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Anesthesia

31.01 American Society of Anesthesiologists Physical Status Classification System

Overview:

The American Society of Anesthesiologist classification system is used to stratify patients preoperatively by risk.

ASA I

• patient's health: excellent, with no systemic disease

• limitations on activity: none

• danger of death: none

• excluded: persons at extremes of age (very young, very old)

ASA II

• patient's health: disease of one body system

• status of underlying disease: well-controlled

• limitations on activity: none

• danger of death: none

ASA III

• patient's health: disease of more than one body system or one major system

• status of underlying disease: controlled

• limitations on activity: present but not incapacitated

• danger of death: no immediate danger

ASA IV

• patient's health: poor, with at least one severe disease

• status of underlying disease: poorly controlled or end-stage

• limitations on activity: incapacitated

• danger of death: possible

ASA V

• patient's health: very poor, moribund

• limitations on activity: incapacitated

• danger of death: imminent

31.02.11 Ramsay Sedation Score

Overview:

The Ramsay score is commonly used to assess the level of sedation in patients receiving intravenous sedation. 

	Clinical Status
	Score

	patient anxious, agitated or restless  
	1

	patient cooperative, oriented and tranquil
	2

	patient asleep, responds to commands only
	3

	patient  asleep, responds to gentle shaking, light glabellar tap or loud auditory stimulus
	4

	patient asleep, responds to noxious stimuli such as firm nailbed pressure
	5

	patient asleep, has no response to firm nailbed pressure or other noxious stimuli
	6


Interpretation

• score of 1: inadequate sedation

• scores 2 - 4: acceptable sedation

• score 5 or 6: excessive sedation

31.05.02 Postanesthetic Recovery Score of Aldrete and Kroulik

Overview:

Recovery following anesthesia can be monitored by assessment of clinical findings.

Evaluation

• movement of extremities (as a measure of muscle activity)

• respiration

• systolic blood pressure (as a measure of circulation)

• level of consciousness

• skin coloration

Assessment is conducted at arrival to the recovery room, then at 1 hour, 2 hours and 3 hours after arrival.

• some hospitals include assessments every 15 minutes during the first hour after arrival in the recovery room

	Parameter
	Finding
	Points

	movement of extremities
	able to move 4 extermities voluntarily or on command
	2

	
	able to move 2 extermities voluntarily or on command
	1

	
	able to move 0 extermities voluntarily or on command
	0

	respiration
	able to deep breathe and cough freely
	2

	
	dyspnea or limited breathing
	1

	
	apneic
	0

	systolic blood pressure
	blood pressure +/- 20% of preanesthetic level
	2

	
	blood pressure +/- 20-50% of preanesthetic level
	1

	
	blood pressure +/- 50% of preanesthetic level
	0

	level of consciousness
	fully awake
	2

	
	arousable on calling
	1

	
	responding
	0

	skin coloration
	pink
	2

	
	pale, dusky, blotchy, jaundiced, other
	1

	
	cyanotic
	0


Interpretation

• maximum score 10

• minimum score 0

• the higher the score the better, with 10 indicating best possible condition

• scores of 8-9 are considered safe

• scores 7 or lower are considered low or dangerous 

31.03 Tracheal Intubation and Mask Ventilation

31.03.01 Mallampati Score

Overview:

The Mallampati score is a simple grading system evaluating the size of the base of the tongue, which is felt to be an important factor determining the degree of difficulty in direct laryngoscopy.

Technique:

• The patient sits upright with the head in the neutral position.

• The patient is asked to open the mouth as widely as possible and to protrude the tongue to the maximum.

• The observer sits opposite at eye level and with a light source inspects the pharyngeal structures.

Original Score

	Visibility of Pharyngeal Structures
	Class

	uvula, faucial pillars, and soft palate visible
	I

	faucial pillars and soft palate visible
	II

	only soft palate visible
	III


Modification of Samsoon and Young

	Visibility of Pharyngeal Structures
	Class

	uvula, fauces, pillars, and soft palate visible
	I

	fauces, soft palate, and uvula visible
	II

	soft palate and base of uvula visible
	III

	soft palate not visible
	IV


31.03.02 Laryngoscopy Viewing Grade

Overview:

A difficult orotracheal intubation can occur when there is less than adequate exposure of the glottis by direct laryngoscopy.

	Visibility on Direct Laryngoscopy
	Grade

	glottis fully exposed, including anterior and posterior commissures
	1

	glottis partially exposed, with failure to visualize the anterior commisure
	2

	glottis not exposed, with only corniculate cartilages visualized; only the tip of the epiglottis visible
	3

	no glottis structures visualized, including corniculate cartilages
	4


Interpretation

• adequate exposure: Grades 1 and 2

• inadequate exposure: Grades 3 and 4

31.03.03 Risk Index for Difficult Tracheal Intubation

Overview:

Multivariate analysis of the variables affecting difficult tracheal intubation allows development of a risk index which can be used to assess patients prior to intubation. The 7 variables identified are independent predictors of difficulty with tracheal visualization.

	Variable
	Finding
	Points

	mouth opening
	>= 4 cm
	0

	
	< 4 cm
	1

	thyromental distance
	> 6.5 cm
	0

	
	6.0 - 6.5 cm
	1

	
	< 6.0 cm
	2

	Mallampati score
	I
	0

	
	II
	1

	
	III
	2

	neck movement
	> 90°
	0

	
	80 - 90°
	1

	
	< 80°
	2

	ability to prognath
	yes
	0

	
	no
	1

	body weight 
	< 90 kilograms
	0

	
	90 - 110 kilograms
	1

	
	> 110 kilograms
	2

	history of difficult intubation
	none
	0

	
	questionable
	1

	
	definite
	2


risk index score =

= (points for mouth opening) + (points for thyromental distance) + (points for Mallampati score) + (points for neck movement) + (points for ability to prognath) + (points for body weight) + (points for history of difficult intubation)

Interpretation

• minumum score: 0

• maximum score: 12

• index score >= 4: difficult tracheal intubation likely

• index score < 4: difficult tracheal intubation unlikely

31.03.04 Algorithm for Recognition of the Difficult Airway for Tracheal Intubation

Overview:

Clinical recognition of a difficult airway is needed before tracheal intubation is attempted.

Steps

(1) apply the Mallampati classification

(2) measure the thyromental distance

(3) assess mobility of neck joints

(4) view the head and neck frontally and in profile

	Problem recognition
	Abnormal Finding

	thyromental distance
	< 6 cm

	flexion of the neck
	restricted flexion

	extension of the neck
	restricted extension at the atlanto-occipital joint

	structure of head and neck
	short neck, micrognathia, maxillary dental overbite


Interpretation

	Mallampati Score
	Abnormal Finding Present?
	Likelihood of Difficulty 

	1
	No
	low

	1
	Yes
	moderate

	2
	No
	moderate

	2
	Yes
	high

	3
	No
	high

	3
	Yes
	high


31.03.05 A Comprehensive Scoring System for Predicting Difficult Intubation

Overview:

A scoring system based on physical attributes can be used to identify patients at risk for difficult tracheal intubation.

Definitions

• thyromental distance (TMD): thyroid prominence to the chin

• vertical neck length: thyroid prominence to sternal notch

• neck circumference: circumference at the level of the cricoid

• anterior subluxation: ability to protrude the lower incisors beyond the upper incisors

	Parameter
	Score

	receding chin or TMD < 7 cm
	3

	Mallampati's sign (uvula not visible)
	2

	restricted neck extension
	2

	protruding teeth
	2

	mouth opening < 4 cm
	2

	vertical neck length < 7.5 cm
	1

	neck circumference > 33 cm
	1


score =

= SUM(scores for parameters present)

	Compensatory Factors
	Score

	anterior subluxation possible
	-1

	mouth opening > 5 cm
	-1

	vertical neck length > 8 cm
	-1

	thyromental distance > 8 cm
	-1

	edentulous
	-1


adjusted score =

= (score above) + SUM(compensatory factor scores)

Interpretation

• maximum score: 13

• minimum score: 0

• minimum adjusted score: -5

• It is considered better to prepare for a difficult intubation unnecessarily (false positives) than not to be prepared for one (false negative).

	
	difficult intubations
	easy intubations

	score >= 6
	22
	50

	score <= 5
	1
	227

	adjusted score >= 6
	20
	36

	adjusted score <= 5
	2
	241


31.03.06 Predictive Rule for Difficult Intubation of Wilson et al

Overview:

A simple predictive rule based on adverse risk factors can identify patients who may be difficult to intubate.

Difficulty at laryngoscopy defined as the inability to see the arytenoids.

Risk factors

(1) body weight

(2) head and neck movement

(3) jaw movement, based on inter-incisor gap and subluxation

(4) receding mandible

(5) buck teeth

	Risk Factor
	Finding
	Level

	weight
	< 90 kg
	0

	
	90 - 110 kg
	1

	
	> 110 kg
	2

	head and neck movement
	> 90°
	0

	
	about 90° (i.e., +/- 10°)
	1

	
	< 90°
	2

	jaw movement
	inter-incisor gap >= 5 cm or subluxation > 0
	0

	
	inter-incisor gap < 5 cm and subluxation = 0
	1

	
	inter-incisor gap < 5 cm and subluxation < 0
	2

	receding mandible
	normal
	0

	
	moderate
	1

	
	severe
	2

	buck teeth
	normal
	0

	
	moderate
	1

	
	severe
	2


risk sum score =

= (level for weight) + (level for head and neck movement) + (level for jaw movement) + (level for receding mandible) + (level for buck teeth)

Interpretation

• minimum score: 0

• maximum score: 10

• The decision level selected depends on the prevalence of difficult intubations in the population and the tolerance for missing a difficult intubation. Using a lower risk sum score will include more cases of difficult intubation, but would include more cases as "false positives" (not difficult to intubate).

	Risk Sum Score
	percent of patients difficult to intubate 
	percent of patient not difficult to intubate included

	>= 1
	92%
	26%

	>= 2
	75%
	12%

	>= 3
	50%
	4.6%

	>= 4
	42%
	0.8%

	>= 5
	17%
	0.3%

	>= 6
	8%
	0%


31.07 Malignant Hyperthermia Clinical Grading Scale

Overview:

Malignant Hyperthermia (MH) is an uncommon inherited skeletal muscle disorder in which skeletal muscle hypermetabolism may be triggered by commonly used anesthetic agents. The diagnosis of an acute reaction can be difficult because of nonspecific and variable manifestations in clinical findings and laboratory test changes.

Difficulties in diagnosis

• lack of precise defining characteristics with no gold standard to aid in diagnosis

• the caffeine halothane contracture test requires an open muscle biopsy and is difficult to interpret due to the absence of recognized gold standard for diagnosis

• molecular tests are still under development

• an MH susceptible person may not consistently develop an MH event after an exposure to MH-triggering anesthetics

• inheritance appears to be autosomal dominant, but penetrance is variable

	Process
	Indicator
	Points

	rigidity
	generalized musclular rigidity (in absence of shivering due to hypothermia, or during or immediately following emergence from inhalational general anesthesia.
	15

	
	masseter spasm shortly following succinylcholine administration
	15

	muscle breakdown
	elevated creatine kinase > 20,000 IU/L after anesthetic that included succinylcholine
	15

	
	elevated creatine kinase > 10,000 IU/L after anesthetic without succinylcholine
	15

	
	cola colored urine in perioperative period
	10

	
	myoglobin in urine > 60 µg/L
	5

	
	myoglobin in serum > 170 µg/L
	5

	
	blood, plasma or serum potassium > 6 mEq/L in the absence of renal failure
	3

	respiratory acidosis
	PETCO2 > 55 mm Hg with appropriately controlled ventilation
	15

	
	arterial PaCO2 > 60 mm Hg with appropriately controlled ventilation
	15

	
	PETCO2 > 60 mm Hg  with spontaneous ventilation
	15

	
	arterial PaCO2 > 65 mm Hg with spontaneous ventilation
	15

	
	inappropriate hypercarbia (in anesthesiologist's judgment)
	15

	
	inappropriate tachypnea
	10

	temperature increase
	inappropriately rapid increase in temperature (in anesthesiologist's judgment)
	15

	
	inappropriately increased temperature > 38.8 °C (101.8 °F) in the perioperative period (in the anesthesiologist's judgment)
	10

	cardiac involvement
	inappropriate sinus tachycardia
	3

	
	ventricular tachycardia or ventricular fibrillation
	3

	other conditions
	arterial base excess more negative than -8 mEq/L
	10

	
	arterial pH < 7.25
	10

	
	rapid reversal of MH signs of metabolic and/or respiratory acidosis with IV dantrolene
	5

	family history
	positive MH family history in relative of first degree
	15

	
	positive MH family history in relative not of first degree
	5

	other conditions used for susceptibility only
	positive MH family history together with another indicator from the patient's own anesthetic experience other than elevated resting serum creatine kinase
	10

	
	resting elevated serum creatine kinase (in patient with a family history of MH)
	10


Scoring rules

• if no indicator is present for a process, then 0 is assigned

• if more than indicator is present for a process (except the "other conditions"), the maximum score is used

• family history is used to determine malignant hyperthermia susceptibility only and is not included in the event raw score

• "other conditions used for susceptibility only" is not included in the event raw score

• "other conditions" are added without regard to double-counting

• the susceptibiltiy score consists of the (score for highest ranking MH event) + score for family history + score for "other conditions used for susceptibility only"; I interpret this as the maximum event for raw score (up to 15) rather than the raw score itself; the maximum sum of maximum family history score (maximum 15) and all of possible other scores (maximum 20) is 35

raw score for event =

= (maximum score for rigidity) +  (maximum score for muscle breakdown) + (maximum score for respiratory acidosis) + (maximum score for temperature increase) + (maximum score for cardiac involvement) + (sum of all "other conditions" scores)

score for susceptibility =

= (score for highest ranking MH event) + (maximum score for family history) + (sum of all "other conditions used for susceptibility only" scores)

Interpretation

• minimum raw score: 0

• maximum raw score: 15 + 15 + 15 + 15 + 3 + 25 = 88

• maximum susceptibility score: 15 + 35 = 50

• the assigned rank represents a lower bound on the likelihood of malignant hyperthermia; it is a qualitative indicator only

• the scoring system is intended to aid in research rather than for use by the clinician

	Raw Score Range
	MH Rank
	Description of Likelihood

	0
	1
	almost never

	3 - 9
	2
	unlikely

	10 - 19
	3
	somewhat less than likely

	20 - 34
	4
	somewhat greater than likely

	35 - 49
	5
	very likely 

	>= 50
	6
	almost certain


31.09 Calculating the Cost of Anesthetic Vapors Using the Equation of Dion

Overview:

Dion described an equation to estimate the cost of anesthetic used during a surgical procedure.

cost of anesthetic in dollars =

= ((anesthetic vaporizer concentration in percent) * (fresh gas flow in liters per minute) * (duration of anesthesia in minutes) * (molecular weight of anesthetic in grams) * (cost in dollars per mL)) / (2,412 * (density in grams per mL))

where:

• An anesthetic concentration of 0.X% is entered as 0.X

• The equation assumes a temperature of 21°C.

• The factor 2412 is related to the molar volume of a gas (it appears to be 100x the molar volume in liters).

Coagulation

04.01.01 Protocols for Heparin Therapy Based on aPTT

Overview:

Heparin therapy needs to be adjusted to maintain the patient in an anticoagulated state sufficient to prevent thrombosis, yet not result in excessive hemorrhage. Based upon changes in monitoring tests, heparin administration can be adjusted to keep the patient within the desired therapeutic range. The aPTT is widely available for monitoring, with the decision points given as multiples of the mean for the reference range. However, different commerical aPTT reagents vary in their responsiveness to heparin, so that this process can be misleading. Therefore, it is recommended that the heparin response curve be studied, where a given test system's aPTT results can be plotted versus heparin levels. Antifactor Xa levels can also be monitored, but this testing is often not readily available.

Initial heparin dosing

• bolus of 80 IU per kilogram

• infusion of 18 IU per kilogram per hour

• order aPTT 6 hours after heparin bolus

Adjusting Infusion based on aPTT

	aPTT
	Adjustment

	< 1.2 times mean of reference range
	repeat 80 IU/kg bolus, then increase infusion rate by 4 IU/kg per hour 

	1.2-1.5 times mean of reference range
	give 40 IU/kg bolus, then increase infusion rate by 2 IU/kg per hour

	1.5-2.3 times mean of reference range
	no change (therapeutic range)

	2.3-3.0 times mean of reference range
	decrease infusion rate by 2 IU/kg per hour

	> 3 times mean of reference range
	hold infusion 1 hour, then decrease infusion rate by 3 IU/kg per hour


Ongoing monitoring

• order aPTT 6 hours after any dosage change

• once 2 consecutive aPTTs are within the therapeutic range, monitor the aPTT every 24 hours and adjust infusion accordingly

Target for aPTT monitoring used is the multiples of mean for reference range

• therapeutic range: 1.5-2.5 times mean of normal range

Example from small community hospital

• reference range for aPTT: 20-36 seconds, with mean 28 seconds

• multiples of mean for aPTT: 1.5 times is 42 seconds, 2 times is 56 seconds, 2.5 times is 70 seconds

• recommended therapeutic range: 56-70 seconds

Note:

• see if actual body weight or ideal body weight should be used for calculations

04.01.02 Protocol for Heparin Therapy Based on Heparin Dose Response Curve

Overview:

The protocol based on the heparin dose response curve is similar to that based on the reference range for aPTT, except that the decision points are based on the aPTTs corresponding to known heparin concentrations, rather than based on a multiple of the mean.

Target for aPTT monitoring used is based on the heparin response curve

• therapeutic range: aPTT correspondings to heparin levels of 0.2-0.3 or 0.2-0.4 IU/mL

Example from small community hospital for a heparin response curve

• aPTT at 0.1 IU/mL 38.4 seconds 

• aPTT at 0.2 IU/mL 55 seconds

• aPTT at 0.3 IU/mL 74.5 seconds

• aPTT at 0.4 IU/mL 99 seconds

04.01.03 Reversal of Heparin Therapy

Overview:

In the event of heparin overdosing it may be necessary to reverse the heparinization in order to prevent severe hemorrhage. Protamin sulfate can be used for this purpose. 1 milligram of protamine sulfate will reverse the effect of 100 units of heparin. The half-life of heparin increases with increasing dose. If we assume 1st order kinetics, 4-5 half-lives will eliminate almost all of the heparin in the patient.

Heparin half-life is dose-dependent and increases with dose:

• 30 minutes at dose of 25 IU/kg

• 60 minutes at 100 IU/kg

• 150 minutes at 400 IU/kg

An equation approximating this:

heparin half-life in hours =

= ((heparin dose in IU per kg) * 0.005238) + 0.41667

With first order kinetics:

(amount of heparin in the body at time T) =

= (original dose of heparin) * (e^((-1) * k * T)) 

where:

• k = ((0.693) / (half-life))

From the original dose and time, the number of units of heparin present at a given time can be calculated. This amount divided by 100 will give the number of milligrams of protamine sulfate to administer.

Excess protamine sulfate should be kept to a minimum, since it too will exert an anticoagulant effect.

Note:

• see if actual body weight or ideal body weight should be used for calculations

04.01.04 Heparin Anticoagulation During Slow, Continuous Therapies for Renal Failure

Overview:

Slow, continuous therapies for renal failure are used in critically ill patients and may involve hemodialysis or hemofiltration. Anticoagulation during the procedure needs to be carefully modulated to prevent both excessive bleeding and blood clotting in the therapeutic system.

Protocol for arteriovenous hemodialysis:

• Heparin in priming and rinsing solutions.

• Give a bolus of 2000 IU of heparin into the arterial line at the start of therapy.

• Begin a heparin infusion of 500 IU per hour.

Monitoring goals:

• maintain arterial PTT 40-45 seconds

• maintain venous PTT > 65 seconds

Adjusting anticoagulation

• If the arterial PTT is < 40 seconds, then increase heparin infusion by 100 IU per hour.

• If the arterial PTT is > 45 seconds, then decrease the heparin infusion by 100 IU per hour.

• If the arterial PTT is 40-45 seconds, and if the venous PTT is < 60 seconds, then increase the heparin infusion by 100 IU per hour.

Limitations:

• inadequate anticoagulation results in abnormal clotting, especially in the extracorporeal circuit, which can interfere with the effectiveness or terminate the procedure

• excessive anticoagulation can result in patient hemorrhaging

04.02.01 Calculating Amount of Factor Replacement

Overview:

In patients with coagulation factor deficiencies, administration of products rich in coagulation factors can help restore hemostasis. The dosage of the product depends on the severity of the deficiency, the level needed for hemostasis, the patient's plasma volume and the quantitiy of factor in the product.

Decide the minimum acceptable level to target therapy for. This usually is either the minimum level of the coagulation factor to maintain normal hemostasis or, if the patient has suffered trauma or needs major surgery, the minimum level needed to prevent excessive bleeding.

ideal number of factor units to give =

= ((increment wanted) * (plasma volume))

where 

• increment wanted = 

= (fractional change in activity between post- and pre-transfusional specimens) = (((percentage of activity after transfusion) - (percentage of activity before)) / 100)

• Fibrinogen is measured in mg/dL, not in units of activity per mL. In fibrinogen replacement calculations, the plasma volume needs to be converted to deciliters for dosage calculations.

actual number of factor units to give = 

= ((ideal number of factor units to give) / (fractional yield you "expect")) 

where

• fractional yield is the in vivo recovery

• For prothrombin complex, the fractional yield expected is 50%.

number of product units to give =

= ((actual number of factor units to give) / (number of factor units per product unit))

volume of product units given = 

= (number of product units to give) * (volume per product unit)

04.02.02 Data on Coagulation Factors

Overview:

The coagulation factors differ in the minimum quantity needed for hemostasis.

	Coagulation Factor
	Minimum Hemostasis
	Need in Major Surgery
	Half-Life

	Factor 1
	50 - 100 mg/dL
	 > 100 mg/dL
	3 - 6 day

	Factor 2
	10 - 20%
	30 - 40%
	50 - 80 hours

	Factor 5
	5 - 15%
	25%
	4.5 - 36 hours

	Factor 7
	5 - 10%
	10 - 20%
	2 - 5 hours

	Factor 8-AHF
	1 -  5%
	50 - 60%
	8 - 12 hours

	Factor 8-VWR
	25%
	25%
	24 hours

	Factor 9
	10 - 20%
	50 - 60%
	18 - 24 hours

	Factor 10
	5 - 10%
	15 - 20%
	20 - 42 hours

	Factor 11
	10 - 15% 
	15 - 30%
	40 - 80 hours

	Factor 12
	< 10%
	10%
	50 hours

	Factor 13
	1%
	5%
	7 - 14 days


1 unit of a coagulation factor is the factor activity present in 1 mL of normal male plasma; this is considered 100% of normal activity. Plasma levels also may be given in units per dL, with 100 units/dL equivalent to 1 unit/mL

Fibrinogen half-life is markedly reduced in fibrinolytic states.

Treatment of von Willebrand's disease requires replacement of both Factor 8-AHF (procoagulant) and Factor 8-VWF. Factor 8 concentrates supply the former but not the latter, so that cryoprecipitate is the product of choice in replacement therapy.

Usually factor 12 deficiency does not require replacement therapy.

Factor Content of Plasma Products

	
	FFP 
	Cryoprecipitate

	Volume
	250 mL
	20 mL  

	Factor 1
	500 mg
	200 mg

	Factor 2
	225 U 
	

	Factor 5
	225 U
	

	Factor 7
	225 U
	

	Factor 8-AHF
	225 U
	90 U

	Factor 8-VWF 
	225 U
	90 U

	Factor 9
	225 U
	

	Factor 10
	225 U
	

	Factor 11 
	225 U
	

	Factor 12
	225 U
	

	Factor 13 
	225 U
	90 U


where

• "U" indicates "unit of activity", as described above

04.02.03 Factor 8 Levels and Hemophilia A

Overview:

Hereditary factor 8 deficiency (hemophilia A) results in reduced levels of factor 8. This may be manifest as spontaneous hemorrhage with severe deficiency, or hemorrhage after trauma in its milder forms.

Inheritance:

• factor 8 is encoded on the X-chromosome (sex-linked)

• affects approximately 1 in 5,000-10,000 male births

• only rarely affects females

Clinical severity of disease correlates with the plasma factor 8 activity.

	Level of Factor 8
	Clinical Severity

	> 50%
	no bleeding

	30 - 50%
	may bleed after significant trauma or major surgery

	10 - 30%
	mild disease, with bleeding after trauma or surgery

	2 - 10%
	moderately severe disease; can have spontaneous hemorrhage or severe hemorrhage after minor trauma

	< 2%
	severe disease, with spontaneous hemorrhage into muscles or joints


Factor 8 Replacement Dosing

dose of factor 8 concentrate =

= (body weight in kilograms) * 0.5 * (increment in percent activity as whole number)

The dose can be administered

• as intermittent intravenous infusion every 12 hours (half-life of infused factor 8)

• as a continuous infusion (approximately 2 units per hour per kg body weight will raise factor 8 level by 50% activity)

Product options include:

• cryoprecipitate (contains 90-100 units of factor 8 in approximately 20 mL)

• kogenate (recombinant factor 8 concentrate)

• helixate (recombinant factor 8 concentrate)

• recombinate (recombinant factor 8 concentrate)

• alphanate (solvent detergent treated concentrate from pooled human plasma)

• humate (pasteurized concentrate from pooled human plasma)

• koate (concentrate from pooled huma plasma)

• monoclate (pasteurized concentrate from pooled human plasma)

Target Levels and Duration for Hemophilic Conditions

	Clinical Condition
	Target Plasma Level
	Duration

	Hemarthroses
	5 - 10%
	2 - 3 days

	Hematuria
	5 - 10%
	2 - 3 days

	Hematomas
	10 - 20%
	4 - 7 days

	Moderately severe bleeding
	40%
	7 days

	Major surgery
	> 60%
	10-14 days


Anti-Factor 8 Inhibitors

Some patients with hemophilia A have circulating antibodies to factor 8, which act as inhibitors. Infusion of prothrombin complex concentrate can help to control hemorrhage related to circulating inhibitors.

dose of anti-inhibitor complex =

= (body weight in kilograms) * (number of units based on bleeding)

where:

• 25 units/kg are administered for mild bleeding, up to 100 units/kg for severe hemorrhaging

Contraindications: DIC

If bleeding has not been reduced at 6 hours, then the dose can be repeated.

04.02.04 Increment in Coagulation Factor after Transfusion

Overview 

Patients receiving replacement of coagulation factors should have the levels of factors measured before and after the infusion. If the actual increment in factor levels after transfusion is much less than the expected increment, then antibodies or increased consumption may be present.

Procedure

(1) Measure the real increment in factor activity achieved, by subtracting pre-transfusion factor levels from post-transfusion factor levels.

• The post-transfusion specimen is usually collected soon after complete distribution.

(2) Calculate the increment expected based on amount of factor given. The actual in vivo recovery seen varies for each factor

estimated increment if 100% recovery =

= ((units of factor activity per replacement product) * (number of products given) / (plasma volume))

	
	Half-Life
	in vivo recovery

	Factor 1 
	3 - 6 day
	50 - 70%

	Factor 2
	50 - 80 hours
	50%

	Factor 5 
	4.5 - 36 hours
	80%

	Factor 7 
	2 - 5 hours
	100%

	Factor 8, anticoagulant 
	8 - 12 hours
	60 - 70%

	Factor 8, von Willebrand's
	24 hours
	

	Factor 9
	18 - 24 hours
	20%

	Factor 10 
	20 - 42 hours
	50 - 95%

	Factor 11
	40 - 80 hours
	90%

	Factor 12
	50 hours
	

	Factor 13
	7 - 14 days
	50 - 100%


(3) If the real increment is much less than the expected, then work the patient up for causes of failure to achieve acceptable levels, starting with anti-factor antibodies and DIC.

04.03 Predicting Bleeding Time from Platelet Count

Overview:

Assuming normal platelet function, decreases in platelet count below normal may be associated with a proportionate increase in bleeding time.

If the platelet count is over 100,000 per microliter, the normal bleeding time is 3-8 minutes. 

If the platelet count is under 10,000 per microliter, then the bleeding time cannot be predicted from the platelet count. 

For platelet counts between 10,000 and 100,000 platelets/uL, the bleeding time bears a relationship to the platelet count as follows:

Predicted bleeding time assuming normal platelet function =

= (30.5 - ((platelet count) / 3850))

If the platelet count is between 10,000 and 100,000 and if the actual bleeding time is more than the predicted time by "a certain limit," then a qualitative platelet defect is likely present. If the actual bleeding time is less than the predicted bleeding time, then some people hypothesize a higher percentage of "young" platelets, which are functionally more active than "older" platelets.

04.04.01 Calculating Platelet Replacement Needs

Overview:

In thrombocytopenia bleeding may occur related to the deficiency in platelets. Administration of platelet products can supply sufficient platelets to restore hemostasis.

Basic Equation Approach

ideal number of platelet units to give =

= ((increment wanted) * (blood volume) / (number of platelets per unit))

actual number of platelet units to give = 

= ((ideal number) / (fractional yield you "expect")) 

Heuristic Approach

Rule of Thumb : Ideally, a 70 kg person with 1.8 sq meter BSA should see a 5,000-10,000/µL increase in platelet count for each unit of platelets given. This assumes that the minimum number of platelets per unit is (5.5 * 10^10).

As the blood volume increases or decreases much from the "average", the less predictable this heuristic will work.

Based on the heuristic approach:

Step 1: decide the increment you want

Step 2: guess how you expect the patient to respond (whoa!) to a single unit (where along the spectrum of 5,000 - 10,000 platelets/µL per unit) = "guess at increment per unit"

Step 3: [(increment wanted) / (guess at increment per unit)] = number of units to give

Annotation to heuristic

• A BSA of 1.8 square meters works out to a blood volume of 4.71 liters (4.71 * 10^6 µL).

• If the minimum number of platelets was present in a single unit, then the increment for 1 unit of platelets should be ((5.5 * 10^10) / (4.71 * 10^6)) approximates 10,000.

• Since you can expect that more platelets are given than the minimum, the heuristic assumes less than ideal (ranges down to 50%) recovery. 

• One unit of platelet concentrate usually increases the platelet count of an adult with a blood volume of 5,000 mL by about 5000/µL (Jacobs 1994).

04.04.02 The Corrected Count Increment (CCI) and the Increment in Platelet Count after Platelet Transfusion

Overview: 

The increment in platelets following platelet product transfusion is directly related to dose given, unless there is increased removal of the transfused platelets. The Corrected Count Index (CCI) is intended to differentiate between immune and nonimmune loss, with a post-transfusion specimen collected 1 hour after the platelet product transfusion. With immune thrombocytopenia there is little increment in the platelet count seen at 1 hour, whereas with nonimmune mechanisms the platelet count at 1 hour is relatively normal.

corrected count index (or CI) =

= (((post-transfusion platelet count 1 hour after transfusion) - (pretransfusion count)) * (body surface area in square meters)) / (total number of platelets transfused) / (10^11) =

= (((post-transfusion platelet count 1 hour after transfusion) - (pretransfusion count)) * (body surface area in square meters) * (10^11)) / ((number of donor units transfused) * (platelets per unit))

where

• the minimum number of platelets in a random single donor nonpheresis platelet concentrate is (5.5 * 10^10)

Interpretation

• After transfusion of a single random platelet unit an increase of 5,000 - 10,000 platelets/uL can be expected in hemostatically stable adult with a body surface area of 1.8 meters squared. 

• If the CCI is greater than 10,000, then antiplatelet antibodies are unlikely. 

• If the CCI is less than 5,000, then antiplatelet antibodies are more likely. 

Additional Testing

• If there is evidence of immune destruction of platelets, then testing for antiplatelet antibodies is warranted. 

• If there is evidence that antibodies to HLA are involved, then HLA-matched platelet products can be ordered. 

• If there is no evidence of HLA-related antibodies, then the added expense for HLA-matched products is not considered warranted.

04.05 International Normalized Ratio (INR)

Overview:

Patients on oral anticoagulation therapy (coumarins) have their therapy monitored by following the prothrombin time (PT). Because patients may be seen at several medical facilities, results must be comparable. Due to variation in thromboplastin reagent, methodology and instrumentation, variation in results can occur based on the procedure itself, rather than reflecting a true variation in the patient's state of anticoagulation.

The INR is a method to standardize results, allowing effective comparison of PT results from different laboratories.

International Normalized Ratio [INR] =

= ((observed PTR)^(ISI))

where:

• observed PTR = observed prothrombin time ratio = (patient PT) / (control PT)

• ISI = International Sensitivity Index = value determined for each manufacturer's lot of thromboplastin reagent by comparison to an international WHO reference preparation of thromboplastin, which has an ISI of 1.0 by definition. Ideally the thromboplastin used should have an ISI value in range 2.2 to 2.6.

Therapeutic use:

• INR in range 2 to 3: range for less intensive anticoagulation with coumarins

• INR in range 3 to 4.5: range for conventional anticoagulation with coumarins

	INR & Oral Anticoagulation
	Minimal Effective
	Recommended

	deep vein thrombosis, prevention
	1.5 - 2.5
	2.0 - 3.0

	deep vein thrombosis, treatment
	2.0 - 2.3
	2.0 - 3.0

	acute MI, prevention of stroke
	2.0
	2.0 - 3.0

	acute MI, prevention of recurrence
	2.7 - 4.5
	3.0 - 4.5

	acute MI, reduction of mortality
	2.7 - 4.5
	3.0 - 4.5

	peripheral arterial disease
	2.6 - 4.5
	

	atrial fibrillation, prevention of emboli
	1.5 - 2.5
	2.0 - 3.0

	cardiac replacement valve - tissue 
	2.0 - 2.3
	2.0 - 3.0

	cardiac replacement valve - mechanical
	1.9 - 3.6
	3.0 - 4.5


Source: Hirsh. N Eng J Med (1991) page 1870

Limitations

• minor differences in thromboplastin responsiveness and ISI assignment can affect the calculated INR

• should not be used for patients not receiving oral anticoagulatns

• should not be used on patients only recently started on anticoagulation therapy

• should not be used in patient with severe liver disease sufficient to depress functional coagulation factor production

• should not be used to monitor patients with known clotting factor deficiencies affecting the PT

04.07 Activated Protein C (APC) Resistance Ratio

Overview: 

Activated protein C (APC) normally has an anticoagulant effect. Some patients with recurrent venous thrombosis do not show the expected anticoagulant effect when activated protein C (APC) is added to clotting tests, and these persons were termed  "resistant" to the anticoagulant effect of APC. Many of these patients have an hereditary disorder (autosomal dominant inheritance) related to a mutation in factor V (Factor V Leiden) which resists proteolysis by APC when activated to factor Va.

APC resistance ratio =

= (modified aPTT with APC added) / (modified aPTT without APC added)

normalized APC resistance ratio =

= (patient's APC resistance ratio) / (APC resistance ratio for pooled normal plasma)

Interpretation:

• the lower limit of the reference range for the APC resistance ratio varies with each laboratory, but is typically 2.0-2.2

• an APC resistance ratio less than the lower limit for the reference range is seen in patients with APC resistance

• a normalized APC resistance ratio < 0.84 is seen with APC resistance

04.10.01 Probability of Deep Vein Thrombosis

Overview:

The chance of having a deep vein thrombosis can be estimated by considering clinical findings in the affected patient.

Major Points (Table 1, Ginsberg, 1996)

• active cancer (ongoing therapy, palliative therapy, treatment within prior 6 months)

• paralysis, paresis or recent cast immobilization of the leg or foot

• recent bed rest for > 3 days, major surgery within past 4 weeks, or both

• localized tenderness along the distribution of the deep venous system

• swelling of thigh and calf (should be measured)

• swelling of calf to 3 cm greater than that of the assymptomatic side (measured 10 cm below tibial tuberosisty)

• strong family history of deep-vein thrombosis (>= 2 first degree relatives with a history of deep-vein thrombosis)

Minor Points (Table 1, Ginsberg, 1996)

• history of recent trauma (within past 60 days) to the symptomatic leg

• pitting edema (in symptomatic leg only)

• dilated superficial veins (non-varicose) in symptomatic leg only

• hospitalization within previous 6 months

• erythema

In patients with symptoms in both legs, the more symptomatic leg is used.

Interpretation

	Number of Major Points
	Number of Minor Points
	Alternative Diagnosis?
	Probability

	>= 3
	>= 0
	No
	high

	2 
	>= 2
	No
	high

	>= 3
	>= 0
	Yes
	intermediate

	2
	>= 2
	Yes
	intermediate

	2
	0 or 1
	No
	intermediate

	2
	0 or 1
	Yes
	intermediate

	1
	>= 2
	Yes
	low 

	1
	>= 1
	No
	low 

	0
	>= 3
	Yes
	low 

	0
	>= 2
	No
	low 

	1
	0 or 1
	Yes
	very low

	1
	0
	No
	very low

	0
	2
	Yes
	very low

	0
	1
	No
	very low


Modification of Wells (1997)

A modification of this is shown in Wells (1997).

	Clinical Feature
	Points

	active cancer (ongoing therapy, palliative therapy, treatment within prior 6 months)
	1

	paralysis, paresis or recent cast immobilization of the leg or foot
	1

	recent bed rest for > 3 days, major surgery within past 4 weeks, or both
	1

	localized tenderness along the distribution of the deep venous system
	1

	entire leg swollen (swelling of thigh and calf)
	1

	swelling of calf to 3 cm greater than that of the assymptomatic side (measured 10 cm below tibial tuberosisty)
	1

	pitting edema (greater in symptomatic leg)
	1

	dilated superficial veins (non-varicose) in symptomatic leg only
	1

	alternative diagnosis as likely or greater than that of deep vein thrombosis
	-2


Interpretation

• high score: >= 3

• moderate: 1 or 2

• low score: -2, -1, 0

04.10.02 Screening Tests for Exclusion of Deep Vein Thrombosis

Overview:

Deep vein thrombosis can be quickly excluded by performing two screening tests.

Exclusion criteria for deep vein thrombosis: presence of both

• normal plasma D-dimer value

• normal results on impedance plethysmography or ultrasonography at presentation 

04.10.03 Risk of Pulmonary Embolism in a Surgical Patient

Overview:

Surgery is associated with an increased risk of deep venous thrombosis and pulmonary embolism. Identification of patients at risk allows for prophylaxis and early diagnosis.

	Type of Surgery
	Age of Patient
	Other Risk Factors
	Risk Group

	uncomplicated minor
	<= 40
	none
	very low

	major
	<= 40
	none
	low

	major
	<= 40
	1 risk factor
	moderate

	uncomplicated minor
	> 40
	none
	low

	major
	> 40
	none
	moderate

	major
	> 40
	1 risk factor
	high

	major
	> 40
	previous venous thromboembolus or significant malignant disease or > 1 risk factor
	very high


Risk factors for venous thrombosis (used as headers in table):

(1) age

(2) major surgery, major orthopedic surgery, or trauma with fracture of pelvis, hip and/or leg

(3) history of previous venous thromboembolus

(4) significant malignant disease

Additional risk factors:

(5) prolonged immobilization

(6) paralysis

(7) obesity

(8) atrial fibrillation

(9) heart failure

(10) myocardial infarction

(11) stroke

(12) hyperhomocysteinemia

(13) oral contraceptives or hormone replacement therapy

(14) inherited hypercoagulable disorders (defects in antithrombin III, protein S, protein C, factor V Leiden, etc.)

(15) acquired hypercoagulable disorders: anticardiolipin antibodies, lupus anticoagulants, polycythemia rubra vera, myeloproliferative disorder, hyperviscocity syndrome

	Risk Group
	Prophylaxis to Prevent Pulmonary Embolism

	very low and low
	early ambulation

	moderate
	elastic stockings, low dose unfractionated heparin, or intermittent pneumatic compression

	high
	low dose unfractionated heparin, or low molecular weight heparin, or (intermittent pneumatic compression + elastic stockings)

	very high
	intermittent pneumatic compression AND (low dose unfractionated heparin or low molecular weight heparin or adjusted dose warfarin)


04.10.04 Algorithm of Gorman et al for the  Investigation of Deep Vein Thrombosis

Overview:

A patient suspected of having a deep vein thrombosis should be evaluated until either the deep vein thrombosis is excluded or it is identified and treated. Gorman et al developed an algorithm for investigating the patient with a suspected deep vein thrombosis.

First, perform compression ultrasonography. If positive, then treat for deep vein thrombosis.

If compression ultrasonography is negative, then one or more of the following are done.

(1) consider clinical probability for deep vein thrombosis

• If the risk is low, then deep vein thrombosis is excluded.

• If the risk is moderate or high, then perform a repeat ultrasonography (below).

(2) perform a D-dimer test

• If the D-dimer test is positive, then perform a repeat ultrasonography (below)

• If the D-dimer test is negative, then deep vein thrombosis is excluded.

(3) repeat ultrasonography, typically after 1 week, if there is continued clinical suspicion for deep vein thrombosis

• If the repeat ultrasonography is positive, then treat for deep vein thrombosis.

• If the repeat ultrasonography is negative, then deep vein thrombosis is excluded.

04.10.05 Indications for Placement of an Inferior Vena Cava Filter in a Patient with Deep Vein Thrombosis

Overview:

A filter in the inferior vena cava can prevent an embolus from the deep veins of the lower extremity or pelvis from reaching the lungs. However, these devices can have complications so should only be used if the benefit is greater than the risk.

Definite indications for placement of a filter in the inferior vena cava:

(1) pulmonary embolism in a patient with contraindications to anticoagulation

(2) recurrent pulmonary embolism despite adequate anticoagulation

Controversial indications for filter placement

(1) deep vein thrombosis with contraindications to anticoagulation

(2) deep vein thrombosis in a patient with pulmonary hypertension

(3) free floating thrombus in a proximal vein

(4) failure of an existing filter device

(5) status post pulmonary embolectomy

04.11.01 Classification of Anticoagulation-related Bleeding

Overview:

One of the most common and serious complications of anticoagulation is bleeding. Assessing the severity of the bleeding is important in guiding patient management.

Criteria for major bleeding - one or more of the following:

• decrease in hemoglobin concentration >= 2 g/dL

• need to transfuse >= 2 units of red cell units

• intracranial bleeding

• retroperitoneal bleeding

04.11.04 Risk Factors for Bleeding During Warfarin Therapy

Overview:

Anticoagulation with warfarin may result be associated with increased risk of bleeding if certain risk factors are present.

Risk factors for hemorrhage during warfarin therapy:

(1) increasing age

(2) uncontrolled hypertension (systolic blood pressure > 180 mm Hg, or diastolic blood pressure > 100 mm Hg)

(3) alcohol excess

(4) liver disease

(5) poor drug or clinical compliance

(6) bleeding lesions (peptic ulcer, etc.)

(7) concurrent coagulopathy (coagulation factor defect, thrombocytopenia)

(8) concomitant use of aspirin

(9) change in diet, with reduction in vitamin K intake

Interpretation:

• The risk of warfarin-associated hemorrhage is low if no risk factors are present.

• The risk of bleeding increases as the number of risk factors increase.

04.11.06 Contraindications to Anticoagulant Therapy

Overview:

Certain conditions may increase the risk of anticoagulation. Clinicians must decide between the hazards of therapy and the potential benefits for the patient.

Absolute contraindications

• subarachnoid or intracerebral hemorrhage

• serious active bleeding (post-operative, post-traumatic, etc.)

• recent surgery to brain, eye or spinal cord

• malignant hypertension

Relative contraindications

• recent major surgery

• recent stroke

• active gastrointestinal bleeding

• severe hypertension

• coagulopathy

• bacterial endocarditis

• severe renal failure

• severe hepatic failure

04.12 Antithrombin III Replacement Therapy

Overview:

Antithrombin III is a natural anticoagulant protein, capable of inactivating thrombin, activated factor 9, activated factor 10, and other activated coagulation factors. Heparin accelerates the inactivation of activated factors by antithrombin III. Patients with decreased levels of antithrombin III may show a hypercoagulable state. A deficiency in antithrombin III can be congenital or acquired. Infusion of a plasma product containing antithrombin III can prevent thrombotic events.

Antithrombin III

• plasma concentration normally about 12.5 mg/dL

• one unit of antithrombin III activity is that seen in 1 mL of normal plasma

• plasma levels are usually expressed as percent of normal activity, where 100% indicates 1 unit of activity per mL

• half-life of about 48 hours

Features of congenital antithrombin III deficiency

• autosomal dominant inheritance

• frequency approximately 1 in 2,000-5,000

• onset of venous thrombosis at young age

• family history of venous thromboembolism

• thrombosis in unusual sites

• thrombosis resistant to heparin therapy

• thrombosis during pregnancy, following surgery, with trauma or after infection

• fatal thrombosis can occur in newborns

Conditions associated with acquired decrease in antithrombin III levels:

• DIC

• cirrhosis

• nephrotic syndrome

• oral contraceptive use

• estrogen therapy

• L-asparaginase therapy

Replacement sources

• fresh frozen plasma: each mL contains 1 unit of activity

• thrombate III (Bayer): a concentrate prepared from pooled plasma, with heat inactivation and purification steps

units of antithrombate required =

= ((desired antithrombin III level) - (current antithrombin III level)) * (body weight in kilograms) / 1.4

where:

• antithrombin III level is percent activity, as a whole number

• volume infused is 1 mL for every 50 units of activity administered

Goals of replacement therapy

• initial dose should raise antithrombin III levels to 120%

• a maintenance dose is administered every 24 hours to maintain the antithrombin III level in the 80-120% range

• plasma level monitoring is usually performed every 12 hours after initial dose, but may be done more frequently 

04.14.01 Laboratory Diagnosis of Antiphospholipid Syndromes

Overview:

The laboratory diagnosis of the antiphospholipid syndromes involves testing for both lupus anticoagulants and anticardiolipin antibodies in patients with clinical findings such as unexplained thrombosis or fetal wastage.

	Testing
	Interpretation

	prolonged dRVVT, shortened by addition of cephalin
	lupus anticoagulant

	prolonged dRVVT, not shortened by addition of cephalin
	coagulation factor defect

	ELISA testing positive for IgG, IgA and IgM anticardiolipin antibodies with elevated titers, reported in PL (phospholipid) units
	anticardiolipin antibodies, increased

	ELISA testing positive for IgG, IgA and IgM anticardiolipin antibodies but levels within the normal range or minimally increased
	anticardiolipin antibodies present, not significant

	ELISA testing negative for IgG, IgA and IgM anticardiolipin antibodies
	no anticardiolipin antibodies


where

• dRVVT is the dilute Russell's viper venom test 

• testing for correction of dRVVT by addition of cephalin is termed cephalin neutralization 

Interpretation

• If either lupus anticoagulants or increased anticardiolipin antibodies levels are present, then the antiphospholipid syndrome can be diagnosed.

References:

Bick RL. The antiphospholipid thrombosis syndromes: A common multidisciplinary medical problem. Clin Appl Thrombosis/Hemostatis. 1997; 3: 270-283.

04.14.02 Clinical Syndromes Associated with Anticardiolipin Antibodies

Overview:

The finding of a lupus anticoagulant or anticardiolipin antibodies together with thrombosis is termed the antiphospholipid thrombosis syndrome. The thrombosis seen in patients with anticardiolipin antibodies tends to follow a more predictable pattern than that seen in patients with lupus anticoagulants.

The thrombotic syndromes associated with anticardiolipin antibodies can be divided into one of six subgroups based on the pattern of thrombotic findings. The subgroup seen in a patient can help guide appropriate antithrombotic therapy.

	Syndrome
	Clinical Findings

	Type I
	deep venous thrombosis with or without pulmonary embolus

	Type II
	coronary artery thrombosis

peripheral artery thrombosis

aortic thrombosis

carotid artery thrombosis

	Type III
	retinal artery thrombosis

retinal vein thrombosis

cerebrovascular thrombosis

transient cerebral ischemic attacks

	Type IV
	mixtures of types I, II and III

rare

	Type V
	fetal wastage

placental vascular thrombosis

maternal thrombocytopenia (uncommon)

	Type VI
	laboratory evidence of antiphospholipid antibody

no apparent clinical manifestations


	Syndrome
	Antithrombotic Regimens

	Type I
	intravenous or subcutaneous heparin followed by long-term self-administration of subcutaneous porcine or LMW heparin

	Type II
	intravenous or subcutaneous heparin followed by long-term self-administration  of subcutaneous porcine or LMW heparin

	Type III
	retinal: pentoxiphylline (400 mg tid)

cerebrovascular: long term low dose warfarin plus low dose ASA , or long term self administration of subcutaneous porcine or LMW heparin

	Type IV
	according to Type I, II and/or III (above)

	Type V
	low dose ASA (81 mg/day) pre-conception; addition of fixed low dose porcine heparin (5,000 U every 12 hours) immediately after conception

	Type VI
	no clear indications for antithrombotic therapy


Long-term antithrombotic therapy should not be stopped unless the anticardiolipin antibody has been absent for the preceding 4-6 months.

04.16 Indications to Evaluate a Patient for Hypercoagulability (Thrombophilia)

Overview:

A patient should be evaluated for hypercoagulability (thrombophilia) if certain clinical findings are present.

Criteria for Evaluating a Patient for Hypercoagulability 

A single episode of idiopathic venous thromboembolism

• episode in the absence of recent major surgery, trauma, prolonged immobilization or metastatic carcinoma

plus

One or more of the following:

• recurrent episodes of venous thromboembolism

• massive venous thrombosis

• thrombosis in an unusual site (mesenteric vein, cerebral vein, etc.)

• thrombosis occuring at a young age (< 50 years) without inducing cause

• a family history of thromboembolism (in 1 or more first or second degree relatives)

Additional clinical findings suggestive of hypercoagulability

• in women, a history of unexplained fetal wastage

• recurrent pulmonary embolism

• anticoagulant failure

04.17.01 Heparin-Induced Thrombocytopenia Types I and II

Overview:

Heparin therapy may result in two different syndromes of thrombocytopenia. One form is mild and benign, while the second can be severe and life threatening.

Heparin-induced thrombocytopenia type I

• the platelet count drops for the first few days of heparin therapy (early onset)

• occurs in about 10% of patients receiving heparin

• results from direct interaction between heparin and the platelet membrane proteins, resulting in enhanced platelet aggregation

• the platelet count usually stays above 100,000 per µL

• the platelet count tends to rise again despite continued heparin therapy, with counts often returning to initial levels

• not associated with increased risk of thrombosis

Heparin-induced thrombocytopenia type II

• an uncommon complication of heparin therapy (from 1-3% of those receiving unfractionated heparin)

• associated with IgG antibodies forming heparin-platelet factor 4 (PF4) complexes which bind to platelets and which cause platelet activation with release of dense granule contents, including platelet factor 4

• most common with heparin derived from bovine lung, less common with heparin from porcine gut, and much less common with low molecular weight heparins

• more common with high dose therapeutic regimens than low dose prophylactic regimens

• results in a progressive decrease in platelet count, either to < 50% of initial levels and/or to < 100,000 per µL

• associated with an increased risk of thrombosis, which can be life-threatening

• DIC can occur

• less often it may be associated with hemorrhage, which usually is not severe

• in patients who have never been exposed to heparin before, the thrombocytopenia may occur on day 4-20 of heparin therapy (typically day 10)

• in patients with a past history of heparin therapy, the thrombocytopenia can occur at any time up to day 20 of therapy; it has been reported to occur within hours of initiation of heparin infusion in previously exposed patients

• platelet levels return to normal levels in about 4-10 days if the heparin infusion is discontinued; the thrombocytopenia continues and progresses if heparin therapy is continued

Thrombosis in heparin-induced thrombocytopenia type II

• may be arterial or venous

• there may be extension of existing venous thrombi, with pulmonary embolization

• arterial thrombi may occur in the aorta, its major branches, cerebral, coronary, mesenteric, renal or upper extremity arteries

• can result in limb gangrene

• skin necrosis can occur at injection sites

Diagnosis of heparin-induced thrombocytopenia type II

• exclusion of other causes of thrombocytopenia

• return in platelet count to normal after discontinuation of heparin

• demonstration of heparin-dependent antibodies (heparin-induced platelet aggregation, platelet factor 4 ELISA, serotonin release assay)

Therapy of heparin-induced thrombocytopenia type II

• immediate discontinuation of heparin infusion

• low molecular weight heparins may be of use, but cross-reactivity with heparin antibodies can occur

• Orgaran 10172 is a heparinoid compound which shows minimal cross-reactivity with heparin-dependent antibodies

• hirudine, hirulog, argatroban and other compounds with direct antithrombin effect can be used

• ancrod (defibrinogenating agent) may be an alternative

• coumarins should not be used alone, since (1) delay in onset, (2) drop in protein S and C early in therapy can result in thrombosis, aggravating the heparin-related problems

• antiplatelet agents such as aspirin or dipyridamole should not be used alone

• deep venous thrombi may require insertion of an inferior vena caval filter

• platelet transfusions should be avoided

04.17.03 Testing Algorithm for the Diagnosis of Heparin-Induced Thrombocytopenia

Overview:

A series of laboratory tests can aid in the evaluation of patients with possible heparin-induced thrombocytopenia. 

Tests

(1) platelet activation tests

• platelet aggregation testing

• serotonin release assay

(2) heparin-platelet factor 4 (heparin-PF4) ELISA assay

Testing Sequence

Step 1: Perform an initial platelet activation test (platelet aggregation or serotonin release) and the heparin-platelet factor 4 assay

• If both tests are positive, then heparin-induced thrombocytopenia is likely.

• If both tests are negative, then heparin-induced thrombocytopenia is unlikely.

• If one or the other test is positive, proceed to Step 2.

Step 2: Perform the other platelet activation test not performed in Step 1.

• If the second platelet activation test is negative, then the diagnosis of heparin induced thrombocytopenia is uncertain.

• If the second platelet activation test is positive, then interpret according to the following table.

	Initial Platelet Activation Test
	Heparin-PF4 Assay
	Interpretation

	positive
	negative
	antibodies with other specificities

	negative
	positive
	probable heparin-induced thrombocytopenia


where:

• antibodies with other specificities include antibodies to interleukin 8 (IL-8)

04.18.01 DIC Score

Overview:

The DIC score is based on 21 parameters affected by Disseminated Intravascular Coagulation (DIC). It can be used to evaluate patients suspected of having DIC and to monitor their response to therapy. It can also be used to compare patients with DIC of different etiologies or populations.

	Parameter
	0 points (Normal)
	1 point
	2 points
	3 points
	4 points

	fibrinopeptide A in ng/mL
	< 3
	3 - 10
	11 - 40
	41 - 70
	> 70

	profragment 1,2 in nM
	0.2 - 2.7
	2.8 - 5.9
	6.0 - 7.4
	7.5 - 10.0
	> 10.0

	D-dimer µg/L
	< 500
	500 - 1,000
	1,001 - 2,000
	2,001 - 2,999
	>= 3,000

	FDP (fibrin degradation products) in µg/mL
	< 10
	10 - 40
	41 - 80
	81 - 120
	> 120

	antithrombin (% of normal)
	85 - 125
	75 - 84
	65 - 74
	54 - 64
	< 54

	alpha-2-antiplasmin (% of normal)
	75 - 120%
	65 - 74%
	55 - 64%
	45 - 54%
	< 45%

	fibrinogen in mg/dL
	150 - 350
	100 - 149
	75 - 99
	50 - 74
	< 50

	platelet count per µL
	150,000 - 450,000
	100,000 - 149,000
	75,000 - 99,000
	50,000 - 74,000
	< 50,000

	temperature in °C
	36 - 38.4
	34 - 35.9; 38.5 - 38.9
	32 - 33.9
	30 - 31.9; 39 - 40.9
	<= 29.9; 

>= 41

	mean arterial pressure in mm Hg
	70 - 109
	
	50 - 69; 110 - 129
	130 - 159
	<= 49; 

>= 160

	pulse rate in beats/minute
	70 - 109
	
	55 - 69; 110 - 139
	40 - 54; 140 - 179
	<= 39; 

>= 180

	respiratory rate per minute
	12 - 24
	10 - 11; 25 - 34
	6 - 9
	35 - 49
	<= 5; 

>= 50

	PaO2 in mm Hg
	80 - 100
	70 - 79
	60 - 69
	55 - 60
	< 55

	pH
	7.33 - 7.49
	7.5 - 7.59
	7.25 - 7.32
	7.15 - 7.24; 7.6 - 7.69
	< 7.15;

>= 7.7

	creatinine in mg/dL
	0.6 - 1.4
	
	< 0.6; 

1.5 - 1.9
	2 - 3.4
	>= 3.5

	LDH in U/L
	<= 193
	194- 225
	226 - 250
	251 - 275
	> 275

	albumin in g/dL
	3.5 - 5.5
	3.0 - 3.4
	2.6 - 2.9
	2.1 - 2.5
	<= 2.0

	sodium in mEq/L
	130 - 149
	150 - 154
	120 - 129; 155 - 159
	111 - 119; 160 - 179
	<= 110; >= 180

	potassium in mEq/L
	3.5 - 5.4
	3.0 - 3.4; 5.5 - 5.9
	2.5 - 2.9
	6 - 6.9
	< 2.5;

>= 7.0

	hematocrit, in percent
	30 - 45.9
	46 - 49.9
	20 - 29.9; 50 - 59.9
	
	< 20; 

>= 60

	total WBC count per µL
	3,000 - 14,900
	15,000 - 19,900
	1,000 - 2,900; 20,000 - 39,900
	
	< 1,000; 

>= 40,000


where

• mean arterial pressure = ((systolic pressure) + (2 * (diastolic pressure))) / 3

• since LDH shows some variability between laboratories, the LDH range can be rewritten: 0 points (<= 100% upper limit of normal); 1 point (> 100% ULN - 117% ULN); 2 points (> 117% ULN - 130% ULN); 3 points (>130% ULN - 142% ULN); 4 points (> 142% ULN)

DIC score =

= 100 - SUM(points for all parameters)

Interpretation

• maximum DIC score: 100

• minimum DIC score: 16

• DIC score >= 90: DIC unlikely

• DIC score 75 - 89: DIC mild

• DIC score 50 - 74: DIC moderate

• DIC score < 49: DIC severe

04.19.01 Contraindications to Thrombolytic Therapy

Overview:

Thrombolytic therapy can have serious complications in certain clinical conditions. When these conditions occur, thrombolytic therapy should either not be used or else used only with extreme caution.

Complications of thrombolytic therapy

• hemorrhage, including intracerebral hemorrhage

• embolic phenomenon from dissolved thrombotic material

• anaphylactic response to thrombolytic agent used

	Contraindication
	Condition

	absolute
	active internal bleeding

	
	cerebrovascular accident (CVA) or other active intracranial process within past 2 months

	
	history of anaphylaxis to thrombolytic agent used

	relative major
	major surgery within past 10 days

	
	recent obstetric delivery

	
	recent organ biopsy

	
	recent puncture of noncompressible blood vessel

	
	recent serious gastrointestinal bleeding

	
	recent serious trauma

	
	severe hypertension (systolic blood pressure > 200 mm Hg; diastolic blood pressure > 110 mm Hg)

	relative minor
	recent minor trauma (including CPR)

	
	high likelihood of thrombus in left heart

	
	bacterial endocarditis

	
	diabetic hemorrhagic retinopathy

	
	pregnancy

	
	age > 75 years


Renal

14.01.01 Factors Affecting Creatinine Clearance

Overview:

The rate of creatinine production is 

• proportional to body weight;

• decreases with age;

• is slower in females than in males.

Factors affecting creatinine clearance:

1) sex: It is normally less in women than men.

2) age: 

• It is lower in children, until the age of 2.

• It usually decreases in adults with age, starting at age 20.

3) muscle mass: This is the reason for decrease seen in elderly. It can also be important in patients with myopathies and patient with cachexia.

4) pregnancy

5) hyperglycemia: Due to osmotic diuresis and body fluid redistribution.

6) patients with morbid obesity or marked ascites: They excrete less creatinine per kg than expected; you need to correct to lean body weight if these are marked.

7) proteinuria: This results in increased creatinine clearance.

8) time of day: It is highest in afternoon.

Accuracy of creatinine clearance based on 24-hour urine collection is dependent on how well the patient

14.01.02 Calculation of Creatinine Clearance Using A Timed Urine Specimen

Overview:

Creatinine dynamics can be estimated by assessing urine and serum. Typically a 24 hour urine is used for the study.

creatinine clearance (mL/min) =

= ((urine creatinine in mg/dL) * (urine volume in mL)) / ((plasma creatinine in mg/dL) * (time period in minutes))

where

• 24 hours = 1440 minutes

Limitations

• It is assumed that the patient has relatively stable creatinine dynamics over the time period studied. Some patients can have fluctuating renal function sufficient to interfere with the evaluation.

• Although shorter periods of time than 24 hours can be used if needed, if the period is too short, then misleading information can be derived.

14.01.04 Creatinine Clearance & Degree of Renal Impairment

Overview:

Creatinine clearance overestimates the GFR. The overestimation is greater in renal disease and when "true" methods are used.

	Renal Status
	Cr Cl mL/min

	normal (males)
	90 - 130 

	normal (females)
	80 - 125

	slight 
	52 - 62.5

	mild impairment 
	42 - 52

	moderate impairment
	28 - 42

	severe impairment
	< 28

	anuric
	0


from page 655, Wallach (1996); Newkirk (1978);

	Renal Status
	Cr Cl mL/min

	normal
	> 80

	mild impairment 
	50 - 79

	moderate impairment
	10 - 49

	severe impairment
	< 10

	anuric
	0


from: Table 1, Jackson and McLeod (1974)

	renal function (as % normal)
	turnover time (hours) of creatinine
	half-life (hours) of creatinine

	100
	6
	4

	50
	12
	8

	33
	18
	12

	25
	24
	17

	20
	30
	21

	10
	60
	42


from Table 23-2, page 432, Rowland (1995)

14.02 Creatinine Clearance Estimated from Serum Creatinine

Overview:

The ability to calculate creatinine clearance at the bedside without the need for timed urine specimen collection is an attractive concept, especially when attempting to prescribe drugs whose serum levels are affected by renal dysfunction.

Units

• Serum creatinine conventional units are mg per dL.

Limitations with estimates 

• inherent error

• need for steady state (serum creatinine may overestimate clearance in early phases of ATN)

• patient variables for age, height and sex 

Some recommend a formula for those with stable renal function and another for those with unstable renal function.

Creatinine clearance estimates may be higher than measured creatinine clearances in some patients; the serum creatinine may not reflect the marked reduction in GFR. In these patients  measured values should be used 

• burns

• those with muscle wasting (elderly, cachectic) 

•  those with advanced chronic renal failure

14.02.01 Rapid Estimation from Serum Creatinine

Overview: 

A serum creatinine of 1 mg/dL corresponds to a creatinine clearance of approximately 100 mg/min. If the daily creatinine production is kept relatively constant, the fraction of normal creatinine clearance is the inverse of the serum creatinine.

estimated creatinine clearance in mL/min =

= (100 / (serum creatinine in mg/dL)) mL/min

Limitations:

• The equation gives reasonable values if aged 25-50 years and weighing 60-80 kilograms.

14.02.06 Method of Cockcroft and Gault (1976)

Overview:

These equations allow an estimation of creatinine clearance based on age, body weight and serum creatinine levels.

estimated creatinine clearance for males =

= ((140 - (age in years)) * (body weight in kg) / (72 * (serum creatinine in mg/dL))) mL/min 

estimated creatinine clearance for females =

= ((0.85) * (140 - (age in years)) * (body weight in kg) / (72 * (serum creatinine in mg/dL))) mL/min =

=  (140 - (age in years)) * (body weight in kg) / (85 * (serum creatinine in mg/dL))) mL/min 

Note: in the original reference, the formula is NOT per 1.73 meters-squared

where:

• body weight is the adjusted body mass (use ideal body weight if current body weight exceeds the ideal body weight, else use the current body weight)

• according to Robert et al (below), a serum creatinine of 1 mg/dL should be used if the serum creatinine is under 1 mg/dL.

• according to Zawada, the calculated clearance should be reduced in patients with spinal cord injuries (20% if paraplegic; 40% if quadraplegic); source not given

Limitations

• This applies for adults 20-100 years of age.

According to Robert et al (below), using the lower value of actual vs ideal body weight and using a serum creatinine value of 1 mg/dL for actual serum creatinine values < 1 mg/dL, the GFR was more accurately predicted in critically ill patients using the Cockcraft-Gault equation rather than a 24 hour measured creatinine clearance; the latter tended to overestimate the actual clearance in many patients.

14.04 Renal Failure Index (RFI)

Overview: 

The renal failure index measures sodium conservation and concentrating ability. It is chiefly of use in oliguric patients for the early differentiation of prerenal azotemia from acute tubular necrosis.

Specimen Collection

• Specimens should be obtained before onset of treatment.

renal failure index (RFI) in mEq/L = 

= (urine sodium in mEq/L) / ((urine creatinine in mg/dL) / (plasma creatinine in mg/dL))

Interpretation

• RFI <= 1: prerenal azotemia

• RFI =1-3: less definitive but usually indicates tubular necrosis

• RFI >= 3: acute tubular necrosis

14.05 Fractional Sodium Excretion

Overview: 

The fractional sodium excretion is an index of renal ability to conserve sodium and represents the percent of filtered sodium to reach the urine.

fractional excretion of sodium (FE-Na) =

= (100 * (((urine sodium in mEq/L) / (plasma sodium in mEq/L)) / ((urine creatinine in mg/dL) / (plasma creatinine in mg/dL))))

Specimens should be obtained before onset of treatment.

Interpretation

Urinary sodium levels between 20-40 mEq/L may be found in all forms of acute renal failure.

FE-Na < 1% seen in:

• 10% of cases of nonoliguric acute tubular necrosis

• some cases of acute tubular necrosis due to x-ray contrast material or myoglobinuria

• pre-renal azotemia

• acute glomerulonephritis

• early acute urinary tract obstruction

• early sepsis

FE-Na > 1% seen in

• most cases of acute tubular necrosis

• after diuretic administration

• pre-existing chronic renal failure

• diuresis due to mannitol, glycosuria, bicarbonaturia

14.06 Glomerular Filtration Rate (GFR)

Overview:

The glomerular filtration rate (GFR) reflects the amount of plasma filtered each minute. A decrease in GFR reflects deterioration of renal function.

predicted glomerular filtration rate (GFR) in mL/min =

= ((140 - (age in years)) * (weight in kg)) / (72 * (serum creatinine in mg/dL))

men: 100% of predicted

women: 85% of predicted

Interpretation

	GFR in mL/min
	renal function

	males 90-139; 

females 80-125
	normal

	52 - 62.5
	slight impairment

	42 - 52
	mild impairment

	28 - 42
	moderate impairment

	< 28
	severe impairment


14.14 Urine-to-Plasma and Urine-to-Serum Osmolality Ratios

Overview:

The urine-to-plasma osmolality ratio can help in the diagnosis of renal dysfunction and polyurias. It is more accurate than urine osmolality or urine specific gravity alone in the distinction of prerenal azotemia from acute tubular necrosis. It is related to the osmolal clearance.

Specimen Collection

• serum and random urine with normal fluid intake

• serum and random urine after 12 hour fluid restriction

urine-to-plasma osmolality =

= (urine osmolality in mOsm per kg water) / (plasma osmolality in mOsm per kg water)

urine-to-serum osmolality =

= (urine osmolality in mOsm per kg water) / (serum osmolality in mOsm per kg water)

Interpretation:

• urine osmolality depends on urine intake; with normal fluid intake it is normally 300-900 mOsm per kg H2O but after 12 hour fluid restriction it is normally > 850

• serum osmolality is normally 275-295 mOsm/kg H2O, with values down to 266 in neonates and up to 301 in persons over 60 years of age

• during normal fluid intake, the ratio is normally 1.0 - 3.0

• after fluid restriction, the ratio is 3.0 - 4.7

• in prerenal azotemia, there is an increase in urine specific gravity and urine osmolality resulting in an increased ratio; values of urine specific gravity > 1.030 and of urine osmolality > 500 mOsm/(kg water) are diagnostic.

• in acute renal failure due to causes other than prerenal conditions, the urine osmolality is usually < 350 mOsm/(kg water) so that the ratio is decreased

• in diabetes insipidus, the ratio before and after fluid restriction is in the order of 0.2-0.7, with the urine osmolality decreased

• in diabetes insipidus with severe dehydration, the ratio may be > 1.0 due to increased serum osmolality (> 320 mOSm/kg H2O)

• in polyuria of neurogenic origin, the ratio before fluid restriction will be normal but  the ratio will increase after fluid restriction

• in water intoxication the ratio is about 0.5, since the serum osmolality is decreased

• after diuretic therapy the ratio is about 1.0

	Diagnosis
	Without Fluid Restriction
	With Fluid Restriction

	normal
	1.0-3.0
	3.0-4.7

	prerenal azotemia
	elevated, rarely < 1.1
	

	acute tubular necrosis
	0.9-1.05, rarely > 1.5
	

	polyuria of diabetes insipidus
	0.2-0.7
	0.2-0.7

	diabetes insipidus with severe dehydration
	may be > 1.0
	

	polyuria of neurogenic origin
	normal
	increases

	water intoxication
	0.5
	increases


14.17.01 Microalbuminuria in Diabetes

Overview:

Microalbuminuria is important to detect in patients with diabetes mellitus, as its presence indicates a high risk for developing nephrotic range proteinuria, end-stage renal failure and other diabetic complications.

Testing:

• Specimen is a 24 hour urine.

• Use a more sensitive and accurate technique for quantitating albumin (radioimmunoassay, immunonephelometry, accelerated immunoturbidity)

urinary albumin excretion in µg/min =

= (mg/dL albumin in 24 hour urine) * (volume of 24 hour urine in dL) / 1440

where:

• 1440 is the number of minutes in a day

Interpretation:

• Albumin excretion in the urine is usually 2-12 µg/min, with values below 20 µg/min considered normal.

• Microalbuminuria is defined as urinary albumin excretion rate of 20-200 µg/min in 2 of 3 samples collected over a 6 month period.

• Urinary albumin excretion > 200 µg/min is considered overt proteinuria.

Limitations

• The test may not be interpreted correctly in the presence of confounding factors, including: urinary tract infection, fever, uncontrolled hyperglycemia, uncontrolled hypertension, and congestive heart failure.

• Proper specimen collection and accurate testing are required for meaningful results.

14.19 Osmolal and Water Clearance

Overview:

Evaluation of urine osmolality and water clearance are important in assessment of water excretion or conservation by the kidney. There are 3 clearances that are used:

• osmolal clearance: the hypothetical volume of plasma cleared of solute per minute, expressed as mL/min

• free water clearance: the hypothetical rate at which water is excreted during production of hypotonic urine in excess of that required for excretion of the solute load in isosmolal urine

• negative free water clearance: the rate at which water is reabsorbed from tubular fluid during the production of hypertonic urine; it is the volume of water conserved as compared with the volume needed to excrete the solute load in isosmolal urine.

These clearances are related to the urine-to-plasma osmolality ratio.

osmolal clearance =

= (urine osmolality in milliosmoles per kg water) * (urine flow rate in mL per minute) / (plasma osmolality in milliosmoles per kg water) 

free water clearance =

= (urine flow rate in mL per minute) - (osmolal clearance)

negative free water clearance =

= (-1) * (free water clearance)

Interpretation

• free water clearance < 0 indicates net water reabsorption

14.20.01 Differential Diagnosis of Acute Renal Failure

Overview:

Distinguishing between

• prerenal renal failure (functional renal insufficiency)

• acute tubular necrosis (vasomotor nephropathy)

is a common problem in clinical medicine which can often be solved by evaluating renal function tests.

	Finding
	Prerenal Azotemia
	Indeterminate
	Oliguric Acute Tubular Necrosis

	urinary sodium 
	<20 mEq/L
	20-40 mEq/L
	> 40 mEq/L

	urine-to-plasma osmolality
	> 1.5, 

rarely < 1.1
	1.1-1.5
	0.9-1.05, 

rarely > 1.5

	urine-to-plasma urea
	> 8
	3-8
	< 3

	urine-to-plasma creatinine
	> 40
	20-40
	< 20

	RFI
	<= 1 mEq/L
	1-3 mEq/L
	>=3 mEq/L

	FE-sodium
	< 1%
	1%
	> 1%

	serum BUN-to-creatinine ratio
	> 20
	10-20
	< 10

	urine osmolality
	> 500
	350-500
	< 350


Limitations

• tests may be affected by diuretics or osmotic diuresis

• distinction may be obscure in patients with acute renal disease in a setting of chronic parenchymal renal diseases

14.28.02 Risk Factors for Renal Failure Associated with NSAID Use

Overview:

Nonsteroidal anti-inflammatory drugs (NSAID) may cause renal failure in some patients. NSAIDs decrease the synthesis of renal vasodilator prostaglandins with a decrease in renal blood flow. The presence of certain clinical factors associated with a stimulated renin-angiotensin system may result in an increased risk for developing renal dysfunction which is largely reversible.

Risk factors for renal failure associated with NSAID use

(1) old age

(2) congestive heart failure

(3) ascites

(4) volume depletion

(5) diuretic therapy

(6) concomittant use of aspirin

(7) hypertension

(8) diabetes

(9) pre-existing renal insufficiency

Rarely an acute interstitial nephritis with proteinuria may be caused by NSAIDs.

Cardiovascular

06.01 Hemodynamic Measurements

06.01.01 Stroke Volume and Cardiac Output

Overview:

Each contraction of the heart results in an ejection of blood termed the stroke volume. The amount of blood pumped per contraction compared to the maximum left ventricular volume prior to contraction is the ejection fraction, which is a measure of the effectiveness of the heart as a pump. 

The amount of blood pumped over a unit of time is the cardiac output. These can be divided to by the body surface area (BSA) which approximates blood volume and body size, thus allowing an index that can be used to compare individual patients.

stroke volume =

=  ((end diastolic volume) - (end systolic volume))

stroke volume index = 

= (stroke volume) / (body surface area)

ejection fraction =

= ((stroke volume) * (100%)) / (end diastolic volume)

= ((end diastolic volume) - (end systolic volume)) * (100%)) / (end diastolic volume)

cardiac output =

= (stroke volume) * (heart rate)

cardiac index = 

= (stroke volume) * (heart rate) / (body surface area)

Interpretation

• normal stroke volume index: 40-50 mL per contraction per square meter BSA

• normal cardiac output: 3-7 liters per minute

• normal cardiac index:  2.5 - 4.5 liters per min per square meter BSA

06.01.02 Cardiac Output by Fick Method

Overview:

The cardiac output can be estimated by dividing oxygen consumption by the difference in oxygen content between arterial and venous blood. The dufferebce between the arterial and mixed venous blood oxygen concentration correlates with oxygen uptake per unit of blood as it flows through the lungs (Fick Principle). The method is cumbersome due to the need to collect expired air and arterial blood gases.

oxygen content in blood =

= (hemoglobin in g/dL) * (1.34 mL oxygen per g hemoglobin) * (oxygen saturation in per cent)

where:

• 1.34 mL per g is the amount of oxygen that a gram of hemoglobin can carry if 100% saturated

• oxygen saturation is expressed in volume per cent (vol%), or the mL of oxygen per 100 mL of blood

cardiac output in liters per minute =

= (oxygen consumption) / ((difference in oxygen content between mixed venous and arterial blood in vol%) * 10) =

= (oxygen consumption) / (((oxygen content arterial blood in vol%) - (oxygen content mixed venous blood in vol%)) * 10)

where:

• oxygen consumption can be estimated by calculating the patient's BSA and multiplying by the basal oxygen consumption of 125 mL oxygen per square meter BSA

06.01.03 Cardiac Output by Indicator-Dilution Method

Overview:

Following injection of a dye into the bloodstream, its concentration rises briefly, then falls exponentially until recirculation occurs, whereupon it rises again slightly. Measurement of the dye directly or indirectly correlates with the cardiac output.

cardiac output in liters per minute =

= ((amount of indicator injected in mg) * (60) / ((mean concentration of indicator in the blood in mg/L) * (time of total curve duration in seconds))

where:

• 60 is the number of seconds per minute

06.01.04 Blood Pressures

Overview: 

The systolic pressure is the maximum arterial pressure during the cardiac cycle, achieved during systole, whereas the diastolic pressure is the minimum, achieved during diastole. The pulse pressure is the difference between these two pressures. The mean arterial pressure is the area under the arterial pressure curve divided by the cardiac cycle duration (Berne); it can be reasonably approximated by calculations using systolic and diastolic pressures.

pulse pressure =

=  (systolic systemic arterial pressure) - (diastolic systemic arterial pressure)

mean systemic arterial pressure =

= (diastolic systemic arterial pressure) + ((1/3) * ((systolic systemic arterial pressure) - (diastolic systemic arterial pressure))) =

= ((systolic systemic arterial pressure) + (2 * (diastolic systemic arterial pressure))) / 3

rate pressure product =

= (systolic blood pressure in mm Hg) * (heart rate in beats per min) / 1000

Interpretation

• normal systolic arterial pressure: 100 - 140 mm Hg

• normal diastolic arterial pressure: 60 - 90 mm Hg

• normal pulse pressure: 30 - 50 mm Hg

• normal mean arterial pressure: 70 - 100 mm Hg

• normal heart rate: 60-100 beats per minute

06.01.05 Vascular Resistances

Overview:

As blood flows through the vasculature, it encounters resistance to flow. This is one of the contributing factors to blood pressure.

systemic vascular resistance =

= (mean arterial pressure) - (mean right atrial pressure)) * (80 / (cardiac output))

pulmonary vascular resistance =

= ((mean pulmonary arterial pressure) - (pulmonary capillary wedge pressure)) * (80 / (cardiac output))

Interpretation

• normal systemic vascular resistance: 800 - 1200 dynes per sec per cm^(-5)

• normal pulmonary vascular resistance: 120 - 250 dynes per sec per cm^(-5)

06.01.06 Shock Index

Overview:

The Shock Index (SI) is the ratio of the heart rate to systolic blood pressure. The index is a sensitive indicator of left ventricular dysfunction and can become elevated following a reduction in left ventricular stroke work. It can be used in the Emergency Department and Intensive Care Unit to identify patients needing a higher level of care despite vital signs that may not appear strikingly abnormal.

shock index =

= (heart rate in beats per minute) / (systolic blood pressure in mm Hg)

Interpretation

• normal: 0.5 to 0.7

• An elevated shock index (> 0.9) was found helpful by Rady et al (1994) to identify patients in the Emergency Department requiring admission and/or intensive care despite apparently stable vital signs.

• Persistent elevation of the SI has been associated with poor outcome in critically ill patients.

06.02 Cardiac Size

Overview: 

The measurement of heart size is done today by a variety of imaging methods, especially ultrasonography. Some of the older methods can still provide useful information when the newer methods are not available, especially when they are followed by comparison in a patient over time.

06.02.01 Cardiothoracic Ratio

Overview:

The cardiothoracic ratio can be used as a measure of cardiomegaly.

cardiothoracic ratio =

= (transverse diameter of the heart on AP view) / (transverse diameter of the bony thoracic cage)

where:

• the transverse diameter of the heart is the sum of the maximum projections of the heart to the left and to the right of the midline

• variation can be introduced by variation in posture, by inspiration and by the degree of adipose tissue

• comparison of heart size should only be done on similarly performed x-rays; standard and portable x-rays should not be intermixed for measurement

Interpretation:

• cardiac enlargement is felt to be present when the cardiothoracic ratio (C/T ratio) exceeds 50% (some use 60%)

06.03 Cardiac Risk Assessment Prior to Surgery

06.03.01 Cardiac Risk Index

Overview: 

An index of risk factors using prospective analysis for patients over than 40 undergoing general noncardiac surgery.

	Finding
	Grouping
	Points

	age greater than 70
	History
	5

	MI within past 6 months
	History
	10

	S3 gallop or JVD
	Physical Examination
	11

	significant aortic valvular stenosis
	Physical Examination
	3

	rhythm other than sinus, (or) PACS on preoperative ECG
	Electrocardiogram 
	7

	more than 5 VPCs per minute at any time prior to surgery
	Electrocardiogram 
	7

	Poor medical status (bedridden due to noncardiac cause, chronic liver disease, abnormal AST, Creatinine > 3 mg/dL, BUN > 50 mg/dL, K+ < 3 mEq/L, HCO3- < 20 mEq/L, pO2 < 60 mm Hg, pCO2 > 50 mm Hg)
	General Medical Status
	3

	intraperitoneal, intrathoracic or aortic surgery
	Type of Operation
	3

	emergency surgery
	Type of Operation
	4


where:

• JVD = jugular venous distension

• PACS = premature atrial contractions

• VPCs (or PVCs) = ventricular premature contractions

• Goodman (1978) as also included an unplanned drop in systolic blood pressure >= 33% for more than 10 minutes during the procedure as a risk factor

cardiac risk index =

= SUM(points for findings present)

Interpretation

• minimum score: 0

• maximum score: 53

	Total Points
	Class 
	No or Minor Complications
	Life Threatening Complications
	Cardiac Deaths

	0-5
	I
	99%
	0.6%
	0.2%

	6-12
	II
	96%
	3%
	1%

	13-25
	III
	86%
	11%
	3%

	>= 26
	IV
	49%
	12%
	39%


References:

Ewald G, McKenzie C (editors). Manual of Medical Therapeutics, 28th edition. Little, Brown and Company. 1995. pages 21-22

Goldman L, Caldera L, et al. Multifactorial Index of Cardiac Risk in Noncardiac Surgical Procedures. N Engl J Med. 1977; 297:845.
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06.03.03 Clinical Predictors of Perioperative Cardiovascular Events

Overview:

Certain conditions are associated with an increased risk for an adverse perioperative cardiovascular event.

Perioperative cardiovascular events

• myocardial infarction

• congestive heart failure

• sudden death

	Significance
	Predictor of Perioperative Cardiovascular Event

	Major
	unstable coronary syndrome

	
	decompensated congestive heart failure

	
	serious arrhythmias

	
	severe valvular disease

	Intermediate
	mild angina pectoris (Canadian Class I or II)

	
	prior myocardial infarction by history or pathological Q waves

	
	compensated or prior congestive heart failure

	
	diabetes mellitus

	Minor
	advanced age

	
	abnormal electrocardiogram

	
	rhythm other than sinus (atrial fibrillation, etc.)

	
	low exercise tolerance

	
	history of stroke

	
	uncontrolled systemic hypertension


where:

• unstable coronary syndromes include recent myocardial infarction with evidence of important ischemic risk from clinical symptoms or noninvasive study, and unstable or severe angina (Canadian Class III or IV)

• serious arrhythmias include high grade atrioventricular block, symptomatic ventricular arrhythmias in the presence of underlying heart disease, supraventricular arrhythmias with uncontrolled ventricular rate

• abnormal electrocardiogram includes ventricular hypertrophy, bundle branch block, or ST-T wave abnormalities

• uncontrolled systemic hypertension may be associated with marked changes in blood pressure during and after surgery, with associated myocardial ischemia

References:

ACC/AHA Task Force Report. Guidelines for perioperative cardiovascular evaluation of noncardiac surgery. Circulation. 1996; 93: 1278-1317. (Table 1 page 1288)

06.03.04 Risk of Cardiac Events Associated with Noncardiac Surgical Procedures

Overview:

The risk of a cardiac event associated with a noncardiac surgical procedure can be estimated from the nature of the procedure.

	Risk of Cardiac Event
	Noncardiac Procedure

	high ( > 5%)
	emergency surgery, particularly in an elderly patient

	
	aortic or other major vascular surgery

	
	peripheral vascular surgery

	
	prolonged surgery with major fluid shifts and/or blood loss

	intermediate (1-5 %)
	carotid endarterectomy

	
	head or neck surgery

	
	intraperitoneal or intrathoracic surgery

	
	major orthopedic surgery

	
	prostate surgery

	low ( < 1%)
	endoscopy

	
	superficial procedures

	
	cataract surgery

	
	breast surgery

	
	minor orthopedic surgery


06.03.05 Revised Cardiac Risk Index

Overview:

The risk of a major cardiac complication occurring in association with nonemergency, noncardiac surgery can be estimated using the revised cardiac risk index. The study was done at Brigham and Women's Hospital and the University of California at San Francisco.

Parameters

(1) riskiness of surgery

(2) history of ischemic heart disease

(3) history of congestive heart failure

(4) history of cerebrovascular disease

(5) diabetes mellitus

(6) renal function and serum creatinine level

	Parameter
	Finding
	Points

	riskiness of surgery
	low or moderate risk
	0

	
	high risk
	1

	ischemic heart disease
	absent
	0

	
	present
	1

	congestive heart failure
	absent
	0

	
	present
	1

	cerebrovascular disease
	absent
	0

	
	present
	1

	insulin-dependent diabetes mellitus
	absent
	0

	
	present
	1

	serum creatinine
	<= 2mg/dL
	0

	
	> 2 mg/dL
	1


where:

• high risk surgery includes abdominal aortic aneurysm repair, thoracic surgery or major intrabdominal operation

• ischemic heart disease includes previous myocardial infarction, angina, history of positive exercise test, presence of Q waves

• cerebrovascular disease includes a history of stroke or transient ishemic attack (TIA)

risk score =

= SUM(points for the 6 parameters)

Interpretation:

• minimum score: 0

• maximum score: 6

• Patients with 2 or more risk factors benefit from improved perioperative management.

	Risk Score
	Risk of Major Cardiac Complication

	0
	0.4%

	1
	1.1%

	2
	4.6%

	>= 3
	9.7%


Major cardiac complications include

• myocardial infarction

• cardiogenic pulmonary edema

• ventricular fibrillation

• primary cardiac arrest

• complete heart block

References:

Kelion AD, Banning AP. Is simple clinical assessment adequate for cardiac risk stratification before elective non-cardiac surgery. Lancet. 1999; 354: 1837-1838.

Lee TH, Marcantonio ER, et al. Derivation and prospective validation of a simple index for prediction of cardiac risk of major noncardiac surgery. Circulation. 1999; 100: 1043-1049.

06.04.01 Preoperative Assessment of Cardiac Risk Before Major Vascular Surgery (Clinical-Thallium Index)

Overview: 

The Clinical-Thallium Index Score is used to predict the likelihood of a post-operative cardiac ischemic event.

The Clinical-Thallium Index Score is based on the presence or absence of 7 predictors:

(1) age: 

(2) history of angina: 

(3) Q wave on ECG: 

(4) history of ventricular ectopic activity: 

(5) diabetes: 

(6) ischemic ECG changes during dipyridamole infusion: 

(7) redistribution of thallium: 

	Parameter
	Finding
	Value

	age
	
	(0.077* (age)) - 10

	history of angina
	present
	+1.0

	
	absent
	0

	Q wave on ECG
	present
	+ 1.4

	
	absent
	0

	history of ventricular ectopic activity
	present
	+ 1.2

	
	absent
	0

	diabetes mellitus
	present
	+1.0

	
	absent
	0

	ischemic ECG changes during dipyridamole infusion
	present
	+1.3

	
	absent
	0

	redistribution of thallium
	present
	+2.3

	
	absent
	0


clinical thallium index score = 

= SUM(values for all 7 parameters)

probability of a cardiac ischemic event =

= (e^(score)) / (1 + (e^(score)))

References:

Eagle KA, Coley CM, et al. Combined Clinical and Thallium Data Optimizes Preoperative Assessment of Cardiac Risk before Major Vascular Surgery. Ann Intern Med. 1989; 110:859-866.

06.04.02 Parsonnet Score in Cardiac Surgery Patients

Overview:

The Parsonnet score is used to estimate the probability of mortality in patients undergoing cardiac surgery.

	Risk Factor
	Finding
	Weight

	female gender
	
	1

	morbid obesity
	>= 1.5 times ideal weight
	3

	diabetes mellitus
	
	3

	hypertension
	systolic blood pressure > 140 mm Hg
	3

	ejection fraction
	good (>= 50%)
	0

	
	fair (30 - 49%)
	2

	
	poor (< 30%)
	4

	age in years
	70 - 74
	7

	
	75-79
	12

	
	>= 80
	20

	reoperation
	first
	5

	
	second
	10

	preoperative intra-aortic balloon pump
	
	2

	left ventricular aneurysm
	
	5

	emergency surgery 
	following PTCA or catheterization complication
	10

	dialysis 
	hemodialysis or peritoneal
	10

	catastrophic states
	acute structural defect, cardiogenic shock, acute renal failure, other conditions
	10 - 50

	other rare circumstances
	paraplegia, pacemaker dependency, congenital heart disease in adult, severe asthma, or other condition
	2 - 10

	mitral valve surgery
	
	5

	
	with pulmonary artery pressure >= 60 mm Hg
	8

	aortic valve surgery
	
	5

	
	with pressure gradient >= 120 mm Hg
	7

	CABG at time of valve surgery
	
	2


predicted probability of operative mortality  =

= SUM ((weight for risk factor) * (1 if factor present, 0 if absent))

06.06.05 Protocol for Evaluating Patients with Chest Pain in the Emergency Department

Overview:

Patients coming to the Emergency Department with chest pain need to be assessed for the possibility of myocardial infarction. Patients with a possibility of myocardial ischemia should be admitted to the coronary care unit, while those without cardiac ischemia should not be. The following protocol can be used to assist in reaching a decision.

Data requirements

• history and physical examination

• any prior electrocardiograms, for comparison

• an electrocardiogram in the Emergency Department

Diagnostic groups:

• MI possible (probability of MI >= 7%), should be admitted to CCU

• non-MI (probability of MI < 7%), should not be admitted to CCU

Question A1: Are there ST elevations or Q waves in 2 or more leads, not known to be old.

• If Yes, then MI possible (patient group N)

• If No, then proceed to Question 2

Question A2: Did chest pain begin 48 or more (>= 48) hours ago?

• If Yes: Are there ST-T changes of ischemia or strain, not known to be old?

• If Yes, then MI possible (patient group M)

• If No, then non-MI (patient group L)

• If No, then proceed to Question 3.

Question A3: Does the patient have a prior history of myoarcdial infarction and/or angina?

• If Yes, then proceed to Question B1

• If No, then proceed to Question C1

Question B1: Are there ST-T changes of ischemia or strain, not known to be old?

• If Yes, then MI possible (patient group K)

• If No, then proceed to Question B2.

Question B2: Is the longest episode of pain 1 hour or more?

• If Yes, then proceed to Question B3.

• If No, then non-MI (patient group H)

Question B3: Is the pain worse than prior angina or the same as a prior MI?

• If Yes, then MI possible (patient group J)

• If No, then non-MI (patient group I)

Question C1: Does pain radiate to neck, or left should, or left arm?

• If Yes, then proceed to Question C2.

• If No, Are ST-T changes of ischemia or strain present, not known to be old?

• If Yes, then MI possible (patient group B)

• If No, then non-MI (patient group A)

Question C2: Is the patient 40 years of age or older?

• If Yes, If yes, then proceed to Question C3.

• If No, then non-MI (patient group C)

Question C3: Can the chest pain be reproduced by palpation?

• If Yes, then non-MI (patient group D)

• If No, proceed to Question C4.

Question C4: Does the pain radiate to back, abdomen or legs?

• If Yes, then non-MI (patient group E)

• If No, then proceed to Question C5.

Question C5: Is the chest pain "stabbing" in nature?

• If Yes, then non-MI (patient group F)

• If No, then MI possible (patient group G)

Interpretation

Performance by the protocol was similar to that of physicians presented with the cases:

• sensitivity (with MI and admitted to CCU): 88%

• specificity (without MI and not admitted to CCU): 74%

• positive predictive value: 32%

• overall accuracy: 76%

	Patient Group
	Diagnosis
	percent MI in retrospective and prospective protocol use

	A
	non-MI
	2%

	B
	possible MI
	26%

	C
	non-MI
	2%

	D
	non-MI
	1%

	E
	non-MI
	8%

	F
	non-MI
	2%

	G
	possible MI
	17%

	H
	non-MI
	4%

	I
	non-MI
	1%

	J
	possible MI
	11%

	K
	possible MI
	26%

	L
	non-MI
	2%

	M
	possible MI
	21%

	N
	possible MI
	75%


Limitations

The protocol was developed prior to ready availability of cardiac enzyme markers and other newer diagnostic modalities. However, it still may be of use when such resources are not available.

Implementation Note

Due to the complexity of expressing a decision tree completely in Boolean terms, key branch points were identified and assigned roman numerals (0, I, II, III, IV, V, VI) that would serve as summaries of decisions made up to that point.

06.07 Diagnosis of Myocardial Infarction

06.07.02 CK-MB and the CK-MB to Total CK Ratio

Overview: 

There are 3 isoenzymes of creatine kinase (CK): CK-MM, CK-MB and CK-BB. CK-MM is normally the predominant form found in serum. CK-MB is normally found as a small percentage of total activity, with increases seen in acute myocardial injury as well as certain other states, such as trauma.

Measurement of CK-MB

• electropheresis to measure isoenzymes

• mass assay

Increases in CK-MB may be expressed as:

1) an increase in percent of total CK activity (electropheresis)

2) an increase in mass assay, as ng/mL

3) CK-MB relative index

increase in CK-MB mass assay

• normal is < 5 ng/mL

• borderline increase is 5-10 ng/mL

• increased if >= 10 ng/mL.

CK-MB relative index =

= ((CK-MB mass in ng/mL) * 100) / (total CK activity in U/L)

where:

• this approximates a percentage except for the issue of incompatible units.

• increased if >= 5

• if total CK elevated, a borderline increase is in range 2-5

• if total CK is not elevated, normal is < 5

Time course:

• earliest increase: 4-8 hours

• peak levels: 12-24 hours

• return to normal: 48-72 hours after the infarction

CK-MB elevations in muscle disease

• a small amount of CK-MB is present in skeletal muscle, which can lead to significant serum levels in massive skeletal muscle injury

• in trauma, the rise in CK-MB shows a rise then fall, but the CK index is low

• in myopathy the elevation in CK-MB tends to be constant

Limitations

• rarely patients with heterophilic antibodies can have spurious elevations of CK-MB

• patients with both skeletal muscle and cardiac injury (post open heart surgery, chest trauma) can be difficult to diagnose with confidence

Clinical utility

• sensitivity: 94-100%

• specificity: 93-100%

• ROC curve analysis shows diagnostic accuracy indistinguishable from troponin I for diagnosis of acute myocardial infarction

• serial monitoring more useful than single determinations

06.07.03 Troponin T

Overview:

Troponin is a complex composed of 3 proteins (troponin C, troponin I, troponin T) mediating interaction between myosin and actin. One of these proteins is troponin T. A cardiac specific form of troponin T is present which is released into the serum when myocyte injury occurs.

Reference range in serum: 0 - 0.1 µg/L

Time course:

• earliest increase: 4-6 hours

• peak levels: 10-24 hours

• return to normal: 10-15 days

Limitations:

• increased levels may occur in severe muscle injury due to cross-reactivity with skeletal muscle troponin, but this should be less frequent with more specific (second generation) assays 

• increased levels can occur in some patients with renal failure (uremia)

Clinical utility

• sensitivity: > 98%

• specificity: 80%

• serial monitoring more useful than single determinations

06.07.04 Troponin I

Overview:

Troponin is a complex composed of 3 proteins (troponin C, troponin I, troponin T) mediating interaction between myosin and actin. A cardiac specific form of troponin I is present which is released into the serum when myocyte injury occurs.

Reference range in serum: <= 3.1 µg/L

Time course: biphasic with early peak and secondary peak at 60-80 hours after infarction

• earliest increase: 4-6 hours

• peak levels: 10-24 hours

• return to normal: 10-15 days 

Limitations:

• the duration of elevation may limit use in the diagnosis of myocardial injury occurring after heart surgery when preoperative cardiac injury was present

Clinical utility

• sensitivity: > 98%

• specificity: 95%

• serial monitoring more useful than single determinations

• duration of elevation after injury overlaps with that of lactate dehydrogenase, and can be used to diagnose myocardial infarction having a late presentation for medical care (retrospective diagnosis)

• rhabdomyolysis usually does not cause increases in troponin I

• acute or chronic skeletal muscle injury does not cause increases in troponin I, so that it can be useful when CK-MB is obscured by skeletal muscle injury

• not elevated in renal failure patients

• ROC curve analysis shows diagnostic accuracy indistinguishable from CK-MB for diagnosis of acute myocardial infarction

06.07.05 Myoglobin

Overview:

Myoglobin is found in both skeletal and cardiac muscle. Injury to skeletal or cardiac muscle results in increased serum levels shortly after injury.

Reference range in serum: serum levels are directly related to muscle mass

• RIA: male: 19-92 µg/L; female: 12-76 µg/L

• INA: < 90µg/L

Time course:

• earliest increase: 2-3 hours

• peak levels: 6-9 hours

• return to normal: within 24-36 hours

Limitations

• Myoglobin is present in both skeletal muscle and myocardium. Many conditions can result in elevated myoglobin levels, including uremia, trauma, seizures, myopathies, intramusclar injections, burns and exercise. Surgery increases myoglobin levels, so of little use in diagnosis of perioperative myocardial infarction.

• The increase in myoglobin can be missed if the patient delays presentation for medical care for 24 or more hours after injury.

Clinical utility

• While a positive myoglobin increase is of little utility, a normal myoglobin level is evidence against the diagnosis of myocardial injury.

• sensitivity: 75-95%

• specificity: 70%

06.08.12 Echocardiographic Wall Motion Score and Killip Class for Risk Stratification after Acute Myocardial Infarction

Overview:

Based on Killip class and left ventricular wall motion on echocardiography following acute myocardial infarction, a patient's one year mortality rate can be assessed. The Killip class roughly categorizes the clinical severity of the acute infaction. The ventricular wall motion serves as a measure of left ventricular function.

Killip class

	Clinical Findings
	Clinical Group
	Killip Class

	no clinical signs of cardiac decompensation
	no heart failure
	I

	heart failure, with rales, S3 gallop and venous hypertension
	heart failure
	II

	frank pulmonary edema
	severe heart failure
	III

	hypotension (systolic blood pressure <= 90 mm Hg), cyanosis, oliguria, diaphoresis, pulmonary edema
	cardiogenic shock
	IV


Echocardiographic Wall Motion 

Measurement of Echocardiographic Wall Motion

• performed on day 5 after acute myocardial infarction

• examined by 2-dimensional echocardiography through all available acoustic windows, using a 9 segment model (apex, anterior midventricular, anterior basal, lateral midventricular, lateral basal, posterior midventricular, posterior basal, medial midventricular, medial basal)

• myocardial motion in each segment is scored, provided the segment could be seen in at least one projection

	Segmental Motion
	Score

	hyperkinesis
	3

	normokinesis
	2

	hypokinesis
	1

	akinesis
	0

	paradoxical motion
	-1


wall motion index =

= (sum of scores for all segments seen in at least one projection) / (number of segments seen in at least one projection)

Interpretation

The low risk group for 1 year mortality consisted of those with wall motion index > 1.3, and/or Killip class I.

	Wall Motion Index
	Risk Group
	1 year mortality rate

	> 1.3
	low
	2%

	> 1.0, <= 1.3
	medium
	34%

	<= 1.0
	high
	37%


	Killip Class
	1 year mortality rate

	I
	6%

	II
	26%

	III and IV
	48%


06.13 Umbilical Catheter Length in Newborns

Overview:

The length of catheter needed in neonates to reach specific intravascular locations from the umbilical artery or vein can be estimated from the horizontal distance between the shoulders and the umbilicus.

Measurement

• an imaginary horizontal line connects both shoulders

• an imaginary horizontal line is placed through the umbilicus

• the distance in centimeters between these lines is measured

Umbilical Artery

	distance from shoulder to umbilicus in cm
	distance to aortic valve in cm
	distance to diaphragm in cm
	distance to aortic bifurcation in cm

	8
	12.8
	7.9
	3.6

	9
	14.6
	9.2
	4.3

	10
	16.5
	10.4
	5.1

	11
	18.4
	11.6
	6

	12
	20.3
	12.8
	6.6

	13
	22.1
	14
	7.6

	14
	24
	15.2
	8.4

	15
	26
	16.4
	9.2

	16
	27.8
	17.6
	10

	17
	29.6
	18.8
	10.8


This data can be approximated by the following equations:

distance to the aortic valve in cm =

= (1.87697 * (distance from shoulder to umbilicus in cm)) - 2.252121

distance the level of the diaphragm in the aorta in cm =

= (1.205455 * (distance from shoulder to umbilicus in cm)) - 1.6782

distance to the aortic bifurcation in cm =

= (0.8085 * (distance from shoulder to umbilicus in cm)) - 2.9461

Umbilical Vein

	distance from shoulder to umbilicus  in cm
	distance to diaphragm level of the inferior vena cava in cm
	distance to the atrium in cm

	8
	4.5
	5.7

	9
	5.2
	6.5

	10
	5.8
	7.3

	11
	6.4
	8.1

	12
	7
	9

	13
	7.6
	9.7

	14
	8.4
	10.5

	15
	8.9
	11.3

	16
	9.6
	12

	17
	10.2
	12.8


This data can be approximated by the following equations:

distance to the level of the diaphragm in the inferior vena cava in cm =

= (0.63152 * (distance from shoulder to umbilicus in cm)) - 0.53394

distance to the atrium in cm =

= (0.7897 * (distance from shoulder to umbilicus in cm)) - 0.5812

where

• the atrium is designated "left" in the references but appears to refer to the right atrium

Pulmonary and Acid-base

08.01.02 Predicted Forced Expiratory Volume in 1 Second (FEV(1))

Overview:

The Forced Expiratory Volume in 1 second [FEV(1)] is the volume of air expired in the first second. This is an important predictor of outcomes in patients with COPD.

Morris (1971)

predicted FEV(1) in liters for males =

= (0.092 * (height in inches)) - (0.032 * (age in years)) - 1.26

predicted FEV(1)  in liters for females =

= (0.089 * (height in inches)) - (0.025 * (age in years)) - 1.93

Crapo (1981)

predicted FEV(1) in liters for males =

= ((0.0414 * (height in cm)) - (0.0244 * (age in years)) - 2.190

predicted FEV(1) in liters females =

=  ((0.0342 * (height in cm)) - (0.0255 * (age in years)) - 1.578

Interpretation

The severity of pulmonary impairment in obstruction:

• normal: FEV(1) >80% predicted

• mild: FEV(1) 66-80% predicted

• moderate: FEV(1) 50-65% predicted

• severe: FEV(1) < 50% predicted

08.01.03 Predicted Forced Midexpiratory Flow Rate 

Overview:

The Forced midexpiratory flow rate (FEF25-75%) is the mean forced expiratory flow during the middle half of the forced vital capacity (FVC).

Morris (1971)

predicted FEF(25-75%) in liters for males =

= (0.047 * (height in inches)) - (0.045 * (age in years)) + 2.51

predicted FEF(25-75%) in liters for females =

= (0.06 * (height in inches)) - (0.032 * (age in years)) + 0.551

Crapo et al. (1981)

predicted FEF(25-75%) in liters for males =

=  (0.0204 * (height in cm)) - (0.0380 * (age in years)) + 2.133

predicted FEF(25-75%) in liters females =

=   (0.0154 * (height in cm)) - (0.0460 * (age in years)) + 2.683

Interpretation:

The severity of pulmonary impairment in obstruction:

• normal: FEF(25-75%) >65% of predicted

• mild: FEF(25-75%)50-65% of predicted

• moderate: FEF(25-75%) 35-49% of predicted

• severe: FEF(25-75%) < 35% of predicted

• small airway disease: FVC is >= 81% of predicted, but FEF(25-75%) < 65%

08.01.04 FEV(1)-to-FVC Ratio

Overview:

The FEV(1)-to-FVC ratio is the volume of air expired in the first second, expressed as a percent of FVC.

FEV(1)-to-FVC ratio =

= (FEV(1) / FVC )

Crapo (1981)

percent for males = 

= ((-0.13) * (height in cm)) - (0.152 * (age in years)) + 110.49

percent for  females = 

= ((-0.202) * (height in cm)) - (0.252 * (age in years)) + 126.58

Interpretation:

• normal: > 69%

• mild obstruction: 61-69%

• moderate obstruction: 45-60%

• severe obstruction: < 45%

The severity of pulmonary impairment in obstruction:

• normal: (FEV(1) / FVC) >70% of predicted

• mild: (FEV(1) / FVC) 60-70% of predicted

• moderate: (FEV(1) / FVC) 45-59% of predicted

• severe: (FEV(1) / FVC) <45% of predicted

08.01.06 Assessing Obstructive and Restrictive Patterns

Overview:

By examining the results of spirometric testing, it is usually possible to recognize patterns associated with obstructive or restrictive lung disease.

With obstruction:

• patients may have a normal or modestly reduced vital capacity, but the volume time tracing of the forced vital capacity will be abnormal

• flattening of the slope of the curve at any given lung volume, reflecting reduced rate of airflow

• the duration of the forced expiratory maneuver is prolonged; the changes in the rate of expiratory airflow reduce the FEV(1), FEV(3), FEV(1)-to-FVC, FEV(3)-to-FVC, and FEF(25-75%)

With restriction:

• the configuration of the volume-time tracing may not be abnormal

• the FEV(1) and FEV(3) are low because of the low vital capacity

• the FEV(1)-to-FVC and FEV(3)-to-FVC are normal or even increased

• the FEF(25-75%) is less than predicted

08.01.08 Maximal Inspiratory and Maximal Expiratory Pressures

Overview:

The maximum inspiratory pressure is the highest atmospheric pressure developed during inspiration against an occluded airway. The maximum expiratory pressure is the highest pressure developed during expiration against an occluded airway.

predicted maximal inspiratory pressure, in cm of water for males =

= 143 - (0.55 * (age in years))

predicted maximal inspiratory pressure, in cm of water for females =

= 104 - (0.51 * (age in years))

predicted maximal expiratory pressure, in cm of water for males =

= 268 - (1.03 * (age in years)) 

predicted maximal expiratory pressure, in cm of water for females =

= 170 - (0.53 * (age in years))

	
	maximal inspiratory pressure
	maximal expiratory pressure

	poor effort
	decreased
	decreased

	fatigue
	decreased
	decreased

	neuromusclular disease
	decreased
	decreased

	increased lung volume
	decreased
	normal

	decreased lung volume
	normal
	decreased


08.01.10 Minute Ventilation by Spirometry

Overview:

The minute ventilation (VE) is the amount of air inspired and expired in 1 minute.

VE = 

= (tidal volume) * (respiratory rate per minute)

where

• the tidal volume is the volume of air inspired/expired during each respiratory cycle

Interpretation:

• The normal minute ventilation is about 6 liters/minute.

08.01.11 Maximal Voluntary Ventilation (Maximal Breathing Capacity)

Overview:

The Maximal Voluntary Ventilation, or MVV(F), is the maximal volume expelled in 12 seconds of forced breathing. It is also called the maximal breathing capacity (MBC).

Boren (1966)

predicted maximum voluntary ventilation in liters/min for adult males =

= (3.39 * (height in inches)) - (1.26 * (age in years)) - 21.4

Cherniack (1972)

predicted maximum voluntary ventilation in liters/min for adult males =

= (3.029 * (height in inches)) - (0.816 * (age in years)) - 37.949

predicted maximum voluntary ventilation in liters/min for adult females =

= (2.138 * (height in inches)) - (0.685 * (age in years)) - 4.87

08.02.01 Lung Volume Definitions

Overview:

The lung volume can be subdivided into physiologic subgroups seen during the respiratory cycle.

Capacities

functional residual capacity (FRC) = volume of air remaining in the lungs at the end-expiratory level.

inspiratory capacity (IC) = maximum volume of air inspired from the end-expiratory level.

inspiratory vital capacity (IVC) = maximum volume of air inspired from the maximum expiratory level

total lung capacity (TLC) = volume of air in the lungs after maximum inspiration

vital capacity (VC) = maximum volume of air expired from the maxium inspiratory level

Volumes

expiratory reserve volume (ERV)  = maximum volume of air expired from the resting end-expiratory level.

inspiratory reserve volume (IRV) =  maximum volume of air inspired from the resting end-inspiratory level.

residual volume (RV) =  volume of air remaining in lungs after maximum expiration

tidal volume (TV) = volume of air inspired or expired with each breath during quiet breathing.

Equations Expressing Relationships

TLC = VC + RV = IC + FRC

IC = IRV + TV = TLC - FRC = VC - ERV

FRC = ERV + RV

VC = IC + ERV

08.02.02 Predicted Residual Volume (RV)

Overview:

Residual Volume (RV) is the volume of air remaining in the lungs after maximum expiration.

Goldman (1959)

predicted RV in liters for males =

= (0.069 * (height in inches)) + (0.017 * (age in years)) - 3.45

predicted RV in liters for females =

= (0.081 * (height in inches)) - (0.009 * (age in years)) - 3.9

Boren (1966)

predicted RV in liters in males =

= (0.049 * (height in inches)) + (0.0115 * (age in years)) - 2.24

08.02.03 Predicted Functional Residual Capacity (FRC)

Overview:

Functional Residual Capacity (FRC) is volume of air remaining in the lungs at the end-expiratory level.

Bates (1971)

predicted FRC in liters for males =

= (0.13 * (height in inches)) - 5.16

predicted FRC in liters for females =

= (0.119 * (height in inches)) - 4.85

Boren (1966)

predicted FRC in liters for males =

= (0.081 * (height in inches)) - 2.94

08.02.07 Quantitation of Restriction with VC and TLC

Overview:

By examining the ratio of measured-to-predicted lung capacities it is possible to assess the severity of restrictive lung disease.

	
	measured-to-predicted VC
	measured-to-predicted TLC

	normal
	>= 81%
	>= 81%

	mild restriction
	66-80%
	66-80%

	moderate restriction
	51-65%
	51-65%

	severe restriction
	<= 50%
	<= 50%


FVC is equivalent to VC.

08.03.01 Predicted Values for Pulmonary Diffusing Capacity

Overview:

The pulmonary diffusing capacity refers to the gas exchange between the alveoli and the pulmonary capillary blood.

Crapo (1981)

diffusing capacity in males =

= (0.416 * (height in cm)) - (0.219 * (age in years)) - 26.34

diffusing capacity in females =

= (0.256 * (height in cm)) - (0.144 * (age in years)) - 8.36

where

• The diffusing capacity is reported in mL of CO (at STPD) per minute per mm Hg.

• The equations to correct for hemoglobin will be added later.

diffusing capacity as percent of predicted =

= (measured diffusing capacity) / (predicted diffusing capacity) * 100

Interpretation:

• normal: >80% of predicted normal

• mild impairment: 61-80% of predicted normal

• moderate impairment: 40-60% of predicted normal

• severe impairment: < 40% of predicted normal

08.04 Acid-Base Disorders

08.04.01 Henderson-Hasselbalch Equation

Overview:

CO2 and water are in equilibrium in the plasma with H2CO3, which in turn is in equilibrium with hydrogen ions and bicarbonate (H+ and HCO3-).

arterial pH = 

= pK + (log10 ((HCO3-) / (0.031 * (pCO2))))

= 6.1 + (log10 ((HCO3-) / ((0.031) * (pCO2))))

where:

• pH = log10 (1/H+) = - log10(H+)

• 6.1 is the dissociation constant pK for CO2 in aqueous solution;

• 0.031 is a combination of the constant for the solubility of CO2 in plasma at 37 degree C plus a factor for conversion of mm Hg to mmol/L (288 Manual).

• [H2CO3] = 0.031 * pCO2

Another equation to derive hydrogen ion is:

(H+ in nM/liter) = 

= 24 * ((PaCO2) / (HCO3-))

Since total carbon dioxide equals [H2CO3] + [HCO3-]:

total carbon dioxide in mEq/L=

= (0.031 * (pCO2)) + (HCO3-)

where: 

• [H2CO3] = 0.031* pCO2

Bicarbonate can be calculated from the Henderson-Hasselbalch equation:

bicarbonate HCO3- =

= 0.031 * (pCO2) * (10 ^ ((pH) - 6.1)))

08.04.02 Simple Acid-Base Disorders and Expected Compensation

Overview:

In acid base disorders an initial change in levels of acid or base is followed by a compensatory response attempting to return the system to a balanced state.

	Disorder
	Initial Change
	Compensatory Response

	Metabolic acidosis
	decreased HCO3-
	1.1-1.3 mm Hg decrease in pCO2 for every 1 mEq/L decrease in HCO3-

	Metabolic alkalosis
	increased HCO3-
	0.6-0.7 mm Hg increase in pCO2 for every 1 mEq/L increase in HCO3-

	Repiratory acidosis, acute
	increased pCO2
	1 mEq/L increase in HCO3- for every 10 mm Hg increase in pCO2; ratio of change in pH to change PCO2 0.008

	Repiratory acidosis, chronic
	increased pCO2
	3.0-3.5 mEq/L increase in HCO3- for every 10 mm Hg increase in pCO2; ratio of change in pH to change PCO2 0.003

	Repiratory alkalosis, acute
	decreased pCO2
	2.0-2.5 mEq/L decrease in HCO3- for every 10 mm Hg decrease in pCO2; ratio of change in pH to change PCO2 0.008

	Repiratory alkalosis, chronic
	decreased pCO2
	4.0-5.0 mEq/L decrease in HCO3- for every 10 mm Hg decrease in pCO2; ratio of change in pH to change PCO2 0.002


08.04.03 Bicarbonate Need in Metabolic Acidosis

Overview: 

In severe metabolic acidosis, bicarbonate may be given to correct the base deficit in the extracellular fluid within 24 hours. Parenteral bicarbonate therapy may be considered in patients when the pH is below 7.2 and should be discontinued once the pH reaches 7.2.

The general formula used to estimate the dosage required is:

 mEq HCO3 required = 

= (((desired HCO3-) - (measured HCO3-)) * (f) * (lean body weight in kg))

where

• f = fraction of the total body weight in which the administered  material is distributed; for HCO3 it is in the range 0.5 - 0.6

The calculated base excess may be erroneous in the presence of respiratory acidosis; it also does not account for intracellular bicarbonate stores.

Since overalkalinization can result in problems such as tetany, seizures, and cardiac arrhythmias, in practice about half of the calculated dose is given initially, after which the patient is monitored by subsequent blood gases for response. Potassium and calcium are monitored for hypokalemia and hypocalcemia which may occur as the acidosis is corrected.

Alternative Equation (Pincus et al)

The amount of bicarbonate required to return an acidotic patient's pH to 7.4 is:

amount of bicarbonate to administer =

= ((((initial bicarbonate) + (0.03 * (PaCO2))) * (20 - (10 ^ ((initial pH) - 6.1)))) / (1 + (10 ^ ((initial pH) - 6.1))))

This gives a value that is about half of the in vivo and in vitro base excesses (see below). The source of the equation is not given in the text.

08.04.06 In Vivo Base Excess

Overview:

The base excess is defined as the number of mEq of acid needed to titrate 1 liter of blood to a pH of 7.4 at pCO2 of 40 mm Hg and at 37 C. It is useful in determining the metabolic component in mixed respiratory and metabolic disorders. There are two versions - in vivo base excess and in vitro base excess. 

in vivo base excess =

= ((1.0 - (0.004 * (hemoglobin in g/dL))) * ((HCO3-) - 24)) + ((9 + (0.3 * (hemoglobin in g/dL))) * ((pH) - 7.4)) - (0.3 * (hemoglobin in g/dL) * ((100 - (percent oxygen saturation)) / 100))

08.04.07 Standard Bicarbonate

Overview:

Bicarbonate can be estimated using the formula of VanSlyke and Cullin.

bicarbonate =

= 24.5 + (0.9 * X) + (((X - 2.9) ^ 2) * (2.65 + (0.31 * (hemoglobin in g/dL))) / 1000)

where:

• X = (in vitro base excess) - (0.2 * (hemoglobin in g/dL) * (100 - (oxygen saturation)) / 100)

08.05.05 Converting Gas Volumes Based on Temperature, Barometric Pressure and Water Vapor

Overview:

A gas volume is affected by the barometric pressure, environmental temperature and the presence of water vapor.

Descriptors for Gas Volumes Based on Environmental Conditions

	Term
	Conditions

	ATPS
	ambient temperature and pressure, saturated with water vapor

	ATPD
	ambient temperature and rpessure, dry

	BTPS
	body temperature and pressure, saturated with water vapor

	STPD
	standard temperature and pressure, dry


Conversion Gas Volume at ATPS to BTPS

gas volume in liters at BTPS =

= (gas volume in liters at ATPS) * (((barometric pressure in mm Hg) - (water vapor pressure in mm Hg)) / ((barometric pressure) - 47)) * (310 / (273 + (ambient temperature in °C))) 

where:

• 47 = vapor pressure of water at 37°C

• 273 = degrees Kelvin at 0°C

• 310 = degrees Kelvin at 37°C (body temperature)

Conversion of Gas Volume at ATPS to STPD

gas volume in liters at STPD =

= (gas volume in liters at ATPS) * (((barometric pressure in mm Hg) - (water vapor pressure in mm Hg)) / 760) * (273 / (273 + (ambient temperature in °C))) 

Conversion of Gas Volume at ATPD to STPD

gas volume in liters at STPD =

= (gas volume in liters at ATPD) * ((barometric pressure in mm Hg) / 760) * (273 / (273 + (ambient temperature in °C)))

	
	numerator for pressure
	denominator for pressure
	numerator for temperature
	denominator for temperature

	ATPS to BTPS
	BP - (water vapor)
	BP - 47
	310
	273 + °C

	ATPS to STOD
	BP - (water vapor)
	760
	273
	273 + °C

	ATPD to STPD
	BP
	760
	273
	273 + °C


08.06 Blood Oxygenation

08.06.01 Estimates for pO2 and pCO2

Overview:

A patient's pO2 varies with age. pCO2 is affected by altitude, with values for pCO2 decreasing with altitude above sea level at a rate of 5 mm Hg per mile above sea level.

Equations for pO2 and Age

	pO2 in mm Hg =
	Author

	(-0.22 * (age in years)) + 102.5
	Conway et al

	(-0.24 * (age in years)) + 103.7
	Raine and Bishop

	(-0.25 * (age in years)) + 104.0
	Marshall and Millar

	(-0.27 * (age in years)) + 104.2
	Mellemgaard

	(-0.43 * (age in years)) + 109.0
	Sorbini et al 


pCO2 and Altitude

pCO2 in mm Hg at given altitude =

= (pCO2 at current altitude in feet) - (5 * ((given altitude in feet) - (current altitude in feet)) / 5280)

where

• altitude is in feet above sea level

• 5280 indicates the number of feet in a mile

08.06.02 Oxygen Saturation

Overview:

Oxygen saturation is a ratio of the volume of oxygen actually carried in the blood versus the maximum volume which could be carried. 

The oxyhemoglobin dissociation curve shows the relation between pO2 and percent oxygen saturation of hemoglobin. At a body temperature of 37 °C and with a blood pH of 7.4, the oxygen saturation of hemoglobin varies with pO2 as follows:

	pO2
	% oxygen saturation of hemoglobin

	10
	13.5%

	20
	35%

	30
	57%

	40
	75%

	50
	83.5%

	60
	89%

	70
	92.7%

	80
	94.5%

	90
	96.5%

	100
	97.4%


Variation in body temperature and pH can shift the dissociation curve and affect oxygen release (see: 08.05.04 Oxygen Delivery and Consumption).

oxygen saturation as percent =

= ((oxygen content) / (oxygen capacity)) * 100% =

= (A / B ) * 100

where:

• A = (X^4) - (15 * (X^3)) + (2045 * (X^2)) + (2000 * X)

• B =  (X^4) - (15 * (X^3)) + (2400 * (X^2)) - (31100 * X) + (2.4 * (10^6))

• X = (pO2) * (10 ^ ((0.48 * ((pH) - 7.4)) - (0.0013 * (in vitro base excess))))

With co-oximetry the concentrations of deoxyhemoglobin, oxyhemoglobin, hemoglobin-CO, and methemoglobin can be measured by light absorption. 

oxygen saturation as percent =

= ((oxyhemoglobin in g/dL) / (total hemoglobin in g/dL)) * 100%

Interpretation:

• normal arterial blood shows an oxygen saturation of 95-100%

• normal venous blood shows an oxygen saturation of 70-75%

Limitations:

• patients with abnormalities in 2,3-diphosphoglycerate or carbon monoxide have alterations in the affinity of hemoglobin for oxygen, and these patients may have measured oxygen saturation different from that estimated by the above equation.

08.06.03 Oxygen Content

Overview:

Oxygen content refers to the total volume of oxygen transported by the blood. This consists of oxygen bound to hemoglobin and oxygen in the plasma (dissolved oxygen). The oxygen content is a measure of the amount of oxygen available to the tissue. 

arterial oxygen content in volume per cent =

= (1.39 * (oxygen saturation of arterial blood) * (hemoglobin in g/dL)) + (0.0031 * PaO2)

where:

• oxygen saturation is a fraction

• the oxygen carrying capacity of the blood is 1.39 mL of oxygen per gram of hemoglobin

• the amount of dissolved oxygen in the blood is 0.0031 mL of oxygen per deciliter per mm Hg pO2

mixed venous blood oxygen content in volume percent =

= (1.39 * (oxygen saturation of venous blood) * (hemoglobin in g/dL)) + (0.0031 * PvO2)

pulmonary end-capillary blood oxygen content in volume per cent=

= (1.39 * (oxygen saturation of capillary blood) * (hemoglobin in g/dL)) + (0.0031 * PAO2)

where:

• (oxygen saturation of pulmonary capillary blood) is assumed to be 1.00

difference in oxygen content between arterial and venous blood in volume percent =

= (arterial oxygen content) - (venous oxygen content) = 

= ((1.39 * (oxygen saturation of arterial blood) * (hemoglobin in g/dL)) + (0.0031 * PaO2)) - ((1.39 * (oxygen saturation of venous blood) * (hemoglobin in g/dL)) + (0.0031 * PvO2))

Interpretation:

• normal arterial oxygen content: 18-21 mL oxygen per dL (vol%)

• normal mixed venous blood oxygen content: 14.5-15.5 mL oxygen per dL (vol%)

• normal capillary blood oxygen content: 21 mL oxygen per dL (vol%)

• normal difference in oxygen content between arterial and mixed venous blood: 3.5-5.5 mL oxygen per dL (vol%)

08.06.04 Oxygen Delivery and Consumption

Overview:

Oxygen delivery depends on the amount of blood flow and the oxygen content of that blood. Oxygen release to the tissues is a function of the capillary-tissue oxygen gradient and the affinity of hemoglobin for oxygen. Oxygen consumption by tissue is the difference between oxygen delivery in the arterial system and oxygen return in the venous system.

oxygen delivery in mL/min =

= (cardiac output) * (arterial oxygen content)

oxygen delivery index in mL oxygen per minute per meter square =

= (cardiac index) * (arterial oxygen content) * 10

oxygen consumption =

= (cardiac output) * (difference in arterial and mixed venous blood oxygen content)

oxygen extraction ratio =

= (oxygen consumption) / (oxygen delivery) =

= ((difference in arterial and mixed venous blood oxygen content) / (arterial oxygen content)

Interpretation:

• normal oxygen delivery: 1000 mL/min

• normal oxygen consumption: 200-250 mL/min

• normal oxygen extraction ratio: 22-32%

• increased oxygen affinity of hemoglobin will decrease the oxygen extraction ratio; decreased oxygen affinity of hemoglobin will increase the oxygen extraction ratio

	oxygen affinity
	Decreased Affinity
	Increased Affinity

	pH
	decreased
	increased

	pCO2
	increased
	decreased

	temperature
	increased
	decreased

	erythrocyte 2,3-diphosphoglycerate (2,3-DPG)
	increased
	decreased

	abnormal hemoglobins
	some
	some

	other
	
	methemoglobin

hemoglobin-CO


08.07.01 Oxygen Content in Inspired Air

Overview:

The air is made up of a mixture of gases (oxygen, nitrogen, water vapor and a small amount of carbon dioxide), each of which has a partial pressure. The sum of the partial pressures for these gases equals the barometric pressure. 

partial pressure of oxygen in mm Hg in inspired air =

= (per cent concentration of oxygen in  the inspired air) * ((barometric pressure) - (water vapor pressure)) / 100

= (fractional concentration of oxygen in  the inspired air) * ((barometric pressure) - (water vapor pressure)) 

where:

• barometric pressure is normally 760 mm Hg at sea level

• water vapor pressure is normally 47 mm Hg at 37 °C

• the per cent concentration of oxygen in room air is about 21%

Equations for Water Vapor Pressure and Temperature

water vapor pressure in mm Hg =

= 47.07 * (10 ^ ((6.36 * ((temperature in °C) - 37)) / (232 + (temperature in °C))))

where:

• temperature is in Centigrade from 0 to 40 °C

water vapor pressure in mm Hg =

= (10 ^ ((0.0244 * (temperature in °C)) + 0.7655)) + 0.4

Equations for Barometric Pressure and Altitude

barometric pressure in mm Hg =

= 760 * ((1 - (6.873 * (10 ^ (-6)) * (altitude in feet))) ^ 5.256)

where:

• altitude is in feet above sea level

08.07.03 Alveolar Air Equation and Alveolar Oxygen Tension

Overview:

The alveolar oxygen tension refers to the partial pressure in the alveolar gas. This is less than the oxygen tension in the inspired air, due to removal of oxygen by passing blood and the addition of carbon dioxide.

alveolar oxygen tension (PAO2) =

= ((fractional concentration of oxygen in the inspired gas) * ((atmospheric pressure) - (water vapor pressure))) - ((PACO2) * ((fractional concentration of oxygen in the inspired gas) + ((1 - (fractional concentration of oxygen in the inspired gas)) / (respiratory quotient ))))

since PaCO2 can be used to approximate PACO2

alveolar oxygen tension (PAO2) =

= ((fractional concentration of oxygen in the inspired gas) * ((atmospheric pressure) - (water vapor pressure))) - ((PaCO2) / (respiratory quotient))

where:

• fractional concentration of oxygen in the inspired gas = FIO2 = (per cent inspired oxygen) / (100%)

• an alternative equation replaces (1 / (respiratory quotient)) with (1.25 - (0.25 * (FIO2))); this is derived from using 0.8 as the respiratory quotient and the relation in the top equation ((fractional concentration of oxygen in the inspired gas) + ((1 - (fractional concentration of oxygen in the inspired gas)) / (respiratory quotient )))

• water vapor pressure is 47 mm Hg at sea level and 37 °C, but can be calculated by the equations given previously

If the respiratory quotient is 0.8, and if the (barometric pressure-water vapor pressure)  is assumed to be about 700, then the equation can be simplified to:

alveolar oxygen tension (PAO2) =

= (7 * (per cent inspired oxygen as whole number)) - (1.25 * (PaCO2))

For persons breathing room air at sea level, this can further simplified to:

alveolar oxygen tension (PAO2) =

= 150 - (1.25 * (PaCO2))

08.07.04 Alveolar-Arterial Oxygen Tension Difference

Overview:

The alveolar-arterial oxygen difference is an index of gas exchange within the lungs and can be used to assess the normality of blood oxygenation..

alveolar-arterial oxygen tension difference =

= (alveolar oxygen tension) - (pO2)

Interpretation:

• For FIO2 of 21%, the normal alveolar-arterial oxygen tension difference is 5-25 mm Hg; for FIO2 of 100%, the normal alveolar-arterial oxygen tension difference is < 150 mm Hg

• The alveolar-arterial oxygen difference varies with age, increasing after age 40.

• The alveolar-arterial oxygen difference is useful in distinguishing normal from mild or moderately abnormal gas exchange.

• The alveolar-arterial oxygen difference increases in most patients with abnormal gas exchange during excercise testing.

Limitations:

• In severe COPD with abnormal gas exchange, the alveolar-arterial oxygen difference may underestimate the severity of the gas exchange abnormality.

08.07.06 Physiologic Shunt and Venous Admixture Ratio

Overview:

An increase in the shunting of blood from the venous  (right side) circulation to arterial (left side) circulation can result in hypoxemia. If cental lines for sampling mixed venous blood are present, then the Venous Admixture Ratio can be calculated.

physiologic shunt = 

= (shunt fraction) / (cardiac output) =

= ((oxygen content of pulmonary end-capillary blood) - (oxygen content of arterial blood)) / ((oxygen content of pulmonary end-capillary blood) - (oxygen content of mixed venous blood))

where:

• Oxygen content in volume per cent = (1.39 * (oxygen saturation of blood) * (hemoglobin in g/dL)) + (0.0031 * (PO2))

• Oxygen content is expressed in mL/dL (vol%)

• The oxygen content of pulmonary end-capillary blood cannot be directly measured; since the oxygen saturation in pulmonary capillary blood is assumed to be 100%, the oxygen content can be estimated as: (1.39 * (hemoglobin in g/dL)) + (0.0031 * (PAO2))

• Mixed venous blood is measured from the pulmonary artery.

If the arterial blood is fully saturated (PaO2 > 100 mm Hg) and cardiac output is assumed to be normal, this can be simplified to:

physiologic shunt =

= ((2.0 - (0.003 * (PaO2))) / (7.0 - (0.003 * (PaO2))))

Interpretation:

• normal shunt is < 7%

A quick test for shunting is to administer 100% oxygen to a patient and then measure PaO2. 

• normal response: PaO2 > 550 mm Hg

• if PaO2 > 500 mm Hg, then suspect a nonshunt causes of hypoxemia (decreased ventilation, V/Q imbalance, diffusion abnormality)

• if PaO2 < 500 mm Hg, then suspect shunting

	PaO2 (mm Hg)
	approximate shunting

	260
	20%

	160
	25%

	100
	30%

	  60
	40%

	  50
	50%

	  35
	60%


08.07.09 Respiratory Dead Space Volume

Overview:

Respiratory dead space is that portion of the respiratory system not involved in gas exchange. The percent of tidal volume involved in ventilation of dead space is a measure of respiratory efficiency.

Bohr equation of dead space

(dead space volume) / (tidal volume) =

= ((PACO2) - (PCO2 of expiratory gas sample)) / (PACO2)

Since PaCO2 approximates PACO2, this becomes:

Physiologic dead space 

(dead space volume) / (tidal volume) =

= ((PaCO2) - (PCO2 of expiratory gas sample)) / (PaCO2)

Interpretation:

• normal ((dead space volume) / (tidal volume)) is 0.2-0.3 

• increased dead space ventilation can be seen in patients with ventilation of distal air spaces with nonfunctioning alveoli or in patients on ventilators with high mean airway pressures

08.07.10 Compliance During Mechanical Ventilation

Overview:

Patients on mechnical ventilators who are paralyzed or otherwise unable to make respiratory movements can be assessed for the compliance of their respiratory system. High inspiratory pressures are need to ventilate either patients with airway obstruction or with stiff lungs. Airway obstruction can often be distinguished from stiff lungs by considering the peak and plateau inspiratory pressures, since the plateau pressure tends to reflect lung stiffness.

static respiratory system compliance during mechanical ventilation =

= (minute tidal volume) / ((plateau inspiratory pressure) - (PEEP))

dynamic respiratory system compliance during mechanical ventilation =

= (minute tidal volume) / ((peak inspiratory pressure) - (PEEP))

where:

• pressures are in cm H20

• minute tidal volume is in mLs

• plateau pressure is measured by inserting a 0.3- 0.5 second pause at the end of the inspiratory phase, with the exhalation port closed to maintain the lungs in inspiration

• compliance is liters per cm water and is the opposite of "stiffness"

• PEEP is positive end-expiratory pressure

•  If the inspiratory pressure is high, the volume needs to adjusted for the volume of gas which expands the ventilator tubing but which does not involve the patient.

Interpretation

• normal static respiratory system compliance during mechanical ventilation is 70-100 mL per cm H2O

• normal dynamic respiratory system compliance during mechanical ventilation is 60-100 mL per cm H2O

Comparison of peak and plateau inspiratory pressures:

• If airway obstruction is present, plateau and peak pressures differ; if airway obstruction is minimal, plateau and peak pressures are similar.

• If (peak inspiratory pressure) - (plateau inspiratory pressure) > 10 cm H20, suspect increased airway resistance.

08.07.11 Evaluation of Hypoxemia

Overview:

A patient suspected of being hypoxemic can be quickly evaluated and the likely cause surmised.

	Alveolar-Arterial Oxygen Difference
	Response to Oxygen Therapy
	Pathophysiologic Process

	normal
	increased pO2
	hypoventilation or low inspired oxygen concentration

	increased
	increased pO2
	ventilation-to-perfusion mismatch

	increased
	no or minimal increase in pO2
	right-to-left shunt or impaired diffusion


Questions:

(1) Is the pO2 < 80 mm Hg?

(2) Is the Alveolar-arterial oxygen difference increased?

(3) Is the pCO2 increased?

(4) Does oxygen therapy correct the problem?

If the pO2 is >= 80 mm Hg, adequate oxygenation is present.

If the pO2 is < 80 mm Hg and the alveolar-arterial oxygen difference is not increased, then hypoventilation (increased pCO2) or low inspired oxygen concentration (normal or low pCO2) is suspected.

Upper Limit of Normal Alveolar-arterial Oxygen Difference in mm Hg

	Age in Years
	AaDO2

	< 40
	10

	40-50
	15

	50-59
	20

	60-69
	25

	>= 70
	30


If the pO2 is < 80 mm Hg, the alveolar-arterial oxygen difference is increased and oxygen therapy does not correct the problem, suspect shunt (normal pCO2) or impaired diffusion (increased pCO2).

If the pO2 is < 80 mm Hg, the alveolar-arterial oxygen difference is increased and oxygen therapy does correct the problem, suspect ventilation-to-perfusion mismatch.

08.07.12 PO2/FIO2 Ratio

Overview:

The arterial partial pressure of oxygen (PaO2) provides some information on pulmonary gas exchange, especially when viewed relative to the oxygen concentration in the inspired air.

PaO2-to-FIO2 ratio =

= (PaO2) / (FIO2)

where

• FIO2 is the fractional concentration of inspired oxygen, ranging from 0.21 for room air to 1.0 for 100% oxygen

Interpretation:

• in patients with ARDS, the ratio does not vary much over changes in FIO2, as the PaO2 increases or decreases similar to the change in FIO2

• in patients with significant shunting, the ratio is lower at high FIO2 since the PaO2 does not rise as fast as the increase in FIO2

08.07.13 Oxygenation Index

Overview:

The Oxygenation Index (OI) is a measure of oxygenation in relation to respiratory support.

oxygenation index =

= (mean airway pressure in cm H2O) * (FIO2 from 0.21 to 1.0) / (PaO2 in mm Hg)

One variation is to express the oxygenation index as above, multiplied by 100.

Interpretation

• The higher the oxygenation index, the more severe the oxygenation deficit.

08.07.15 Unassisted Respiratory Rate to Tidal Volume Ratio

Overview:

The respiratory rate to tidal volume ratio is a bedside measure of the extent of shallow breathing. Shallow breathing is a common finding in patients in whom weaning from a mechanical ventilator fails.

respiratory rate to tidal volume ratio =

= (respiratory rate in breaths per minute) / (tidal volume in liters)

Interpretation:

• Yang et al found that a  ratio of <= 105 indicates successful weaning from mechanical ventilation, while a ratio of > 105 predicts failure to wean from mechanical ventilation.

• Chatila et al found a ratio of <= 100 predicted successful weaning, with the ratio calculated 30-60 minutes after weaning more accurate in predicting outcome than that measured 1 minute after weaning.

Limitations

• While useful in adults, Khan et al did not find this as useful in infants or children.

08.07.17 Indications for Instituting Oxygen Therapy

Overview:

Oxygen therapy should be started when a patient has specific clinical indications. The goals of oxygen therapy are to correct hypoxemia and to minimize side effects.

Recommendations for Instituting Oxygen Therapy (from the American College of Chest Physicians and the National Heart Lung and Blood Institute):

• cardiac and respiratory arrest

• hypoxemia, with PaO2 < 7.8 kPa (58.6 mm Hg), oxygen saturation < 90%

• hypotension, with systolic blood pressure < 100 mm Hg

• low cardiac output and metabolic acidosis (bicarbonate < 18 mmol/L)

• respiratory distress with respiratory rate > 24 breaths per minute

Target PaO2: 8.0 - 10.6 kPa

Administration of high dose oxygen therapy to patients with chronic obstructive pulmonary disease (COPD) who have type II respiratory failure may reduce the hypoxic drive to breath and increase ventilation-perfusion mismatching, with resultant carbon dioxide retention and respiratory acidosis. 

• Oxygen therapy is started with low FIO2 between 24-28%, then progressively increased based on sequential blood gas analysis.

• The goals are to correct hypoxemia (to above 6.665 kPa) while keeping the pH above 7.26.

• Non-invasive positive pressure ventilation may help achieve adequate oxygenation and prevent retention of carbon dioxide by raising minute ventilation in these patients.

08.07.18 Calculation of FIO2 from Ventilatory Minute Volume and Oxygen Flow Rate

Overview:

The inspired oxygen concentration (FIO2) for patients receiving oxygen therapy can be calculated from the ventilatory minute volume and the flow rate of pure oxygen.

ventilatory minute volume in liters per minute =

= (respiratory rate in breaths per minute) * (tidal volume in liters per breath)

amount of air breathed =

= (ventilatory minute volume) - (100% oxygen flow rate)

inspired oxygen concentration FIO2 =

= (((amount of air breathed) * 0.21) + (100% oxygen flow rate)) / (venitlatory minute volume)

08.08 Endotracheal Tube Size in Infants and Children

Overview:

The appropriate size of the endotracheal tube to use in an emergency is important to ensure optimal oxygenation and to minimize trauma during insertion. The proper size in newborn infants or children can often be determined from gestational age, birth weight and/or age.

Newborn Infants

internal diameter of endotracheal tube in mm for newborn based on gestational age =

= ROUND (((gestational age in weeks)) / 10) DOWN to nearest 0.5 mm

	Gestational Age
	ETT size (ID in mm)

	24 weeks
	2.0

	28 weeks
	2.5

	32 weeks
	3.0

	36 weeks
	3.5

	40 weeks
	4.0


internal diameter of endotracheal tube in mm for newborn infants based on birth weight

	birth weight in grams
	internal diameter in mm
	distance from lips to endotracheal tube tip in cm

	< 1000 g
	2.5
	7

	1000 - 2000 g
	3.0
	8

	2000 - 4000 g
	3.5
	9

	> 4000 g
	4.0
	10


Children 0-8 Years of Age

Tabular Data for Endotracheal Tubes

	age in years
	internal diameter in mm

	1
	4.0

	2
	5.0

	4
	5.5

	6
	6.0

	8
	6.5


estimated internal diameter of endotracheal tube in mm for children =

= ((age of child in years) + 16) / 4

where:

• equation applies to uncuffed endotracheal tubes in children up to 8 years old

Additional Information

	Internal diameter of endotracheal tube in mm
	Suction catheter tube size required

	2.5
	5 French

	3.0
	5 French

	3.5
	6 French

	4.0
	8 French

	4.5
	8 French

	5.0
	10 French

	5.5
	10 French

	6.0
	10 French

	6.5
	10 French


08.10.08 Prediction of Poor Response in Adult Asthma Patients in the Emergency Department

Overview:

Asthmatic patients coming to the Emergency Room in an acute asthmatic attack can be quickly identified for risk of poor response to treatment by looking at the peak expiratory flow rate at 30 minutes.

Patient selection

• Adults 18 to 50 years of age presenting to a tertiary medical center in Montevideo, Uruguay.

• PEFR or FEV1 < 35% of predicted

• no history of chronic cough

• no history of cardiac, hepatic, renal or other medical conditions.

Treatment

• Salbutamol was administered by metered-dose inhaler into a spacer device in 4 puffs actuated at 10 minute intervals.

• Response was indicated by FEV1 at 3 hours, with good response > 45% of predicted and poor response <= 45% of predicted.

• Patients with poor response after 3 hours received 500 mg hydrocortisone IV.

Equations for Predicting PEF from Nunn (1989)

Peak expiratory flow for men: 

LN(PEF in L/min) =

= (0.544 * LN(age in years)) - (0.0151 * (age in years)) - (74.7 / (height in cm)) + 5.48

Peak expiratory flow for women: 

LN(PEF in L/min) =

= (0.376 * LN(age in years)) - (0.0120 * (age in years)) - (58.8 / (height in cm)) + 5.63

Bedside Index 

	Parameter
	Finding
	Score

	PEFR at 30 minutes as percent of predicted PEFR
	>= 50
	0

	
	40 - 49
	1

	
	< 40
	2

	change in PEFR in L/min  from baseline at 30 minutes
	>= 90
	0

	
	60 - 89
	1

	
	< 60
	2


bedside index =

= (points for percent of predicted PEFR at 30 minutes) + (points for change in PEFR at 30 minutes)

Interpretation

• minimum score: 0

• maximum score: 4

	Bedside Index
	Percent with FEV1 > 45% at 3 hours
	Percent with FEV1 <= 45% at 3 hours

	0
	100%
	0%

	1
	90%
	10%

	2
	63%
	37%

	3
	82%
	18%

	4
	6%
	94%


08.11.01 Apnea Index in Obstructive Sleep Apnea

Overview:

Obstructive sleep apnea involves episodes where nasal and/or oral airflow is absent for 10 or more seconds. Severe obstructive sleep apnea can be associated with increased mortality. If patients at high risk can be identified, then they can receive appropriate therapy.

Clinical features of obstructive sleep apnea

• usually occurs in obese males

• repetitive apneic episodes occur during sleep

• apneic episodes are associated with bradycardia, hypoxemia, and arousals with fragmented sleep

Classification of apneic episodes

• central: cessation of nasal and oral airflow with cessation of respiratory effort

• obstructive: absence of nasal and oral airflow despite continuing respiratory effort

• mixed: both central and obstructive patterns, usually with the central apnea being followed by the obstructive component

apnea index =

= (sum of all apneic episodes during study period) / (number of hours in study period)

Interpretation

• patients with apnea index >=20 associated with higher mortality rate than patients with apnea index < 20

• 8-year survival in patients with apnea index >=20 is 63 +/- 17%

• 8-year survival in patients with apnea index <20 is 96 +/- 2%

If patients with a high apnea index do not respond to surgical therapy (uvulopalatopharyngoplasty), then they should be treated with either nasal CPAP or tracheostomy.

08.12 Acute Respiratory Distress Syndrome

08.12.01 Criteria for Acute Lung Injury and Acute Respiratory Distress Syndrome

Overview:

Acute Lung Injury (ALI) refers to the spectrum of acute diffuse pulmonary injury resulting in respiratory compromise, ranging from mild to severe. Acute Respiratory Distress Syndrome (ARDS) refers to the most severe end of the spectrum. The inciting injury may occur either directly to the airways or indirectly via the bloodstream.

Terminology

• Use of term "acute" is preferrable to that  of "adult" for expansion of "ARDS".

• All patients with ARDS have acute lung injury but not all patients with acute lung injury have ARDS.

	Criteria
	Acute Lung Injury
	Acute Respiratory Distress Syndrome

	onset
	acute
	acute

	oxygenation
	PaO2/FIO2 < 300 mm Hg, regardless of PEEP level
	PaO2/FIO2 < 200 mm Hg regardless of PEEP level

	frontal chest radiograph
	diffuse, bilateral infiltrates, compatible with pulmonary edema
	diffuse, bilateral infiltrates, compatible with pulmonary edema

	pulmonary artery wedge pressure (if available)
	<= 18 mm Hg 
	<= 18 mm Hg 

	clinical findings (if pulmonary artery wedge pressure not available)
	no clinical evidence of left atrial hypertension or congestive heart failure
	no clinical evidence of left atrial hypertension or congestive heart failure


where:

• At high altitudes the level of the PaO2/FIO2 ratio may have to be adjusted, and a PaO2/PAO2 ratio of < 0.20 has been used.

• Originally decreased lung compliance was included in the defining criteria for ARDS.

08.12.03 Risk Factors for Development of the Acute Respiratory Distress Syndrome

Overview:

The Acute Respiratory Distress Syndrome may occur if one or more specific risk factors are present.

(1) Sepsis: 2 or more of the following 5 factors

(a) core temperature < 36°C or > 38.5°C

(b) white blood cell count > 12,000 per µL or < 3,500 per µL or > 20% immature forms

(c) one blood culture positive for a common pathogen

(d) a strongly suspected site of infection from which a known pathogen was cultured

(e) gross pus in a closed space, 

plus one of the following 3 factors: 

(i) systemic arterial hypotension for at least 2 hours (systolic blood pressure < 85 mm Hg, or > 40 mm Hg below the base line value, or need for inotropic drugs to maintain systolic blood pressure > 85 mm Hg), 

(ii) systemic vascular resistance < 800 dyn•sec•cm^(-5) (if a pulmonary arterial catheter is present), 

(iii) unexplained metabolic acidosis (base deficit > 5 mmol/L)

(2) Gastric aspiration: inhalation of gastric contents, witnessed or documented by suctioning of gastric contents from the endotracheal tube

(3) Pulmonary contusion: a localized infiltrate appearing on chest radiography within 6 hours of blunt chest trauma, in association with overlying ecchymoses or rib fractures

(4) Multiple transfusion: infusion of at least 10 units of whole blood or packed  red blood cells within a 12 hour period

(5) Multiple fractures: fractures of 2 or more major long bones, an unstable pelvic fracture, or a fracture of a major long bone plus a major pelvic fracture

(6) Pneumonia: presence of an infiltrate on chest radiography, plus any 3 of the following 4 factors: 

(a) purulent endotracheal aspirate, 

(b) known pathogens on Gram stain or culture of sputum or blood,

(c) temperature < 36°C or > 38.5°C, 

(d) white blood cell count > 12,000 per µL or < 3,500 per µL or > 20% immature forms

(7) Inhalation injury: hypoxemia within 3 days of smoke inhalation or inhalation of a chemical lung irritant

(8) Burn: involvement of > 25% of body surface area in a second and/or third degree burn

(9) Acute pancreatitis: severe abdominal pain, nausea and vomiting with a serum amylase level > 3 times the local upper limit of normal

(10) Drug overdose

(11) Shock: systemic arterial hypotension lasting 2 hours or more (systolic blood pressure < 85 mm Hg, or > 40 mm Hg below the base line value, or need for inotropic drugs to maintain systolic blood pressure > 85 mm Hg)

08.13.01 Scoring System for Neonatal Respiratory Distress

Overview:

Newborn infants with respiratory distress have an increased morbidity and mortality. Based on clinical parameters it is possible to identify those infants at significant risk.

Clinical assessment

• respiratory rate in breaths per minute

• presence or absence of cyanosis of lips or oral mucous membranes, with or without supplemental oxygenation

• presence or absence of retraction

• presence or absence of expiratory grunting

• quality of inspiratory breath sounds, assessed in the mid-axillary line

	Parameter
	Finding
	Points

	respiratory rate (breaths/minute)
	< 60
	0

	
	60 - 80
	1

	
	> 80
	2

	
	apneic episode
	2

	cyanosis
	none
	0

	
	on room air
	1

	
	on 40% oxygen
	2

	retraction
	none
	0

	
	mild
	1

	
	moderate or severe
	2

	grunting
	none
	0

	
	audible with stethoscope
	1

	
	audible without stethoscope
	2

	quality of inspiratory breath sounds
	clear
	0

	
	delayed or decreased
	1

	
	barely audible
	2


respiratory distress syndrome score =

= (points for respiratory rate) + (points for cyanosis) + (points for retraction) + (points for grunting) + (points for inspiratory breath sound quality)

Interpretation

The score at 12-18 hours of age provided the best estimate of prognosis.

	Time Since Birth
	Score
	Mortality Rate in 1970

	Infants 12-18 hours old
	>=8
	100%

	
	7
	64%

	
	6
	40%

	
	< 6
	0%

	Infants 24-30 hours old
	>=8
	60%

	
	7
	58%

	
	6
	50%

	
	< 6
	0%


The score also correlates with acid-base status and arterial blood gas values.

08.20 Preoperative Pulmonary Assessment of Surgical Patients

08.20.01 High Risk Patients for Lung Resective Surgery Based on Pulmonary Function Testing

Overview:

Patients at high risk for postoperative cardiorespiratory morbidity and mortality following lung resective surgery can be identified by routine pulmonary function tests.

	Pulmonary Function Test
	Finding Suggesting High Risk for Lung Resection

	forced vital capacity
	< 50% of predicted

	forced expiratory volume in 1 second FEV(1)
	< 50% of FVC

	
	< 2 liters

	maximal voluntary ventilation
	< 50% of predicted

	residual volume to total lung capacity ratio
	> 50%

	diffusing capacity 
	< 50% of predicted
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08.20.02 Criteria for Operability in Patients Undergoing Lung Resective Surgery

Overview:

In patients with severe lung disease, pneumonectomy can be performed if certain criteria are met.

Testing performed

• mean pulmonary artery pressure while exercising

• systemic PaO2 while exercising

• prediction of postpneumonectomy FEV1

Mean pulmonary arterial pressure and systemic arterial blood gas measurements were made before and after balloon occlusion of the pulmonary artery

• while the patient was at rest

• while the patient was exercising (supine pedaling of a bicycle ergometer)

Calculation of Post-pneumonectomy FEV1

Testing

• determine preoperative FEV1

• split perfusion lung scanning is performed, with emissions determined separately over each hemithorax

percent perfusion to left lung =

= (emission from left lung) / (emission from left and right lungs) * 100

percent perfusion to right lung =

= (emission from right lung) / (emission from left and right lungs) * 100

predicted FEV1 after left pneumonectomy =

= (percent perfusion of right lung) * (preoperative FEV1)

predicted FEV1 after right pneumonectomy =

= (percent perfusion of left lung) * (preoperative FEV1)

If a partial pneumonectomy is to performed, then similar calculations can be performed.

Criteria for Operability

	Test
	Criteria for Operability
	Failure

	mean pulmonary artery pressure on balloon occlusion and exercise
	< 35 mm Hg
	>= 35 mm Hg

	systemic PaO2 on balloon occlusion and exercise
	> 45 mm Hg
	<= 45 mm Hg

	predicted post-pneumonectomy FEV1
	> 0.8 liter
	<= 0.8 liters


Interpretation

If none of the criteria for operability were met (all 3 criteria failed), then thoracotomy was not performed.

If one or more of the criteria for operability were met, then thoracotomy was offered.

08.20.03 Predicting Outcome of Lung Volume Reduction Surgery for Emphysema

Overview:

Certain patients with emphysema benefit from surgery to reduce lung volume, with reduction in dyspnea and improved exercise tolerance. It was found that the preoperative inspiratory lung resistance in cm of water per liter per second predicted those patients likely to benefit from the surgery.

Criteria for surgery

• severe dyspnea

• severe airflow obstruction on spirometry

• evidence of hyperinflated lungs and flattened diaphragm on chest radiographs

• presence of emphysema on CT scanning of the chest

Relative contraindications to surgery

• severe concurrent illness such as myocardial infarction

• pulmonary artery hypertension (pulmonary artery systolic blood pressure > 45 mm Hg, or mean pressure > 35 mm Hg)

• pleural scarring

• use of excessive doses of glucocorticoids (> 10 mg pf prednisone per day)

• failure to complete preoperative rehabilitation program

Definition of a positive response to surgery: 

• increase in Forced Expiratory Volume at 1 second (FEV1)  >= 0.2 liters 

• increase of FEV1 at least 12 percent above baseline values

A preoperative inspiratory resistance of 10 cm water per liter per second was used as the decision level for identifying patients likely to benefit from surgery

• patients with inspiratory resistance <= 10 cm of water per liter per second showed benefit

• patients with inspiratory resistance > 10 cm of water per liter per second did not show sufficient increase in FEV1 

• intercepts based on line shown: inspiratory lung resistance = 0, change FEV1 = 0.6; inspiratory lung resistance = 25, change FEV1 = -0.4

• line predicted with slope (-0.04) and x-axis intercept 0.6

predicted change in FEV1 in liters at 6 months following surgery =

= ((-0.04) * (inspiratory lung resistance in cm of water per liter per second)) + 0.6

08.20.04 Indications for Preoperative Pulmonary Function Testing

Overview:

Pulmonary function studies may be indicated as part of the preoperative assessment for a patient with risk factors for pulmonary complications associated with surgery. 

Situations where pulmonary function studies should always be done as part of the preoperative assessment:

(1) Patients with a history of smoking.

(2) Patients with active symptoms indicating a pulmonary disorder, such as dyspnea, cough or significant sputum production.

(3) Patients with pulmonary abnormalities identified during physical assessment

• abnormal chest X-ray

• abnormal rate or pattern of breathing

• abnormal breath sounds

Situations where pulmonary function studies may be indicated during the preoperative assessment:

(1) Patients with a significant history of pulmonary infection, especially if current or recurrent.

(2) Patients with morbid obesity.

(3) Patients with evidence of debilitation or malnutrition.

(4) Patients 70 years of age or older.

Trauma

29.11.02 An Algorithm for the Management of Blunt Abdominal Injury

Overview:

Patients who have had blunt abdominal trauma may be managed using an algorithmic approach.

The intial step is to assess vital signs.

Unstable Vital Signs

If vital signs are unstable, then perform ultrasonography.

• If intraperitoneal fluid is present, then perform an emergency laparotomy.

• If intraperitoneal fluid is absent, then search for other bleeding sites.

Stable Vital Signs

If vital signs are stable, then diagnostic peritoneal lavage is performed.

• If the lavage gives negative results by the classic criteria, then intraperitoneal injury is unlikely.

If the lavage is positive, then a cell count ratio is performed.

• If the cell count ratio is positive (>=1), then laparotomy is performed.

• If the cell count ratio is negative (< 1), then a CT scan is performed.
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29.11.03 The Algorithm of Jerby et al for Management of Blunt Abdominal Trauma in Children

Overview:

Jerby et al published a management algorithm for pediatric blunt abdominal trauma. A child with blunt abdominal trauma should be referred to a pediatric trauma center or examined by a physician experienced in pediatric trauma.

Notes:

(1) The algorithm relies on the presence or absence of abdominal tenderness in the alert child. The presence of signs suggestive of major intestinal injury are present in children at the time of initial physical examination or shortly thereafter.

(2) An abdominal CT scan does not exclude hollow organ injury.

Steps in Algorithm (Figure 3, page 583)

(1)
Is the child

• stable but obtunded?

• stable and awake/alert?

• hemodynamically unstable?

(2)
If the child is stable and obtunded, perform a CT scan.

• If free air is seen on CT scan, perform an exploratory laparotomy.

• If solid organ injury is seen on CT scan, then evaluate (observation, serial examinations, laboratory tests). If a hollow viscus injury is suspected, then perform a diagnostic peritoneal lavage.

• If no solid organ injury is seen on CT scan but free fluid is seen, then evaluate (observation, serial examinations, laboratory tests). If a hollow viscus injury is suspected, then perform a diagnostic peritoneal lavage.

• If no solid organ injury and no free fluid is seen on CT scan, then repeat the abdominal examination and perform an exploratory laparotomy if there are progressive signs and symptoms.

(3)
If the child is stable and awake/alert, perform an abdominal examination.

• If the abdomen is non-tender, then repeat the abdominal examination and perform an exploratory laparotomy if there are progressive signs and symptoms.

• If the abdomen is diffusely tender, then perform an exploratory laparatomy.

• If the abdomen is tender in the lower quadrants, then repeat the abdominal examination and perform an exploratory laparotomy if there are progressive signs and symptoms.

• If the abdomen is tender in the upper quadrants, then perform an abdominal CT scan to rule out solid organ injury.

(4)
If the person is hemodynamically unstable, perform an exploratory laparotomy.
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29.12 Diagnostic Peritoneal Lavage

29.12.01 Indications for Diagnostic Peritoneal Lavage

Overview:

Diagnostic peritoneal lavage can be useful in evaluating patients with trauma. There should be criteria for its performance, and for when to proceed immediately to exploratory laparotomy.

Indications for diagnostic peritoneal lavage

• suspicion of intra-abdominal injury from blunt trauma

• peritoneal stab wound, with low suspicion of serious injury

• stab wound in chest below fourth interspace, with low suspicion of serious injury

• unexplained hemodynamic instability or blood loss

• abnormal abdominal findings on physical examination

• multiple rib fractures or any lower rib fracture

• multiple severe orthopedic injuries

• thoracic or lumbar spinal fractures

• pelvic fractures

• altered sensorium from any cause, including ethanol abuse

• paraplegia or quadraplegia following injury

• need for prolonge anesthesia for treatment of other injuries

Indications for immediate exploratory laparotomy

• free peritoneal air on X-ray films

• obvious signs of peritoneal irritation on physical examination

• unexplained shock

• evidence of ruptured hemidiaphragm

• bleeding from upper or lower gastrointestinal tract

• urinary tract disruption

• complete loss of bowel sounds

• significant disruption of abdominal wall

• obvious, signficant penetrating trauma

• gunshot wound to abdomen

References:
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29.12.02 Performance and Interpretation of Diagnostic Peritoneal Lavage

Overview:

Diagnostic Peritoneal Lavage (DPL) can help in the assessment of patients after trauma and may indicate the need for surgical exploration.

Procedure

• The patient is sedated, and then the stomach and urinary bladder are decompressed.

• A small incision is made through the anterior abdominal wall into the peritoneum below the umbilicus.

• A lavage catheter is introduced through the incision and directed for gravity collection of fluid.

• The catheter is then suctioned.

• If < 15 mL of gross blood is obtained, then of saline or Ringer's lactate is infused, with a volume of 10 mL per per kilogram body weight , up to 1 liter

• The fluid is then collected through the catheter using gravity into a container. At least 600 mL needs to be recovered for reliable results.

• If the initial lavage is indeterminate or negative, the catheter may be left in place and a second lavage performed 2-3 hours later.

	
	Positive
	Indeterminate
	Negative

	Aspirate after Catheter Placement
	> 15 mL of gross blood 
	<= 15 mL of gross blood; small amount at catheter insertion
	none

	Lavage Fluid
	grossly bloody
	reddish tinge
	clear

	RBC count per µL after blunt trauma
	> 100,000 
	50,000-100,000
	< 50,000

	RBC count per µL after penetrating trauma
	> 50,000 
	1,000 - 50,000
	 < 1,000

	WBC count per µL
	> 500
	100 - 500
	< 100 

	Amylase
	>= 1750 U/L
	>= 750 and < 1750 U/L
	< 750 U/L


Other evidence of positive lavage

• passage of lavage fluid out of Foley catheter or chest tube

• passage of food, foreign particles or bile in lavage fluid

Management based on lavage findings

• positive lavage: surgical exploration

• indeterminate lavage: leave catheter in place and repeat lavage in 2 hours

• negative lavage: remove catheter

Limitations

• false positives may occur

• false negatives occur, especially when there is injury to retroperitoneal structures (portions of the duodenum, pancreas, kidneys, adrenals) or if there are peritoneal adhesions

• injury to hollow organs may not be detected especially if the DPL is performed less than 3 hours after the trauma

• performance can be improved by making management decisions in conjunction with clinical findings such as hemodynamic instability or increased transfusion needs

29.12.03 Peritoneal Lavage for Determining Peritoneal Penetration in Gunshot Wounds to the Abdomen

Overview:

Most gunshot wounds that penetrate the peritoneal cavity (98%) require surgical repair for internal injuries. Tangential wounds to the abdominal wall without penetration of the peritoneal cavity often do not require intra-abdominal surgery. Diagnostic peritoneal lavage can aid in deciding which patients would benefit from emergency laparotomy.

Patient selection

• patients with a tangential-to-abdomen, thoraco-abdominal or transpelvic gunshot wound 

• no clear indication for laparotomy (shock, peritonitis, pneumoperitoneum, gross blood per nasogastric tube, gross blood on rectal examination) present

Procedure

• diagnostic peritoneal lavage performed as described in previous section

• wounds involving the back or flank were evaluated by triple-contrast CT to exclude injury to the retroperitoneum

• transpelvic wounds were evaluated by proctoscopy, cystourethrography and vaginal examination (in women)

• patients with negative peritoneal lavage were observed in the hospital for 24 hours

Threshhold for laparatomy: 10,000 RBC per µL in effluent fluid

• The threshold of 100,000 per µL is considered too high in this situation since commonly injured structures such as the diaphragm or hollow viscus tend to bleed less than a ruptured solid organ.

Organs found most commonly injured at laparotomy

• liver

• diaphragm

• colon

Performance of algorithm in series

• 6/150 false positive

• 2/279 false negative

• sensitivity 99%, specificity 98% and diagnostic accuracy 98%

29.12.04 Cell Count Ratio for Detection of Hollow Organ Perforation

Overview:

Perforation of a hollow organ during trauma may be hard to diagnose by diagnostic peritoneal lavage since these organs bleed minimally and it may take several hours for an inflammatory response to be manifest to spilled contents. The cell count ratio done on lavage fluid and blood can help identify those patients with a perforated hollow viscus.

Measured analytes (done by automated analyzer unless the count is too low, in which case a manual count with a hemocytometer is performed):

(1) lavage WBC

(2) lavage RBC

(3) blood WBC

(4) blood RBC

cell count ratio =

= ((lavage WBC count) / (lavage RBC count)) / ((blood WBC count) / (blood RBC count))

Interpretation:

• cell count ratio >= 1.0: positive for hollow viscus perforation

• cell count ratio < 1.0: negative for hollow viscus perforation

Performance of cell count ratio in predicting hollow viscus perforation

• sensitivity 100%, specificity 97%

• positive predictive value: 89%, negative predictive value: 100%

• accuracy: 98%

29.14.01 CT Scoring System for Splenic Trauma of Resciniti et al

Overview:

Resciniti et al developed a computed tomographic (CT) scoring system for evaluating patients with splenic trauma. This can help predict which patients can be managed conservatively and which may need operative intervention.

Regions observed on CT scan

(1) splenic parenchyma

(2) splenic capsule

(3) abdominal fluid

(4) pelvic fluid

	Region
	Finding
	Points

	splenic parenchyma
	intact
	0

	
	laceration (linear defects)
	1

	
	fracture (thick, irregular defects)
	2

	
	shattered
	3

	splenic capsule
	intact
	0

	
	possible perisplenic fluid
	0.5

	
	perisplenic fluid present
	1

	abdominal fluid
	none
	0

	
	possible intra-abdominal fluid
	0.5

	
	any intra-abdominal intraperitoneal fluid (excluding perisplenic fluid)
	1

	pelvic fluid
	none
	0

	
	possible intraperitoneal pelvic fluid
	0.5

	
	any intraperitoneal pelvic fluid
	1


after Table 1, page 829

CT score =

= SUM(points for the 4 regions)

Interpretation:

• minimum score: 0

• maximum score: 6

• Adults with a score < 2.5 did not require delayed operative intervention and can be managed conservatively.

• Patients with scores >= 2.5 can be managed conservatively, but the need for operative intervention increases as the score increases.

29.22.01 Mangled Extremity Severity Score

Overview:

The Mangled Extremity Severity Score can be used to evaluate patients with lower extremity trauma with vascular compromise. It can help to decide whether to attempt limb salvage or to perform amputation.

Parameters

(1) extent of skeletal and soft tissue injury

(2) patient's blood pressure

(3) duration and extent of limb hypoperfusion

(4) age of patient

	Group
	Finding
	Points

	skeletal and soft tissue injury
	low energy (stab wounds, simple closed fractures, small caliber gunshot wounds)
	1

	
	medium energy (open or multiple level fractures, dislocations, moderate crush injuries)
	2

	
	high energy (shotgun blast at close range, high velocity gunshot wound)
	3

	
	massive crush injury (logging, railroad or oil rig accidents)
	4

	shock 
	normotensive (blood pressure stable in field and in OR)
	0

	
	transiently hypotensive (blood pressure unstable in field but responsive to intravenous fluids)
	1

	
	prolonged hypotension (systolic blood pressure < 90 mm Hg in field and responsive to intravenous fluid only in the OR)
	2

	ischemia (<= 6 hours)
	none (pulsatile limb without signs of ischemia)
	0

	
	mild (diminisehd pulses without signs of ischemia)
	1

	
	moderate (no pulse by Doppler, sluggish capillary refill, paresthesia, diminished motor activity)
	2

	
	severe (pulseless, cool, paralyzed, numb, without capillary refill)
	3

	ischemia (> 6 hours)
	none (as above)
	0

	
	mild (as above)
	2

	
	moderate (as above)
	4

	
	severe (as above)
	6

	age
	< 30 years of age
	0

	
	>= 30 and < 50 years of age
	1

	
	>= 50 years of age
	2


where:

• Scores for ischemia > 6 hours are twice those of <= 6 hours.

mangled extremity severity score =

= (points for skeletal and soft tissue injury) + (points for blood pressure) + (points for ischemia, depending on duration of ischemia) + (points for age)

Interpretation

• minimum score 1

• maximum score 14

• A score >= 7 is 100% predictive for amputation in the study population.

• A score < 7 can usually be salvaged.

