Does Paracentesis of Ascites Influence Measurements of Bone Mineral or Body
Composition by Dual-Energy X-Ray Absorptiometry?
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Measurements of bone mineral content (BMO) and density (BMD) by dual-energy x-ray absorptiometry (DXA) may be affected
by changes in soft tissue overlying bone. Furthermore, the accuracy error for body composition determined by DXA may be
high in the trunk region due to the complex bone geometry. Our objective was to evaluate the impact of paracentesis on
measurements of bone mineral and body composition by DXA. DXA (Norland XR-36; Norland, Fort Atkinson, WI) scans were
performed in six patients with cirrhosis of the liver before and after treatment of ascites by paracentesis. There were no
significant differences in the spinal BMC (change [A] = 0.04%) and BMD (A = —0.9%) (P > .05), nor in total body BMC {[TBBMC]
A = 1.9%) and BMD ([TBBMD] A = 0.4%) (P > .05). The median volume of ascites drained (6.8 L; range, 1.6 to 14.7} was not
significantly different from the median change in total (5.8 kg; range, 2.0 to 16.1)} or trunk lean tissue mass ([LTM] 5.8 kg; range,
1.9 to 11.9} (P > .05). The changes in body weight correlated with the changes in trunk LTM (r = .93, standard error of the
estimate [SEE] = 1.8 kg, P = .007). Total and regional fat mass were not changed significantly by the paracentesis. We
conclude that measurements of total body and spinal bone mineral by DXA are unaffected by large changes in the soft tissue
composition and height of the trunk. Furthermore, the change in body composition induced by ascites drainage was accurately

determined as a change in total body and trunk LTM on a group level.

REVIOUS STUDIES have shown that diet-induced weight
loss in obesity may resultin a decrease in the bone mineral
content (BMC) measured by dual-energy x-ray absorptiometry
(DXA) in the lumbar spine (L,-1.4), as well as total body BMC
(TBBMC).16 This has caused concern, since low BMC is
associated with an increased risk of osteoporotic fractures.”
DXA is a noninvasive, safe, and accurate method for measuring
BMC, and has also been proposed as a convenient method for
body composition analysis.®!! However, the accuracy of bone
mineral measurements depends on the mass, thickness, and
composition of the soft tissue overlying bone.!!"!> The observed
decrease in BMC measured by DXA in relation to weight loss
could therefore possibly be an artifact caused by changes in the
mass and composition of soft tissue. Previously, Svendsen et
all! simulated a change in soft tissue mass by placing nearly 10
kg porcine lard on healthy human subjects. This resulted in a
false increase in TBBMC. However, others® have found no
effect of adding lard on BMC measurements in similar studies.
These conflicting results may be due to the fact that DXA
instruments from two different manufacturers were used. Thus,
instruments from different manufacturers (Norland, Hologic,
and Lunar Radiation) produce different BMC and body compo-
sition results, since they use different technology for energy
separation and algorithms for adjustment of differences in the
composition, mass, and height of soft tissue.!6:17
Measurement of the changes in total body lean tissue mass
(LTM) and fat tissue mass (FTM) by DXA has been shown to be
precise and accurate.!l1¥ However, the error for the measure-
ment of changes in LTM and FTM by DXA in the trunk region
may be higher.'®?° Accurate and precise measurement of soft
tissue composition in this region is important, as abdominal/
trunk fatness constitutes a significant health risk.2%??> The
Norland company (Fort Atkinson, WT) has recently introduced a
modification of their DXA instrument that may overcome the
accuracy problems of differences in soft tissue composition and
height. Thus, the Norland XR-36 DXA scanner has a dynami-
cally changing samarium filter instead of a constant filtration of
the x-ray beam.?
Patients with cirthosis of the liver often have localized
intraabdominal accumulation of fluid (ascites), which can
exceed 10 L. An important therapeutic approach is drainage. By
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this procedure, the height and soft tissue composition of the
abdomen, and thus the lumbar spine region, is changed. The
purpose of the present study was to evaluate whether measure-
ments of spinal bone mineral density (BMD), BMC, TBBMC,
and total body BMD (TBBMD) by the Norland XR-36 remain
stable after paracentesis. In addition, we sought to determine the
accuracy of measurements of the change in body composition
of the trunk due to the removal of ascites.

SUBJECTS AND METHODS
Patients

The study was performed with six patients, five males and one
female, with biopsy-proven cirrhosis of the liver. Four patients had
alcohol-induced cirrhosis, one had cirrhosis due to chronic hepatitis C,
and one had cryptogenic cirrhosis. All patients had ascites that could be
diagnosed clinically. The study was performed in accordance with the
Declaration of Helsinki II and with approval from the Ethical Commit-
tee of Copenhagen. Informed written consent was obtained from each
patient before inclusion.

Study Protocol

Patients were weighed on a scale accurate to within 0.1 kg (with the
subjects wearing light clothes), and the height was measured by a
wall-mounted stadiometer to the nearest 0.1 cm. With the patient in the
standing position, anthropometric data for waist and hip circumferences
were obtained using a standard measuring tape. The abdominal sagittal
diameter was measured as the largest supine anteroposterior diameter
around the umbilicus under maximum expiration and relaxation to the
nearest 0.5 cm with a slide-gauge designed for that purpose. Measure-
ments were performed twice, and the mean values were used for the
calculations. Each subject then underwent DXA scans of the lumbar
spine (Lp-L4) and total body with the ascites present in the peritoneal
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cavity. Following this, ascites was removed by paracentesis with
standard sterile technique using a plastic indwelling catheter. For every
2 L ascites removed, 100 mL 20% human albumin was infused
intravenously during the paracentesis procedure. The fluid intake,
urinary volume, amount of intravenous albumin, and volume of
removed ascites fluid were recorded. After the paracentesis, all measure-
ments were repeated immediately. All measurements in one subject
were performed consecutively on the same day.

Chemical Fat Extraction

The fat content of ascites fluid was analyzed in patients no. 5 and 6.
The total fat fraction was measured by chemical fat extraction according
to the method used by Folch et al.>*

DXA

Measurements of body composition were performed with the Nor-
land XR-36 DXA densitometer (Norland, Fort Atkinson, WI) with the
subject supine. The host software was revision 2.5.2., and the scanner
software revision 2.0.0. Regional analyses separating the body into a
trunk region and a peripheral region, ie, the arms, legs, and head, were
made according to the Operators Manual. DXA estimates of body
composition are based on a three-compartment model measuring BMC,
FTM, and LTM. Precision errors for body composition measurements
by the Norland XR-36 densitometer have recently been reported by
Hendel et al.?> They were 2.2% for TBBMC, 2.7% for FFM, and 2.6%
for fat mass. To reduce beam-hardening effects, the Norland XR-36 uses
a dynamically changing samarium filtration. This is achieved by rapidly
switching between eight different combinations of samarium filter
sheets during the scan, depending on the thickness and composition of
the tissue. The filtration can be changed very rapidly (<11 millisec-
onds).?? The purpose of the dynamic filter change is to equalize the
intensity of the x-ray beam to any absorber thickness, thereby reducing
the influence of beam hardening.

Statistical Analysis

All results are shown as the mean *= SD unless the data were not
normally distributed, for which the median and range are shown instead.
Student’s ¢ test for paired observations was used to compare changes
between repeated measurements of paired variables. The Wilcoxon
signed-rank test for paired observations was used when data were not
normally distributed. A P value less than .05 was considered statistically
significant. The strength of the relationship between variables was
tested by linear regression analysis. Changes in spinal BMC/BMD and
TBBMC/TBBMD were compared by the Bland-Altman method with
calculation of the 95% limits of agreement in individual subjects. The
Microsoft EXCEL statistical program was used for all analyses.

RESULTS

The subjects’ age, anthropometric characteristics, and body
composition measurements by DXA before paracentesis are
presented in Table 1. The changes in the scale weight, volume of
ascites, total fluid loss, and anthropometric data after paracente-
sis are listed in Table 2. With the paracentesis procedure, the
patients lost a median of 6.9 kg body weight and the abdominal
sagittal diameter decreased by 22%. The fat content in ascites
fluid was 0.1 and 0.2 g/L, respectively, corresponding to a fat
content less than 0.05%.

Values for spinal BMC and BMD were not statistically
significantly changed by the drainage of ascites (P > .05), with
a mean change of 0.02 = 1.59 g and —0.01 = 0.06 g/cm?,
respectively (Table 2). Nor were there any significant effects on
TBBMC and TBBMD, with a mean change of 56.5 = 729 g
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Table 1. Characteristics of Six Patients With Hepatic Cirrhosis
and Ascites Formation Before Paracentesis

Characteristic Mean = SD
Age {yr) 56.2 = 12.6
Weight (kg) 79.2 * 13.4
Height {cm) 172.6 = 6.8
Soft tissue mass {kg) 75.4 + 13.0
FTM (kg) 19.0 + 8.3
LTM (kg) 56.4 = 12.4
Trunk FTM (kg) 8.6 = 5.0
Peripheral FTM (kg) 10.4 £ 3.3
Trunk LTM (kg) 32.0 £ 8.0
Peripheral LTM (kg) 244 =55
TBBMC (kg) 3.0+03
TBBMD (g/cm?) 1.01 = 0.01
Spinal BMC (g} 54.6 + 9.1
Spinal BMD {g/cm?) 1.10 = 0.16
Waist circumference (cm) 108.3 = 9.4
Hip circumference {(cm) 975 £7.2
Abdominal sagittal diameter {(cm) 28.8 = 3.9

and 0.004 = 0.013 g/cm® (P > .05), respectively (Fig 1).
Corresponding coefficients of variation (CV) for the repeated
measurements before and after ascites drainage were 1.9% and
3.3% for spinal BMC and BMD and 2.1% and 0.9% for
TBBMC and TBBMD. Correlations between the decreases in
sagittal abdominal height and in hip and waist circumference
and the differences in spinal BMD and BMC and TBBMC and
TBBMD measurements were all nonsignificant (P > .05).

The changes in body composition measurements by DXA
after paracentesis are shown in Table 3. The body weight by
DXA, total LTM, and trunk LTM decreased significantly. These
changes were not statistically different from the change in body
weight measured by the scale (P > .05), ascites volume drained
(P > .05), or total fluid loss (P > .05). The changes in periph-
eral LTM, total body FTM, peripheral FTM, and trunk FTM
were not statistically significantly different from zero (P > .05).
The measured change in body weight by DXA was highly
correlated with the change in body weight by scale, ascites
volume drained, and total fluid volume lost, with r values of
about 1 and accuracy errors (standard error of the estimate
[SEE] of the linear regression) less than 0.5 kg. Also, the
measured changes in total LTM and trunk LTM by DXA were
highly correlated with the change in body weight by scale,
ascites volume drained, and total fluid volume lost, with r
values greater than .9 but with a higher accuracy error (SEE, 1.8
to 2.4 kg). There were no significant correlations between
changes in total FTM and trunk FTM and changes in anthropo-
metric measurements, total fluid loss, or ascites volume drained
(P > .05) (Table 4).

DISCUSSION

To assess the effect of large changes in soft tissue mass on
BMC and BMD measurements by DXA, previous studies have
used a model in which packets of lard or ground beef are placed
on healthy subjects. However, these experiments have been
criticized as not representing appropriate physiological models.
In the present study, a large change in soft tissue mass was
induced by drainage of ascites fluid from the peritoneal cavity.
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Table 2. Changes in Anthropometric Measurements and Spinal and Total Body Bone Mineral After Paracentesis
in Six Patients With Hepatic Cirrhosis
Total AAbdominal
ABody Ascites Fluid AWaist AHip Sagittal ABMD ABMD
Subject Weight Volume Loss Circumference Circumference Diameter Spine Spine ATBBMD ATBBMC
No. (kg) L (L) {cm} (em} {cm) {g/em2) (9} (g/em?2) (g}
1 -14.5 —-14.7 ~14.4 -12.5 0.0 ~10.0 0.104 2.68 0.011 5
2 -2.2 -2.5 -2.4 -9.0 1.5 -2.0 -0.026 -0.49 -0.017 -30
3 —5.4 -5.6 -5.3 -8.0 -3.0 ~7.0 —0.033 ~0.51 0.023 161
4 -9.2 -10.1 -9.1 -10.0 -1.0 ~6.5 —-0.028 0.69 0.009 14
5 -8.4 -8.0 ~8.0 ~12.0 -3.5 -8.0 ~0.039 —0.11 0.001 74
6 -2.8 ~1.6 -2.3 -4.0 0.0 -5.0 —0.037 -2.13 ~-0.001 115
Median —6.9t —6.8t% -6.71% —-9.5t -0.5 —6.81 —0.01089 0.0289 0.00489 56.58¢

Abbreviation: A, change.

*Total fluid loss = (ascites volume + urinary volume) — (oral intake + intravenous fluid given).

1Significantly different from zero {P < .05).

#Not significantly different from change in scale weight (P > .05, paired ttest).

§Not significantly different from zero.
{Data expressed as the mean value.

This experimental setup may be considered better for the study
of the impact of changes in soft tissue overlying bone, but the
model has not been used with the DXA technique previously.
We found that DXA using the Norland XR-36 is able to
compensate for large changes in soft tissue height and composi-
tion when measuring spinal BMC and BMD and TBBMD and
TBBMC. The absolute differences before and after paracentesis
were indeed very small and did not reach statistical or clinical
significance. In fact, the CVs for repeated measurements before

and after ascites drainage were comparable to the normal
precision errors for repeated measurements by DXA in healthy
subjects.?>?6 The attenuation of ascites fluid is different from
that of fat tissue, and our results do not necessarily apply to
changes in FTM as well. Nevertheless, it seems reasonable to
assume that DXA (with the Norland XR-36) may also compen-
sate for changes in FTM in the trunk. Therefore, our data
indicate that the reported bone loss observed with diet-induced
weight loss in obesity is correct. Thus, as suggested by Jensen et
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Table 3. Changes in Body Composition Measurements (Kg} by DXA
After Paracentesis in Six Patients With Hepatic Cirrhosis

APer- APer-
ipheral ATrunk ATotal  ipheral ATrunk
Body FTM FTM FTM

Subject  ABody ATotal
No. Weight Body LTM LTM LT™

1 -13.6 -161 —-42 -11.9 2.5 -0.4 2.9
2 -2.2 -22 -04 198 0.0 -0.9 0.9
3 -5.2 -20 -01 -1.9 -3.0 -1.9 -1.1
4 -9.3 -83 0.2 -85 ~0.9 -05 -04
5 -8.0 -97 -086 -9.1 1.8 -1.2 3.0
6 -2.4 -32 -01 -3.1 0.9 6.3 -5.4
Median —6.6* -58* -0.3f -5.8% 05t —-07t 0.31
Cvt — — 5.1 — 6.9 188 233

Abbreviation: A, change.

*Not significantly different from changes in body weight by scale
(P > .05, paired ttest).

TNot significantly different from zero {P > .05, Wilcoxon signed-
rank test}.

$CV for measurements before and after paracentesis.

al,’ such bone loss can be regarded as a physiological readjust-
ment toward normal.

The ability of DXA to assess accurately the composition of
soft tissue in the trunk region has been questioned.!%20 Assess-
ment of soft tissue composition by DXA is possible only in
pixels that do not contain bone. Evaluation of soft tissue
composition in pixels with bone mineral and soft tissue is
performed by extrapolating the calculated values for soft tissue
composition in adjacent bone-free pixels to the pixels with
bone. The trunk contains a high degree of pixels with bone
present because of the complex bone geometry in the trunk,
which leaves relatively fewer bone-free pixels for the calcula-
tion of soft tissue composition in this region. Measurement of
fat and lean tissue may therefore be less accurate in the trunk
versus the extremities, which have a more simple bone geom-
etry and a relatively higher number of bone-free pixels. Studies
by Milliken et al'® and Snead et al?® showed that although the
mass of added packets of soft tissue placed on the trunk was
accurately measured, the composition of FTM and LTM of the
packets was not. However, in a similar study design, Gotfredsen
et al,? using the Norland XR-36, found that DXA measured the

Table 4. Linear Regression Between Changes in Body Weight and Fluids Versus Chang
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soft tissue composition of the trunk region accurately. Differ-
ences in the results of these studies could be due to the fact that
different DXA instruments from different manufacturers were
used, ie, Lunar DPX-L, Hologic QDR-1000/W, and Norland
XR-36.

Expectedly, the fat content of ascites fluid was negligible.
Ascites fluid consists primarily of water and only a small
fraction of protein. Water and protein are found almost solely in
the LTM, which by DXA is the sum of all chemically fat-free
soft tissue elements. Thus, theoretically, removal of ascites
should result in an equal decrease in LTM without any change in
FTM or BMC. Since ascites fluid is located in the trunk region,
the changes should occur entirely in the trunk LTM. We found a
very high agreement between the median loss of body weight,
ascites volume drained, and total fluid loss, on the one hand, and
the median change in weight and total and trunk I'TM measured
by DXA on the other, whereas the measurements of total and
regional FTM were not significantly affected by the paracente-
sis. Furthermore, the correlations between the change in weight
by DXA and the actual weight loss by scale, total fluid loss, and
volume of ascites fluid drained were excellent, with an accuracy
error less than 0.5 kg, whereas the accuracy error was somewhat
higher for the measurements of total and trunk LTM, namely
about 2.0 to 2.5 kg. However, this is similar to the accuracy
error for measurements of the absolute total body LTM reported
previously.l! DXA was, however, less effective at resolving
changes in weight into changes in LTM and FTM in individual
subjects.

Pure water may be measured as consisting of some fat (~5%)
by DXA.® Woodrow et al?’ measured body composition by
DXA in patients with renal failure treated with peritoneal
dialysis. After drainage of the peritoneal dialysis fluid, the body
weight was decreased by 1.8 kg. Comparable to our findings,
the trunk LTM was very similar to the change in body weight.
However, the change in total soft tissue mass was significantly
greater than would be expected, and the difference was ac-
counted for by a reduction in trunk FTM. Furthermore, Milliken
et al,'” using a Lunar DPX-L DXA scanner, showed that packets
of water placed on the trunk of healthy subjects were measured
to consist partly of fat (20%). Consequently, a small decrease in

in DXA M irements

Parameter ADXA Weight (kg)

ATotal Body LTM {kg) ATrunk LTM (kg)

ABody weight by scale (kg)

r 1.00
SEE 0.3
P <.001

ADXA = 0.06 + 0.95 Aweight
Total fluid loss {L)

r 1.00
SEE 0.3
P <.001

ADXA = 0.24 + 0.95 Afluid loss
Ascites volume drained (L)

r 1.00
SEE 0.5
P <.001

ADXA = 0.53 + 0.89 Aascites

ALTM = ~1.20 + 1.15 Aweight

ALTM = ~0.92 + 1.14 Afluid loss

ALTM = ~0.38 + 1.04 Aascites

.95 .93
1.9 1.8
.003 .007

ATrunk LTM = 0.10 + 0.87 Aweight

.95 .92
2.0 1.9
004 .009

ATrunk LTM = 0.13 + 0.86 Afiuid loss

.92 .90
24 2.1
.009 014

ATrunk LTM = 0.48 + 0.79 Aascites
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trunk FTM could be expected when ascites fluid is removed
from the abdominal region. Nevertheless, the small changes in
trunk FTM were insignificant in our study. However, due to the
small number of subjects in our study and the nonparametric
nature of our data, this could be due to a lack of statistical power
(type 2 error).

In summary, measurements of total body and spinal bone
mineral by DXA (Norland XR-36) are unaffected by large
changes in soft tissue composition and height in the abdominal
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region. Furthermore, the changes in body composition induced
by ascites drainage seem to be accurately measured as changes
in total body and trunk LTM on a group level, but with larger
errors in single subjects.
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