. 
2. Prevalence - Number of individuals with 
given disease at given point in time divided by 
population at risk at that point. 
3. Mortality – Incidence of death in a specified 
population during a specific time period. May 
be crude or disease-specific. 
4. Relative Risk (Risk Ratio) – Incidence in 
exposed individuals divided by the incidence in 
unexposed individuals (ratio of the probability 
of two events). A value of 1 means that there is 
no difference, greater than 1 means the event is 
more likely in the first group, less than one 
means it is less likely in the first group. 
5. Odds Ratio – Odds that a case patient has 
been exposed divided by the odds that a control 
patient has been exposed.  A way of comparing 
whether the probability of a certain event is the 
same for two groups.  A value of 1 means that 
there is no difference, greater than 1 means the 
event is more likely in the first group, less than 
one means it is less likely in the first group. 
Derived from a case-controlled study. 
6. Attributable Risk (Risk Difference) – The 
difference between the incidence of a disease in 
exposed persons and non-exposed persons. 
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Measures of Diagnostic Test Accuracy 
1.  Sensitivity – The number testing positive that 
have the disease divided by the total number 
tested who have the disease (TP/(TP+FN)). 
Used for screening. 

 
 
2.  Specificity – The number testing negative 
that do not have the disease divided by the total 
number tested who do not have the disease 
(TN/(TN+FP)). Used for confirming. 

 
 
3.  Positive Predictive Value – The number who 
test positive and have the disease divided by the 
total number who test positive (TP/(TP+FP)). 
Represents the likelihood that a patient with a 
positive test has the disease. 

 
 
4.  Negative Predictive Value – The number 
who test negative and do not have the disease 
divided by the total number who test negative 
(TN/((TN+FN)). Represents the likelihood that 
a patient who has a negative test is free of the 
disease. 

 
 
5.  Accuracy – The number of true positives plus 
true negatives divided by the total number of 
observations (TP+TN)/Total. 
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