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Results 

In this study, to compare the amount of saline indicator 

which would give the most accurate determination of true 

circulating blood volume, we used 30 ml (officially 

recommended by company based on experience with 

pediatric patients) and 60 ml of isotonic saline (based on 

personal communication with manufacturer for adults). Two 

to three injections of each amount of saline were infused 

randomly over the respiratory cycle to obtain acceptable 

mean values (<10% variation between results).  

 

Discussion/Conclusions 

1. This preliminary investigation shows that there is significant 

correlation between measurements of circulating BV using the 

BVUD and the BVRD methodologies. Contrary to manufacturer 

guidelines, active circulation volume (ACVI) may represent total 

intravascular BV, rather than total BV minus the peripheral 

volume.  

2. 30 ml injections produced results of BVUD which did not 

approximate BVRD. 30 ml injections demonstrated excessive 

variation, requiring multiple (>3) injections to obtain results 

within the acceptable 10% range. We recommend 60 ml 

injections in adult patients. 

3. For clinical use, BVUD values should be presented as % 

deviation from patient’s normal BV (similar to BVA-100 by Daxor, 

NY, NY), rather than presented as ml/kg. This would guide 

treatment in a more meaningful way. 

4. For COstatus (BVUD), the speed of injection affects values.  

We recommend the manufacturer to add an automated infusion 

pump to standardize this technique. 

 

 

 

 

  

  

Predicted normal values were derived from a formula 

based on patient height, weight, and % deviation from 

ideal weight(3), then categorized into 5 groups to 

assess the patient’s volume status(4) (Table 1). 
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Introduction  

Assessment of circulating blood volume (BV) has been 

challenging for clinicians. The gold standard is using the 

radioisotope dilution technique (BVRD). Our prospective 

randomized trial demonstrated improved mortality utilizing 

information from BVRD (1). The technique of BVRD 

determination remains cumbersome, thus we evaluated an 

ultrasound dilution method for blood volume analysis (BVUD) 

which may be more clinically useful in the intensive care 

setting. 

Hypothesis 

Circulating BV values obtained by BVUD is equivalent to 

measurements utilizing BVRD. 

Methods 

Critically ill surgical patients had simultaneous measurements 

of circulating BV using BVUD (COstatus system, Transonic, 

Ithaca, NY) and BVRD (BVA-100, Daxor, NY, NY).  

 

BVUD (COstatus) 

The COstatus system consists of tubing with ultrasound 

sensors that bridge the arterial and central venous lines 

present in patients. After an isotonic saline injection, the 

sensors record the change in velocity of the blood to calculate 

the active circulation volume index (ACVI), defined as the 

volume of blood through the heart, lungs, and other low 

resistance organs, such as the brain, liver, and kidneys. The 

ACVI was calculated based on the equation, ACVI = Vinj/H/BW 

(ml/kg)(2) with (Vinj = volume of injected saline (ml); H = the new 

level of isotonic saline concentration in blood at the end of 90 

seconds after venous injection; BW = body weight). In order to 

compare like values, ACVI was multiplied by body weight and 

defined as BVUD.  

 

Figure. 2. An example of Blood Volume Analysis Results. 
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Volume of Injected Normal Saline 

BVRD vs. BVUD 30 ml 60 ml 

Data points 33 67 

Mean BVRD 5236 ±  1311 ml 5255 ±  1309 ml 

Mean BVUD  3926 ±  1281 ml* 5310 ±  1367 ml* 

Mean bias 1310 ±  1109 ml*  -55 ±  849 ml* 

LOA ±  2174 ±  1665 

Percentage error 26.0 ±  14.4%* 12.0 ±  10.6%* 

LOA, limits of agreement defined as 1.96 ×  SD of Mean bias. Bias defined as BVRD – BVUD; 

*statistical significant difference (Mann-Whitney test; p < .0001); percentage error defined as (BVRD –

BVUD)/BVRD. 

N 35 

Age (years) 68 ±  15* 

Female:Male  14:21 

Height (cm) 165.8 ±  11.8* 

Weight (kg) 77.5 ±  21.4* 

BMI 28.2 ±  6.8* 

BSA (m2) 1.88 ±  0.31* 

APACHE II 21 ±  6.8* 

Septic shock/Severe sepsis  18 

ARDS/ALI 8 

Hemorrhagic shock 2 

Cardiovascular collapse  6 

Head trauma 2 

Table 2. Patients’ characteristics. *Mean ±  Standard Deviation.  

BVRD (BVA-100) 

Plasma volume (PV) was measured using the BVA-100.  After 

obtaining a baseline sample of 5 mL of blood, 1 mL of I-131 

labeled albumin was injected over 1 minute. After 12 minutes 

to allow complete mixing, 5  blood samples were collected at 

6 minute intervals and extrapolated to time 0 to account for 

albumin extravasation from the intravascular space. A 

hematocrit (Hct) measurement = [RBCV/(RBCV + PV)] was 

obtained at time of BV measurements. 

BV is equal to RBCV + PV. From BV and Hct results RBCV 

was calculated. BV results are reported as a percentage 

deviation from the patient’s normal BV.  

Total Blood 

Volume 
Red Cell Volume Plasma Volume 

Normal ±  8% ±  10% ±  8% 

Mild Deviation ° 9 - 16% ° 11 - 20% ° 9 - 16% 

Moderate Deviation ° 17 - 24% ° 21 - 30% ° 17 - 24% 

Severe Deviation ° 25 - 32% ° 31 - 40% ° 25 - 32% 

Extreme Deviation >32% >41% >32% 

Table 1. A method of categorizing deviations from the normal blood 

volume. 

Table 3. Comparison of circulating blood volume measured by BVUD 

and BVRD.  

Figure 3. Linear regression analyses between circulating blood volume 

measured by BVRD and BVUD using 30 ml injection (BVUD30) or 60 ml 

injection (BVUD60).  

Figure 4. Bland-Altman plot for comparison of circulating blood volume 

measured by BVRD and BVUD using 30 ml injection (BVUD30) or 60 ml 

injection (BVUD60).  

The values of BVUD and BVRD showed statistically 

significant correlation for 30 ml injection (r = .671, r2 = .402, 

p < .0001) and for 60 ml injection (r = .783, r2 = .639, p 

< .0001). There was a statistically significant difference 

between the mean bias using 30 ml and 60 ml saline bolus 

(p < .001). 

 

Figure 1. Schematic of COstatus set up and results screen. 


