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Abstract: Nutrition management is a core component of intensive care medicine. Despite the
increased use of non-invasive ventilation (NIV) for the critically ill, a paucity of evidence on nutrition
management precludes recommendations for clinical practice. A scope of the available literature is
required to guide future research on this topic. Database searches of MEDLINE, Embase, Scopus,
Web of Science, and Google Scholar were conducted to identify original research articles and available
grey literature in English from 1 January 1990 to 17 November 2021 that included adult patients
(>16 years) receiving NIV within an Intensive Care Unit. Data were extracted on: study design,
aim, population, nutrition concept, context (ICU type, NIV: use, duration, interface), and outcomes.
Of 1730 articles, 16 met eligibility criteria. Articles primarily included single-centre, prospective,
observational studies with only 3 randomised controlled trials. Key concepts included route of
nutrition (n = 7), nutrition intake (n = 4), energy expenditure (1 = 2), nutrition status (n = 1), and
nutrition screening (n = 1); 1 unpublished thesis incorporated multiple concepts. Few randomised
clinical trials that quantify aspects of nutrition management for critically ill patients requiring NIV
have been conducted. Further studies, particularly those focusing on the impact of nutrition during
NIV on clinical outcomes, are required to inform clinical practice.

Keywords: critical illness; intensive care; nutrition; non-invasive ventilation

1. Introduction

Nutrition is an integral component of therapy in the intensive care unit (ICU). While
clinical practice guidelines generally recommend oral intake as the preferred route for nutri-
tion during critical illness, the majority of targeted recommendations on nutrition practice
relate to enteral nutrition (EN) support [1,2]. In addition, where peer-reviewed literature
does exist, it has primarily been undertaken in patients receiving invasive mechanical
ventilation (IMV).

IMV is the respiratory support provided by the partial or complete replacement of
normal breathing via the insertion of a tube into the airway. It typically requires sedation
and is associated with complications that can lead to an extended hospital admission
including infection, pneumonia, or pneumothorax [3,4]. EN is the preferred route of
nutrition delivery for patients expected to require more than 48 h of IMV, a recommendation
influenced by the need for sedation and the presence of the breathing tube preventing
oral intake.
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Respiratory support can also be provided in the ICU via non-invasive techniques.
Non-invasive ventilation (NIV) provides respiratory support via an external interface, such
as a helmet or mask, and its use has increased substantially in the past two decades (6.92%
in 2009, 9.64% in 2013 (relative risk 1.07 (95% confidence interval: 1.06-1.08)), p < 0.001) [5].
This trend has occurred across a period where illness severity of ICU admissions has also
increased [5], dismissing the notion that those who require NIV are less unwell than those
requiring IMV. Despite this growing patient population, critical care guidelines provide
limited recommendations on nutrition provision and management during NIV.

The use of NIV poses several barriers to nutrition delivery. Patients may be fasted
if intubation is anticipated [6]. Provision of oral intake may require removal of the NIV
interface, and the position of an enteral feeding tube can cause an air leak, which may
impact respiratory function [7]. While parenteral nutrition (PN) is an alternative, it is
more costly, poses an infection risk [8,9], and is typically reserved for patients experiencing
gastrointestinal failure.

To ensure optimal nutrition management of the growing cohort of patients receiving
NIV, it is essential to first understand what literature exists on this topic. The objective of
this scoping review was to identify original research related to the nutrition management
of critically ill adult patients requiring NIV and the key concepts addressed. Sub-questions
regarding concepts of nutrition management were also explored, including: (1) what is the
primary route of nutrition; (2) what methods are used to determine macronutrient require-
ments; (3) are calorie and protein intakes adequate compared to estimated requirements;
and (4) are there barriers to adequate nutrition provision?

2. Materials and Methods
2.1. Search Strategy

A scoping review of the literature was conducted in accordance with the JBI Manual for
Evidence Synthesis [10] and the protocol published prior to commencement [11]. Following
a preliminary search of the online database Medical Literature Analysis and Retrieval
System Online (MEDLINE) via Ovid SP to ascertain common keywords, a search strategy
was developed to identify original research papers across three strings: (1) critically ill
adults; (2) NIV; and (3) nutrition. The final MEDLINE search (Table 1) was adapted for
Excerpta Medica Database (Embase) and Scopus via Elsevier, Web of Science, and Google
Scholar (Supplemental Tables S1-S4) and was conducted on the 17 November 2021.

2.2. Trial Selection

Search results were exported to Endnote reference manager software (Clarivate An-
alytics, Version 20) and duplicates removed before uploading the remaining articles to
Covidence (Veritas Health Innovation, Melbourne, Australia). Two authors (E.VS and L.S.C)
independently conducted a title and abstract review against eligibility criteria and retrieved
full texts for potentially relevant articles. The full texts were screened in Covidence in
duplicate (E.VS and L.S.C) for inclusion in the final review, with discrepancies resolved
through discussion.

Articles were included if they: (1) were conducted in adult patients (as defined by
the paper or >16 years of age) recruited in an ICU and receiving NIV (excluding low-
and high-flow nasal cannula or IMV); (2) addressed an aspect of nutrition management;
and (3) were made available from 1990 onwards in the English language. Articles were
excluded if they were review articles (systematic, literature, or integrated reviews), case
studies, or opinion pieces.

2.3. Data Extraction

Data were extracted from the final articles included in the scoping review using the
pre-defined data-extraction tool (Supplemental Table S5). Data extraction included specific
details about the aim, study design, geographic location, number of sites, the population
(number of patients, age, sex), context (type of ICU, NIV use, duration, and interface)
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and nutrition concept studied (route of nutrition, nutrition intake /adequacy, method for
determining nutrition requirements, or other nutrition management themes identified
during the review), and outcomes related to the scoping review question.

Table 1. MEDLINE (Ovid) Search Strategy.

Search (mp = title, abstract, original title, name of substance word, subject heading word,
floating sub-heading word, keyword heading word, organism supplementary concept
word, protocol supplementary concept word, rare disease supplementary concept word,
unique identifier, synonyms)

(critical ill*) or (critical care) or (intensive care unit*) or (respiratory care unit*) or (critical
adj care) or (intensive adjl care adjl unit*)

(noninvasive ventilation) or (artificial respiration) or (respiratory insufficiency) or
(positive pressure respiration) or (continuous positive airway pressure) or (intermittent
positive airway pressure) or (respiratory distress syndrome) or (noninvasive
adj2 ventilation)

(energy intake) or (enteral nutrition) or (parenteral nutrition) or (total parenteral nutrition)
or (nutrition assessment) or (nutrition* status) or (nutrition support) or (eating) or
(nutrition management) or (indirect calorimetry) or (basal metabolism) or (resting energy
expenditure) or (oral intake)

1 AND 2 AND 3

(child* or infan* or pediatr* or paediatr* or neonat* or preterm or newborn*)
4NOT5
Limit 6 to English language
8 Limit 7 to yr = “1990-Current”

* represents a truncation command for searching in the MEDLINE (Ovid) database.

N || G|

3. Results
3.1. Search Results

The online database and grey literature searches identified 1746 articles. Sixteen
duplicates were removed in Endnote, leaving 1730 articles to be uploaded to Covidence.
Full-text screening was completed on 55 articles, and 16 were included in this scoping
review (exclusion reasons provided in Figure 1).

3.2. Study Characteristics

Study characteristics are presented in Table 2. The 16 included studies were published
between 1999 and 2021 and included 9 full-text publications [12-20] and 7 abstracts [21-27].
The majority of the studies (1 = 14) were prospective in nature [12-15,17,18,20-27], with
2 being retrospective [16,19]. More than half of the studies (n = 10) were observational in
design [12-14,16-19,21-23], with 6 interventional studies [15,20,24-27] (Table 2). Fifteen
were single-centre studies [12-18,20-27], with the sole multi-centre study covering 20 ICUs
from a single country [19].

3.3. Population

The median number of participants for the 16 studies was 34. Fifteen of the studies
included <107 patients [12-18,20-27], with only 1 large cohort of 1075 patients [19]. Seven
studies were conducted in patients with respiratory related diagnoses [16-18,20,22,23,25],
5 were conducted in patients with mixed diagnoses [12,14,15,19,27], 2 did not define the
diagnosis [13,21], and 1 was in patients post liver transplantation [24]. The country that
produced the largest number of studies was Australia (n = 5) [12-14,17,18].
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Identification, screening, and inclusion of articles

Embase (Elsevier): n=1517
Medline (Ovid): n=198

Scopus (Elsevier): n=21

Web of Science: n=7

Google Scholar: n=3

Total records identified: n=1746

|

Records uploaded to Endnote: n=1746

Identification

—— | Duplicates deleted: n=16

Y

Records uploaded to Covidence:
n=1730

¥

Title and abstract screening:
n=1730

—— | Records deleted: n=1675

¥

Full-text screening:
n=35

Exclusion criteria:

Not documented to be
receiving NIV: n=20
Incorrect study design:
n=8

Other: n=8

No nutrition data
included: n=2

Not in critically ill
patients: n=1

Screening

L J

Reports included in the study:
H=16

Inclusion

Figure 1. Flow chart for the identification, screening and inclusion of studies.
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Table 2. Aim, study design, and population of included studies.
First Author, Geographic . . Population:
Publication Year Location Format Aim Study Design Number, Age, Sex
To evaluate caloric intakes Prospective
.. : _ a
Arnaout, 2015 [21] France Abstract . of pt.s recelvmg N.IV . observational, n=90,73 (64,91) "y,
irrespective of the indication inel 45 M
for NIV single centre
To investigate the possible
effect of NIV on outcomes Prospective
Biswas, 2019 [22] Bangladesh Abstract (demographics, a etiology of observational, 1 =102, age NS,
a HRF episode, sinele centre sex NS
co-morbidities, &
biochemical parameters)
To quantify intake and
nutrition-related outcomes Prospective
of non-IMV critically ill L _ a
Chapple, 2020 [12] Australia Full text patients and to establish (;?iergit;ﬁ?rael’ n=20, 5130(1%/% 647y,
feasibility of methods to &
measure nutrition-related
outcomes in this population
To describe the use of
enteral nutrition, Prospective
. y _ b
Digby, 2012 [23] Canada Abstract pharmacologlcal observational, n=32,71.5£157
prophylaxis of stress ulcers, sinele centre y,12M
and VTE in critically ill &
patients receiving NIV
To compare feasibility of
MUST vs. mNUTRIC for Prospective,
. identifying non-invasively observational, n=20,653+ 139"
Egan, 2021 [15] Australia Full text mechanically ventilated pts feasibility, y,12M
with nutritional or single centre
malnutrition risk
To compare HFNC vs. NIV
as the modality to manage Prospective, _
Gupta, 2016 [24] India Abstract ARF in postoperative single-centre, " —a2()e (lilospse(jxglr\?g P)
hypoxemia in post-liver- pilot RCT & ’
transplant patients
To explore current
nutritional care practice Prospective, _ b
Jeong, 2017 [14] Australia Thesis provided to the patients observational, n =30, 6%:;2 14.0
receiving NIPPV therapy single centre ¥
in ICU
To investigate the effects of
NIPPV on pulmonary gas
exchange, breathing pattern,
intrapulmonary shunt Prospective
. fraction, oxygen . pective, n=1547+12by,
Kilger, 1999 [15] Germany Full text interventional,

consumption, and resting
energy expenditure in
patients with persistent ARF
but without COPD after
early extubation

single centre

8M
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Table 2. Cont.

First Author, Geographic . . Population:
Publication Year Location Format Aim Study Design Number, Age, Sex
To determine whether
administration of EN to n =107
subjects receiving NIV Retrospective, EN: n =60 pts, 77 (68,
Kogo, 2017 [16] Japan Full text would increase airway cohort, single 83)%y,47M
complications and worsen centre Non-EN: n =47,73
outcomes by causing severe (64,81)%y,33M
hypoxia and/or pneumonia
To evaluate NIV failure rate Prospective, — 60,62+ 17.6Y
Korula, 2020 [17] Australia Full text and factors associated with observational, =0l 0y
. . 34 M
NIV failure single centre
Prospective,
Minev, 2015 [25] Bulgaria Abstract Not clearly defined interventional, n =6, age NS, sex NS
single centre
To determine the rate of
enteral nutrition in patients . . _
Pearson, 2017 [26]  United States Abstract with ARDS receiving NIV Prospective, single n =383, age NS,
. centre, RCT sex NS
with a helmet strategy
compared to face mask
To measure energy and Prospective
.. . . y _ b
Reeves, 2014 [18] Australia Full text protein mtak.es of p atients in observational, n=36065+9"y,
acute respiratory failure . 12M
. single centre
requiring NIV
To examine the effect of
NIPPV on pulmpnary gas Prospective,
exchange, breathing pattern, . ional
intrapulmonary shunt interventiona n =15, age NS
Steele, 2000 [27] Not specified Abstract . (patient own ! ’
fraction, oxygen controls) sex NS
consumption, resting energy . !
: single centre
expenditure, and
weaning success
n =1075,
demographics by
route of nutrition:
NoN: 70.4 (594, 80.2)
To describe the nutritional Retrospective, 2y, 384 M
Terzi, 2017 [19] France Full text management of patients cohort, PN: 67.3 (56.4,78.8) 2
starting first-line NIV multi-centre y, 47 M
EN: 66.6 (60.9,77.3) @
y, 19M
ON: 71.6 (59.4, 80.3)
2y, 206 M
To investigate the effects of 1 = 92 (46 per group),
standardised EN on
... .. Control: 67.46 + 5.21
nutritional indicators and Prospective. sinele by 29 M-
Zhang, 2021 [20] China Full text immunological functioning P /SIS Y !
. centre, RCT Observation:
of acute exacerbations of 68.55 + 5.39 P
COPD patients with ’ o7 M Y

respiratory failure

2 Median (Interquartile range), b Mean =+ Standard Deviation. ARDS, acute respiratory distress syndrome; ARE,
acute respiratory failure; COPD, chronic obstructive pulmonary disease; EN, enteral nutrition; HENC, high-flow
nasal cannula; HRF, hypoxic respiratory failure; ICU, intensive care unit; M, male; mNUTRIC, modified Nutrition
Risk in Critically IlI; MUST, malnutrition universal screening tool; n, number; NIPPV, non-invasive positive
pressure ventilation; NIV, non-invasive ventilation; NoN, no nutrition; non-EN, non-enteral nutrition; non-IMV,
non-invasively mechanically ventilated; NS, not specified; ON, oral nutrition; PN, parenteral nutrition; pts,
patients; RCT, randomised control trial; VTE, venous thromboembolism; y, years.
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3.4. Context

All 16 studies were conducted in an ICU, with 3 also including patients from spe-
cialist respiratory wards [16,18,22] (Table 3). Nine studies reported the use of NIV in
their study to be pre-intubation (n = 5) [12,16,18,19,24], post-extubation (1 = 2) [15,27], or
both (n =2) [14,17]. The use or purpose of NIV was not clear in the remaining 7 stud-
ies [13,20-23,25,26]. Six studies did not specify the length of time patients re-
ceived NIV [12,13,19,20,22,26], while 7 studies reported length of time on NIV
in days [15,16,18,21,23,25,27] and 3 in hours [14,17,24]. Eight studies did not report the
interface used to deliver NIV [13,18,20-24,27]. For the 8 studies that reported the interface,
6 used more than one type (face mask with modification, nose mask, oro-nasal mask,
or helmet) [12,15,17,19,25,26]. Nine studies did not specify mode or parameters of NIV
delivered [12,13,18,19,21-23,25,26], and those that did reported a combination of bilevel
and/or continuous positive airway pressure support, spontaneous/timed ventilation, and
pressure support ventilation [14-17,20,24,27].

Table 3. Concept, context, and relevant results of included studies.

Context: Type of ICU, Use of

Flr.St A.uthor, Concept NIV, Length of NIV, NIV Outcomes/Relevant Results
Publication Year
Interface
. MICU, use of NIV NS, 5 days Majority of patients received <1000 kcal/day
Arnaout, 2015 [21] Caloric intake reported, NS (results per day for the first 5 days).
Respiratory care unit and ICU, Nutrition status is associated with NIV
Biswas, 2019 [22] Nutrition status use of NIV NS, length of NIV NS, outcomes (p < 0.001).
NIV interface NS NB: nutrition status definition not reported.
Median energy and protein intake per meal
Calorie and Mixed ICU, NIV used of patients receiving NIV (face mask and
Chapple, 2020 [12] .. pre-intubation, length of NIV NS, oro-nasal mask): 278 (0, 1404) @ k] and 1.2
protein intake a .
face mask, oro-nasal mask (0, 8.0) @ g protein (per meal across
3 consecutive study days, n meals = 12).
78.1% (n = 25) received enteric nutrition
e (feeding tube, oral intake, or combination)
Type of ICU not specified, use of ) o
Digby, 2012 [23] Route of nutrition NIV NS, 2.53 = 1.76 ° days, NIV after 24 1 of NIV; for 68.8% (n = 22) of these

patients, EN continued until NIV was
discontinued (2.41 + 1.8 days). Oral route
was most common (n = 18).

interface NS

Egan, 2021 [13]

Nutrition screening

Mixed ICU, use of NIV NS, length MUST = 8.1 & 2.8 (range 4-14) min;
of NIV NS, NIV interface NS mNUTRIC =22 + 5.6 P (range 13-33) min.

All patients were fed either oral or enteral
nutrition, but the NIV group consumed 52%

Liver transplant ICU, NIV used . . .
less calories compared to patients receiving

Gupta, 2016 [24] Caloric intake pre—ln’;t;l;::;;)?e, AIL\ISSh, NIV HFNC. This was largely due to the inability
to feed orally and apprehension of aspiration
due to aerophagia when fed enterally.
67% received ON, 10% nil nutrition, 7% EN,
Multiple concepts Mixed ICU. NIV used 7% PN, 7% thickened fluids only, 3% Oral +
; ! EN.
including route of pre-intubation and . ) b o
Jeong, 2017 [14] nutrition, calorie and post-extubation, 45.1 + 47.5 b Energy lfzi?é(g.tgzri;ﬂt: 51 07036EE11<{]/d’ 70%
protein intake and (range 6-235) hours, oro-nasal Protein intake: 29 + 32 g/d, 83% of pts
adequacy mask

failed to meet 50% of EPR.
Number of study days not reported.
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Table 3. Cont.

Context: Type of ICU, Use of

F1r§t A-uthor, Concept NIV, Length of NIV, NIV Outcomes/Relevant Results
Publication Year
Interface
. Mixed ICU, NIV used NIPPV rebduced REE during CPAP
Kilger, 1999 [15] Resting energy post-extubation, 2 (range 1-20) (1454 £ 204 ° kcal/day) and even further
et expenditure ¢ during PSV (1332 + 234 P kcal /day)

days, face mask, nose mask

compared to SPB (1658 + 220 P kcal/day)

Kogo, 2017 [16]

Route of nutrition

ICU and respiratory ward, NIV
used pre-intubation, non-EN: 8
(5,20) @ days, EN: 16 (7, 43) @
days, face mask

Rates of mucus plug (50% vs. 30%),
aspiration pneumonia (17% vs. 4%), airway
complication (53% vs. 32%) were higher in

the EN group than non-EN group. Survivors

in the EN group stayed longer in the ICU (14
(5, 25) # days) and were less likely to be
discharged home (36%) compared to the

non-EN group (7 (3, 17) @ and 8%).

Korula, 2020 [17]

Route of nutrition

Mixed ICU, NIV used
pre-intubation and
post-extubation, 25.5 (6.7, 69.4) ?
hours, face mask oro-nasal
mask, helmet

The NGT was placed or was present in situ at
the commencement of NIV in 34 of 70
episodes (13 primary, 21 secondary), but EN
was administered in only 20 of those who
had NGT (28.5%).

Episodes of NIV in which the patient had an
NGT in situ had higher odds of NIV failure
(odds ratio 6.2 (1.9, 19.8); p < 0.01).

Minev, 2015 [25]

Route of nutrition

ICU, use of NIV NS, 35+ 1.6 P
days, face mask (standard and
modified by authors)

The investigator modified mask achieved
adequate drainage of the stomach and/or
enteral nutrition, with improved comfort and
no additional air leaks.

Pearson, 2017 [26]

Route of nutrition

Medical ICU, use of NIV NS,
length of NIV NS, face
mask, helmet

EN + face mask: n = 16 (41%), EN + helmet:
n =27 (61.4%) (p = 0.06), ON + face mask:
n =12 (31%), ON + helmet: n = 22 (50%)
(p =0.08).

Reeves, 2014 [18]

Calorie and
protein intake

ICU and respiratory ward, NIV
used pre-intubation, 4.7 + 7.0 b
days, NIV interface NS

Energy and protein intakes were
1434 + 627 keal + 63 + 29 P g protein
(across 283 study days). 75% patients
consumed <80% of energy and
protein requirements.

Steele, 2000 [27]

Resting energy
expenditure

ICU, NIV used post-extubation,
2 days (no IQR or range
provided), NIV interface NS

Statistically significant beneficial changes in
REE during NIPPV when compared with
SPB with CPAP.

Terzi, 2017 [19]

Route of nutrition

Multiple ICU, NIV used
pre-intubation, length of NIV NS,
face mask, nasal mask

Most patients (1 = 622 (57.9%)) received no
nutrition during the first 2 days of NIV, with

n = 351 (32.7%) receiving ON, n = 74 (6.9%)
receiving PN, and 7 = 28 (2.6%) receiving EN.

Zhang, 2021 [20]

Route of nutrition

Type of ICU NS, use of NIV NS,
length of NIV NS, NIV
interface NS

Hb, serum albumin and serum total protein
were not different between the two groups at
baseline but increased from pre to post
treatment, with the observational group
having higher post-treatment indicators than
control group (p < 0.05).

2 Median (Interquartile range), ® Mean + Standard Deviation. CPAP, continuous positive airway pressure;
EER, estimated energy requirements; EN, enteral nutrition; EPR, estimated protein requirements; g, gram; Hb,
haemoglobin; HENC, high-flow nasal cannula; ICU, intensive care unit; IQR, interquartile range; kcal, kilocalorie;
kJ, kilojoule; MICU, expansion of abbreviation not provided in original article; mNUTRIC, modified Nutrition
Risk in Critically Ill; MUST, malnutrition universal screening tool; n, number; NB, note; NGT, nasogastric tube;
NIPPV, non-invasive positive pressure ventilation; NIV, non-invasive ventilation; non-EN, non-enteral nutrition;
NS, not specified; ON, oral nutrition; PN, parenteral nutrition; PSV, pressure support ventilation; pts, patients;
REE, resting energy expenditure; SPB, spontaneous breathing.
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3.5. Concepts

Seven of the studies focused on the concept of route of nutrition [16,17,19,20,23,25,26],
4 on quantifying nutrition intake [12,18,21,24], 2 on resting energy expenditure [15,27], 1
each on nutrition status [22] and nutrition screening [13], and 1 unpublished thesis focused
on nutrition practice, incorporating multiple concepts [14].

3.5.1. Route of Nutrition

Eight studies reported on route of nutrition: 3 on its association with clinical out-
comes [16,19,20], 2 observational studies on the route received [23,26], 2 on implications of
the presence of a naso-enteric tube [17,25], and 1 on the association of route and nutrition
adequacy [14]. Amongst these studies, there was no consensus on the preferred route of
nutrition. Two studies reported rates from each of the 4 main routes—no, oral, enteral, or
parenteral nutrition—in which oral was most common in 1 (n = 20 of 30 patients) [14], and
no nutrition was most common in the other (n = 622/1075) [19]. In this larger, multi-centre
study, PN was also more common than EN [19]. Two studies reported on the number of
patients receiving oral, enteral, or a combination of these but not on rates of no nutrition
or PN [23,26]. One reported oral intake as the most common route (1 = 18/32) [23] and
the other oral combined with naso-enteric feeding (1 = 20/39) although the groups in this
second study were not entirely clear [26].

Three studies compared route of nutrition and clinical outcomes. Each of these
3 studies compared different routes of nutrition and different outcomes. Terzi et al. reported
a multivariate analysis of 4 nutrition groups (no, oral, enteral, or parenteral nutrition) [19],
and Kogo et al. compared EN with non-enteral nutrition (defined as those not receiving EN
or volitional intake but fluid replacement or PN) [16]. Although different outcomes were
assessed, both studies reported associations with route of nutrition. One intervention study
investigated the use of standardised EN compared to oral nutrition, reporting improved
nutrition status and immunological functioning in patients who received the standardised
EN therapy [20]; however, a definition of nutrition status was not included.

Two studies reported on the use of naso-enteric feeding tubes: 1 on outcomes (enteric
drainage/feeding, patient comfort, and air leaks) when using a naso-enteric tube with an
investigator modified face mask [25] and 1 on the impact the presence of a naso-enteric
tube had on the success or failure of NIV [17].

Jeong et al. reported on the number of patients in their study cohort receiving different
routes of nutrition and the association of route with intake adequacy. This thesis grouped
intake as <50% or >50% estimated requirements and reported no significant association
with route and meeting 50% estimated energy requirements (EER) and PN being associated
with consuming 50% estimated protein requirements (EPR) [14].

3.5.2. Nutrition Intake

Five studies reported on calorie and / or protein intake as a nutrition concept [12,14,18,21,24]:
2 reported on calorie intake only, concluding that patients receiving NIV in ICU consume
<1000 kilocalories (kcal)/day [21] and 52% less than those receiving high-flow nasal cannula
therapy [24]. Three studies reported on calorie and protein intakes [12,14,18], all concluding
that nutrition intake (calorie and protein) was inadequate (compared to estimated require-
ments) during NIV use. Jeong et al. reported no difference in nutrition adequacy between
different modes of NIV (Bilevel Positive Airway Pressure or Continuous Positive Airway
Pressure) [14], while Chapple et al. reported an increase in nutrition intake with decreasing
respiratory support (NIV vs. nasal cannula vs. no oxygen therapy) [12].

3.5.3. Resting Energy Expenditure

Two studies reported on resting energy expenditure (REE) during different modes of
NIV [15,27]. Kilger et al. [15], using Deltatrac MBM-100 (Datex, Helsinki, Finland), reported
non-invasive positive pressure ventilation reduced REE during continuous positive airway
pressure and even further during pressure support ventilation compared to spontaneous
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breathing (Table 3). Similarly, Steele [27] reported “statistically significant beneficial changes
in resting energy expenditure (REE) during NPPV when compared with spontaneous
ventilation with CPAP” although no further details were provided.

3.5.4. Nutrition Screening

One study reported on the feasibility of completing nutrition screening tools for non-
invasively mechanically ventilated patients [13], stating that the Malnutrition Universal
Screening Tool (MUST) was quicker to complete than the modified Nutrition Risk in
Critically IIl (mNUTRIC) (Table 3). Barriers to completion of the MUST included obtaining
current and previous weight and limited availability of family to provide collateral history.
Barriers for the mNUTRIC included staff training, time taken to obtain data, and a lack of
automation in calculating the score.

3.5.5. Nutrition Status

One study assessed the impact of nutrition status on NIV [22], concluding they were
related (p < 0.01), but the direction of the relationship or the tool used to determine nutrition
status were not stated.

4. Discussion

This is the first scoping review to identify current literature relating to the nutrition
management of critically ill adult patients requiring NIV. The literature on this topic is
limited, with just 16 studies identified from the last 30 years. Studies were predominately
of a single centre, observational nature with small participant numbers (most recruited
<100 patients), and nearly half were reported in abstract form only. They largely comprised
lower-quality (level III) evidence, with a small number of level II (randomised control trials
(RCT)) and no level I (systematic review) literature. This differs substantially from ICU
nutrition literature outside of this review, in which at least 9 RCTs [28-36], 6 enrolling large
cohorts (>1000 patients) [28,30,32,33,35,36], have been published in the last 10 years. While
these have predominately involved patients receiving IMV, they addressed key nutrition
management questions, such as optimal route [29,33,35] and timing of nutrition [28],
adequacy of nutrition and associated outcomes [30,31,34,36], in addition to the use of
supplemental glutamine and anti-oxidants [32]. This higher-quality evidence over a broad
range of nutrition management topics demonstrates the stark difference in the quality of
literature pertaining to patients receiving NIV.

The key concept identified in this review was the route of nutrition during NIV.
While no optimal route of feeding was reported, “nil nutrition” or oral nutrition were
reported more frequently than EN or PN. The majority of studies were of a single-centre,
observational nature and hence likely reflect site-specific practice more than the nutrition
route with greatest clinical benefit. In other non-mechanically ventilated critically ill
populations, oral intake in isolation has been demonstrated to be inadequate to meet
nutrition requirements. In the first 7-14 days post-extubation, patients that progress to
oral intake meet <50% of EER [37,38]. ICU survivors within the post-ICU acute ward
setting also experience inadequate oral nutrition, meeting 37% (interquartile range (IQR)
21-67%) of predicted energy requirements [39]. In this same population, adequate nutrition
was best achieved when oral intake was supplemented with EN (104% (IQR 66-132%) of
predicted energy requirements) [39]. This is similar for the sub-population of traumatic
brain injury survivors, whose caloric intake was nearly halved when consuming oral
intake compared to EN [40]. Comparisons of EN and PN in the NIV population are
limited, but in predominately IMV populations, delivery of EN encounters a number of
barriers [41], which can be mitigated by the use of intravenous PN. Although PN has also
been reported in a meta-analysis to be associated with higher infection rates compared to
EN [9], this association was most notable in the RCTs where PN provided increased calories
compared to EN, with no effect seen in RCTs where calorie provision was similar between
the 2 routes [9]. When considering what the optimal nutrition route is, adequate intake
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is not the sole factor, and both clinical risk and patient outcome must also be considered.
Therefore, robust evidence building on the studies reported here are required to understand
the route of nutrition delivery that provides optimal benefit for these patients in terms of
both intake and clinical outcomes.

Five studies explored the concept of the amount of nutrition consumed. Across these,
there was a clear consensus that nutrition intake was low and when compared to esti-
mated requirements was inadequate. Mean intake was reported at 37-42% of EER and
28-35% of EPR [12,14]. This is less compared to patients receiving IMV in the ICU who
have, across the globe, received 50-60% EER (EN, PN, and propofol) and 52% EPR [42]
although some of this difference in energy provision may be accounted for in propofol use
during IMV. Understanding nutrition intake and adequacy in NIV patients is important, as
previous research has shown that differences in caloric provision for IMV patients have
not impacted short- or long-term outcomes when delivered early in the ICU stay [30,36,43].
Rice et al. [30] compared trophic feeding (25% of calculated caloric goal or 400 kcal/day) to
full feeding (80% of calculated caloric goal or 1300 kcal/day), while Chapman et al. [36]
compared energy-dense (1.5 kcal/mL providing 1863 kcal/day) to routine enteral nutri-
tion (1.0 kcal/mL providing 1262 kcal/day). For both these studies, the length of the
nutrition intervention was 6 days compared to predominately 2-5 days in the studies
included here. However, no studies in this review addressed both nutrition adequacy and
clinical outcomes.

Resting energy expenditure was addressed as a nutrition concept in 2 studies, both of
which focused on the difference in expenditure between different modes of NIV support. A
limitation of both studies is the lack of clarity regarding the methodology for measuring
energy expenditure. Neither study detailed whether indirect calorimetry was used for air
capture and, if so, how this was achieved on a NIV circuit or which equation was used if
the REE was calculated from VO, and VCO, measurements. This knowledge is imperative
because clinical practice guidelines recommend the use of indirect calorimetry as the gold
standard for determining energy expenditure, but publications in healthy [44] and non-
ICU [45] populations have highlighted both methodological and clinical practice concerns
with its use during NIV. Indirect calorimetry is reliant on both inspired and expired air
capture [46], which is more accurately undertaken with a closed-loop respiratory circuit
during IMV than an open circuit, as with NIV. None of the included studies explored or
compared the use of alternate methods for estimating or measuring energy expenditure
in patients receiving NIV, highlighting the lack of development of such assessments in
this population and inadequacy of knowledge regarding which energy levels should
be targeted.

Nutrition screening and status are concepts identified in the included literature. Both
the study of malnutrition screening tools [13] and the use of anthropometric measurements
to incorporate in nutrition assessments [12] were feasibility studies. Neither addressed
validity or drew conclusions about which screening or assessment tools should be used
in the NIV population. However, this is consistent with evidence for patients receiving
IMYV, for whom a nutrition screening or assessment tool that is valid, clinically feasible,
and supported by robust evidence has not been widely adopted or endorsed by clinical
practice guidelines [1,2,47]. Screening “at-risk” patients is important for preventing hospital
acquired malnutrition, and nutrition assessment aims to identify and diagnose malnutrition
in order to facilitate targeted nutrition care [47]. Although different in concept, they have a
shared goal of mitigating the negative impact malnutrition may have on mortality, infection,
and length of stay [48].

A strength of this scoping review is the rigorous methodology employed, including
collaboration with a librarian to develop the keyword search and independent screening
and data extraction by two of the authors. Furthermore, all authors are clinician-researchers
with a good understanding of the translation of research studies to clinical practice. This
review was limited to literature published in English. Conclusions and comparisons are
limited by the diverse methodology for collecting and reporting on both nutrition and
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NIV; inherent differences in methods to quantify nutrition intake or requirements means
comparisons should be made with caution. The phrase “non-invasive ventilation” is used in
the literature both broadly to capture all patients in ICU who are not invasively mechanically
ventilated and more specifically to define those receiving mechanical ventilation through a
non-invasive interface. Developing consensus between these definitions is important for
contextualising the impact on nutrition support.

5. Conclusions

Sixteen studies addressing nutrition concepts in patients receiving NIV in ICU were
identified, of which the majority were single-centre and observational studies. The key
concept identified was the route of nutrition; yet, there was a lack of consensus regarding
the preferred route for clinical benefit. Studies addressing calorie and protein intake con-
cluded these were inadequate compared to estimated requirements. The literature has few
randomised controlled trials and lacks studies that address nutrition-related outcomes fol-
lowing NIV in ICU, which impedes the development of clinical practice recommendations.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390 /nu14071446/s1, Table S1: ELSEVIER—Embase Search Strategy;
Table S2: ELSEVIER—Scopus Search Strategy; Table S3: Web of Science Search Strategy; Table S4:
Google Scholar Search Strategy; Table S5: Data-Extraction Tool.

Author Contributions: Conceptualisation, L.5.C and E.VS; methodology, L.S.C, E.VS and E.J.R;;
literature search, E.VS; article screening and data extraction, L.S.C and E.VS; writing—original draft
preparation, E.VS; writing—review and editing, E.VS, L.5.C, EJ.R. and C.K.R. All authors have read
and agreed to the published version of the manuscript.

Funding: E.VS is supported by an Australian Government Research Training Program (RTP) Schol-
arship and a Central Adelaide Local Health Network—Dawes Scholarship. L.S.C. is supported
by a National Health and Medical Research Council (NHMRC) Early Career Fellowship. EJ.R. is
supported by a NHMRC Emerging Leader 1 Fellowship.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Acknowledgments: The authors would like to acknowledge Robert Franchini, Liaison Librarian at
The University of Adelaide for his assistance with refining the search strategy.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Singer, P; Blaser, A.R.; Berger, M.M.; Alhazzani, W.; Calder, P.C.; Casaer, M.P,; Hiesmayr, M.; Mayer, K.; Montejo, J.C.; Pichard,
C.; et al. ESPEN guideline on clinical nutrition in the intensive care unit. Clin. Nutr. 2019, 38, 48-79. [CrossRef]

2. McClave, S.A; Taylor, B.E.; Martindale, R.G.; Warren, M.M.; Johnson, D.R.; Braunschweig, C.; McCarthy, M.S.; Davanos, E.; Rice,
T.W,; Cresci, G.A.; et al. Guidelines for the provision and assessment of nutrition support therapy in the adult critically ill patient:
Society of Critical Care Medicine (SCCM) and American Society for Parenteral and Enteral Nutrition (ASPEN). JPEN ]. Parenter.
Enter. Nutr. 2016, 40, 159-211. [CrossRef] [PubMed]

3.  Popat, B,; Jones, A.T. Invasive and non-invasive mechanical ventilation. Medicine 2012, 40, 298-304. [CrossRef] [PubMed]

4. Gay, P.C. Complications of noninvasive ventilation in acute care. Respir. Care 2009, 54, 246-257.

5. Lilly, CM.,; Swami, S.; Liu, X.; Riker, R.R.; Badawi, O. Five-year trends of critical care practice and outcomes. Chest 2017,
152,723-735. [CrossRef] [PubMed]

6. Higgs, A.; McGrath, B.A.; Goddard, C.; Rangasami, ].; Suntharalingam, G.; Gale, R.; Cook, T. Guidelines for the management of
tracheal intubation in critically ill adults. Br. J. Anaesth. 2018, 120, 323-352. [CrossRef] [PubMed]

7. So,E.C.; Chen, Y.H.; Wong, K.L.; Poon, PW.; Huang, B.M. A new mask designed for patients implanted with a nasogastric tube.

Med. Eng. Phys. 2008, 30, 1020-1023. [CrossRef] [PubMed]


https://www.mdpi.com/article/10.3390/nu14071446/s1
https://www.mdpi.com/article/10.3390/nu14071446/s1
http://doi.org/10.1016/j.clnu.2018.08.037
http://doi.org/10.1177/0148607115621863
http://www.ncbi.nlm.nih.gov/pubmed/26773077
http://doi.org/10.1016/j.mpmed.2012.03.010
http://www.ncbi.nlm.nih.gov/pubmed/32288571
http://doi.org/10.1016/j.chest.2017.06.050
http://www.ncbi.nlm.nih.gov/pubmed/28800866
http://doi.org/10.1016/j.bja.2017.10.021
http://www.ncbi.nlm.nih.gov/pubmed/29406182
http://doi.org/10.1016/j.medengphy.2007.09.007
http://www.ncbi.nlm.nih.gov/pubmed/18006357

Nutrients 2022, 14, 1446 13 of 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.
28.

29.

30.

Gramlich, L.; Kichian, K.; Pinilla, J.; Rodych, N.J.; Dhaliwal, R.; Heyland, D.K. Does enteral nutrition compared to parenteral
nutrition result in better outcomes in critically ill adult patients? A systematic review of the literature. Nutrition 2004, 20, 843-848.
[CrossRef]

Elke, G.; van Zanten, A.R.; Lemieux, M.; McCall, M.; Jeejeebhoy, K.N.; Kott, M.; Jiang, X.; Day, A.G.; Heyland, D.K. Enteral versus
parenteral nutrition in critically ill patients: An updated systematic review and meta-analysis of randomized controlled trials.
Crit. Care 2016, 20, 117. [CrossRef] [PubMed]

Peters, M.D.].; Godfrey, C.; McInerney, P.; Munn, Z.; Tricco, A.C.; Khalil, H.C. Chapter 11: Scoping Review (2020 version). In JBI
Manual for Evidence Synthesis; Aromataris, E., Munn, Z., Eds.; Joanna Briggs Institute: Adelaide, Australia, 2020; Available online:
https:/ /synthesismanual.jbi.global (accessed on 17 November 2021).

Viner Smith, E.; Ridley, E.J.; Rayner, C.K.; Chapple, L.S. Nutrition management for critically ill adult patients requiring non-
invasive ventilation: A scoping review. JBI Evid. Synth. 2021; accepted.

Chapple, L.S.; Gan, M,; Louis, R.; Yaxley, A.; Murphy, A.; Yandell, R. Nutrition-related outcomes and dietary intake in non-
mechanically ventilated critically ill adult patients: A pilot observational descriptive study. Aust. Crit. Care 2020, 33, 300-308.
[CrossRef]

Egan, T.; Chapple, L.S.; Morgan, H.; Rassias, G.; Yandell, R. Nutritional risk screening in noninvasively mechanically ventilated
critically ill adult patients: A feasibility trial. Aust. Crit. Care 2021, 35, 153158, in press. [CrossRef] [PubMed]

Jeong, S. Nutritional Care Practice in the Patients Receiving Non-Invasive Positive Pressure Ventilation (NIPPV) Therapy in an
Intensive Care Unit (ICU). Master’s Thesis, Flinders University, Adelaide, SA, Australia, 2017.

Kilger, E.; Briegel, J.; Haller, M.; Frey, L.; Schelling, G.; Stoll, C.; Pichler, B.; Peter, K. Effects of noninvasive positive pressure
ventilatory support in non-COPD patients with acute respiratory insufficiency after early extubation. Intensive Care Med. 1999,
25, 1374-1380. [CrossRef]

Kogo, M.; Nagata, K.; Morimoto, T.; Ito, J.; Sato, Y.; Teraoka, S.; Fujimoto, D.; Nakagawa, A.; Otsuka, K.; Tomii, K. Enteral nutrition
is a risk factor for airway complications in subjects undergoing noninvasive ventilation for acute respiratory failure. Respir. Care
2017, 62, 459. [CrossRef] [PubMed]

Korula, PJ.; Nayyar, V.; Stachowski, E.; Karuppusami, R.; Peter, ].V. An observational study on the practice of noninvasive
ventilation at a tertiary level Australian intensive care unit. Aust. Crit. Care 2020, 33, 89-96. [CrossRef] [PubMed]

Reeves, A.; White, H.; Sosnowski, K.; Tran, K.; Jones, M.; Palmer, M. Energy and protein intakes of hospitalised patients with
acute respiratory failure receiving non-invasive ventilation. Clin. Nutr. 2014, 33, 1068-1073. [CrossRef] [PubMed]

Terzi, N.; Darmon, M.; Reignier, J.; Ruckly, S.; Garrouste-Orgeas, M.; Lautrette, A.; Azoulay, E.; Mourvillier, B.; Argaud, L.;
Papazian, L.; et al. Initial nutritional management during noninvasive ventilation and outcomes: A retrospective cohort study.
Crit. Care 2017, 21, 293. [CrossRef] [PubMed]

Zhang, C.; Ren, D.; Ouyang, C.; Wang, Q.; Liu, L.; Zou, H. Effect of standardized enteral nutrition on AECOPD patients with
respiratory failure. Am. J. Transl. Res. 2021, 13, 10793-10800. [PubMed]

Arnaout, M.; Marincamp, A.; Reffiena, M.; Debue, A.S.; Le Bras, M.; Boulila, C.; Lucas, P.; Cabon, S.; Feltry, A.; Daviaud, F.; et al.
Systematic evaluation of intakes in patients receiving non invasive ventilation. the starve study. Intensive Care Med. Exp. 2015,
3 (Suppl. 1), A827. [CrossRef]

Biswas, N.; Sangma, M.A. Factors related to noninvasive ventilation outcomes during an episode of hypercapnic respiratory
failure in chronic obstructive pulmonary disease. Mymensingh Med. . 2019, 28, 605-619.

Digby, G.C.; Muscedere, J.; D’ Arsigny, C.; Parker, C. Preventive practices in the non-invasively ventilated critically ill patient: An
observational study in an Ontario academic centre. In Proceedings of the American Thoracic Society International Conference,
San Fransciso, CA, USA, 18-23 May 2012; p. A3116-A.

Gupta, S.; Govil, D.; Srinivasan, S.; Patel, S.J.; Gupta, A.; Tomar, D.S.; Shafi, M.; Harne, R.; Arora, D.P; Talwar, N.; et al. High flow
nasal cannula (HFNC) as an alternative to noninvasive ventilation (NIV) in acute respiratory failure (ARF) in immunosuppressed
patients-an Indian post liver transplant experience. Intensive Care Med. Exp. 2016, 4.

Minev, L; Stefanov, C. Is the gastric tube a burden for the noninvasive ventilation? Crit. Care 2015, 19, P220. [CrossRef]

Pearson, S.; Patel, B.K.; Wolfe, K.S.; Pohlman, A.S.; Hall, ].B.; Kress, J.P. Enteral feeding during noninvasive ventilation in a
randomized clinical trial of helmet ventilation in acute respiratory distress syndrome. Am. ]. Respir. Crit. Care Med. 2017,
195, A3011.

Steele, A. Effects of noninvasive positive pressure ventilation. Crit. Care 2000, 3, 4372. [CrossRef]

Casaer, M.P,; Mesotten, D.; Hermans, G.; Wouters, PJ.; Schetz, M.; Meyfroidt, G.; Van Cromphaut, S.; Ingels, C.; Meersseman,
P; Muller, J.; et al. Early versus late parenteral nutrition in critically ill adults. N. Engl. |. Med. 2011, 365, 506-517. [CrossRef]
[PubMed]

Davies, A.R.; Morrison, S.S.; Bailey, M.].; Bellomo, R.; Cooper, D.J.; Doig, G.S.; Finfer, S.R.; Heyland, D.K.; ENTERIC Study
Investigators and ANZICS Clinical Trials Grop. A multicenter, randomized controlled trial comparing early nasojejunal with
nasogastric nutrition in critical illness. Crit. Care Med. 2012, 40, 2342-2348. [CrossRef] [PubMed]

Rice, TW.; Wheeler, A.P.; Thompson, B.T.; Steingrub, J.; Hite, R.D.; Moss, M.; Motris, A.; Dong, N.; Rock, P. Initial trophic vs full
enteral feeding in patients with acute lung injury: The EDEN randomized trial. JAMA 2012, 307, 795-803. [PubMed]


http://doi.org/10.1016/j.nut.2004.06.003
http://doi.org/10.1186/s13054-016-1298-1
http://www.ncbi.nlm.nih.gov/pubmed/27129307
https://synthesismanual.jbi.global
http://doi.org/10.1016/j.aucc.2020.02.008
http://doi.org/10.1016/j.aucc.2021.03.004
http://www.ncbi.nlm.nih.gov/pubmed/33992514
http://doi.org/10.1007/s001340051084
http://doi.org/10.4187/respcare.05003
http://www.ncbi.nlm.nih.gov/pubmed/27923936
http://doi.org/10.1016/j.aucc.2018.11.067
http://www.ncbi.nlm.nih.gov/pubmed/30670345
http://doi.org/10.1016/j.clnu.2013.11.012
http://www.ncbi.nlm.nih.gov/pubmed/24321188
http://doi.org/10.1186/s13054-017-1867-y
http://www.ncbi.nlm.nih.gov/pubmed/29187261
http://www.ncbi.nlm.nih.gov/pubmed/34650757
http://doi.org/10.1186/2197-425X-3-S1-A827
http://doi.org/10.1186/cc14300
http://doi.org/10.1186/ccf-2000-4372
http://doi.org/10.1056/NEJMoa1102662
http://www.ncbi.nlm.nih.gov/pubmed/21714640
http://doi.org/10.1097/CCM.0b013e318255d87e
http://www.ncbi.nlm.nih.gov/pubmed/22809907
http://www.ncbi.nlm.nih.gov/pubmed/22307571

Nutrients 2022, 14, 1446 14 of 14

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Heidegger, C.P.; Berger, M.M.; Graf, S.; Zingg, W.; Darmon, P.; Costanza, M.C.; Thibault, R.; Pichard, C. Optimisation of energy
provision with supplemental parenteral nutrition in critically ill patients: A randomised controlled clinical trial. Lancet 2013,
381, 385-393. [CrossRef]

Heyland, D.; Muscedere, J.; Wischmeyer, P.E.; Cook, D.; Jones, G.; Albert, M.; Elke, G.; Berger, M.M.; Day, A.G.; for the Canadian
Critical Care Trials Group. A randomized trial of glutamine and antioxidants in critically ill patients. N. Engl. . Med. 2013,
368, 1489-1497. [CrossRef]

Harvey, S.E.; Parrott, F; Harrison, D.A.; Bear, D.E.; Segaran, E.; Beale, R.; Bellingan, G.; Leonard, R.; Mythen, M.G.; Rowan, K.M.
for the CALORIES Trial Investigators. Trial of the route of early nutritional support in critically ill adults. N. Engl. . Med. 2014,
371,1673-1684. [CrossRef] [PubMed]

Arabi, YM.; Aldawood, A.S.; Haddad, S.H.; Al-Dorzi, HM.; Tamim, H.M.; Jones, G.; Mehta, S.; McIntyre, L.; Solaiman, O.;
Sakkijha, M.H.; et al. for the PermiT Trial Group. Permissive underfeeding or standard enteral feeding in critically ill adults. N.
Engl. . Med. 2015, 372, 2398-2408. [CrossRef]

Reignier, J.; Boisramé-Helms, J.; Brisard, L.; Lascarrou, ].B.; Ait Hssain, A.; Anguel, N.; Argaud, L.; Asehnoune, K.; Asfar, P,;
Bellec, F; et al. for the NUTRIREA-2 Trial Investigators. Enteral versus parenteral early nutrition in ventilated adults with shock:
A randomised, controlled, multicentre, open-label, parallel-group study (NUTRIREA-2). Lancet 2018, 391, 133-143. [CrossRef]
Chapman, M.; Peake, S.L.; Bellomo, R.; Davies, A.; Deane, A.; Horowitz, M.; Hurford, S.; Lange, K.; Little, L.; Mackle, D.; et al.
for the ANZCIS Clinical Trials Group. Energy-dense versus routine enteral nutrition in the critically ill. N. Engl. ]. Med. 2018,
379, 1823-1834. [PubMed]

Peterson, S.J.; Tsai, A.A.; Scala, C.M.; Sowa, D.C.; Sheean, P.M.; Braunschweig, C.L. Adequacy of oral intake in critically ill
patients 1 week after extubation. J. Am. Diet. Assoc. 2010, 110, 427-433. [CrossRef] [PubMed]

Moisey, L.L.; Pikul, J.; Keller, H.; Yeung, C.Y.E.; Rahman, A.; Heyland, D.K.; Mourtzakis, M. Adequacy of protein and energy
intake in critically ill adults following liberation from mechanical ventilation is dependent on route of nutrition delivery. Nutr.
Clin. Pract. 2021, 36, 201-212. [CrossRef] [PubMed]

Ridley, E.J.; Parke, R.L.; Davies, A.R.; Bailey, M.; Hodgson, C.; Deane, A.M.; McGuinness, S.; Cooper, D.]. What happens to
nutrition intake in the post-intensive care unit hospitalization period? An observational cohort study in critically ill adults. JPEN
J. Parenter. Enter. Nutr. 2019, 43, 88-95. [CrossRef]

Chapple, L.S.; Deane, A.M.; Heyland, D.K,; Lange, K.; Kranz, A.].; Williams, L.T.; Chapman, M.]. Energy and protein deficits
throughout hospitalization in patients admitted with a traumatic brain injury. Clin. Nutr. 2016, 35, 1315-1322. [CrossRef]

Kim, H.; Stotts, N.A.; Froelicher, E.S.; Engler, M.M.; Porter, C. Why patients in critical care do not receive adequate enteral
nutrition? A review of the literature. J. Crit. Care 2012, 27, 702-713. [CrossRef] [PubMed]

Ridley, E.J.; Peake, S.L.; Jarvis, M.; Deane, A.M.; Lange, K.; Davies, A.R.; Chapman, M.; Heyland, D. Nutrition therapy in Australia
and New Zealand intensive care units: An international comparison study. JPEN ]. Parenter. Enter. Nutr. 2018, 42, 1349-1357.
[CrossRef]

Deane, A.M; Little, L.; Bellomo, R.; Chapman, M.].; Davies, A.R.; Ferrie, S.; Horowitz, M.; Hurford, S.; Lange, K,; Litton, E.; et al.
Outcomes six months after delivering 100% or 70% of enteral calorie requirements during critical illness (TARGET). A randomized
controlled trial. Am. J. Respir. Crit. Care Med. 2020, 201, 814-822. [CrossRef]

Siirala, W.; Noponen, T.; Olkkola, K.T.; Vuori, A.; Koivisto, M.; Hurme, S.; Aantaa, R. Validation of indirect calorimetry for
measurement of energy expenditure in healthy volunteers undergoing pressure controlled non-invasive ventilation support.
J. Clin. Monit. Comput. 2012, 26, 37-43. [CrossRef]

Georges, M.; Morélot-Panzini, C.; Similowski, T.; Gonzalez-Bermejo, ]. Noninvasive ventilation reduces energy expenditure in
amyotrophic lateral sclerosis. BMC Pulm. Med. 2014, 14, 17. [CrossRef] [PubMed]

Kagan, I.; Zusman, O.; Bendavid, I; Theilla, M.; Cohen, J.; Singer, P. Validation of carbon dioxide production (VCO,) as a tool to
calculate resting energy expenditure (REE) in mechanically ventilated critically ill patients: A retrospective observational study.
Crit. Care 2018, 22, 186. [CrossRef] [PubMed]

Hill, A.; Elke, G.; Weimann, A. Nutrition in the intensive care unit—A narrative review. Nutrients 2021, 13, 2851. [CrossRef]
[PubMed]

Lew, C.C.H,; Yandell, R.; Fraser, R].L.; Chua, A.P.; Chong, M.EF,; Miller, M. Association between malnutrition and clinical
outcomes in the intensive care unit: A systematic review. JPEN ]. Parenter. Enter. Nutr. 2017, 41, 744-758. [CrossRef] [PubMed]


http://doi.org/10.1016/S0140-6736(12)61351-8
http://doi.org/10.1056/NEJMoa1212722
http://doi.org/10.1056/NEJMoa1409860
http://www.ncbi.nlm.nih.gov/pubmed/25271389
http://doi.org/10.1056/NEJMoa1502826
http://doi.org/10.1016/S0140-6736(17)32146-3
http://www.ncbi.nlm.nih.gov/pubmed/30346225
http://doi.org/10.1016/j.jada.2009.11.020
http://www.ncbi.nlm.nih.gov/pubmed/20184993
http://doi.org/10.1002/ncp.10558
http://www.ncbi.nlm.nih.gov/pubmed/32717141
http://doi.org/10.1002/jpen.1196
http://doi.org/10.1016/j.clnu.2016.02.009
http://doi.org/10.1016/j.jcrc.2012.07.019
http://www.ncbi.nlm.nih.gov/pubmed/23084129
http://doi.org/10.1002/jpen.1163
http://doi.org/10.1164/rccm.201909-1810OC
http://doi.org/10.1007/s10877-011-9331-z
http://doi.org/10.1186/1471-2466-14-17
http://www.ncbi.nlm.nih.gov/pubmed/24507664
http://doi.org/10.1186/s13054-018-2108-8
http://www.ncbi.nlm.nih.gov/pubmed/30075796
http://doi.org/10.3390/nu13082851
http://www.ncbi.nlm.nih.gov/pubmed/34445010
http://doi.org/10.1177/0148607115625638
http://www.ncbi.nlm.nih.gov/pubmed/26838530

	Introduction 
	Materials and Methods 
	Search Strategy 
	Trial Selection 
	Data Extraction 

	Results 
	Search Results 
	Study Characteristics 
	Population 
	Context 
	Concepts 
	Route of Nutrition 
	Nutrition Intake 
	Resting Energy Expenditure 
	Nutrition Screening 
	Nutrition Status 


	Discussion 
	Conclusions 
	References

