XAC DINH TIEU HAO NANG LUQNG
BANG MAY DO NANG LUONG GIAN TIEP
TAI TRUNG TAM A9 BENH VIEN BACH MAI

TS BS Nguyén Hiru Quan
|ICU A9 BV Bach mai



NOi dung

1. Cac phwong phap danh gia nhu cau dinh
dwdng ¢ bn ICU

2. Nguyén ly do calo gian tiép Indirect

calometry

3. Ung dung do calo gian tiép trong thwc

nanh lam sang.



VAN DPE DINH DUGNG O BN NANG

« Tilé suy dinh dwé&ng gap & bn nang > 50%*

« Cung cap qua nhiéu mirc ndng lwong lam tang
dwdng huyét, tdng san sinh CO2..kéo dai ngay
th& may, ngay nam vién, ti 1& nhiém trang, nhu
cau insulin.

« Phai cAn nhac chat du dung nhu cau cta bénh
nhan

* Sriram, K., & Mizock, B. A. (2010). Critical care nutrition: Are the skeletons still in the
closet?*. Critical care medicine, 38(2), 690-691.



Resting energy expenditure, calorie and
protein consumption in critically ill patients:
a retrospective cohort Study Critical Care (2016) 20:367

Oren Zusman' @, Miriam Theilla’?, Jonathan Cohen??, llya Kagan?, Itai Bendavid? and Pierre Singer’*

Background: Intense debate exists regarding the optimal energy and protein intake for intensive care unit (ICU)
patients. However, most studies use predictive equations, demonstrated to be inaccurate to target energy intake. We
sought to examine the outcome of a large cohort of ICU patients in relation to the percent of administered calories
divided by resting energy expenditure (% AdCal/REE) obtained by indirect calorimetry (IC) and to protein intake.

Methods: Included patients were hospitalized from 2003 to 2015 at a 16-bed ICU at a university affiliated, tertiary care
hospital, and had IC measurement to assess caloric targets. Data were drawn from a computerized system and
included the % AdCal/REE and protein intake and other variables. A Cox proportional hazards model for 60-day
mortality was used, with the % AdCal/REE modeled to accommodate non-linearity. Length of stay (LOS) and length of
ventilation (LOV) were also assessed.

Results: A total of M7Z1patientswere included. The % AdCal/REE had a significant non-linear (p < 0.01) association
with mortality after adjusting for other variables (p < 0.01). Increasing the percentage from zero to 70 % resulted in a
hazard ratio (HR) of 0.98 (Cl 0.97-0.99) pointing to reduced mortality, while increases above 70 % suggested an
increase in mortality with a HR of 1.01 (Cl 1.01-1.02). Increasing protein intake was also associated with decreased
mortality (HR 0.99, Cl 0.98-0.99, p = 0.02). An AdCal/REE >70 % was associated with an increased LOS and LOV.

Conclusions: The findings of this study suggest that both underfeeding and overfeeding appear to be harmful to
critically ill patients, such that achieving an Adcal/REE of 70 % had a survival advantage. Alhighercaloricintake may
also be associated with harmvin'the form of increased LOS'and LLOV. The optimal way to define caloric goals therefore
requires an exact estimate, which is ideally performed using indirect calorimetry. These findings may provide a basis for
future randomized controlled trials comparing specific nutritional regimens based on indirect calorimetry measurements.
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Resting energy expenditure, calorie and
protein consumption in critically ill patients:
a retrospective cohort Study Critical Care (2016) 20:367

Oren Zusman' @, Miriam Theilla’?, Jonathan Cohen??, llya Kagan?, Itai Bendavid? and Pierre Singer’*
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Yéu to anh hudng
to1 tieu hao nang luong tai ICU

*Tuoi -
el :Ché db an
*Thanh phan cau tao co SEUNT
thé \ | )
-Bénh ly -Tmhﬂtrang dinh dwdng
Gen *Thuoc
-Noi tiét Suy tang

*Sepsis

*Mlrc d6 nang cua bénh
*Phau thuat

Chan thwong

\/ét thwong

Wooley, et al. Nutr Clin Pract. 2003; 18: 434-439.



Cong thwc Harris Benedict

sex. The most comrﬁonly used eqt.;ation; are based on the
classical study by Harris and Benedict /36/made in 1919. The
Harris-Benedict formulas for the basal energy expenditure

(BEE) of males and females are as follows:

1919
BEE (male) = (66 + 13.8W + 5H - 6.8A) kcal/24h (20) Average BMI ~21
2010
BEE (female) = (655 + 9.6W_+ 1.8H_-4.7A) kcal/24h (21)
Average BMI ~28
USA

Handbook of Gas Exchange and Indirect Calorimetry, J. Takala, P. Merilainen



Cong thirc Penstatel998

Danh cho bn thé& may
Penn State (1998)
1.1(HBE) + 140(Tmax) + 32(Ve) — 5340
— Tmax: nhiét dé cao nhat
— Ve: théng khi phat
Tac gia Macdonald A.Nutrition 2003: dé chinh xac
63%



 American College of Chest Physician

Calorie and Protein Goals

Critically
1]

Total calories
kcal / kg*/ d 25 30 35 20

Rest Metabolic stress

Protein
gm / kg*/ d 8 1.2 15 15

* Adjusted for obesity and
excess fluid




Hiéu chinh can nang

BMI 16-25: s&r dung UBW
BMI > 25: s&r dung can nang ly twéng

BMI < 16: s&r dung can nang thwc trong 7-10
ngay sau dé s dung IBW

Can nang hiéu chinh = IBW + 0,25(ABW-
IBW)



Ccong thwce Ireton Jones 1997

» EE = (5 x c&n nang) — (11 x tudi) + (244
néu nam gi®i) + (239 néu chan thuwong) +

(840 néu bdng) + 1784



Cac phwong trinh tinh nhu cau
nang lworng co chinh xac khong??



Analysis of Estimation Methods for 3]
Resting Metabolic Rate in Critically lll Adults

David C. Frankenfield, M5, RD, CH5D1
Abigail Coleman, M5, RD, CNSD1
Shoaib Alam, MD2

Robert N. Cooney, MD3

From the Departments of "Clinical Mutrition.® Pulmonary Medicine, and®
Surgery. The Pennsylvania State University, College of Medicine, Hershey.

Methods: Standardized indirect calorimetry measurements were made in 202 ventilated, adult critical
care patients, and resting metabolic rate was calculated using the following equations: Penn State
equation, Faisy, Brandi, Swinamer, Ireton-Jones, Mifflin, Mifflinx1.25, Harris Benedict, Harris
Benedictx1.25, Harris Benedict using adjusted weight for obesity, and each of the adjusted weight
versions of Harris Benedictx1.25. The subjects were subgrouped by age and obesity status (young
nonobese, young obese, elderly nonobese, elderly obese). Performance of each equation was
assessed using bias, precision, and accuracy rate statistics.

Results: Accuracy rates in the study population ranged from 67% for the Penn State equation to 18%
for the weight-adjusted Harris Benedict equation (without multiplication). [WiiallaBS ] ele[fe] SIS {31=
highest accuracy rate was 77% in the elderly nonobese using the Penn State equation and the lowest

SO (o R g SR ETT6 |V 16 VS =Te R BT = e e d=To [FEYdlsTy. The Penn State equation was the only

equation that was unbiased and precise across all subgroups. The obese elderly group was the most
difficult to predict. Therefore, a separate regression was computed for this group:
Mifflin(0.71)+Tmax(85) + Ve(64)-3085.



Analysis of Estimation Methods for [+:]
Resting Metabolic Rate in Critically lll Adults

David C. Frankenfield, M5, RD, CN5D1
Abigail Coleman, MS, RD, CNSD1
Shoaib Alam, MDZ2

Robert N. Cooney, MD3

From the Departments of "Clinical Nutrition.* Pulmonary Medicine, and®
Surgery, The Pennsylvania State University, College of Medicine, Hershey

Equation Findings Recommendation

Fick Method Overestimate Not recommended
Imprecise

Harris-Benedict (HB) without added factors Underestimate Not recommended

HB with factors Under AND overestimate Not recommended
Imprecise

Swinamer Inaccurate Limited data - inconclusive

Ireton-Jones (1992) Inaccurate Limited data - inconclusive

Ireton-Jones (1997) Inaccurate Not recommended

Penn State (2003) Accurate in BMI < 30 Recommended in BMI < 30

Inconclusive

J Amer Dietet Assoc. 2007; 107: 1552-1561.



So sanh vé&i Do chuyén héa IC

Predictive equations vs Indirect Calorimetry
Zusman O, et al: Clin Nutr 2018 (accepted).

* The largest number of single center
measurements published

* 5332 measurements from 1503
patients

* REE: Mean 1978 + 530 kcal/d

el
* More than the half measured twice at :

least




So sanh véi Do chuyén hoa IC

'\I' o correlation between predictive and measured
Care (2016) 20:367 a '
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So sanh vé&i Po chuyén hoa IC
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PO TIEU HAO NANG LUONG
GIAN TIEP IC LA GIi??



NGUYEN LY



PO CALO GIAN TIEP

calorimetry [kal”o-rim”&-tre] do sw mat nhiét hay lwu trir nhiét trong bat ky hé théng nao.
Phép do calorie truc ti€p do lvgng nhiét tao ra bdi mét doi tweng bao quanh trong mét phong nho.

Phép do calorie gian ti€p do lwvong nhiét tao ra bdi mot d6i twong bang cach xac dinh lwong oxy tiéu thu va luvong
carbon dioxide thai ra.

Miller-Keane Encyclopedia and Dictionary of Medicine, Nursing, and Allied Health, Seventh Edition. © 2003 by
Saunders, an imprint of Elsevier, Inc. All rights reserved.




CONG THU'C WEIRD 1949

REE = Resting Energy Expenditure = KCAL/day

[(3.94x VO2+1.11xVCO2) X 1.44] - 2.17 UUN

mi/min mi/min







THUONG SO HO HAP RQ

 Proteln

SO, + 9 CO(NH,),

— RQ =63 CO,/ 770, = 0.8

 Lipid
— C,¢H3,0, + 230, —» 16 CO, + 16 H,O
~RQ=16CO, /230, = 0.696

« Carbonhydrate
— CH,0; + 6 0, = 6 CO,+ 6 H,0
~RQ=6C0,/60,=1.0



Chi s6 RQ — VCO2/VO?2

> 1.00 : Thwa dinh dwdng, tang thong khi, toan

chuyén hoa, tich mé&

0.9-1.00 : d6t dwdng

0.8-0.9  :dot m&, protein va dwong
0.7-0.8 : d6t m& va protein

<0.7 :Thiéu dinh dwéng, thiéu thong khi



PO CALO DUA VAO VCO2

« Khi RQ & trang thai 6n dinh
. RQ = VCO2/VO2

.+ EE_VCO2=(3,9xRQ + 1,1 X VCO2) x

1,44 =VCO2 x 8,2



Ventilator-derived carbon dioxide @
production to assess energy expenditure in
critically ill patients: proof of concept

Sandra N. Stapel'**", Harm-Jan S. de Grooth'??, Hoda Alimohamad'<?, Paul W G Elbers'*>, Armand R J Girbes'*>,
Peter J M Weijs'*** and Heleen M. Oudemans-van Straaten'~*

Abstract

Introduction: Measurement of energy expenditure (EE) is recommended to guide nutrition in critically ill patients.
Availability of a gold standard indirect calorimetry is limited, and continuous measurement is unfeasible. Equations
used to predict EE are inaccurate. The purpose of this study was to provide proof of concept that EE can be
accurately assessed on the basis of ventilator-derived carbon dioxide production (VCO,) and to determine whether
this method is more accurate than frequently used predictive equations.

Methods: In B4 mechanically ventilated criticallyill patients, we performed 24hindirect calorimetny to obtain a gold
standard EE. Simultaneously, we collected 24-h ventilator-derived VCO,, extracted the respiratory quotient of the
administered nutrition, and calculated EE with a rewritten Weir formula. Bias, precision, and accuracy and inaccuracy rates
were determined and compared with four predictive equations: the Harris-Benedict, Faisy, and Penn State University
equations and the European Society for Clinical Nutrition and Metabolism (ESPEN) guideline equation of 25 kcal/kg/day.

Results: Mean 24-h indirect calorimetry EE was 1823 + 408 kcal. EE from ventilator-derived VCO, was accurate (bias
+141 + 153 kcal/24 h; 7.7 % of gold standard) and more precise than the predictive equations (limits of agreement
—166 to +447 kcal/24 h). The 10 % and 15 % accuracy rates were 61 % and 76 %, respectively, which were significantly
higher than those of the Harris-Benedict, Faisy, and ESPEN guideline equations. Large errors of more than 30 %
inaccuracy did not occur with EE derived from ventilator-derived VCO,. This 30 % inaccuracy rate was significantly
lower than that of the predictive equations.

Conclusions: In critically ill mechanically ventilated patients, assessment of EE based on ventilator-derived VCO, is
accurate and more precise than frequently used predictive equations. It allows for continuous monitoring and is the
best alternative to indirect calorimetry.




EVIDENCE



KHUYEN CAO ASPEN 2016

ldllly) Lain Ple.CU.I.D daL 1Uw HuLiuuil 1idK., VY LIIIC wWIiuc-
spread use and supportive evidence are somewhat lacking to
date, improvement in these scoring systems may increase

Question: What is the best method for determining
energy needs in the critically ill adult patient?

their applicability in the future by providing guidance as to A3a. We suggest that indirect calorimetry (IC) be used
the role of EN and PN in the ICU. to determine energy requirements, when available and
164 Journal of Parenteral and Enteral Nutrition 40(2)

in the absence of variables that affect the accuracy of but traditional outcome parameters were not evaluated.”® A sec-

measurement. ond study in general ICU patients used both EN and PN to meet
target energy goals determined by IC measurement or a weight-
[Quality of Evidence: Very Low] based predictive equation (25 kcal/kg/d).” While the IC-directed

energy goal was no different from the value obtained by predic-
A3b. Based on expert consensus, in the absence of IC, tive equation (1976 + 468 vs 1838 + 468 kcal/d, respectively; P=
we suggest that a published predictive equation or a .60), only study patients were monitored vigilantly by an ICU
simplistic weight-based equation (25-30 kcal/kg/d) be dietitian, while controls were managed by standard of care (less
used to determine energy requirements. (See section Q frequent ICU dietitian monitoring), which led to significantly
for obesity recommendations.) more energy and protein per day in the study patients. The trend

toward reduced mortalitv in studv natients comnared with con-



KHUYEN CAO ESPEN 2019

Recommendation 15

In critically ill mechanically ventilated patients, EE should be
determined by using indirect calorimetry.

Grade of recommendation: B — strong consensus (95%
agreement)

Statement 2

If calorimetry is not available, using VO, (oxygen consump-
tion) from pulmonary arterial catheter or VCO; (carbon dioxide
production) derived from the ventilator will give a better eval-
uation on EE than predictive equations.

Consensus (82% agreement)

Commentary to recommendation 15 and statement 2



KHUYEN CAO ESPEN

The weakness of predictive equations and the use of indirect
calorimetry have been subject to multiple evaluations and recom-
mendations from ESPEN [2| and ASPEN [41], both preferring the
use of indirect calorimetry to evaluate ICU patient needs (rated a
very weak recommendation by ASPEN). The predictive equations
are associated with significant inaccuracy (up to 60%), leading to
over or under evaluation of the needs and inducing over or un-
derfeeding [ 118]. Numerous meta-analyses have demonstrated the
poor value of predictive equations [119,120], variability that is
increased because body weight remains a value difficult to accu-
rately assess [121]. If indirect calorimetry is not available, calcula-
tion of REE from VCO; only obtained from ventilators (REE = VCO; x
8.19) has been demonstrated to be more accurate than equations
[122] but less than indirect calorimetry [123]. VO, calculated from
pulmonary artery catheter can also be used. In the absence of in-
direct calorimetry, VO, or VCO, measurements, use of simple
weight-based equations (such as 20—25 kcal/kg/d) [1,2,41]: the
simplest option may be preferred.



KHUYEN CAO ESPEN 2019

Hypocaloric nutrition (not exceeding 70% of EE) should be
administered in the early phase of acute illness.

Grade of recommendation: B — strong consensus (100%
agreement)

Recommendation 18

After day 3, caloric delivery can be increased up to 80-100% of

measured EE.
Grade of recommendation: 0 — strong consensus (95%
agreement)



TICACOS

Tight Calorie Control in geriatric patients following hip fracture decreases
complications: A randomized, controlled study™

R. Anbar®9, Y. Beloosesky®, . Cohen®, Z. Madar9, A. Weiss®, M. Theilla®, T. Koren Hakim?,
S. Frishman @, P. Singer©*

Table 2
Summary of energy and protein parameters during the study period.
Parameter Study group Control group p-Value
(n =22) (n =28)
REE measurement — day 1(kcal/day) 12922 + 255.9 1262.3 + 246.1 0.90
Mean REE during study 1274 + 2629 1346 + 309.1 0.96
Mean energy delivered /day (kcal/day) 1121.3 + 299.1 777.1 £ 301.2 0.001
Mean Ily and ONS deli d 2203 + 1472 946 + 233.8* 0.845
energy/day (kcal/day)
Preoperative days of fast 1.7 £ 05 14 + 0.7 0.635
Mean protein delivered/day (g/day) 559 + 18.1 374 +£ 124 0.001
Mean daily energy balance (kcal) ~176.9 + 273.2 ~490.7 + 355.2 0.104
Cumulative energy balance (kcal) ~12299 + 1763 ~4975.5 + 4368 0.001
Table 3
Primary outcomes: complications and duration of hospital stay.
Variable Study group  Control group  p-Value
(n=22) (n =28)
Duration of hospital stay (days) 101+ 32 125+55 0061 T CAC OS & C o
Total number of patients who 6 (27.3%) 18(643%) 0012
developed complications
Infectious complications (n) 3(13.6%) 14(50%) 0008 D H
Peumonia (1) 0 9 ecrease in
Urinary tract infections (n) 3 5
New pressure ulcers (%) 0 2(7%) 0497 o =
Surgical complications (%) 1(45%) 1(36%) 0691 l n e ctl o n s
Cardiovascular complications 0 2(7.1%) 0497
Gastrointestinal complications 0 4(143%) 0089
Delirium 1(4.8%) 2(71%) 100

Other 1(4.8%) 0




TICACO

Nutrition therapy in cachectic cancer patients. The Tight Caloric
Control (TiCaCo) pilot trial *

Elisabeth De Waele *', Sabrina Mattens °, Patrick Honoré !, Herbert Spapen ®',
Jacques De Gréve ', Joeri ], Pen **!

Survival proportions: Mortality
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Resting energy expenditure, calorie and
protein consumption in critically ill patients:
a retrospective cohort study Critical Care (2016) 20:367

Oren Zusman' @, Miriam Theilla®?, Jonathan Cohen??, llya Kagan?, Itai Bendavid’ and Pierre Singer’*

7538 screened

6 patients incomplete
background data
1420 pts with 243 not full filling length of

b stay follow up criteria
measurement

1171 pts
included
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PICO 7, Figure 1: Short-term mortality (Includes Meta 7A and 7B)

Hypocaloric nutrition Isocaloric nutrition Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl _ Year M-H, Random, 95% CI
2.1.1 Studies using indirect calorimetry
Sihger 2011 31 65 21 65 8.4% 1.48 [0.96, 2.28] 2011 y
Heidegger 2013 28 152 20 153 6.4% 1.41 [0.8 B
Petros 2016 10 46 12 54 3.7% ’
Allingstrup 2017 21 99 20 100 6.1% oA
Subtotal (95% Cl) 362 372 24.5% 1.28 [0.98, 1.67] .
Total events 90 73
Heterogeneity: Tau®’ = 0.00; Chi* = 1.51.df=3 (P = 0.68); I = 0%
Test for overall effect: Z = 1.80 (P = 0.07)
2.1.2 Studies without indirect calorimetry
Desachy 2008 11 S0 14 50 4.2% 0.79 [0.40, 1.56] 2008
Arabi 2011 22 120 28 120 6.9% 0.79 [0.48, 1.29] 2011 —
Casaer 2011 242 2328 251 2312 18.7% 0.96 [0.81,1.13] 2011 -
Rice 2011 22 98 20 102 6.2% 1.14 [0.67, 1.96] 2011 e B —
Rugles 2013 5 53 3 62 1.2% 1.95 [0.49, 7.78] 2013
Charles 2014 3 41 4 42 1.1% 0.77 [0.18, 3.22] 2014
Peake 2014 18 55 11 57 4.6% 1.70 [0.88, 3.26] 2014 -
Doig 2015 15 166 30 165 5.5% 0.50 [0.28, 0.89] 2015 e —
Braunschweig 2015 6 38 16 40 3.1% 0.39 [0.17.0.90] 2015
Arabi 2015 93 447 97 444 14.6% 0.95 [0.74,1.23] 2015 .
Rugles 2016 18 60 16 60 5.7% 1.13 [0.64, 1.98] 2016 S
Wischmeyer 2017 17 73 8 52 3.6% 1.51 [0.71, 3.24] 2017
Subtotal (95% CI) 3529 3506 75.5% 0.94 [0.78, 1.12] e
Total events 472 498
Heterogeneity: Tau’ = 0.03; Chi’ = 16.36,df = 11 (P= 0.13); ¥ = 33%
Test for overall effect: Z= 0.73 (P = 0.47)
Total (95% CI) 3891 3878 100.0% 1.01 [0.86, 1.18]
Total events 562 571 T
Heterogeneity: Tau”’ = 0.03; Chi” = 22.06, df = 15 (P = 0.11); I = 32% o> o5 i B 3

Test for overall effect: Z= 0.09 (P = 0.93)

Favours ocaloric Favours isocaloric
Test for subqroup differences: Chi’ = 3.62, df = 1 (P = 0.06). 7 = 72.4% hyp



THU'C HANH PO TIEU HAO
NANG LUONG O BN TKNT
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BO PO CHUYEN HOA

Cam bién D-lite
6ng do Spirometry
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Dicu kién do
May phai lam warm up 30 phut
Bn & trang thai 6n dinh, chuan do
FiO2 < 60 va néng dd oxy 6n dinh
PEEP <12
Khéng do khi, dan Iwu phdi, fistula
Khéng loc mau, huyét ddng én dinh, To 6n dinh
Khong ECMO, khong INO
Khéng thay déi cai dat may thé 1-2h trwdc do
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Jorge E. Rodriguez BSRC, RRT University of Texas , M.D.Anderson Cancer Center
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PO CHUYEN HOA IC -

Tim trang thai 6n dinh

Metabolics

_ | Sl Chon thoi gian 30 phut dén 1 gio

11:07 17297 ni/min
Avg V02 Vo2 cv
42 0.9

AvgRQ Avg EE

1.17 293

“Chon ctra s6 xanh vao vung én dinh”: &
PAS Dt tGi 2 gioy
S e Hién thi két qua cot bén phai
BsA « Chon hé sb bién thién < 5%

Weight 83 kg

) 11:07:04




Manual

Insp Hold Exp Hold Breath

’ a' (07

Metabolics

Avg VCO2 vcozcv

162 2.6

mi/min %

127 127

Avg V02 vozcv

227 19

mi/min %

AvgRQ Avg EE

0.71 1506

keal/d
Avg EE/m2 Avg EE/kg

1091 41

keol/d/m2 keal/d/kg
BSA 138 m2
k g VTexp Fio2

431 101

p. » >
O 11:27
Current Mode
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Caloric titration

Kcal
2000 2"d mREE 1920 kcal

1800

1600 15t mREE 1530 kcal

1400

[ Initiate PN, ]
1200

Repeat IC

1000

Initiate EN

Indirect
calorimetry

o 8 8 8 &

Day of admission

1REE measured resting energy expenditure, IC indirect calorimetry






Message home

Tiéu chuan vang

* Indirect calometry: VO2 + VCO?2
hoac

« VCO2 x 8,2 néu chi do dwoc VCO2



Xin tran trong cam on



