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RELATIONSHIP BETWEEN BODY COMPOSITION AND CIRCULATORY
DYNAMICS CAUSED BY INDUCTION OF ANESTHESIA.

Isao Utsumi and Tomasz HAscILOwICZ

Department of Anesthesiology, The Jikei University School of Medicine

Background: Bioelectrical impedance analysis is a commonly used method of estimating body
composition. Recently developed analyzers allow for body composition to be accurately and quickly
evaluated. The aim of the present study was to examine whether preoperative body composition is related to
the extent of changes of heart rate (HR) and blood pressure (BP) after anesthesia is induced.

Material and Methods: Patients aged 18 to 70 years and without underlying disease who underwent
endoscopic sinus surgery were enrolled after providing informed consent. In all patients, body composition
was preoperatively measured with a multifrequency bioelectrical impedance analysis device (InBody 720,
Biospace Co., Ltd., Seoul, Korea). Because body composition is related to a person’s sex, the patients were
divided into groups of men and women which were compared. The HR and mean BP were measured before
anesthesia was induced, and 5 minutes after rocuronium was injected the relationship between changes of
circulatory dynamics and preoperative body composition was examined. The Mann-Whitney U test and
multiple regression analysis were used to predict the mean rate of BP change on the basis of sex, age, body
mass index, and all measured body composition components; p < 0.05 was considered significant.

Results: A total of 125 patients were enrolled. The rates of decreases of HR and mean BP before and 5
minutes after anesthesia was induced differed significantly between men and women (p < 0.01). Body
composition and changes in HR rate were not correlated. Multiple regression analysis to predict the mean BP
change rate on the basis of sex, age, body mass index, and all body composition components showed that
prediction was added to significantly by sex and age for all patients (p < 0.01), by age for male patients (p <
0.01), and by age and percentage of body fat for female patients (p < 0.01).

Conclusion: The prediction of mean BP was significantly added to by sex and age for all patients and for
age and body fat percentage for female patients. The results of this study suggest that preoperative analysis of
body composition components should be performed for female patients and provides useful information when
assessing potential causes of hypotension after anesthesia is induced.

(Tokyo Jikeikai Medical Journal 2023;138:1-8)
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In all patients, body composition was preoperatively measured using a multifrequency BIA device (InBody 720, Biospace, Japan). Just
before induction of anesthesia and after obtaining the baseline BP, patients were randomly given 4ml/kg of either lactate Ringer’s
solution for 10 min. Then, they were induced with propofol 1.5 mg/kg IV, fentanyl 2.5 1tg/kg IV and rocuronium 0.6 mg/kg IV, and
anesthesia was maintained under 100% oxygen. Blood pressure was recorded every minute for 2.5 minutes after propofol
administration.
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Table 1. Patients” demographic data
Data are presented as Median and interquartile range (IQR). Gender differences were found in body mass index and all body
composition components. There was no gender difference in heart rate and mean blood pressure before induction of anesthesia.

All Men Women P Value
N 125 74 51

Age 42.0 (10.5) 41.5 (10.1) 43.0 (11.5) 0.177

Body Mass Index (kg/m®) 21.8 (1.7) 22.8(1.2) 20.3 (1.8) <0.001
Body Fat (%) 22.9 (3.9) 19.4(3.8) 25.2 (4.1) <0.001

Body Muscle (%) 72.9 (4.2) 76.3 (3.4) 70.5 (3.9) <0.001

Total Body Water (%) 56.6 (3.2) 59.1(2.7) 54.9 (2.9) <0.001
Intracellular Water (%) 35.5(2.2) 37.0 (1.2) 33.9(1.7) <0.001
Extracellular Water (%) 21.2 (1.0) 22.2 (1.0) 20.7 (1.0) <0.001
Heart rate (bpm) 66.0 (8.5) 68.0 (9.1) 71.0 (9.0) 0.101

Mean Blood Pressure (mmHg) 87.0 (19.0) 96.5 (10.1) 94.0 (8.0) 0.343
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Fig. 2. Heart Rate (HR) change rate

The difference in the decrease of heart rate between men and
women before induction of anesthesia and 5 minutes after the
induction was statistically significant (p<0.05).

induction induction
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Fig. 3. Mean Blood Pressure (mBP) change rate

The difference in the rate of decrease in mean blood pressure
between men and women before induction of anesthesia and 5
minutes after induction was statistically significant (p<0.05).

induction induction
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Table 2. The results of multiple linear regression analysis for mean blood pressure change rate for all patient
A multiple regression was run to predict mBP change rate from sex, age, BMI and all body composition components. The multiple
regression model significantly predicted mBP change rate, F(2,122) = 22.841, P<0.01, adjusted R2 = 0.261. Sex and ages variables
added significantly to the prediction, p<0.01. Regression coefficients and collinearity statistics can be found in Table 2.

Unstandardized coefficients Standardized Collinearity

coefficients statistics

variable B 95% confidence interval SE B B VIF P value
Sex 4.642 0.872-8.413 1.905 0.190 1.015 <0.01
Age 0.404 0.270-0.538 0.068 0.464 1.015 <0.01
Bodu Mass Index — - - 0.019 1.171 0.82
Body Fat - - — 0.105 1.537 0.28
Body Muscle - - - -0.056 1.319 0.53
Total Body Water - - - -0.062 1.303 0.48
Intracellular Water — - - -0.074 1.399 0.420
Extracellular Water — — - -0.043 1.164 0.610

N=125 Adjusted R* = 0.261 Durbin-Watson = 2.007 F (2,122) = 22.841 (p<0.01) VIF : variance inflation factor

Table 3. The results of multiple linear regression analysis for mean blood pressure change rate for men
A multiple regression was run to predict mBP change rate from age, BMI and all body composition components. The multiple
regression model significantly predicted mBP change rate, F(1,72) = 14.35, P<0.01, adjusted R2 = 0.154. Ages variables added
significantly to the prediction, p<0.01. Regression coefficients and collinearity statistics can be found in Table 3.

Unstandardized coefficients Standar_dlzed CO“”.le;.imy
coefficients statistics

variable B 95% confidence interval SE B B VIF P value
Age 0.342 0.162-0.521 0.090 0.407 1.000 <0.01
Bodu Mass Index — - — -0.107 1.035 0.332
Body Fat — — - -0.106 1.128 0.356
Body Muscle — - — 0.084 1.096 0.460
Total Body Water — — — 0.088 1.085 0.437
Intracellular Water — — — 0.068 1.138 0.556
Extracellular Water — — — 0.119 1.021 0.278

N=74 Adjusted R* = 0.154 Durbin-Watson = 2.367 F (1,72) = 14.35 (p<0.01) VIF : variance inflation factor

Table 4. The results of multiple linear regression analysis for mean blood pressure change rate for women
A multiple regression was run to predict mBP change rate from age, BMI and all body composition components. The multiple
regression model significantly predicted mBP change rate, F(1,72) = 14.35, P<0.01, adjusted R2 = 0.154. Ages variables added
significantly to the prediction, p<0.01. Regression coefficients and collinearity statistics can be found in Table 3.

Unstandardized coefficients Standarfilzed Colllr}egrlty
coefficients statistics

variable B 95% confidence interval SE B B VIF P value
Age 0.412 0.218-0.607 0.097 0.479 1.039 <0.01
Bodu Mass Index — - — -0.155 2.091 0.337
Body Fat 0.879 0.309-1.449 0.284 0.349 1.039 <0.01
Body Muscle — - — 0.230 3.579 0.275
Total Body Water — — — 0.194 3.762 0.371
Intracellular Water — — — 0.157 3.408 0.446
Extracellular Water — — — 0.221 4.144 0.330

N=51 Adjusted R*=0.391 Durbin-Watson = 1.813 F (2,48) =17.043 (p<0.01) VIF : variance inflation factor
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Fig. 4. Compartment Model of Body Composition (Modified
from Reference 9)

The left figure depicts the basic two—compartment model that is
based on the fat mass and lean body mass. The right figure
depicts the molecular model that divides the body compartments
according to the mineral content, protein, lipid (fat) and water
contents.

(=N

Z DRI EDN D B Z ENH SN T
W50, AEREREEE LT, BEX0BHET
VRN E <, EKHARERSMEN., BERELT
1, TAROF T AMRTOVREDRIE
SNT U ADEWPREINTNE Y, ZO72D
AWFZE TIEBIER OMEHI A, WRE & B
MRV CHBRET T 2 2 & & Lz, AHfF
FHER (Table 1) 5D, MR OARMERZ
RIBIGER, RHAZE, (RKDE, MENKDE,
SR RO ETORIEBTHEEANRD BN
7z, TREREIRELEI T, WHEEHTIIEERLDS
DR, SEEIME & BT TENE < (Fig. 2, 3),
EREFNT BT 2 BREIFATTIE, SEEIMER T
MR & OB < FRD 57z (Table 2).
TR DWFFRIT BN T B & fH L T g
T DEEL, R THTDLEND D EHZ N5,

RIGIF RIS ENRICEET D 2 ENMENT
W5, EEEBORWVEF CIIFEARETH->TDH
NG DS E WV S A I R K 3 I K < 72 0,
TEER MG B IIAR AT DT < T2 5. DDk
BEEEEL L CGHRINZFEKLE TR0 S
W, R EROEY M IREIT RIS
<723, MATHERIGHRIIEYEBREEEZ XS LT
WBEIREY O )N— M A N EFTIVICDHEET
5, EHO )= b A2 NEFIVER, FEHIOAG
EMRED L WIS (K, B Sim
WMEDDIRNKMSE R E) 1THT,
AR ENC R G I N SRR IR T L,
M E O THEEN RN TND, ENWSEZS
Thbd. IREEOENEYIIRMOIEIHRICE
FTLd <, BHSMBEBNMERT D L &b,
iz H, EIENFREEINT & 2040 HE o<
By N TBREG ORI ED, FREEEOE Y E
RRICHEZE5Z2ERERD Y, BRI, &
PRI E I T OR T — VG EIRIE IR
MBS 2 2 EndEanTH oYY, ERiTR
LHEHRENZEL TWEHDEEZENTNS,

AFFEOFERTIE, BERLD BLERITBN
TOHE, PHnEZTNZFNOETFTRNREL,
TORT 4 =) GICEBIMER FOERD—DA
ZHETHDENIBEOREE B L TS,
SHEH] & BRI B 2 EEIF N T, 1BERE
REA B SRR AR & OB 23R e o 72



JRRISE ARy D5 BRENRE & PR Ik ) & D BEHE 7

Y, LRI BV T O BRI E M EL
RICEEBEZRTTEVWIFERICE 2. 2R3,
PRARL RS 0 AT s SRV 2 1 0D BRI A S I B F 0 T
HMATFELTHEAMEDR DD ZEE2RBL TN,

X7, 2ER, B, LERThThCBn
TH i &OEEIMES R THIBERR 2D =,
LB EDHE &E—F L Tz, FEEzEER
5 ETHRIBENMHEML ThWad Z &b FHIN
7273, SEIOFEFN S 13 EE &R E OB ISR
Oonolz. BRO—DEL TIIFEMIZED
MEIA>LTI5AT7 AR T RENEZ SN

AHFSE D SAE BTV BMI 30 kg/m? LR O HefibiR
BOBWREFEE THo. HEHBMI 30 kg/m* 2L L)
MR R E OB EIIZ G SN TH 0 WY,
FREREARF O MTEX FOER &850, EiHEE
ORIENI R & QMBS S Twis., BMI
TR, KRN BRI ARE DX RHNITTE R
Wiz, GENIZEZT TH o 72K R &k
BB AR O MEM T & OMHBEERD I EDERE
BREL, 5%IIHLEBITBMI 30 kg/ m*LA
DR EZ T U T HRMLAL L & MG REZEB)
DN ET2HEND D EEZ SN,

AR DR Z 7T, BIAEDKS RIZ, BBk,
Rt , HREE OB &R ER EDER
WKLo TEEINS EHEINTNEO?, &
B DR T, HRFIEZITXTHARATH - 7~
REICB W TR T T H 2 S Bic ABE L T
B0, EMEETR WD, 1FIER CLHETEG
TETWED, THEBICBWTAREIIIONT
WAL T,

£/, MAIHANEEL WL DITT 59,
T2 GEIAT E TROMAKDOEBRZ] &L, &
FoE Rt RE TIIAERFIC OB 2 A DIEMNL
<, AKGrER, MRANAKER, Ml KR A
el & DKW 2 & DRACIREE 2 R T RUEILRD 7%
Moy, TNEFNOHKRIZHEL THE5 T
BTETWRW, BAFOBERICLXDERLDD
L 2 7R g REF BRI L 7s o 7z,

X7z, SENZEAROIEREELT 28R L /-
DHTHD., MBEBEATHETHD I LIEBISE
A —TCRER LU=, MFPEEANER/NEE LT
DI TIIHEREL Tz,

V. #& B

EEER B O IR VWIERNC BT B FREEE A RT DR
R &, RS AR QBB & O FIBEM: 2 T
Bz, HERER IR, KD, K
W, HIAKSZE, MasKrREOETOEE
IZBNWT, BEBHELEHO2HEMIIBNTHER
ZrRDz. L, EHMEDETRIZIESLS
H, BUBHIO BB TREN O, FREA
P 5.1 O ABUR TR TIIMBE S 280 5 /T
1F78p o 72, EHEmMERTRICBN T, 2fF
BITIIMER & Fls, BUERETIIEm, WERTI
El SRR R B 2R L Tz, RIFFET
RONTZHIRIZ, AT DAL D 54T D g
HaERELTHD, MEHEAEKICKSIMERKT 2
EETHLETHRBERICIRDEEZS.

EEZDFSH R (conflict of interest : COI) AR :
AL DHIENFICEE L TRICHE R L

X (53

1) Chassard D, Berrada K, Bryssine B, Guiraud M,
Bouletreau P. Influence of body compartments on propofol
induction dose in female patients. Acta Anaesthesiol
Scand. 1996; 40: 889-91.

2)  Ingrande J, Brodsky JB, Lemmens HJ. Lean body weight
scalar for the anesthetic induction dose of propofol in
morbidly obese subjects. Anesth Analg. 2011; 113: 57-62.

3)  Egan TD, Huizinga B, Gupta SK, Jaarsma RL, Sperry RJ,
Yee JB, et al. Remifentanil pharmacokinetics in obese
versus lean patients. Anesthesiology. 1998; 89: 562-573.

4)  von Hurst PR, Walsh DCI, Conlon CA, Ingram M, Kruger
R, Stonehouse W. Validity and reliability of bioelectrical
impedance analysis to estimate body fat percentage against
air displacement plethysmography and dual-energy X-ray
absorptiometry. Nutr Diet. 2016; 73: 197-204.

5)  WHRE, Mo KBRS, Bold T, BEHAN: . MR
W] 2 S L 72 N B D IR B — 2 1 > E—%
PREEAWRNKBORFE D 5—. HERRE
6. 2010; 30: 383-92.

6)  Weinger MB, Herndon OW, Zornow MH, Paulus MP,
Gaba DM, Dallen LT. An objective methodology for task
analysis and workload assessment in anesthesia providers.
Anesthesiology. 1994; 80: 77-92.

7)  Loeb RG. A measure of intraoperative attention to monitor
displays. Anesth Analg. 1993; 76: 337-41.



8)

9)

10)

11)

12)

13)

14)

15)

16)

P

Reich DL, Bodian CA, Krol M, Kuroda M, Osinski T,
Thys DM. Intraoperative hemodynamic predictors of
mortality, stroke, and myocardial infarction after coronary
artery bypass surgery. Anesth Analg. 1999; 89: 814 —22.
. BIA O J5U B & AR HL B RE Al . 4 FE & AGR - 2%,
2019; 53: 123-30.

I, eBrsE 1, H LEW . RGN K 2N
2 - BN R ORE S . BEERITEL. 2018; 25: 98-102.
Reich DL, Hossain S, Krol M, Baez B, Patel P, Bernstein
A,et al. Predictors of hypotension after induction of
general anesthesia. Anesth Analg. 2005; 101: 622-8.
Leedal JM, Smith AF. Methodological approaches to
anaesthetists’ workload in the operating theatre. Br J
Anaesth. 2005; 94: 702-9.

Zhang J, Critchley LA. Inferior vena cava ultrasonography
before general anesthesia can predict hypotension after
induction. Anesthesiology. 2016; 124: 580-9.

PE)IER, mHEDT, INHASET, SET, A
T & SRR A ORI E T 3K . RRIFE. 2019;
68 : 817-21.

Hug Jr CC, McLeskey CH, Nahrwold ML, Roizen MF,
Stanley TH, Thisted RA, et al. Hemodynamic effects of
propofol: data from over 25,000 patients. Anesth Analg.
1993; 77: S21-9.

Pedersen SB, Kristensen K, Hermann PA, Katzenellenbogen

(=N

17)

18)

19)

20)

21)

22)

JA, Richelsen B. Estrogen controls lipolysis by up—
regulating alpha2 A—-adrenergic receptors directly in human
adipose tissue through the estrogen receptor alpha.
Implications for the female fat distribution. J Clin
Endocrinol Metab. 2004; 89: 1869-78.

Casati A, Putzu M. Anesthesia in the obese patient:
pharmacokinetic considerations. J Clin Anaesthesia. 2005;
17:134-45.

Dentali F, Sharma AM, Douketis JD. Management of
hypertension in overweight and obese patients: a practical
guide for clinicians. Curr Hypertens Rep. 2005; 7: 330-6.
Mokdad AH, Ford ES, Bowman BA, Dietz WH, Vinicor F,
Bales VS, et al. Prevalence of obesity, diabetes, and
obesity—related health risk factors, 2001. JAMA. 2003;
289: 76-9.

Dehghan M, Merchant AT. Is bioelectrical impedance
accurate for use in large epidemiological studies? Nutr J.
2008; 7: 26.

Merchant AT. Anand SS, Vuksan V, Jacobs R, Davis B,
Teo K, et al. Protein intake is inversely associated with
abdominal obesity in a multi—ethnic population. J. Nutr.
2005; 135: 1196-201.

Wang J, Thornton JC, Kolesnik S, Pierson RN.
Anthropometry in body composition: An overview. Ann N
Y Acad Sci. 2000; 904: 317-26.



		2023-07-14T16:18:22+0900
	東京慈恵会医科大学




