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Bioelectrical impedance analysis

in estimating nutritional status and
outcome of patients with chronic
obstructive pulmonary disease and
acute respiratory failure

Abstract Objective: To evaluate
bioelectrical impedance analysis
(BIA) in estimating the nutritional
status and outcome of patients with
chronic obstructive pulmonary dis-
ease (COPD) and acute respiratory
failure (ARF) in comparison with
measurements of anthropometric
parameters and plasma levels of vis-
ceral proteins

Design: Retrospective study

Setting: A ten-bed intensive care
unit (ICU) in a university teaching
hospital

Patients: 51 COPD patients with
AREF in whom BIA data, anthropo-
metric parameters, and measure-
ments of visceral proteins were
available

Measurements and results: BIA re-
sults in patients requiring mechani-
cal ventilation (MV) vs. those who
did not showed lower active cell
mass (ACM; 37.5 + 6.5% vs.

42.4 + 7.2 % body weight, P = 0.01)
and a higher extra-/intracellular wa-
ter volume ratio (ECW/ICW;

1.25 £ 0.2 vs. 1.04 + 0.2, P = 0.0001),
suggesting a more severe alteration
in the nutritional status among those
on MV. Anthropometric data
showed the opposite results, since
body weight, body mass index
(BMI), triceps skinfold thickness
(TSF), and fat mass were signifi-
cantly higher in the invasively venti-
lated patients, whereas middle-arm

muscle circumference (MAMC) did
not differ between the two groups.
The marked inflation of the extra-
cellular compartment (ECW, ECW/
ICW) that was well shown by BIA in
the invasively ventilated patients
presumably lead to inaccurate an-
thropometric results (overestima-
tion of TSF and fat mass, and erro-
neous measure of MAMC). A high-
er death rate (38 % vs. 0%,

P =0.01) was observed in the pati-
ents with ACM depletion

(ACM < 40.6 % body weight,

n = 26) than in those without ACM
depletion (n = 25). Low albumin
level ( < 30 g/l) was associated with
increased mortality (33 % vs. 7%,

P =0.04), but the differences in the
other biological and anthropometric
parameters (prealbumin and trans-
ferrin levels, body weight, BMI,
TSF, MAMC, fat mass, and fat-free
mass) were not associated with mor-
tality

Conclusion: This study suggests that
the decrease in BIA-derived ACM
is a good indication of malnutrition
and of poor outcome in COPD pati-
ents with ARF.

Key words Chronic obstructive
pulmonary disease - Acute
respiratory failure - Nutrition - Body
composition - Bioelectrical
impedance - Anthropometry
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Introduction

Acute respiratory failure (ARF) in patients with chron-
ic obstructive pulmonary disease (COPD) is a common-
ly encountered situation in the intensive care unit
(ICU). Mortality among these patients is approx. 20 %
[1]. Malnutrition is associated with higher morbidity
and mortality [2, 3]. Nutritional assessment based on
body weight may lead to misinterpretations owing to
water retention and edema, which are frequent in these
patients.

Assessing body composition is therefore an impor-
tant issue in the nutritional evaluation of COPD pa-
tients with ARF [4]. Densitometry, isotope dilution,
and whole-body counting of potassium-40 are the refer-
ence methods for assessing body composition, but these
techniques are sophisticated, costly, time-consuming,
and inconvenient, and therefore they are unsuitable for
clinical practice, especially in ICU patients [5, 6]. Bio-
electrical impedance analysis (BIA) seems to be a very
attractive method in the clinical assessment of body
composition since it is noninvasive, quick, portable, in-
expensive, and easy to use. Most studies have been per-
formed with the single-frequency (50 kHz) method,
which allows an estimation of the total body water
(TBW) volume and of the fat-free mass (FFM) [5, 6, 7].
However, the studies comparing BIA with gold-stan-
dard methods have yielded conflicting results, especially
in COPD patients [8, 9, 10, 11]. Another drawback of
the single-frequency method is that it is unable to distin-
guish extra- from intracellular compartments. The two-
frequency method utilizes a low frequency (5 kHz) at
which the current flows through the extracellular water
(ECW) and a high frequency (1 MHz) at which the cur-
rent flows through both ECW and intracellular water
(ICW) [12]. This technique can therefore be used for es-
timating the active cell mass (ACM): ACM = FF-
M-ECW. It has been shown that ACM is a main deter-
minant of resting energy expenditure [13], and that
ACM is decreased in malnourished patients [14]. The
two-frequency BIA method also allows estimation of
the ECW/ICW ratio, which has been shown to be pro-
portional to the exchangeable sodium/potassium (Na/
K) ratio [13]. The Na/K ratio is approx. 1 in healthy indi-
viduals and exceeds 1.25 in malnourished patients [13,
15]. The two-frequency method could be particularly
useful for assessing the nutritional status of COPD pati-
ents with ARF in whom water inflation is frequently ob-
served. However, this method has been validated in nor-
mal subjects [16, 17] but, to our knowledge, has not been
used in COPD patients with ARF. The aim of this study
was to evaluate the value of the two-frequency BIA
method in estimating the nutritional status and the out-
come of COPD patients with ARF and to compare this
with measurements of anthropometric parameters and
plasma levels of visceral proteins.

Patients and methods
Patients

Data for COPD patients admitted to the ICU of our department
for ARF were analyzed retrospectively over 3 years (1993-1996).
During this period routine nutritional assessment and evaluation
of body composition were systematically carried out in every
COPD patient admitted to our ICU (n =338). This included an-
thropometric measurements, BIA, and laboratory measurements
of the nutritional proteins in plasma. COPD was diagnosed accord-
ing to the criteria of the American Thoracic Society [18]. Respira-
tory function tests were performed either prior to the acute epi-
sode or within 6 months following the acute episode. Patients
were excluded from analysis when their nutritional assessment or
body composition evaluation was incomplete or carried out later
than the fifth day after admission. We also excluded patients with
cancer, severe hepatic disease, renal failure (defined as creatinine
clearance < 50 ml/min), a past history of surgery or ICU admission
over the previous 6 months, and a previous inclusion in this study.
Finally, a total of 51 of 338 COPD patient files were retained
for analysis. All patients underwent arterial puncture on admission
for arterial blood gas analysis. A simplified acute physiological
score [19] was calculated on the 24th h after admission in the
ICU. Patients requiring invasive mechanical ventilatory assistance
received assisted volume control ventilation via an orotracheal
tube by means of a Servo 900 C ventilator (Siemens, Solna, Swe-
den). Indications of invasive mechanical ventilation were: signs of
CO, narcosis or respiratory muscle fatigue and failure or contrain-
dication to noninvasive mask ventilation. Daily alcohol intake,
smoking history, and previous systemic corticosteroid treatment
were systematically documented from the patient or his family.

Nutritional assessment and evaluation of body composition
Anthropometry

Skinfold thicknesses were measured by the same physician in tripli-
cate on the nondominant side by means of Holtain caliper, with the
patient lying down. The triceps skinfold thickness (TSF), biceps
skinfold thickness, and middle-arm circumference (MAC) were
measured midway between olecranon and acromion. The subscapu-
lar skinfold thickness was measured 2 cm below the scapula, with the
patient lying in the lateral decubitus position. The suprailiac skin-
fold thickness was measured at the upper anterior iliac spine in the
dorsal decubitus position. Fat mass (FM) was estimated from the
sum of the four skinfold thicknesses using the Durnin tables [20], ex-
pressed as a percentage of body weight, calculated by Siri’s equation
[20]. FFM is the difference between body weight (measured using
electronic device, Samery, Saint Quentin sur le Home, France) and
FM. Middle-arm muscle circumference (MAMC) indicates body
muscle mass and is calculated as follows: MAMC = MAC—(ntTSF).

Skinfold thicknesses and MAMC are expressed as percentages
of reference values according to the patient age and sex [21]. Ideal
body weight (IBW) was determined according to the Metropolitan
Life Insurance Company tables [22]. Body mass index (BMI) was
calculated as follows: BMI = weight (kg)/height? (m?).

Bioelectrical impedance analysis

We used the two-electrode, two-frequency impedance analyzer
Analycor 3 (Eugédia, Chambly, France). This uses a 0.5-mA alter-
nating current. Very thin, sterile, stainless steel electrodes were in-
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Table 1 Description of the COPD patients. Arterial blood gas was
sampled at admission to ICU (MV mechanical ventilation, SAPS
simplified acute physiological score, FEV, forced expiratory vol-

ume in 1 s, FVC forced vital capacity, TLC total lung capacity, RV
residual volume — helium dilution method, ARF acute respiratory
failure)

Total Intubated Non intubated P

Patients Patients Patients Intubated vs

n=>51 n =30 n=21 non intubated
Age (y) 69+ 11 7249 64+12 0.01
Gender (M/F) 42/9 24/6 18/3 NS
SAPS 13+5 14+4 10+7 NS
FEV, (% pred) 37+16 38+19 36+12 NS
FVC (% pred) 74 £18 73+£17 76 £ 20 NS
FEV,/FVC (% pred) 44 +£15 46+ 18 42 +10 NS
TLC (% pred) 101 +17 97 +18 105+ 14 NS
RV/TLC (% pred) 127 +43 113+ 44 143 + 38 0.04
PaO,/FiO, (mm Hg) 230+ 72 207 £70 263+ 62 0.004
PaCO, (mmHg) 54+12 58+12 49+9 0.01
pH 7.33+£0.09 7.30+0.1 7.36 £0.04 0.03
Smoking (%) 67 79 50 NS
Alcohol abuse (%) 27 27 29 NS
Systemic corticosteroid treatment > 4 weeks (%) 29 30 29 NS
Cause of ARF:
Unknown 5 3 2 NS
Pulmonary emoblism 2 0 2 NS
Left ventricular failure 2 2 0 NS
Pneumonia 7 7 0 0.01
Pneumothorax 3 0 3 NS
Bronchitis 32 18 14 NS

serted subcutaneously. The two-frequency BIA method uses a low
frequency (5 kHz) and a high frequency (1 MHz). This method esti-
mates TBW volume at high frequency and ECW volume at low fre-
quency. The difference between TBW and ECW corresponds to
ICW volume. ACM was calculated as follows: ACM = FFM-ECW.

The regression equations for calculating FFM and ECW have
been validated in healthy subjects by comparison between
BIA and densitometry [17] and isotopic methods [16]:
FFM (kg) = 6.37 + 0.64 BW + 0.40 H¥Z,-0.16 A-2.71S; ECW
(kg) = 0.72 x H¥Z,, where BW =body weight (kg); H = height
(cm); A= age (years); S = sex (1 for men, 2 for women); Z, = im-
pedance (ohms) measured at 1 Mhz; and Z, = impedance mea-
sured at 5kHz. FM was calculated as follows: FM = body
weight-FFM. The patients had been lying in the supine position
for at least 2 h before beginning the measurements.

Visceral proteins

Plasma albumin (half-life 20 days), transferrin (half-life 8 days),
and prealbumin (transthyretin, half-life 48 h) were measured be-
fore the fifth day following ICU admission. Albumin was mea-
sured by spectrophotometry, and transferrin and prealbumin by
nephelometry. The normal ranges of our biochemistry laboratory
are as follows: albumin: 35-50 g/l, transferrin: 2-3.5 g/l, prealbu-
min: 200-400 mg/1.

Statistical analysis

The series was divided in two groups according to the need for inva-
sive mechanical ventilation. The common criteria of malnutrition
were: weight <90% IBW, BMI <20 kg/m?, TSF<80% pred.,
MAMC < 80 % pred., anthropometric FFM < 63 % IBW (women)
or<67% IBW (men), albumin < 30 g/l, prealbumin <200 mg/l,
and transferrin < 2 g/1[26]. For the cutoff value we took the median
of the ACM/body weight (ACM/BW) ratio in the 51 patients (i.e.,
40.6 % ). The BIA criteria of malnutrition were arbitrarily defined
as ACM/BW <40.6 and ECW/ICW ratio > 1.25. The results are ex-
pressed as means + standard deviations. The statistics were calcu-
lated using StatView 4.5 software (Abacus Concepts, Berkeley, Ca-
lif., USA). Analysis of variance was used to compare quantitative
variables. Bonferroni-Dunn corrections were made for statistically
significant differences. The y? test as corrected by Yates was used
to compare categorical variables. A difference was considered sta-
tistically significant when the P value was lower than 0.05. Linear re-
gression analysis was used to determine the correlation between
ECW/ICW and ACM/BW, on the one hand, and plasma levels of al-
bumin and prealbumin, on the other.

Results

Characteristics of the patients

Table 1 summarizes the general characteristics of the
patients, especially lung function tests and arterial blood
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Table 2 Nutritional parameters in COPD patients with acute re-
spiratory failure (MV mechanical ventilation, /BW ideal body
weight, BMI body mass index, TSF triceps skinfold thickness,

FFM fat-free mass, ACM bioelectrically calculated active cell
mass, TBW bioelectrically estimated total body water, ECW bio-
electrically estimated extracellular water volume, /CW bioelectri-

MAMC middle-arm muscle circumference, FM fat mass, cally estimated intracellular water volume)

Total Intubated Non Intubated P

Patients Patients Patients Intubated vs

n=>51 n=230 n=21 Non Intubated
Weight (kg) 6114 64+ 14 57+14 NS
Weight (% IBW) 96 + 20 100 £ 19 8920 0.04
BMI (kg/m?) 22+5 23+4 20+4 0.01
TSF (% pred) 98 + 54 116 £54 72+43 0.03
MAMC (% pred) 76+ 12 77+12 75112 NS
FM (kg, anthropometry) 153+7.8 172173 12.8+7.8 0.04
FFM (kg, anthropometry) 45.6+9.3 47+9.6 435+8.8 NS
TBW (kg, impedance) 37.6+£10.7 41.3+10.3 32.4+8.4 0.02
ECW (kg, impedance) 20.3£6.6 22.8+6.1 16.6+5.6 0.006
ICW (kg, impedance) 173142 18.4+4.6 15.8+3.1 0.02
FM (kg, impedance) 16.5+£6.7 17.3+6.8 152+6.6 NS
FFM (kg, impedance) 44.6 £10.6 472+10.1 41+104 0.04
ACM/Weight (%) 395+72 37.5+£6.5 42.4+72 0.01
ECW/ICW (impedance) 1.16£0.2 1.25+0.2 1.04+0.2 0.0001
Albumin (g/L) 30+8 27+8 36+7 0.0002
Prealbumin (mg/L) 184 £ 108 160 £ 93 219+ 104 0.03
Transferrin (g/L) 21£0.8 1.9+0.8 23%0.6 NS

gases data in the intubated and the nonintubated pa-
tients.

Nutritional parameters

The results of anthropometry, BIA, and measurements
of plasma levels of visceral proteins are summarized in
Table 2. Nutritional parameters are given for the overall
study group and separately for the intubated and nonin-
tubated patients. Weight (% IBW), BMI, TSF, and an-
thropometry FM were significantly higher in intubated
than in nonintubated patients. MAMC and anthropo-
metric FFM did not differ significantly between the
two groups.

BIA data showed significantly higher TBW, FFM,
ECW, and ICW values in intubated than in nonintubat-
ed patients. The BIA FM did not differ between the
two groups. Intubated patients showed a significantly
lower ACM/BW ratio (37.5+6.5% vs. 424+72%,
P=0.01) and a significantly higher ECW/ICW ratio
(1.25 £ 0.2 vs. 1.04 £ 0.2, P = 0.0001) than nonintubated
patients. Plasma levels of albumin and prealbumin
were significantly lower in intubated than in nonintubat-
ed patients. Plasma transferrin levels did not significant-
ly differ between the two groups.

The results of BIA, anthropometry, and visceral pro-
teins measurements did not significantly differ between
the patients who had received systemic corticosteroid
treatment for at least 4 weeks in the previous 6 months
(n =15) and those who had not (n = 36).

Comparison between the commonly used malnutrition
criteria and bioelectrical criteria defining malnutrition

ACM/BW and ECW/ICW ratios showed no significant
differences between patients with anthropometric crite-
ria of malnutrition and those who did not (Table 3). The
patients with low levels of plasma albumin ( < 30 g/1) or
prealbumin (<200 mg/l) had a significantly lower
ACM/BW ratio and significantly higher ECW/ICW ratio
than those with normal levels. We found no significant
difference in ACM/BW or ECW/ICW ratio between pa-
tients with low plasma transferrin levels and those with
normal levels. Significant correlations were found be-
tween ACM/BW ratio and plasma albumin level
(r=0.38, P =0.005), ECW/ICW ratio and plasma albu-
min level (r = 0.43, P = 0.001), ACM/BW ratio and plas-
ma prealbumin level (r = 0.32, P = 0.01), and ECW/ICW
ratio and plasma prealbumin level (r = 0.27, P = 0.04).

ICU mortality according to presence or absence of
malnutrition criteria

Low values of weight (% IBW), BMI, TSF, and anthro-
pometric FFM were not associated with increased ICU
mortality (Table 4). Paradoxically, higher ICU mortality
was observed in patients with normal MAMC than in
those with low MAMC. ICU mortality was significantly
higher in patients with low plasma albumin level
(<30 g/1) but did not significantly differ between those
with low or normal levels of plasma prealbumin or
transferrin. Lower ACM/BW ratios ( <40.6%) was as-
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Table 3 Comparison between commonly used malnutrition crite-
ria and bioelectrical impedance criteria defining malnutrition
(IBW ideal body weight, BMI body mass index, TSF triceps skin-
fold thickness, MAMC middle-arm muscle circumference,

ACM bioelectrically calculated active cell mass, ECW bioelectri-
cally estimated extracellular water volume, /CW bioelectrically es-
timated intracellular water volume, FFMA anthropometric calcu-
lated fat-free mass — Durnin’s method, M male, F female)

n ACM/Weight (%) p ECW/ICW p
Weight < 90 % IBW 24 38175 NS 1.14+£0.2 NS
Weight = 90 % IBW 27 41+6.8 1.18+0.2
BMI < 20 kg/m? 17 383£7.8 NS 1.10+£0.2 NS
BMI = 20 kg/m? 34 40.1£6.9 1.19+£0.2
TSF < 80 % pred 23 38.3+8.8 NS 1.12+0.2 NS
TSF = 80% pred 28 40555 1.19£0.2
MAMC < 80% pred 34 40.5+6.7 NS 1.16£0.2 NS
MAMC = 80% pred 17 37.5+79 1.15+£02
FFMA < 63 (F) 67 (M) % IBW 19 371£73 NS 1.16£0.2 NS
FFMA = 63 (F) 67 (M) % IBW 32 40.9£6.8 1.16£0.2
Albumin < 30 g/L 24 371172 0.02 125£0.2 0.001
Albumin = 30 g/L 27 41.6+6.6 1.08£0.2
Prealbumin < 200 mg/L 28 37.3£6.5 0.01 121+£02 0.02
Prealbumin = 200 mg/L 23 422+7.1 1.09£0.2
Transferrin < 2 g/LL 22 37.8+7.4 NS 1.20+0.2 NS
Transferrin = 2 g/L 29 40.8+ 6.6 1.13+£0.2
Table 4 ICU patient death ac- n ICU Death (%) P
cording to presence or absence
of malnutrition criteria (/BW Weight < 90% IBW 24 21 NS
ideal body weight, BMI body Weight = 90 % IBW 27 19
mass index, TSF triceps skin- BMI < 20 kg/m? 17 12 NS
fold thickness, MAMC middle-  gMI > 20 kg/m? 34 23
arm muscle circumference,
ACM bioelectrically calculated ¥§£ ;83(;/00/ pred d %g %é NS
active cell mass, ECW bioelec- = o pre
trically estimated extracellular ~ MAMC < 80 % pred 34 9 0.01
water volume, ICW bioelectri- ~MAMC = 80 % pred 17 41
cally estimated intracellular FFMA < 63 (F) 67 (M) % IBW 19 16 NS
water volume, FFMA anthro- FFMA = 63 (F) 67 (M) % IBW 32 22
pometric calculated fat-free .
mass — Durnin’s method, ﬁ‘g“mm <>3§ Og/I/dL %‘; 33 0.04
M male, F female) umin = 59 g
Prealbumin < 200 mg/L 28 28 NS
Prealbumin = 200 mg/L 23 9
Transferrin < 2 g/L 22 32 NS
Transferrin = 2 g/L 29 10
ACM < 40.6 % Weight 26 38 0.01
ACM > 40.6 % Weight 25 0
ECW/ICW = 1.25 16 37 NS
ECW/ICW < 1.25 35 11

sociated with significantly higher ICU mortality. Pa-
tients with an increased ECW/ICW ratio tended to
have higher mortality, but the difference was not statisti-
cally significant.

Nutritional characteristics and outcome of patients
according to their ACM

Patients with a ACM/BW ratio of 40.6 % or lower com-
pared with those with ACM/BW higher than 40.6 %
were older and demonstrated significantly higher ECW/
ICW ratio and need for invasive mechanical ventilation,
and significantly lower plasma albumin and prealbumin
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Table 5§ Nutritional character-
istics and outcome of patients

ACM <40.6% BW ACM > 40.6% BW P

according to their ACM (SAPS n =26 n=2
simplified acute physiological SAPS 14+5 11+5 NS
score, FEV/, forced expiratory Age (y) 74+8 63+11 0.0003
volume in 1's, BW body weight, Invasive ventilation (%) 81 36 0.003
IBW ideal body weight, BMI FEV, (% pred) 39+19 36+ 14 NS
body mass index, TSF triceps Body weight (kg) 59+16 63+13 NS
skinfold thickness, MAMC: Weight (% IBW) 94 +20 97 £20 NS
middle-arm muscle circumfer- BMI (kg/m?) 22+5 22+5 NS
ence, FM fat mass, FFM fat- TSF (% pred) 95+ 51 102 +£57 NS
free mass, ACM bioelectrically MAMC (% pred) 79+13 73+10 NS
calculated active cell mass, FM (kg, anthropometry) 1457 16+8.4 NS
ECW bioelectrically estimated ~ FFM (kg, anthropometry) 44.7+£10.7 46.5+7.7 NS
extracellular water volume, FM (kg, impedance) 1637 16.6 £ 6.6 NS
ICW bioelectrically estimated FFM (kg, impedance) 432412 46.1+9 NS
intracellular water volume) ICW (kg, impedance) 17.8+£4.8 16.8+3.5 NS
ECW/ICW (impedance) 1.27+£0.2 1.04£0.1 < 0.0001
Albumin (g/L) 27+8 34+7 0.01
Prealbumin (mg/L) 146 £ 87 224 + 100 0.004
Transferrin (g/L) 1.9+£0.9 22+0.6 NS

levels (Table 5). No significant difference was found be-
tween the patients with lower vs. higher ACM/BW re-
garding anthropometric parameters (body weight, BMI,
TSF, MAMC, FM, and FFM), BIA-estimated FFM and
FM, plasma transferrin level, simplified acute physiolog-
ical score, or forced expiratory volume in 1 s.

Discussion

The results of this study suggest that BIA using the two-
electrode, two-frequency method is an appropriate
technique for assessing nutritional status and prognosis
in COPD patients with ARF. The decrease in BIA-de-
rived ACM seems to be a good indicator of malnutrition
and poor outcome in these patients.

Malnutrition is frequent in COPD patients, especial-
ly during acute exacerbations requiring mechanical ven-
tilation [23, 24]. Malnutrition results from an imbalance
between increased resting energy expenditure and in-
sufficient energy supply [25]. Malnutrition is usually de-
fined in COPD patients by body weight loss. However,
the use of body weight as the only criterion of malnutri-
tion may lead to underestimating the prevalence and se-
verity of malnutrition. A decreased BIA-measured
FFM is observed in 10 % of stable COPD patients, with-
out an associated body weight loss [26]. This emphasizes
the importance of assessing body composition in COPD
patients, in whom water retention is frequent, especially
during ARF.

FM, FFM, and muscle mass can be estimated at bed-
side by measuring TSF and MAMC. This anthropomet-
ric method, which has been validated in normal subjects
[20], has not previously been compared with gold-stan-
dard techniques in COPD patients with acute exacerba-

tion. Our study shows that anthropometry yields para-
doxical results: the FM was higher in intubated patients
(in whom more severe alterations in the nutritional sta-
tus are expected) than in patients not requiring mechan-
ical ventilation. Also, MAMC , which is a theoretical in-
dicator of muscle mass, did not differ between intubated
and nonintubated patient groups. Water retention and
edema distort anthropometric measurements and result
in an overestimate of TSF and FM, and an erroneous
calculation of MAMC. On the other hand, BIA demon-
strated a more severe alteration in the nutritional status
in ventilated vs. nonventilated patients, since the ACM
was lower in ventilated patients, which likely indicates
a more marked decrease in muscle mass. BIA also re-
vealed higher values of total extracellular and intracel-
lular water volumes in the mechanically ventilated pa-
tients, which explains why malnutrition could be present
despite a normal weight.

Decreased ACM has an important prognostic value
as it is associated with higher mortality. The anthropo-
metric parameters had no effect on mortality. Connors
et al. [2] found that BMI was negatively correlated with
long-term survival following an acute exacerbation in
COPD patients, but their study did not note whether
the patients were weighed soon after admission to ICU
or only later, which may have an effect on water reten-
tion.

We found that decreased plasma albumin levels are
associated with higher ICU mortality. Several studies
have shown that a low plasma albumin level is a factor
of poor outcome in COPD patients with ARF [1, 2].
However, it is well known that albumin is not an indica-
tor of the nutritional status in critically ill patients who
have an inflammatory response and leaky capillaries
[4]. In COPD patients with ARF in whom bronchitis
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and pneumonia are the main causes of the exacerbation
it is likely that a reduced albumin level essentially re-
flects the severity of the inflammatory response [27].
As the plasma concentration of C-reactive protein was
not measured in our study, the correlation between al-
bumin and systemic inflammation could not be deter-
mined.

Our study has several limitations. We arbitrarily
chose a cutoff value of 40.6 % for the ACM/BW ratio.
Prospective studies are needed to define a threshold val-
ue for ACM/BW as a malnutrition index and/or as a
prognostic criterion. The two-electrode two-frequency

BIA technique should be compared with reference
methods for estimating body compartments, but these
methods cannot be easily performed in ICU patients. It
is unknown how the BIA equations that we used for es-
timating the ACM are affected by the acute inflamma-
tory process. The inflammatory response may play a
role in the loss of ACM [28]. Further studies are there-
fore necessary to confirm the value of BIA-derived
ACM as a nutritional and prognostic index in COPD
patients with acute exacerbation and to evaluate the
role of the inflammatory status on ACM.

References

1. Sun X, Muir JF, Hakim RB, Knaus WA 9. Pichard C, Kyle UG, Janssens JP, Bur- 16. Ducrot H, Thomasset A, Joly R, Jun-

(1996) Prognosis of acute respiratory
failure in patients with chronic obstruc-
tive pulmonary disease. In: Derenne JP,
Whitelaw WA, Similowski T (ed) Acute
respiratory failure in chronic obstruc-
tive pulmonary disease. Dekker, New
York, pp 559-577

Harrel FE, Desbiens N, Fulkerson W1J,
Kussin P, Bellamy P, Goldman L, Knaus
WA (1996) Outcomes following acute
exacerbation of severe chronic obstruc-
tive lung disease. Am J Respir Crit
Care Med 154: 959-967

3. Moran JL, Green JV, Homan SD, Lee- 421-424

son RJ, Leppard PI (1998) Acute exac- 11.Kyle UG, Pichard C, Rochat T, Slos-
man DO, Fitting JW, Thiebaud D
(1998) New bioelectrical impedance
formula for patients with respiratory in-
sufficiency: comparison to dual-energy
X-ray absorptiometry. Eur Respir J 12:  20. Durnin JVGA, Womersley J (1974)

erbations of chronic obstructive pulmo-
nary disease and mechanical ventila-
tion: a reevaluation. Crit Care Med 26:
71-78

4. Cerra FB, Benitez MR, Blackburn GL,

Irwin RS, Jeejeebhoy K, Katz DP, Pin- 960-966

gleton SK, Pomposelli J, Rombeau JL, 12. Jenin P, Lenoir J, Roullet C, Thomasset
AL, Ducrot H (1975) Determination of
body fluid compartments by electrical
impedance measurements. Aviat Space
Environ Med 46: 152-155 21. Bishop CW, Bowen PE, Ritchey SJ
Chest 111: 769-778 13. Roza AM, Shizgal HM (1984) The Har-
ris Benedict equation reevaluated: rest-
ing energy requirements and the body
cell mass. Am J Clin Nutr 40: 168-182

Shronts E, Wolfe RR, Zaloga GP
(1997) Applied nutrition in ICU pa-
tients. A consensus statement of the
American College of Chest Physicians.

5. Lukaski HC (1987) Methods for the as-
sessment of human body composition:
traditional and new. Am J Clin Nutr 46:

det L, Rochat T, Slosman DO, Fitting
JW, Thiebaud D, Roulet M, Tschopp
JM, Landry M, Shutz Y (1997) Body
composition by X-ray absorpsiometry
and bioelectrical impedance in chronic
respiratory insufficiency patients. Nu- 17. Boulier A, Fricker J, Thomasset AL,
trition 13: 952-958

2. Connors AF, Dawson NV, Thomas C, 10. Schols AMWI, Wouters EFM, Soeters
PB, Westerterp KR (1991) Body com-
position by bioelectrical-impedance  18. American Thoracic Society (1987)
analysis compared with deuterium dilu-
tion and skinfold anthropometry in pa-
tients with chronic obstructive pulmo-
nary disease. Am J Clin Nutr 53:

gers P, Eyraud C, Lenoir J (1970) Deter-
mination du volume des liquides extra-
cellulaires chez ’homme par la mesure
de I'impédance corporelle totale. Presse
Med 78: 2269-2272

Apfelbaum M (1990) Fat-free mass esti-
mation by the two-electrode impedance
method. Am J Clin Nutr 52: 581-585

Standards for the diagnosis and care of
patients with chronic obstructive pul-
monary disease (COPD) and asthma.
Am Rev Respir Dis 136: 225-244

19. Le Gall JR, Loirat P, Alperovitch A,
Glaser P, Granthil C, Mathieu D, Mer-
cier P, Thomas R, Villers D (1984) A
simplified acute physiology score for
ICU patients. Crit Care Med 12:
975-977

Body fat assessed from total body den-
sity and its estimation from skinfold
thickness: measurements on 481 men
and women aged 16 to 72 years. Br J
Nutr 32: 77-97

(1981) Norms for nutritional assess-
ment of American adults by upper arm
anthropometry. Am J Clin Nutr 34:
2530-2539

537-556 14. Shizgal HM (1985) Body composition 22. Metropolitan Life Insurance (1983)

6. Deurenberg P, Schutz Y (1995) Body
composition: overview of methods and
future directions of research. Ann Nutr

of patients with malnutrition and can-
cer. Summary of methods of assess-
ment. Cancer 55: 250-253

New weight standards for men and
women. Stat Bull Metropolitan Life In-
surance Company 64: 1-4

Metab 39: 325-333 15. Shizgal HM (1982) Body composition 23. Laaban JP, Kouchakji B, Doré MF, Or-

7. Valentinuzzi ME, Morucci JP, Felice CJ
(1996) Bioelectrical impedance tech-
niques in medicine. II. Monitoring of
physiological events by impedance.
Crit Rev Biomed Eng 24: 353-466

8. Heitmann BL (1994) Impedance: a val-
id method in assessment of body com-
position? Eur J Clin Nutr 48: 228-240

by multiple isotope dilution. In: Leven-
son SM (ed) Nutritional assessment.
Present status. Future directions and
prospects. Report of the second Ross
conference on medical research. Ross
Laboratories, Columbus, pp 94-98

voen-Frija E, David P, Rochemaure J
(1993) Nutritional status of patients
with chronic obstructive pulmonary dis-
ease and acute respiratory failure.
Chest 103: 1362-1368



525

24.

25.

Fiaccadori E, Del Canale S, Coffrini E,
Vitali P, Antonucci C, Cacciani G, Maz-
zola I, Guariglia A (1988) Hypercapnic-
hypoxemic chronic obstructive pulmo-
nary disease (COPD): influence of se-
verity of COPD on nutritional status.
Am J Clin Nutr 48: 680-685

Vermeeren MA, Schols AM, Wouters
EF (1997) Effects of an acute exacerba-
tion on nutritional and metabolic pro-
file of patients with COPD. Eur Respir
J10: 2264-2269

26.

27.

Schols AMW], Soeters PB, Dingemans
AMC, Mostert R, Frantzen PJ, Wouters
EFM (1993) Prevalence and character-
istics of nutritional depletion in patients
with stable COPD eligible for pulmo-
nary rehabilitation. Am Rev Respir
Dis 147: 1151-1156

Le Bricon T, Guidet B, Coudray-Lucas
C, Staikowsky F, Gabillet JM, Offen-
stadt G, Giboudeau J, Cynober L
(1994) Biochemical assessment of nutri-
tional status in patients with chronic ob-
structive pulmonary disease and acute
respiratory failure on admission to an
intensive care unit. Clin Nutr 13: 98-104

28. McMillan DC, Scott HR, Watson WS,

Preston T, Milroy R, McArdle CS
(1998) Longitudinal study of body cell
mass depletion and the inflammatory
response in cancer patients. Nutr Can-
cer 31: 101-105



