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Abstract

nutritional state.

Critically ill patients require adequate nutritional support to meet energy requirements both during and after
intensive care unit (ICU) stay to protect against severe catabolism and prevent significant deconditioning. ICU
patients often suffer from chronic critical illness causing an increase in energy expenditure, leading to proteolysis
and related muscle loss. Careful supplementation and modulation of caloric and protein intake can avoid [URAErGF
[oveifeedino, both @sseciated vvith [poorer Buitcomes. Indirect [calorimetiy is the preferred method for assessing resting
energy expenditure and the appropriate caloric and protein intake to counter energy and muscle loss. Physical exercise
may have favorable effects on muscle preservation and should be considered even early in the hospital course of a
critically ill patient. After liberation from the ventilator or during non-invasive ventilation, oral intake should be carefully
evaluated and, in case of severe dysphagia, should be avoided and replaced by enteral of parenteral nutrition. Upon

transfer from the Lo ENaId) BeEqUBIE MUTOM FETmaINSIESsEntial forIonGRteimIiehabIEton s.ccoss and

continued emphasis on sufficient nutritional supplementation in the ward is necessary to avoid a suboptimal

Background

The ICU course of patients surviving a critical illness is
relatively short, with clinical improvement achieved
within 3 to 7 days in the ICU. Notwithstanding the im-
provement, a subset of patients progress to a chronic
critical illness characterized by low-grade persistent in-
flammation and protein catabolism, a state referred to as

[1]. The quality of life of PICS patients may be substan-
tially impaired, suffering from a significant decrease in

functionality (as evidenced by limited 6 min walk distance)
a5 wel o o T

[2]. Substantial muscle 16ss, frailty, and sarcopenia are as-

sociated with decreased quality o Ife 4€ 6 and 12 month:

post-ICU, as well as an increase in organ failure and mor-

tality [3]. The consistent [décrease in-Jhospital mortality

achieved over the past years has yielded a [threefold in-

[4]. Adequate nutritional
support in the ICU setting can alter the post-hospital
course of these patients, and recent guidelines have been
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published outlining recommendations for ICU nutrition
in this patient population [5]. This review will address the
current guideline-based methods for providing adequate
nutritional substrates in both early and late phases of
ICU hospitalization, as well as the importance of early
mobilization and exercise and post-extubation nutri-
tional support.

[Catabalic response to stress

After injury or infection, [Cuthbertson described a
‘-’ - associated with a - in --
and body _ followed by an - ‘-’
[phase associated with an [icrease in [energy expenditure
and marked [catabolism [6]. The floW phase consists of
an [early period (approximately 48h) and a [lat€ period
(the subsequent 5lt0 7 days) [5]. If the patient [fails t
fully [fécover in the late period, the flow ‘phase is
followed by a [chronic critical illness phase which may
continue for Weeks (PICS), which is associated with [ifie
creased resting energy expenditure (REE)

and severe
The nutrients (principally glicose) required for com-
bating wound/ifijy/infection, in [addition to that Fed

system,

quired by the brain, kidneys, and hematopocitic
are @erived in part from PEOOINSIS and JpONSIS
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Conversion of SNG/AEA and HYEEHOI to EINEORE gen-

erally occurs by [gluconeogenesis and [glycolysis. During
the chronic (critical illness phase, however, insulin resist-
lnce associated with is common, and nu-
trient production [felies primarily upon proteolysis and
lipolysis. A retrospective cohort study conducted at our
institution demonstrated that of en-

ergy expenditure (approximately 1650 kcal/d), REE

[7].

[Protein breakdown may reach [127€6716/g of nitrogen/
day within [days| of admission and can increase Up't0'30'g
of mitrogen/day in certain cases [8]. This loss of nitrogen
is associated with a substantial l68§ of [muscle mass. The
lendogenous production of nutrition substrates through
[proteolysis and [lipolysis to SUpply sufficient glucose to
the body are of
substrates through diet. Therefore, during this phase of
endogenous substrate production, ICU staff should be
that

might lead to [overfeeding

Energy Fequifements and prescription
(OVeImion and, more commonly, GGG are

very [fréquent in the ICU, and the time to reach target
energy requirements may be prolonged [9]. The Nutri=

ORDAY ICUSAHGIE found that it takes IWERKTo seach
1500 Keal infake in 08t ICU in the World [9]. Under-

nutrition may be associated with prolonged length of
stay and mechanical ventilation, infection, and mortality

[10, 11]. Overnutrition may be also associated with prod
longed: mechanical ventilation and infection, as well as
lelevated [glucose, urea, and |hepatic function tests, which
in turn are associated with increased morbidity [12].
Several predictive [models have been proposed to prog-
nosticate resting energy expenditure (REE). A retrospect-
ive validation of these models with actual measured

energy expenditure [13] showed o correlation between
A P e g i o

imum agreement of 0.5 for some of the models [14, 15].
Moreover, the studies demonstrated that use of these
[model§ may result in nutritional recommendations
which either 6Ver='or underestimate nutritional needs by
500 kcal or more, leading to over- or undernutrition,
respectively.

e GaloREt is the [prefeifed MEdiod o more
precisely guide caloric requirements for REE and is rec-
ommended by both ASPEN [16] and ESPEN guidelines
[5]. However, because the availability of metabolic moni-
tors for indirect calorimetry i limited, resting energy ex-
ppenditure can be more readily |derived from VCO2

(REE=82XVCO2). While less accurate than indirect

calorimetry measurement, this method of measuring

REE is fH0F@ EEGISE than the use of pREdicEVe models

Page 2 of 5

[17]. In the absence of alternate methods, predictive
models can be used with an awareness of their prognos-
tic limitations.

With respect to recommendations for
intake, Zusman et al. [7] observed that providing be-

tween[ 70/and 100% of measured €nergy expenditure was
associated with improved survival It is remarkable to
note that patients who received in [éxcess of 100% of
measured energy requirements showed an [increase in
imortality (Fig. 1), underscoring the importance of meas-
ring REE and thereby avoiding overfeeding While the

study was retrospective and observational, it is the lar-
gest study to date comparing calorie intake to measured
energy expenditure and outcome. However, prospective
randomized trials are needed to confirm these findings.

Current
feeding [€arly in the course of ICU stay, as this has been

associated with o dgereaS inVInfEEtions CaloFic GnErgy
{aEgets should be seached within 3 days, provided that

caution is taken to avoid overfeeding and the resultant
increase in risk of complications [18]. If [caloric goals

icannot be reached through lenteral feeding, parenteral
nutrition can be administered between days'3 and 7 of

ICU stay to supplement the lack of sufficient calories
[5]. A balanced administration of macronutrients, in-
cluding lipids together with carbohydrates, is recom-
mended [5].

Special attention should be given to electrolyte status.

Any significant d€rease i potSsiim PhOSPROFIS, oF

corrected:prompty, coupled ith 2 dectease in ety
intake by 500 for the Subsequent few days [19, 20].
Close monitoring of electrolyte status should continue
throughout the ICU stay, as clinically significant distur-
bances can occur, not only at admission in Severe mal-

hourished patients, but @lse during the course of the
ICU stay in Well-nourished patients.
Recommendations for protein [intake are 1:3g/kg/day,

combined With an [éXercise program [5]. Observational
studies have shown that [protein intake was as-

sociated with - [21-23]. However, this

idomized controlled trials [24], which demonstrated only
_ in renal function [25] or in --

[26]. The improvement in renal function is related to an
increase in renal glomerular reserve and varies with pro-
tein load and patient age [5]. Other studies have failed to
demonstrate any clinical findings [27] favoring increased
protein administration.

Protein intake recommendations are dependent upon
patient clinical status. SAF€Openic patients with a sub-
stantial décline in muscle mass have increased mortality
risk, and high [protein [dief may [mprove their survival
[28]. However, in [séptic |patients, protein intake does ot
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™ - o g g
) §) o 4 o
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Unadjusted odds ratio for 60-day Mortality
o
;

20 40 60 80 100120140 160
Delivered Calories/REE Percent
Fig. 1 Survival according to calores delivered/eneray expenditure ratip and according to protein administered. From [7) with permision

J

appear to [influénce outcome [29], as evidenced in the
EATICU siudy (24) which cid o show an mprove:
_

fein_intake! A |post hoc analysis, however, showed
significantly [improved survival in patients with normal

[renal function and high protein intake [30].
[Exercise, such as with a cycloergometer, has been
demonstrated to enhance short-term recovery, as evi-
denced by improved by 6 minute walk distance, force
(?), and quality of life [31]. When mobilization is actively
planned and implemented, a decrease in the duration of
mechanical ventilation and length of stay has been ob-
served [32]. However, outcomes are likely dependent
upon duration and frequency as well as form of exer-
cise. Moreover, the feasibility or appropriateness of
aerobic exercise at bedside in ICU patients may limit
its application.

Interestingly,

EEEREREREEIERGS ‘o paicnts vith EECHEGHRE
was recently shown to [preserve musclé fiber cross-

sectional area [33]. Muscle fiber cross-sectional area
(um2) was preserved by exercise (-25.8% +21.6% in
control vs 12.4% +22.5% in the intervention group;
p=0.005) but not without. [Markers of the [catabolic
ubiquitin-proteasome pathway were Feduced at day 7

only in the [infervention group. The excessive

activation of @utophagy observed after septic shock

was [Suppressed without modification of the markers
of lanabolism and finflammation related to septic
shock. These results [imply an association between ex-|
e 1 =

will require confirmation in larger studies.

[Nutrition| in [fecovery from critical illness

During the recovery phase following liberation from
mechanical ventilation, [post/extubation dysphagia may
occur [34] from 3% Up t0 60% of patients. Due to

prolonged ventilation, many of these patients suffer from
severe dysphagia, leading to decreased energy, micronu-
trient, and protein intake, as well as increased rates of
pneumonia, reintubation, and mortality [35, 36]. Oral in-
take can be further impaired by post-extubation ventila-
tory support with high flow nasal canulla or other forms
of non-invasive ventilation [37]. Paradoxically, a pa-
tient may achieve greater caloric intake through en-
teral feeding during mechanical ventilation than per
os after extubation. In these circumstances, ESPEN
guidelines recommend that nutritional needs be sup-
plemented via nasogastric tube or parenteral feeding,
to ensure adequate energy and protein supply [5].

This strategy should be combined with [active deglutis



John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel



Singer Critical Care 2019, 23(Suppl 1):139

Upon (discharge from the ICU, the patient should be
followed for the duration of the hospital stay by a nutri-
tion team as length of stay may be prolonged and pa-
tients may suffer from additional loss of muscle and
energy in the absence of good nutritional guidance and
physical activity. A comprehensive multi-disciplinary ap-
proach to the critically ill patient from admission to the
ICU through the hospital stay until discharge to rehabili-
tation should be implemented since increasing frailty
while hospitalized can substantially impair the ability to
achieve successful rehabilitation on discharge.

Conclusions

Critically ill patients in the ICU are at significant risk for
malnutrition. Feeding protocols not guided by an assess-
ment of resting energy expenditure may result in under-
or overfeeding., Indirect calorimetry is the preferred
method to estimate an REE target to guide caloric in-
take. Protein intake should be planned to reach 1.3 g/kg/
day. Emphasis should be placed on |early enteral nutri-
tion, and where not achievable, parenteral nutrition
should be implemented with careful monitoring parame-
ters to avoid overfeeding. Exercise can be an important
adjuvant therapy to calorie and protein supplementation.
As the patient progresses to recovery, efforts to maintain
adequate nutritional intake should be continued to pre-
vent under-nutrition secondary to dysphagia and poor
oral intake. Nutritional support and supplementation tai-
lored to the etiology and recovery stage of ICU patients
can improve metabolic condition, decrease morbidity,
and optimize long-term rehabilitation success.
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