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FEEDING METHODS

1. Enteral: Po,
NGT/OGT- NJT, PEG
, Jejenostomy

Nasogastric
tube 2.Parenteral: PPN,
PPN TPN 1 i
Intravenous
alimentation Gasttl;.o:;omy
Jejunostomy
tube

ASPEN and the ESPEN recommend

TPN or SPN as a second choice of

Nasojejunal nutrition support and only if the use of
tube EN is deemed impractical

Nasoduodenal
tube
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Parenteral nutrition is liquid nutrition that is delivered ¢
to the bloodstream of patients unqple to absorb adequate nu
through the digestive system. —
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’ Central
’ | catheter

| - ‘ e TOotal parenteral nutrition (TPN)

= | -I " = For long-term nutrition needs
= Provides all necessary nutrients

= Delivered through a large vein
inthe arm, neck, or chest

1

Peripherally insertec
central catheter
(PICCO) line
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Perlpheral parenteral nutrition (PPN)

= For temporary nutrition needs only
= Does not provide complete nutrition W’“mn -

= Delivered through a small vein in the
arm with an intravenous (I1V) line
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EN is usually the main route
for providing nutrition
therapy in patients admitted

to the ICU.PN may be needed
to avoid the development of
malnutrition when EN is

contraindicated or unfeasible
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Nutritional status of the
studied medical ICU

patients according to
SGA
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2016 200 usa studies , this & the first systematic review to demonstrate an association
ianand clnical cute in the ICU using validated nutrition

sessment toolks

Abstract

Malnutrition is associated with poor clinical outcomes among hospitalized pstients. However, studies linking malnutriion with poor
clinical outcomes in the intensive care unit (1CU) often have conflicting findings due in part 1o the inappropriate diagnos:s of malnutrition.
We primarily aimed to determine whether malnutrition diagnosed by validated nutrition assessment 1ools such as the Subjective Global
Assessment (SGA) or Mini Nutritional Assessment (MNA) is independently associated with poorer clinical outcomes in the ICU and il the
use of nutrition screening tools demonstrate a similar association, PubMed, CINAHL, Scopus, and Cochrane Library were systematically
searched for eligible studies. Search terms included were synonyms of malnutrition, nutritional statis, screening, assessment, and intensive
care unit, Eligible studies were case-control or cohort studies that recruited adults in the ICU; conducted the SGA, MNA, or used nutrition
screening tools before or within 48 hours of ICU admission; and reported the prevalence of malnutrition and relevant clinical outcomes
including mortality, length of stay (LOS), and incidence of infection (101). Twenty of 1168 studies were eligible. The prevalence of
malnutrition ranged from 38% to 78%. Malnutrition diagnosed by nutntion assessments was independently associated with increased
ICU LOS, ICU readmission, 106, and e TS O s p e o m iy e e ier iy terrer predictrrevrhdnty-therr-tire-dviNse—Fhe
association between malnutrition rnisk determined by nutrition screcning was less consistent. Malnutrition is independently associated with
poorer clinical outcomes in the ICU, Compared with nutrition assessment tools, the predictive validity of nutrition screening tools were
less consistent. (JPEN J Parenter Enteral Nutr. XXX X xx:xx-xx)
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ESPEN Guideline
ESPEN guideline on clinical nutrition in the intensive care unit ) |
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Philip C. Calder ', Michael P. Casaer “, Mlchael Hiesmayr ", Konstantm Mayer ’,
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large heterogeneity of the ICU population
potentially reducesthe external validity of the recommendations
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Types of Patients in the [CU Prevalence of Malnutritic

Heterogeneous group™=' =" 378%-18.1%
Elderly” 23.2%-34.4%
Cardiac surgery™ 5 006-20.0%
Liver transplantation™ 52.6%

Acute kidney injury” Malnutrition

n

Iemmobility

the critically ill
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A Treatment
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Observations
0 20 40 60 80 100120140
Weeks after feeding Length of stay in hospital. P value : 0.0022
Kaplan-Meyerestimates of cumulative survival in treatment and placebo
groups . Difference between two groups were not significant
F Bauer. Intensive Care Medicine 2000
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Enteral versus parenteral nutrition in O. e

2016 ;EN has no effect
critically ill patients: an updated systematic .

on mortality but
review and meta-analysis of randomized

. decreasesinfectious
controlled trials complications and ICU

Gunnar Elke’, Arthiuer R H. van Zanten”, Margot Lamieux’, Michete McCall”, Khursheed N, Soajeethe ~
Matthias Kott', Xoran Mang', Ancrew G. Day” andd Daren K Hedand " “tbs :18 RCTSO 3347
patients
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Abstrace

Bachkground: Lriersd routrition (END) s recorremerxiod an the praforred soute for marky rrutriticon theragy i critcally o
sciuite overr pasrervteral nusrition PN A recent large ranciormioed] controsibect trial O0CT) s voweed ma owuntcorme cdifferences
Detwweern the two routes. The objective of this Sy stamatic rewiew vwan Lo evalusie the effect of tfe route of nutrnion (EN
verraus PN on cdinicsl cootoormees af critically (8 patioeras

Methods: Arn clocironc soarch frorn 19580 1o 2016 was perfomned iddentifving relavant ST Incdwvidos! il data were
abntractod andd methodotogics uality Of imciodied triads scoored Indopsorcienly By 1w roviewwers. Thar prirriry onstoome
wwits overall mortality and soevorsdary ootooryses inscluded anfed oo Cormpscations, length of stay (LOS) arsd smechanical
v Hlanon. Subsgrous analysas wore perforrmed 1o exarmiine the treatrrvent offect by oserrriar calonic intakes, year of
pubdication and tned Mmethodology. We parformed a test of awyrreretry to assass Tor thwe prosence of publicatron Blas
Reswlts: A 1otal OF 18 ROCTS shudying 2247 0aT1ents movet insclusion ontena. AMedian mictHododo o Soore was 7 (tange,
202 NGO efeCt On Overall mortality was Found (104, 95 96 CHLOSZ. 1 33 P w 075, NeterOQere ity 17w 11 ) EN compased
1O PN wWas 85500Mad withh & Sagnifecant dechuc Bion MYy Infectous COmMEbCations (RR 064 95 % O 0AB OB, £ = 000s,
17w a7 9% This was mawe Oonounced 10 he SulQrou of RCTs whone the PN Qroup received donloantly svore
CHOnes (FR 0S5, 95 % Cl DAY, 082 PuQO02, 17 w D %), wWivike (10 efMect wds socn i 1nals whaete EN ansd PN Qroues
hact & Sirildy CHONC Intake (RR 094, 95 %% I OBA0 1 10, P w Ota 7 w0 S test Tor subgeoun differences. 2w Q003)
Yeor OFf punhcation and methododogicadl ruality a0t influence these findngs Bowever, & D hcaton Dias may
D¢ prCcsent 2% The Test Of JsymMimetry was SIOnficant (F « 00033 EN wWas 255000ed wWith SIONIRCHnNT (echucTion o KL
LOS twesigheed snesany Jifference [WAMED] 080, 95 9 C1 — ) 23 ~037, #w 00003, 17 w0 9% while 1o sepmficant
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Effect of combined parenteral and enteral
nutrition versus enteral nutrition alone for
critically ill patients receiving EN alone decreased the

A systematic review and meta-analysis  respiratoryinfections and length of days
Jialing Shi®, Living Wei®, Rongzhi Huang®, Liang Liac® " at hospital (8 RCT, 5300 patients)
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Abstract

Background and olm: Thes ncreasad mortalily rate and othess DOor Prognosis i rrsinulniion 8 Sanous Esus for adult critcally
il patients in INMansive care unit carg. This study was 1O Compsasrs oulcomeas batweaan combinad pareteral and antaral Nutrition and
antaral nutrition alone for adult criticaily il patiamts.

Materialis and methods: The PubMeaed (June 30, 2018), EMBASE (June 20, 2018), and Cochrana library databases (June
Z30™, 2018) were soarchod systomaticaily. Randomizaed controliod trials (RCTs) of comparnng combinaed PN and EN with EN alone
were aedigible. Ralative risks (ARRS), meoean differences (MD=), and 959% confidencs imtesrvals {(Cls) were calouiated for dichotomous ard
COMINLOUS CUlCHMas,

Rosults: Cight RACTs nvolving S360 patients met the incluson critena. Comparad with cormbinad PN and EN, fewwer respiralony
Infecticns (RF, 1.13 9596 C1 1.01 -1 _25]) and shoaar langth of days at hospitad (MD, 1.83 [95% Ct 1.05-2.62]) were chsarvad in EN
alone group. And No significant diferences were found on hospital mortaiity (RN, 0.91 [959: C10.74- 1.1 2], length of days in 1ICU (MDD,
~0.23 [85% CI —1.79 ta 1.32]). duration of ventilatory support (MDD, - 1,10 [95% Cf - 3185 to 0.84]), sburmin (MDD, - 0.04 [95% C1,
—0, 12 10 0.21]), or praalbcyen (MDD, —0.77 [95% G —0.22 10 1.75)]) Datveaan theses 2 Qrouss,

Conclusion: Recaiving EN Sone decraasad the respirsiory infections and length of cdays ot hospaal for critcally Il patients.,
Combanad PN and EN did nat add up the potential riske from PN and EN on hoapital monality, length of days in 100U, cduration of
ventilatory support, albumin, and praaibumin.

Abbreviations: Cl - conficdence interval, EN - antaeral nutriton, 10U - intonsive care unit, MD - moan difforeonces, NR - not
repartod, PN - parentaral nutrition, PN EN - combimod parentoral and entaral nutrition, RCTs - randomized controlad trial, B8 -
relatve nok, SO - standard dovation, STE «— sovero trousmatic brain ingury.

Koywords: ontoral nutribon, intonsive coare unit, meta-anahysis, parentoral notntion

AL NTIESALVHPOOCTT DT ALY
AT §4 e v s

AN D

0
I PRI YR Aol

.-‘

o

1. Introduction supplements have become important and necessary. Lo general,
the individual benefits and nisks of parenteral nurritkon (PFIN) and
enteral nutrition (EN) have boen eluadased gradually, Because of

rhearnery cafir and s ahucinlaoss BN remmaine the neaforesd

Nearly 407 of adolt critically ill patients have = high risk of
malnutrition.'''  which  definitely increases the incidence of

INTERNATIONAL SOZETY
OF WEPRROLDGY
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Combination of enteral and parenteral nutrition in the acute

phase of critical illness: An updated systematic review and
2022, Twelve RCTs with 5543

meta-analysis patients. outcome of 30-day

mortality : no significant
effect of any combination of

: : 1.2 ¢ 3 : : 3
Aileen Hill MD"* & | Daren K. Heyland MD I Luis A. Ortiz Reyes MSc N with PN on “mortality
Elena Laaf MSc' | Sebastian Wendt MSc’* | Gunnar Elke MD* | within 30 days” was
Christian Stoppe MD"” & observed (RR= 1.0), on

hospital LOS, on the duration
of MV
T Department of Intensive Care Madicine,
Medical Faculty RWTH Aachen. Aachen. Abstract
Germany Background: Uncertainty remains about the best route and timing of medical nutrition
? Department of Ancsthesiology. Medical
Faculty RWTH Aschen. Aschen Germany therapy in the acute phase of critical lliness. Early combined enteral nutrition (EN) and
3 Clinical Evaluation Research Unit, parenteral nutrition (PN) may represent an attractive option to achieve recommended
Department of Criticsl Care Medicine, energy and protein goals In select patient groups. This meta-analysis aims to update
Quesn's Univenity, Kingston Health Sciences
Cantes. Stidating: Cntaris, Canada and summarize the current evidence.
* Department of Anesthesiology and Intensive Methods: This systematic review and meta-analysis includes randomized controlled
Care Medicine. University Medical Center trials (RCTs) targeting the effect of EN alone vs a combination of EN with PN in the
- ampus Kiel, Kiel,
st o acute phase of critical illness in adult patients. Assessed outcomes include mortality.
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Meeting nutritional targets of critically ill patients by combined enteral and
parenteral nutrition: review and rationale for the EFFORTcombo trial

Adleen Hill'2* & |, Daren K. Hevland?®, Gunnar Elke®, Swefan [ Schaller™ @ |, Rews Svocker™,
Christoph Haberthir®, Christian von Locffelholz", Ulrich Suchner”, Zudin A, Puthucheary™,
Danielle E. Bear™ " Julin Nev! 2 Kai . Clasen?, Parrick Mevisohm'?, Simeoaee Lirsckaa '3
Thea Laurentius’?® and Christian Soooeee 5%

- —— - e —

target definiton PN
o -_— Ll
1-PNM, as well as EN+PN seem to be safe, l l l %\
feasible and effective to achieve the - Ly = 1005
prescribed nutritional targets in critically E
ill patients. ﬁ
E
2-metabolic tolerance 5 50%,
L=
3-In nutritionally high-risk patients, E
combined EN+PMN may improve functional £
and other patient reported outcomes 06
10U admission 24=48 h later ICU stay (2=7 d)
e Haemodymamic stability  ....... EN == PN
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ORIGINAL ARTICLE

Early versus Late Parenteral Nutrition
in Critically Ill Adults

Michael P. Casaer,. M. D, Dieter Mesotten MDD, Ph.D.,
Greet Hermans, MDD, PHh. D, Pieter | Wouters, RN, M. Sc |
Miet Schetz M.D_, Ph.D., Geert Meyfroidt, M.D., Ph.D._,

Sophie Van Cromphaut, M.D., Ph.D., Catherine ingels. M.D._,
Philippe Meersseman, M.D. Jan Muller, M.D., Dirk Viasselaers M D, Ph.D.,
Yves Debaveye, MDD, Ph.D., Lars Desmet, M. D, Jasperina Dubois, M D,
Aime Van Assche, M D, Simon Vanderheyden, B Sc.,

Alexander Wilmer, M.D., Ph.D., and Greet Van den Berghe, M.D_, Ph.D.

ABSTRACT

BACKCROUND

From the Department of Intensive Care Controversy exists about the timing of the initiation of parenteral nutririon in criti-
Medicine (M P.C_DM_ PIW._MS_GM._ = - o

SV.C. Ci. M. DV. YO, LO. SV. mllyiﬂad:ﬂumwhomcalawmmbembymulmaw.
G,V.?)“NMQ:(JWC“ METHODS
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Early versus Late Parenteral Nutrition in Critically Il Adults
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In this randomired, multicenter trial, we
compared early initiation of parenteral
nutrition (Euraopean guidelines] with late
initiation (American and Canadian guideline:
inadults in the intensive care unit (ICU) to
supplement insufficient enteral nutrition. In
2312 patients, parenteral nutrition was
initiated within 48 hours after ICU admission
[early-initiation group), whereas in 2328
patients, parenteral nutrition was not
initiated before day 8 (late-initiation graup).
A protocol for the early initiation of enteral
nutrition was applied to both groups, and
insulin was infused to achieve
narmoglycemia.

Mechaeld P M. Early varsus Late Paraenteral Mutrtksn in Orivlcalhy 10 adults. Engl J Med 2011
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-Continued

Fatients in the late-initiation group had a
relative increase of 6.3% in the likelihood
of being discharged alive earlier from the
ICU (hazard ratio, 1.06; 95% confidence
interval [C1], 1.00 to 1.13; P=0.04) and
from the hospital (hazard ratio, 1.06;
Q5% O, 1.00to 1.13; P=0.04), without
evidence of decreased functional status

JEIE A ‘n_:_"' % i ’:: S a3 s Th:m.* i ""h’: e = = e at haspital discharge, Rates of death in
— — the ICU and in the hospital and rates of
Earp inicimgar b1z s haz Ea7 || Come besisdan 1317 4 i i survival at 90 days were similar in the
Ty — D Dischge Al frn Haspisl o groups. Patients in the late-initiation
group, as comparad with the early-
52 2o g o initiation group, had fewer ICL) infections

(22 8% ws. 26.2%, P=0.008) and a lowser
incidence of cholestasis (P<0.001). The
late-initiation group had a relative
reduction of 9.7% in the proportion of

L

S T T SR R T A e s g g e g =g = assl patients requiring maore than 2 days of
Daps sher Eandomiaaiian mechanical ventilation [P=0.00&), a
Ly ritomtien 558 Fra 10ea O [ty meedian reduction of 3 days in the
Eark mmemen 2kl o 115% SFa Eadly weaistess TRiT

duration of renal-replacement therapy
(F=0.008], and a mean reduction in

Michaed P. M. Early varsus Lata Paranteral Mukrition in Critically |0 Adults, Engl | Med 2011 health care costs of €1,110 (about
$1,600] (P=0.04).
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Parenteral Nutrition: Current Use, Complications, and
Nutrition Delivery in Critically I1l Patients

Jusan Carlos Lapez-Delgado 7, Teodare Grau-Carmona ™, Esther Mor-Marce *,

M Luisa Boedeje-Laguna ° 7, Esther Poetugal-Radeigues *, Cavel Larencie-Candemas 7,

Panils Veesa-Artanco *, Laura Macaya-Redin °, Beatriz Llsrere-Ruie ', Rapden Igesiss-Rodeigner ¥,
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2023, 629 patients :

PM showed similar nutritional
delivery when comparedwith the EN
. use of PM as the initial route for
nutrition therapy, even when
initiated early, may be not associated
with major complications in adult
critical care patients and may help
provide adeguate nutrition delivery
during the entire ICU admission.
nutrition therapy in those patients
who received initial PM and are
expected to have longer ICU stays
may potentially benefit from
considering EMN as complementary to
PN or progressively switching from
PM to EM, especially in terms of
protein delivery

B0t sy, R, Spain
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Circumstances in which PN is the preferred
route for nutrition support?

* Do not use PN based solely on medical diagnosis or disease state.

= Prior toinitiating PN, conduct a full evaluation of the feasibility of using EN; reserve PN for clinical
situations in which adequate EM is not an option

* Use PN in patients who are malnourished or at risk for malnutrition when a contraindication to
EN exists or the patient cannot tolerate adequate EN or lacks sufficient bowel function to
maintain or restore nutrition status due to gastrointestinal dysfunction

* Mutrition support is indicated in patients who are malnourished or at risk for developin -
malnutrition. In these cases, EN support has been generally accepted as the first line of nutrition
support. The use of EN support may offer physiologic and immunologic benefits to the gut.
Prolonged disuse of the gut results in downregulation of many digestive enzymes that may
become evident upon reinitiation of EN.

* Furthermore, PN, in the past, may have increased the risk of infection due to intravenous access,
which prolonged hospita and ICU stays, but this type of infectious complication has become less
prevalent as central venous access device care and blood glucose control have improved.
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Nutritionally-At-Risk Adult

Invﬂléahntar'g.r weight loss of 10% of usual body weight within 6 months or 5% within 1
mon

BMI less than 18.5 kg/m2
Increased metabolic requirements
Altered diets or diet schedules

Inadequate nutrition intake, including not receiving food or nutrition products for
more than 7 days

Patricia Worthington . ‘Whan Is Farenterad Nutrition appropriate? ; 17 Februarg 2017
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Assassment:

Hx and exam, Disease status, Functional
assessment, Lab tests, Fluid balance

Functional tests:

Hand dynamometry: hand grip

Direct muscle stim: electrical stim of the adductor
pollicis muscle , Respiratory function:

close correlation between Expiratory and
inspiratory force and total body protein, with
rapid decline after 20% loss of body protein.

Immune function:

A lymphocyte count of 900-1500 cells/mm
indicates moderate and <900 cells/mm severe
malnutrition

Techniques used in nutritional assessment:

Anthropometry: Body weight, BMI, MAC,
TSF, AMA
(MAC — = TSF)*—10

fior men ARA - .
]_ Arm Muscle Area
2
””_(MAE — wl15F)*—65

fior wWormsen
dx

Lab parameters: Serum Alb{>18 days), Cr, transthyretin
(2 days) and transferrin (7 days) ,LFT, and electrolytes, Ca,
Pod- and Mg, Zn, selenium, Fe, CRP

Bioelectricalimpedance spectroscopy (Bl) and DEXA: is
highly variable with abnormalities of fluid balance. FFM
and FM are estimated by BlA or DXA-scan. DXA s
regarded as a more accurate method on an individual
level. It is an accepted reference method to evaluate BIS.
DXA gives information on FM, lean soft tissue (LST) and
bone mineral content (BMC).

Karin Barendregt. Basic concepts in nutrition: Diagnosis of malnutrition- Screening and assessment. J of Clin Nut 2008

N
JISN

OF WEPRROLDGY

Ui S bulpis jo dudS 1l sjglgpai ale pasil sl jlisauw ramojlgo :!-i?’{g

Il

IRANIAN SOCETY OF NIPHROLOGY

8l



Actual Body Weight :the weight measured during hospitalization or
reported just before the hospitalization

Adjusted body weight: is applicable in the obese patient : (actual body
weight - ideal body weight) x 0.33 + ideal body weight

Dry weight : weight before fluid resuscitation) for patients with a BMI
up to 30 kg/m2

Ideal body weight : men : 50 + (0.91 % [height in cm - 152.4]) and in
women : 45.5 + (0.91 x [height in cm = 152.4]).
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A

Clinical history
1. Change in weigzhe

Weizmht loss in the past & months Toral: & kKi=. 9¢ lo=st#
Change in the past 2 weck=: == increase.._ ==~ mnmo change. ===~ decreasc
2. Changes in food intake (as comparced o usual intake)
oy chsungres
chunrngre chuarntbons - #2 weseskcs
(RS s = subogstinsal solicd clict licgeaicd chica
e owcnalowices uaics e YAy

3. Gasstroantostinal symmptormns (= 2 wook=s mm duradttion)

ROTWS, 00 masmassess. o wvewmwamtangs, 0000000 <hsurbyoean, TAEWOTCC 12

iy =tfuncrion clurnticonrs - ## weeskos
Ty sworicing subhoptisnal
e kaanoe sy
rocirickaddaon

S5. Dlmmtdlhcmlmm:pmmgym
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Rubsic | Anthropomelrc assessment [maximum 8 poinks)

Body weight and height, and reloted colculafion of Baar 0-3 points

Aren circumierence 0-1 points

Calf circumierence i0-1 points

3-Month weight loss™ 0-3 points
Rubric I, Gononal stotus assessmont [maximum & points)

Independence of living 0-1 points

Recent ocute events [discose or psychologicol distress)” 0-2 points

Presence of pressure or skin ulcers
MMumber of medicotions token on

Cognition/depression”

Mokbility® 0-2 points
Rubric lll, Dictory amsessment (maximum ¥ points)

Eating problems (oppetite, swaollowing, chewing]® 0-2 points

Mumber of bl meals -2 points

Markers of protein intoke 0-1 points

intake of vegetables and Fruit 0-1 points

intake of liquids 0-1 points

Selbsufficiency in cating 0-2 points
Rubric V. Self-perceived health and nutrition states [maximum 4 poants)

Selfporcoption of nutritional sofes 0-2 points

Sellperception of health status 0-2 points
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Nutrition Assessment Tools
Subjective Global Assessment (SGA)

Mini Nutritional Assessment (MNA)

comorbid conditions, function of the Gl tract, and
risk of aspiration.

Don't use of traditional nutrition indicators or SGA has a better predictive value than the MNA even in
surrogate markers, as they are not validated in an elderly population. The 5GA was developed to both
critical care. assess the nutrition status and predict the clinical

US : measure muscle mass and determine changes outcomes of surgical patients whereas the MNA was
in muscle tissue at bedside in the ICU. developed solely to assess the nutrition status of

CT scan :precise guantification of skeletal muscle elderly patients
and adipose tissue depots.it is costly. Assessment

of muscle function is still in its infancy. may be of

value in the future.

P REPOROLORY
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Markers used in AKl and their limitations

Markers Limitations ISRNM recommends that serum albumin less
Prealbumin, albumin, and May be decreased irrespective than 3.8 g/dL can be used as a diagnostic
cholesterol of PEW parameter of PEW in AKI as well as CKD.
Leukocyte count Less specificity
Modifications in body weight Total body water is elevated in AKI
Hypervolemia and edema can The serum stabllity, short half-life, and good
mask the changes in muscle mass carrelation with nutritional status make IGF-1
Anthropometry (skinfold, Affected by edema an early and sensitive Indicator of mortality in
triceps, arm circumference, etc.) AKI patients.
Protein catabolic rate or Measurements require
protein equivalent of nitrogen  calculations based on urea
emergence kinetics during RRT + collection of ISRNM now recommends cholesterol levels be
dialysates included for biochemical assessment of PEW in
Energy expenditure Prediction formulas are not ——

constantly accurate in critically ill
patients (they are generally based

on body weight) in patients with AKI and CED, the reverse s
MNutritional score (SGA and its Maost of the data are from CKD e L
changes) patients and not specifically with better outcome including survival

validated in critically ill patients
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Nutrition Support in Critically Il Patients with AKI

Loss of kidney function affects
the metabolism of all
macronutrients in this
hypermetabolic state(insulin
resistance, acute phase reaction,
and increased circulation of
catabolic hormones ) where

« To reduce negative protein balance and prevent protein-
energy malnutrition

« To retain lean body mass and maintain normal body

hypertg and hyperglc are composition
YPETE ypersic a « To avoid metabolic derangements and improve biochemical
common.Malnutrition in AKI may ———

impact outcome including

hospital LOS and mortality. « Toimprove respiratory function capacity and healing

« Toimprove kidney function

« To improve overall outcomes and reduce mortality
PM in patients with renal failure aims at reduction of the
hypercatabsolic state, and the prevention or elimination of
malnutrition and related functions, such as immunology,
wound healing, antioxidative potential, inflammation. While
delaying the progress of CRF through protein or phosphate
restriction is the aim of chronic distary therapy, this is not
the goal of short-term PN, which is usually administered

only in acute situations Indian bowrnal of Critical Cans Medicine, Aprll 2020;24 {Suppl 3]
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Protein Catabolism Dysfunctions in carbohydrate metabolism

Hyperglycemia: peripheral insulin resistance,
and in addition by an activation of hepatic
gluconeogenesis that cannot be suppressed by
become indispensable. exogenous nutrient intake, other thanin stable
CRF and healthy persans {"obligatory™ negative

nitrogen balance).

Alterationsof the metabolism of individual &4, including the
utilization of exogenously administered A& is altered, and
various non-essential amino acids, e.g. tyrosine, may

Altered lipid metabolism

hypertriglyceridemia explained by the
suppressed lipolysis. Fat clearance is
delayed after enteral or parenteral
intake
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Metabolic disorders in patients with RF

Energy metabolism is not markedly influenced by

FEI'iPhB'I"Hl insulin resistance rgnal dysfunction but rngy be alte_n!d _I:'.r underlying
disease and accompanyingcomplications, In MOF,

Impainmnt of "purﬁs energy expenditure is only about 30% above the
calculated resting metabolic rate.

Metabolic acidosis
An increase In energy Intake of more than 30 kealfkg/day
Hyperparathyroidism was not associated with any further improvement in
. o . o nitrogen balance, but resulted in increased metabolic
Dysfunction in vitamin D, activation complications
i i If fat-free TPN is used, essential fatty acid deficiency may
Lower potassium tolerance/hyperkalaemia appear after about 3 weeks.
_ . The amount of proteinis adjusted depending on the
Chmm:: “ﬂammam reaction underlying condition. patients in critical conditions
Activation of prntain catabolism require 1.5 g/kg/day of protein, 0.6 to 0.8 g/kg/day with

CKD, 1.2 to 1.3 g/kg/day with hemodialysis, and a
Exuberant catabolism in inmercurrent acute diseases temporary protein restriction with acute hepatic
. Nephrol Dial Transplant. 2005:20(9):1976- 80. Fiaccadori

encephalopathy
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Nutritional Requirements

Degrees of stress and complex metabolic abnormalities

measurement of excretion of urine urea nitrogen and variation in body urea nitrogen. In
patients requiring dialysis, dialysate losses should be included in the total nitrogen loss.

Patients with moderate catabolism:
= nitrogen loss of 5—10 g/day
surgeries and infections

= higher mortality rates (~ 60%)

= may require dialysis

Patients with lower catabolism:

= loss of nitrogen up to 5 g of ingested dietary
nitrogen , nephrotoxicity

= low mortality rates (~ 20%), rarely require dialysis

Patients with marked catabolism:
nitrogen loss of =10 g/day, sepsis or severe

injuriE-E '3 high I'T'Iﬂl"tal it"y" rates {BD%I survival rate increased to 20%, with inorease in nitrogen balance by 1
* frequently require dialysis. g/day, which can be achieved with appropriate nutritional support.
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UUN
08

NB = protein intake

- + 25
T l 9]

NB = Nitrogen Balance (g/d)

Protein intake (g/d) Bda ¢ e aad Jalad ) aaa
UUN = Urea Nitrogen (U, g/d) L oo p 8 6-4 e VG

*UUN/O.8 represents UUN + urinary non-urea N+.
*2.5 is the sum of fecal + integumental nitrogen.
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Energy Expenditure
i i a*’:

Males. Energy expenditure = 66 + (13.7 x weight) + (5 x height) - (6.8 x age)
Females. Energy expenditure = 655.1 + (9.6 x weight) + (1.8 x height) - (4.7 x age)

IC:lavailabiiity and cost. (25-30 kcal/kg/d)
i

Special formulas'=: Variables : chest tubes, O2 (nasal cannula, bilevel positive airway

pressure), ventilator settings (FIO2, PEEP), CRRT, anesthesia,
De Luis.

Males: Energy expenditure = 58.6 + (6.2 x weight) + (1,023 x height) - (9.5 x age)
Females: Energy expenditure = 1,272.5 + (9.8 x weight) - (61.6 x height) - (8.2 x age)

Schofield.

Males
18-30 years: Energy expenditure
30-60 years: Energy expenditure
> 60 years: Energy expenditure

15.3 x weight + 679
11.6 x weight + 879
13.5 x weight + 487

Females
18-30 years: Energy expenditure = 14.7 x weight + 496
30-60 years: Energy expenditure = 8.7 x weight + 829
= 60 years: Energy expenditure = 10.5 x weight + 596

U5 )5 bulydis jo dulS lol s jglgpai ale ozl s pulpw Lo uamojlgs

g ' e Tat o = - IS 4 L o
dtiOrial Lol = 55 0F Uie iratiial ,-_‘_,.v OT NEePNTOIOEY \NIFSINY %&ﬁm@
™N

© W
IRANIAN SOCETY OF NIPHROLOGY



-Composition
Carbohydrates: Dextrose 70%
Mild stress ; 20-25 Kcal/kg Lipid : Interalipid 10-20%
Moderate stress:25-30 Kcal/kg Protein : Amino Acids 10%

Vitamins : Multivitamin
Severe stress: 30-35 Kcal/kg Minerals , Electrolytes and Trace
Rarely in Burning : 40Kcal/kg

Elements

Mo significant difference in

clinical outcomes was found Cowver wrap
between patients with higher vs ——
lower levels of energy intake.12 PETE PR
and 25 kcal/kg
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Setup for use of a 1.2-micron administration of dextrose-
amino admixture with lipid injectable emulsion

All-in-one solution is available
as a single bag with glucose,
amino acids (essential and
nonessential), lipids, vitamins,
trace elements, and

electrolytes. it is recommended
e ﬁ PUmE that the infusion be started at a
low rate and gradually
increased to achieve goals over
a period of time

1. 2-rricrom
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Energy and Lipid

* Weight : 60 kg moderate stress: 30 kcal/kg ventilated
* Kcals: 1800 kcal

* Lipid :1800 kcal x 25% = 450 kcal from lipid

» 1gr fat =9 kcal

» 450/9 = 50 gr interalipid 10% 500 cc

* mixed-oil ILEs (medium-chain triglycerides, olive oil, FO, mixtures of
oils) or 100% SO ILE (2016 guideline)

* within the first week of ICU admission

i ’
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Dextrose and protein

Nitrogen x 6/25=protein

Dextrose: Protein: 1.6 — 2.2 gr /kg
1800-450= 1350 kcal 60 x 1.6= 100gr protein
1gr dextrose :3/4 kcal energy Aminofiosion 10% =1
1350/3/4 = 400 gr :ter, fioei :

. a minofiosion always
1 liter D/S = N/S+ 50gr Dext administrate with
1 Liter D/w 20% +1 liter D/W 10% dextrose
2 vial Glu 50% (1 vial Glu 50% : 25gr glucose) 1.2—2.0 g/kg/day (2016
dextrose monohydrate —maost frequently as 40%, S0%, and 70% ELIiElE"l'"IE]

concentration—ranges from 5 to 7 mg/kg/min

WIS )
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Disease Deficiency [avouring Inadequacy or delicit Deficiency as 4 resubt of References
disease developmeni worsening the disease
condition
Alcoholism El, Fe A, D, E, K, B1, B2, BG, B7, 4. 44)
B B12, C, 2n
Alcohols: hepatitis B5. Zn Se, Zn |45)
Andemia El. B6, B9, BI12, Fe, Cu 4]
Co
Cancer cachexia D. Zn |46, 47)
Cardiomyopathies/ B1. B6, D, Se, Fe Se 4. 48, 49
Heeart failune
Chronic obsinactive D, Cu, Se, Mn, Zn [50,51] Carnitine is not
pullmeonary TE 62 B B B12 A DLE -_ classified as a
Chrose imlesti = - « B, '
dailere ESPEN micronutrient .. . ;';Tm'“ t'ut“ |
Chronic [atrophic) . . BS, B12,C. D, Fe |55, 56] eing €5sentla
g guideline 2022 in energy
Diaberes mellins B Cr |[57-61]  metabolism it
Inflamnmatory bowel Zn Bl B5, B12, A, D, E K, 4621  has been
diseases Fe. 5e. Zn
Mon-alocholic famy Cu |63) anIUdEd 4%
T —— assimilated
Liver diseases In BIZ A D, E. Se. In 4, 54, 5] ¥itamin” in the
Mudtiple Sclerosis B7 |55) present
Olbesity B-carotene, E, Se, 7n B1. B9, 0, Fe, Se, Zn 556789k idelines
Obesity Post Bariatric A DE K B1,B9,812,C |8a-T71]
surgery Cu, Fe, Zn
Osteoporasis B12, D, K, Cu. Fe, Zn, Mn, |72, 73]
F, Bo
Carnitine, Fegi, B&, B9, K D, Cu, Se, |74, 75]
Zn
B1, B12, D, carnitine, Zn D, 5e. Zn |55, 76]
B1.C DL Cu, Fe. Se, Zn BI. B2, C [y e Se. Zn [ 7674
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* The multi-chamber bags developed by Technoflex
are made of a polypropylene-based film with a high
oxygen barrier. This particular property protects
amino acids against oxidation, the main factor in
their degradation.

* The bags are compartmentalized into two or three
chambers containing macronutrients in the form of
binary mixtures (glucose and amino acids) or
ternary mixtures {lipids, amino acids and glucose).
These standard mixtures are suitable for the
majority of patients. To prevent the inevitable
interactions between some of these
macronutrients, peelable welds (removable
thermo-welds) are put in place to separate them
from each other. In order to reconstitute the
mixture, the welds are simply squeezed by hand to
break them.

* Multi-chamber bag?hfor parenteral nutrition offer
many advantages. They enhance patient safety as
they reduce handling and thus the risks of
contamination of the nutritional mixture.
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= |nitiate PN after 7 days for well-nourished, stable patients who have been
unable to receive significant (50% or more of estimated requirements) oral or
enteral nutrients.

= |nitiate PN within 2-5 days in those who are nutritionally-at-risk and unlikely
to achieve desired oral intake or EN.

= |nitiate PN as soon as is feasible for patients with baseline moderate or severe
malnutrition in whom oral intake or EN is not possible or sufficient,

= hypocaloric PN dosing (£20 kcal/kg/d or 80% of estimated energy needs) with
adequate protein (1.2 g protein/kg/d) be considered in high risk or severely

malnourished patients requiring PN, initially over the first week of Time

hospitalization in the ICU. frame
= Delay the initiation of PN in a patient with severe metabolic instability until

the patient's condition has improved. Patricis Weorthangton |

Whan Is Paresianad
Mutriticr appropriate’]

= withhelding or limiting SO-based IVFE during the first week in the critically ill C17 Fetrumry 2017
patient to a maximum of 100 g/wk (often divided into 2 doses/wk) if there is
concern for essential fatty acid deficiency.

= as tolerance to EN improves, the amount of PN energy should be reduced and
DC when the patient is receiving >60% of target energy requirements from EN.

:{E;!{f’
L
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Medical nutrition therapy shall be considered for all patients
staying in the ICU, mainly for more than 48 h

Days 1-2 Daysm hl:sm‘

-\II e Acute Late Phase
Ph d52

Acute

Phase tate

Period
Early Chronic
Period Phase

Or

ot
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Clinical Conditions Warranting Cautious
Initiation of Parenteral Nutrition in Adults

Hyperglycemia Glucose greater than 180 mg/dL
Azotemia Blood urea nitrogen greater than 100 mg/sdL
Hypertrighyceridemia serum triglycerides greater than 200 mg/dL
Hyponatremia Serum sodium less than 130 mEg/L
Hypermnatremia Serum sodium greater than 150 mEg/L
Hypokalemia Serum potassium less than 3 mEg/L
Hypomagnesemia Serum magnesium less than 1.3 mEg/sL
Hypocalcemia lonized calcium less than 4.5 mgs dL
Hypophosphatemia Serum phosphorus less than 2 mg/dL
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Initial, Wienks |4

Parameier Baseline Drays 1-7 COingoing, Stable Fosidischarge  {or Until Scshle) AL T mo Chxgoing., Scable
Glucose, BUMN, creatinine, ¥ Daily = 3 or until 1-3=/wk or as ¥ - Memthly
electrolyies, calcium, magnesium, slable clinically mdscased
phospharas
CHC with differemiial v Dimily = 3 ar unkil 1-2='wk . “ Momthly
slable
Total bilmabin, darect bilinsbin, AP, W Weekly v Momthily
AST, ALT,
PTT, PT, INR . Weekly Momthly
Triglyceride level v Pediatric: daily umtil  Weekly v Momthly
stable then weekly
Seram proteins (o monitor ¥ Weekly ¥ Momnthly
inflarnmaation )
Iran indsces As clinically mdicased 4 Every 3—6 mo
Zinc, selemium, manganese, copper, As clmically mdscated ¥ Every 3-6 mo
chronuium
Vieamin A, 25-0H vitsmin D, As clmically mdicated v Every 12 mo
vitamin E
Vitamin B and folaie As clmcally mdecakead ¥ Every 612 mao
T=H As indicased Every 12 mo
Carmitineg No guideling for adults v Pedisne pattents  Every 3-12 mo
‘ . o 3 - Wy - . . o . 4"\1 .
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The standard monitoring recommendations ASPEN
and ESPEN

CBC,FBS, TG, electrolytes, total and direct bilirubin, GGT, AST, ALT ALP,
total albumin and protein, and kidney function tests (SCr and urea) up
to 3 times daily after initiating TPN until stable.

Partz E, Kurashima K, Unes M, et al. The afects of total parenterad nutritien in patiants with kidney disease. Turk | Nephrod.
2024333235243,
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ASPEN recommendations for patients with RF

PN osmolality of up to 900 mOsm/L

maintaining the final amino acid, monohydrated dextrose, and lipid
emulsion concentrations at =24%, =10%, and =22%, respectively, in 3-in-
1 admixtures for the stability of up to 9 days refrigerated (5°C)
followed by 24 hours at room temperature

Wean PN when oral intake and/or EN achieves 50%—75% of
requirements for energy, protein, and micronutrients, unless impaired
gastrointestinal function precludes 100% absorption of nutrient needs.

Consider using a weaning protocol during the transition from PN to EN

Portz E, Kurashima K, Unes M, &t al, The efects of total parenteral nutriticn in patients with kidney disease,
Turk ) Mephrol 2024;33(3):235-243,
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L ] veth - geath . A Cmiliane
Panc doyeravnaeved \»slcmllu stvatsrs o safety and clMacony ool om
teval nuEritiown s patients awuh acute ronal tailure (ARYF ) aavw

Afethionads We st cmiteor ol madribmon - selafod commprlscatsons
and sdequacy of nusrent sbiminesration Suag 2575 days of
e sad sty woan 247 comnsevubive prationts fead ene lusiv ety vy
natiom. S5 b ARY
'

reploceme

Rewwwlon
s ol comnplicatuons Betae
o ead rene Mg patriv ressdunt vode
which owcus R of pativnss with acormal renal funceion
T AR of patiwnts with ARE ot segguining remal sepiage st
thorapy, 13.2% of paticnts wizh AR oo renad replacomeont thar-
apy (& QO Gon Teonad ), il S g el TUbo olearues
0O SN, 1A%, respeutively CLINM 3 Cralromniet
wcaomplicasions were the most Mfogquent Cause of aubapoemad de-
Bveors . tha st of adianictorod 1o g escnibed ity voldussss was
weell alsove % i el b thewve g ive wuludrawal
of ceaoral nerriteon Jdue 1o comnplications was Jdocusenented in
G A%, 13 29% and L A4.9%, of v v O fow
tremcd) Ax rogimen, sncan Jdeli wd nongeaotein calorics were
IR KcalBRg (SID d6), 226 Kcall kg (N 4), 23 4 koall'kg (A5 g
Taven ke wan OUZ 2 ke (213, OR7 ke (2S5, avnl 092 ke
20 ) the Latter value B loag Below that currently recoummendoed
for ARF patieonts on senal yeplaceoseus theragy. Modian 0
ke Wil et ol st o was 1 S80 sl Crnnge T o ),
L2000 ( T20 ner 200 ), s 90 () 1or 19230)

Conclusion. Eamtoral s A salfe snd offective nuted
thonal techniges 1o Scliver arsifiolal nurrstion in ARE patlcnce
Fasoncoral smieascind supyeie ascatation may e rogquisred. ospe
waally in pativnss with AR aeedung sonal repdacesncnt thasapwy

gy
» difforencae was fOound an gastroantestined o me
t ARE pratients and prastiv s waah

of complications and doath | 1] Nusritsonal sapport s thas
conssdered o cornerstone of ARF trcatment (2]

The mapor bocly of evidenos supports use of the enteral
mastcadd of the parcntoral route for nutrsent admuimistra-
thon ian the critically W[5 4] Alrhough the saane meght
e appropriate for patients with AR [T] s far oo sys-
tematic studes on cnteral nutrition have Been conductiod
m thas category of patents (S In foct, published stud
ex have dealt with patcenix with chronies renal tadure on
Bomodinlyxs [6, 7] or pediatrse paticnss (K 9)

Foteral notrition offers some potsentiaol advantages
over parenteral nusrition o ART First, by usiog the moore
concentrated formubas, it ailows restruint of Muid adminis-
tratbon: sccond, it is loss exponsave than parcnteral nuatri-
thown; aned third, it may have a positive impact om sarveval
1O On the oabwer hand, theoretioally at least, enteral
DU tion may e implemented with difficulties due o the
fexlanal motsliny disordors of the arcmmec paticnis
[1L]. & probom which may boocome oxprocanlly prome-
ment with the use of maore concemrated enteral formalac
Morcaover, wiih use of 1he enteral diet formulax carremtly
availablic om the markes, sy e JAMGoult 1o achieve the
protein intake vsually recommsended sn catabaolic comdi
oo, such as ARF.

Wiath the proescent study we aumcd al asscsssng whether
AR carmwos an incroaxad risk of complcations and sab-
optinsal delivery of putricents shen the emeral route is
the omiy mscons of artifsoial nutrition

o thix cmd. we prospectavely studied 247 comsccutave

combination of enteral and parenteral nutrition is sometimes neededto
achieve the optimal nutritional support in this clinical setting
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Nutrition Therapy in AKI

Only few systematic studies have performed on parenterally fed patients with renal failure, and only
very few controlled studies with an acceptable study design have been published. Therefore,
recommendations for practice for this patient group only reach the level of an expert opinion.

In malnourished and hypercatabolic patients, adeguate nutrients should be provided to the patients
on renal RRT.

In patients with a high-residual glomerular filtration rate, large amount of nutrients may be
provided, as there is little risk of water and electrolyte disorders.

For patients recovering from AKI, the guantity of water, AA , and electrolytes should be
appropriately limited to delay the need for dialysis until the renal function restores.

Fluid overload and hyponatremia should be avoided and sufficient calories and nitrogen should be
given with minimal amount of water.

High biclogical value protein (all EAAsS) may be given in adeguate amounts in patients with AKI.

Magarajan Ramakrishnan. Nutrition Support in Critically 11l Patients with AKL Indian Journal of Critical Care Medicine, 2020
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vt scrcening [
Impaired nutritional status Severity of disease (= increase in requirements)
Ahbsent | Normal nutritional status A Ahsent Mormal nuiritional regquirements
Score 0 i Score
Milcd EWI: loss =5%G in 3 months Mild Hip fracture®
| or ' Chronic patients, in particular with acute compli-
' Food intake below S0—75% of normal re- | cations: cirrhosis®, COPD*.
Score 1 | quirement in preceding week. Score 1 Chronic hemodialysis, diabetes, oncology.
Moderate | Wi loss >5%in 2 months Moderate | Major abdominal surgery *
or Stroke*®
i BMI 18.5 — 20.5 + impairedgen. condition - Severe preumonia, frematologic maligmrncy.
| 3T i
!Fl:u:ld intake 25-50%0f normal reguirement in
Score 2  preceding week Score 2
Severe Wi loss =5%in 1 months {(>15%in 3 months) | Severe ' Head injury®
| or Bone marmow transplantation®
! BMI <18.5 + impaired general condition Tntensive care pafients (APACHE>M0).
| or Score :
| Food intake 0—-25%, of normal requirement in g
Score 3  preceding week in preceding week.
Score: + |Score: = Total score:
Age if =70 years: add 1 to total score above = age-adjusted total score:
Score =3: the patient is nutritionally at-risk and a nutritional care plan is initiated

:{E;!{f’
L

Oldslslo oy

RANIAN SOCETY OF NEPHROLOGY




Metabolic changes due to hemodialysis

Loss of water-soluble molecules with low molecular
weight

Amino acids
Water-soluble vitamins
L-camitine etc.

Activation of protein catabolism through
Loss of substrates (amino acids)
Release of cytokines (TNF-a elc.)
Blood loss

Special AA solutions (nephro-solutions) show beneficial
effects on some surrogate parameters, but effects on
clinical end points are not documented

Solutions providing exclusively essential AAs should no
longer be used

Decrease in “uraemic intoxication”

plus —
fHEiTE B per I|'t|=_-?“‘:|

Loss of heat (loss of energy) i filtrate -
Loss of substrates (e.g. anilﬁ'a'ﬁl:fﬂanﬂﬂ
Intake of substrates (lactate, citrate, glucose)
Elimination of short-chained peplides (cytokines,
hormones)

Activation of mediator-cascades (alexin etc.)
Stimulation of protein catabolism

Electrolyte disorders (sodium, potassium,
magnesium, phosphale)

Induction of metabolic alkalosis

© W
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Loss of amino acids in various dialysis techniques

Type of dialysis

Protein/amino acid loss

Hemodialysis with

lows flux, cuprophane

membrane

Hemaodialysis with
high-flux dialyzers

Continuous RRT

Peritoneal dialysis

Peritoneal dialysis
with peritonitis

Loss of 10-13 g amino acid

per dialysis

« B g of free amino acid per
session

« Protein loss of 1.3 g/L of
output.

« For 50 L of output per day the
loss is up to 65 g/day

- Average loss of 9.6 g protein
per 24 hours in peritoneal
fluid

- Average loss of 15.1 g protein
per 24 hours in peritoneal

fluid

Disease-specific formulas used for patients with CKD
on dialysis may also be given for AK| patients as they
are high in calories (2 kcal/mL), high in protein (70
/L), and low in electrolytes. There are also renal
formulas with low protein that are calorie dense (2
kcal/mL) and used for pre dialysis patients with CKD

PN should be given for patients with significant gut
dysfunction or those who are intolerant to enteral
feedings. The combination of EN and PN when
required to achieve nutritional goals has been shown
to be safe, but it is highly recommended to make every
attermnpt to feed enterally before pursuing options to
include PN,

PN is customized and prepared under sterile
conditions in hospitals in countries such as USA, while
the standard premixed parenteral formulas are
available in Europe and Asia.

(1‘ ISN JLouin 15 bl o dulS ll s glgpai pale asil  pulpw jlisow ramojlgs ‘H’
" T / ‘he 127" National Lc :‘ s of the Iranian Society of Nephnrology (NIFSH, Slsdes3ole Sheendl

IRANIAN SOCETY OF NIPHROLOGY




Core Curricuum in Neghvology AIKD
Nutrition in Kidney Disease: Core 9
Curriculum 2022 8
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If any one of the following indications are present:

* Eating < 75% of usual meals for > 7 days with acute illness
* Wesght loss of 5% in 1 month with acute iiness

* Mid 1o moderate loss of subcutaneous fal stores or muscle
mass

* Eating < 75% of usual meals for at least 1 month with
* Weight loss of 75% in 1 month with coexisting chronic dliness
* Compromised swallow requinng moddfied texture die-
t £ thickened fluds

Enteral Tube Feeding

* When unsafe to swallow

* When adequate nutntion cannot be consumed orally
Parenteral Nutrition

* When digestive tract i inaccess:ble or nonfunctioning

* Intradalytic supplemental parenteral nutrition may be used
durng hemodialysis when specdic critena are met if oral
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Intradialytic parenteral nutrition (IDPN)

It is PN supplied during HD To meet all energy, protein, and other nutrient
requirements and can therefore be given only as often as dialysis.

Can assist to meet nutritional requirements if patients are achieving 20 kcal/kg per
day but are unable to meet their full energy requirements. Nephrologists typically
order the IDPN. IDPN alone is not sufficient, but it provides a considerable amount
of energy and protein with each dialysis session to supplement the patient’s oral or

enteral intake

Financial barriers (costof IDPN is ~$300 per day compared with a few dollars for
oral supplements). Many insurers cover IDPN.

complications :electrolyte and lipid disorders
Its role in patients with AKl remains unclear.

Halan L. Mutrition & Kidnay Disease: Core Corkculum S0EEEm J Eidnay 5.
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Randomized control trials

Intradialytic parenteral nutrition in maintenance hemodialysis OCM‘W,B
patients suffering from protein-energy wasting. Results of a

multicenter, open, prospective, randomized trial™ 2017, 107patients, first
Tobias A. Marsen 7, Justinus Beer ", Helmut Mann °, for the German IDPN-Trial grotu}‘me ;

* Nephrologische Scirwerpunkrpravic uod Xoe- m Koin-Lindemthal, Ko, Germany prealbumm, can be

" Frewenier XKatd Deurschiond Gmddd, Dod Mombury, Gernecosy

" frestitest fir angewandte Nephrologie e V., Aschen. GCermany effectlvelv impfoved
ARTICLE I NTO S UMMARY
Artic ke history Background & mirs. Protein-encrigy wasting (FEW) s increasingly becoming & clinical problem in

Recwived 209 May 2015

A e — maintenance heomocdialysis patients and guidelines call for nutritional interventions. Serum prealbamin

(ransthyretin) represents a onitical nutritional marker positively correlated wath patient survival and
negatively correlated with morbicdity. Nutritional counseling, oral supplementation as well as intra-

ID:I‘N o dialytic parenteral nutrition (1IDPN) are recommended o fight PEW. however clinikcal trials on their use
Ineradialytic parenseral s ion are SCarce.

Frealbumnsn Merhouts: We conducted a prospective, malticenter, randomized, open-label. contralied, paralled-group
TManCon -<OeTRY Wasting Mhase IV dinscal trial in 107 mamtenance hemodialysis paticnts suffering from PEW o assess the

Impact of IDPN on prealbumin and other blochemical and clinical parameters reflecting nutritional
status. Fatents randomized 10 the ntervention group recesved standardized nutntional counseling plus
IDPN three times weekly over 16 wee ks followed by a treatment-lree peniod of 12 weeks, The control
group received standardized nutnitional counseling only. Main trial inclusion cotena incduded moderate
to severe malnutrztion (SCA score 5 or C), maintenance hemodialysix therapy (3 tames per wewek) far
maore than six months, and presence of two out of the following theree criteriaz Albumin «35 g/ pre-
albumuan <250 mg/l. phase angle alpha <45 assessoed by hoclectrxal mpedance analysis (BLA ) | '
Changes In serum prealbumin,. albamin, transferrin, phase angle alpha, subjective global assessinens
(SCA) score and healthaclated guality of e using the 12-item short form health survey (SF-12) were
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Serum afbumin levels (g/dL)

The bemneficial effects

of intradialytic parenteral
Nmnutrition in hemodialysis patients
with proteim energy vwasting:

a prospective ramndomized
conmntrolled trial
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open-label randomized
controlled study: 3 months.
Participantsin the IDPN group
received the most concentrated
3-in-1 parenteral nutrition
formula consisting of

glucose, essential and non-
essential amino acids and fsh oil-
based lipid emulsion with
omega-3 fatty acids

IDPN was infused at a constant
rate during 4 h, but not
exceeding 250 mi/hour, via a
venous drip chamber of HD
machine using infusion pump.
3000 kcal/week. primary
outcome : the change in serum
albumin level
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TPN-KD

A significant complication in patients receiving long-term TPMN with the incidence ranging from 14%:

to 43% and can manifest in several ways, including acute and chronic kidney disease and electrolyte
imbalances.

= Whenever possible, enteral nutrition should be used as the primary form of nutrition therapy for
patients with kidney failure.

= The prevention and management of TPMN-KD involves careful

monitoring of electrolyte imbalances and adjusting the composition of the TPN solution accordingly

Portz E, Kurashima K, Unes b, et al. The efects of total parenteral nutrition in patients with kidney disease. Turk J
Mephrol.2024;33(3):235-243,
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MECHANISMS OF TOTAL PARENTERAL NUTRITION-INDUCED
KIDNEY DAMAGE

is ot fully understood

Hyperglycemia iz the most commion adwverse effect of TPM as well as the most common cause of kidney disease

{peripheral insulin resistance and reduce glucose utilization by peripheral tissues. an increase in stress hormones such as
cortisel during trauma, illness, aor surgery may induce gluconsagenssis)

TEM comprises large fuid valume and osmatic loads (from dextrose and amino acids), which acts as an osmotic diuretic
leading to hyponatremia with high wurine fow rate, ceamolar clearance, urinary nonelectrolyte, nonurea solute excretion, and a
net negative free water clearance

high protein load of TEPM can induce metabolic acidosis, further contributing to hypertonic dehydration. metakolism of
caticnic aming acids and sulfur-containing aminge acids [exogenous addition], the titratakle acidity (TTa] of the infused
parenetral solution, the addition of acidificant agents (hydrochloric acid, acetic acid), thiamine deficiency, disruption of
carbohydrate and lipgid metab:olic pathways and D-fructoese administraticn. Moreosern, hypophosphatemida that appears during
TPM therapy contributes significally to the maintenance of MA

TPM-induced asmatic divresis may alse contribute o electralyte imbalance in the forms of hypokalemia, hypomagnesemida,
and hypophosphatemia
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Metabolic complications:

Electrolyte disturbances, and

Hyperglycemia & Hypertg
Liver dysfunction

Met Bone Dis , RS
Infectious complications

Mechanical complications

INTERNATIONAL SOCIETY
OF NEPHROLOGY
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COMPLICATIONS

At the beginning of the use of PR, tha
adrmansstration of high deses of gluooss frequently caused hyperghyceméa. infusion
of shart-acting insuln or by the addition of short-actlng insulin lnto the bag (1-2

UF10 g of dextrose]

When TG bavals bacoms greater than 200 mefdL, wa racommend to reduce the
fat prowision (e.g., reducing the opendng of the Bpdd cormpartment of the bag).
Specifically, we suggest freguency of Bipid adminlstration of 1 to 4 thees per
waek in propertion to the T evals, although evidence based data are lacking

patents recelving ofive oll and fish ol had a shaorter thime to termdnation of
mieschanical wentidation alive and a shorter thims 1o 1CU dischargs aliva

High doses of protein intake: high bawvals
BEUN and Cr, matabolic acidaosis, and hypertonic dehydrartion

Thiarmane swuppdennents | DO0- 300 g o) durlng the first

2 d in patients with possibda thiamane deficiency [severe malnutritscmn,
anoraxia nervosa or akoohod abuse) to pravent neurcdogical sade
affects associated with glucoss dalivary during PHL
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Refeeding Syndrome (RS)

severe and life-threatening electrolyte abnormalities
(hypophosphatemia, hypokalemia, and hypomagnesemia), as well as
sodium and fluid retention

potentially leading to respiratory failure, heart failure, and death. RS
can be prevented through a stepwise and patient’s tailored feeding
protocol.

If indirect calorimetry is unavailable, a feeding protocol may
significantly reduce the risk of overfeeding. In fact, as suggested since

many years in ICU where the patient is often metabolic instable, a
protocol for management of PN may markedly decrease the incidence

of PN-related complications
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The ASPEN consensus recommendations for RS

Low BMI < 18.5 kg/m2

= Recent weight loss of 5% in 1 month or 7.5—=10% in 3 to 6 months;

= None or negligible oral intake 5—6 days;

= Caloric intake < 75% estimated for =5 days during acute illness or injury;
= Caloric intake < 75% estimated energy for >1 month;

= Abnormal potassium, phosphorus, or magnesium serum concentrations;
= Loss of subcutaneous fat , Loss of muscle mass

= comorbidities (alcoholism, eating disorders, cancer, malabsorptive
States)

)
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Conclusion

international observational studies revealed considerable practice variations,

The existing clinical trial data, albeit weak and outdated, did not always support
the routine use of PN in the early phase of critical illness. Importantly, the more
recent evidence about the safety and efficacy of PN

might make physicians more comfortable with prescribing PN earlier to bridge
the gap between nutrition goals and actual delivery of energy and protein. This
might be especially for

Fatients at high nutritional risk, or patients with an increased risk for prolonged
CU stay. In this context, we are proposing the

EFFORTcombo trial that evaluates the effects of an early combined EN +high-
protein PN nutrition strategy to decrease the nutritional deficiencies in the
critically ill Patients at nutritional risk. We hypothesise that this nutritional
strﬁtegty will improve the functional outcomes of these nutritionally high-risk
patients.

()
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Conclusion

broad range of adverse effects from limited research (observational data with
small participant size and expert opinions).

lifesaving therapeutic in patients with kidney disease.

The prevention and management of TPN-KD involves careful monitoring of

electrolyte imbalances and adjusting the composition of the TPN solution
accordingly.

Patients with underlying comorbidities such as diabetes and preexisting kidney
disease are at higher risk of developing TPN-KD. Therefore, close monitoring of
kidney function is essential in these patients to detect

and manage TPN-related kidney dysfunction early. Acute kidney injury can be
reversible with appropriate management, such as adjusting the composition and
rate of TPN administration and correcting electrolyte imbalances. However, if lef

untreated, TPN-KD can progress to CKD and irreversible kidney failure. 93
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