
    

    

 Recent advances in Pulse CO-Oximetry permit continuous non-invasive 

monitoring of hemoglobin (Hgb) while simultaneously providing oxygen saturation 

data (Masimo Corp, Irvine, CA).  Previous studies have validated the relationship 

between non-invasive Hgb (Sp-Hgb) and Hgb measured by conventional laboratory 

analyzers (Lab-Hgb).  Lab-Hgb and Hematocrit (Hct) reflect red blood cell volume 

(RBCV) in relationship to plasma volume (PV) and may be falsely high 

(hemoconcentration) or falsely low (hemodilution) depending on deviations in PV. 

Red blood cell volume is more accurately determined by using the Blood Volume 

Analyzer (BVA-100, NY, NY). This study assessed the relationships between Sp-

Hgb to Lab-Hgb, and Sp-Hgb to Hgb derived from Blood Volume analysis (BV-

Hgb).  

HYPOTHESIS 

 Sp-Hgb measurements are equivalent to Lab-Hgb and BV-Hgb.  

METHODS 

RESULTS 

CONCLUSION 

Fifty-four patients generated 78 simultaneous data points. Patient characteristics are 

presented in Table 2.  Sp-Hgb to BV-Hgb showed a weak correlation (Figure 1), and a 

precision and bias shown in Figure 2. The relationship between Sp-Hgb to Lab-Hgb is 

displayed in Figure 3, and showed similar bias with better precision (Figure 4).  The 

numerical values are summarized in Table 3.  Coefficient of determination for Sp-Hgb to BV-

Hgb is R2 = 0.22 (p<o.ooo1), and Sp-Hgb to Lab-Hgb is R2 = 0.13 (p<0.0013). 

Despite minimal differences between the calculated bias, the precision between Sp-Hgb vs. 

Lab-Hgb appeared to be better. However, the correlation was found to be better between the 

Sp-Hgb vs. BV-Hgb, suggesting that the non-invasive Hgb measurements take into better 

account the changes in plasma volume of the patients in this cohort. As a result of our study, 

the Sp-Hgb may provide critical care units with a continuous estimate for red blood cell 

volume in patients at risk for bleeding. 

Table 1.  An example of Blood Volume Analysis Results 

 
Variable Mean + SD 

Age 67 + 15 

Gender 

Male 33 (61%) 

Female 21 (39%) 

APACHE II Score 26.9 + 8.6 

Mortality 

During ICU Stay 15 (28%) 

Total Hospital Stay 19 (35%) 

Severe Sepsis/Septic Shock 35 (65%) 

Hemorrhagic Shock 15 (28%) 

Cardiogenic Shock 16 (30%) 

Respiratory Failure 43 (80%) 

Length of Stay 

ICU 18 days + 25 

Total Hospital Stay 35 days + 33 

Lactic Acid 3.5 meq/L + 1.8 

Table 2.  Patient characteristics (N=54 pts) 

Bias Precision Correlation 

(r) 

Confidence 

Interval (CI) 

Sp-Hgb vs. 

Lab -Hgb 

-0.94 + 2.02 0.36 

(p<0.0013) 

0.15 < r < 0.54 

Sp-Hgb vs. 

BV-Hgb 

0.78 + 2.18 0.47 

(p<0.0001) 

0.27 < r < 0.62 

Table 3. Data results 

Fig 1. Correlation Graph of Sp-Hgb vs. BV-Hgb Fig 2. Bland-Altman  Graph of Sp-Hgb vs. BV-Hgb 

Fig 3. Correlation Graph of Sp-Hgb vs. Lab-Hgb Fig 4. Bland-Altman  Graph of Sp-Hgb vs. Lab-Hgb 

INTRODUCTION 

 In this prospective observational study in critically ill surgical patients not 

actively receiving blood transfusions, simultaneous measurement of Sp-Hgb, Lab-

Hgb, and BV-Hgb was performed. Sp-Hgb was obtained using Rainbow sensors 

(R2-25r) connected to the Radical -7 Pulse CO-Oximeter software (Masimo, Irvine, 

CA). The laboratory hemoglobin (Lab-Hgb) was obtained using the Beckman-

Coulter model LH-750. BVA-100 uses radiolabeled albumin (I-131) in the dye 

dilution technique with 5 subsequent blood draws to correct for albumin 

transudation in measuring a patient’s PV. Simultaneous Lab Hct 

(RBCV/(RBCV+PV)) allows calculation of RBCV. A “Normalized Hct” is the Hct 

value if the PV was adjusted to the patient’s ideal Blood Volume (BV).  BV 

abnormalities are then categorized and presented as percent deviation from the 

individual’s normal/ideal BV (Table 1).  Lab hematocrit is a surrogate measure of 

RBCV which may be falsely low from excess PV (dilutional anemia) or falsely high 

from PV deficiency (hemoconcentration).1 BV-Hgb is derived from the Normalized 

Hct value and may best reflect RBCV without influence from PV, which avoids the 

limitations of hemodilution or hemoconcentration.  The normalized Hgb was 

calculated and used in the comparison analysis (BV-Hgb). 

 The study was done to determine if a relationship existed between the non-

invasive continuous Sp-Hgb and normalized Hgb obtained from the BV analysis to 

clarify if the algorithm allowed for compensation of the patient’s intravascular 

volume. This study also compared the Sp-Hgb to Lab-Hgb. 
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