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Abstract

Introduction: Although guidelines emphasize that the provision of enteral nutrition (EN) should be as close as the patient’s needs, prospective studies question this
strategy.

Objective: To compare the effect of two EN strategies (underfeeding versus full-feeding) on ICU and overall mortality (hospital mortality or 60-day mortality) and length
of stay (LOS), duration of mechanical ventilation (MV), infectious complications, and gastrointestinal tolerance in ICU patients.

Methods: Random effects meta-analysis of randomized controlled trials (RCT). Our search covered MEDLINE, EMBASE, SCOPUS and CENTRAL databases until
May 2015. Underfeeding was assigned into two different groups according to the level of energy intake achieved (moderate feeding 46-72% and trophic feeding
16-25%) for subgroup analysis.

Results: Five RCTs were included among the 904 studies retrieved (n = 2,432 patients). No difference was found in overall mortality when all five studies were
combined. In the subgroup analysis, moderate feeding (three studies) showed lower mortality compared with full-feeding (RR 0.82; 95% Cl, 0.68-0.98; P 0% p =
0.59 for heterogeneity). No differences were found for ICU mortality, ICU and hospital LOS, duration of MV, and infectious complications. Underfeeding showed lower
occurrence of Gl signs and symptoms except for aspiration and abdominal distention (no difference was found).

Conclusions: This meta-analysis found no differences in ICU and overall mortality, ICU and hospital LOS, duration of MV, and infectious complications between
underfeeding and full-feeding. The subgroup analysis showed lower overall mortality among patients receiving moderate underfeeding. This result should be cautiously
interpreted due to the limitations of the small number of studies analyzed and their methodology.

Resumen

Introduccion: a pesar de las directrices que hacen hincapié en que la cantidad de la Nutricion Enteral (NE) administrada debe estar préxima a las necesidades del
paciente, los estudios prospectivos cuestionan esta estrategia.

Objetivo: comparar el efecto de dos estrategias de NE (subalimentacion vs. alimentacién completa) sobre la mortalidad en la UCI y general (mortalidad hospitalaria
o la mortalidad en 60 dias), el tiempo de internacion en la UCl y en el hospital, duracién de la ventilacion mecanica (VM), complicaciones infecciosas y la tolerancia
gastrointestinal en pacientes criticos.

Métodos: metaandlisis de efectos aleatorios de ensayos clinicos aleatorizados (ECA). Nuestra blsqueda se basa en MEDLINE, EMBASE, SCOPUS y CENTRAL hasta
mayo de 2015. La subalimentacion fue asignada a dos grupos diferentes de acuerdo con el nivel de consumo de energia (alimentacion moderada 46-72% y la
alimentacion tréfica 16-25%) para el andlisis de subgrupos.

Resultados: se incluyeron cinco ECA entre los 904 estudios que se encontraron en la blsqueda (n = 2.432 pacientes). No se encontraron diferencias en la mor-
talidad general cuando se combinaron los cinco estudios. En el analisis de subgrupos, la alimentacion moderada (tres estudios) mostré una mortalidad méas baja en
comparacion con la alimentacion completa (RR 0,82; IC 95% 0,68-0,98; I° 0% p = 0,59 para la heterogeneidad). No se encontraron diferencias de mortalidad en
la UCI ni en el tiempo de internacion hospitalaria, la duracion de la VM y las complicaciones infecciosas. La subalimentacion mostré menor aparicion de signos y
sintomas gastrointestinales, excepto para aspiracion y distension abdominal (no se encontré ninguna diferencia).

Conclusiones: este metaandlisis no encontr¢ diferencias significativas de mortalidad, duracion de la estancia, duracion de VM ni complicaciones infecciosas en la
UCI o hospitalizacion total entre los grupos de subalimentacion y alimentacion completa. El andlisis de subgrupos mostré menor mortalidad global entre los pacientes
que recibieron la subalimentacion moderada. Este resultado debe interpretarse con cautela debido a las limitaciones del pequefio nimero de estudios analizados
y su metodologia.
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INTRODUCTION

Critically ill patients are characterized by high metabolism due
to stress response. Cytokine and stress hormones predispose
patients to high protein catabolism due to muscular proteolysis,
allowing the synthesis of acute-phase protein (1). As a result of
this stress response, critically ill patients are bound to develop
protein and energy deficits, added by total or partial inability of
oral feeding. In order to prevent nutrition deficits related with
the morbidity and mortality of hospitalized patients (2) and their
associated worse clinical outcomes, enteral nutrition (EN) is the
recommended first-line therapy for critically ill patients (3).

Full-feeding (targeting the estimated energy requirement) is
recommended by the main guidelines to prevent nutritional defi-
cits, mitigate lean mass loss, prevent complications, and improve
clinical outcomes (4-6). Observational data suggest that energy
deficits (energy received-energy requirements) are associated
with worse patient outcomes (7). However, prospective studies
found no association with improvement in clinical outcomes with
full-feeding (8,9).

Intentional calorie restriction (permissive underfeeding) has
been associated with improvements in longevity biomarkers in
overweight individuals (10). However, during a period of critical
iliness, the relevance of the potential mechanisms by which calorie
restriction would be beneficial still unclear. In critical care, moder-
ate feeding (lower-than-target) is supported by observational and
prospective studies and thought to be as beneficial or at least as
effective as full-feeding (11,12). Trophic feeding (EN infusion rate
of 10-30 ml/h) has been proposed as a strategy to maintain gut
integrity and function due to the reduced feeding complications
and gastrointestinal intolerances.

There is still no consensus regarding the optimal amount of cal-
ories that critically ill patients should receive. Additionally, compar-
isons among studies are challenging because depending on how
caloric goals are estimated, full-feeding in one study turns out to
mean the same number of calories as underfeeding in another.
However, taking into account that this topic has being highly debated
and there is literature showing results in opposite directions, it is
important to summarize data to better understand which approach
may improve outcomes in this population. Therefore, the aim of this
study is to systematically review and analyze randomized controlled
trials (RCTs) comparing the effects of underfeeding with full-feeding
strategy in patients with acute respiratory failure requiring mechan-
ical ventilation (MV) on ICU and overall mortality, ICU and hospital
length of stay (LOS), duration of MV, infectious complications, and
gastrointestinal tolerability.

MATERIALS AND METHODS

PROTOCOL AND REGISTRATION

A predetermined protocol established according to Cochrane
Handbook recommendations (13) was registered at the interna-
tional prospective register of systematic reviews under the number
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CRD42014013041. The PRISMA statement is used to improve the
reporting of results (14).

INCLUSION AND EXCLUSION CRITERIA

We considered all RCTs comparing underfeeding and full-feed-
ing strategies in adult patients with acute respiratory failure
requiring MV. Data from at least one major clinical outcome (ICU
and overall mortality, ICU and hospital LOS and duration of MV)
had to be available for study inclusion. In addition to major clinical
outcomes, infectious complications and gastrointestinal signs and
symptoms (regurgitation, aspiration, vomiting, diarrhea, constipa-
tion, abdominal distention, elevated gastric residual volume (GRV)
and use of prokinetic agents) were analyzed. If data necessary for
the review were missing, we contacted the authors by e-mail. The
study was excluded if no answer was received within four weeks.
We also excluded studies that did not report outcomes and/or
used supplementary parenteral nutrition. No language, date or
publication status restrictions were imposed.

SEARCH STRATEGY AND INFORMATION
SOURCES

We searched MEDLINE, EMBASE, SCOPUS and the Cochrane
Central Register of Controlled Trials (CENTRAL) (up to May
2015). We used the acronym PICO (Participant, Interventions,
Comparisons, and Qutcomes) to formulate the clinical question
(13). Thus, the Medical Subject Headings (MeSH) terms and their
entry terms were for population critical care; and for intervention
and comparisons, enteral nutrition (“underfeeding” [interven-
tion] and “full-feeding” [control]). For outcome, we decided not
to restrict the search in order to find all available outcomes
analyzed in the studies. We also included entry terms for RCT
identification (available at http://www.sign.ac.uk/methodology/
filters.html#random). The complete strategy for MEDLINE search
is available at Supplemental Content. The studies were identified
by database searching, scanning reference lists of articles and
consultation with experts in the field. We checked the Annu-
al Congresses of the following societies: American Society for
Parenteral and Enteral Nutrition, European Society for Clinical
Nutrition and Metabolism, Society of Critical Care Medicine and
European Society of Intensive Care Medicine. A hand search was
conducted for original papers published in relevant journals in
the nutrition field.

DATA COLLECTION PROCESS

Titles, abstracts and full texts were reviewed by two indepen-
dent reviewers (0.S.F and A.D.v.F). Disagreements regarding
study inclusion were settled by a third investigator (S.H.L). Data
were extracted independently by two reviewers using a piloted
form.

[Nutr Hosp 2017:34(1):19-29]



UNDERFEEDING VERSUS FULL ENTERAL FEEDING IN CRITICALLY ILL PATIENTS WITH ACUTE RESPIRATORY FAILURE: 21
A SYSTEMATIC REVIEW WITH META-ANALYSIS OF RANDOMIZED CONTROLLED TRIALS

The data extracted included the studies’ methods and quali-
ty information (authors, publication year and journal, number of
participants, study design, trial duration, randomization mode,
allocation concealment, blinding, loss of follow-up and selective
reporting), patients’ demographic and baseline clinical character-
istics (age, gender, BMI, admission category, prevalence of sepsis,
use of vasopressor agents, APACHE Il or APACHE Ill score or SAPS
Il and Pa0,/Fi0, ratio). Nutrition strategy characteristics included
intervention period, energy intake target, achieved energy intake,
initial dose, increasing feeding rate and GRV. Data regarding out-
comes included: ICU and overall mortality (hospital mortality or
60-day mortality), ICU and hospital LOS, duration of MV, infectious
complications and gastrointestinal intolerance (diarrhea, consti-
pation, abdominal distention, vomiting, aspiration, regurgitation,
elevated GRV and use of prokinetic agents).

ASSESSMENT OF METHODOLOGICAL
QUALITY

The methodological quality and risk of bias of the studies
included were independently assessed by two reviewers (0.S.F
and A.D.v.F). Biases were classified into six domains: Selection
bias, Performance bias, Detection bias, Attrition bias, Reporting
bias and other. The “other” domain included the assessment of
potential bias arising from funding from nutrition industry organi-
zations. Each domain was classified as high, low or unclear (13).
Regarding risk of bias from funding, it was classified as “low” if
the author described the funding/support sources or “unclear”
if the information was not reported.

STATISTICAL ANALYSIS

ICU and overall mortality and infectious complications were
analyzed through Mantel-Haenszel method (15,16) and summa-
rized as risk ratios (RR). ICU and hospital LOS and duration of MV
through inverse variance method (13) and the effect measure as
mean difference (MD). Diarrhea, constipation, distention, vomiting,
aspiration, regurgitation, GRV and use of prokinetic agents were
analyzed through inverse variance method (13) and summarized
as RR after logarithmic transformation. For both RR and MD, their
corresponding 95% confidence intervals (Cls) were estimated.
Heterogeneity between studies was assessed using Cochran’s
x test (Q test) (statistically significant at p for trend < 0.10). The
> test was also performed to evaluate the magnitude of hetero-
geneity and was considered high if I> > 50.0%. Considering the
conservative characteristic of the random-effects model (17), this
approach was used to summarize RR and MD estimates. To detect
publication bias, we performed Begg's and Egger’s tests (18,19).
We conducted a subgroup analysis wherein the underfeeding
group was assigned according to achieved energy intake (trophic
nutrition [16-25% of target] and moderate feeding ([46-72% of
target]). Meta-analyses were performed using RevMan v 5.3 anal-
ysis software from the Cochrane Collaboration (20).

[Nutr Hosp 2017;34(1):19-29]

RESULTS

LITERATURE SEARCH AND STUDY
SELECTION

The flow diagram for the selection of eligible studies is pre-
sented in figure. 1. Through database searching, we identified
901 studies, and through other sources three more studies were
added. For full text examination we selected 25 studies (see data
collection process) and after exclusions, five studies were includ-
ed in the final qualitative and quantitative analysis (21-25). The
characteristics of the studies included are presented in table |,
while those related to nutritional strategy are shown in table II.

Studies included 100 to 1,000 patients of both genders and with
mean age of 54 + 4.3 years. Mean BMI was not different between
underfeeding and full-feeding groups for all studies, ranging from
25.0 to 30.4 kg/m2. Four studies reported the admission catego-
ry, with samples mainly composed of medical patients (average of
72%) (21,22,24,25). Although studies have used different scores
to assess severity, there were no differences between underfeeding
and full-feeding groups for all studies. Among five trials included in
this meta-analysis, three (21,23,24) used as inclusion criteria the
expectation to require MV for > 72 hours, so all patients were on MV.
Despite MV having not been considered as an inclusion criteria in two
studies, 99% and 97% of patients were on MV respectively (22,25).

= Records identified Additional records
-% through database identified through other
8 searching sources
= (n=1901) (n=3)
(7]
= |
Y
o Records screened
g after duplicates _| Records excluded
2 removed o (n=417)
g (n=442)
! Full-text articl
. ull-text articles
Full-text articles
assessed for eligibility > excluded (n = 20)
£ (n=25) .
5 Included PN: 6
S v Not the intervention
tw Studies included in in study: 8
qualitative synthesis Review design: 2
(n=5) Case-control
¥ design: 1
b RCT protocol
= Studies included in report: 1
] quantitative synthesis SR protocol report: 1
= .
= (meta-analysis) Not the outcomes
(n=5) of interest: 1
Figure 1.

PRISMA flow diagram of literature search and studies selection.
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Table I. Characteristics of included studies
Author, Gl BMI 2::;523? Sy Sepsis Vasopressor PaO,;
year, reference (kg/m?) Medical n (%) n (%) n (%) FiO, ratio
UF: 50 subjects, SAPS I
Desachy A, 2008 | 62% male, 64 + 13y | UF.27.0+5.0 UF: 35 (70%) UF: 40,0 + 1 10 UF:NR UF:NR UF:NR
1) FF: 50 subjects, FF.25.0 + 3.0 FF: 33 (66%) ST FF:NR FF:NR FF:NR
FF.42.0£17.0
76% male, 58 + 19y
UF: 120 subjects, APACHE I
Arabi YM, 2011 (22) 72% male, 50 +21y | UF. 28.5+7.4 UF: 95 (79%) UF:252 4 75 UF: 35 (29%) UF: 77 (64%) UF: 202 + 106
' FF: 120 subjects, FF: 285+ 8.4 FF: 103 (86%) FF-953+ 8.2 FF: 37 (31%) FF: 78 (65%) FF. 208 + 97
65% male, 52 + 22y e
UF: 98 subjects, APACHE I
Rice TW, 2011 (23) 40% male, 53 =19y | UF:29.2 +10.2 UF: NR UF:26.9 = 8.1 UF: 10 (10%) UF: 35 (36%) UF: 181 +110
’ FF: 102 subjects, | FF:28.2+9.4 FF: NR FFo60spp | T 12012%) | FR42(41%) | FF:1832122
46% male, 54 + 17y -
UF: 508 subjects, APACHE Il
Rice TW, 2012 (24 53% male, 52 +17y | UF:29.9+7.8 UF: 309 (61%) UF- 92.0 + 98.0 UF: 82 (16%) | UF:188(37%) | UF:168+ 79
’ FF: 492 subjects, FF.30.4 £ 8.2 FF: 309 (63%) FF-90.0 + 270 FF: 63 (13%) FF: 190 (39%) FF: 164 + 82
49% male, 52 = 16y o
UF: 448 subjects, APACHE I
Arabi YM, 2015 (25) 65% male, 50 + 19y | UF:29.0 +8.2 UF: 336 (75%) UF 210479 UF: 159 (35%) | UF:255(57%) | UF:192 =111
' FF: 446 subjects, FF:29.7 +8.8 FF: 335 (75%) FF210 : 81 FF:133(30%) | FF:243 (54%) | FF:189 =106
63% male, 51 =19y T

Mean + SD; BMI: body mass index; UF: underfeeding, FF: full-feeding; APACHE Il or lll: Acute Physiology and Chronic Health Evolution Il or lll; SAPS II: Simplified Acute
Physiology Score ll; NR: not reported.

Table Il. Nutritional strategy characteristics

Author, Intervention | Calculated caloric | Achieved energy Initial dose Increasing feeding GRV
year, reference period requirement intake rate
Desachy A, 2008 LFJE Z’? : ;g g:z: UF.1800+ 314keald | O 1(323/ ;m'/ d UF: 25 mUh UR25mUn2424h | o
P P e w4 0
21) (actua) FF: 1,836 + 340 kcal/d FF: 1,715 keald (93%) FF: target flow rate | FF: started at target flow rate
P p—— EE ; Szzz UF.1833+3%6keald | O 1(223/ ;@a'/ d UF: 30 mUh UEtOmUR 22|
y . . o f .
pemedr | FFO0EB1TRGAl | o ey | FFES0MUD FF: 10 mUh 4/4 h
UF: 5.5 + 3.6 days
. . UF:1,570 + 225 kealld | UF:300 kcalld (16%) |  UF: 10 mUh UF:0
Rice TW, 2011 (23) | FF: 5'23;5;)3 085 | £ 1 608 = 277 kealld | FF:1.418 kealld (75%) | FE:25mUh | FF25mUnhe/6hitnoGl | S0 M-
UF: 6 days UF: 10 ml/n
. . UF: NR** UF: 400 keal/d (25%) _ UF:0
Rice TW, 2012 (24) FF:6 days FF: NR™ P 1,300 keatd @0%) | U0 20K e s in e hitnoal | 400M
(planned) FF: 25 mi/h
UF: 9.1 + 4.6 days
. _ UF:1,822 + 377 keal/d | UF: 835 kcalld (46%) | UF: 30 mUh™* UF: 10 mUh 4/4 h*
ArabiYM, 2015 29) | FF: 9;;;;? 0205 | FF. 1 842 + 370 kealld | FF: 1209 keald 71%) | FF: 30 mUh™ FE10munaan | 20

Mean + SD; UF: underfeeding; FF: full-feeding; GI: gastrointestinal intolerance; GRV: gastric residue volume.
*We presented the actual intervention period when reported in the original manuscript, however for studies that did not reported this data, planned intervention period was

showed.

**Calculated caloric requirements not reported. Feeding rates were calculated with goals of 25 to 30 kcal/kg per day of nonprotein calories .

**Protocol used at adult ICU at King Abdulaziz Medical City. The centers were free to use their own standard feeding protocols.

[Nutr Hosp 2017:34(1):19-29]
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Four studies presented data on baseline sepsis diagnosis, use of
vasopressor agents and Pa0,: Fi0, ratio (22-25). Despite no differ-
ence within studies, baseline sepsis diagnosis and use of vasopressor
agents were higher in two studies (22,25) and baseline Pa0,:FiO, ratio
was lower in another study (24).

As far as nutritional strategies are concerned, the intervention
period was similar in four studies (4.7 days (21) to 7 days (22)).
In one study the intervention period was longer (9.4 days) (25).
The calculated caloric requirement of full-feeding groups ranged
from 1,608 to 1,842 kcal/d and that of underfeeding groups from
1,570 to 1,833 kcal/d (Table Il). The energy intake achieved in
full-feeding groups ranged from 71 to 93% of the estimated ener-
gy goal between the five studies; on the other hand, it varied wide-
ly in the underfeeding groups, reaching 16-25% in two studies
(trophic nutrition) (23,24) and 46-72% in the other three (moder-
ate feeding) (21,22,25). The initial dose in full-feeding groups was
similar in three studies (22-24) while, in a single study, EN was
started at optimal flow rate (21). In the five studies, the initial
dose in underfeeding groups ranged from 10 to 30 mL/h. The
increasing feeding rate in full-feeding groups was also similar
in four studies (22-25), ranging from 10 to 30 mL/h, guided by
protocols that considered GRV as a sign of EN tolerance. In the
underfeeding groups, two studies did not increase the feeding rate
during the intervention period, keeping the initial dose (23,24),
one study increased the feeding rate of 25 mL/h every 24 h (21),
and two studies increased the feeding rate of 10 mL every 4 or
12 h according to EN tolerance until reaching the energy goal
(22,25). GRV used in the feeding protocols ranged from 150 to
400 mL in the five studies. One multicentric study reported the
feeding protocol used in one center while the other centers were
free to use their own standard feeding protocols (25).

RISK OF BIAS IN THE INCLUDED STUDIES

Risk of bias assessment of the studies included in this system-
atic review and meta-analysis is summarized in figure 2. The risk
of bias for random sequence generation was low in four studies
(22-25). In one study (21) it was high due to more patients hav-
ing been admitted after surgery in the underfeeding group and
more patients having been admitted for trauma in the full-feeding
group. Risk of bias from allocation concealment was low in all
studies. Risk of bias from performance was high for all studies
considering that in none of them the researchers were blinded
due to the need of adjustments of the feeding rates according to
the protocols. Risk of bias from detection was low in all studies,
taking into account that outcome measurements were not likely
to be influenced by lack of blinding. Attrition bias was low in all
studies in view of the fact that outcome data were complete and
the rate of discontinued intervention was low. Risk of bias from
reporting was low in four studies (22-25) but in one study (21)
the risk was unclear due to the absence of separate reporting of
some gastrointestinal outcomes according to the groups. Regard-
ing funding bias, it was low in four studies (22-25) that showed
information about funding/support sources, none having received

[Nutr Hosp 2017;34(1):19-29]
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Rice 2012

Figure 2.

Risk of bias assessment of included studies in this systematic review and
meta-analysis. (+) low risk; (-) high risk; (no symbol), unclear risk. “Other” bias
domain included the assessment of potential bias arising from funding from nutri-
tion industry organizations.

funding from nutrition industry organization. In one study it was
unclear due to the absence of data (21).

Concerning publication bias, neither Begg’s (p = 0.46) nor
Egger’s (p = 0.43) tests achieved significance, providing evidence
of absence of publication bias.

EFFECTS ON CLINICAL OUTCOMES

Figure 3 presents a meta-analysis of overall and ICU mortality
between underfeeding and full-feeding. All included studies eval-
uated the effects of underfeeding versus full-feeding on overall
mortality. Pooled data from these five studies did not find differ-
ences between underfeeding and full-feeding strategies in the
risk of overall mortality (RR, 0.91; 95% Cl, 0.78-1.06; ?13%, p =
0.33 for heterogeneity). The achieved energy intake varied widely
in the underfeeding group even with low heterogeneity (> 13% p
= 0.33). Therefore, a secondary analysis was performed wherein
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Review: Enteral nutrition strategies for critically ill patients
* Comparison: Underfeeding vs. Full-feeding. Subgroup analysis
Outcome: Overall mortality

Underfeeding Full-feeding

Risk Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Random, 95% Cl Year

Risk Ratio
M-H, Random, 95% CI

1.1.1 Trophic feeding

Rice 2011 22 98 20 102 7.6%
Rice 2012 118 508 109 492 343%
Subtotal (95% CI) 606 594 41.9%
Total events 140 129

Heterogeneity: Tau®= 0.00; Chi*=0.09,df=1 (P=0.77), F=0%
Test for overall effect. Z=0.57 (P=0.57)

1.1.2 Moderate feeding

Test for overall effect Z=1.21 (P=0.23)
Test for subaroup differences: Chi*=3.42, df=1 (P = 0.06), F=70.7%

Review: Enteral nutrition strategies for critically ill patients
Comparison: Underfeeding vs. Full-feeding
Outcome: ICU mortality

Underfeeding  Full-feeding

1.14 [0.67,1.96] 2011 —

1.05[0.83,1.32] 2012 t

1.06 [0.86, 1.31]

Desachy 2008 " a0 14 a0 4.8% 0.79[0.40,1.56] 2008

Arahi 2011 36 120 51 120 17.5% 0.71[0.50,1.00] 2011 —

Arabi 2015 108 447 123 445 358% 0.87[0.70,1.09] 2015 —& 1

Subtotal (95% CI) 617 615 58.1% 0.82[0.68, 0.98] R

Total events 155 188

Heterogeneity: Tau®= 0.00; Chi*=1.06, df= 2 (P=0.59); F= 0%

Test for overall effect: Z=2.18 (P=0.03)

Total (95% CI) 1223 1209 100.0% 0.91[0.78, 1.06] ‘

Total events 295 N7

Heterogeneity: Tau®= 0.00; Chi*= 4.58, df= 4 (P = 0.33); F=13% =IJ 3 l]=5 é 5=

Risk Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Random, 95% Cl Year

Favours Underfeeding Favours Full-feeding

Risk Ratio
M-H, Random, 95% CI

Testfor overall effect: Z=1.23 (P = 0.22)

Desachy 2008 g 50 B 50  B.1% 1.33[0.50, 3.56] 2008
Arabi 2011 21 120 26 120 22.0% 0.81[0.48,1.35] 2011 —
Arabi 2015 72 448 85 446 72.0% 0.84 [0.63,1.12] 2015 —
Total (95% CI) 618 616 100.0% 0.86 [0.67, 1.09] -
Total events 101 17
ity: 2= - Chif= = = ‘P= [ + t i
Heterogeneity: Tau®= 0.00; Chi*= 0.84, df= 2 (P = 0.66); F= 0% 07 05 ) 5

Favours Underfeeding Favours Full-feeding

Figure 3.

Forest plots (meta-analyses, random-effects models) of overall and intensive care unit (ICU) mortality between underfeeding and full-feeding in critically ill patients

(CI: confidence interval).

underfeeding was divided into trophic feeding (16-25% of target)
and moderate underfeeding (46-72% of target) according to the
level of energy intake achieved (test for subgroup differences:
[270.7%, p = 0.06). Mortality was lower with underfeeding in
the three studies where the underfed group received moderate
feeding (at a level that overlapped with the full-feeding level in
some studies) (RR, 0.82; 95% Cl, 0.68-0.98; 1> 0%, p = 0.59 for
heterogeneity).

Among the five selected studies, two were excluded from the
ICU mortality analysis due to the absence of data (23,24). There
was no difference in ICU mortality between the two strategies
(RR, 0.86; 95% Cl, 0.67-1.09; I20%, p = 0.66 for heterogeneity).

Forest plots of the effects of underfeeding versus full-feed-
ing on ICU and hospital LOS and duration of MV are shown in
figure 4. Three studies (21,22,25) reported the effects of nutri-
tional strategies on ICU and hospital LOS. Regarding ICU LOS,

two studies (21,25) reported the same period of hospitalization
for both groups while the other (22) showed longer LOS in the
full-feeding group. In the meta-analysis, no significant differences
were found (MD, -0.61; 95% Cl, -2.25-1.03; I?26%, p = 0.26 for
heterogeneity). As far as hospital LOS is concerned, no differences
were found (MD, -1.94; 95% Cl, -6.13-2.25; I?0%, p = 0.91 for
heterogeneity).

The duration of MV was evaluated by four studies (22,25) and
did not significantly differ between groups (MD, -0.67; 95% Cl,
-1.52-0.19; 1213%, p = 0.33 for heterogeneity).

Infectious complications were reported in four studies (22-25)
and did not significantly differ between groups (RR, 1.00; 95% Cl,
0.88-1.12; 0%, p = 0.54 for heterogeneity) (Fig. 5).

Effects of underfeeding versus full-feeding on gastrointesti-
nal signs and symptoms are shown in figure 6. Among the five
selected studies, three (21,23,24) reported data for vomiting,
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Figure 4.

Forest plots (meta-analyses, random-effects models) of intensive care unit (ICU) and hospital length of stay and duration of mechanical ventilation between underfeeding

and full-feeding in critically ill patients.

Comparison: Unferfeeding vs. Full-feeding
Outcome: Infectious complications

Review: Enteral nutrition strategies for critically ill patients

Test for overall effect: Z= 0.07 (P = 0.95)

Favours underfeeding Favours full-feeding

Favours [experimental]  Full-feeding Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Rice 2011 30 98 33 102 856% 0.95[0.63,1.42] 2011
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Figure 5.

Forest plots (meta-analyses, random-effects models) of infection between underfeeding and full-feeding in critically ill patients.

regurgitation and high GRV. Vomiting was 21% lower (RR, 0.79;
95% Cl, 0.63-1.00; 170%, p = 0.87 for heterogeneity) and regur-
gitation 44% lower in the underfeeding group (RR, 0.56; 95% Cl,
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0.39-0.80; 120%, p = 0.73 for heterogeneity) as well as elevated
GRV occurrence (RR, 0.39; 95%, Cl, 0.25-0.61; 0%, p = 0.72
for heterogeneity). The use of prokinetic agents was reported by
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Figure 6.

Forest plots (meta-analyses, random-effects models) of gastrointestinal signs and symptoms between underfeeding and full-feeding in critically ill patients.
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four studies and was less common in the underfeeding group (RR,
0.85;95% Cl,0.73-1.00; 120%, p = 0.41 for heterogeneity) (21,23-
25). Two studies (23,24) analyzed the effects of underfeeding
versus full-feeding on constipation, aspiration and distention. Con-
stipation was 33% less frequent in the underfeeding group when
considering the feeding days (RR, 0.67; 95% Cl, 0.54-0.85; 0%,
p = 0.92 for heterogeneity). Aspiration and abdominal distention
did not differ between groups (RR, 0.69; 95% Cl, 0.44-1.08; 10%,
p = 0.35 for heterogeneity and RR, 0.86;95% Cl, 0.70-1.06;
120%, p = 0.32 for heterogeneity respectively, forest plots not
shown). Diarrhea was evaluated by three studies and its occur-
rence was 15% lower in the underfeeding group (RR, 0.85; 95%
Cl, 0.75-0.96; I?0%, p = 0.78 for heterogeneity) (23-25).

DISCUSSION

This systematic review and meta-analysis of RCTs enabled
us to assess the effects of two different feeding strategies on
clinical outcomes and gastrointestinal tolerability in critically ill
patients. Studies analyzed were not associated with differences
in overall mortality (21-25). Subgroup analysis showed different
effects according to the achieved energy intake. In the moderate
feeding subgroup that reached 46-72% of the energy require-
ment (21,22,25), overall mortality was significantly lower in the
underfeeding group than in the full-feeding one. This adequacy
fits the proposed minimum cutoff value suggested by ASPEN (6)
for the first week of ICU and is similar to the average adequacy
found in international multicenter studies (26,27). No differences
were found in the trophic feeding subgroup (23,24) that reached
16-25% of requirements. The two strategies evaluated in this
study were not associated with differences in ICU mortality, ICU
and hospital LOS, duration of MV and infectious complications.

Early EN is considered a therapeutic strategy associated with
decreased disease severity and complications, as well as reduced
ICU LOS (6,28,29). Among the reasons for offering early EN, main-
taining the gut integrity and systemic immune response system
should to be considered. However, despite the recommendation of
early EN by current clinical practice guidelines, it remains unclear
how much energy critically il patients should consume consider-
ing the conflicting evidence in support of both initial underfeeding
and full-feeding strategies (7,11,22-25,30,21).

Concerning gastrointestinal signs and symptoms, this study
found some interesting data. Unlike the study by Choi et al. (32),
which pooled data on the incidence of serious gastrointestinal
intolerance (vomiting, regurgitation and diarrhea) and found no
differences between feeding strategies, we decided to observe
gastrointestinal signs and symptoms separately to better under-
stand the effects of the strategies evaluated in the results. Under-
feeding was associated with low occurrence of all upper digestive
intolerance signs and symptoms and the protective effect ranged
from 21% for vomiting to 61% for elevated GRV occurrence.
Upper digestive intolerance signs and symptoms are associated
with a higher incidence of nosocomial pneumonia, longer ICU
stays and higher ICU mortality (33). Data show that symptoms
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occur early, and are more frequent in patients using sedation or
catecholamines (33). For lower gastrointestinal tract symptoms,
underfeeding showed the same trend, lowering the occurrence
by 15% for diarrhea and 33% for constipation. Abdominal dis-
tention was not different between the groups. Diarrhea, which
is the gastrointestinal symptom most commonly experienced by
critically ill patients, and the respective contribution of feeding,
were explored by Thibault et al. (34). They reported that the medi-
an day of diarrhea onset was the sixth day and that most patients
had < 4 diarrhea days. As an important result, enteral covering
of > 60% of the energy target was associated with 75% more
occurrences of diarrhea. These findings are consistent with our
observations that diarrhea was less frequent in the underfeeding
group. Constipation, a prevalent symptom in critically ill patients
(35,36), is associated with delays in weaning from MV that can be
explained by distention, discomfort and restlessness experienced
by patients and by the inability of the ventilator muscle to cope
with increased workload caused by distention (35). Early defeca-
tion is associated with a shorter duration of MV and ICU length of
stay (37,38). Even after multivariate analysis, observational data
showed lower incidence of constipation when early EN was imple-
mented (36). Our results are consistent with these findings, since
underfeeding was associated with the symptom occurring 33%
less. The above may suggest that the benefit could center on the
introduction of nutrients in the gastrointestinal tract rather than
in the achievement of energy targets. No difference was found
for aspiration, a symptom that occurred rarely (one study (23)
reported one episode in the underfeeding group and other (24)
reported the occurrence of 0.2-0.3% of feeding days).

Although the literature search was conducted in multiple data-
bases and no restrictions concerning language, publication date
or publication status were imposed, this meta-analysis has some
limitations. First, the small numbers of studies retrieved did not
allow us to perform meta-regression. We were able to perform
subgroup analysis which allowed us to better understand the dif-
ferences between full-feeding and underfeeding strategies (tro-
phic and moderate feeding). However, the analysis was conducted
using only two studies and three studies, respectively, so these
findings should be interpreted cautiously. Second, none of the
study design used a double-blind format. Third, studies did not
report data of all outcomes evaluated in this meta-analysis, so
some analyses included two or three studies.

Concerning the methodology of the studies included, none of
them performed indirect calorimetry to measure resting energy
expenditure and thus accurately assess energy requirements
(6,39,40). The absence of a gold standard method to quantify
requirements is an important limitation of all the studies included,
since the prevalence of underprescription or overprescription of
energy needs in critically ill mechanically ventilated patients is high
when predictive equations or weight-based fixed prescriptions are
compared to estimates of indirect calorimetry values (38% and
12%, respectively) (41). Thus, the standard caloric requirements
and the goals of caloric intake set by the strategies evaluated
(full-feeding versus underfeeding) probably fail to match the actu-
al energy needs. Futhermore, studies used different methods to
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calculate caloric requirements (kcal/kg, kcal/kg of nonprotein
calories, Harris-Benedict equations adjusted for stress factors),
thus comparisons among studies are challenging because some
patients in one study may have received more calories than other
patient in other study regardless of the intervention group.

It is important to consider that full-feeding strategies did not achieve
their energy targets, ranging from 71-93% of requirements, and
none of the studies actually achieved their endpoints. Thus, groups
were energy deprived and the studies compared underfeeding ver-
sus severe underfeeding, common situation in prospective nutri-
tion studies in critical care setting (42). The lower limit achieved in
the full-feeding strategy (71% of goal) was actually lower than the
upper limit achieved in the underfeeding strategy (moderate feeding
- 72% of goal). This overlap of the adequacy between the groups
addresses a serious problem in the interpretation of results.

None of the studies analyzed body composition, so the nutri-
tional status is represented only by BMI, which has limitations
for critically ill patients. The mean BMI ranged from 25.0 (21) to
30.4 kg/m? (23). Although the standard deviation has been con-
sidered, undernourished patients are not well represented, thus
preventing generalization of the conclusions to this extreme end
of the population. Studies did not show hypoglycemia or worse
indicators of malnutrition in the population submitted to moderate
nutrition (22,25). Patients with prior malnutrition were not spe-
cifically contemplated. Alberda et al. found association between
energy supply and clinical outcomes between different BMI (43).
In this study, patients with BMI < 20 kg/m?2 showed reduction in
mortality with full energy supply strategy. This is a key-point on
treatment and possibly a limitation for intentional underfeeding in
patients with previous malnutrition. Decrease in weight prior to
admission would be a better tool to evaluate degree of malnutri-
tion. Another strategy for better assessment would be the use of a
specific tool to assess nutritional risk (such as NUTRIC - Nutrition
Risk in Critically Il - score) (44), which would allow the identifica-
tion of those who may benefit from aggressive nutritional therapy.

Recently, three RCTs compared underfeeding with full-feed-
ing nutritional support in critically ill patients (45-47). They were
excluded from our analysis due to the use of supplementary par-
enteral nutrition. One study found more nosocomial infections
in the underfeeding group while there was no significant effect
on ICU and hospital mortality and duration of MV (45). Another
found no differences regarding infections, ICU and hospital LOS
and mortality (47). The last study found no differences in length
of MV, hospital or ICU stay and infection but was prematurely
interrupted at the first interim analysis with the observation of
a statistically significant increase in mortality in the full-feeding
group. These findings should be interpreted cautiously considering
that a post hoc analysis is needed to determine which aspects of
the intervention resulted in higher mortality (46).

CONCLUSION

This meta-analysis found no differences in ICU and overall mor-
tality ICU and hospital LOS, duration of MV, and infectious com-
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plications when underfeeding and full -feeding were compared.
In the subgroup analysis, moderate feeding (46-72% of energy
intake) was associated with lower overall mortality (21,22,25)
compared with the full-feeding group. These results are in accor-
dance with the minimum cutoff value proposed for the first week
in the ICU (6) and the average adequacy found worldwide in
multicenter studies (26,27). Underfeeding was associated with
fewer occurrences of gastrointestinal signs and symptoms eval-
uated. The results should be cautiously interpreted due to the
small number of studies analyzed and their methodology. Large
multi-center RCT that measure resting energy expenditure as a
guide for nutritional therapy and achieve both caloric goals will
likely allow for a more definitive evaluation of feeding strategies
for critically il patients.
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