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Background: It has been difficult to estimate a true patient’s intravascular volume. Although about 99% of
basic metabolic consumption is conducted in the non-fat tissues, the cardiac index itself does not include a fat ef-
fect and may predict inappropriate value in obese patients. This study evaluates the efficacy of the method ex-
cluding fat effect using computed tomography imaging to estimate the intra-vascular volume. Methods and re-
sults: Fat mass was obtained from the images of computed tomography and fat free mass was calculated by re-
ducing the fat mass from the body weight. Intravascular volume was gained with a dilution method by the re-
cords of the cardiopulmonary bypass. Correlation between the fat free mass and the intravascular volume was
assessed and statistic analysis was performed. There was a significant correlation between the fat free mass and
the intra-vascular volume. Conclusion: Using computed tomography to calculate fat freec mass, correlates well
with the intravascular volume. Considering the result of this study, the Intra-vascular volume of obese patients
would be low, thus the indicated Cardiac index value by Swan-Ganz catheter should be underestimated.
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Introduction

Perioperatively, the intravascular volume (IVV)
balance control is important and it is always neces-
sary to adjust the ideal intravascular volume. Con-
ventionally, cardiac index (CI), obtained with a
Swan-Ganz catheter is used to evaluate the cardiac
function, and the ideal volume balance is estimated
with this index associated with other parameters or
findings, such as heart rate, urination volume, or
pulmonary artery pressures or patient’s peripheral
temperature. CI: cardiac output (CO)/body surface
area (BSA) does not include the effect of the fat tis-
sues. It is well-known that up to 99% of the body
metabolism takes place in the non-fatty tissues, in-
cluding tendons, ligaments, and bone. Therefore the
fat free mass (FFM) is the major metabolically ac-
tive tissue®. Several previous papers reported the
correlation between CO and FFM which was ob-
tained by echo cardiograph and impedance me-
ter”™®. However, CO is not constant but changeable

often even in the intensive care unit with patients in
stable condition, and also CO is the parameter asso-
ciated with many factors, like catecholamines or
daily activities. Measurement of the fat mass is now
prevailed in the field of metabolic internal medicine
to estimate the degree of obesity or used to help
treat these obese patients. Impedance meter is com-
mercially available material to calculate the somatic
fat ratio, however, it is not used in the cardiovascu-
lar field yet because of mechanical limitations™.
The method to assess the fat mass with computed
tomography (CT) imaging is more reliable and the
feasibility is reported””. In our institute as in other
institutes in Japan, in almost all cases, CT scanning
is performed to evaluate preoperative patient’s le-
sion, such as calcification of the vessel or abnormal-
ity and it plays a very important role when making
a cardiac operation strategy.

In this study, the correlation between FFM ob-
tained with CT and IVV gained with a dilution
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method was examined and statistically analyzed.
We anticipated that IVV for each patient could be
easily provided from one umbilical slice of CT im-
age with this correlation lines.
Materials and Methods

Since March 2001 to April 2004, there were 158
cases that underwent a cardiac operation using car-
diopulmonary bypass (CPB), in our institute. Among
the 158 cases using CPB, 42 cases were used in this
study to fulfill the criteria: abdominal fat area (AFA)
with complete CT image at the umbilical axial slice
was measured; and the intravascular volume could
be calculated by dilution method in the retrospec-
tive way. Those 42 cases were classified into 5
groups: 1) aortic regurgitation (AR); 5 males (M) and
6 females (F), 2) aortic stenosis (AS); 4 M and 6 F, 3)

Table 1 Group classification

Group Age Gender (M/F) N
MR 61+/~-10 4/6 10
MS 49 1/0 1
AR 61+/-14 5/6 11
AS 71+/-2 4/6 10
C 48+/-16 4/6 10

42 cases were divided into 5 groups.
MR: mitral regurgitation, MS: mitral stenosis,
AR: aortic regurgitation, AS: aortic stenosis, C:
congenital heat disease (ASD, VSD).

15

mitral regurgitation (MR); 4 M and 6 F, (4) mitral
stenosis (MS): 1 M, and congenital (C); 4 M and 6 F.
Group C consisted of the patients in atrial septal de-
fect (ASD) or ventricular septal defect (VSD) (Table 1).

This study was approved by the Ethics Commit-
tee in our institute with the patient’s informed con-
sent waived because of the retrospective study.

1. Measurement of Fat Free Mass

Images obtained preoperatively with 4 lines
multi-slice CT: GE Light Speed QX/i-d (General
Electric, Milwaukee, WI) were re-established on the
image software: GE. Advantage Workstation 4.0,
Volume Analysis (General Electric, Milwaukee, WI).
One axial slice of CT images at the umbilical height
was analyzed for this study with the conventional
method”™"". CT numbers in Hounsfield units from
=190 to —30 which indicate the fat CT density was
extracted, and AFA was calculated with the soft-
ware (Fig. 1). Then the body fat mass was estimated
with the following Despres’s equation: TBF =
0.05234xAAT + 2.8788 in adult males, TBF=0.0593%
AAT +1.6589 in adult females (TBEF: total body fat,

). FFM was calcu-

AAT: abdominal adipose tissue
lated by reducing the body fat mass from actual
body weight: FFM (kg)=BW (kg)-TBF (kg) (BW:

body weight).

Histogram of CT numbers

Fig. 1 One axial slice of CT images at the umbilical height
CT numbers in Hounsfield units from —190 to —30 which indicates fat CT density was ex-
tracted, and abdominal fat area (AFA) was calculated with the software.

CT: computed tomography.
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Fig. 2 Distribution between fat free mass and intravascular volume
Pearson’s correlation coefficient was 0.767, which suggested strong correlation between

FFM and IVV. p value was less than 0.0001.

2. Measurement of Intravascular Volume

IVV was calculated by using the diluting method
in the operating room at the time of CPB. Blood
samples were taken from the patient three minutes
after 0.1 ml/kg of intravenous heparin administra-
tion and three minutes after the initiation of CPB.
Almost all the cases the time between the two sam-
pling points were less than 10 minutes, therefore
the inlet-outlet water balance and the water shift
into the interstitial tissues were ignored. Between
the two points, the red blood cell counts were de-
fined to be constant, thus this equation is achieved
as follows: IVVXHct (pre)=(IVV + diluting water)X
Hct (post) (Hct: hematocrit, pre: 3 minutes before
heparin dosage, post: 3 minutes after CPB initiation).
Hence, IVV is calculated as follows: IVV =(Hct
(post)xdiluting water)/(Hct(pre)—Hct (post)).

3. Statistical analysis

Statistical analysis was performed with statistical
software, Statview 5.0 (SAS Institute Inc. Cary, NC)
to assess correlations between FFM and IVV in
each group. The correlation was examined using
Pearson’s correlation coefficient examination. Lin-
ear regression examination was done between the
FFM and IVV in each group. The significance level
in this study was p<0.05.

Results

The distribution between FFM and IVV is de-
scribed in Fig. 1. There was a tendency of the distri-
bution in each group (Fig. 2). Pearson’s correlation
examination was done and good correlation was ob-
served. The correlation score was 0.767, indicating
strong correlation between FFM and IVV with p
value less than 0.0001. A regression analysis was
done in each group and the regression line was
drawn (Fig. 3). In Table 2, Group C has the highest
coefficient of determination (R?) value of 0.758. In to-
tal, the equation was y=11758x-989.01 with R’
value of 0.5887 (Table 2). The distribution between
BSA and IVV was also investigated. The R? value
was 04744, the correlation of FFM against body
weight, height or BSA was lower than that between
FFM and IVV in any of groups (Table 3).

Discussion

An attempt to detect the appropriate intravascu-
lar volume has been done for many decades. Al-
though several materials and machines are already
available commercially, they are not necessarily suf-
ficient in the medical field. Managing the postopera-
tive volume balance is greatly supported by the
continuous measurement of CI obtained by Swan—
Ganz catheter. Although CI is standardized by di-
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Fig. 3 The regression lines between fat free mass and intravascular volume
The highest coefficient of determination was 0.7584 in group C.

Table 2 Regression lines between fat
free mass and intravascular volume

Group Equation R?
MR vy = 86.93x — 1419 0.607
AR y = 98.36x + 2837 0.610
AS y = 165.03x — 2901.2 0.714
C y = 156.84x — 2262.1 0.758
total y = 117.58x — 989.01 0.589

Group C has the highest coefficient of deter-
mination (R?) value of 0.758.

viding CO by BSA, the fat mass effect is not taken
into consideration. Apparently, there is a great dif-
ference of the FFM between non-obese man and
obese man even though they have the same BSA.
We attempted to eliminate the fat effect from the
body mass and to elucidate if FFM can correlate to
IVV. For preoperative risk evaluation such as ves-
sel calcification or some kinds of abnormalities, CT
imaging plays an important role in cardiac surgery
recently although the patient is exposed to the ion-
izing radiation; CT scan is performed in almost all
cases in our institution as is other institutions in Ja-
pan. The software attached to CT scanner enables
to calculate abdominal fat area easily and FFM are
calculated with a slice of CT images. In this study,
the correlation between IVV and FFM was evalu-
ated, good correlations were observed and equation
line was obtained. By this method, the patient’'s IVV
would be easily predicted from one slice of the pre-

Table 3 Correlation between
intravascular volume and
height, body weight, and
body surface area

Group-Correlation R?
MR-HT 0.44
-BW 0.32
-BSA 044
AR-HT 0.73
-BW 0.42
-BSA 0.54
AS-HT 0.50
-BW 0.36
-BSA 058
C-HT 0.64
-BW 0.65
-BSA 0.68

HT: height, BW: body weight,
BSA: body surface area.

operative CT images. Considering the result of this
study, the IVV of obese patients would be low, thus
the indicated CI value by Swan-—Ganz catheter
should be underestimated. We often encounter the
fact that an inadequate CI is indicated despite the
patient’s systemic circulation is kept stable provid-
ing adequate urination. At that time, we should re-
call the fat effect. This study supports the idea that
an obese patient has lower IVV and thus lower CI.
There were several limitations in this study. The
numbers of patients were small, the lesion and the
grade of the cardiac disease varied, not simplified;
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for example, patients undergoing coronary artery
bypass grafting (CABG) were not included because
mainly the off-pump CABG was mainly performed
in our institution. Technical limitations also existed:
to measure intravascular volume, dilution method
was used in the operating room; the blood sampling
chance was limited. In measuring FFM, only one
slice of CT image was used to calculate the FFM.
Future and larger studies are needed to authorize
this theory.
Limitations

This method is the statistical approach, the reli-
ance of this study has statistical limitations. In this
study, the numbers of patients were limited, and all
the patients were suffering from some kind of car-
diac disease, while the IVV of those who had
ischemic heart disease would rather resemble to a
healthy human being. IVV were measured during
the operation with the patient anesthetized and the
blood samples were withdrawn when the patients’
hemodynamics were stabilized, the data might be
influenced by the anesthesia.
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