SURGICAL METABOLISM AND NUTRITION
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The Clinical Application of Bioelectrical Impedance Analysis
in Patients with Critical Illness
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Purpose: Accurate assessments of body fluid balance and nutritional status in patients with critical illness are challenging
to clinicians. Because existing parameters have some limitations, this study was designed to evaluate the usefulness
of bioelectrical impedance as an assessment tool for body fluid balance and nutritional status.

Materials and Methods: We retrospectively reviewed the medical records of 17 patients treated in surgical intensive care
units, which included 16 patients for postoperative care and one patient for medical treatment. Body water status, basal
metabolic rate, body cell mass, and fat free mass were examined serially by bioelectrical impedance. Based on body
mass index and mortality, we determined whether there were differences among the measured results.

Results: There were 3 mortality cases. According to body mass index, the underweight, normoweight, overweight, and
mild obese groups included 2, 7, 2, and 6 patients, respectively. The mixed effects model revealed significant differences
within individual extracellular water/total body water (ECW/TBW) (P=0.009), total body water (P=0.025), extracellular
water (P=0.033), and intracellular water (P=0.022). The variation of ECW/TBW revealed there was a significant difference
between the survival and non-survival patients (P=0.034). Basal metabolic rate (BMR), fat free mass (FFM), and body
cell mass (BCM) were directly proportional to arm muscle circumference with high Pearson’s coefficiency (BMR, r=0.727;
FFM, r=0.727, BCM, r=0.651).

Conclusion: Bioelectrical impedance analysis is a noninvasive and simple bedside method to assess changes in body
fluid balance and nutrition status. Future research should prospectively investigate more patients and compare
bioelectrical impedance analysis results with classical assessment tools to validate these results. (SMN 2010;1:30-35)
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Table 1. Clinical and operative characteristics
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> v 15.0 (SPSS Inc., Chicago, IL, USA)&
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No Age Sex Diagnosis

Operation name

1 71 M Ruptured HCC

2 20 F APBDU, CBD stone

3 73 M Strangulation of intestine

4 68 F Malignant IPMN, HCC

5 77 M Distal CBD cancer

6 59 M HCC

7 75 M Intracranial hemorrhage, pneumonia
8 55 M Stomach cancer with liver metastasis
9 60 M HCC

10 46 F HCC

11 68 M Malignant GIST, hemoperitoneum
12 47 M Klatskin tumor

13 73 M Distal CBD cancer

14 55 F Klatskin tumor

15 40 F Spleen laceration, multiple fracture
16 63 F CBD cancer

17 45 M HCC

Rt. hemihepatectomy

Segmental resection of CBD, Roux-en-Y hepaticojejunostomy
Segmental resection of small bowel, large bowel, end ileostomy
PPPD, wedge resection of liver

PPPD

Central bisectionectomy of liver

Conservative management

Rt. Inferior sectionectomy of liver

Segmentectomy of liver (Sg 5,6,7)

Extended Lt. hemihepatectomy

Distal pancreatectomy, splenectomy, segmental resection of T-colon,
jejunum

Rt. hemihepatectomy, segmental resection of bile duct, Roux-en-Y
hepaticojejunostomy

PPPD

Rt. hemihepatectomy, segmental resection of bile duct, Roux-en-Y
hepaticojejunostomy

Open reduction and internal fixation

Segmental resection of CBD, Roux-en-Y hepaticojejunostomy

Rt. hemihepatectomy

HCC = hepatocellular carcinoma; APBDU = anomalus of pancreatiobiliary duct union; CBD = common bile duct; IPMN = intraductal papillary mucinous

neoplasm; PPPD = pylorus preserving pancreatoduodenectomy.



32 l Surgical Metabolism and Nutrition Vol. 1 No. 1, 2010

i, P<0.055 A4 240l

1. 2AH ol &% EZ(Clinical and operative char-
acteristics)
1659 3= 57 & 2 A% —’F%% A%y
A XNEZS Hre dxjglo
nial hemorrhage)¥ H¥ o
ol9] Fdghe 60M P,
(64.7%)019itt. ATy gxoto] 7
on, 7HA|ZSo] 6'8(35.3%)01 ATt 7W “101 *lf’l‘!ﬂ FEe
7 AAER 9B (52.9%)°14 AREoH, BREH (RE W

A BMI group
—— Underweight
0.500 ---- Normal
---------- Overweight
----- Mild obese
0.400 -
= 0.300 1
=
5
o 0.200
0.1001 " BMI group: P=0.009
BMI group x Trial: P=0.286
0.000 T T )
1 2 3
Trial
C BMI group
%(1):%: —— Underweight
18.8 1 ---- Normal
—~ 1759 Overweight
L1657 .- Mild obese
T 16
> 15.8 —
« 15.24
S 14.8+
g
£ 137+ IR AR e -
= 12.2
O 11.4
w 4194 BMIgroup: P=0.033
10.54 BMI group x Trial: P=0.25
10.2 1
g T T 1
1 2 3
Trial

RBAA7] dudaz 249 A4 9 5ol SEuE

F, Aol T2 Al S §HE ZA3e]| whE Pt
Heo] AAF A4 IF 7t Aolg HoleA AHE At
AA 9 Bojd £HuH]8(P=0.286), AlTEHH(P=0.223), AlE
QN (P=0.25) 12]al, AEUH(P=0.968) HFolA FAEHA
2l ZtolE BolA= YFkrhFig. 1. sHARE ZF AldwF A= 1
FlollAl= BHE 43| e Fato] HIPL FAH R
ofn| QA YebdthFig. 1). AEfF] w2 A4 9 59y
SFHEEE0 ¥ £ Zho] Wt e FAGH O 9n|

.

= Hol2 HeTHFig, 2). T3 A4 @ 29 SRulgo)

ﬁ

ﬂ.l

rE 30,

B BMI group
—— Underweight
0.56.9 ---- Normal
0'544‘2: - Overweight
4364 - Mild obese
o 4124
© 40.9
2= 40.6 1
> 39.7 1
T 394
a 3761
T 358
S 4
2 343-
o 347
3281 BMI group: P=0.025
27241 BMI group x Trial: P=0.223
26.1 1
229 T T !
1 2 3
Trial
D BMI group
%gjg: — Underweight
%gg B ---- Normal
~ 521 Overweight
& 5221 -~ Mid obese
82511 el
= 249 =T P
8 244 - =
S 2424 0 T
© 2344 e
e 2224 -
s 2199 T TTTemeeeel L
Sagl e
S 204+
= 18871 BMI group: P=0.022
16.6 4 BMI group x Trial: P=0.968
15.9 1
13.8 T T )
1 2 3
Trial

Fig. 1. Difference in ECW/TBW (A), TBW (B), ECW (C) and ICW (D) between each BMI groups. Mean difference between each trial of all variables

is not significant between each BMI groups, but within each BMI group.
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Fig. 2. In survival and non-survival group, mean difference between each trials of ECW/TBW is statistically significant (P=0.034). As ECW/TBW in-

creases, Urine output decreases. But, fluid input is not controlled.

—a— Survival ECW/TBW
—o— Non-survival ECW/TBW
—a— Survival urine output
—2— Non-survival urine output
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Fig. 3. In each BMI groups, as ECW/TBW changes, urine output relative
inversely changes.
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Table 2. AMC, BMR, FFM and BCM according to nutrition status and body mass index group

BMR FFM BCM

AMC

Nutrition status Low risk 24.5 (21.3~30.6)
Moderate risk 22.8 (22~23.7)
P value 0.368

Body mass index Underweight 22.8 (22~23.7)
Normal 22,9 (21.3~26.8)
Overweight 23.4 (21.7~25.1)
Mild obese 28.1 (23.6~30.6)
P value 0.046

1,527 (1137~1991)
1,344 (1336~1353)
0.235

1,344 (1336~1353)
1,493 (1137~1648)
1,502 (1426~1578)
1,533 (1205~1991)
0.452

53.6 (35.5~75)
45.1 (44.7~45.5)
0.228
45.1 (44.7~45.5)
52 (35.5~59.2)
52.4 (48.9~55.9) 34.8 (33.6~36)
53.9 (38.7~75) 35.8 (23.9~49.5)
0.47 0.452

34.7 (22.8~49.5)
29 (28.5~29.5)
0.228
29 (28.5~29.5)
33.6 (22.8~39)

AMC = arm-muscle circumference; BMR = basal metabolic rate; FFM = fat free mass; BCM = body cell mass.
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Fig. 4. BMR, FFM and BCM are directly proportional to AMC with high pearson’s correlation coefficiency.

HAE o830l AA| i Aol WokE Selst=d I3
Th(2,17) HZ R dole a& 339 ARE A=

o1 §33L GULR(18) R ATCIAE W ZAE 4] S8 A

AR g B2 WHE ALY A+ 18 2

N
=)
I
i
=
=2

>

e
lo
=
%0,

X
(L
1%
3

A:ﬁ
=

OO

Mo

R
E
>
L
=)
o r
<]

30

rir

N

o

o,

o
o fm @ —
(P

\5
T
e
iy
©
>
:g
é
)~
FPN
e
)
>

e
%0

e
=
5
(@)

ox
)
il
i)
ofm 2
)
gb
%
O
fu
1o
=)
%2,
Y
_|>$
©,
it
.
ey
i

X R M &

1o
S~
N
+~

M1 od
(1t

off

2

|o

bt

i

o
i)

4

¥0,

rr
£

I

e
W

fa

=

1o

_\'L

_1m{m
o 21
o
—1]1—‘_‘.‘&‘02&

I »E

FUAH 23] HoPA Bl E Shte] A
Az, Weel gtk o B4t 3 A
At BREE A0R BUHT ¢

S T2 whgE 9 APLE Hho

rlo
of
o

(o)

o

60%o1 A
t}.(20,21)

o
e How

—_

of

0.

LES
Bx 3
n oA QIrh2223) BAEY % B 4o
2710 A 12 ol A GRSl Aol gout,

of
o2

—_

L.
o

oty EFE A= UFHE WS k24 AT Aere AT
WA S5t A AL 4 e ARE EE AMH
of gt} sHAINH, A7) ofde], Ay A kRl 784
o] ojx|= Aoz &2 3t} Subjective global assess-
ment (SGAR= 9% /WH A gG7tof et o 7HA] A
dHor A M=o, v B FYF oF3l(Ameri-
can Society for Parenteral and Enteral Nutrition, ASPEN)+=
U AN FF H59 HI=E TAL] A3l SGAS AR
g A& AXSHSETE(25) AR, SGAE 71733 Skl A
A% o A% Selol WA G 25
of tigt W=7t AotE= HAE B Arh(7,26,27) Nutritio-
nal Risk Screening 2002 (NRS-2002)= 43 A9 ojoF &}
3](European Society for Parenteral and Enteral Nutrition,
ESPEN)OA @alsh= B WH O 2 (25) SGASE 94 #£52
2 Q% AE IS TAsked 2 AolE HolA| gethal
BT glor} Y7 Ao HE NRS-20027F olZgo] W
uUehgow g 2ol A gt SAHEQ] Aol & Ko
FA] F31ATh(28,29) A7) dHEA E4S FF Bt
ARESE7] 913 At e ARE ALECH,(30) 71E9]

Fol 248



21 =2
[

A7) G2 BHE WA Gl HHEHOR AR
S A U GO AHE B 5 ol PUOE ofg Bo}
oA 1 80l YFEL ek AR 48 % 9 A B
IAE GAR7] GEs BAL 712 PHST SARE 2
T2 BT Sl SPARE, of% g grol 713

REFERENCES

1. Grocott MP, Mythen MG, Gan TJ. Perioperative fluid manage-
ment and clinical outcomes in adults. Anesth Analg 2005;
100:1093-106.

2. Jacobs DO. Use of bioelectrical impedance analysis measure—
ments in the clinical management of critical illness. Am ] Clin
Nutr 1996;64(3 Suppl):S498-502.

3. Chang DW, DeSanti L, Demling RH. Anticatabolic and anabolic
strategies in critical illness: a review of current treatment
modalities. Shock 1998;10:155-60.

4. Norman K, Pichard C, Lochs H, Pirlich M. Prognostic impact of
disease-related malnutrition. Clin Nutr 2008;27:5-15.

5. Brown R, Bancewicz J, Hamid J, Patel NJ, Ward CA, Farrand R),
et al. Failure of delayed hypersensitivity skin testing to predict
postoperative sepsis and mortality. Br Med ) (Clin Res Ed)
1982;284:851-3.

6. Twomey P, Ziegler D, Rombeau ). Utility of skin testing in nu-
tritional assessment: a critical review. JPEN ] Parenter Enteral
Nutr 1982;6:50-8.

7. Barbosa-Silva MC, Barros A), Post CL, Waitzberg DL,
Heymsfield SB. Can bioelectrical impedance analysis identify
malnutrition in preoperative nutrition assessment? Nutrition
2003;19:422-6.

8. Barbosa-Silva MC, de Barros A). Subjective global assessment:
Part 2. Review of its adaptations and utilization in different
clinical specialties. Arq Gastroenterol 2002;39:248-52.

9. Hamilton-Davies C, Mythen MG, Salmon B, Jacobson D,
Shukla A, Webb AR. Comparison of commonly used clinical in—-

dicators of hypovolaemia with gastrointestinal tonometry.
Intensive Care Med 1997;23:276-81.
10. Bundgaard-Nielsen M, Holte K, Secher NH, Kehlet H.

Monitoring of peri-operative fluid administration by in-
dividualized goal-directed therapy. Acta Anaesthesiol Scand
2007;51:331-40.

11. Kumar A, Anel R, Bunnell E, Habet K, Zanotti S, Marshall S,
et al. Pulmonary artery occlusion pressure and central venous
pressure fail to predict ventricular filling volume, cardiac per-

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

. Lobo DN, Dube MG, Neal

. Hanaki N,

=g 1 35

ZHE U FUROIM HHTI| YUEA 2Nl 4t

i)

formance, or the response to volume infusion in normal

subjects. Crit Care Med 2004;32:691-9.

. Marik PE, Baram M, Vahid B. Does central venous pressure

predict fluid responsiveness? A systematic review of the liter—
ature and the tale of seven mares. Chest 2008;134:172-8.

KR, Allison SP, Rowlands B].
Peri-operative fluid and electrolyte management: a survey of
consultant surgeons in the UK. Ann R Coll Surg Engl 2002;
84:156-60.

. Lobo DN, Dube MG, Neal KR, Simpson ], Rowlands BJ, Allison

SP. Problems with solutions: drowning in the brine of an in-
adequate knowledge base. Clin Nutr 2001;20:125-30.

. Neale G, Woloshynowych M, Vincent C. Exploring the causes

of adverse events in NHS hospital practice. ] R Soc Med
2001;94:322-30.

. Kyle UG, Bosaeus I, De Lorenzo AD, Deurenberg P, Elia M,

Manuel Gémez ), et al. Bioelectrical impedance analysis—part
111 utilization in clinical practice. Clin Nutr 2004;23:1430-53.
Ishikawa M, Nishioka M, Kashiwagi Y, Miki H,
Miyake H, et al. Bioelectrical impedance analysis to assess
changes in body water compartments after digestive surgery.
Hepatogastroenterology 2006;53:723-9.

. Tatara T, Nagao Y, Tashiro C. The effect of duration of sur-

gery on fluid balance during abdominal surgery: a mathemat-
ical model. Anesth Analg 2009;109:211-6.

. Shime N, Ashida H, Chihara E, Kageyama K, Katoh Y,

Yamagishi M, et al. Bioelectrical impedance analysis for as—
sessment of severity of illness in pediatric patients after heart
surgery. Crit Care Med 2002;30:518-20.

McWhirter JP, Pennington CR. Incidence and recognition of
malnutrition in hospital. BM) 1994;308:945-8.

Rasmussen HH, Kondrup J, Staun M, Ladefoged K, Kristensen
H, Wengler A. Prevalence of patients at nutritional risk in
Danish hospitals. Clin Nutr 2004;23:1009-15.

Sungurtekin H, Sungurtekin U, Balci C, Zencir M, Erdem E.
The influence of nutritional status on complications after major
intraabdominal surgery. ] Am Coll Nutr 2004;23:227-32.
Windsor JA, Hill GL. Weight loss with physiologic impairment.
A basic indicator of surgical risk. Ann Surg 1988;207:290-6.
Velasco C, Garcfa E, Rodriguez V, Frias L, Garriga R, Alvarez ),
et al. Comparison of four nutritional screening tools to detect
nutritional risk in hospitalized patients: a multicentre study.
Eur J Clin Nutr. 2010 Nov 17. [Epub ahead of print]

Alberda C, Graf A, McCargar L. Malnutrition: etiology, con-
sequences, and assessment of a patient at risk. Best Pract
Res Clin Gastroenterol 2006;20:419-39.

Alvares-da-Silva MR, Reverbel da Silveira T. Comparison be-
tween handgrip strength, subjective global assessment, and
prognostic nutritional index in assessing malnutrition and pre-
dicting clinical outcome in cirrhotic outpatients. Nutrition 2005;
21:113-7.

Taniguchi E, Kawaguchi T, Itou M, Oriishi T, Ibi R, Torii M, et
al. Subjective global assessment is not sufficient to screen
patients with defective hepatic metabolism. Nutrition 2010.
[Epub ahead of print]

Anthony PS. Nutrition screening tools for hospitalized patients.
Nutr Clin Pract 2008;23:373-82.

Valero MA, Diez L, El Kadaoui N, Jiménez AE, Rodriguez H,
Leon M. Are the tools recommended by ASPEN and ESPEN
comparable for assessing the nutritional status? Nutr Hosp
2005;20:259-67.

Robert S, Zarowitz B), Hyzy R, Eichenhorn M, Peterson EL,
Popovich ) Jr. Bioelectrical impedance assessment of nutritional
status in critically ill patients. Am ] Clin Nutr 1993;57:840-4.

. Buffa R, Floris G, Marini E. Assessment of nutritional status in

free-living elderly individuals by bioelectrical impedance vector
analysis. Nutrition 2009;25:3-5.



