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Abstract

Purpose of Review Circulatory shock and subsequent gut
hypoperfusion turn on the ‘gut motor,” which impairs gut
barrier function, promotes dysbiosis, and generates
immune dysfunction to perpetuate inflammation. Clinicians
may be reluctant to commence enteral nutrition in circu-
latory shock out of concern for bowel ischemia and
splanchnic steal syndrome. Here, we identify contemporary
studies which have evaluated the impact of enteral nutrition
during circulatory shock on gut lumen functions and clin-
ical outcomes.

Recent Findings Recent studies show enteral nutrition has
luminal benefits and is safe. Observational and pilot ran-
domized controlled trial data evaluating early enteral
nutrition in circulatory shock suggest an association
between early enteral nutrition and improved clinical
outcomes.

Summary Contemporary literature suggests enteral nutri-
tion continues to have gut lumen benefits and is associated
with improved clinical outcomes. Future trials are needed
to evaluate optimal dose, timing, and composition of ent-
eral nutrition in circulatory shock.
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and Surgery.
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Abbreviations

ARDS Acute respiratory distress syndrome
B/F Bacteroidetes/firmicutes ratio

EN Enteral nutrition

IEC Intestinal epithelial cell

IFN-vy Interferon gamma

I-BABP Ileal bile-acid binding protein

I-FABP Serum intestinal fatty acid binding protein
Muc?2 Mucin 2

NOBN Non-occlusive bowel necrosis

NOMI Non-occlusive mesenteric ischemia

PN Parenteral nutrition

RCT Randomized controlled trial

SCFA Short-chain fatty acid

sp Species

TJ Tight junction

TLR4 Toll-like receptor 4

TNF-o Tumor necrosis factor alpha

VA-ECMO Veno-arterial  extracorporeal —membrane
oxygenation

70 Zona occluden

Introduction

In 1942, Cuthbertson described the ‘ebb’ and ‘flow’ phases
of critical illness [1]. An early hyperacute phase of
hemodynamic instability hallmarks the ‘ebb’ phase where
critically ill patients are undergoing resuscitation and often
require vasopressor support to maintain blood pressure and
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oxygen delivery [2]. The ‘ebb’ phase also represents a
period of vulnerability for gut barrier and immune func-
tions and microbiota composition. Historically, nutrition
has been considered a form of support whereby it provides
calories during catabolism, and increases mitochondrial
function and protein synthesis to maintain lean body mass
and enhance muscle function. Enteral nutrition (EN), as a
form of therapy, has been shown to preserve intestinal
barrier function, maintain immunity, and limit gut dys-
biosis. In this narrative review, we describe gut dysfunc-
tions observed in shock, their clinical consequences,
identify recent literature evaluating luminal benefits of EN
in shock, and identify recent literature examining the safety
and clinical benefits of EN in shock.

The Consequences of Circulatory Shock on Gut
Barrier and Immune Functions

Circulatory shock leads to reduced oxygen delivery, often
due to reduced effective circulating blood volume, and
clinically manifesting as hypotension. As a result, wide-
spread cellular and tissue hypoxia ensue. Early in shock,
blood flow is diverted away from non-vital organs, such as
the gut, to preferentially perfuse vital organs like the brain,
heart, and kidneys.

Small intestine villous blood flows in opposite direc-
tions: arterial blood flows upwards towards the villus and
venous blood flows towards the base [3]. Oxygen is
extracted as blood moves towards the villus [3]. Since
shock states shunt blood away from (non-vital) splanchnic
circulation, the reduced splanchnic blood flow diminishes
oxygen delivered to the villus tip, leaving it susceptible to
ischemia. Furthermore, critical illness pathophysiology and
processes accelerate enterocyte apoptosis and impair
mucosal integrity, resulting in breakdown of barrier
defense. As a result, toxic mediators are transported into
the systemic circulation through lymphatic channels and
create downstream organ dysfunction like acute respiratory
distress syndrome (ARDS) [4¢].

In health, tight junctions (TJ) link enterocytes and are
selectively permeable to prevent the unregulated passage of
intraluminal contents. Claudins, MARVEL domain pro-
teins (occludin and tricellulin) and junctional adhesion
molecules are common to all tight junctions. Zona occlu-
dens (ZO) proteins help link TJs to the cytoskeleton [5¢].
Many components of the tight junction are altered in cir-
culatory shock. Bacterial activation of myosin light chain
kinase (MLCK) causes contraction of the actin—-myosin
ring and increases permeability at the cell-cell junction [6].
Systemic inflammation induced reduced expression of
claudin or occludin proteins allow for bacterial adherence,
which increases permeability [7¢]. Furthermore, degree of
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TJ disruption depends upon the severity of illness [8].
Higher serum TJ proteins and pro-inflammatory cytokines
correlate to greater luminal TJ breakdown [9]. Vermette
et al. reviewed 15 studies and concluded (a.) serum and
urine levels of claudins-2,3 and 4 correlated with severity
of acute gastrointestinal injury, (b.) serum ZO-1 best
stratified sepsis severity and degree of organ dysfunction,
and (c.) urinary claudins were a reliable measure of early
gastrointestinal injury [5e].

Shock-associated gut barrier disruption modifies cross-
talk between TJ proteins, gut bacteria and the immune
system leading to immune dysregulation via influx, efflux
and local perturbations of immune cells and inflammatory
mediators. Innate lymphoid cells act to protect the gut
barrier as early responders to pathogen invasion. CD4 + T
cells are recruited and potentiate release of pro-inflamma-
tory cytokines trending away from homeostasis [10].
Large-scale injury to intestinal epithelium facilitates an
uncontrolled pathological immune response and organ
dysfunction [11]. In a prospective observational study of 50
mechanically ventilated adults, delayed gastric emptying
was associated with increased concentrations of inflam-
matory markers CD4 + o437 + CCR9 + T lymphocytes
(known to preferentially migrate to the lamina propria of
the small intestines). In the same study, patients had sig-
nificantly higher serum concentrations of pro-inflammatory
markers TNF-o and IL-1B and an increased intestinal
barrier disruption was associated with higher serum
intestinal fatty acid binding protein (I-FABP), ileal bile-
acid binding protein (I-BABP), and zonulin-1 [12]. Sur-
vivors of shock states may have long term elevations in
inflammatory mediators which are predictive of higher
mortality and worse outcomes [13].

The Consequences of Circulatory Shock
and Critical Illness on the Gut Microbiota

Commensal organisms live in symbiosis with their host.
The combination of commensal (nonvirulent) organisms,
IgA, thick mucus layer, an acidic gastric environment, and
peristalsis resist pathogenic bacterial colonization [14].
Critical illness pathophysiologic processes and clinical
interventions (Table 1) alter the gut ecological system to
(a.) increase microbial immigration, (b.) impair microbial
clearance, and/or (c.) change environmental growth con-
ditions. Gut hypoperfusion impairs mucosal integrity to
increase bacterial and their product elimination through
mesenteric lymphatics (alters microbial elimination) and
increases mucosal inflammation (changes environmental
growth condition) [14]. Clinical ICU interventions (or lack
thereof), such as gastric acid suppression and diminished
oral intake, further impair microbial elimination and
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promote acid-intolerant bacteria and create stress condition
of nutrient scarcity, respectively. As a result, a healthy gut
microbiota consisting of predominantly Firmicutes and
Bacteroidetes is decimated and replaced by pathogenic
Proteobacteria.

In the largest prospective observational study evaluating
changes in the microbiome during critical illness, 115
mechanically ventilated critically ill adults had predomi-
nant Proteobacteria, consisting of gram negative rods, as
compared to healthy controls from the American Gut
Project, who had predominantly Firmicutes and Bac-
teroidetes [15¢¢]. Severity of illness determines the degree
of dysbiosis [14]. In 2017, Lankelma et al. found variation
in the gut microbiota, predominated by Bacteroidetes and
Proteobacteriae in critically ill septic patients, compared to
predominant Firmicutes in healthy controls [16].

Exposure to the hospital setting alone has minimal effect
on the upper respiratory tract bacterial community [14].
Rather, greater severity of illness induces more dysbiosis
[14]. Bacteria thrive under stressful conditions like circu-
latory shock by changing their behavior, permitting them to
subvert normal clearance mechanisms [17, 18¢]. Altered
mucosal oxygen gradient and thinning of the intestinal
mucosal layer that occur in circulatory shock favor Pseu-
domonas aeruginosa and Escherichia coli growth [14].
Babrowski et al. injected Pseudomonas into cecum of mice

subjected to sham injury and then implanted the Pseu-
domonas into peritoneum of uninjured mice and all mice
lived [19]. However, when Pseudomonas was injected into
the cecum of mice subjected to 30% hepatotectomy (which
induces inflammation) and then implanted into peritoneum
of uninjured mice, all mice died. When exposed to stress
(i.e., inflammation), Pseudomonas assumed a “wrinkled”
pattern, effectively changing its behavior to become pro-
inflammatory [19].

Dysbiosis has numerous consequences for the host.
Virulent pathogens interact with epithelium, with or with-
out invasion, and induce the release of mucosal-derived
cytokines, which travel through mesenteric lymphatics to
perpetuate inflammation and generate multiple organ dys-
functions. Gut-induced inflammation has been associated
with more gastrointestinal complications, more organ
dysfunction and infections, and greater mortality rate
[20, 21]. These interactions have been described as acti-
vation of the gut-lung or gut-lymph axis, for instance, and
further our understanding of how local gut perturbations
can have deleterious effects on distant organs.

Dickson et al. found similarities between gut and lung
microbiota in both cecal ligation and puncture murine
models and human subjects with ARDS, as compared to
controls that had unique gut and lung microbial fingerprints
[22]. Human specimens were dominated by Bacteroides

Table 1 Pathophysiologic (A) and ICU clinical interventions (B) and the mechanisms that alter the gut microbiota during critical illness

A

Pathophysiologic process Microbial immigration

Microbial elimination

Environmental growth conditions

Decreased oral intake Decreased immigration of food-

associated microbiota

Altered oropharyngeal microbiota Increased immigration of

Proteobacteria

Intestinal dysmotility and endogenous No direct effect
opioid
Gut hypoperfusion and impaired No direct effect

mucosal integrity

Impaired mucosal immunity: decreased ~ No direct effect

IgA and defensin production

No direct effect

No direct effect

Decreased elimination, increased
UGIT burden

Increased elimination via
translocation to mesenteric
lymphatics

Decreased elimination of pathogens

Shift to stress conditions of nutrient scarcity

No direct effect

No direct effect

Increased mucosal inflammation, shift from
commensal to Proteobacteria

Loss of growth inhibition of pathogens,
decreased commensals

B

ICU clinical interventions Microbial immigration

Microbial elimination

Environmental growth conditions

Gastric acid suppression No direct effect

Parenteral nutrition No direct effect

Decreased elimination from UGIT

Increased elimination

Promotes growth of acid-intolerant bacteria

Loss of growth inhibition for potential pathogens

via mesenteric lymphatics

Sedatives, opioids No direct effect

Systemic catecholamines No direct effect

Systemic antibiotics No direct effect

Decreased elimination

Decreased elimination

Increased elimination of select bacteria

Selective increase in opioid-responsive species

Selective promotion of growth
and virulent bacteria, decreased pH

Selective growth suppression of bacteria

Adopted with permission from Reference [14]

IgA immunoglobulin A, UGIT upper gastrointestinal tract
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species (sp.) while murine models were dominated by
Enterococcal sp. and Lachnospiraceae sp. The Bacteroides
sp. proved to be culture negative but were identified using
16S ribosomal RNA sequencing techniques [22]. These
observations support the need for novel techniques to
identify pathogenic bacteria. Kojima et al. induced shock in
a rat model and demonstrated exosome secretion into
mesenteric lymph and further activation of lung macro-
phages via TLR4 that culminated in acute lung injury [23].

Since 2017, multiple studies have shown associations
between gut dysbiosis and poor clinical outcomes
[20, 24, 25]. Yamada et al. identified patients with systemic
inflammatory response syndrome had a greater gut dys-
biosis, which was associated with reduced fecal short-chain
fatty acid concentration and more gastrointestinal compli-
cations [24]. Ojima et al. evaluated serial changes in gut
microbiota in 12 critically ill patients and found an asso-
ciation between taxonomic composition and mortality.
Four of six patients who died had a Bacteroidetes to Fir-
micutes ratio > 10 and all survivors had a B/F ratio < 10
[25]. Lamarche et al. demonstrated loss of gut and lung
biogeographical diversity in a prospective observational
study of 34 mechanically ventilated ICU patients, which
was associated with increased mortality [20]. The conse-
quences of dysbiosis may last for weeks to months after
resolution of critical illness [26].

What are the Benefits of Early EN on Maintaining
Luminal Defenses in Shock?

The consequences of luminal underfeeding have been
demonstrated with parenteral nutrition (PN) studies. Dur-
ing critical illness, PN is utilized exclusively when EN is
not possible or as a supplement when calorie needs are not
met by EN alone. Multiple contemporary RCTs have
demonstrated feasibility and safety of delivering early
exclusive PN [27]. However, exclusive PN has been
associated with loss of intestinal barrier function [28],
villous atrophy, increased intestinal epithelial cell (IEC)
apoptosis, and decreased proliferation [29]. In murine
models, Feng et al. demonstrated PN led to a decline in IEC
proliferation and increased apoptosis [30]. PN dependent
mice have increased levels of TNF-o and IFN-y [31] and
toll-like receptor-4 (TLR4) levels [32]. In humans, Ralls
et al. evaluated luminal nutrient deprived enterocytes in
patients undergoing small bowel resection. They demon-
strated loss of junctional integrity and marked increases in
mucosal pro-inflammatory cytokines TNF-o and TLR4
[33].

At the luminal level, Allaire et al. showed EN pro-
motes enterocyte secretion of mucin-2 protein, which
maintains a mucus layer and helps flush pathogens, and
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resistin-like molecule-f secretion into the submucosa,
which promotes CD-4 T cell recruitment driving host
defense mechanisms including epithelial cell proliferation
[34]. EN promotes commensal bacteria to protect against
enteric pathogens by (a.) direct competition for nutrients,
(b.) production of antibacterial peptides, and (c.) bile salt
modification rendering them harmful to other microor-
ganisms and driving mucus production [35]. In theory,
probiotics, prebiotics, or both (synbiotics) may have
therapeutic value by promoting commensalism and its
benefits. Fiber, an EN component, is a prebiotic for
colonocyte health. Colonocytes ferment fiber into short-
chain fatty acids (SCFA) butyrate, propionate, acetate,
and lactic acid. SCFA has numerous benefits, such as
butyrate migrating to bone marrow and stimulating
effective hematopoiesis, which promotes lung protective
Ly6C- and Ly6C + monocytes [36].

Davison et al. showed restoring commensal bacteria
promotes differentiation of innate immune cells leading to
local and distant immune modulating effects, although the
optimal formulation remains under investigation [37].
Shimizu et al. demonstrated significant reduction in the
enteritis and ventilator-associated pneumonia rate in septic
patients receiving synbiotics [38]. These findings under-
score the importance of Iuminal nutrients to preserve
enterocyte barrier and defense functions.

Is Early Enteral Nutrition in Shock Safe
and Beneficial?

Since 2017, guidelines have provided disparate recom-
mendations, mostly pertaining to EN in septic shock. The
Surviving Sepsis Campaign guideline suggests either early
trophic/hypocaloric or early full EN in critically ill patients
with septic shock (weak recommendation) [39]. In 2019,
the European Society for Parenteral and Enteral Nutrition
(ESPEN) guideline states no evidence-based answer for EN
in septic shock can be proposed as no interventional studies
have been reported to date [2].

Introducing luminal nutrients increases enterocyte
workload and oxygen demand. As stated earlier, shock
states diminish splanchnic blood flow, potentially leading
to unmet gut oxygen demand, which leaves the small
bowel susceptible to ischemia. As a result, non-occlusive
mesenteric ischemia (NOMI) and non-occlusive bowel
necrosis (NOBN) are the gravest consequences of intro-
ducing luminal nutrients into a hypoperfused bowel with
mortality rates exceeding 80%. The second consequence of
introducing luminal nutrients into the gut is splanchnic
steal, whereby preciously low systemic oxygen delivery is
“stolen” by the splanchnic circulation to increase oxygen
delivery for working enterocytes [3]. As a result, systemic
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oxygen delivery may be reduced, manifesting clinically as
increased vasopressor dose.

Since 2017, four observational studies (Table 2) have
evaluated the safety/tolerability and changes in vasopressor
associated with EN in shock [40, 41ee, 42¢, 43]. Merchan
et al. evaluated the tolerability of EN in mechanically
ventilated patients with septic shock and identified zero
reports of NOMI or NOBN and no significant change in
vasopressor dose [40]. Similarly, Ewy et al. found no
reports of NOMI or NOBN and no significant increase in
norepinephrine dose at 6, 12, or 24 h in mechanically
ventilated patients with septic shock receiving concomitant
EN [43]. Ohbe et al. compared outcomes of EN in Japanese
patients with cardiogenic and obstructive shock receiving
veno-arterial (VA) extracorporeal membrane support
(ECMO) [42¢+]. None of the 220 VA-ECMO patients who
received early EN (within 48 h of ECMO) developed
NOMI or NOBN, while 1% (9/1549) of those who received
delayed EN (after 48 h) during VA-ECMO developed
NOMI. Furthermore, early EN during VA-ECMO was
associated with improved 28-day mortality, as compared to
delayed EN (38% vs. 48%, p = 0.004) [42¢]. In another
observational study, Ohbe et al. compared outcomes
between early EN (within 48 h) and late EN (after 48 h) in
mechanically ventilated patients with shock requiring low-,
medium-, and high-dose norepinephrine [41e]. Using
propensity score matching, 5969, 2162, and 477 were
identified in the low-, medium-, and high-norepinephrine
groups. Amongst all patients on norepinephrine receiving
early EN, 0.2% (21/8608) developed bowel ischemia,
compared to 0.3% (50/17,216) in the late EN group (p-
value non-significant). Interestingly, early EN, as com-
pared to late EN, in the low-dose norepinephrine group was
associated with reduced 28-day mortality (— 2.9%; 95%
confidence interval — 4.5 to — 1.3%) [41°°].

Since 2017, two large pragmatic-design RCTs with an
EN intervention arm have enrolled patients in shock
[44, 45ee]. NUTRIREA-2 compared early PN to EN in
2410 mechanically ventilated (mostly medical ICU)
patients in shock [45¢+¢]. One-hundred percent of patients in
NUTRIREA-2 had circulatory shock. Of these, 62% had
septic shock [45¢¢]. There were no differences in the pri-
mary outcome of 28-day mortality between groups. NOMI
occurred in 19 of 1202 (2%) of patients receiving EN and
in 5 of 1208 (< 1%) in those receiving PN (hazard ratio
3.84, 95% confidence interval 1.43-10.3, p-value = 0.007)
[45¢]. Bowel ischemia that occurred in NUTRIREA-2 may
have been related to both EN and norepinephrine dose.
Nearly 20 kilocalories per kilogram per day EN was
delivered to patients receiving an average norepinephrine
dose of 0.56 pg per kilogram per minute. More recently,
the TARGET trial randomized 3957 critically ill patients to
energy-dense EN or standard of care and NOMI occurred

in 1 patient (0.05%) in the energy-dense group despite
receiving a median 23 kilocalories per kilogram per day
and in 1 patient (0.05%) receiving standard EN [46].
Overall, the incidence of NOMI and NOBN is rare across
large randomized controlled nutrition trials enrolling
patients in shock. We recently reviewed (manuscript in
press) 7 large nutrition studies published since 2011 that
enrolled patients on vasopressor into an EN intervention
arm [47]. We identified NOMI occurred in 36 of 12,219
(0.3%) patients receiving EN [47].

Two recent ancillary studies from the NUTRIREA-2
trial evaluating safety and benefit of early EN in shock and
one pilot RCT comparing early trophic EN to ‘no EN’ are
worth mentioning [48-50] Nseir et al. found more abun-
dant micro-aspiration of gastric contents in those who
received early PN, as compared to early EN (36% vs. 14%,
p = 0.004), suggesting early EN in shock is not associated
with more gastric aspiration [48]. In evaluating a mecha-
nism for benefit of EN in shock, Piton et al. reported higher
day 3 plasma citrulline concentration in those randomized
to early EN, as compared to early PN, suggesting early EN
in shock restored/maintained enterocyte mass and function
compared to early PN [49¢]. However, in the same study,
serum intestinal fatty acid binding protein (I-FABP), which
transports fatty acids in the enterocyte and considered a
marker of enterocyte ischemia, was elevated in the early
EN group, as compared to early PN group, without overt
NOMI in this cohort, raising the possibility of subclinical
mesenteric ischemia with full dose EN in shock. The
authors state further studies should assess whether trophic
EN in shock is associated with lower I-FABP [49¢].

Patel et al. conducted a small pilot RCT comparing the
feasibility of delivering early trophic EN (< 600 kilocalories)
to ‘no EN’ in 31 mechanically ventilated patients with septic
shock [50]. Zero patients had NOMI or NOBN, early EN was
well-tolerated, a signal for improved ICU- and ventilator-free
days was observed, and a trend towards reduced Candida
colonization in the early EN group. Even though Candida
isolation is not synonymous with infection, previous studies
have suggested association between Candida and persistent
inflammation and immunosuppression [51, 52].

Even though the optimal dose and timing of EN are
unknown and additional research is required, current evi-
dence suggests commencing early EN in shock is well-
tolerated, safe, and may be associated with improved
outcomes.

Conclusions and Future Insight
Circulatory shock turns on the “gut motor,” which per-

petuates inflammation through loss of TJ integrity and
bacterial dysbiosis, which generate dysregulated immune
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Table 2 Observational and randomized controlled studies since 2017 primarily evaluating early enteral nutrition (EN) in shock

Author Date  Study question Safety outcome Other outcomes Comments
Observational studies
Merchan 2017 Is early EN in septic shock Bowel ischemia not found First intolerant event EN tolerance more likely if
et al. tolerated? and overall intolerance occurred with NE dose EN started within 48 h
[40] identified in 38%, with 0.14 pg/kg/min (78% vs. 48%, p = 0.015)
74% representing
GRV > 250 mL
Ohbe 2018 What are the outcomes of =~ Bowel ischemia occurred in  Early EN associated with Largest observational study
et al. early EN, compared to zero patients receiving improved 28-day mortality showing early EN in
[42¢°] late EN, in cardiogenic early EN, compared to circulatory shock patients
and obstructive shock 9/1549 (1%) receiving late undergoing VA-ECMO is
patients undergoing VA- EN not associated with harm
ECMO? and may be beneficial
Ohbe 2019 What are outcomes in Bowel ischemia occurred in ~ Early EN associated with Largest observational study
et al. mechanically ventilated 0.2% (21/8608) in early lower 28-day mortality in evaluating the impact of
[41°°] patients with shock EN and 0.3% low dose (— 2.9%, CI early versus late EN in
receiving early EN, (50/17,216) in late EN — 4.5% to — 1.3%) and patients with shock, as
compared to late EN, medium dose (— 6.8%, CI stratified by NE dose
stratified by NE dose? — 9.6% to 4.0%) NE
groups”
Ewy 2019 In patients with septic No reports of NOMI or No significant change in NE  This study suggests
et al. shock, does NE dose NOBN dose in 31 mechanically delivering EN in patients
[43] increase in the ventilated patients with with septic shock is not
subsequent 6, 12, and septic shock receiving associated with an increase
24 h after commencing concomitant EN in NE dose, which
EN? challenges the splanchnic
steal phenomenon
Randomized controlled trials
Reignier 2018 In mechanically ventilated ~Bowel ischemia occurred in ~ No difference in primary Early EN patient received
et al. adults with shock, does 2% in early EN, as outcome of 28-day mean 17.8 kcal/kg/day
[45°°] early PN, compared to compared to < 1% in early mortality (37 vs. 35%, while on mean NE dose of
early EN, improve PN (p = 0.007). Vomiting p=0.33) 0.56 pg/kg/min, which
28-day mortality? occurred in 34% in early may have accounted for the
EN, compared to 24% in NOBN observed in this
early PN (p < 0.0001) group
Patel 2019 In mechanically ventilated No patient developed NOMI  Signals for improved ICU Early trophic EN group had
et al. adults with septic shock, or NOBN and ventilator-free days in less subsequent cultures
[50] is delivering trophic EN, this pilot study growing Candida,

compared to ‘no EN,’
feasible?

compared to ‘no EN,’
suggesting a beneficial role
of early trophic EN in
maintaining gut integrity

VA-ECMO veno-arterial extracorporeal membrane oxygenation, GRV gastric residual volume, mL milliliters, /CU intensive care unit, NOBN

non-occlusive bowel necrosis, NOMI non-occlusive mesenteric ischemia, PN parenteral nutrition

“Low dose norepinephrine (NE) defined as < 0.1 pg/kg/min and medium dose as 0.1-0.3 pg/kg/min

responses. Early EN, as a form of therapy, may maintain
enterocyte barrier function and provide substrate for bac-
teria to limit dysbiosis to prevent dysregulated immune
responses. Recent observational and RCT data show early
EN is well-tolerated and safe whereby the incidence of
NOMI and NOBN is low. Furthermore, emerging obser-
vational and pilot RCT data suggest benefit from early EN
in shock. The only large RCT comparing EN in shock had
PN as a comparator group. Large-scale RCTs comparing
different EN doses in circulatory shock are lacking. Future
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research testing the role of EN in shock is needed to
identify optimal EN timing, dose, and composition.
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