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Fig. 1. Food sources(carbohydrate, fat and protein)
are broken down(metabolized) to produce
energy(heat, kcals). The oxygen consumed
and the CO» produced are measured to
provide an indirect assessment of energy
expenditure.

Address for correspondence :
Kwan Ho Lee, M.D.

Department of Intermal Medicine, Yeungnam University Hospital

317-1, Daemvung Dong, Namgu, Daegu, 705-035
Phone :

053-620-3838 Fax : 053-604-8386 E-mail : ghlee@med.yu.ac.kr



5.02
4.66

417

3.74
9.90

410

ture starting from VO, VCO: and
urinary nitrogen (N)

Equations

oxidized, kcal o consumed kcal
VO

Heat produced/gs Heat produced/L

Table 2. Equations to derive energy expendi -

RQ
1.00
0.69
031

— K. H. Lee —
oxidation L/g

0.746

1.430

0.782

0.746
2.029
0.966

generated during the oxidation of the three main biological fuels
oxidation L/g

Table 1. Comparison of O consumption, COz production, respiratory quotient (RQ), and heat
02 consumed during CO: produced during
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Table 3. Interpreting respiratory quotient (RQ)
RQ = VCO/V 2
1 ethanol + 60z — 4CO: + H0
1 palmatate + 2300; — 160C0O:; + 16H:0
1 amino acid + 510 —
41C0: + 2.8H:0 + 0.7urea
1 glucose + 602 — 6COz + 6HO
135 glucose + 30; —
Cosi0s0s + 26C02 + 29H0

Substrate utilization RQ
Ethanol 0.67
Fat oxidation 07
Protein oxidation 0.82
Mixed substrate oxidation 0.8
Carbohydrate oxidation 1.0
Lipogenesis 1.0-1.2

Table 4. Harris—Benedict Equations

Males: 13.7 X Wt+5.0 X Hi+66-68 % Age (keal)
Females: 9.6 Wi+1.7X Ht+665-4.78 X Age (kcal)

Wt weight(kg), Ht: height(m), Age: vears
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Direct Heat Measurement:

1Kcal = Heat required
to raise 1Kg H,01° C

Fig. 2. Direct calorimetry.
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Table 5. Indirect calorimetry equations
Complete Weir Formula

REE= [39(V )+ 11(VCO)]L44 - 217(UN)
Abbreviated Weir Formula

REE= [39(V )+ 11UV CO)] 144
Where V 0= Oxygen consunption (ml/min)

V C0p= Carbon dioxide production

UN= Urinary nitrogen (g/d)

REE= Resting energy expenditure (keal/d)

Canopy Dilution Concept

+ =
Patient’s expired gas Diluted

04

. 0.5-1.0% CO2

Fig. 3. Canopy dilution concept.
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Fig. 4. Dilution pump systems.

ekd 2ohe 004%0H AUy ule e T
719 oldges B9 34%E o] T Bk
dASA fFAor s W o g 4
05-1% Atol& frAstoior A3t e 4% 5
ek

oj9lell HY LR FAH A ZRFojof T AL

F 3718 998 + Jde AYs, Avme
dilution systeme GZAE F2 A4l o]alglels
47], BE7I28 BAE F de U, 248

HFE Solth 2y 4).

=

5 un

B2z Aol 10/13F o] F2jstedol 8] w&
of AY 10N4FE SHA7|T obe] dojuiA
T #8es HaPos FojdA stEZ FxE A
AR o] AT BAM ) oA St
At dO2 7& AHdA & 0% TU¢ ¢S
A Tl dAE AN FALLS 283ln
E AR T AbgkEe] gl welA A
st ~EH2E A% 038 Eo=F Tk 49

A Fole AN FoAdol & Ao 4%

o

o o

£}
of > rfo

o

X,



— Tndir

ect Cal -
O

etry in Dujmo

nary di

seases —

o
E.Wz__-O_._L.\.
m T b s W o
O_E‘m_mo_r.._o W.ﬂul\hn.w .ﬂ
\aoﬂdmaﬂl‘m mo el I T
\AL_ e i} Ua_w_r_‘_nm
@]m © o 8 ﬁ#ﬂoﬂ
. gzn%%o/ Iﬂq;ﬁ}og
Il_H AJLI&_@J wm X R .__o..%m_._mo_._..“
ol %ﬂ_ N,Wlmr Mga.ﬂ:u wE o
KF Lﬂ.séog1w qﬂﬂ%o@_z@ l
- _Léwﬂomaolbﬂ w © R N < =
i &JHDH%ﬁ o kéa@%w = &
= = LI%@ ﬁwuoﬁJ H = i
._..__rﬂ @LEA].._om.Ml \mﬁuf.ml,%m_mbcﬂomrf ﬂuiﬂaiﬂﬁ&ﬁ_ﬁ}
Al ﬂraﬂqum @ﬂﬂs&ﬁ@eq w4@ﬁ_$.7ﬂ}
&chL_zfﬂ]ﬂL.Co ﬂ_p]‘mwl_ .\WJA.*.W.@.\. k%o@ﬂo}otqﬂﬂpq/ﬂl
n]]ﬁ hﬁe 7ﬂ‘_r]1ra5 53 ol B4 Iy
hﬁqﬂ%mﬂo T Hnﬂmﬁ%@ wm:l,ﬂglﬁ&AM_&g
. t_..|1 = o = B . =
ﬁﬂﬂ%ﬁmo ﬁo%mq/m % m%wqgﬂ¢wg%m
14.3._ 9 = o O _]oooﬂ_ o = K ol = o
OLHMJI.WI.WWM‘UI%WHOL%W%\:NMM =_._._ ﬁTMMNWMWﬂ%%EOfﬂ&WM
e = oL.l - o — vl X
EﬂﬂEoMH?aL%a%oLoEﬂjﬂ?oa Rl o ° ,_z,ﬁtwoswﬁurw@oW
ﬂbl..zlz%lzn‘mﬂix_,_fw%z?m.nwc_.a S = ooi&oXou‘Wﬂ
~ KO ..quﬂ_r_nJ.o?._Llﬂomﬁo_ﬁo.l \,LZ .ﬂlLlﬂmo,mooL._z_. 1rEo
Pl F.a 0 | (c
" 63 " 3 To oﬁlp,mo 5 rol i ) 0 = 0 b
Z_ﬂwé;wanaq&@} @mﬂgaffa;@gq
ol "% ol N A T 9 Gy o ®O A,_ b ‘.Al.ﬁ =y du & m.;a ot 0 ™
.ﬁﬂr_,olnxﬂ OTELTA‘*%%AT.WIEO ﬁ?k@ ,V]ﬂcmv_:/.ﬁﬂ‘%d\%ﬁ
&lﬁ}ﬁ_@ L (. Pl ﬂ&mhwﬂ muﬂo&momo
tﬂ_fv,dl. H %o R éﬂu_aﬂm i ;oMnm_uiﬂL,momuwﬂ
.Uz}ﬂ E_buleﬁduoﬂ T Y %%%mﬂ@g _hmri
ﬂr@u__hz_oofd.x o T o - ﬂd%ﬁ iaiaﬂ%zo_
< —_ = = ol Ln..lﬂr‘_txll.m.oﬂk..ﬂ
cflﬂcﬂﬂﬂﬂz.._ﬂn_b_ ”ﬂr%ﬂo%ﬂtﬂﬂo H%Qﬁobmﬂuﬂo.ﬁoﬂl BN
= A oTﬂaﬁb_Lmﬂn%%@L%Mﬂ z_éw%wﬂm%@?@ﬂ@%
mr LN ﬁe}.nzrﬂanAi_Mﬂ].dﬂ_o,UIq} 4 o T .md}a;?ﬁ..ﬁ]dom
ﬂa_aﬁrumm.muﬂwﬂﬁ Eoobﬁﬂﬂmxﬂﬂu Jlﬁﬂi Aﬂuﬁ.ﬂ%ﬂﬁ.?
_@ﬂuﬂz ﬂr.ﬁ?ﬂ%ovﬂq%zaﬁﬂé szﬂ}aaL
m_aﬂoﬂﬂmmﬂ%%@ owfnnoﬂ%mﬂ%ﬁ?@ 2T o
= — _u.LI S
oﬂ&ﬂﬂugzﬂmﬂ;%mﬂmMMﬂh% s -
My H mﬂﬂhnﬁaﬂﬁﬁ%mﬂzél N i %%Ex%
é.io@ﬂﬂ“?@ﬁ?].%ac;&oi@l‘.._.1_emméw_,rTq uﬂ_ﬂ_ﬂwiﬂr
d.izﬂh?fTLuﬂATE%%W%JNAEE%@T Emeﬁkozmﬂz_o T
E_,rzo @.._owa]d — 1 ﬂn}g%l HLlo ° ﬂz#ﬂlr
7 %gﬂngu_kﬁvﬂﬁﬂwﬂrxﬁ% uniwm m;%@ﬂ H__.lﬁ
ﬂﬂtnﬂﬁ#uﬂwmmuwumﬂﬂhH&eMyan %mu,_ﬂmwog&aomaw
ev._%duuq@é ~ ur}o u%uxa_/rﬂqoga. }zLE,ﬁyo_oﬂdol
Mo e X w ﬂ_maohomﬂ‘_fi .a.ﬁxonldl 0{0 = .leM o =
ol X i e g Eomumﬂﬂu..;.:.moﬂm_@ olo M;.m.muoﬂ]ao.
an&ﬂ..ﬂ/ﬁotk% T o S S om0y iR %0 X P mc@.ﬂ_w_,aﬂ
,t?WiﬂEOMQEMHIWJI. ﬂ%ﬁ%ﬂ.ﬁ% m: Mﬁlmml,ﬂﬂﬂ.m_%ﬂo
T ﬂ]ﬂoralum%owiﬂymﬁa ﬂu_w%mﬁloaﬂﬂo
%WMLu% L_Lﬂﬂﬂ : ﬂ%% * = ﬂﬁfzww%
l.LoutlﬂﬂmAﬁuggo_‘mod.]%E otm,,.ox]e_.ﬁ o =
o 8w B 454 & = + @mﬁﬂ@.ﬂ%%i&u
Qﬁrﬂm&%ﬂﬁﬁm@i ﬂozao_o%#%&@&o
R o~ ¥ rm_%%@whoﬂﬂ%%
_— \H 1—..|
R igﬁwmigpw
4 ﬁ%ma%mgag
u_ﬂouﬂuw..‘_ ﬂﬁﬂ]
A o e o o
TEEES 1
H__
D

— 19 —

EERRS
= b A" F
FE 9P



— K H Tegl —

. Livesey G, Elia M. Estimation of energy
expenditure, net carbohydrate utilization, and
net fat oxidation and synthesis by indirect
calorimetry: evaluation of errors with special
reference to the detailed composition of fuels.
Am J Clin Nutr 1988;47:608-28.

. Ferrannini E. The theoretical bases of in-
direct calorimetry: a review. Metabolism
1988,37(3):287-301.

. Gasic S, Schneider B, Waldhausl W. Indirect
calorimetry: variability of consecutive base-
line determinations of carbohydrate and fat
utilization from gas exchange measurements.
Horm Metab 1997,29:12-5.

DC, DeFeronzo RA. Indirect
calorimetry: methodological and interpretative
problems. Am ] Physiol 1990;258:E399-412.

. Brandi LS, Bertolini R, Calafa M. Indirect
calorimetry in critically ill patients: clinical

. Simonson

applications and practical advice. Nutrition
1996,13:349-58.

. Battezzati A, Vigano R. Indirect calorimetry
and nutritional problems in clinical practice.
Acta Diabetol 2001;38:1-5.

7.

10.

11.

12.

13.

Schwenk A, Merilainen PT, Macallan DC.
Indirect calorimetry in patients with active
respiratory infection-prevention of cross—infe
-ction. Clinical Nutrition 2002;21(5):385-8.

. Bursztein S. Saphar P, Singer P, Elwyn D.

A mathematical analysis of indirect calori-
metry measurements in acutely ill patients.
Am ] Clin Nutr 1989;50:227-30.

, Mataresa LE. Indirect calorimetry: Technical

aspects. ] Am Diet Assoc 199797(suppl 2):
S154-60.

Weir JB. New methods for calculating
metabolic rate with special reference to
protein metabolism. ] Physiol 1949;109:1-9.
w3, oe3, 4448, AXE, o)#3:. T4
A 2 @A AALZFo] HAOeF THol
vz g 4% 4 557 43 2002:52(4):

olAH, A7, °lFE, BAE, olHAE, oA
T oA Eate] A eyA L. 29 8 %
i3
E=]

7] 23 1997:44(5):1019-29.






