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Abstract. Background: Protein-energy
malnutrition and hypervolemia are major
causes of morbidity and mortality in patients
on chronic hemodialysis (CHD). The meth-
ods used to evaluate nutritional status and
volume status remain controversial. Vector
bioelectric impedance analysis (vector, RIA)
has recently been developed to assess both
nutritional status and tissue hydration. The
purpose of the study was lo assess the nutri-
tianal statvgrndrobimacs g nE nplaots Ao
CHD with conventional nutritional assess-

that 28% of the population remained over-
hydrated after their hemodialysis session.
Diabetics and those with moderate or se-
vere malnutrition were more overhydrated,
which is a condition that may be associated
with increased cardiovascular morbidity. Be-
~eause, nutritione Land valime statye ore -
portant factors associated with morbidity and
mortality in CHD patients, we focused on opti-
mizing the use of existing methods, Our stud-
irg.cnggpet that ecta GRIA e a compre-
hensive and reliable reproducible means of as-

ment metnods dna wim vector-51A aha wet
to compare the resulting findings. Methods:
76 Mexican patients on CHD were studicd.
Nutritional status and body composition were
assessed with anthropometry, biochemical
variables, and the modified Bilbrey nutritional
mdex (mBNI), the results were compared with
both conventional BIA and vector-BIA. Re-
sults: The BNI was used to determine the
number of patients with normal nutritional
status (n = 27, 35.5%), and mild (n = 31,
40.8%), moderate (n =10, 13.2%) and severe
malnutrition (n = 8, 10.5%). Paticnts dis-
played shorter vectors with smaller phase an-
gles or with an overhydration vectorial pat-
tern before the initiation of their hemodialysis
session. There was general improvement to
normal hydration status post-dialysis (p =
0.05); however, 28% remained overhydrated
as assessed by vector-BIA. The vector-BIA
results showed that worse malnutrition status
was associated with greater volume overload
(p < 0.05). Diabetes mellitus (DM) was asso-
ciated with shorter vectors with smaller phase
augich ta’ voctotidat Pttt oS vernyuid esie -
and cachexia) (p < 0.05). Patients with lower
serwm creatinine presented with shorter vec-
tors and smaller phase angles (vectorial pat-
terns of malnutrition andfor overhydration)
(p < 0.05). In women, lower serum albumin
(= 3.4 g/dl) correlated with greater overhydra-
tion and malnutrition (p < 0.035). Conclusions:
In this population, the vector-BIA showed

= o 1 1 P T )
sessing potn volume ana masses at tne bedside
and can complement the traditional methods.

Introduction

Several studies have shown a high inci-
dence and prevalence of protein-calorie mal-
nutrition in hemodialysis (HD) and peri-
toneal dialysis (PD) patients [1, 5, 20]. Some
causes that contribute to malnutrition are; in-
sufficient tood intake, deficient dialysis, de-
layed gastric emptying, dietary restrictions,
depression, anorexia, metabolic and endocrine
alterations (such as resistance to insulin, cata-
bolic effects of the parathyroid hormone, re-
sistance to insulin-like growth factor 1, meta-
bolic acidosis and alterations of amino acid
metabolism), and the effects of dialysis itself
(amino acid loss in dialysis solution and the

zarabdnd errétis o1 1heé mdiyzmg memorane). '

The adverse consequences of a poor nutritio-
nal state are multiple and diverse, and in-
clude poor wound healing and susceptibility
to infections, leading to increased morbidity,
frequent hospitalizations and an increase in
mortality when compared to the general popu-
lation.
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Cardiovascular disease 1s the greatest cau-
se of morbidity and mortality in dialysis. Tra-=vecior‘or pomi i iett comparea 4 arge:

ditional risk factors such as smoking and ad-
vanced age, as well as non-traditional factors,
all cause clevated rates of cardiovascular dis-
ease. Hypervolemia is associated with left
ventricular hypertrophy, arterial hyperten-
ston, and endothelial damage. The mainte-
nance of “dry weight” in HD is associated
with several factors, including residual renal
function, ultra filtration, and salt intake, which
influences volume restriction. Several meth-
ods have been employed to assess volume sta-
tus. Traditional methods, most commonly those
derived from mathematical formulae, are usu-
ally employed [12].
Evaluations of the nufritional status of the
HD patient have been accomplished with var-
ious clinical, anthropometric, and biochemi-
cal indicators, as well as by their combina-
tions, in order to establish grades.[6] Some of
the tools described include monitoring nutri-
tional intake (reminder, interview, consump-
tion frequency), anthrgnometry. badv_comno
analysis in(:ludin,gr BIA, dual electron X-ray
absorptiometry (DEXA) scans, and scoring
systems for nutritional diagnosis (subjective
global evaluation, compounded indixes) [6].
A combination of indicators is required to ob-
tain a reliable diagnosis.

has a length, an angle, and a direction. 1

population of healthy individuals and ex-
pressed as within either 50%, 75%, or 95%
confidence intervals of the healthy popula-
tion or tolerance ellipses. The method has
been further developed into a Z-score graph
that takes into account the patient’s gender.
race, and body mass index as well as the im-
pedance plethysmograph. Thus, different in-
dividuals can be compared to each other and
to a healthy population of similar demograph-
ics regardless of the type of plethysmograph
used. This bypasses the need for an ethnicity-
specific, gender-specific graph. These two
methods, the RXc¢ graph and the RX¢ Z-score,
can directly and simultancously provide a qual-
tative estimation of variations in a patient’s (is-
sue hydration status as well as changes in nutri-
tional status, [16, 17. 19] A normal individual’s
impedance vector is expected te fall within the
reference 75% tolerance ellipse [TE] [16]. Vec-
tors to the outside of the lower pole of the TE
are consistent with clinically apparent edema.
Vectors beyond the 75% TE in the upper pole
are consistent with dehydration that is clini-
cally apparent.

Repested measurcments in the same indi-
vidual over time can evaluate the direction of
vector displacement (veclor nmuigration). Mi-
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Recently, Piccoli et al. [17] proposed and
validated [ 16, 18, 19] a method to evaluate the
state ol hydration and nutrition both in normal
individuals and in those with diverse volume
states in disease. The vector-BIA method by-
passes all of the assumptions made in the tra-
ditional BIA approach, which use regression
cquations. The vector-BlA method makes no
assumptions about hydration proportion tis-

sue, length of conductor, etc, and msteed -
rectly measures the resistance (R, (€2)) (the
opposition to the flow of current through a
body) and the reactance (Xe, (Q)) (the
phase-shift of the current as it passes through
biological membranes and tissue interfaces).
Each variable (R and Xc¢) is standardized by
the individual’s measured height (H) in me-
ters (R/H, Xe/H. Ohms/M). The vector-BIA
method shows the correlation between the
R/ and Xe/H on an X-Y graph or an RXc
point graph. Plotting the (R, Xc) on the RX¢
graph, with each variable standardized by the
patient’s height. produces a point with which
to form a vector from the origin. The vector

gration can occur over the long axis of the TE
as represented by the vector’s length. The
vector length represents the volume compo-
nent such that a shortening of the vector paral-
lel to the long axis of the TE will occur with
increased hydration while a vector lengthen-
ing will occur with decreased hydration. On
the other hand, over the same resistance, the

wnuisitional.staps.alihe nafient canbesyalin-

steddbyyahrascaatad ) Thaly didhaear. -
tangent of Xc¢/R, and it can be interpreted as
more or less cell mass (i.e., the better the nu-
trition, the healthier the biological membranes
and cytoplasm) [18]. By assessing the imped-
ance as the PA and vector length (Figure 1a),
itis possible to evaluate the patient’s nutrition
and hydration simultaneously: At the extremes
of bod_y composition, one can clearly discern
changes toward obesity (short vector, wide
PA), muscularity (long vector, wide PA), lean-
ness (longer vector, smaller PA) and cachexia
(shorter vectors, with extremely small PA)
[18, 19]. The great advantage of this method
over other methods of body composition
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analysis is that it allows information about
changes in both tissue hydration and soft tis-
sue mass to be obtained simultancously, inde-
pendent of regression cquations with inherent
assumptions and body weight, which is itself
dependent on volume status. Furthermore,
the hydration state and body composition of
subjects with complex hydration and nutri-
tional states may be evaluated and followed
over time. More precise data have been
obtamed by analysis of impedance vectors than
by other methods of body composition analysis.
In this study, we hypothesized that vec-
tor-BIA 1s a good tool for assessing nutri-
Honal andvolemicctalus o HTLngtiepts., We.
assessed the body composition of CITD pa-
ticnts according to the Bilbrey Index and
other conventional methods of evaluating
the nutritional status, and compared these tra-
ditional methods to the vector-BIA approach.

Materials and m_ethods

76 patients on thrice-weekly, alternate-
day sessions of CHD in a Mexico City hospi-
tal HD unit were studied. All patients under-
went a nutritional status and body composi-
tion evaluation at least twice, 48 h apart, using
the following methods:

a) Anthropometry; The following mcasures
wele s weigimns el $kn' roids!
pitipital, ' wicipitdl, ' suoscapular, and

and elbow
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tritional diagnosis of each patient. The
Bilbrey method includes seven clinical,
biochemical, and anthropometric parame-
ters: weight/height ratio, triceps skinfold,
midarm muscle circumference,
muscle. spcassoren o Nranimn e SEVan i iTarts-
ferrin, total lymphocyte count, and the
subjective global assessment. The results
of the anthropometric measurements
were classified into four categories of nu-
tritional status. Patients were designated
as: normal (if within 10% of'the ideal stan-
dard), mild deficit (if 80% — 90% of ideal),
moderate deficit (if 60% — 80% of idcal),
apdasevedte déticit (11 less than 60% of
ideal). Biochemical parameters and phys-

midarm

ical examinations were similarly scored,
with each given a score of 3 (i normal), 4
(if mildly decrecased). 5 (if moderately
decreased), or 6 (if severcly decreased).
Originally, the categories were defined by
total scores, as follows: normal =25, mild
26 — 28. moderate 29 — 31,
malnutrition = 32. However, the final score
of the BNI was modified to exclude
transferrin, as this detenmination was infre-

and severe

quent in routine biochemical exams.

Paticnts underwent BIA 20 — 30 min be-
fore and alter HD using the Bodystat Quad
Scan 4000 Body Composition and Fluid Mon-
itoring System. Total body water (TBW), body

Tat aria 1elth pody mass were determined from
the BIA. Vector-BIA was used to determine

suprailiac, arm circumferenc
breadth. With these measures, the follow-
ing data were obtained: percent of ideal
body weight (IBW), arm muscular area,
and percentage of body fat. Each patient
was weighed before and after the HD ses-
sion. Anthropometric measures were ob-
tained post-dialysis.

b) Laboratory: The following biochemical

~ variables were obtained: serum albumin

(SAlb), creatinine (Scr), blood urca nitro-
‘gen (BUN) and total fpn}jhoeyt_e count.
Kt/Vurea was calculated in all patients us-
ing a single-pool method.

¢) Subjective global assessment (SGA): The
SGA was used to assess the presence of
signs and symptoms of malnutrition.

d) The Bilbrey nutritional index (BNI) [3]:

the state of nutrition and hydration. Patients

whose vectors fell in the right half of the ref-
erence ellipses for the Mexican population [7]
were considered malnourished. Descriptive
statistics were used to obtain measures of cen-
tral tendency (means + SD) of the studied vari-
ables. Correlation between the conventional
nutritional status indicators and the vector-
BIA was assessed using Pearson correlation,
and the Hotteling T2-test was used to compare
vectors under different clinical conditions.
We used the correction Dunnet’s C-test for
comparing the vector-BIA properties with the
traditional nutritional measurement methods.
as there were no equal variances with the con-
ventional analysis of variance (ANOVA). Ap
Value <0.05 was conmdered significant. Stat-

' : erf rmed with the
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Table 1. Anthropometric characteristics by gender.

o men . Men pvalue
Weight pre-HD (kg) 58.8 + 11.2 68.7+93 <0.0001
Weight post-HD (kg) 57.0+11.0 66.9+8.9 < 0.0001
Ultrafiltrate (1) 1709 1.741.0 NS
Height (cm) 152.3 £ 6.2 164.5 + 6.3 < 0.0001
| BMI (kg/m?) 245442 T 247%29 NS
% Weight/Height 112.0 £ 18.3 110.4 £ 13.7 NS
% Tricipital skinfold 118.8 £38.8 249.1+ 8856 < 0.0001
% Arm circumference 104.3 + 16.2 97.3+11.8 0.0416
| % Muscular arm area 128.4 + 45.7 89.7 + 30.3 < 0.0001
% FAT 355465 26.6£4.8 < 0.0001
Table 2. Body composition using BIA by gender.
Measure _ __ o
. Pre- HD Post- HD p Pre- HD Post- HD p
Fat % 343+85 | 366485 NS 200463 222463 NS |
Fat kg 206+76 213+75 NS 13.9+49 151 +50 NS |
| Lean mass kg 38163 357 £6.0 NS 54.8+73 51.8+6.5 NS
[ TBW % 536+7.9 518:83 NS 615166 50.3 + 6.8 NS
TBWL 30.8 3.8 289435 0.0178 42450 393144 0.0324 |
Imp. 50 kHz 550 + 83.3 626.4 + 99.9 0.0010 464.8+797 515.4 + 84.7 0.0191 |
| Phase Angle(®) 43+1.2 49+13 NS 5.3+155 6.3+28 NS
R () 555.3 + 84.0 6228+999 | 0001 461.0+79.7 510.7 £84.3 0.0194
' Xc () 43+ 143 54.4 +19.1 0.0024 439+159 57.9+ 311 0.0250
'__F_zn-c () (36541+596 | 4101+712 0.0022 'r' 279.9 + 48.9 30974511, | npsss. i
| XoH (um) 284+97 358+ 12.9 0.0034 26.5+9.8 326:114 | 00248 “

TBW = total body water, R = resistance at 50 kHz, Xc = reactance at 50 kHz, R/H = resistance/height, Xc/H = reactance/height.

R_esults

76 Mexican, CHD patients were studirda

(43 women and 33 men), The mean agg was.

46.8 + 16.3 years, time on dialysis 30.5+ 7.1
months, mean Ser 8.9+ 3.4 mg/dl, mean BUN
57.1 4 21.9 mg/dl. mean Salb 3.9 £ 0.4 g/,
mean total lymphocyte count 1,430 - 577
cel/imm?, and the mean Ki/Vurea was 1.44 +
033 (1.30=0.23 for men and 1.45 £ (.37 for
womenl). 22 of the studied. patic2ng (L9
were diabetics.

Table | shows anthropometric indicators,
of which only BMI and percent weight/hight
were similar in men and women. The aver-
age ultrafiltrate volume per HID session was
1.71 for both men and women. Data on body

composition obtained by BIA pre- and post-
HID> are shown in Table 2. Differences in pre-
~arirpostt Hs vimaes SIMBW ' L e, anla
heighizcorrected R swad” Xe, Showed statisti-
cally significant differences both in men and
in women. Table 3 shows the differences in
body composition by BIA pre- and post-HD.
According to the modified BNI (mBNI), 36%
of the studicd population was within normal
paramcters, 40% had mild malnutrition and
~ Z4wg snowed mbderate or severe malnutrition,
The pre- and post-11D vector-BIAs are
shown in Figure 1b , and reveal that the pre-
HD veetorial patterns of a large number of pa-
tients had the shortest vectors parallel to the
major axis (i1.c., showed volume overload),
This persisted after dialysis treatment. even in
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d in rela-
Table 3. Body composition differences between pre and post HD session.

ing (o the modifi 1BNI: Normal status to
mild malnutrition (women: n = 34; men: n =

; malnutrition (wo-
men: n =9: men: n = 9) (Figure le). Vectors
from the more severely mal

TBW = total body water.

a'ﬂ]]l

ple size (n = 9), even though it can clearly be

80 1 S seen that both groups have different v olemic

1 At ! R \.-er:.tw.\r-BI»\ mncm Was mm-
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Figure 2. a: Vector-BIA and serum creatinine by

gender. b: Vector-BIA and serum albumin by gen-
der. c: Vector-BlA and diabetes mellitus by gender.

tion into those over and under Kt/V = 1.2, ac-

cording to international standards. Dialysis

adequacy as determined by Kt/Vurea did not
show any correlation with vectorial patterns
of hydration and/or nutrition (data not shown),

Discussion

Protein-calorie malnutrition affects a high
percentage of the CHD population and con-
stitufes.a high risk. factor. of marhidity, and,

mortality [14]. Several assessment methods
for nutritional status have been employed on
CHD patients, including diet surveys, anthro-
pometry and biochemical indicators [1, 14].
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Most of these procedures are either costly or
difficult to apply in the clinical setting [14].
An accurate diagnosis of body composition
and volume status in CHD patients is clearly
important in order to adequately prescribe ul-
tra filtration as well as to better determine nu-
tritional status. At present, nutritional diagno-
sis Is quite imprecise and is based mainly on
biochemical and anthropometric indicators
alone,

The present study used vector-BIA and a
composite nutritional index (the modified
Bilbrey nutritional index) to assess the nutri-

uwitardy winra¥ arhydralion smsor et ™

patients. It is well known that a biochemical
evaluation is complementary to the informa-
tion obtained by other nutritional evaluation
processes, e.g., clinical, diet, and anthropo-
metry. The biochemical indicators used herein
were SAlb, Scr, total lymphocyte count and
BUN. Of the mentioned indicators, SAlb is
probably the most widely used in a diversity
of chronically ill patients. However, it should
be considered that in patients on dialysis,
SAlb is influenced by other co-existing prob-
lems besides malnutrition, chiefly by the
presence of a systemic inflammatory state. In
the present study, the SAlb levels fell to a
mean within the reference values for normal-
ity, 3.9 g/dl, an uncommon situation in CHD
patients in our environment. While other au-
thors [ 18] have found that there is no stable,
detinite correlation between either vector
component and SAlb, we found this associa-
tion in women, but not in men, with SAlb <
3.5 g/dl, probably because of the small sam-
ple size of males. Similarly, the mean lym-
phocyte count was very close to normal. Low
SCr versus high SCr in patients on CHD has
been reported more frequently in hospitalized
patients [15]. This was not seertin.orstudy,,
where the mean Scr was 8.9 + 3.4 mg/dl,
Anthropometric evaluation has been tra-
ditionally considered unreliable in CHD pa-
ticnts, as tissue hydration is altered [15].
Because anthropometric measurements are
time-consuming and depend on trained staff,
most clinical practice groups do not employ
them. The present study included the follow-

ingoanthrosmeumatiiic measurements: percent
weight/height, arm circumference, tricipital
skin fold and percent body fat. All results in
men and women fell within reference values,
except for arm circumference in men. The
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. Severe : \

mainutrmon n=8 p
: 5 _(m&an + SD) S

Age (y) 46.62 + 15.15 47.9 + 16.34 452 +21.73 45 + 1558 0.953 l

Heiaht (cm) 155 + 7.8 159,38 + 8.94 160 + 9.45 156.25 + 9.49 0.243 |
Weight (kg) 64.4+97 63.54 + 9,44 58.27 + 13.38 47.02 £9.86 0.000
BMI (ka/m?) 26.6+3.1 249+273 22.5+3.34 19.1 + 268 0.000
R (Q) 586.20 + 117.88 573.04 + 96.45 533.42 + 128.57 460.47 + 50.96 0.026
Xc (@) 60.88 £ 17.34 55.98 £ 16.40 426 + 17.01 38.00 £ 20.86 0.002
RH (</m) 380.7 + 87.42 361.58 +71.20 335.00 + 88,08 296.64 + 46.22 0.049
XofH (€/m) 3944 + 11.87 3519 + 10.56 26.7 + 10.63 24.12 £ 13.05 0.002
PA () 5.95+1.28 5.56 + 1.37 4.44 £ 096 3.68 £ 1.90 0.000

*one way ANOVA Dunnett's C, SD = standard deviation, R{€2) = resistance at 50 kHz, Xs(ﬁ) = reactance at 50 kHz, R/H = resis-
tance/height (©/m), Xc/H (€/m), = reactance/height , PA(°) = phase angle.

mean BMI values in men and women were
also within normal limits. A possible explana-
tion for this result is that patient weight was
altered (owing to the frequent overhydration
state of this population). It is also mterestilxg
‘that BMI did not corrclate with any of the
studied variables. These findings were con-
sistent with those of Chertow et al. [4], who
found that BMI had no correlation with bio-
chemical indicators or with BIA. They con-
cluded that traditional BIA methods were
insensitive to changes in CIID patient body
composition. Data on body composition in
men and in women, obtained by clectric bio-
impedance analysis before and after the HD
sessmn %hﬂw ed no qmglﬁcant-changgs i NGE:

body cell mass estimation from BIA, sp'e_g';-iﬁ'c

prediction equations have been developed for

CIID patients. Unfortunately, these equations
result in a bias on the order of 4 - 5 kg with
respect to reference methods. Although this is
not always true, recently, in an intent to vali-
date bioimpedance analysis prediction equa-
tions for dry weight in hemodialysis patients,
authors find excellent associations between
predicted and measured body weight of 0.3 =
1.0kg (p=0.03) with conventional BIA, how-
ever this new equation still needs external vali-
dation [2]. The pitfalls of conventional BIA,
shown in Tables 2 and 3. including phase an-
gles that increase with ultrafiltration (UF)
may, heeyplaingdu by, inherent. . assumrg,_tmﬂs-
about body geom 1
electric model af ccﬂ memb'
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tissue structure and hydration. The patterns of
veetor distribution in CHD patients arc ex-
pected to be consistent before and after fluid
removal (i.e., wet to dry) [18].

The results of the SGA analysis showed
that the nutritional state of most of the studicd
population was different from data reported
by other Mexican studies because 68% of the
patients were within normal limits, and only a
small percentage showed severe malnutrition
by this methodology. However, itis important
to point out that SGA is a method with a very
large error margin. The nutritional status was
alsp cvelnatedahoy e iy e s

proved to be a simple and practical tool.
which allows for rapid evaluation [3]. Qur re-
sults showed similarities with those of other
studies, demonstrating that most patients had
some degree of malnutrition (64%), with only
11% showing severe malnutrition. 13% mod-
erate malnutrition and 40% mild malnutri-
tion. This type of evaluation is of interest be-
cause it may help to avoid further nutritional
deterioration in HD patients. The vector-BIA
method is an immediate, beside, graphic me-
tod that can measurc the direct correlation
between R and Xc in the patient. This can be
useful to identify, monitor, and plan ulira-
filtration in patients on CI1D. At present, it is
the only non-invasive technique capable of
specifically evaluating hydration variations
in almost any clinical condition [10].

Pre- and post-HD results using vector-
BIA clearly show that apparent volume over-
load persists in many patients (men and wo-
men) even afier the HD session in the clinical
absence of edema. This could indicate that a
good number of patients are not at their dry
weight even after their HD session.,

The present study also found an important
relationship between overhydration by vee-
tor-BIA and degree of malnutrition (by Bil-
brey measurement) as shown in Figure lc.
This correlation further supports the impor-
tance of close monitoring of the paticnt’s nutri-
tional and volume status, which can be eflce-
tively evaluated and sequentially monitored
following individual patients” RXe graphs
over time.

Correlation analyses of Ser levels and
vector-BIA revealed that more magnitude ol
malnutrition and overhydration were present
in both men and women with lower Scr levels,
(i.c., the lower the Ser, the higher the rates of

overhydration and cachexia). Hypoalbumin-
cmia also strongly correlated to higher
morbidity and mortality. In the present study,
hypoalbuminemia ( 3.5 g/dl) and vector-BIA
results were strongly correlated in women with
volume overload and cachexia. No statistical
significance was found in men, perhaps due to
the small number of male patients with hypo-
albuminemia.

Similar to previous studies by Pillon et al.
[19], we found that patients with diabetes mel-
litus (DM) present with shorter vectors than
similar nondiabetic patients. A diabetic patient

ungergomg” HD may’ be volume overloaded
and may have worse nutritional status than a
non-DM patient.

Farlier studies have compared vector-BIA
to conventional BIA for prescription of opti-
mal dry weight in HD. They have reported
that the estimation of the hydration status with
conventional BIA was poor, and that vector-
BIA is better correlated with clinical symp-
toms [9]. HD patients often present persistent
volume overload, even after their HD session.
In a lapge ponulation o 1IN natients. Pillarne

al. found that there is a significant association
between vector length and mortality inde-
pendent of laboratory values and phase angle,
validating the clinical observation linking
longevity to maintenance of dry body weight
[19].

We present the [irst study to our knowl-
edge to use vector-BIA assessments of body
composition, including nutritional status and
volume, and compare them to a standard nu-
tritional index score and other conventional
methods of body composition in a large group
of CHD patients. We conclude that a combi-
nation of traditional nutrition methods and
vector-BIA may offer information that can
help plan timely interventions to modity HD
prescriptions in a patient that may be mal-
nourished and/or overhydrated. This type of
aclive intervention may favorably impact the
hemodynamic condition and cardiovascular
risk profile of HD patients. Since HD popula-
tion norms of vector distribution, including
length and phase angles, have been devel-
oped, vector-BIA may be used to evaluate the
adequacy of ultrafiltration in HD patients. In
addition to the demonstrated benefit of vec-
tor-BIA determinations. this technology is
easy o apply, is reasonably priced, and allows
for immediate and straightforward estima-
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