Gut rest strategy and nutritional support in the acute phase of critical illness



Abstract  In critically ill patients, the intestine is a vulnerable organ and gastrointestinal (G-

dysfunction is common. Although guidelines recommend the use of enteral nutrition (EN) within
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24-48 hours in the critically ill patient who needs nutritional support, this may be

contraindicated in patients with acute gastrointestinal injury (AGI), as overuse of the gut in the

acute phase of critical illness may be harmful to prognosis. While some evidence suggests that

EN may favorably impact outcomes in critically ill patientsThere-is-a-contradiction-with-injury-

which-ean-provides-trophic-effectsto-maintainintestinal physielogy, we propose early and

restrictive EN should be perfermed-provided toin critically ill patients, especially those with AGI,

as an organ protective strategy.
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In-eritically-iH-patients;-theln critically ill patients the intestine is susceptible to injury, and

acute gastrointestinal (AGI) dysfunetion-is-commeninjury is common-ll, Evidence suggests that

an estimated 50% of patients have enterocyte damage at admission to the Intensive Care Unit

(ICU). and gastrointestinal symptoms occur in approximately 62% of patients in the ICU 2],

The Working Group on Abdominal Problems (WGAP) of the European Society of Intensive Care

Medicine (ESICM) identified four grades of AGI severity in intensive care patients: AGI grade 1

(risk of developing gastrointestinal dysfunction or failure), in which gastrointestinal symptoms

occur after an insult; AGI grade II (gastrointestinal dysfunction), in which interventions are

required to restore gastrointestinal function after acute occurrence of gastrointestinal symptoms;

AGI grade III (gastrointestinal failure), in which interventions cannot restore gastrointestinal

function; and AGI grade IV (gastrointestinal failure with severe impact on distant organ function),

in which gastrointestinal failure is immediately life-threatening.




funetions-onAs the —Glgastrointestinal tract-s functions to ingest, digest, and absorb nutrients

from food and waterdig

manifests as nausea and/or vomiting, absence of bowel sounds, diminished bowel motility,

gastroparesis with high gastric residuals or reflux, paralysis of the lower gastrointestinal tract,

diarrhea, intra-abdominal hypertension grade I (12—15 mmHg), and gastrointestinal bleeding,

which-shows mainlyfeeding intolerance in-eritically-ill patients-19 and critically ill patients with

AGI have higher mortality rates than those without AGI >3] Although guidelines recommend

carly Butin-eritically-ill patients;-the-guideline recommend-that-enteral nutrition (EN) started

within 24 — 48 hours of admission and is-the-preferred-route-of feeding-over-parenteral nutrition-

advanced toward geal-optimal nutritional goals over the next 48 —72 hours_for nutritional support

in critically ill patients-™-Seme, some questions-emerge remain: 1): whether-doesDoes the

gastrointestinal tract need ‘rest’ —injuryfor recovery of gastrointestinal function in critically ill

patients with —gut-need-berestforrecovery-funetion-when-AGlis-present? and 2) Is EN

applicable in critically ill patients with gastrointestinal dysfunction - will they derive benefit

from Patients-could-benefitfromutilizationusing the efinjury-injured organ-er-enteral-nutritionis

applicable-to-patients-with-impaired-gut? Thisreview—would-The answers to these questions will

betry-te explored in this review-the-answer-and-rationale.



Gastrointestinal dysfunction in critical ill patients

The main function of the gastrointestinal tract is digesting and absorbing nutrients and water

to meet the daily nutritional needs required for human survival. The gastrointestinal tract also

performs excretory, immune, endocrine, and barrier functions. The-main-funetion-of Gltractis-

when-GlwasInjury to the gastrointestinal tract results in improper injary-and-dysfunetion;

manifestations-were-digestion and absorption dysfunetion!®, impairment of the intestinal barrier

funetion-impairment 8, and dysregulation of the intestinal microbiota dysregulation2l In_ -(EETHER: T IR

critically ill patients, the symptom profile of improper digestion and absorption Pigestion-and- .- (RETHR: T

abserption-dysfunetion-was-shown-withis characterized by temporary self limiting

gastrointestinal symptoms, which progress to —feeding intolerance syndrome as gastrointestinal

dysfunction becomes more severe, inelading:in which patients are intolerant of EN and

>20 kcal/kg BW/day cannot be reached within 72 h of feeding attempts via the enteral route —

intestinal-dysmotility;and- Gl bleeding in-critically-illness- U which-were main target that-was- | (ﬁﬁ?%iﬂ‘: FhRGIE: [3hi%E

used-to-evaluate-acute-Gldysfunetion-or AGHY, Small intestinal mucosal integrity may also be | (BRETHR: PG HERE
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impaired in critically ill patients, leading to increased intestinal permeability, especially in (EETRER: TG aRE
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patients, intolerant to EN (RETER: FHEA: A9EE
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dysbiesis-ofFurthermore, critical illness alters the gut microbiota, whereby the gut microbiota of

critically ill patients is-gut-mierobiota characterized by low diversity, low abundance of key

commensal genera, and overgrowth of one bacterial genera. This dysbiosis of the gut microbiota

may be associated with —in-eritical-ill-patients-is-assoeiated-with-organ dysfunction_—11, whieh-

evaluatingand may be a useful marker of gastrointestinal function in
critically ill patients-GlHunetion-in-fature.

Fig.1 Acute gastrointestinal dysfunction in critically ill patients

Adaptive metabolism in the acute phase of critical illness

Eaeingdisease;Pathophysiological changes during illness cause the body to compensate in

an attempt to restore stability within the internal environment-bedy-ean-try-to-compensate-

response-were-deseribed:-the acute phase of critical illness has been variously (defined as the

first hours_after the onset of illness, te-athe first few days after the onset of illness, or the;the first

5-7 days after admittance-admission to the to-ICU was-used-in reeent-clinical trials 1313, }: The

adaptive response to acute critical illness includes a metabolic response to stress ['?lthe-metabolie
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respense-to, which —stress-implies-involves neuroendocrine and inflammatory/immune

mechanismsan that cause uncontrolled catabolism and the-development-ofa-resistance to

anabolic signals, including insulin;in-erderto-reset-the-hierarchy-of the-delivery-of energy-

substrates-to. This prioritizes the delivery of glucose to the vital organs that are unable to use

other substrates as energyvital-tissues-over-the-insulin-dependent-organs, mainly-fat-and-musele-

116,171, These-changesThese adaptive changes are complex and sequential, which has so far

prohibited the successful development of targeted interventions to modulate the metabolic

response to critical illness:-are-hardly-amenable-to-any-fruitfulintervention,-and-therapeutie-

Enteral nutrition in the acute phase of critical illness

Ttis-neeessary-to-getSufficient and appropriate nutrition is essential to sustain the nutrition-

forbody’s metabolism-which-is-essential-condition-to-the living-being—And-, such that

malnutrition-inereases_is associated with high morbidity and mortality in the intenstve-care-unit-

{CU) 181, Evidence suggests that EN is Enteral nutrition-(EN)-therapy-has-beenshownto-be-

beneficial to critically ill patients, as it may reduce —in-terms-ofredueing-disease severity,
diminishing-diminish infectious complications, and decreasedeereasing— length of stay in the

ICU, and-favorably impacting patient outcomes 1%2%, However, as due-to-complicated-metabolie

changesthe metabolic response to critical illness is complex, there is a high incidence of AGl-and-
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high-propertion-of Glinjury in the acute phase of critical illness 2, Furthermore, as-and-a_

anorexia is-part-eftheis a component of the acute physiologic response to severe illness that-ean-

be-eitheradaptive or-maladaptive 2], it is uncertain when and how much EN should be perform-
provided in-the-acute-phase-oferitical-ilnessat this time.

In-aA large, retrospective, cohort study found-theshowed that the initiation of enteral-

nutrittonEN within 48 hours of mechanical ventilation was associated with reduced rates of

hospital mortality in critically ill hemodynamically unstable patients was-associated-with-a-

treated-with-mechanical-ventilation 22, Several- meta-analysesA meta-analysis aggregated-dataof

data extracted from frem-RETFs-randomized controlled trials (RCTs) showed early EN was
associated with a significant reduction in mortality and infectious morbidity in critically ill

patients in the ICU23], Butsemeln contrast, one RCT showed-trialsshowed early-EN within 24

hours of admission in ICU patients was not associated withwith a reduction in_hospital discharge

mortality or

hospital or ICU length of stay —[24], while another RCT demonstrated no difference in 30-day

mortality or rates of adverse events in patients that received parenteral or EN ~Anothertrial-

found-within 36 hours after-aof an unplanned admission to_the ICU and-continued-forupto-5-

mortality-and-otheradverse-events- 14, Inconclusion;no-enoughTaken together, these findings




indicate that there is not enough data to determine the superiority of early EN vs. delayed EN or

parenteral nutrition for critically ill patients —data-prove-early EN-is-be-superior-to-than-delaying-

EN-orPN. However, the Society of Critical Care Medicine (SCCM) and American Society for (RETER: T Jeo

Parenteral and Enteral Nutrition (A.S.P.E.N.) 2016 guideline, and the Working Group on o (EETERR: Fh

Gastrointestinal Function within the Metabolism, Endocrinology and Nutrition (MEN) Section of

the European Society of Intensive Care Medicine (ESICM) 2017 guideline recommend the use

of EN within 24-48 hours in the critically ill patient who needs nutritional support vs. delaying

EN or the use of early parenteral nutrition, as there may be a beneficial effect oneensidering-

potential-benefit on-mortaliymortality;— and a redueed-reduction in infeetion-infectious

complications ;e

therapy-ratherthan-delaytne FN-ocark-PN-22 23 o (BRETHR: b Ikl

iHness-also-Dosing of EN is in the ICU is complicated by a patient’s nutrition risk, baseline

nutrition status, and disease severity. One-The-single randomized;controlled-trial (RCT) in_

critically ill patients showed permissive underfeeding in the first 7-days of an ICU stay may be

associated with lower hospital mortality rates than target feeding in-eritically-ill patients-29, Two

randomized;-eontrolled-trialsRCTs that evaluated initial minimal-ertrephiefeedingtropic EN

with-abeut approximately 400 kcal per day (for up to 5 or 6 days after admission to the ICU J-vs.

full EN with approximately 1300 kcal per day over the first week of admission in patients with




acute lung injury or acute respiratory failure- eompared-with-the-full-feedinggroup-with-abeut-
1300-keal per-day-showed —initial-trophie-enteral nutritionresulted-in-similar clinical outcomes,
but te-these-of-early-full-energy-enteral nutrition-but-with-fewer episodes of gastrointestinal

intolerance with initial tropic EN [13- 271, Then-Subsequently, aa multicentertargelarge

multicentre RCT was performed-fer to evaluating-cvaluate the effect of _2 weeks of permissive

underfeeding, defined as 40 to 60% of calculated caloric —requirements vs. standard EN, defined

as 70 to 100% of calculated caloric requirements, on mortality eempared-with-standard-enteral-

feeding-during 2-weeks-in critically ill patients after surgical, medical, or trauma admission to the

ineluding ICU

after ICU-admission-24128], Protein intake was similar in the two groups, but the permissive
underfeeding group received less nonprotein calories than the standard EN group. Fheresult
showed-Findings showed that receiving less nonprotein calories in the permissive underfeeding_

group —was not associated with lower mortality than-planned-delivery-efacompared to receiving

a full amount of nonprotein calories_in the standard EN group-(kilecaleries(mean=SD):-

8354297 vs-1299+467), but asseciated-with-lower-blood glucose levels-and, redueed-insulin

requirements, need for renal-replacement therapy, and lew-daily fluid balance were lower in the

permissive underfeeding group andlow-incidence-of renal placement-therapy- 281, In-

conelusionThese data suggest that; permissive underfeeding may be applicable in the acute phase

of critical illness, altheugh-which-isnetapplicable-te-except in patients whe-are-at high nutrition
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risk (ege.g., Nutritional Risk Screening [NRS] 2002 >==5 [2%] or Nutrition Risk in the Critically

111 [NUTRIC] score >=5 19, without interleukin 6) or who are severely malnourished 23],

Gut rest strategy and enteral nutrition

Gastrointestinal blood flow is reduced in patients-in-eritical-illnessescritically ill patients

despite fluid replacement and interventions to normalizenermalization-of blood pressure and

cardiac output. This reduction in blood flow is associated with ischemic injury, bacterial

translocation, and multiple organ failure®%, Studies in dogs showed that;-the study in-animal-
foeund-enteral nutrients_—eeuldcan increase blood flow to the gastrointestinal tract, a
phenomenon referred to as the “postprandial hyperemic response™-". This may preserve gut
integrity and prevent gut-derived complications Bl 32] Se-enteral—nutrients Other evidence

suggests that EN has—previde trophic effects-te_that maintain intestinal physiology, prevent

atrophy of gut vili—atrephyvilli, —deereasereduce— intestinal permeability, —stimulate-

intestinal-perfusion-to-protect against ischemia- reperfusion injury by stimulating intestinal

perfusion;-and-, and that EN preserves gut immunity threugh-theireffeets-on-theby affecting

gut-associated lymphoid tissuel23],

Although-itis-pessible-ofAlthough some reports indicate that EN suppert-to-restore-efmay

restore gastrointestinal function in critically ill [patients, —GlHunctionfew studicsstudics

investigating the influence of AGI on the prognosis of critically ill patients provided EN and the

effect of —a
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rele-ofEN on AGI in critically ill patients are scarce-—Se-it-is-unelearhow-to-perform, and there

are no guidelines for the provision of —EN with-to patients with AGIL—bﬁ{. Theoretically, it seems

reasonable to suggest that —excessive usage-use ef injury-Gltractof an injured gastrointestinal

tract may

deleterious effects”. The-Accordingly, one study found that-thea high frequency of enteral-

nutrittonEN-related gastrointestinal complications in critically ill patients-, ameng-whichof

which high gastric residuals wasis—_the most frequentcommon, in-eritically-i-patients-is-high;-

and enteralfeeding-gastrointestinal intolerance to EN seems-seemed to have-an-evelutiveeffeet

n-prolong ing-the ICU stay and inereasing-increase mortality 341 Early-In other studies, there

was an association between earlynutrition-and nutrition or enteral-feedingEN —were-assoeiated-

withand increased ventilatien-ventilator-associated pneumonia in patients with invasive

mechanical ventilation and shock®3 -, and EN resulted in —Anotherstudy-also-found-when-

upper GlHdigestive intolerance-eeecurred, which was associated with nosocomial pneumonia, a

prolonged ICU stay, and a high ICU mortality in critically ill patients there-was-a-significantly-

ity-136]. And-Furthermore

overfeeding in critically ill patients may be associated with hypercapnia, increased risk of

infection, metabolic disturbances such as hyperglycaemia, liver dysfunction, and extended time

on mechanical ventilation 1237, and-And-in nen-septic-critically il patients;-early energy

overfeeding was associated with higher mortality in non-septic critically ill patients B8,

12
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In critically ill patients ;-when-sever-with severe injury-eeeusr, therapeutic approaches must-

focus on the insutt-pathology itself(e.g., trauma, necrotic, or infected tissue), thereby~

interrupting-the potentially fatal signalingeaseaderight-atitsreetoften allowing survival after a

potentially lethal illness. While the adaptive metabolic response has evolved to be beneficial

following minor trauma, it may become exaggerated and self-destructive causing secondary

metabolic damage in patients surviving severe, potentially lethal conditions due to advances in

modern medicine —3%-3 n.— Effective

treatment must prevent this secondary metabolic damage; however, these interventions must not

cause progressive harm. In critical care, studiesfound-exeessive-usage-efevidence suggests that

excessive use of an injured organ injury-ergan-was-asseetated-withis associated with poor

prognosis;+. Restrictive-therapy or protective therapy eeuld-protects —injurythe injured organ-

organ ;-which-can-not-afford normal-woetkloads;from progressive harms-atleast-no-inferior

inln one study of patients with acute lung injury and-the acute respiratory distress syndrome,
mechanical ventilation with a lower tidal volume than is traditionally used results-in-was

associated with reduced mortality and increased the number of days without ventilator use

decreased-mortality 4, Conservative-In another study, a conservative strategy of fluid

management in-patients-with-acute tung-injury-impreves-improved lung function and shorten s-

the duration of mechanical ventilation in patients with acute lung injury 4. Furthermore, a

restrictive strategy of red-cell transfusion was shown to be at least as effective as and possibly

13



superior to a liberal transfusion strategy in critically ill patients*’). —Conversely, The-the use of

diuretics, which-meanswhich causes —overuse of residual kidney function, in-eriticatly--

patients-with-aeuterenal-failure-was associated with an increased risk of death and nonrecovery

of renal function_in critically ill patients with acute renal failure #2), A-restrietive-strategy-of-

Fig.2 Protective or restrictive therapy in critically ill patients

In-additienSimilarly, overuse of the gut may be harmful to prognosis in the acute phase of
critical illness. Atleastin-theln the acute phase after a severe insult, an-aggressive nutritional

therapy (e.g., by guiding exogenous caloric support according to energy expenditure) may not

only-be-witheut-have beneficial effects;-. In fact this approach is potentiallybut-may-be-even—_

detrimental, as it may cause a-by-eausing-a metabolic overload and/or-by suppressing the

ubiquitin—proteasome pathway and related autophagy, which are potentially important for

cellular repair and organ recovery 3% 44 And-a-reeentln support of this, a recent study-has-

(BRETHRR: THHIG: AR

foundstudy found that early isocaloric enteralnutritien-EN did not reduce mortality or the risk of

secondary infection sin critically ill adults with shock. but it was associated with a greater risk of

digestive complications compared with early isocaloric parenteral nutrition in-eritically-il-adults-

with-sheel 43, Efficacy of artificial nutritional support may increase and improve patient

outcomes Only-ifthewhen the immunologic and inflammatory metabolic triggers associated with

14



the adaptive metabolic response, in the acute phase of critical illness have largely disappeared; -(EETHER: T IR

Se-inTherefore, —eritically-ill-patients-with- AGL-we propose restrictive EN should-be-

betteris the optimal choice-ehoiee for critically ill patients with AGI. in-theery ;althoughne-trials

prove-this-hypethesis—As trophic feeds (usually defined as 10-20 mL/h or 10-20 kcal/h) are a

protective strategy, reducing gut burden and maintaining intestinal physiology, they However;-

trophie-feeds-(usually-defined-as+0—20-mlk/h-or 1020-keal/h)-may be sufficient to prevent
mucosal atrophy and maintain gut integrity in critically ill patients witheuthighat low nutrition

risk (NUTRIC score >=5) 231,

isand-strategy may be-mere
applicable to critically ill patients with AGl;-which-need-to-study-in-advanee-in-futare. To the

authors’ knowledge, there are no trials that prove this hypothesis; therefore, large scale studies

are warranted to investigate this approach.

o (HRI: W BTS2 T

Conclusions

Injury to the gastrointestinal tract manifests as improper digestion and absorption,

impairment of the intestinal barrier, and dysregulation of the intestinal microbiotaWhen-Gl-was-

improve gastrointestinal function ¥a-in critically ill patients. However, in the acute phase of
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critical illness, we propose that ;-itis-believed-thatearly-enteral-nutrition-could-improve-

gastrointestinal-funetion;-but-trophic feeding may be applicable-the optimal strategy considering

the adaptive metabolic responsemetabelism and acute-gastrointestinal-injuryAGl.-in-the-acute-

phase-oferitical-ilness;-and Ttrophic feeding may be enekind-efan organ protective strategy in_

critically ill patients, similar to the use of sueh-low tidal volume, restrictive fluid resuscitation,

and restrictive transfusion;-ete-in-eritically-ill-patients.
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