Comparison of blood volume analysis measured by

ultrasound dilution method and radioisotope dilution technique.
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Discussion/Conclusions

1. This preliminary investigation shows that there is significant
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Introduction

Assessment of circulating blood volume (BV) has been

Predicted normal values were derived from a formula

In this study, to compare the amount of saline indicator Table 3. Comparison of circulating blood volume measured by BVUD

and BVRD.

which would give the most accurate determination of true based on patient height, weight, and % deviation from

Volume of Injected Normal Saline
BVRD vs. BVUD 30 ml 60 ml

Data points 33 67

circulating blood volume, we used 30 ml (officially ideal weight®), then categorized into 5 groups to

challenging for clinicians. The gold standard is using the correlation between measurements of circulating BV using the

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

radioisotope dilution technique (BVRD). Our prospective recommended by company based on experience with BVUD and the BVRD methodologies. Contrary to manufacturer

_ _ _ _ - diatri fent 4 60 ml of isotoni ' . Mean BVRD 5236 + 1311 ml 5255 + 1309 ml o _ _ _
randomized trial demonstrated improved mortality utilizing pediatric patients) an ml of isotonic saline (based on T T T \ Viean BVUD 2006 + 1281 ml* 5310+ 1367 ml* guidelines, active circulation volume (ACVI) may represent total
information from BVRD @. The technique of BVRD personal communication with manufacturer for adults). Two BVA  Patient Deviaton Mean bias 1310 £ 1109 ml* 55+ 849 ml* intravascular BV, rather than total BV minus the peripheral

Result Ideal from Ideal xcess / Deficit % 2840 3349
. . . > LOA + 2174 + 1665

I ' - to three N eCtlonS Of eaCh amount Of Sallne were Infused Total Blood Volume 4083 mL 3342 mL +741 mL +22.2% Moderate Excess 2,138 VOlume
determination remains Cumbersome, thus we evaluated an J Red Blood Cell Volume 1243 mL 1204mL  +39mL  +3.2% Normal Excess Percentage error 26.0 £ 14.4%* 12.0 + 10.6%* o _ _ _
ultrasound dilution method for blood volume analysis (BVUD) randomly over the respiratory cycle to obtain acceptable e ey -l —— 2, S0l Infeciens proelieet Mesuls ef BYLID wrue el el

Blood Volume Interpretation Guideline

1,243 1,204

LOA, limits of agreement defined as 1.96SD of Mean bias. Bias defined as BVRIBVUD;

Normal Moderate Severe Extreme . . - . .
: . - : : <100 1ati _ BV, PV Deviation (& %): 0to8 >16t024  >24t032  >32 *statistical significant difference (Marwhitney testp < .0001); percentage error defined as (BVRD appr0X|mate BVRD. 30 mi |nject|ons demonstrated excessive
which may be more clinically useful in the intensive care mean values (<10% variation between results) RC Deviation (+%). o 10 SW030  >i0d0 540 BVA (nl) ldea BVUD)/BVRD.

Sample Data Analysis

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

S ettl n g . ARTERIAL CATHETER Standard Deviation Albumin Transudation © bt “tlh
N e e e Analysis/Slope (%/min) The values of BVUD and BVRD showed statistically within the acceptable 10% range. We recommend 60 ml
. ") CATHETER Result Range Patient . L. . . ] - . . . .
Hlp()th esliS | o | s Sicin Fancr 1.064% or 434 mL  <39% Reul Reformrics Raugp significant correlation for 30 ml injection (r = .671, r? = .402, Injections in adult patients.
\ Y e Catheter 15% Normal: 0 to 0.4%

Circulating BV values obtained by BVUD is equivalent to

measurements utilizing BVRD.

Methods
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Final Blood Volume: 4083 mL

24 31 36 High: 0.4 to 0.5%

Slope: 0.00148 Unusually High: >0.5% )

Report Key: [_]= sample excluded, Bold = audit trail, ** = data cannot be calculated, *

Ideal Values based on Feldschuh, J and Enson, Y. Prediction of the normal blood volume: Relation of blood volume to body habitus. Circulation. 1977,56:605-612.

= data out of range, []= entry excluded, -= data missing

Figure. 2. An example of Blood Volume Analysis Results.

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

< .0001). There was a statistically significant difference

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

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.

_ Table 1. A method of categorizing deviations from the normal blood (p <.001). N
Critically ill surgical patients had simultaneous measurements , ' _r_l l w02 e |20 volume. 4. For COstatus (BVUD), the speed of injection affects values.
_ _ _ _ ‘ x l i | -' Figure 3. Linear regression analyses between circulating blood volume We recommend the manufacturer to add an automated infusion
of circulating BV using BVUD (COstatus system, Transonic, l = s PRS00 | | [Tonco=17 Total Blood Red Cell Volume  Plasma Volume measured by BVRD and BVUD using 30 ml injection (BVUD30) or 60 ml
sk, R o Volume injection (BVUDG0). pump to standardize this technique.
Ithaca, NY) a.nd BVRD (BVA_].OO, Daxor, NY, NY). A g s <5 \_ Pump _/ To repeat, follow injection procedure. Normal + + 10% + 8%
L [_32 Mild Deviation °9-16% ° 11 - 20% °9-16% R . o o K
BVU D CO tat Figure 1. Schematic of COstatus set up and results screen. Moderate Deviation ° 17 - 24% ° 21 -30% ° 17 - 24% . e
( statu S) Severe Deviation ° 25 -32% ° 31-40% ° 25 -32% 2 2
The COstatus system consists of tubing with ultrasound BVRD (BVA']-OO) Extreme Deviation >32% >41% >32% 2 z o

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

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

Results
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: : : : : Table 2. Patients’ characteristics. *"Mean £ Standard Deviation.
the active circulation volume index (ACVI), defined as the to allow complete mixing, 5 blood samples were collected at Figure 4. Bland-Altman plot for comparison of circulating blood volume
N 35 measured by BVRD and BVUD using 30 ml injection (BVUD30) or 60 ml References
volume of blood through the heart, lungs, and other low 6 minute intervals and extrapolated to time 0 to account for Age (years) 68+ 15 injection (BVUDG0).

: : : i : : : Female:Mal 14:21 1. Yu M, Pei K, Moran S, et al. A Prospective Randomized Trial Using Blood Volume
resistance organs, such as the brain, liver, and kidneys. The albumin extravasation from the intravascular space. A Hi?;if(cr:)e 165.8 + 11.8* b0 20001~ 1196 5D Analysis in Addition to Pulmonary Artepry Catheter (Pac), Compared t% Pac Alone, to
ACVI was calculated based on the equation, ACVI = Vinj/H/BW hematocrit (Hct) measurement = [RBCV/(RBCV + PV)] was Weight (kg) 775+ 21.4% sooor | 16100 Guide Shock Resuscitation in Critically Ill Surgical Patients. Shock 2011;35(3):220-

4000 |- N ° &, ’ 228.
: L . : Ly — BMI 28.2+ 6.8* : o R . . . . o _—
(ml/kg)® with (Vinj = volume of injected saline (ml); H = the new obtained at time of BV measurements. BSA (m2) L83+ 031 wonof o 34831 b ® 8 oob . Mean 2. Krivitski NM, Kislukhin VV, Thuramalla NV. Theory and in vitro validation of a new
. . . L on = L .., P o extracorporeal arteriovenous loop approach for hemodynamic assessment in
Ievel @i lseienle seline eencentiEen 17 oo & ine e eif e BV is equal to RBCV + PV. From BV and Hct results RBCV APACHE 2l 6.8 izzz e —me|  wof W e pediatricpand neonatal intensive Eargpunit patients. Ped)i/atr Crit Care Med
.. . _ : Septic shock/Severe sepsis 18 -, ) ) 1,96 SD - -423-
seconds after venous injection; BW = body weight). In order to was calculated. BV results are reported as a percentage ARDS/ALI 8 I i ) 1,96 SD 20T o o = goggigg)ﬁﬁ?féﬁéon Y. Prediction of the normal blood volume. Relation of blood
- . . . _ -1000 |- ¢ 8639 ° . y . . . . .
compare like values, ACVI was multiplied by body weight and deviation from the patient’s normal BV. Hemorrhagic shock 2 T P volume to body habitus. Circulation 1977;56(4 Pt 1):605-612.
defined as BVUD Cardiovascular Co||apse 6 3000 4000 5000 6000 7000 8000 9000 10000 3000 4000 5000 6000 7000 8000 9000 10000 11000 4. Feldschuh J, Katz S. The Importance of correct norms in blood volume
C Head trauma 2 Average of BVRD and BVUD30 (ml) Average of BVRD and BVUDG60 (ml) measurement. Am J Med SCl 2007,334(1)41-46




