
Physical and Cognitive Performance of Patients
with Acute Lung Injury 1 Year after Initial
Trophic versus Full Enteral Feeding
EDEN Trial Follow-up

Dale M. Needham1,2,3, Victor D. Dinglas1,2, Peter E. Morris4, James C. Jackson5, Catherine L. Hough6,
Pedro A. Mendez-Tellez1,7, Amy W. Wozniak1,8, Elizabeth Colantuoni1,8, E. Wesley Ely5,9, Todd W. Rice5,
and Ramona O. Hopkins10,11; for the NIH NHLBI ARDS Network

1Outcomes after Critical Illness and Surgery Group, 2Division of Pulmonary and Critical Care Medicine, 3Department of Physical Medicine and

Rehabilitation, and 7Department of Anesthesiology and Critical Care Medicine, School of Medicine, and 8Department of Biostatistics, Bloomberg
School of Public Health, Johns Hopkins University, Baltimore, Maryland; 4Section on Pulmonary, Critical Care, Allergy, and Immunologic Diseases,

Wake Forest School of Medicine, Winston-Salem, North Carolina; 5Division of Allergy, Pulmonary, and Critical Care Medicine, Vanderbilt University

School of Medicine, Nashville, Tennessee; 6Division of Pulmonary and Critical Care Medicine, Harborview Medical Center, University of Washington,

Seattle, Washington; 9Geriatric Research Education Clinical Center for the Veterans Affairs Tennessee Valley Healthcare System, Nashville, Tennessee;
10Pulmonary and Critical Care Division, Department of Medicine, Intermountain Medical Center, Murray, Utah; and 11Psychology Department

and Neuroscience Center, Brigham Young University, Provo, Utah

Rationale: We hypothesized that providing patients with acute lung in-
jury two different protein/calorie nutritional strategies in the intensive
care unit may affect longer-term physical and cognitive performance.
Objectives: To assess physical and cognitive performance 6 and 12
months after acute lung injury, and to evaluate the effect of trophic
versus full enteral feeding,provided for thefirst 6daysofmechanical
ventilation, on 6-minute-walk distance, cognitive impairment, and
secondary outcomes.
Methods: A prospective, longitudinal ancillary study of the ARDS
Network EDEN trial evaluating 174 consecutive survivors from 5 of
12 centers. Blinded assessments of patients’ arm anthropometrics,
strength,pulmonary function,6-minute-walkdistance,andcognitive
status (executive function, language, memory, verbal reasoning/
concept formation, and attention) were performed.
Measurements and Main Results: At 6 and 12 months, respectively,
the mean (SD) percent predicted for 6-minute-walk distance was
64%(22%)and66%(25%)(P¼0.011 fordifferencebetweenassess-
ments), and 36 and 25%of survivors had cognitive impairment (P¼
0.001). Patients performed below predicted values for secondary
physical tests with small improvement from 6 to 12 months. There
was no significant effect of initial trophic versus full feeding for the first
6daysafter randomizationon survivors’ percentpredicted for6-minute-
walkdistance, cognitive impairment status, andall secondaryoutcomes.
Conclusions: EDEN trial survivors performed below predicted values
for physical and cognitive performance at 6 and 12 months, with

some improvement over time. Initial trophic versus full enteral feed-
ing for thefirst6daysafter randomizationdidnotaffectphysical and
cognitive performance.
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AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

d In the ARDS Network’s large, multicenter random-
ized trial (the EDEN trial), there was no effect of
initial trophic versus full enteral feeding in the in-
tensive care unit on the short-term mortality and
ventilator-free days of patients with acute lung in-
jury (ALI), or on patient-reported physical, psycho-
logical, and cognitive outcomes 6 and 12 months
after ALI.

d Given differences in protein and total caloric intake
between these two feeding strategies, understanding
the effect on the longer-term physical and cognitive
performance of patients is important and novel.

What This Study Adds to the Field

d In studying 174 patients from the EDEN trial,
recruited from 12 hospitals at 5 ARDS Network study
centers, these ALI survivors consistently performed
below predicted values across a battery of physical
and cognitive tests, with some improvements ob-
served between 6 and 12 months.

d At both 6 and 12 months, initial trophic versus full
enteral feeding had no effect on either physical per-
formance outcomes (upper arm anthropometrics, mus-
cle strength, pulmonary function, 6-min-walk distance)
or cognitive impairment (based on tests of executive
function, language, memory, verbal reasoning/concept
formation, and attention).

d Further design and evaluation of innovative treat-
ments is needed to reduce the frequent physical and
cognitive morbidities experienced by ALI survivors.

mailto:dale.needham@jhmi.edu
mailto:dale.needham@jhmi.edu


The Acute Respiratory Distress Syndrome Clinical Trials Net-
work (ARDS Network) of the National Heart, Lung, and Blood
Institute (NHLBI) published a multicenter, randomized, open-
label trial of initial trophic versus full enteral feeding for up
to 6 days in patients with acute lung injury (ALI) (the “EDEN
trial”) (1). This trial demonstrated no significant difference in
short-term outcomes, including ventilator-free days through
Day 28 and 60-day mortality. Moreover, subsequent evaluation
of patient-reported physical and psychological outcomes of
EDEN survivors at 6 and 12 months after ALI showed little
or no difference between initial trophic versus full feeding (2).
However, further evaluation of the effect of these nutritional
strategies on muscle strength and performance-based physical
outcome measures is necessary (2, 3) because the relationship
between self-reported and performance-based outcome measures
is unclear (4) and because initial trophic feeding may exacerbate
protein limitations in the intensive care unit (ICU) (5), with the
potential for muscle loss (6), persistent muscle weakness, and
functional impairment (7–11). Furthermore, the effect of nutri-
tional strategies on longer-term cognitive outcomes in critically ill
patients is unknown. Hence, evaluating physical and cognitive
performance is important in understanding the longer-term ef-
fects of ICU-based nutritional strategies on ALI survivors.

In this study, prospective longitudinal evaluation of physical
and cognitive performance at 6 and 12 months after ALI was un-
dertaken for EDEN study participants via in-depth, in-person,
performance-based tests. This research was conducted via two sep-
arate NHLBI-funded ancillary studies to the original EDEN trial.
The objectives of this study were to (1) assess patient upper arm
anthropometrics, global muscle strength, pulmonary function,
6-minute-walk distance, and cognition (based on tests of exec-
utive function, language, memory, verbal reasoning/concept for-
mation, and attention) 6 and 12 months after ALI, and (2)
evaluate the effect of initial trophic versus full enteral feeding
on 6-minute-walk distance and cognitive impairment, and sec-
ondary outcome measures.

METHODS

Five of the 12 EDEN study centers, representing 12 hospitals, partici-
pated in this prospective, longitudinal study, with follow-up occurring
between July 2008 and May 2012. The study was approved by the insti-
tutional review boards at all participating hospitals. Each patient or their
proxy (when the patient was incapable of consent) provided informed
consent to participate in this follow-up study.

Study Population

The eligibility criteria of the EDEN trial have been reported previously
(1). EDEN trial patients were excluded from this follow-up study if
they had potential baseline cognitive impairment (e.g., preexisting
dementia, stroke, traumatic brain injury, psychiatric disorder with
psychosis, mental retardation, or similar conditions, ascertained via
medical records and patient/proxy interview), or were non–English
speaking, homeless, or under 18 years of age. Those in the trophic
versus full feeding groups of the EDEN trial received about 400 versus
1,300 kcal/day beginning within 6 hours of randomization until the
earlier of extubation, death, or Day 6 after randomization. After 6 days,
patients in the trophic feeding group who were still on mechanical
ventilation were transitioned to full feeding. The first 272 of 1,000
patients enrolled in EDEN were simultaneously randomized to a sepa-
rate blinded trial (the OMEGA study) comparing a nutritional supple-
ment containing omega-3 fatty acids and antioxidants versus an
isocaloric, isovolemic control in a 2 3 2 factorial design (1). In our
study, 29 of 174 (17%) patients were coenrolled in the OMEGA trial
and randomized to receive the active nutritional supplement. All
patients were managed with simplified versions of the ARDS Network
lung-protective ventilation (12) and fluid-conservative hemodynamic
management (13) protocols. Blood glucose control targeted 80 to

150 mg/dl (with tighter control permitted), using institution-specific
insulin protocols (1).

Study Procedures

Research personnel underwent in-person training and annual in-person
quality assurance reviews for conducting the physical and cognitive per-
formance tests in this study. At study sites that did not routinely assess
for delirium, research staff also conducted validated and reliable daily
assessments of sedation status (using the Richmond Agitation–Sedation
Scale [RASS] [14], with “coma” defined as a score of –4 or –5) and
delirium status (using the Confusion Assessment Method for the ICU
[CAM-ICU] [15]). In addition, research staff collected baseline comor-
bidity status (using the Charlson Comorbidity Index [16]) and daily
ICU medication use (for narcotics, benzodiazepines, corticosteroids,
insulin, and catecholamines) from the medical record. Research staff
completed physical and cognitive performance tests (details below) at 6
and 12 months after ALI onset and were blinded to treatment alloca-
tion. Published methods were used to minimize loss to follow-up (17–
22), including conducting research visits at patients’ homes or health
care facilities for those who were unable to attend the research clinic.
In addition, as previously validated (23), the detailed cognitive perfor-
mance tests were completed by telephone if an in-person visit was
not feasible.

Primary and Secondary Outcomes: Physical Performance

For physical performance, the primary outcome was the 12-month 6-
minute-walk test (6MWT) as a percentage of the predicted value (24,
25). Patients who were unable to walk because of ICU-acquired func-
tional impairment were assigned a 6MWT distance of 0 (with an a priori
sensitivity analysis performed, excluding these patients from analysis of
the 6MWT score). Secondary physical outcomes were as follows: 4-m
timed walk speed (in meters per second) (26–28); manual muscle test-
ing using the Medical Research Council sum score (range, 0 to 60; ,48
indicating “ICU-acquired weakness” [10, 29, 30]); percentage of pre-
dicted value for hand grip strength (31), maximal inspiratory pressure
(32, 33), FEV1, and FVC (34, 35); body mass index (BMI); and percent
fat and muscle areas based on upper arm anthropometric assessment
(calculated on the basis of the mean of three triceps skinfold and three
mid-arm circumference measurements) (36, 37).

Primary and Secondary Outcomes: Cognitive Performance

A battery of validated and standardized performance tests of the most
relevant cognitive domains for ALI survivors (23) was performed, with
the primary outcome being “cognitive impairment” at 12 months, con-
servatively defined as having either one cognitive test within the bat-
tery with a score at least 2 SDs below population norms (i.e., bottom
2.5%) or at least two tests with a score equal to or greater than 1.5 SDs
below norms (i.e., bottom 6.7% for both tests) (38). Secondary out-
comes include individual results on specific cognitive tests, presented as
both continuous scores and as binary outcomes (score > 1.5 SDs below
norm). The following cognitive domains were evaluated with the test
battery: (1) executive function, evaluated via the Hayling Sentence
Completion Test scaled score (range, 1 to 10; higher is better) (39);
(2) language, evaluated via the Controlled Oral Word Association
(COWA) total score (higher score is better) (40); (3) immediate and
delayed memory, evaluated via the Logical Memory I and Logical
Memory II age-adjusted scaled scores (range, 1 to 19; higher is better)
from the Wechsler Memory Scale-Third Edition (41, 42); (4) verbal
reasoning and concept formation, evaluated via the Similarities age-
adjusted scaled score (range, 1 to 19; higher is better) from the Wechs-
ler Adult Intelligence Scale-Third Edition (41, 42); and (5) attention
and working memory evaluated via the Digit Span age-adjusted scaled
score (range, 1 to 19; higher is better) from the Wechsler Adult Intel-
ligence Scale-Third Edition (41, 42).

Statistical Analyses

Statistical analyses were conducted according to an a priori written
statistical analysis plan. Only the study biostatisticians had access to
patient treatment allocation data, which were provided by the ARDS
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Network only after all data were finalized and the study database was
locked. Analyses were performed in accordance with the intention to
treat principle, using SAS version 9.2 (SAS Institute Inc, Cary, NC) and
R statistical software (R Development Core, Vienna, Austria). A two-
sided P value less than 0.05 was considered statistically significant.

For the continuous and binary outcome measures assessed at 6 and
12months, linear and logistic regressionmodels were created, using gen-
eralized estimating equations with an exchangeable correlation model
(43), with an indicator for treatment group (initial trophic vs. full feed-
ing), follow-up time (12 vs. 6 mo), and the interaction of treatment
group and time. For patients coenrolled in the OMEGA trial, to eval-
uate whether study results for initial trophic versus full feeding changed
on the basis of OMEGA treatment allocation, the previously described
regression model for the primary physical and cognitive outcomes in-
cluded a statistical interaction between OMEGA assignment and
EDEN treatment group. A priori subgroup analyses and statistical
interactions were evaluated for both of the primary outcome variables,
based on the following baseline variables: shock (present [on vasopres-
sors or mean arterial pressure , 60 mm Hg] vs. absent), ALI subgroup
(PaO2

/FIO2
[fraction of inspired oxygen] < 200 vs. . 200), and Acute

Physiology and Chronic Health III (APACHE III) score as a continu-
ous variable. For the primary physical outcome, the following addi-
tional a priori subgroup analyses and statistical interactions were
evaluated on the basis of the following baseline variables: BMI (,25,
25 to ,30, >30 kg/m2), sex, baseline Functional Performance Inventory-
Short Form score (44, 45), and baseline Short Form-36 Physical Func-
tion domain score (46). The latter two measures were survey-based
evaluations completed after hospital discharge to obtain a retrospective
estimate of baseline status because prospective baseline assessment is

not possible given the acute onset of ALI (47–50). Also, on an a priori
basis, covariates were prespecified to be included in adjusted analyses
of the primary outcomes if potentially important imbalances existed
between the randomized groups (see below).

The available data were included in all statistical analyses. For miss-
ing RASS andCAM-ICU data, multiple imputation using chained equa-
tions (51), with five imputed data sets, was implemented. If the initial
ICU day’s assessment was missing, multiple imputation was completed
on the basis of clinically relevant predictors measured within the study.
Missing data on subsequent days of the ICU stay were similarly im-
puted, using the same set of clinically relevant predictors plus RASS or
CAM-ICU status on the prior day. P values for the imputed data sets
were calculated according to standard methods (52).

RESULTS

At the five study centers (12 hospitals) participating in this follow-
up study, 349 patients were enrolled in the EDEN trial. Of these
349 patients, 20% died before hospital discharge, 6% died after
discharge but before follow-up, and 24% met exclusion criteria
with no significant differences between the two treatment groups
(Figure 1). For the 174 patients who consented and were eligible
for follow-up, most baseline characteristics were similar for
both treatment groups, with a mean (SD) age of 47 (14) years,
50% male, 49% with more than high school education (Table 1),
and mean (SD) ICU and hospital lengths of stay of 15 (12) and
22 (16) days, respectively. However, potentially important dif-
ferences existed between groups (Table 1) for the following

Figure 1. Enrollment and follow-up.
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TABLE 1. PATIENT CHARACTERISTICS

Characteristic All (n ¼ 174)* Trophic Feeding (n ¼ 85)* Full Feeding (n ¼ 89)* P Value†

Baseline status before hospital admission

Age, yr 47 (14) 48 (14) 47 (14) 0.433

Male, no. (%) 87 (50) 45 (53) 42 (47) 0.448

White, no. (%) 157 (91) 78 (92) 79 (90) 0.651

More than high school education, no. (%) 85 (49) 38 (45) 47 (53) 0.285

Body mass index, kg/m2 32 (8) 31 (8) 32 (9) 0.754

Corticosteroid use, no. (%) 17 (10) 10 (12) 7 (9) 0.426

Living independently at home 161 (93) 79 (93) 82 (92) 0.840

Employed, no. (%) 85 (49) 42 (49) 43 (49) 0.999

Short Form-36 Physical Function score‡ 68 (31) 70 (31) 66 (32) 0.419

Functional Performance Inventory score‡ 2.3 (0.6) 2.3 (0.6) 2.2 (0.6) 0.667

Charlson Comorbidity Index 1.2 (1.6) 1.2 (1.7) 1.1 (1.5) 0.759

Comorbidities at admission

Chronic obstructive pulmonary disease, no. (%) 31 (18) 11 (13) 7 (8) 0.272

Moderate or severe kidney disease, no. (%) 13 (8) 5 (6) 8 (9) 0.436

Moderate or severe liver disease, no. (%) 2 (1) 1 (1) 1 (1) 1.000

Cardiovascular disease 24 (14) 12 (14) 12 (14) 0.903

Diabetes 41 (24) 21 (25) 20 (23) 0.729

History of cancer 15 (8.6) 6 (7.1) 9 (10.1) 0.473

Neurologic, no. (%) 16 (9) 9 (11) 7 (8) 0.534

Psychiatric, no. (%) 66 (38) 32 (38) 34 (38) 0.940

History of smoking, no. (%) 106 (61) 49 (58) 57 (64) 0.441

Alcohol abuse or drug use, no. (%) 39 (22) 20 (24) 19 (21) 0.730

Critical illness characteristics

Pneumonia or sepsis as ALI risk factor, no. (%) 143 (82) 75 (88) 68 (76) 0.041

Baseline shock, no. (%) 59 (34) 25 (29) 34 (38) 0.221

Baseline PaO2
/FIO2

161 (67) 165 (70) 157 (64) 0.447

Baseline PaO2
/FIO2

ratio < 200, no. (%) 118 (69) 57 (69) 61 (70) 0.839

APACHE III 85 (25) 82 (24) 87 (26) 0.152

Duration of mechanical ventilation, dx 11.4 (9.9) 12.3 (11) 10.6 (8.7) 0.249

Ever glucose , 60 mg/dljj 29 (17) 15 (18) 14 (16) 0.735

Mean daily minimum glucose, mg/dljj 107 (23) 105 (22) 109 (25) 0.234

Ever hospital dialysis 28 (16) 16 (19) 12 (14) 0.338

Any catecholamine use, no. (%) 92 (54) 48 (57) 44 (51) 0.389

Mean percentage of ICU days per patient 17 (23) 18 (22) 16 (24) 0.725

Any corticosteroids, no. (%) 73 (43) 39 (46) 34 (39) 0.331

Mean percentage of ICU days per patient 25 (37) 28 (38) 22 (35) 0.297

Any insulin, no. (%) 132 (77) 60 (71) 72 (83) 0.078

Mean percentage of ICU days per patient 55 (40) 52 (42) 58 (37) 0.278

Any narcotics, no. (%) 165 (97) 80 (95) 85 (98) 0.438

Mean percentage of ICU days per patient 69 (26) 66 (29) 72 (24) 0.169

Any benzodiazepines, no. (%) 139 (81) 70 (83) 69 (79) 0.500

Mean percentage of ICU days per patient 48 (33) 50 (33) 46 (34) 0.366

Any neuromuscular blocker, no. (%) 47 (28) 26 (31) 21 (24) 0.318

Mean percentage of ICU days per patient 5 (12) 3 (7) 6 (16) 0.165

Ever comatose (RASS score , –3),¶,** no. (%) 100 (57) 52 (61) 48 (54) 0.585

Mean percentage of ICU days comatose per patient 18 (21) 19 (21) 16 (21) 0.498

Ever delirious,¶,** no. (%) 156 (90) 77 (91) 79 (89) 0.903

Mean percentage of noncomatose ICU days in delirium

per patient

54 (30) 53 (30) 54 (31) 0.784

ICU length of stay 14.6 (11.6) 15.8 (12.5) 13.4 (10.6) 0.179

Hospital length of stay 21.5 (15.5) 22.5 (16.2) 20.6 (14.9) 0.416

Definition of abbreviations: ALI ¼ acute lung injury; APACHE III ¼ Acute Physiology and Chronic Health Evaluation III; FIO2
¼ fraction of inspired oxygen; ICU ¼ intensive

care unit; RASS ¼ Richmond Agitation–Sedation Scale.

*Mean (SD) values are presented unless otherwise indicated. Proportions may not add to 100% because of rounding. Number of unknown or missing data: race, 1;

home steroids use, 11; employment, 2; Baseline Short Form-36 Physical Function, 9; Baseline Functional Performance Inventory–Short Form, 9; Charlson Comorbidity

Index, 3; smoking, 1; baseline PaO2
/FIO2

, 4; APACHE III score, 6; minimum glucose, 6; catecholamines, 3; corticosteroids, 3; insulin, 3; narcotics, 3; benzodiazepines, 3;

neuromuscular blocker, 3.
yCalculated by t test, chi-squared test, or Fisher exact test, as appropriate.
zBaseline Short-Form 36 (SF36) and Functional Performance Inventory (Short Form) were collected retrospectively via telephone. The age- and sex-matched

population norm (SD) for the SF-36 Physical Function score was 83 (9.3) for the initial trophic feeding group and 84 (6.8) for the full-feeding group.
xDaily ventilation parameters obtained from data collection performed on Days 1–4 and on Days 7, 12, and 21, if on mechanical ventilation on these days.
jjGlucose data were available until the earlier of 48 hours after cessation of mechanical ventilation or Day 12.
¶Multiple imputation, using five data sets, was used to address the missing data for daily measures of RASS and delirium (CAM-ICU). The imputation used multinomial

(RASS) and logistic (delirium) regression models including prior day RASS/delirium if appropriate and a priori selected predictors of RASS and CAM-ICU. Summary

statistics represent an average of all imputed data sets. The rates of missing data are as follows: RASS, 392 (18%) days; CAM-ICU, 785 (43%) days.

** In initial trophic versus full feeding, the mean (SD) number of days comatose was 2.8 (4.2) days versus 1.9 (3.1) (P ¼ 0.115) and the mean (SD) number of days

delirious was 5.6 (5.6) versus 5.3 (5.7) (P ¼ 0.750).
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covariates, which were selected a priori for consideration in
adjusted statistical analyses of treatment effect: sex, years of
education, pneumonia/sepsis as ALI risk factor, APACHE
III score, dialysis in hospital, sedation status, and ICU med-
ications (catecholamines, steroids, insulin, and neuromuscular
blocker).

Patient Outcomes at 6 and 12 Months

At 12 months, the mean (SD) 6MWT percent predicted value
was 66% (25%), slightly higher than the 6-month mean (SD)
value of 64% (22%) (P ¼ 0.011 for difference between 6 and
12 mo). In general, the physical performance of survivors was
lower than available predicted values at both 6 and 12 months,
with improvement over time (Table 2).

With respect to cognitive performance, at 12 months, 25% of
survivors had cognitive impairment (primary outcome – as pre-
viously defined), with significant improvement from 36% at
6 months (P ¼ 0.001). At 12 months, patients demonstrated
impairments (i.e., >1.5 SDs below population norms) in exec-
utive function (14% based on Hayling Sentence Completion
test), language (24% based on COWA), immediate and delayed
memory (15 and 12% based on Logical Memory I and II tests,
respectively), verbal reasoning and concept formation (10%
based on Similarities test), and attention and working memory
(7% based on Digit Span test). These scores of >1.5 SDs below
the population norms occur in less than 6.7% of the normal
population and represent moderate to severe impairments. In

all tests, except Digit Span, there was significant improvement
in mean scores between 6 and 12 months.

Initial Trophic versus Full Feeding

At 12 months, when comparing the initial trophic versus full
feeding patient groups, there was no significant difference in
the average (SD) percent predicted 6MWT values (63%
[25%] vs. 70% [24%]; P ¼ 0.136), and in the proportion of
patients with cognitive impairment (29 vs. 20%; P ¼ 0.311)
(Table 3 and Figure 2). These results did not substantially
change after adjusting for the covariates with potentially impor-
tant differences between the treatment groups, as outlined pre-
viously. Specifically, the unadjusted versus adjusted treatment
effect (95% confidence interval) of initial trophic feeding com-
pared with full feeding for the percent predicted 6MWT out-
come was –6.0% (–14.0 to 2.0; P ¼ 0.136) versus –2.3% (–10.0
to 5.3; P ¼ 0.551), respectively, and the unadjusted versus
adjusted odds ratio for the cognitive impairment outcome was
1.45 (0.71, 3.00; P ¼ 0.311) versus 1.50 (0.61, 3.67; P ¼ 0.375),
respectively.

In comparing treatment effects at 6 versus 12months, for 21 of
24 (92%) of the physical and cognitive performance tests, there
was no significant difference in effect, with the only significant
differences being for the 4-m walk speed (0.03 [–0.07, 0.13] vs.
–0.07 [–0.16, 0.02], P ¼ 0.010, for initial trophic vs. full feeding)
and for the evaluation of executive function using the Hayling
Sentence Completion continuous scaled score (–0.26 [–0.82,
0.30] vs. 0.42 [–0.11, 0.95]; P ¼ 0.004) and proportion of patients

TABLE 2. SIX- AND TWELVE-MONTH PATIENT OUTCOMES*

6 Months (n ¼ 163) 12 Months (n ¼ 149) Difference (95% CI)† P Value†

Physical outcomes

6-min-walk distance, % predicted 64 (22) 66 (25) 4 (1, 7) 0.011

4-m timed walk speed, m/s 0.98 (0.32) 1.02 (0.29) 0.04 (0, 0.08) 0.051

Manual Muscle Test score 55.5 (4.6) 56.0 (4.6) 0.7 (0.2, 1.3) 0.011

Manual Muscle Test score , 48, no. (%) 10 (7) 6 (4) 23 (–7, 2) 0.220

Hand grip strength, % predicted 76 (27) 84 (27) 8 (5, 11) ,0.001

Maximal inspiratory pressure, % predicted 88 (31) 98 (32) 8 (4, 13) ,0.001

FEV1, % predicted 77 (19) 78 (19) 1 (–1, 3) 0.323

FVC, % predicted 78 (19) 81 (19) 2 (0, 4) 0.016

Body mass index, kg/m2 29.5 (7.7) 29.5 (8.1) 0.7 (0.2, 1.1) 0.004

Arm fat area, % 39.9 (11.3) 39.3 (11.8) 20.3 (–1.7, 1.0) 0.648

Arm muscle area, % 50.0 (9.8) 50.6 (10.4) 0.6 (–0.7, 1.9) 0.396

Cognitive outcomes

Cognitive impairment, no. (%) 58 (36) 37 (25) 211 (–18, –5) 0.001

COWA 31 (12) 33 (13) 2 (1, 4) ,0.001

COWA, <1.5 SDs, no. (%) 51 (32) 36 (24) 28 (–15, –2) 0.015

Digit Span 10.0 (2.9) 10.0 (3.2) 20.2 (–0.5, 0.1) 0.282

Digit Span, <1.5 SDs, no. (%) 8 (5) 10 (7) 1 (–3, 5) 0.538

Hayling Sentence Completion 4.9 (1.8) 5.3 (1.7) 0.5 (0.3, 0.7) ,0.001

Hayling, <1.5 SDs, no. (%) 39 (24) 21 (14) 211 (–17, –5) ,0.001

Logical Memory I 8.8 (3.1) 9.6 (3.4) 0.8 (0.4, 1.3) ,0.001

Logical Memory I, <1.5 SDs, no. (%) 28 (17) 22 (15) 22 (–8, 3) 0.428

Logical Memory II 8.4 (2.9) 9.2 (3.1) 0.9 (0.5, 1.2) ,0.001

Logical Memory II, <1.5 SDs, no. (%) 26 (16) 17 (12) 23 (–9, 2) 0.218

Similarities 9.6 (3.6) 10.1 (3.4) 0.6 (0.2, 0.9) 0.002

Similarities, <1.5 SDs, no. (%) 25 (15) 15 (10) 25 (–9, 0) 0.039

Definition of abbreviations: 95% CI ¼ 95% confidence interval; COWA ¼ Controlled Oral Word Association; MRC ¼ Medical

Research Council.

*Mean values (SD) are presented unless otherwise indicated. Number of unknown or missing data for assessments performed

at 6 and 12 months, respectively, are as follows: 6-minute-walk, 23 and 19; 4-m walk speed, 21 and 19; Manual Muscle Test

score, 15 and 12; hand grip strength, 16 and 12; maximal inspiratory pressure, 23 and 20; FEV1, 24 and 22; FVC, 24 and 22; body

mass index, 51 and 46; arm fat area, 26 and 15; and arm muscle area, 26 and 15. For all cognitive assessments no more than two

assessments were missed in each group for each test.
yCalculations from linear or binomial (identity link) regression models based on generalizing estimating equations with an

exchangeable correlation structure (43) and an indicator for time (12- vs. 6-mo follow-up). “Difference” represents the difference

between 12 and 6 months in mean score for continuous measures or in proportion for binary measures.
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more than 1.5 SDs below norms (1.35 [0.67, 2.73] vs. 0.38
[0.14, 1.03]; P ¼ 0.005). There was no interaction between the
OMEGA randomized assignment and initial trophic versus full

feeding. Moreover, none of the secondary physical and cogni-
tive performance tests showed any significant difference between
initial trophic versus full feeding groups, and there were no

TABLE 3. TWELVE-MONTH RESULTS BY TREATMENT GROUP*

Trophic Feeding (n ¼ 75) Full Feeding (n ¼ 74) Treatment Effect (95% CI)† P Value†

Physical outcomes

6-min-walk distance, % predicted 63 (25) 70 (24) 26 (–14, 2) 0.136

4-m timed walk speed, m/s 0.98 (0.29) 1.08 (0.29) 20.07 (–0.16, 0.02) 0.125

Manual Muscle Test score 55.9 (4.0) 56.2 (5.2) 20.1 (–1.6, 1.4) 0.901

Manual Muscle Test score , 48, no. (%) 3 (4) 3 (5) 0.84 (0.16, 4.39) 0.833

Hand grip strength, % predicted 82 (27) 85 (26) 23 (–12, 5) 0.462

Maximal inspiratory pressure, % predicted 97 (33) 99 (31) 24 (–15, 6) 0.421

FEV1, % predicted 77 (19) 80 (19) 22 (–9, 4) 0.424

FVC, % predicted 78 (18) 83 (19) 24 (–10, 1) 0.144

Body mass index, kg/m2 29.5 (7.2) 29.6 (9.1) 0.0 (–2.9, 2.8) 0.985

Arm fat area, % 38.9 (12.1) 39.7 (11.5) 21.2 (–4.9, 2.6) 0.550

Arm muscle area, % 50.8 (10.7) 50.4 (10.0) 0.7 (–2.7, 4) 0.703

Cognitive outcomes

Cognitive impairment, no. (%) 22 (29) 15 (20) 1.45 (0.71, 3) 0.311

COWA 32 (13) 34 (13) 22 (–6, 2) 0.431

COWA, <1.5 SDs, no. (%) 18 (24) 18 (24) 0.93 (0.44, 1.95) 0.843

Digit Span 9.8 (3.2) 9.9 (3.1) 0.1 (–0.8, 1.1) 0.800

Digit Span, <1.5 SDs, no. (%) 6 (8) 4 (5) 1.57 (0.41, 6.06) 0.512

Hayling Sentence Completion 5.5 (1.6) 5.2 (1.8) 0.4 (–0.1, 1.0) 0.119

Hayling, <1.5 SDs, no. (%) 7 (10) 14 (19) 0.38 (0.14, 1.03) 0.058

Logical Memory I 9.3 (3.4) 9.9 (3.4) 20.5 (–1.5, 0.6) 0.379

Logical Memory I, <1.5 SDs, no. (%) 13 (18) 9 (12) 1.58 (0.65, 3.85) 0.316

Logical Memory II 9.0 (3.0) 9.4 (3.2) 20.4 (–1.4, 0.6) 0.443

Logical Memory II, <1.5 SDs, no. (%) 10 (14) 7 (10) 1.49 (0.56, 3.92) 0.423

Similarities 9.8 (3.3) 10.5 (3.4) 20.2 (–1.3, 0.8) 0.648

Similarities, <1.5 SDs, no. (%) 8 (11) 7 (10) 1.02 (0.36, 2.83) 0.976

Definition of abbreviations: 95% CI ¼ 95% confidence interval; COWA ¼ Controlled Oral Word Association; FVC ¼ forced vital capacity.

*Mean values (SD) are presented unless otherwise indicated. Number of unknown or missing data for assessments performed at 12 months, by trophic and full

feeding groups, respectively: 6-min-walk distance, 14 and 5; 4-m timed walk speed, 12 and 7; manual muscle test, 9 and 3; hand grip strength, 10 and 2; maximal

inspiratory pressure, 11 and 9; FEV1, 13 and 9; FVC, 13 and 9; body mass index, 26 and 20; arm fat area, 10 and 5; arm muscle area, 10 and 5. For all cognitive

assessments no more than one assessment was missed in each group for each test.
yCalculated from linear or logistic regression models based on generalizing estimating equations with an exchangeable correlation structure (43) and an indicator for

treatment (initial trophic vs. full feeding group), time (12- vs. 6-mo follow-up), and the interaction of treatment group and time. The treatment effect represents the

mean difference in score for continuous measures and the odds ratio for binary measures.

Figure 2. Effect size of treat-

ment intervention at 12 months.

The treatment effect, presented

as an effect size, with 95% con-
fidence interval, for the primary

outcomes (6-min-walk test %

predicted, and cognitive im-

pairment) and all secondary
outcomes. Effect size was

calculated as the treatment

effect (Table 3, difference in

means or proportions) di-
vided by the pooled SD from

the initial trophic and full

feeding groups (77, 78).
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significant differences in the a priori sensitivity analysis, subgroup
analyses, and statistical interactions.

DISCUSSION

In this 1-year, multisite follow-up study of 174 patients with ALI
from the EDEN trial, survivors performed below predicted
values across a comprehensive battery of physical and cogni-
tive performance assessments with some improvements observed
between 6 and 12 months, particularly for the cognitive perfor-
mance. Initial trophic versus full feeding, for up to the first 6 days
of mechanical ventilation after randomization, had no significant
effect on any physical or cognitive performance measure at 6 or
12 months.

The results of this study of performance-based outcomes for
174 survivors from 5 EDEN study centers are consistent with the
patient-reported outcomes evaluated via telephone survey for
525 survivors from 11 of 12 EDEN study centers (2). In this
prior publication, EDEN trial survivors reported physical func-
tion lower than population norms (mean values of 62 and 67%
of age- and sex-matched norms for SF-36 Physical Function
domain at 6 and 12 mo), similar to 6MWT performance mea-
sured in the present study (mean percent predicted values of 64
and 66%, respectively). Using the telephone version of the Mini
Mental State Exam (a global cognitive screening tool) (53), the
prior publication demonstrated that 25 and 21% of EDEN
survivors had cognitive impairment at 6 and 12 months, re-
spectively, compared with 36 and 25% in this study that used
a more sensitive and comprehensive battery of performance-
based cognitive tests. Similarly, initial trophic feeding versus
full enteral feeding did not affect any of the patient-reported
outcomes (2). Because the association between patient-reported
outcomes and performance-based assessments is unclear (4),
consistency between this study’s in-person performance-based
assessments and the previously reported telephone-based, patient-
reported outcomes helps solidify our understanding of the longer-
term effects of initial trophic versus full enteral feeding strategies.
In addition, this study makes important contributions through
evaluating anthropometrics, muscle strength, and physical func-
tion, which specifically may be affected by the limited protein and
total caloric intake in the initial trophic feeding group (7–11, 54).

Consistent with the findings of mainly single-center prior
studies of ALI survivors (7, 11, 38, 55–58), this multicenter study
demonstrated impairments across multiple aspects of physical
and cognitive performance. The mean percent predicted 6MWT
in this study, with patient enrollment from 2008 to 2011, was
about 30% below predicted, similar to a single-center observa-
tional study from Toronto, Canada in 81 patients with ARDS
(enrolled 1998–2002) completing the 6MWT (7). Percent pre-
dicted values for FVC and FEV1 were consistent with prior
studies recruiting patients from Canada and the United States
(enrolled 1999–2000) (7, 59). Moreover, a single-center obser-
vational study of 74 ALI survivors from Utah (enrolled 1994–
1998) reported similar mean scores at 1-year follow-up for the
Similarities, Digit Span, and COWA cognitive tests, evaluating
verbal reasoning/concept formation, attention/working mem-
ory, and language, respectively (55, 60). Last, survivors from
the prior multicenter ARDS Network FACTT (Fluid and Cath-
eter Treatment Trial) study (enrolled 2000–2005) also showed
similar impairments in the Similarities, Logical Memory I, and
COWA cognitive tests, at 1-year follow-up (58). Important
differences between this study and these prior ALI studies
(7, 11, 38, 55) are that patients in the present study were enrolled
about 10 years more recently and that all patients received low
tidal volume ventilation and fluid-conservative therapy as
part of the EDEN study protocol; hence, results of this study

reflect more current ICU practice for these patients with ALI.
Fluid-conservative therapy was found to be a potential risk fac-
tor for long-term cognitive impairment (58), which may have
affected our study findings; however, this prior study was lim-
ited by significant loss to follow-up and the inability to adjust for
potential covariates. Despite advances in ALI management over
the past two decades, ALI survivors still experience significant
impairment 1 year after ALI.

In evaluating physical and cognitive performance in this
study, when possible, comparison was made with matched nor-
mal values because the baseline status of individual patients
cannot be measured before ALI onset. This issue raises the
possibility that these impairments existed before ALI; however,
the patient group evaluated was relatively young and functional
at baseline (mean age of 47 yr without any known cognitive im-
pairment, and 93% were living independently without assis-
tance) (2). Moreover, large cohort studies, with prospective
measurement of pre-ICU status, have demonstrated important,
new post-ICU impairments in physical, psychological, and cog-
nitive outcomes (61–65). Finally, the incidence and magnitude
of these impairments are supported by the high rate of rehabil-
itation use and/or new institutionalization (56% of survivors),
and inability to return to work after ALI (48% without return to
work at 12 mo), as previously reported in the telephone-based
follow-up study of 525 EDEN survivors (2).

Initial trophic versus full enteral feeding did not have any sig-
nificant effect on a wide spectrum of physical and cognitive per-
formance–based outcome measures despite the fact that differences
in total calories and protein received by the two study groups were
considered large enough to potentially effect differences in longer-
term outcomes (5, 66). There is little clinical research and no prior
randomized studies evaluating the long-term outcomes of ICU
nutritional strategies, which limits our ability to confidently ex-
plain why there was no treatment effect observed in this study.
Importantly, approximately half of patients in the initial trophic
feeding group eventually received full feeding after the initial
6-day period, as per the EDEN protocol (1); hence, the overall
duration of difference in feeding strategies may not have been
long enough to cause differences in patient performance. Alter-
natively, any effect of the nutritional strategies may have only
lasted for a shorter time period relative to the initial 6-month
follow-up assessment in this study. However, there was no dif-
ference between groups in the need for new residence in a health
care facility at 90 days (2), or in other, shorter-term outcomes
(e.g., mortality, ventilator-free days, organ failure–free days),
with consistent results observed across patient subgroups (1).
Hence, our findings of no differences in 6- and 12-month phys-
ical and cognitive performance are novel and important in the
evaluation of ICU nutritional strategies.

Caution must be taken in interpreting these results because
there are still limitations in the mechanistic understanding of
anabolism and catabolism during critical illness and their poten-
tial for effects on muscle and long-term functional outcomes
given the many unmeasured factors that affect patients’ trajec-
tory of recovery over time (67, 68) It is well known that early
critical illness is marked by systemic inflammation and activa-
tion of the hypothalamic–pituitary axis, leading to rapid catab-
olism in which muscles are sacrificed as a source of amino acids
(69). Muscles rapidly change in the early days of critical illness,
with evidence of atrophy via autophagy and proteasomal degra-
dation (70, 71), decreased force generation (72), and myopathic
changes such as myosin loss and membrane inexcitability (68, 73,
74). It is unclear whether nutrition delivered during this highly
acute phase of critical illness can alter these processes in a bene-
ficial way, or whether there may be untoward effects of providing
nutrition during such a catabolic state.
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Strengths of this study include use of a detailed battery of
performance-based physical and cognitive tests at 6- and 12-
month follow-up for a relatively large number of patients with
ALI recruited from 12 hospitals at 5 study centers across the
United States. This study also has several potential limitations.
First, the EDEN study enrolled relatively younger, overweight
patients, and explicitly excluded underweight patients, who pri-
marily had pneumonia or nonpulmonary sepsis. Hence, results
of this studymay not be generalizable to other ICU patients. Sec-
ond, the EDEN trial had an open-label design; however, the out-
comes assessors of this ancillary study were blinded to treatment
assignments to minimize bias in outcome assessment. Third, there is
potential bias in the understanding of the effects of initial trophic
versus full feeding because physical and cognitive performance
can be assessed only in survivors (75). However, the EDEN study
treatment allocation did not affect either short- or longer-term
mortality, thus minimizing this potential bias on these analyses.
Fourth, this study did not measure physical and cognitive perfor-
mance at hospital discharge given its focus on longer-term out-
comes the ICU-based feeding strategies. Finally, the sample size
of this study may have been underpowered to exclude clinically
important differences between groups and to test for statistical
interactions. However, compared with prior publications evaluating
longer-term physical and cognitive performance of ALI survivors,
this study is large. Nonetheless, future ALI trials should continue to
evaluate longer-term outcomes using even larger sample sizes (76).

In conclusion, this multicenter study of patients with ALI dem-
onstrated that survivors performed below predicted values across
a comprehensive battery of physical and cognitive performance
tests with some improvements observed between 6 and 12months,
particularly in cognitive performance. Initial trophic versus full
feeding strategies, during the first 6 days of mechanical ventilation
after randomization, had no effect on physical or cognitive perfor-
mance at 6 or 12 months. Evaluation of other novel interventions
is needed to reduce the frequent 6- and 12-month impairments in
physical and cognitive performance experienced byALI survivors.
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