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Normal Physiology - Overview

• Right heart saturations (oxygen content) 
are generally about 75% and are equal 
in all chambers and vessels

• Left heart saturations (oxygen content) 
are generally over 95% and are equal in 
all chambers and vessels

• Streaming can occur - saturation 
gradients can exist in heart chambers or 
vessels

McLaughlin P et al. “The role of cardiac catheterization in adult congenital heart 

disease” Cardiol Clin. 2006;24:531.



Normal Adult Circulation

Mean Range (S) Subjects

Cardiac output (L/min) 6.6 4.4-8.9

Cardiac index (L/min/m2) 3.5 2.8-4.2

SVR (dynes sec cm-5) 1130 952-1308

IVC sat 83.0 76-88 65-88

SVC sat 76.8 66-84 67-82

RA 79.5 72-86 74-84

RV 78.5 64-84 69-84

PA 78.4 73-85 75-84

PAW 98.2 90-100 92-100

Radial artery 97.3 95-99 95-99

Barratt-Boyes BG et al. J Lab Clin Med. 1957;50:93. 26 normal adults, supine, 

age 13-44, 15 were male physicians. 



Normal Physiology - Inflow
• SVC saturation

– May vary by 10%

– Receives jugular, subclavian and azygous blood 

– Subclavian and azygous saturations are higher than 
jugular

• IVC saturation
– May vary by up to 10-20%

– Renal veins higher saturation

– Gastrocolic and hepatic veins lower saturation

– IVC usually about 5-10% higher than SVC

• Coronary sinus saturation
– Makes up only about 5-7% of flow into RA

– Low saturation of 25-45% may lower the total saturation

McLaughlin P et al. “The role of cardiac catheterization in adult congenital heart 

disease” Cardiol Clin. 2006;24:531.



Shunt Detection and 

Quantification – When to Look

• Every patient with right heart cath should 

have saturations measured at SVC and PA

• Usually the presence of a shunt is 

suspected prior to catheterization

• Unexplained arterial desaturation (<95%)

• PA saturation is unexpectedly high, >80%

• Unexpected cath results (no MR and HSM)

Grossman W. “Shunt detection and quantification” 6th ed. pp. 179-191. 2000.



Oximetry Run (“Sat Run”)

• Oximetry run is obtaining sequential 

blood samples from PA, RV, RA, SVC, 

IVC

• Look for “step-up” 

– Obtain O2 saturation in SVC and in PA

– If ≥ 8% step-up between SVC and PA this 

is abnormal, should do full oximetry run

Grossman W. “Shunt detection and quantification” 6th ed. pp. 179-191. 2000.



Assumptions during Oximetry 

Run (“Sat Run”)

• The patient is in a steady state (no 

change in blood flow, respiratory rate, 

heart rate, level of consciousness)

• The saturations are obtained at the 

same time as the oxygen consumption 

is measured

McLaughlin P et al. “The role of cardiac catheterization in adult congenital heart 

disease” Cardiol Clin. 2006;24:531.



Grossman W. “Shunt detection and quantification” 6th ed. pp. 179-191. 2000.



Technique of Oximetry Run
• Two or more samples from each of at least 3 sites on 

both sides of the shunt location in rapid sequence (no 
more than 1-2 minutes for entire saturation run)

• Duplicate samples obtained and within 1-2% of each 
other

• Before withdrawing blood for a sample, the catheter must 
be cleared of flush and blood in the catheter

• The catheter should be well connected with the syringe 
so air bubbles cannot be introduced

• Samples should not be obtained from the side arm of a 
bleed-back tap or stop-cock valve because they have a 
chamber where contamination can occur

• Inspired oxygen concentration should be <30%

McLaughlin P et al. “The role of cardiac catheterization in adult congenital heart 

disease” Cardiol Clin. 2006;24:531.



Sites of 

Oximetry 

Run

Grossman W. “Shunt detection and quantification” 6th ed. pp. 179-191. 2000.
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Grossman W. “Shunt detection and quantification” 6th ed. pp. 179-191. 2000.



The Flamm Formula

• “Measurement of Systemic Cardiac Output at 
Rest and Exercise in Patients with Atrial Septal 
Defect”

• 28 patients without shunts (2 normal and 26 
aortic or mitral disease – rest data in 18, 
exercise in 19)

• IVC sat was higher than SVC in 14/18 patients

• PA sat was closer to SVC than IVC

• During supine leg exercise, IVC sat was lower 
than SVC in every case, with 15/19 patients 
having >10% difference

• 0.71*SVC + 0.29*IVC = MVB

Flamm MD et al. Am J Cardiol. 1969;23:258.



Regional Flow

• “Measurement of Systemic Cardiac Output 

at Rest and Exercise in Patients with Atrial 

Septal Defect”

• 28 patients without shunts (2 normal and 

26 aortic or mitral disease – rest data in 

18, exercise in 19)

• SVC flow is about 35%, IVC flow is about 

60% and CS flow is about 5% of right 

heart flow

Flamm MD et al. Am J Cardiol. 1969;23:258.
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Grossman W. “Shunt detection and quantification” 6th ed. pp. 179-191. 2000.
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Grossman W. “Shunt detection and quantification” 6th ed. pp. 179-191. 2000.
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110/70
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92%

100%

a=12

v=10
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24/12

(16)

90%

78%

92%

100%

110/11

a=11

v=11

(10)

O2 Consumption - 190 ml/min/m2

O2 Capacity - 162 ml/L (Hb 11.9)

QP (L/min/m2) 10.2

RP (mmHg/L/min/M2) 0.6

QS (L/min/m2) 3.7

RS (mmHg/L/min/M2) 15.6

QP (L/min) = 190/[162(1.00-0.92)] = 14.7

RP (mmHg/L/min) = (16-10)/14.7 = 0.41

QS (L/min) = 190/[162(1.00-0.78)] = 5.33

RS (mmHg/L/min) = (90-5)/5.33 = 15.95

QP/QS = 2.76

RS/RP = 38.9

Text 

answer:

Grossman text, 6th ed, p. 853

32/7

6 yo girl

BSA 1.44 m2

O2 cap 1.36



Indexing

• Cardiac index = C.O./BSA

• Resistance index = (Delta P/ C.O.)/BSA

• Resistance index = Delta P/ C.I.

/
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QP (L/min/M2) = 131/[173(0.95-0.87)] = 9.5

RP (mmHg/L/min/M2) = (45-12)/9.5 = 3.47

QS (L/min/M2) = 131/[173(0.95-0.68)] = 2.80

RS (mmHg/L/min/M2) = (65-5)/2.80 = 21.4

QP/QS = 3.4

RS/RP = 6.2

MPAP/MAoP = 0.69

74/8
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RP (mmHg/L/min/M2) = (10-?5)/2.43 = 2.06

QS (L/min/M2) = 109/[118(0.66-0.52)] = 5.77

RS (mmHg/L/min/M2) = (80-4)/5.77 = 13.2

QP/QS = 0.42

RS/RP = 6.41
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Qeff = 150/[300(.99-.50)] = 1.02
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Guidelines for Optimum 

Utilization of Oximetry in Shunt 

Detection

• Blood samples at multiple sites should be obtained 
rapidly.

• Blood O2 saturation data rather than O2 content data 
are preferable to identify the presence and location of 
a shunt.

• Comparison of the mean of all values obtained in the 
respective chambers is preferable to comparison of 
highest values in each chamber.

• Because of the important influence of systemic blood 
flow on shunt detection, exercise should be used in 
equivocal cases where a low systemic blood flow is 
present at rest.

Grossman text, 6th ed, p. 187; from Antman EM et al. Am J Cardiol. 

1980;46:265.
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CHF, likely left heart failure, ?MR
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Ebstein’s Anomaly
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PDA with Eisenmenger’s Physiology
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Diagnosis?
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ASD     Qp/Qs = 3:1  (98-83)/(98-93)
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Pulmonic stenosis
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