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Clinical Evaluation of Postoperative Energy Expenditure and Energy Intake in
Patients Undergone Operation for Digestive Cancer

Kozo YONEYAMA
Department of Surgery II (Director: Prof. Kyoichi HAMANO)
Tokyo Women’s Medical College

Measurement of energy expenditure has been made by the use of a indirect calorimetry to
investigate the energy expenditure and the relation between energy expenditure and energy intake
after elective operation for the digestive tract.

The subjects for the measurement were 17 cases of colon cancer and 16 cases of gastric cancer on
whom nutritional control was made by intravenous hyperalimentation (IVH) and elective operation
was also performed. Measurements were made regarding energy expenditure, nitrogen balance and
rapid turnover protein preoperatively, postoperative 1st, 3rd and 7th days.

As a result, it was found: 1) energy expenditure underwent a change at about 26~29 kcal/kg; 2)
increases of the energy expenditure on the postoperative 1st day were 7.6% in the colon cancer cases
and 26.2% in the gastric cancer cases without, however, significant difference between the two case
groups, from which it was found that the increase of energy expenditure by operative load was small;
3) the fact that the amounts of energy utilization possible were 30 kcal/kg on the postoperative 1st day
and about 45 kcal/kg on the postoperative 3rd day onward in the both case groups was induced from
the assessment made by the use of the primary regression formula.

i

o

TRARDLNTHD, =XAF —HBEYHET D

ML BLF MR O RBEERE T, Fb
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% 1 Harris-Benedict D3 & Wier DB ER xR?2 EAOERRAT
1. Harris-Benedict D=, FEAI
2 FEH
Male . PREE=66+13.7BW+5H—6.8A HE HEREE Y R
Female @ PREE=665+9.6BW-+1.9H—~4.7A = (5 58.29+7.35 58.38+10.56
PREE : predicted resting energy expenditure (¥ - -
Bz kA + —HEE) (kcal) Axlk 9:8 4:2
BW  :body weight (kg) &£ (cm) 158.56+8.01 163.63+8.99
H - height (cm) *E (kg) 54.69410.19% | 62.66+10.55"
A " age (year) " . 40 17
2. Wier O EEEE (m» 1.541+0.16 1.68+0.17
REE=(3.941VO0,+1.106VCO,) X 1.44 _ SRR 9 ,
MAE gk 1647
REE . resting energy expenditure (ZZERRE= %L FHAR BT EIERME 8 R i
F—HEE) (kcaD lei =
FRIZERE= 2L ¥ —
VO, -BRHEE (/day) BEE (cal/kg) 22.88+2.50 21.75+1.46

VCO,  ZR{uRFEELE (I/day)

BMEHIHRETISTOME L LR ERINE
GHLUT, BRERPOEE L ZBILRERE & D%
NS RREMNEE L PSR _BLREE
AELEHL, Wier ffiffiX® (E1) »b=*
NE-MEBERRDLLLDTHDHH, HEREH
FEEBHETA Z BB T WS,
AFTh ZOMEBERENYEEBREORETHE
CAGCIEBERABR IR, Lal, fHEE
WOMBIC T e At L S BB R e, &
BIMED=ILF - HBEBL I AF-—RE5E
OBIE R RIS Dikie s, £ I CEHEE, Wk
BEFM ORI BRI AEE, BERZOHME
CREREFAFERL, figo=3 1 ¥ -HEE
DER=ANLF —HBR L= LF -FHEED

BB A LcOTRET 5.
NRE L UHE
IRIFCE 3

SFEUT19884E 6 B 25, 19894E108 & Tz 4%t
TEMEIET L e KBRBEFLTH S X OB RES
16 DE33FITH B (F2)., Fdk, KBGEEH
T41~T28% CP#+SD : 58.29+7.355%), BB
B 34~795% (58.38+13.565%) I A LT\ 5,
KBEEAOBLHIITI | 8, BEEMADOEFhIT
14: 2T, BEEMACE®E S, FRAKBE
FEBIT158.56+8.01cm, BEFEHIT163.63+8.99
cm, ARERKBEREMT54.69+10.19%kg, FBiE
BICT62.66+10.55kg, HEREE EKBREES T
1.54+0.16m? BREAEHIT1.68+0.17Tm* TH %,

*RIBEIES ve. BEEM p<0.05

EAMOEER TR T 5 &, FE, hFEA
BTERBEAPKBEEMNY LEboT iz
(p<0.05)., ZNIBEEATEE,LE oD L
%2 5h, WEMAMO LK CHE, AEEENE
BT BIDRXFTRC, FELICH HDHVEEER
Bhicb T L.

ik, ThbOREGIIRENICEE Y R T
PR D B OFHE (B 2 CEREIRAR R Bl fE), FPREREE
BORASLER T, 2ONCEEFREZTV,
R, ~R; D V) v < HIFNE & HaAT L 7o, ML KiBE
FEGICHREGEIRRMT 8 I, BITUIBRG 9 41, BIEfE
I E PR B ORI B 5. BEEXEBY)
Wil B R, T MBS L et 5K
B4 EORE L BERA L,

2. BHi&E

RgeREFICR LT, 80, MBS 1mE, 8
3%5,%?%5K@§%%%%ﬁbfﬁ%$%
M%%%%(VOZ :ml/min), FREFHBILRE
EAEE (VCO,: ml/min) %EIFEL, ZEHE= X
L F - E E (resting energy expenditure;
REE : kcal/kg), FEEBHHE (non-protein res-
piratory quotient ; npRQ) #EH L7z, FEFIE
%°F#5, rapid turhover protein (transferrin,
prealbumin, retinol binding protein) % lE L
1.

KIGREIES, BRELEASF A IhboRIER X
LT, ROXIBRRAZRFL, T FEAR
O FBHEET S 1T » 7,
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(D HEHH OFH=F ¥ -REELHE
bHich OFH=F 1 ¥ —HEEDOHE

Q) FEHIH OFHERBERBLEEDHD
DI ERFEOHY

(3) FHIEERGFREOHDE

(4) rapid turnover protein(transferrin, preal-

bumin, retinol binding protein) ®FEHE(LED
W (GEEREL LT L rapid turnover
protein (X ATEICMEAZ 2K & {, WHiEEZE
EXE2EHL, ZOVFPHEOHBEZHA)
5) FH=x ¥ -—HEBCHNTH =X 1 F—
BEE(==FfVF-—HE5EE/TFHl=x ¥ - HE
B) L TFll=x L F-—HEBTHT L= ¥ —
HEE(CHE=R ¥ -HEE/FH= 21 ¥—
HEE) LoBR

6) =k rF¥-FRRE(==x1F¥-H5E/=
FUF —HEE) LIFEATHRRE L OBMR

3. FERMERE TS E

M £ B & B % 12 13 Sensor Medics # 4 ©
energy expenditure unit 2900 (R L, F+ /
v—— FTHELL (K1),
MERAEAERZIL, FR2FELLIRKETO
RIC, e & S HEIERT205 R ZEEMEN & U7z,

1 REAEFTNEOERE
BHREOER Y *+ v — (AR TE, £odo
BEORK Y —RECHIOHTECERRL, HERE
ZRET S,

BIERERENL 1 AERE L PR O b 7 lIE &
ZI0HRA VB LRIEKET E Lk, 7ok, Wik
H 1WA TE, MERL2EEELUA S RE 0P E
TREPVETLTWBDT, BIEFDEL EH12
R R LI m BT - 7.

4, TRILF—HEEEBLERKESENRE
e, ZIEFNCIE IVH ZHEFT LT\ 503, i
D=XAF-FHEERIUVERREEL, Yo
IVH 7= » 2 = (FE3DITHE, MR 21 F—
5 2131,400~2,000kcal/day & L7z, 7ok, &
OB CRHEHAFOR G XThT, =%
F-RERBI I/ N a—RLT I /BOREL
e,

5. rapid turnover protein O EIZE J5 %
transferrin, prealbumin, retinol binding pro-
tein O BIE IR L4 SRL KL, <—V v
FRTzRA=B=T7FFTA4F = (~FAMTw
AVHED AR L CRERREE CRIE L,

6. #rEt

HEHALER Y, WAEBRE o LB IZ unpaired t-test
PRV, BRES UL T TEEEZD Y SHEL .
Fio 1 RENFEAZFIE LcHEEEBEfR T, HHEEfR
B ERE 5 %LUT CHBABERS h & L1,

& R

. REHT-NOEHTRLF—REELHE
iz OEH TR LF—HEENHTE (K2)
=¥ -5 & (kcal/kg) 1%, KBEBE
BICHEEE 1% H20.20+5.60, 85 3w H33.12+
10.39, 22 7K H34.92+11.30TH » 7=, BIEFEHI
TiE, & 416.13+3.82,20.42+2.75,27.62+5.96

xR3 APRECRIE=RALF—L 7 I BRED S
7 ha—
#1/mE S-1
# 2B 0 S-2
HI3WE I S-2H B\ S-3

$-1 1,810 960 6.08 157.9
S-2 2,010 1,400 9.12 153.3
S-3 2,210 2,000 12.2 164.5
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kcal/kg

® Colon & Rectum ~—— Energy expenditure

50
© Stomach e Energy intake

40

30

20 &
H » p<0.05
10 ** pe0.01
o [
POD-1 POD-3 POD-7

K2 =xr¥-HEEL=IALF-BEBOHY
POD : fir %8 H

THote, Fh=F A F - FEEX, KIBEEH
OWHE S, THRBIZEEEAOZhE LT
Ttz (% %p<0.01, p<0.05),

LoL, EH= i ¥ —FHEBCHEfMcZE
MH ol bbb ?, FH=RAF-EHEE
(kcal/kg) &, KBEES T, WHEL1IKH
27.01+5.35, % 3 75 H29.92+6.35, £ 7% B
29.24+6.35, B EEH T, £%26.06+5.30,
28.58+3.14, 28.17+3.87%, 13& A EE(LER
Xiehoit,

2. BREHI-NOEHEREKSELHEHIN
DFEHERFEOHEE (X 3)

PHEREEE (g/kg) ORI, Tz
¥ -5 B LAEET, KBEESCHESE 1KE
0.12+0.03, 28 37/ H0.19+0.03, 55 7# H0.22+
0.06, BIEFERT, £ 40.10+0.03, 0.14+0.03,
0.18+0.04 &, KBEEGISKHEE S, THET
EEEFEY EEboTuwi (£4p<0.01, p<
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ke ERNEE
0.3
@ Colon & Rectum
O Stomach
0.2
0.1 L
L o
HJ * p<0.05
** p<0.01
POD-1 POD-3 POD-7

g/day
8

L [ron-3 POD-7

3 EFEBREELERFHEOHYR
POD : fhifg#:8 H

0.05).

SR E T (g/kg) DHERILE, KIBEEST,
W 15 H —1.85+2.91, 55 3% H1.83+3.69,
FT7IHHE3.20+2.88, BEEMATIIE 4 —3.29+
2.84, 0.12+3.13, 2.14+3.92CTh - o, WEEH
MCEHERFEREBCEDTD LIS 2o
5, SEHERFH CRERFED ST, WTTh
L 3W A TEREL TV,

3. FHIEBATFRBOHE (K4)

SEYFEE AR ORI, KBRS CHE
#1mHB0.85+0.10, £ 3HHHE0.92+0.15, 7
# H1.01+£0.11, B # fE #1 T & «0.88+0.24,
0.85+0.11, 0.86+0.09THh -7z, FHIEEQTE
BRI Ty =2V F - FHERBOENKBR S,
MR 7B CRKIBBEEA» BREAY FEbh -
T (p<0.01).
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® Colon & Rectum

© Stomach

T -

1.0

— i

0.8

J N
0.6 }
1 ** p<0.01
o L
POD-1 POD-3 POD-7

H4 FEAFEHE pRQ) OHB
POD : e B &

4, rapid turnover protein OEHE(LEDH
% (®5)

transferrin DZEALEROHER 1L, AKBBEGITE
1/ B0.75+0.11, £ 3/ B0.67+0.10, 7
H0.81+0.11, BEAEMTH +0.81+0.10,0.69+
0.08, 0.83+0.11T» - 7, prealbumin D ZE (LK
DOHEBVL, KIBFEIEMTHE 1R H0.73+0.14, 5
3 A0.60£0.19, FTHA0.78+0.18, B
BIC£40.79+0.12, 0.66+0.17, 0.94+0.25C
& -7z, retinol binding protein D B{LER DOHER
X, KBEEFCHE 1R A0.45+0.14, 83K H
0.57+0.23, 8 7TH H0.78+0.29, BREEFITH «
0.56+0.16, 0.50+0.18, 0.74+0.28TH 7z,
Zhb 3ODREEEICOWTE R ERTESHE
THE LI, MEENCAERER ehoto, —
73, transferin & prealbumin V3T iE BIRS < R &%
DEExHFR LI, Tihbb, £3IHFEETCRET
L, B 7TRBCEBMIENEEL TS <5 —v
& ofa. L L, retinol binding protein TiX
BIBIESI LD 2 DR LA L% - v ERL
ey, KEBFEEMMEE SHAETE TR«
ZERAL,

o Transferrin Prealbumin
1.2
0.9
1.0
0.8
0.8
0.7
0.6
061 0.4]
=
TH/TIO  T1a/Tf0  Tf7/T10 PA1/PA0 PA3/PA0 PA7/PAD
Retinol binding protein
1.0 ® Colon & Rectum
© Stomach
0.8 Tf : transferrin,
PA : prealbumin,
0.6 RBP : retinol binding
protein,
B2 0 0 AR
0.4 1. #1mA
1 3 I #E3MH
T 7 B T7WHA
RBP1  RBP3 RBP7 wET

/RBPO  /RBPO  /RBPO

5 rapid turnover protein OHER

5, FAZRALF-HERBCXNTE2IRILF—
BEErFRzR VX -HEBEEICHTH IR
F—HEE 0Bk (K6, 7)

Fhl= 2 A F-—HBHEBCRT =5 LF -5
ELFHl=31¥ HEELRNITLAB=F
FMBELOBRICOWTIE, FhERDIER
DA THERE L 1 KEBEBERSA A LR, Th
501 RENRER L HABEREIKRO L Y TH-
7z,

KIBFEIEGI T,

78T y=0.333x+0.812, r=0.646, p<0.01,

# 1% Hy=0.405x+0.881, r=0.661, p<0.01,

# 3% Hy=0.359x +0.816, r=0.546, p<0.05,

HT7HH y=0.318x+0.824, r=0.595, p<0.05
Thok (K6).

BREGI T,

787 y=0.274x+0.856, r=0.731, p<0.01,

H 1% Hy=0.539x+0.852, r=0.562, p<0.05,

$h 39 Hy=0.413x+0.901, r=0.555, p<0.05,
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REE/PREE

05 1.0 1.5 20 25 30 3.5
INT/PREE

Pre op : y=0.333x+0.812, r=0.646, p<0.01

POD-1: y=0.405x+0.881, r=0.661, p<0.01

POD-3 : y=0.359x+0.816, r=0.546, p<0.05

POD-7 : y=0.318x+0.824, r=0.595, p<0.05

K6 ABREMCRID=2rE-—REEL=RL

¥ —HE B OBIR
POD : #i88#%8 H#, PREE: FRXHF =51
F—4EE, INT . =51 ¥ 58, REE &%
Bex1¥-HEE

il 1.4 o Pre op
e s % POD-1
o

o ¢ POD-3
T m POD-7

0.5 1.0 1.5 20 25 3.0 35
INT/PREE

Pre op : y=0.274x+0.856, r=0.731, p<0.01

POD-1 : y=0.539x+0.852, r=0.562, p<0.05

POD-3 : y=0.413x+0.901, r=0.555, p<0.05

POD-7 : y=0.353x+0.872, r=0.555, p<0.05

K7 EBEREMlCEIS=(1F-FERE=F1

¥ - HEEOE
POD : i %8 A #, PREE: FHIE#IF =% 1
F-HEE, INT =¥ 58, REE: &%
B i+ —HER

HTHHE y=0.353x+0.872, r=0.555, p<0.05
ThHoTo (7).

£ 4 OEUREHOE & 3= F v ¥ b 8w
TH=AAF -HBEOHMETH Y, KBIEiE
BIATEG33.3%, #Mitsss 17 H40.5%, 3 HE
35.9%, HBTRRHEL.8%TH»Tc. Fic BREEM
124 % 27.4%, 53.9%, 41.3%, 35.3%TH 7.

63

WAiME L » OINEKBIEES CHESE 1WA
7.2%, 583 H2.6%, 5 THRA -1.5%Th - 1.
BREEGI T4 % 26.5%, 13.9%, 7.9% TH - 1,
¥, BURBEEOME S IEES & SRS 15K
A bAE L, BARWIioE SISz,
Lol, thboExcBL T, KBE BEE
Bl HEE L, 3, THRAMCARZRALR
ot ¥, WEFROLE T HEBEERR

0.4 0.8 1.2 1.6 2.0
Cal SF

Pre op : y=0.158x+0.701, r=0.533, p<0.05

POD-1: y=0.267x+0.678, r=0.607, p<0.05

POD-3 : y=0.210x+0.687, r=0.551, p<0.05

POD-7 : y=0.201x+0.682, r=0.692, p<0.01

M8 KRBEEFCKITI=FArF-—FREELIFED

W% B oD B R
POD : &80 %, CalSF ! =3 A F-FRREE
RQ ! FFEATERE

0.4 0.8 1.2 1.6 2.0
Cal SF

pre op : y=0.180x+0.670, r=0.501, p<0.05

POD-1 : y=0.391x+0.597, r=0.6186, p<0.05

POD-3 : y=0.218x+0.658, r=0.653, p<0.05

POD-7 : y=0.207x+0.660, r=0.580, p<0.05

K9 BEEMACKIE=FIANY-FERE LIFEST

s o> BA £
POD . fiif#R B %, Cal SF: =x v ¥ —FRE
RQ : JEEOTF RS
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DT 5Tz, _

6, TFXNF—FHEELEYFEEETFEHE®
R (X8, 9)

= RAF -FRE & FHIFELTRE & 0BG
%, EESHICHIES L AR 1 KAHBIBIR AR
b, Fhbo 1 REREREHEBIGREEIKRD
L5 ThoTe,

KGRIEGITIL,

T y=0.158x+0.701, r=0.533, p<0.05,
F 1% Hy=0.267x-+0.678, r=0.607, p<0.05,
3% Hy=0.210x+0.687, r=0.551, p<0.05,
H7HHy=0.201x+0.692, r=0.692, p<0.01,
THotz (8D,

BREEFICIE,

8T y=0.180x+0.670, r=0.501, p<0.05,
# 1% By=0.391x+0.597, r=0.616, p<0.05,
3 Hy=0.218x+0.658, r=0.653, p<0.05,
7T H y=0.207x+0.660, r=0.580, p<0.05
ThHo7 (K9,
EEATERHEY 1, THbBRELTVLL=%
AF—EENI0% T FoBETHL=RZAF—F
RBEY FOBRER L VK05 &, KBBEM
THTRTL.89, W 1WH1.21, 5 3WHL.49,
ETWHBLLTHY, BEIAEFTHE«1.83, 1.03,
1.57, 1.64THhotz, =3 A F—FREIL=FN
¥ EEY =2 F -HEBETEH LD TH
h, ZEHOFH= 2L ¥ - HEEBIFHMTHS
DT, =HFAF-FREC=FA¥ —HEEELH
FaEzxAF-—HFHEEBRRDOND, Ticbb,
KBBIEF I = &2 1 ¥ -5 & 5 i Ai49%kcal/
kg, #5518 H33kcal/kg, 2 3 3% H4b5kcal/
kg, % 798 H45kcal/kg Th % & XIEE T REE
K1 EB, BIEEAILE 452kcal/kg, 28kcal/
kg, 44kcal/kg, 46kcal/kg TH % & ZIEEHTER
BNl ETR D,
EUREROE X A & B, WEEME LA
BEIRHIRDKEL, B filoE s
Swfs, LaL, ERAMCEEZRALRT,
MAEFAR OB THHBEEZRIRD bicho T,

£ =

I TRAE—BBEL I ALY —BR5RE0H
BlzoWnT

Sz x X -EEE LA F - R EE
DOHBE LD L, KBE BEEML b =X
NE-—FEBOENMICL b bT, =z
¥ - B B1226~20kcal/kg LB E D B{LAHD
it oic, Tiebb, KBE BEEMOHE
EHBICB = s F-—REEOHHE (15~35
kcal/kg) TREBL=Z 1 ¥~ BBREOHINT
R bhhwEEzbhl,

2. ERHRBECERTE L N & 1-SEOFMH
REDEFH

EREHEIESORI, BALOKEEY LERIIE
BRI L Tk D, FHRELRHLT 1 >0HEE
THBHEELNT W52 FREERERELL
MELYZT S, SREOMENTIERTSRIE
Babhieh, BRVETABEENSDRTRHRE
DHEBERL, LobRiEs S HECHESE S
FRELTVWHDTEMBRBCELRVIDLEE L
bz,

3. FHREBILLZ»IRALF—HEBENEMIC
2L T
EMBRRICL S =2 A F-—EEEOHMOBE
COWTIRERDENEZATHD,

197041z Kinney B2 NE-EHAEDIRD S ivic s
HRFNEE (FCREL BE~1r=7, BR
FEBRELY) T=xAF-BEEYRATEL, K
= 3 L ¥ - E oLk Harris-Benedict ®
AL D KDITFEED10% AN OEMER T, #Hat
FRNCEBEOWMN T ol LT 5, L
L% D%, Rutten HPPRENSHEEDRAL
R R WTERPELY EORBIBEO I, F
BEDL. 75/ 2. 05D =3 L ¥ —HEBEE D
mMARBBID, ThieREGfesiaF 5%
752 L28DT 5, ¥1, Gazzaniga H2Z
45+ 3kcal/kg e = &2 L F ~ 5B R E T L CH
BRENELERL KR, =F1rF-HEEIX
BT TREDL.BHE L D AEL, EXFED
EHRELTATHD, KT TFRAEDL. 75T,
ERLHLLEKE L TCIETH o &b RB Y
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BLRBE B TEr ) D=r A ¥ —HEED
Bineh s EHEL T B,

—75, Long B2 NI FHEZ TO = % v
F-HEEOHMEKIL, FHME & LB L T24%0H]
BThB LB, Kinney 5D10%LIAR L b o
Z N EEREL T B 28 Rutten B = 2% — 1
BREIERA - To=32 A ¥ B 5B TR LTS
FHFETH B EHEHLC A, Mann H19% = %
NF-—HEEOTFREDL. 75 EHME & K
&<, BRI QT TANEDL. I6BFRBE D =&
NF—-BETHSTHB E L TVB, Brandi 27
LEMBEEERO = 3L F —4BEOBIICRIE
TEEL, T %V EEREL TS,
AP\ Th, YIHSOCRE LR EELE
BELRTA =3 1F¥F - HEBEEOHEINII5~45%
BETHLEBREL TS,

DXL, DITRFHRBEREC L - T=xr
F-HEEIEHBMNTS &b T,
FOED =R L F —HEEXAE L cBReES<
WETE, FINBRIZI =R A ¥ -HEBEEDOHE
MBSz EELZLRTLS,

ZFEORETE, TH=FL ¥ -HEBCHT
LERAF—BERETE = R AF - HEECK
ThH=RAF—HEE L OBFRYELTEIRER
X OB CCBUREROME XX, KBS CMial
33.3%, #hitesE 17 H40.5%, % 3% HE35.9%,
FTHRHE3.8%TH -7z, WEEL KT &,
FRENMEFE 1FRAT.2%, #£3%E2.6%, %
THHE—1.5%DHIMTH -7z, BEEMIE A
27.4%, 53.9%, 41.3%, 35.3% T, {fAi{EE L
BT5E,4426.5%,13.9%, 7.9%DBEINTH -
fo, WA R AEIREROEE HHRDI-=F
AF-HBEOBMEKII=FAAF —HER L 5T
T 2= F-HEEOHM Thbb
nutritional induced thermogenesis #3&#H L T\»
5, ft-C, LiLoKBE BREEGOMEE 1
HWHTOENSTHABT.2%, 26.5% &\ 5 {EIL,
WMEFEIBAOFHRBREC I =21 ¥ -HEE
DEMFEL WS ZERTED, BEEATEIRE
FEEMNCHENFERRELL =3 L ¥ —HEBEED
BINRSKE D, MRE 1R E O¥EInE26.5%
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