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Abstract 

Introduction:  Real-world evidence on the timing and efficacy of enteral nutrition (EN) practices in intensive care unit 
(ICU) patients with circulatory shock is limited. We hypothesized early EN (EEN), as compared to delayed EN (DEN), is 
associated with improved clinical outcomes in mechanically ventilated (MV) patients with circulatory shock.

Methods:  We analyzed a dataset from an international, multicenter, pragmatic randomized clinical trial (RCT) evalu‑
ating protein dose in ICU patients. Data were collected from ICU admission, and EEN was defined as initiating < 48 h 
from ICU admission and DEN > 48 h. We identified MV patients in circulatory shock to evaluate the association 
between the timing of EN initiation and clinical outcomes. The regression analysis model controlled for age, mNUTRIC 
score, APACHE II score, sepsis, and Site.

Results:  We included 626 patients, from 52 ICUs in 14 countries. Median age was 60 years [18–93], 55% had septic 
shock, 99% received norepinephrine alone, 91% received EN alone, and 50.3% were randomized to a usual protein 
dose. Forty-two percent of EEN patients had persistent organ dysfunction syndrome plus death at day 28, compared 
to 53% in the DEN group (p = 0.04). EEN was associated with more ICU-free days (9.3 ± 9.2 vs. 5.7 ± 7.9, p = 0.0002), 
more days alive and free of vasopressors (7.1 ± 3.1 vs. 6.3 ± 3.2, p = 0.007), and shorter duration of MV among survivors 
(9.8 ± 10.9 vs. 13.8 ± 14.5, p = 0.0002). This trend was no longer observed in the adjusted analysis. There were no differ‑
ences in ICU/60-day mortality or feeding intolerance rates between groups.

Conclusion:  In MV patients with circulatory shock, EEN, as compared to DEN, was associated with improved clini‑
cal outcomes, but no longer when adjusting for illness severity. RCTs comparing the efficacy of EEN to DEN in MV 
patients with circulatory shock are warranted.
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Introduction
Up to one-third of patients admitted to an intensive care 
unit (ICU) are in circulatory shock, which is associated 
with an increased risk of mortality [1–3]. Death from 
circulatory shock is often preceded by multiple organ 
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dysfunction syndrome (MODS), which carries a mortal-
ity rate of more than 80%. Loss of gut epithelial barrier 
function (EBF) contributes to gut-derived proinflam-
matory immune responses that contribute to MODS [4, 
5]. Pre-clinical studies have demonstrated early enteral 
nutrition (EEN) preserves EBF, but there’s a paucity of 
data in human studies to inform the timing of enteral 
nutrition (EN) in circulatory shock [6–9]. Furthermore, 
introducing luminal nutrients in ICU patients may 
increase the risk of gut-related complications, like non-
occlusive mesenteric ischemia and bowel necrosis [10].

Under expert consensus, the Society of Critical Care 
Medicine (S.C.C.M.) and American Society for Paren-
teral and Enteral Nutrition (A.S.P.E.N.) 2016 Critical 
Care Nutrition Guidelines recommend cautiously initiat-
ing EN in ICU patients with stable and low vasopressor 
doses and to withhold EN with escalating vasopressor 
dose or with enteral feeding intolerance (EFI) [11]. How-
ever, no randomized controlled trial (RCT) level evidence 
informs recommendations for optimal timing of EN in 
critically ill patients with circulatory shock [12]. Thus, 
critical care clinicians lack guidance on the optimal tim-
ing of EN in critically ill patients with circulatory shock, 
which may lead to variability in the time to EN initiation.

The purpose of this study is to describe worldwide EN 
practices in patients with circulatory shock and describe 
the association between early and delayed enteral nutri-
tion (DEN) on clinical outcomes using a cohort of high 
nutritional risk critically ill patients enrolled in an ongo-
ing multi-center, multi-national RCT comparing higher 
to usual protein dose [13]. We hypothesized EEN (< 48 h 
of ICU admission), as compared to DEN (> 48 h of ICU 
admission), in mechanically ventilated patients with 
circulatory shock is associated with improved primary 
outcome of persistent organ dysfunction plus death 
(PODS + death) at 28 days.

Methods
Study design
We conducted a nested cohort study using data collected 
prospectively for the ongoing EFFORT Trial (ClinicalTri-
als.gov Identifier: NCT03160547), a multi-center, multi-
national, pragmatic, volunteer-driven, registry-based, 
RCT of nutritionally high-risk critically ill patients rand-
omized to be prescribed a high (≥ 2.2 g/kg/d) or standard 
protein dose (≤ 1.2  g/kg/d). Full details of the EFFORT 
Trial are described elsewhere [13]. The study protocol 
was approved by the Research Ethics Board at Queen’s 
University. Local institutional review boards (IRBs) at 
enrolling sites approved the RCT. Participating sites 
obtained approval for waiver of informed consent; when 
this was not granted, standard informed consent was 
obtained.

Setting
In the main RCT, data were prospectively collected 
using REDCap [14] between 2018 and 2021 by site 
investigators from 100 participating ICUs from Argen-
tina, Australia, Brazil, Canada, Greece, Hong Kong, 
India, Iran, Japan, Mexico, Malaysia, Panama, Puerto 
Rico, Saudi Arabia, UK, and USA. Data were abstracted 
from medical records, nursing flow charts, and nutri-
tional assessments in each ICU. In the main trial, all 
data were collected beginning on ICU Day 1, which 
was defined as the ICU admission date (not the rand-
omization date). Data were collected from 00:00 h until 
23:59 h of the same calendar day. Study and data qual-
ity oversight were performed by The Clinical Evaluation 
Research Unit at Queen’s University, Kingston, ON, 
Canada (Methods Centre, https://​www.​ceru.​ca). Each 
registered ICU had an enteral feeding protocol in place 
and acknowledged having training in critical care nutri-
tion support.

Participants
We included patients with circulatory shock from the 
EFFORT trial. For the EFFORT trial, consecutive patients 
admitted to ICUs were screened and enrolled within 
the first 96  h of ICU admission if they met the follow-
ing inclusion criteria: (1) ≥ 18 years old, (2) nutritionally 
high-risk defined as (minimum one): (2a) Body Mass 
Index [BMI] < 25/> 35; (2b) moderate or severe malnutri-
tion [as defined by local assessments]; (2c) frailty [clini-
cal frailty scale ≥ 5]; (2d) sarcopenia [SARC-F score ≥ 4]; 
(2e) expected mechanical ventilation (MV) > 96  h; and 
(3) requiring MV with actual or expected total duration 
of MV > 48  h, and (4) eligible to receive nutrition sup-
port (EN, Parenteral Nutrition [PN], EN + PN, amino 
acids only). Exclusion criteria were any of (1) pregnancy, 
(2) > 96 continuous hours of MV before enrollment, (3) 
expected death or withdrawal of life-sustaining treat-
ments within 7 days from enrollment, (4) the responsible 
clinician feels that the patient either needs usual or high 
protein (lack of equipoise), (5) the patient requires PN 
only and site does not have products to reach the high 
protein dose.

For this study, we included patients with (1) circulatory 
shock, defined as those who received any vasopressors 
or inotropes (epinephrine, vasopressin, levosimendan, 
dopamine, phenylephrine, dobutamine, or milrinone) 
for at least two continuous hours during ICU admis-
sion, (2) received EN, and (3) had a complete electronic 
case report form in REDCap. We excluded patients who 
received only PN. The data analyzed in this study main-
tained the same time frame for data collected in the main 
study (ICU Day 1 = ICU admission date).

https://www.ceru.ca
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Variables data sources/management
The protein prescription for enrolled patients was deter-
mined by the study protocol. Energy calculation and the 
rest of the clinical assessments/management were at the 
discretion of the clinical ICU team. Variables for this 
analysis include baseline demographic data, vasopressor 
and nutrition data, laboratory data, clinical outcomes, 
and complications like EFI events.

Vasopressor therapy
For this analysis, we included daily vasopressor(s)/
inotrope(s) infusion (highest hourly rate) if given for 
at least 2 continuous hours of any dose of norepineph-
rine (µg/kg/min), epinephrine (µg/kg/min), vasopressin 
(units/min), dobutamine (µg/kg/min), milrinone (µg/kg/
min), levosimendan (µg/kg/min), dopamine (> 5  µg/kg/
min), or phenylephrine (> 50 µg/minute). For each vaso-
pressor, a norepinephrine equivalent dose was calculated 
[15]. The highest hourly vasopressor dose was calculated 
for the first 48 h treatment period.

Nutrition therapy variables
The nutrition data were collected starting on ICU Day 
1 and until the earlier of the following occurred: (1) 12 
ICU days, (2) ICU discharge (alive/death), or (3) until 
full oral feeds. Data were censored at day 60 in patients 
discharged alive from ICU to hospital and remained in 
hospital alive at day 60. Nutrition prescription, daily 
nutrition data (EN alone, PN + EN, AA), EN formula and 
protein supplement received, quantity of calories-protein 
received from all sources, EN interruptions (reasons, 
duration [time]), quantity of propofol, enteral feeding 
delivery method, and motility agents received were col-
lected; the EN infusion rate (mL/h) and reasons to with-
holding EN were not collected in the main study. For this 
analysis, the nutrition performance included evaluable 
days (first 12 days in the ICU), as previous described [16–
18]. Evaluable days included the day after ICU admission 
up to the earliest of the day prior to ICU discharge (or 
death), the first day patients began exclusive permanent 
oral feeding or 12 days after ICU admission. Nutritional 
adequacy was defined as the total energy or protein 
received from all EN or PN sources divided by the base-
line prescriptions averaged over the days evaluable for 
nutrition therapy. The calories from propofol, if admin-
istered for more than 6 continuous hours, were included, 
but calories or proteins from intravenous glucose and 
amino acid infusions were not included. Early EN was 
defined, based on guidelines, as EN initiated within 48 h 
of ICU admission and DEN as initiation after 48 h of ICU 
admission [11].

Enteral feeding intolerance, laboratory, and clinical 
outcome variables
Enteral feeding intolerance (EFI) events were defined and 
reported by each participating ICU according to their 
local clinical assessment, and included: high gastric resid-
uals, increased abdominal girth/distention, vomiting/
emesis, diarrhea, and subjective discomfort. In the main 
trial, EFI events were collected only after EN initiation 
and until it was discontinued. The highest daily creati-
nine (µmol/L), urea/BUN (mg/dl), triglycerides (mg/dl), 
and lowest phosphate (mmol/L) values were collected.

Primary outcome
In mechanically ventilated patients with circulatory 
shock, we aimed to evaluate the impact of EEN, com-
pared to DEN, on the primary outcome of PODS + death 
at 28 days. PODS + death is defined as the persistence 
of organ dysfunction and is present when a critically 
ill patient is receiving a vasopressor, dialysis, and/or 
mechanical ventilation and the patient had died at the 
outcome assessments time point. Time points assessed 
for PODS + death were Day 14, 28, and 60 post-ICU 
admission [19]. PODS-free days are defined as the num-
ber of days (out of 28 since ICU admission) alive and free 
of vasopressor, dialysis, and/or mechanical ventilation. 
Secondary outcomes include ICU length of stay (LOS), 
hospital LOS, mechanical ventilation LOS, readmission 
rate, duration of vasopressor use, renal replacement ther-
apy (RRT), ICU and 60-day mortality, and EFI rates. ICU-
free days are defined as the number of days; out of 28, an 
individual is alive and not admitted in an ICU. Vasopres-
sor-free days are defined as the number of days; out of 
28, an individual is alive and not requiring vasopressor 
support.

Statistical methods
Patient demographic variables, use of vasopressor and 
inotropic therapies, nutrition practices, laboratory val-
ues, and clinical and safety outcomes were compared 
between those receiving EEN and DEN. Categorical 
variables were reported as counts and percentages and 
compared between the EEN and DEN groups by the 
chi-squared test. Continuous variables were reported as 
mean and standard deviation (±) (range) and compared 
between groups by the Mann–Whitney U test. Separate 
multivariable regression models were estimated to esti-
mate the association between EN timing (EEN vs. DEN) 
and each of PODS + death at day 28, and 60-day mortal-
ity after controlling for age, mNUTRIC score, APACHE 
II score, and sepsis. Since mNUTRIC and APACHE II 
scores and binary sepsis status were sometimes missing, 
we created 100 imputed data sets, performed regression 
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separately on each data set and then combined the 
results using Rubin’s rules [20]. We first used MCMC 
with 100 imputations to impute just enough of the miss-
ing mNUTRIC and APACHEII values to create a mono-
tonic missing data pattern [21]. We then used monotonic 
regression to fill in the remaining missing mNUTRIC 
(linear), APACHEII (linear), and sepsis status (logistic). A 
subgroup analysis that controlled for sites has been per-
formed to evaluate the effect of EEN on PODS + death 
at day 28 and 60-day mortality within the subpopulation 
of enrolled patients. All p-values are two-sided without 
adjustment for multiple tests of significance. A p-value 
less than 0.05 was considered statistically significant. All 
analyses were conducted using SAS software version 9.4 
(SAS Institute Inc., Cary, NC, USA) [22].

Results
Participant characteristics
A total of 3362 patients in 88 ICUs across 16 countries 
were screened between January 15, 2018, and Septem-
ber 15, 2021, for inclusion in the main study. Of these, 
1144 were randomized. Among 792 finalized charts, 
155 patients did not receive vasopressors and 11 did not 
receive EN, with 626 patients from 52 ICUs in 14 coun-
tries included in the analysis; 50.3% (n = 315) patients 
were randomized into the usual protein group. Of these, 
526 received EEN and 100 received DEN (Fig. 1).

Of the 626 patients, 56% were male with a mean and 
standard deviation (±) age of 57.7 ± 17.0  years. Eighty-
seven percent of the entire cohort had a medical admis-
sion and 55% had septic shock. The EEN group, as 
compared to the DEN group, had a higher mNUTRIC 
score (5.0 ± 1.9 vs. 4.3 ± 2.2, p = 0.006), a higher APACHE 
II score (22.9 ± 7.9 vs. 20.9 ± 9.0, p = 0.04); and a higher 
day 1 SOFA score (9.6 ± 3.4 vs. 8.7 ± 4.9, p = 0.05), 
Table 1.

Descriptive vasopressor and nutrition data
Ninety-nine percent of the entire cohort received norepi-
nephrine (n = 621) with an average dose of 0.3 ± 0.6 µg/
kg/min, and 90% received 1 vasopressor. The median 
time, interquartile range [IQR], and range to initiate any 
vasopressor/inotrope were 2.5 [IQR 0.3–15.0] or (range 
0.0–478.0) hours after ICU admission (Table  2). The 
median time to initiate vasopressor(s) after ICU admis-
sion was significantly different between groups (EEN: 
2.3 [IQR 0.2–12.0] or (range 0–387.3) vs. DEN: 5.8 [IQR 
0.5–45.8] or (range 0–478.0) hours, p = 0.002). For the 
entire cohort, EN was initiated 18.7 [IQR 10.0–36.8] or 
(range 0.0–434.3) hours after ICU admission. EN alone 
was delivered to 91% of the entire cohort and 97% had 
EN delivery into the stomach (gastric feeding tube). 
We identified 6 feeding practices to initiate EN and ‘EN 

commenced at a low rate’ was observed in 47% of the 
cohort, while 2% received trophic feeds, [Additional 
file  1: Table  S1a]. Polymeric EN was the most common 
formula used (81%), and indirect calorimetry was utilized 
in 6.9% of the entire cohort. Overall, EN was initiated in 
a median of 16 [IQR 8–31] or (range 0.3–234.6) hours 
after vasopressors initiation (EEN: 13.5 [IQR 6.7–21] or 
(range 0.3–60.8) vs. DEN: 59.4 [IQR 43.2–73.6] or (range 
2.3–234.6) hours, p < 0.0001).

The median time to initiate EN after ICU admission 
in EEN and DEN groups was 15.5 [IQR 8.4–24.5] or 
(range 0.0–47.8) versus 67.6 [IQR 57.6–85.3] or (range 
48.1–434.3) hours, respectively (p < 0.0001). Patients in 
the EEN group (n = 449), as compared to DEN (n = 83), 
during the first 12 ICU days a had greater calorie deliv-
ery while on vasopressor (61.5% of prescribed calories or 
13.5 kcal/kg/day [range 1.0–31.3] vs. 47.1% of prescribed 
calories or 10.6  kcal/kg/day [range 0.4–24.8], p < 0.001) 
and greater protein delivery while on vasopressors (53.2% 
of prescribed protein or 0.8 g/kg/day [range 0.1–2.2] vs. 
39.2% of prescribed protein or 0.6  g/kg/day [range 0.0–
1.4], p < 0.001) [Additional file 1: Table S1a].

Primary outcome
In the EEN group, 42% (n = 220) of patients had 
PODS + death at 28  days compared with 53% (n = 53) 
in the DEN group (unadjusted odds ratio 0.64 [95% CI 
0.42–0.98, p = 0.04]). This trend was observed at Day 14 
but not Day 60. After controlling for age, mNUTRIC, 
APACHE II score, and sepsis, the adjusted odds ratio was 
0.75 (0.43–1.28, p = 0.29), Additional file  2: Table  S1b. 
In addition, EEN was associated with more PODS-free 
days, as compared to the DEN group (11.0 ± 10.2. vs. 
8.5 ± 9.2 days, p = 0.03).

Secondary outcomes and subgroup analysis
The EEN group, as compared to the DEN, had more ICU-
free days (out of 28  days) (9.3 ± 9.2 vs. 5.7 ± 7.9  days, 
p = 0.0002), and more vasopressor-free days within 
28 days of ICU admission (16.9 ± 9.6 vs. 15.5 ± 9.2 days, 
p = 0.05) (Table 3). In addition, survivors had fewer days 
of mechanical ventilation (9.8 ± 10.9 vs. 13.8 ± 14.5, 
p = 0.0002), a shorter ICU LOS (13.9 ± 11.1 vs. 
20.3 ± 13.6 days, p = 0.0001), and a shorter hospital LOS 
(22.5 ± 13.3 vs. 28.2 ± 15.3 days, p = 0.02) with EEN com-
pared to DEN. There were no significant differences in 
ICU or 60-day mortality rates between groups.

There were significant associations between EEN and 
both 60-day mortality and PODS + death at day 28 in 
the high and low mNUTRIC groups (Fig. 2). In patients 
with high mNUTRIC score (≥ 5), EEN was associated 
with increased risk of 60-day mortality (odds ratio [OR]: 
1.52, 95% confidence interval [CI] 0.91–2.54) while there 



Page 5 of 12Ortiz‑Reyes et al. Critical Care          (2022) 26:173 	

was non-significant association in the opposite direc-
tion for patients with low mNUTRIC (test for interaction 
p = 0.03). In patients with a low mNUTRIC score (< 5), 

EEN was associated with a reduced risk of PODS + death 
at day 28 (OR: 0.59, CI 0.42–0.83) while there was no 

Fig. 1  Flow diagram for total ICUs and patients included in the study
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Table 1  Baseline demographics and variables

Variable All (n = 626) Early EN (Within 48 h from ICU 
admission) (n = 526)

Delayed EN (> 48 h from ICU 
admission) (n = 100)

p value

Age (years)
mean ± SD; [range]

57.7 ± 17.0
[18.0–93.0]

58.0 ± 16.9
[18.0–93.0]

56.5 ± 17.4
[20.0–92.0]

0.28

Gender, n (%) 0.48

Male 349 (55.8) 290 (55.1) 59 (59.0)

Female 277 (44.2) 236 (44.9) 41 (41.0)

BMI
mean ± SD; [range]

28.2 ± 8.9
[13.8–78.6]

28.3 ± 9.0
[13.8–78.6]

27.6 ± 8.9
[14.9–70.9]

0.28

mNUTRIC score
mean ± SD; [range]

4.9 ± 2.0
[0.0–9.0]

5.0 ± 1.9
[0.0–9.0]

4.3 ± 2.2
[0.0–9.0]

0.006

≥ 5 n (%) 361 (57.7) 322 (61.2) 39 (39.0) 0.01

< 5 n (%) 223 (35.6) 182 (34.6) 41 (41.0)

Type of admission n (%) 0.003

Medical 546 (87.2) 465 (88.4) 81 (81.0)

Surgical Elective 18 (2.9) 10 (1.9) 8 (8.0)

Surgical Emergency 62 (9.9) 51 (9.7) 11 (11.0)

Primary reason/organ system dysfunction for 
ICU admission, n (%)

0.44

Cardiovascular/vascular 61 (9.7%) 56 (10.6%) 5 (5.0%)

Respiratory 273 (43.6%) 231 (43.9%) 42 (42.0%)

Gastrointestinal 24 (3.8%) 18 (3.4%) 6 (6.0%)

Neurologic 78 (12.5%) 65 (12.4%) 13 (13.0%)

Sepsis 109 (17.4%) 87 (16.5%) 22 (22.0%)

Trauma 45 (7.2%) 38 (7.2%) 7 (7.0%)

Other 36 (5.8%) 31 (5.9%) 5 (5.0%)

Patients with septic shock n (%) 301 (55.1%) 250 (53.8%) 51 (63.0%)

Respiratory 184 (33.7%) 157 (33.8%) 27 (33.3%) 0.95

Other sepsis sources n (%) 109 (20.0%) 87 (18.7%) 22 (27.2%) 0.69

Central nervous system 8 (1.5%) 6 (1.3%) 2 (2.5%) 0.20

Comorbidities
mean ± SD; [range]

2.4 ± 2.1
[0.0–11.0]

2.4 ± 2.1
[0.0–11.0]

2.2 ± 1.9
[0.0–7.0]

0.63

Charleson Comorbidity Index
mean ± SD; [range]

1.1 ± 1.6
[0.0–11.0]

1.1 ± 1.6
[0.0–11.0]

1.2 ± 1.6
[0.0–6.0]

0.65

APACHE II Score
mean ± SD; [range]

22.6 ± 8.1
[3.0–55.0]

22.9 ± 7.9
[5.0–55.0]

20.9 ± 9.0
[3.0–43.0]

0.04

SOFA Score
mean ± SD; [range]

9.4 ± 3.7
[0.0–22.0]

9.6 ± 3.4
[0.0–22.0]

8.7 ± 4.9
[0.0–21.0]

0.05

Baseline Nutritional Assessment

Nutritionally ‘high-risk’
n (%)

0.43

≤ 25 279 (44.6) 229 (43.5) 50 (50.0)

25– < 35 234 (37.4) 202 (38.4) 32 (32.0)

≥ 35 113 (18.1) 95 (18.1) 18 (18.0)

Moderate to severe malnutrition n (%) 178 (28.4) 146 (27.8) 32 (32.0) 0.39

Frailty n (%) 0.03

≥ 5 163 (26.0) 129 (24.5) 34 (34.0)

1 to 4 396 (63.3) 342 (65.0) 54 (54.0)

Sarcopenia n (%) 0.08

≥ 4 90 (14.4%) 70 (13.3%) 20 (20.0%)

0–3 536 (85.6%) 456 (86.7%) 80 (80.0%)

From point of screening, projected duration of 
mechanical ventilation > 4 days

495 (79.1%) 411 (78.1%) 84 (84.0%)
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association in patients with high mNUTRIC (test for 
interaction p = 0.02).

Safety outcomes
The rate of enteral feeding intolerance (25% [n = 161]) 
was similar between groups and two events of necrotic 
bowel/gut ischemia (0.3%) occurred in the EEN group. 
There were no differences in the serum creatinine, urea, 
phosphate, and triglycerides serum levels between EEN 
and DEN groups (Table 4).

Discussion
In this observational study using worldwide data to 
describe EN practices in mechanically ventilated patients 
with circulatory shock, we observed (1) significant varia-
bility in EN practices, (2) significant differences in cumu-
lative calorie delivery between EEN and DEN groups 
during the first 12 ICU days, and (3) the association 
between EEN and DEN groups and clinical outcomes 
was no longer significant after adjustment for severity.

Data from this pragmatic study found a significant dif-
ference in initiating EN in nutritionally high risk critically 
ill patients in circulatory shock. The time to initiate EN 
after ICU admission was a median of 18.7 h but ranged 
from 0–434.3 h with 16% (n = 100) being beyond the rec-
ommended 48-h window following ICU admission. In a 
retrospective propensity matched analysis using a nation-
wide dataset, Dorken et  al. found similar results, with 
a median time to EN initiation in the late EN group of 
79 h [23]. Major nutrition societal guidelines recommend 

initiating EN in patients with circulatory shock after 
hemodynamic stability and EN initiation beyond 48  h 
may be due to greater initial severity of illness [11, 24, 
25]. However, our study found the EEN group had greater 
baseline severity of illness, including higher mNUTRIC, 
APACHE II, and SOFA scores. The significant delay, 
beyond the recommended 48 h, may be due to a paucity 
of data on the optimal timing of EN initiation in circula-
tory shock. Unlike the recommendation to initiate EEN 
in the general ICU patient, which is supported by mul-
tiple RCTs (that did not include patients with circula-
tory shock), the evidence base informing timing of EN 
in circulatory shock consists of pre-clinical and human 
observational and small RCTs, including a phase II pilot 
feasibility study demonstrating protocol compliance 
and safety of early trophic EN in septic shock.24 Fur-
thermore, critical care nutrition guidelines recommend, 
based on expert opinion, to provide tropic EN (low dose) 
when shock is controlled or that EN be withheld until 
the patient is fully resuscitated and/or stable [11, 26, 27]. 
The definition of stability is unspecified and, therefore, 
ambiguous. The lack of an evidence-based recommen-
dation and, instead, an expert opinion that introduces 
ambiguity may lead clinicians to delay EN out of fear of 
complications.

Second, our study found significant differences in cal-
orie (13.5 vs. 10.6  kcal/kg/day, p = 0.0005) and protein 
(0.8 vs. 0.6  g/kg/day, p = 0.0001) delivery between EEN 
and DEN while on vasopressor support, and no differ-
ences were observed in the proportion of patients in the 

Table 1  (continued)

Variable All (n = 626) Early EN (Within 48 h from ICU 
admission) (n = 526)

Delayed EN (> 48 h from ICU 
admission) (n = 100)

p value

Participating countries n (%)  < 0.01

USA 117 (18.7%) 95 (18.1%) 22 (22.0%)

UK 116 (18.5%) 102 (19.4%) 14 (14.0%)

Canada 110 (17.6%) 100 (19.0%) 10 (10.0%)

Mexico 77 (12.3%) 71 (13.5%) 6 (6.0%)

Argentina 48 (7.7%) 33 (6.3%) 15 (15.0%)

Brazil 41 (6.5%) 20 (3.8%) 21 (21.0%)

Panama 23 (3.7%) 23 (4.4%) 0 (0.0%)

Saudi Arabia 22 (3.5%) 15 (2.9%) 7 (7.0%)

Greece 20 (3.2%) 19 (3.6%) 1 (1.0%)

Hong Kong 19 (3.0%) 16 (3.0%) 3 (3.0%)

Malaysia 16 (2.6%) 15 (2.9%) 1 (1.0%)

India 8 (1.3%) 8 (1.5%) 0 (0.0%)

Japan 7 (1.1%) 7 (1.3%) 0 (0.0%)

Australia 2 (0.3%) 2 (0.4%) 0 (0.0%)

Numeric variables are represented as “n” and percentage (%); mean and standard deviation (±) and [ranges]; body mass index (BMI); Nutrition Risk in Critically ill 
score is available only for 584 (93.2%) patients; Frailty (Clinical Frailty Scale) score is available only for 559 (89.2%) patients; Frailty (Clinical Frailty Scale); modified 
Nutritionally ‘high-risk’ (mNUTRIC); Body Mass Index (BMI); Sarcopenia (SARC-F score)
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DEN and EEN allocated to high and usual protein dose 
groups in the main RCT. It is unclear if the difference 
in the quantity of daily calorie and protein represents a 
clinically important difference. Critically ill patients with 
circulatory shock who received DEN are more likely to 
fail to meet their energy and protein requirements, which 
may expose them to unfavorable clinical outcomes, espe-
cially those at high nutritional risk [16, 28–31]. However, 
in our analysis, patients with lower mNUTRIC score 
receiving EEN had an increased risk of 60-day mortality 
and PODS + death at day 28. Our study found EEN group 
had more days alive and free of vasopressors and surviv-
ing patients in the DEN group had a longer length of ICU 
and hospital LOS. Two patients in the EEN group devel-
oped non-occlusive mesenteric ischemia (NOMI)/bowel 
necrosis (NOBN), and there was no significant difference 
in EFI rate between EEN and DEN groups. Our findings 
are discordant with the NUTRIREA-2 trial, which rand-
omized mechanically ventilated patients with predomi-
nant septic shock to early EN or early PN [32]. Patients 

randomized to early EN had a greater EFI rate, including 
NOMI rate (2 vs. < 1%, p = 0.007).32 However, the EEN 
group in NUTRIREA-2 received 17.8  kcal/kg/day while 
on 0.56  µg/kg/min of norepinephrine [9]. In our study, 
the EEN group patients received an average of 13.5 kcal/
kg/day of calories while on 0.3 µg/kg/min of norepineph-
rine. These findings align with results from Ohbe et  al., 
which found EEN while on low (< 0.1  µg/kg/min) and 
medium-dose (0.1–0.3  µg/kg/min) norepinephrine was 
associated with lower 28-day mortality as compared to 
DEN with no significant difference in NOMI between 
EEN and DEN groups (0.2 vs. 0.3%) [31]. The Ohbe et al. 
study did not account for total calorie intake in reporting 
NOMI rate. Our findings suggest an EEN dose of up to 
13.5 kcal/kg/min may be safe and tolerated while receiv-
ing up to 0.3  µg/kg/min of norepinephrine in patients 
with lower APACHE II and SOFA scores and those with 
lower nutritional risk (mNUTRIC score < 5).

Third, our study found significant differences in clini-
cal outcomes. The EEN group, as compared to DEN, had 

Table 2  Vasopressor and inotropic therapies

Numeric variables are represented as “n” and percentage (%); mean and standard deviation ( ±) and [ranges]; µg = microgram; hrs = hours; ICU: intensive care unit

All (n = 626) Early EN (Within 48 h from 
ICU admission) (n = 526)

Delayed EN (> 48 h from 
ICU admission) (n = 100)

p value

Time (h) from ICU admission to start vasopressors
mean ± SD; median [range]

(626) 20.3 ± 49.5
2.5 [0.0–478.0]

(526) 17.1 ± 43.1
2.3 [0.0–387.3]

(100) 37.0 ± 72.9
5.8 [0.0–478.0]

0.002

Total Duration (days) of vasopressors
mean ± SD; median [range]

5.7 ± 3.6
4 [1.0–12.0]

5.4 ± 3.6
4 [1.0–12.0]

6.8 ± 3.8
6 [1.0–12.0]

0.0006

First 48 h of treatment period

Dopamine, µg/kg/min
(n); mean ± SD; median [range]

(12) 9.3 ± 5.0
7.6 [2.8–18.3]

(10) 8.7 ± 4.4
7.6 [2.8–18.3]

(2) 12.0 ± 9.0
12 [5.7–18.3]

0.75

Dobutamine, µg/kg/min
(n); mean ± SD; median [range]

(44) 4.6 ± 3.2
4.4 [0.2–17.4]

(38) 4.6 ± 3.2
4.5 [0.2–17.4]

(6) 5.0 ± 3.8
4.2 [2.3–12.5]

0.69

Norepinephrine µg/kg/min
(n); mean ± SD; median [range]

(621) 0.3 ± 0.6
0.2 [0.0–9.3]

(523) 0.3 ± 0.5
0.2 [0.0–5.2]

(98) 0.3 ± 0.9
0.1 [0.0–9.3]

0.32

Epinephrine, µg/kg/min
(n); mean ± SD; median [range]

(34) 0.2 ± 0.2
0.1 [0.0–1.0]

(24) 0.2 ± 0.3
0.1 [0.0–1.0]

(10) 0.2 ± 0.1
0.1 [0.0–0.4]

0.81

Phenylephrine, µg/kg/min
(n); mean ± SD; median [range]

(6) 3.9 ± 3.8
2.2 [0.9–10.5]

(5) 4.5 ± 4.0
3.1 [1.2–10.5]

(1) 0.9 ± .und
0.9 [0.9–0.9]

0.24

Vasopressin, units/min
(n); mean ± SD; median [range]

(159) 0.0 ± 0.0
0.0 [0.0–0.1]

(139) 0.0 ± 0.0
0.0 [0.0–0.1]

(20) 0.0 ± 0.0
0.0 [0.0–0.1]

0.68

Milrinone, µg/kg/min
(n); mean ± SD; median [range]

(9) 0.2 ± 0.1
0.2 [0.1–0.3]

(8) 0.2 ± 0.1
0.2 [0.1–0.3]

(1) 0.3 ± .und
0.3 [0.3–0.3]

0.70

Levosimendan, µg/kg/min
(n); mean ± SD; median [range]

(9) 0.1 ± 0.0
0.1 [0.1–0.2]

(7) 0.1 ± 0.1
0.1 [0.1–0.2]

(2) 0.1 ± 0.0
0.1 [0.1–0.1]

0.36

Vasopressor’s dose
at start of EN
(n); mean ± SD; median [range]

(524) 0.3 ± 0.6
0.2 [0.0–10.0]

(444) 0.3 ± 0.5
0.2 [0.0–6.0]

(80) 0.3 ± 1.1
0.1 [0.0–10.0]

0.07

Norepinephrine-equivalent dose μg/min
(n); mean ± SD; median [range]

(621) 0.3 ± 0.6
0.2 [0.0–9.3]

(523) 0.3 ± 0.5
0.2 [0.0–5.2]

(98) 0.3 ± 0.9
0.1 [0.0–9.3]

0.32

Proportion of patients with 2 or more vasopressors
n (%)

0.18

1 564 (90.1%) 475 (90.3%) 89 (89.0%)

 > 2 58 (9.3%) 49 (9.3%) 9 (9.0%)
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a fewer proportion of patients with PODS + death at day 
28, shorter ICU and hospital LOS and duration of MV in 
survivors, and more days alive and free of vasopressors. 
However, this signal was no longer observed when con-
trolling for severity. The rate of PODS + death was not 
significant between groups at Day 60, as compared to 
Day 14 and Day 28, and these data suggest an associated 
early benefit to EEN which may diminish over time. Our 
findings align with those from other observational stud-
ies. In a small retrospective study, trophic dose EN deliv-
ered within 48  h was associated with shorter ICU LOS 
[33]. More recently, using a national eICU Collaborative 

Database, Dorken et al. found EEN, as compared to DEN, 
was associated with shorter ICU LOS [23]. Ours is the 
first study to find an association between EEN, days alive, 
and time free of vasopressors. In preclinical and small-
scale human studies EEN has been found to preserve EBF 
[6, 7, 25, 34]. A post hoc analysis of the NUTRIREA-2 
trial found the EEN group had higher plasma citrulline 
levels, a marker of enterocyte mass and function, as com-
pared to the early PN group [9]. These findings suggest 
EEN may preserve EBF, which may mitigate gut-derived 
pro-inflammatory immune responses. Clinically, these 
findings may manifest as more vasopressor free days. In 

Table 3  Overall clinical outcomes

PODS persistent organ disfunction, ICU Intensive Care Unit; Numeric variables are represented as “n” and percentage (%); mean and standard deviation ( ±) and 
[ranges]

Outcome All (n = 626) Early EN (Within 48 h 
from ICU admission) 
(n = 526)

Delayed EN (> 48 h from 
ICU admission) (n = 100)

p value

PODs + death at day, n (%)

Day 14 329 (52.6) 264 (50.2) 65 (65.0) 0.007

Day 28 273 (43.6) 220 (41.8) 53 (53.0) 0.04

Day 60 256 (40.9) 211 (40.1) 45 (45.0) 0.36

PODs-free days within 28 days
mean ± SD; median [range]

10.6 ± 10.1
10 [0.0–26.0]

11.0 ± 10.2
11 [0.0–26.0]

8.5 ± 9.2
5 [0.0–25.0]

0.03

Days alive and free of vasopressors within the first 12 days, 
mean ± SD; median [range]

7.0 ± 3.1
8 [0.0–12.0]

7.1 ± 3.1
8 [0.0–12.0]

6.3 ± 3.2
6.5 [0.0–12.0]

0.007

Time (days) from ICU admission until discontinuation of vaso‑
pressors within the first 28 days
mean ± SD; median [range]

6.5 ± 5.6
4 [1.0–28.0]

6.2 ± 5.4
4 [1.0–28.0]

8.1 ± 6.4
6 [1.0–28.0]

0.0008

Alive and vasopressors free days within the first 28 days
mean ± SD; median [range]

16.7 ± 9.5
21 [0.0–27.0]

16.9 ± 9.6
21.5 [0.0–27.0]

15.5 ± 9.2
19 [0.0–27.0]

0.05

Ventilator-free days within 28 days from ICU admission
mean ± SD; median [range]

11.7 ± 9.8
13 [0.0–28.0]

12.0 ± 9.9
14 [0.0–28.0]

10.2 ± 9.1
9.5 [0.0–28.0]

0.17

Length (days) of mechanical ventilation in survivors
(n), mean ± SD; median [range]

10.5 ± 11.7
6.1 [0.0–59.5]

9.8 ± 10.9
6.0 [0.0–59.5]

13.8 ± 14.5
8.7 [0.8–57.1]

0.0002

ICU-free days within first 28 days
mean ± SD; median [range]

8.7 ± 9.1
5.5 [0.0–26.0]

9.3 ± 9.2
7 [0.0–26.0]

5.7 ± 7.9
0.0 [0.0–24.0]

0.0002

Length of RRT (days) in survivors
(n), mean ± SD; median [range]

(46) 8.7 ± 8.8
5 [0.0–35.0]

(35) 7.8 ± 7.6
5 [0.0–35.0]

(11) 11.6 ± 11.8
5 [2.0–35.0]

0.57

Length of ICU stay (days) in survivors (n), mean ± SD; median 
[range]

(364) 14.8 ± 11.7
10.7 [1.1–59.3]

(311) 13.9 ± 11.1
10.1 [1.1–59.3]

(53) 20.3 ± 13.6
16.7 [2.7–58.0]

0.0001

Length of hospital stay (days) amongst survivors (n), mean ± SD; 
median [range]

(309) 23.3 ± 13.7
20.3 [1.1–72.7]

(265) 22.5 ± 13.3
20 [1.1–67.2]

(44) 28.2 ± 15.3
22.4 [2.7–72.7]

0.02

Mortality

at day 14 126 (20.1%) 109 (20.7%) 17 (17.0%) 0.40

at day 28 188 (30.0%) 159 (30.2%) 29 (29.0%) 0.81

ICU mortality
n (%)

194 (31.0) 161 (30.6) 33 (33.0) 0.55

60-Day mortality
n (%)

236 (37.7) 200 (38.0) 36 (36.0) 0.81

Readmissions to ICU
n (%)

27 (4.3) 24 (4.6) 3 (3.0) 0.48

Readmissions to hospital
n (%)

35 (5.6) 29 (5.5) 6 (6.0) 0.85
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Fig. 2  Each horizontal line represents a subgroup analysis for PODS + death at day 28 and 60-day mortality, with means shown by black circles and 
whiskers representing the 95% confidence interval

Table 4  Safety outcomes

Numeric variables are represented as “n” and percentage (%); mean and standard deviation (±) and [ranges]; EFI enteral feeding intolerance, EN enteral nutrition

Outcomes All (n = 626) Early EN (Within 48 h from ICU 
admission) (n = 526)

Delayed EN (> 48 h from ICU 
admission) (n = 100)

p

Enteral feeding intolerance, n (%)

Overall EFI 161 (25) – – –

High gastric residuals 45 (7.2) 39 (7.4) 6 (6.0) 0.62

Increased abdominal girth or abdominal 
distention

29 (4.6) 23 (4.4) 6 (6.0) 0.48

Vomiting/emesis 68 (10.9) 55 (10.5) 13 (13.0) 0.45

Diarrhea 15 (2.4) 12 (2.3) 3 (3.0) 0.67

Subjective discomfort 4 (0.6) 4 (0.8) 0 (0.0) 0.38

Labs from first 12 ICU days

Highest creatinine (n), mean ± SD; [range] 
µmol/L

(624) 124.0 ± 113.8 [17.8–1589.2] (524) 123.6 ± 116.8 [17.8–1589.2] (100) 125.9 ± 97.2 [29.2–531.5] 0.56

Highest urea/bun (n), mean ± SD; [range] 
mmol/L

(614) 13.3 ± 8.0 [1.8–50.7] (515) 13.3 ± 8.3 [2.4–50.7] (99) 13.2 ± 6.8 [1.8–32.8] 0.44

Lowest phosphate (n), mean ± SD; [range] 
mmol/L

(608) 1.1 ± 0.3 [0.5–2.9] (508) 1.1 ± 0.3 [0.5–2.5] (100) 1.1 ± 0.4 [0.6–2.9] 0.89

Highest triglycerides (n), mean ± SD; 
[range] mmol/L

(166) 2.3 ± 1.7 [0.3–16.8] (140) 2.3 ± 1.8 [0.3–16.8] (26) 2.0 ± 1.1 [0.3–5.5] 0.58
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addition, we found significant associations between EEN 
and both 60-day mortality and PODS + death at day 28 
in the high and low mNUTRIC groups. We found EEN, 
as compared to DEN, in those with a high mNUTRIC 
score is associated with increased risk of 60-day mor-
tality, as compared to DEN. On the contrary, in patients 
with a low mNUTRIC score, EEN is associated with less 
PODS + death, as compared DEN. The sample size of 
the DEN group was small, which limits the precision of 
results when comparing mNUTRIC risk groups and the 
test for interaction. The subgroup effects of mNUTRIC 
on the outcome of PODS + death at day 28 and 60-day 
mortality may be real based on key criteria developed 
to assess credibility of our findings and larger trials are 
needed to confirm these findings [35].

Our study has several limitations. First, we included 
mechanically ventilated patients receiving EN and vas-
oactive agents and cannot account for time intervals 
between the exposure and outcome of interest. However, 
we included patients with a minimum of three evaluable 
days of nutrition to ensure exposure and attempted to 
capture all time intervals before and after concomitant 
EN and vasoactive support by defining day 1 as the first 
ICU admission day, reporting time to initiate EN and 
time to initiate vasopressor, and including patients who 
were expected to be mechanically ventilated for > 96  h. 
Second, we did not explore differences in EN initiation 
practices based on geography. Nevertheless, despite the 
presumed heterogeneity of care that might exist across 
sites around the world, we did observe a significant sig-
nal of benefit from early EN. Because of the large sam-
ple from diverse real-world settings, our results are 
maximally generalizable to practices around the world. 
Third, although we found a statistically significant differ-
ence in delivered calories and protein between EEN and 
DEN groups, we are unsure if these differences repre-
sent a meaningful clinically important difference. Fourth, 
despite controlling for known variables that account for 
the severity of illness, residual confounding may still be 
present. Fifth, these results are hypothesis-generating 
and the findings should be confirmed in randomized 
controlled trials.

Strengths of our study include reporting real-world 
practice data from numerous ICUs worldwide that pro-
spectively collected data following a specific protocol, 
which enhances the validity and generalizability of our 
findings.

Conclusions
Our prospective observational study of real-world nutri-
tion practices in mechanically ventilated patients with 
circulatory shock found significant variability in EN ini-
tiation, and EEN, compared to DEN, was associated with 

improved clinical outcomes, but adjusting for severity 
reduced this association. RCTs comparing the efficacy of 
EEN to DEN in mechanically ventilated patients with cir-
culatory shock are warranted.

Abbreviations
EN: Enteral nutrition; ICU: Intensive care unit; EEN: Early EN; DEN: Delayed EN; 
MV: Mechanically ventilated; RCT​: Randomized clinical trial; PODS: Persistent 
organ dysfunction; mNUTRIC: Modified NUTRIC score; NOMI: Non-occlusive 
mesenteric ischemia; EFI: Enteral feeding intolerance; PN: Parenteral nutrition; 
NOBN: Non-occlusive bowel necrosis; LOS: Length of stay; OR: Odds ratio; CI: 
95% Confidence interval; RRT​: Renal replacement therapy; MCMC: Markov 
chain Monte Carlo method.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s13054-​022-​04047-4.

Additional file 1. Supplemental Table S1a: Nutrition practices.

Additional file 2. Supplemental Table S1b: Multivariable modeling for 
Clinical Outcomes.

Acknowledgements
We gratefully acknowledge the support and contribution of all clinical and 
research staff from participating institutions.

Author contributions
JJP, LO, and DKH equally contributed to the conception and design of the 
research; XJ, ACY, AD, FS, JZ, T-KM, TR contributed to the acquisition, analysis, 
and interpretation of the data; and LO and JP drafted the manuscript. All 
authors critically revised the manuscript, agree to be fully accountable for 
ensuring the integrity and accuracy of the work, and read and approved the 
final manuscript.

Funding
None.

Availability of data and materials
The dataset analyzed in the current study is not publicly available but is avail‑
able from the corresponding author on reasonable request.

Declarations

Ethical approval and consent to participate
The study protocol was approved by the Research Ethics Board (REB) at 
Queen’s University ID#6021669. Every intensive care unit participating in the 
main trial obtained local REB approval, and consent was obtained from each 
participant.

Consent for publication
Not applicable.

Competing interests
JJP, XJ, AD, DKH, LAO, MTK, ACY, FS, and JZ have no conflict of interest to 
disclose. TR has consultancy relationships with Baxter and Nestle.

Author details
1 Clinical Evaluation Research Unit, Department of Critical Care Medicine, 
Queen’s University, KGH Research Institute, Kingston Health Sciences Centre, 
Kingston, ON, Canada. 2 Clinical Epidemiology Program, Ottawa Hospital 
Research Institute, Ottawa, ON, Canada. 3 Division of Pulmonary and Critical 
Care Medicine, Medical College of Wisconsin, Milwaukee, WI, USA. 4 Depart‑
ment of Critical Care Medicine and Department of Pulmonary Medicine, 
Respiratory Institute, Cleveland Clinic, Cleveland, USA. 5 Division of Pulmonary, 
Allergy and Critical Care Medicine, University of Pittsburgh, Pittsburgh, USA. 

https://doi.org/10.1186/s13054-022-04047-4
https://doi.org/10.1186/s13054-022-04047-4


Page 12 of 12Ortiz‑Reyes et al. Critical Care          (2022) 26:173 

6 Pulmonary and Critical Care Medicine, Spectrum Health, Michigan State 
University, East Lansing, USA. 7 Division of Allergy, Pulmonary, and Critical Care 
Medicine, Vanderbilt University School of Medicine, Nashville, TN, USA. 

Received: 29 March 2022   Accepted: 30 May 2022

References
	1.	 Vincent JL, De Backer D. Circulatory shock. N Engl J Med. 

2013;369(18):1726–34.
	2.	 Sakr Y, Reinhart K, Vincent JL, Sprung CL, Moreno R, Ranieri VM, et al. 

Does dopamine administration in shock influence outcome? Results of 
the Sepsis Occurrence in Acutely Ill Patients (SOAP) study. Crit Care Med. 
2006;34(3):589–97.

	3.	 Robin ED. Dysoxia: abnormal tissue oxygen utilization. Arch Intern Med. 
1977;137(7):905–10.

	4.	 Abello PA, Buchman TG, Bulkley GB. Shock and multiple organ failure. Adv 
Exp Med Biol. 1994;366:253–68.

	5.	 Doig CJ, Sutherland LR, Sandham JD, Fick GH, Verhoef M, Meddings JB. 
Increased intestinal permeability is associated with the development of 
multiple organ dysfunction syndrome in critically ill ICU patients. Am J 
Respir Crit Care Med. 1998;158(2):444–51.

	6.	 Demehri FR, Barrett M, Ralls MW, Miyasaka EA, Feng Y, Teitelbaum DH. 
Intestinal epithelial cell apoptosis and loss of barrier function in the 
setting of altered microbiota with enteral nutrient deprivation. Front Cell 
Infect Microbiol. 2013;3:105.

	7.	 Ralls MW, Demehri FR, Feng Y, Woods Ignatoski KM, Teitelbaum DH. 
Enteral nutrient deprivation in patients leads to a loss of intestinal epithe‑
lial barrier function. Surgery. 2015;157(4):732–42.

	8.	 Feng Y, Barrett M, Hou Y, Yoon HK, Ochi T, Teitelbaum DH. Homeostasis 
alteration within small intestinal mucosa after acute enteral refeeding in 
total parenteral nutrition mouse model. Am J Physiol Gastrointest Liver 
Physiol. 2016;310(4):G273–84.

	9.	 Piton G, Le Gouge A, Brule N, Cypriani B, Lacherade JC, Nseir S, et al. 
Impact of the route of nutrition on gut mucosa in ventilated adults 
with shock: an ancillary of the NUTRIREA-2 trial. Intensive Care Med. 
2019;45(7):948–56.

	10.	 Moore FA, Weisbrodt NW. Gut dysfunction and intolerance to enteral 
nutrition in critically ill patients. Nestlé Nutrition Institute Workshop 
Series. Clinical & Performance Programme, vol. 8, p. 149–65; 2003.

	11.	 McClave SA, Taylor BE, Martindale RG, Warren MM, Johnson DR, Braun‑
schweig C, 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 Nutri‑
tion (A.S.P.E.N.). JPEN J Parenter Enteral Nutr. 2016;40(2):159–211.

	12.	 Fuentes Padilla P, Martínez G, Vernooij RW, Urrútia G, Roqué IFM, Cosp XB. 
Early enteral nutrition (within 48 hours) versus delayed enteral nutrition 
(after 48 hours) with or without supplemental parenteral nutrition in criti‑
cally ill adults. Cochrane Database Syst Rev. 2019;2019(10):CD012340.

	13.	 Heyland DK, Patel J, Bear D, Sacks G, Nixdorf H, Dolan J, et al. The effect 
of higher protein dosing in critically ill patients: a multicenter registry-
based randomized trial: the EFFORT trial. JPEN J Parenter Enteral Nutr. 
2019;43(3):326–34.

	14.	 Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research 
electronic data capture (REDCap)—a metadata-driven methodology and 
workflow process for providing translational research informatics sup‑
port. J Biomed Inform. 2009;42(2):377–81.

	15.	 Brown SM, Lanspa MJ, Jones JP, Kuttler KG, Li Y, Carlson R, et al. 
Survival after shock requiring high-dose vasopressor therapy. Chest. 
2013;143(3):664–71.

	16.	 Heyland DK, Cahill N, Day AG. Optimal amount of calories for criti‑
cally ill patients: depends on how you slice the cake! Crit Care Med. 
2011;39(12):2619–26.

	17.	 Compher C, Chittams J, Sammarco T, Nicolo M, Heyland DK. Greater 
protein and energy intake may be associated with improved mortality in 
higher risk critically ill patients: a multicentre, multinational observational 
study. Crit Care Med. 2017;45(2):156–63.

	18.	 Wei X, Day AG, Ouellette-Kuntz H, Heyland DK. The association between 
nutritional adequacy and long-term outcomes in critically ill patients 

requiring prolonged mechanical ventilation: a multicenter cohort study. 
Crit Care Med. 2015;43(8):1569–79.

	19.	 Heyland DK, Muscedere J, Drover J, Jiang X, Day AG. Persistent organ 
dysfunction plus death: a novel, composite outcome measure for critical 
care trials. Crit Care. 2011;15(2):R98.

	20.	 Toutenburg H. Rubin, D.B.: Multiple imputation for nonresponse in sur‑
veys. Stat Pap. 1990;31(1):180.

	21.	 Schafer JL. Analysis of incomplete multivariate data. London: Chapman & 
Hall; 1997.

	22.	 Inc. SI. SAS software 9.4. 2014.
	23.	 Dorken Gallastegi A, Gebran A, Gaitanidis A, Naar L, Hwabejire JO, Parks 

J, et al. Early versus late enteral nutrition in critically ill patients receiving 
vasopressor support. JPEN J Parenter Enteral Nutr. 2021;46(1):130–40.

	24.	 Compher C, Bingham AL, McCall M, Patel J, Rice TW, Braunschweig C, 
et al. Guidelines for the provision of nutrition support therapy in the adult 
critically Ill patient: American society for parenteral and enteral nutrition. 
JPEN J Parenter Enteral Nutr. 2021;46:12–41.

	25.	 Evans L, Rhodes A, Alhazzani W, Antonelli M, Coopersmith CM, French 
C, et al. Surviving sepsis campaign: international guidelines for 
management of sepsis and septic shock 2021. Intensive Care Med. 
2021;47(11):1181–247.

	26.	 Singer P, Blaser AR, Berger MM, Alhazzani W, Calder PC, Casaer MP, et al. 
ESPEN guideline on clinical nutrition in the intensive care unit. Clin Nutr. 
2019;38(1):48–79.

	27.	 Reintam Blaser A, Starkopf J, Alhazzani W, Berger MM, Casaer MP, Deane 
AM, et al. Early enteral nutrition in critically ill patients: ESICM clinical prac‑
tice guidelines. Intensive Care Med. 2017;43(3):380–98.

	28.	 Alberda C, Gramlich L, Jones N, Jeejeebhoy K, Day AG, Dhaliwal R, et al. 
The relationship between nutritional intake and clinical outcomes in 
critically ill patients: results of an international multicenter observational 
study. Intensive Care Med. 2009;35(10):1728–37.

	29.	 Heyland DK, Dhaliwal R, Wang M, Day AG. The prevalence of iatrogenic 
underfeeding in the nutritionally ‘at-risk’ critically ill patient: Results of an 
international, multicenter, prospective study. Clin Nutr. 2015;34(4):659–66.

	30.	 Heyland DK, Dhaliwal R, Jiang X, Day AG. Identifying critically ill patients 
who benefit the most from nutrition therapy: the development and 
initial validation of a novel risk assessment tool. Crit Care. 2011;15(6):R268.

	31.	 Ohbe H, Jo T, Matsui H, Fushimi K, Yasunaga H. Differences in effect of 
early enteral nutrition on mortality among ventilated adults with shock 
requiring low-, medium-, and high-dose noradrenaline: a propensity-
matched analysis. Clin Nutr. 2020;39(2):460–7.

	32.	 Reignier J, Boisramé-Helms J, Brisard L, Lascarrou J-B, Ait Hssain A, Anguel 
N, et al. Enteral versus parenteral early nutrition in ventilated adults with 
shock: a randomised, controlled, multicentre, open-label, parallel-group 
study (NUTRIREA-2). The Lancet. 2018;391(10116):133–43.

	33.	 Patel JJ, Kozeniecki M, Biesboer A, Peppard W, Ray AS, Thomas S, et al. 
Early trophic enteral nutrition is associated with improved outcomes 
in mechanically ventilated patients with septic shock: a retrospective 
review. J Intensive Care Med. 2016;31(7):471–7.

	34.	 Sun X, Spencer AU, Yang H, Haxhija EQ, Teitelbaum DH. Impact of caloric 
intake on parenteral nutrition-associated intestinal morphology and 
mucosal barrier function. JPEN J Parenter Enteral Nutr. 2006;30(6):474–9.

	35.	 Schandelmaier S, Briel M, Varadhan R, Schmid CH, Devasenapathy N, Hay‑
ward RA, et al. Development of the Instrument to assess the Credibility 
of Effect Modification Analyses (ICEMAN) in randomized controlled trials 
and meta-analyses. CMAJ. 2020;192(32):E901–6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Early versus delayed enteral nutrition in mechanically ventilated patients with circulatory shock: a nested cohort analysis of an international multicenter, pragmatic clinical trial
	Abstract 
	Introduction: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Study design
	Setting
	Participants
	Variables data sourcesmanagement
	Vasopressor therapy
	Nutrition therapy variables
	Enteral feeding intolerance, laboratory, and clinical outcome variables
	Primary outcome
	Statistical methods

	Results
	Participant characteristics
	Descriptive vasopressor and nutrition data
	Primary outcome
	Secondary outcomes and subgroup analysis
	Safety outcomes

	Discussion
	Conclusions
	Acknowledgements
	References


