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Abstract. _____________ _ 

The first year, 800 cardiopulmonary bypass 
(CPB) (infant to adult) case experience with the 
Bentley Laboratories Oxy-Sat Meter (0-SM) dem­
onstrated numerous patient management advan­
tages to monitoring the percent saturation of he­
moglobin (02 SAT). The 0-SM exhibited accuracy 
equal to present 0 2 SAT monitoring. Patient man­
agement advantages fall into two categories: (1) 
Respiratory, from measuring the adequacy of ar­
terial 0 2 SAT to documenting oxygen transfer, and 
(2) Metabolic, judging the adequacy of extracor­
poreal circuit (ECC) blood flow. 

The 0-SM was found to have acceptable agree­
ment with Instrumentation Laboratories 282, 
American Optical Unistat and Oximetrix catheter 
oximeters or the Severinghaus formula and Coming 
blood gas machine analog 0 2 SAT estimators. 
Forty-three intermittant 0-SM readings were com­
pared to Lexington Instrument Corporation Lex-
02-Con hemoglobin content and capacity mea­
surements. The agreement standard deviation is 
equal to 1.4% 0 2 SAT for pH from 7.27 to 7.47, 
Base Excess from -8. to 4. mEq/L, temperature 
from 26 to 36 oC and hematocrit from 18 to 33%. 
Monitoring 0 2 SAT during CPB is useful and re­
liable with the Oxy-Sat Meter. 

This work supported in part by grants from Bentley Laboratories 
Incorporated and the Carlysle Fraser Heart Center Cardiothoracic Re­
search Laboratory. 

Address all communications to: Jeffrey B. Riley, Emory University 
Hospital, Perfusion Services, 1364 Clifton Road, NE, Atlanta, GA 30324. 

Presented at AmSECT's 20th International Conference, April 23-25, 
I982, Hollywood, FL. 

Purpose ___________________________ __ 

The purpose of this presentation is three-fold: 
first, to quantitate the agreement of the Bentley 
Laboratoriesa Oxy-Sat Meter (0-SM) with other 
techniques for monitoring or predicting the per­
cent saturation of hemoglobin with oxygen (02 
SAT); second, to confirm the manufacturer's cal­
ibration procedure in a clinical setting employing 
the Lexington Instrument Corporationb Lex-Or 
Con TL oxygen content analyzer; and third, to 
present the results of the first year's learning ex­
perience with in-line continuous monitoring of ar­
terial and venous 0 2 SAT during cardiopulmonary 
bypass (CPB). 

Method. _________________________ _ 

Forty-three simultaneous blood samples and 
readings from five 0-SM venous Optical Trans­
mission Cells (OTC) during eight CPB procedures 
were collected and processed in the following 
manner: 

I. The blood sample was introduced into all or 
some of the following calibrated oximeters for 
measuring 0 2 SAT: i. IL 282 Oximeterb (n = 27), 
ii. Unistat Oximeterc (n = 17), iii. OSMZ Hemox­
imeterct (n = 16). 

II. In two CPB procedures, the OS/1270 N cal­
ibrated fiber optic catheter-tipped oximeter was 

a Bentley Laboratories Inc., Irvine, CA 92704 
b Lexington Instrument Corp., Lexington, MA 02173 
'American Optical Inc, Buffalo, NY 14215 
d The London Co., Cleveland, OH 44145 
'Oximetrix Inc., Mountain View, CA 94013 
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introduced into the ECC venous line (n = 18) for 
comparative sampling. 

III. Eighteen predicted 0 2 SAT readings were 
collected for comparison from the Corning 175f 
blood gas analyzer. 0 2 SAT predictor and blood gas 
analyzer values were substituted in Thomas's 0 2 

SAT predictor algorithm7 for comparison (n = 43). 
IV. Lastly, each blood sample was processed 

with the Lex-02-Con in the following manner: 
0 2 SAT was calculated from the ratio of the Lex­

Oz-Con TL oxygen content (02 Volumes%) mea­
surements of blood sample 0 2 content and room 
air blood oxygen content adjusted for 0 2 volumes 
% dissolved in solution. The accuracy of the Lex­
Oz-Con TL is well established3•4 and may be used 
as a standard to compare to the OS-M 0 2 SAT 
readings. 

0 2 content bound to hemoglobin (HB 0 2 Vol%) 
was found by employing Equation 1: 

where 

HB 0 2 Vol % = Lex 0 2 Content 
-02 Content Dissolved 

[1] 

Lex 0 2 Content = the total 0 2 Vol % mea­
surement from the venous blood sample 
by the Lex-02-Con TL 

0 2 Content Dissolved = 0 2 solubility at 
3rC 1 multiplied by the blood gas ana­
lyzer venous p02 at 37°C divided by the 
atmospheric pressure minus water 
vapor 

The blood sample was shed, transported and an­
alyzed employing anerobic techniques. Therefore 
the total 0 2 content did not change.2 The oxygen 
content dissolved did not change with sample 
warming for hemoglobin saturations in the normal 
venous blood range. Therefore the 0 2 content dis­
solved at 37°C was the same as that at the tem­
perature the blood was shed. 2 

Hemoglobin oxygen content at room air p02 was 
assumed to be hemoglobin (HB) 0 2 capacity and 
was calculated employing Equation 2: 

HB 0 2 Capacity = Lex 0 2 Content 
-02 Content Dissolved 

[2] 

r Coming Medical and Scientific, Medfield, MA 02052 

where 

Lex 0 2 Content = the Lex-02-Con TL total 
0 2 Vol % measurement for the venous 
blood sample tonometered with room 
air 

0 2 Content Dissolved = the atmospheric 
p02 (.201 x (atmospheric pressure -
water vapor pressure)) multiplied by the 
solubility of 0 2 at room temperature1 

% 0 2 SAT from the Lex-02-Con TL was calcu­
lated by Equation 3: 

(HB 0 2 Content/HE 0 2 Capacity) 
X 100 [3] 

where 

% HB·02 is the 0 2 SAT calculated from Lex­
Oz-Con TL measurements 

The hemoglobin p50 according to Severinghaus 
was then calculated from the % HB·02 and the 
temperature-corrected Corning 175 blood gas an­
alyzer resultss. 

A linear regression model was employed to 
quantitate the correlation between the OS-M 0 2 

SAT and comparison device readings or calculated 
0 2 SATs. The correlation is reported as significant 
at p = .01 for a two-tailed t-distribution. 

Results ______________ _ 

Table 1 presents the results of several random, 
simultaneous 0 2 SAT samplings by other devices 
or techniques during adult CPR procedures com­
pared to the OS-M venous OTC 0 2 SAT readings. 

OXY-SAT HETER AGREEMENT WITH OTHER DEVICES AND TECHNIQUES 
FOR MONITORING /. HB 02 

Dev1ce and SamPle Avera~e Correlation Si~nificance 
Manufacturer Number X Disasree Coefficient F value 
or Technitme 0-SM 

IL 282 27 -4.0 .948 P < .01 
Inslrumenlalion Laboratories Inc., Lexinslon' Mar 02173 

Unislal 17 -4.7 .977 .. .01 
American OPtical Inc.' 

OS/ 1270 A 18 -1.5 .984 .. < .01 
O:drr.elr i>: F'rocessor 
0:-:imelr i>: Inc.' Moun lain Viewr CA, 94043 

OSHZ 16 -1.8 .975 F· <" .01 
Hemo>:in.eler' The London Co., Clevelandr QH, 44145 

Cornin~ 175 18 -7.8 .983 P < .01 
CorninB Medical and Scientific, Medfield, MA, 02052 

Thon.asr LJ 45 -2.2 .932 F· < .01 
"Al.Sorilh••s For Selected Blood Acid Base and Blood Gas 
Calculations•, J APPL PHYSIQL, 33: 1• 1972 

Table 1. Oxy-Sat Meter agreement with other devices or 
techniques for monitoring or predicting 0 2 SAT 
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FIGURE 1. Oxy-Sat Meter 0 2 SAT readings versus the 
Lex-02-Con TL calculated 0 2 SAT from hemoglobin 
content and capacity measurement. 

The 0-SM aggreement with these comparison 
devices and techniques is acceptable for clinical 
patient management decisions (p < .01) with the 
greatest average disagreement being with the 
Corning 175 analog 0 2 SAT predictor. 

Figure I presents the correlation between forty­
three 0-SM readings and calculated 0, SAT from 
the Lex-OrCon TL measurements. The 0-SM 
readings yielded an accuracy confidence limit equal 
to I.4% 02 SAT for 7.27 <pH< 7.47, -8. <Base 
Excess< 4. mEq/L, 26°C <blood temperature< 
36°C and I8 < hematocrit < 33%. 

To better predict the accuracy of the 0-SM with 
temperature and acid base change, the agreement 
of the 0-SM and Lex-OrCon TL calculated 0 
SAT is expressed as a function of the hemoglobi~ 
p50. Figure 2 depicts the agreement of the 0-SM 
demonstrated an accuracy of I% 0 2 SAT for he­
moglobin p50 from 24 to 35 mmHg in this method 
and acceptably tracked change in p50 through the 
range normally experienced during CPB. 

Discussiou ______________ _ 

Continuous, monitoring of 0 2 SAT during CPB 
with the 0-SM is equally accurate to current clin-
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~IGURE 2. The error between the Oxy-Sat Meter read­
mgs and the calculated 0 2 SAT from the Lex-02-Con 
TL v~rsus the hemoglobin p50 calculated according to 
Sevennghaus5 from the Lex-02-Con TL 0 2 SAT and 
blood p02. 

ically employed direct measurement devices and 
techniques for predicting 0 2 SAT. An attempt to 
quantitate the accuracy of the 0-SM between 94 
and 99.5% 0 2 SAT was not made in this protocol. 
The standard deviation ( +I-- I. 7% 0 2 SAT) ex­
perienced in this study of the venous 0 2 SAT range 
would lead to data scattering that would yield un­
acceptable, low correlation coefficients in the ar­
terial range. However, for discussion, it may be 
assumed that the accuracy measured in the venous 
range may be extrapolated to the arterial range. 
This is a weak assumption due to the extreme slope 
change at 87. to 93.% 0 2 SAT in the oxyhemo­
globin saturation curve and the great affect a small 
hemoglobin affinity change has on the actual 
0 2 SAT. 

The benefits of continuous, in line monitoring 
of 02 SAT fall into two categories; Respiratory 
(artificial oxygenator) and Metabolic (patient). 

A sustained clinical experience with the 0-SM 
will allow the user to realize facilitated artificial 
blood oxygenator management by monitoring the 
arterial 0 2 SAT. Monitoring the venous 0 2 SAT 
allows the accurate prediction of the demand for 
02 SAT transfer by the oxygenating device. 6 Ar-
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tificial lung function is quantitated by measuring 
arterial-venous % 0 2 SAT difference. 

The artificial oxygenator may be minimally ven­
tilated to attain an arterial % 0 2 SAT above 97% 
or to control the arterial p02 within a given range 
if the hemoglobin p50 is known prior to CPB. 
Monitoring arterial 0 2 SAT during CPB prevents 
large, possibly deleterious changes in the arterial 
oxygen content. 

The metabolic benefits to monitoring 0 2 SAT 
are appreciated in the manipulation of Equation 4. 

V02 = A-V 0 2 Vol% I 100 x Q [4] 

where 

V02 = oxygen transfer in ml 0 2/minute 
A-V 0 2 Vol % = the total arterial-venous 0 2 

content difference in ml 0 2/100 ml blood 
Q = ECC blood flow in ml blood/minute 

Equation 4 states the relationship between ar­
terial and venous blood 0 2 content, ECC blood 
flow and ECC oxygen transfer. 

If the oxygen carried dissolved in solution is not 
considered in the blood 0 2 content, then the ar­
terial-venous hemoglobin 0 2 volumes % may be 
substituted for A-V 0 2 Vol % in Equation 4 to 
obtain; 

(A - V 0 2 SAT) x HB x 1.34 
----~~~----------- X Q 

100 
[5] 

where 

HB = hemoglobin concentration in grams/ 
100 ml blood 

1.34 0 2 capacity of hemoglobin in ml 0 2/ 

gmHB 

The oxygenator will likely transfer as much ox­
ygen to hemoglobin as the patient removes if the 
arterial 0 2 SAT is monitored and maintained at 
maximum. Equation 6 results when constants are 
dropped and the arterial 0 2 SAT = 100 %. 

V02 a (100 - venous 0 2 SAT) x HB x Q [6] 

Rearranging 

100-venous 0 2 SAT [7] 

To isolate venous 0 2 SAT 

Venous 0 2 SAT a 100 
HB X Q 

[8] 

Equation 8 demonstrates the potential utility of 
monitoring the venous 0 2 SAT to diagnose the ad­
equacy of the CPB blood flow (Q), the oxygen 
carrying capability (HB) and the patient oxygen 
consumption during CPB. 

The venous 0 2 SAT represents the majority of 
the venous blood oxygen content, except during 
extreme hemodilution and hypothermia. There­
fore Equation 8 predicts the change in venous blood 
oxygen content (venous 0 2 SAT) with change in 
any or all of the operands. 

For example, in theory, if patient oxygen con­
sumption remains constant and hemodilution is 
completed, the continuous monitoring of the ve­
nous blood oxygen content (venous 0 2 SAT) will 
potentially assist the perfusionist in assessing the 
adequacy of the combination of the ECC blood 
flow and CPB patient left heart cardiac output in 
supporting the patient's oxygen transfer require­
ment during the gradual initiation and termination 
of bypass. 

CPB blood flow may be altered to maintain the 
venous 0 2 SAT at a given value to assure an ad­
equate mixed venous p02 if the hemoglobin p50 is 
known. For example, normal hemoglobin and acid 
base conditions at 28° C in an actual p02 equal to 
40 mmHg will be about 93% saturated with ox­
ygen. 

Monitoring the relationship between venous 
blood oxygen content (venous 0 2 SAT) and p02 is 
useful in the management of the institution and 
reversal of deep hypothermia in infant and pedi­
atric perfusion for accurate selection of a minimal, 
yet adequate, blood flow to support the attendant 
extreme change in patient oxygen consumption. 

Continuous, in line measurement of 0 2 SAT to 
monitor blood oxygen content to quantitate tissue 
respiration and artificial oxygenator function of­
fers many potential patient management benefits. 
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