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EARLY NUTRITIONAL SUPPORT, PRO-
vided within 24 hours of in-
jury or intensive care unit (ICU)
admission, is a key component

in the treatment of critically ill pa-
tients and may reduce mortality by 8%
to 13%.1-4 Nevertheless, practice var-
ies widely between ICUs,5 and up to
40% of eligible patients may remain un-
fed after 48 hours in the ICU.6

Evidence-practice gaps are com-
mon in clinical practice, with 30% of
hospitalized patients receiving care in-
consistent with current best evi-
dence.7,8 Evidence-based guidelines
(EBGs) help reduce evidence-practice
gaps by promoting awareness of inter-
ventions of proven benefit and discour-
aging ineffective care.3,9-11 However, the
ICU is a complex multidisciplinary en-
vironment, and reducing evidence-
practice gaps through the successful
implementation of an EBG in such an
environment is difficult.1,6

The purpose of this project was to
conduct a cluster randomized con-
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Context Evidence demonstrates that providing nutritional support to intensive care
unit (ICU) patients within 24 hours of ICU admission reduces mortality. However, early
feeding is not universally practiced. Changing practice in complex multidisciplinary en-
vironments is difficult. Evidence supporting whether guidelines can improve ICU feed-
ing practices and patient outcomes is contradictory.

Objective To determine whether evidence-based feeding guidelines, implemented
using a multifaceted practice change strategy, improve feeding practices and reduce
mortality in ICU patients.

Design, Setting, and Patients Cluster randomized trial in ICUs of 27 community
and tertiary hospitals in Australia and New Zealand. Between November 2003 and
May 2004, 1118 critically ill adult patients expected to remain in the ICU longer than
2 days were enrolled. All participants completed the study.

Interventions Intensivecareunitswererandomlyassignedtoguidelineorcontrolgroups.
Guideline ICUs developed an evidence-based guideline using Browman’s Clinical Practice
Guideline Development Cycle. A practice-change strategy composed of 18 specific inter-
ventions, leveraged by educational outreach visits, was implemented in guideline ICUs.

MainOutcomeMeasures Hospital dischargemortality. Secondaryoutcomes included
ICU and hospital length of stay, organ dysfunction, and feeding process measures.

Results Guideline and control ICUs enrolled 561 and 557 patients, respectively. Guide-
line ICUs fed patients earlier (0.75 vs 1.37 mean days to enteral nutrition start; dif-
ference, −0.62 [95% confidence interval {CI}, −0.82 to −0.36]; P� .001 and 1.04 vs
1.40 mean days to parenteral nutrition start; difference, −0.35 [95% CI, −0.61 to −0.01];
P=.04) and achieved caloric goals more often (6.10 vs 5.02 mean days per 10 fed
patient-days; difference, 1.07 [95% CI, 0.12 to 2.22]; P=.03). Guideline and control
ICUs did not differ with regard to hospital discharge mortality (28.9% vs 27.4%; dif-
ference, 1.4% [95% CI, −6.3% to 12.0%]; P=.75) or to hospital length of stay (24.2
vs 24.3 days; difference, −0.08 [95% CI, −3.8 to 4.4]; P=.97) or ICU length of stay
(9.1 vs 9.9 days; difference, −0.86 [95% CI, −2.6 to 1.3]; P=.42).

Conclusions Using a multifaceted practice change strategy, ICUs successfully de-
veloped and introduced an evidence-based nutritional support guideline that pro-
moted earlier feeding and greater nutritional adequacy. However, use of the guide-
line did not improve clinical outcomes.

Trial Registration anzctr.org.au Identifier: ACTRN12608000407392
JAMA. 2008;300(23):2731-2741 www.jama.com
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trolled trial (RCT) to examine the effect
on mortality and measures of practice
change of implementing EBGs for nu-
tritional support. A cluster RCT is the
appropriate design to use when an edu-
cational intervention is under study and
there is the possibility that knowledge
gained through participation in the trial
could lead to changes in standard care.12

METHODS
Potential participating hospitals were
identified throughout Australia and New
Zealand (ANZ) through announce-
ments at clinical trials group meetings,
scientific meetings, and professional so-
ciety e-mail lists. Public or private hos-
pitals with a level III or level II ICU were
eligible for participation if they were able
to identify an intensive care specialist and
dietitian as coinvestigators. The ANZ
Joint Faculty of Intensive Care Medi-
cine defines a level III ICU as a tertiary
referral unit capable of providing com-
prehensive critical care, including com-
plex multisystem life support, for an in-
definite period. A level II ICU is capable
of providing a high standard of general
intensive care, including complex mul-
tisystem life support. Both level II and
III ICUs are closed, and patients must be
referred for management to the attend-
ing intensive care specialist.13 Each hos-
pital contributed only 1 ICU to the study.

Approval to conduct the study was
obtained from each site’s human re-
search ethics committee, all of which
waived the requirement for individual
patient-level consent.

Overall Study Design

The study consisted of a 5-week study
run-in and guideline development pe-
riod followed by a 20-week guideline
implementation and evaluation period.

During the study run-in, site inves-
tigators refined the application of pa-
tient eligibility criteria, became famil-
iar with data collection instruments, and
improved study conduct by respond-
ing to queries and feedback from the
data management center.

Midway through the run-in period,
hospitals were randomized to interven-
tion or control groups. At the time of ran-

domization, one author (S.F.) provided
a random number used to seed an SAS
(SAS Institute Inc, Cary, North Caro-
lina) algorithm (developed by G.S.D.)
that generated the specific allocation se-
quence used in the trial. Allocation con-
cealment was maintained because inves-
tigators did not have knowledge of the
random seed or resultant sequence un-
til the time of randomization, which oc-
curred 2 weeks after all hospitals had
been selected and agreed to participate
in the trial. Randomization was strati-
fied by number of ICU beds.

The dietitian and intensivist coin-
vestigators from intervention ICUs par-
ticipated in a 2-day guideline develop-
ment conference held October 27-28,
2003. These investigators were specifi-
cally requested not to disseminate
study-related information outside their
study ICU. Control ICUs collected data
but were not invited to participate in
the guideline development confer-
ence and remained unaware of the con-
tents of the guideline and the support-
ing practice change strategy. Control
ICUs were specifically requested not to
undertake any new ICU-level nutri-
tional management changes using
guidelines or protocols for the dura-
tion of the trial.

Following the guideline develop-
ment conference, all ICUs received a site
monitoring visit from the lead investi-
gators (G.S.D.,F.S.) toaddress studycon-
duct and data quality issues. In guide-
line ICUs, this included formal
educational outreach to promote aware-
ness of the EBG. The 20-week guide-
lineevaluationphasewas initiatedat each
participating ICU after the initial site
monitoring visit. Staggered initial moni-
toring visits resulted in patient recruit-
ment running from November 3, 2003,
until May 21, 2004.

Patients were screened for eligibility
within 24 hours of ICU admission. Adult
patients who were expected to stay in the
ICU longer than 2 days were eligible for
inclusion. Patients were not eligible if
they were tolerating an oral diet or sched-
uled to return to oral intake within 24
hours. Patients receiving palliative care,
those who were moribund and not ex-

pected to survive 6 hours, those with
brain death or suspected brain death, and
patients admitted directly from any other
ICU were excluded.

Guideline Development

The guideline was developed using the
Clinical Practice Guideline Develop-
ment Cycle, an explicit and transparent
process for the development of evidence-
based guidelines.14 The process relies on
an extensive literature search and criti-
cal appraisal to identify valid clinical trials
reporting clinically meaningful out-
comes,15 which are synthesized into a se-
ries of systematic reviews.10 Each sys-
tematic review is graded to reflect the
level of evidence it contains and is for-
matted as an evidence-based recommen-
dation (EBR).16 These EBRs are re-
viewed at a formal consensus conference
and approved (ratified) for inclusion in
the guideline.

Guideline Implementation Strategy

The 2-day guideline development con-
ference included an educational work-
shop on the use of the multifaceted
change strategy to be used to imple-
ment the guideline.17 The practice-
change strategy was composed of 18 in-
terventions grouped under 7 categories.

Identification of Peer-Nominated,
Educationally Influential Opinion
Leaders. Intensive care unit consult-
ants, nurses, and surgeons who admit-
ted patients to the study ICUs were sur-
veyed to identify educationally influential
opinion leaders from each respective dis-
cipline18 using a validated instrument.19

Peer-nominated opinion leaders re-
ceived education on the content of the
ANZ guideline and were provided with
copies of the guideline and other re-
source material to use as educational aids
to support academic detailing.

Educational Outreach Visits/
Guideline Site Initiation. Educa-
tional outreach visits were conducted
by the project chief investigators
(G.S.D., F.S.) to initiate the guideline
implementation process at each guide-
line hospital. The visit included a pre-
sentation of the expected benefits of
implementing the ANZ guideline at a
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grand rounds type of meeting and was
followed by one-on-one meetings (aca-
demic detailing) with any member of
the staff expressing interest in under-
standing the guidelines.

AcademicDetailing.Site investigators
andeducationallyinfluentialopinionlead-
erswere trainedtoconductacademicde-
tailing.Academicdetailingwasexplained
asaone-on-oneconversationwithastaff
memberorclinicianreluctanttoadoptthe
ANZ guideline to address ongoing indi-
vidualconcernsandencouragehimorher
tochangebehaviorthroughtheprovision
of information or evidence.20 Copies of
originalscientificarticles,single-pagecriti-
calappraisalsummariesofallarticles,and
a visually attractive resource book that
contained systematic reviews of the evi-
dencewereprovidedtosupportacademic
detailing.

Detailers identified early adopters of
the ANZ guideline to use them as posi-
tiveexamplesduring theseacademicde-
tailing sessions to convince “laggards”21

to change practice.18

Active Reminders. Dietitian site in-
vestigators reviewed ICU patients twice
daily to assess eligibility for, and com-
pliance with, the ANZ guideline. When
a patient qualified for care under the
guideline, the dietitian investigator at-
tempted to communicate directly with
senior staff and clinicians through a short
friendly chat, preferably face to face.

Timely Audit and Feedback. Key
measures of guideline compliance were
recorded at each site and entered into
a secure study Web server. Guideline
ICU site investigators were able to print
control-chart graphs to compare their
ICU’s current performance with the cu-
mulative current performance of all
other guideline ICUs.

Passive Reminders. Brightly col-
ored copies of the ANZ guideline, pre-
sented inalgorithmic format,wereposted
in high-traffic areas (A3-sized posters),
by the patients’ bedside (A4-sized lami-
nated sheets), and next to each ICU com-
puter station (mouse mats).

In-servicing. A series of interactive
lecture-style presentations were con-
ducted by site investigators to intro-
duce the EBG to ICU staff and clini-

cians. The number and timing of in-
servicing sessions varied between
hospitals based on need and schedules.

Data Collection

Site investigators were trained in study
conduct and data collection at a 1-day
study start-up meeting. Data were col-
lected prospectively using paper case re-
port forms supported by an extensive
data dictionary.

Sample Size Estimation

In cluster RCTs, the assumption of in-
dependence of outcomes within study
centers often fails, and the true sample
size required to obtain a prespecified
power is larger than required for patient-
level randomized trials. The intraclus-
ter correlation coefficient is a measure
of the reduction in independence, and
the design effect is a measure of the in-
crease in the total number of partici-
pants required using cluster random-
ization relative to the number required
using simple randomization.22,23

Estimates of baseline mortality and
intracluster correlation coefficient were
obtained from ICU outcome data sub-
mitted by 8 participating hospitals.
Sample-size formulas specific to clus-
ter RCTs were used.24

Given that a previous cluster RCT
evaluating a similar intervention dem-
onstrated an absolute reduction in mor-
tality of 13%,3 a conservative estimate of
expected benefit was set at 60% of this
effect. Assuming baseline mortality of
28.9% and an intracluster correlation co-
efficient of 0.01153, 26 hospitals enroll-
ing 693 patients per group would pro-
vide 80% power to detect a treatment
effect of 8%. It was estimated that 20
weeks would be required to enroll this
number of patients.

Statistical Analysis

The primary outcome, all-cause hospi-
tal discharge mortality, was analyzed
using a negative-binomial model.12 Sec-
ondary outcomes based on count data
(eg, length of stay, number of days of
clinically significant organ dysfunc-
tion25) were analyzed using a Poisson
model.12 Where appropriate, an offset

term (ICU length of stay) was used to ac-
count for time at risk. Baseline balance
of proportions was assessed using a �2

test, and continuous variables were as-
sessed using t tests.26 All analyses and
95% confidence intervals (CIs) were ap-
propriately adjusted for the effects of
clustering.12,27 A 2-tailed P� .05 was ac-
cepted to indicate statistical signifi-
cance. A 2-tailed P� .25 was accepted to
indicate the presence of potentially im-
portant confounding due to imbalance
inbaselinecovariates.28 Confoundingdue
to baseline imbalance was investigated
using an appropriately adjusted multi-
variate model. Analyses were con-
ducted using STATA version 7.029 or
Acluster Version 2.1.30

RESULTS
Thirty-six ICUs from 36 hospitals ex-
pressed interest in participating in the
project. Nine hospitals failed to meet
inclusion/exclusion criteria (FIGURE 1).
Nonparticipating ICUs did not differ
from participating ICUs with regard to
major ICU-level characteristics. Sixty-
six percent (6/9) of nonparticipating
sites were metropolitan referral centers,

Figure 1. Flow of Clusters (Intensive Care
Units [ICUs]) and Participants (Patients)
Through the Trial

561 Patients included in
primary analysis

557 Patients included in
primary analysis

14 ICUs (561 patients)
completed study

13 ICUs (557 patients)
completed study

27 Randomized

14 Assigned to guideline
group

13 Assigned to control
group

36 ICUs from 36 hospitals
assessed for eligibility

9 Excluded
5 Unable to nominate

dietitian as
coinvestigator

3 Unable to nominate
intensivist as
coinvestigator

1 Level I ICU

561 Patients met eligibility
requirements and
were enrolled (mean
cluster size, 41.9
[range, 16-96])

557 Patients met eligibility
requirements and
were enrolled (mean
cluster size, 42.8
[range, 23-62])
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Box. Evidence-Based Recommendations Approved (Ratified) for Inclusion in the Guideline at the
Consensus Conference

Grade B�
Recommendation favoring enteral nutrition over standard care (nothing by mouth)

5 Level II randomized controlled trials (RCTs). Supported by positive meta-analysis and validated evidence-based guideline
(EBG) (Algorithms for Critical Care Enteral and Parenteral Therapy [ACCEPT] trial).

Recommendation favoring early parenteral nutrition (�24 hours) over delayed (�24 hours) enteral nutrition

5 Level II RCTs. Supported by positive meta-analysis and validated evidence-based guideline (ACCEPT).

Grade B
Recommendation favoring early enteral nutrition (�24 hours) over delayed (�24 hours) enteral nutrition

3 Level II RCTs. Supported by validated evidence-based guideline (ACCEPT).

Recommendation favoring parenteral nutrition over standard care (intravenous glucose)

5 Level II RCTs. Supported by validated evidence-based guideline (ACCEPT).

Recommendation favoring early enteral nutrition (�24 hours) over parenteral nutrition

6 Level II RCTs. Supported by validated evidence-based guideline (ACCEPT).

Recommendation favoring postpyloric feeding when gastric feeding not tolerated

8 Level II RCTs. Supported by validated evidence-based guideline (ACCEPT).

Recommendation favoring prokinetics when gastric feeding not tolerated

5 Level II RCTs. Supported by validated evidence-based guideline (ACCEPT).

Recommendation favoring enteral nutrition supplemented with parenteral nutrition if 80% of goals not met by 72 hours with
enteral nutrition alone (after consideration of postpyloric feeding, prokinetics, or both)

4 Level II RCTs. Supported by validated evidence-based guideline (ACCEPT).

Recommendation favoring protocolized management of diarrhea

Supported by validated evidence-based guideline (ACCEPT).

Recommendation favoring protocolized definition of intolerance of enteral nutrition, which includes gastric residual values �200 mL

Supported by validated evidence-based guideline (ACCEPT).

Grade B−
Consider parenteral nutrition with glutamine instead of standard parenteral nutrition

4 Level II RCTs. Supported by meta-analysis, heterogeneity present.

Glutamine may be beneficial in select patients. To identify which patients may benefit, each constituent RCT should be re-
viewed and clinical judgment should be exercised.

Recommendation Grades
Grade A�: �1 well-conducted, adequately powered RCT with consistent results between studies (no heterogeneity); level of
evidence required: I

Grade A: �1 well-conducted, adequately powered RCT; level of evidence required: I

Grade A−: �1 well-conducted, adequately powered RCT with inconsistent results (heterogeneity) between studies; level of evi-
dence required: I

Grade B�: �1 well-conducted RCT with consistent results between studies; level of evidence required: II

Grade B: �1 well-conducted RCT; level of evidence required: II

Grade B−: �1 well-conducted RCT with inconsistent results (heterogeneity) between studies; level of evidence required: II

Levels of Evidencea

Level I: adequately powered (low false positive or false negative), well-conducted RCT

Level II: small, underpowered (high false positive and false negative), well-conducted RCT

aPower was defined as a measure of the probability that a clinical trial will detect a treatment effect of a given magnitude (X), under the assumption that
the treatment effect actually exists. To qualify as a level I trial (adequately powered), the trialists must have established that it was plausible to assume
that the treatment effect of magnitude X actually existed. References to data from earlier trials was accepted as the most reliable way to establish the
plausibility of the magnitude of the expected treatment effect.33
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Figure 2. Algorithm of Evidence-Based Feeding Guideline

Oral intake

Perform gastric challenge
  (Goal: ≥80% of nutritional requirements by 72 h)

Yes No

Continue current
enteral feeding

Continue current
enteral feeding

Change medications
and feed to toleranceb

Yes No

Yes No

Consider elemental formulation

Advance to goal rate as tolerance improvesb

Yes No

Decrease enteral feeding rate 
until tolerance achievedb

Yes No

Yes No

Yes No

Yes No

Yes No

Acute pancreatitisa

Enteric anastomosisa

Ischemic bowel

Enteric fistula

Imminent bowel resection

Imminent endoscopy

Bowel obstruction

High nasogastric losses on 
admission

Severe exacerbation of 
inflammatory bowel disease

At ICU admission, is patient 
a candidate for enteral nutrition

or total parenteral nutrition?

Can enteral nutrition
be started within 24 h?

Tolerating adequate oral 
intake

or

Will receive oral intake 
within 24 h

or

Receiving palliative care

Begin total parenteral nutrition 
Consider total parenteral with 

glutamine

Reassess for eligibility for enteral 
nutrition every 12 h

Use full-strength concentration

Consider using prokinetic with challenge

Assess every 12 h

Is patient tolerating gastric challenge 
and will be able to receive ≥80% of 

nutritional requirements by 72 h?

At 72 h, is patient receiving
≥80% of nutritional

requirements?

At 72 h, is patient receiving
≥80% of nutritional

requirements?

Continue enteral nutrition to maximum toleratedb

Supplement with parenteral nutrition

Continue enteral nutrition challenges every 12 h

Is clinically significant
diarrhea present?c

Are medications
the possible cause?d

Check stool for Clostridium difficile
toxins and feed to toleranceb

Increase enteral feeding rate to achieve 
100% of nutritional requirements

Use prokinetic and/or 
postpyloric tube

Is patient receiving
antibiotics?

Is diarrhea
resolved?

A

B

B

A
Conditions that exclude

need for enteral or 
parenteral nutrition

Conditions that warrant
starting parenteral nutrition

Intensive care unit (ICU) feeding algorithm

Tube feeding–associated diarrhea algorithm

aMay still opt for elemental formulation.
bClinical indications of enteral feeding intolerance include clinically significant diarrhea (see footnote c), readily apparent abdominal distension, increased abdominal
girth, clinically detected aspiration, or gastric residuals �200 mL for nasogastric feeds.
cClinically significant diarrhea: liquid stools �300 mL per day or �4 loose stools per day or risk of contamination of wounds or catheters.
dMedications that commonly cause diarrhea include metoclopramide, magnesium, xylitol, quinidine, aminophylline, erythromycin, phosphorus, and sorbitol.
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compared with 70% (19/27) of partici-
pating sites (P=.85). Sixty-six percent
(6/9)ofnonparticipatingsiteswere level
III ICUs compared with 88% (24/27) of
participating sites (P=.30), and the me-
dian number of beds for nonparticipat-
ing ICUswas12(range,5-21)compared
with 12 (range, 5-18) (P� .99).

All 27 participating ICUs success-
fully completed the entire project, and
no patients were lost to follow-up.

Guideline Development

The comprehensive literature search,
which included primary MEDLINE and
EMBASE searches, hand searching of ref-

erence lists, and contact with experts and
industry, resulted in the retrieval of 465
articles. Detailed review (G.S.D., F.S.) of
retrieved articles identified 92 primary
nutritional support studies that quali-
fied for inclusion in the guideline devel-
opment process. These studies were con-
ducted in populations of critically ill
patients, reported clinically meaningful
outcomes, and did not have major meth-
odological flaws. Detailed results of the
search, validity appraisal, systematic re-
view, and meta-analytic processes have
been published elsewhere.31,32

Formal systematic reviews and meta-
analyses were generated in 25 topic
areas, all of which were addressed at the
guideline development conference. The
guideline development conference re-
sulted in the approval of 11 system-
atic reviews, which were expressed in
the form of ratified EBRs (BOX). These
11 ratified EBRs formed the basis of the
EBG and are presented in algorithmic
form in FIGURE 2.

Guideline Evaluation

Enrollment Rates and Baseline
Balance. During the 20-week evalua-
tion period, 1118 patients were iden-
tified as eligible and were enrolled
(Figure 1). There was no difference in
the enrollment rates between guide-
line and control ICUs (3.9 vs 3.4 pa-
tients per ICU bed, respectively; P=.31).

Significantly more patients with a
neurological admission diagnosis were
enrolled in guideline ICUs (69/561 vs
39/557 patients, P=.04). There was no
evidence of any other baseline imbal-
ance (TABLE 1).

Process Measures of Guideline Up-
take: Provision of Nutritional Support.
No guideline hospitals failed to imple-
ment the ANZ guideline. Significantly
more patients in guideline ICUs re-
ceived nutritional support during their
ICU stay (94.3% vs 72.7%; difference,
22.5% [95% CI, 18.1% to 25.0%];
P� .001), and significantly more pa-
tients in guideline ICUs were fed within
24 hours of ICU admission (60.8% vs
37.3%; difference, 23.4% [95% CI, 12.9%
to 36.2%]). Patients in guideline ICUs
were fed significantly earlier (0.75 vs 1.37

Table 1. Baseline ICU and Patient-Level Characteristics

Characteristic

No. (%)

Guideline
(14 ICUs, 561

Patients)

Control
(13 ICUs, 557

Patients)

ICU-level characteristics
Beds, median (range), No. 12 (5-18) 12 (7-15)

Metropolitan referral hospital 11 (78.5) 8 (61.5)

Level III ICU 13 (92.8) 11 (84.6)

Closed unit (intensivist managed) 14 (100) 13 (100)

Mixed medical/surgical ICU 13 (92.8) 13 (100)

Preexisting nutrition protocol 12 (85.7) 10 (76.9)

Dietitian routinely reviews patients 10 (71.4) 10 (76.9)

Public hospital 13 (92.8) 12 (92.3)

Patient-level characteristics
Age, mean (SD), y 58.8 (9.6) 59.5 (9.3)

Women 218 (38.9) 221 (39.7)

Weight, mean (SD), kg 76.4 (4.1) 77.0 (4.0)

Serum albumin, mean (SD), g/L 25.7 (3.4) 25.5 (3.2)

APACHE II score, mean (SD) 21.5 (3.7) 20.5 (3.6)

Source of admission
Emergency department 143 (25.4) 152 (27.2)

Operating room 190 (33.8) 191 (34.2)

Hospital ward 131 (23.3) 125 (22.4)

ICU readmission 6 (1.0) 5 (0.8)

Other hospital 91 (16.2) 84 (15.0)

Surgical admission type
Elective 67 (35.6) 58 (30.2)

Emergency 121 (64.3) 134 (69.7)

APACHE II chronic health states
Hepatic cirrhosis 20 (3.6) 22 (4.0)

Chronic dialysis 12 (2.1) 8 (1.4)

Respiratory disease 15 (2.7) 26 (4.7)

Cardiovascular disease 15 (2.7) 21 (3.8)

Immunocompromised 42 (7.5) 42 (7.5)

APACHE III admission diagnostic group
Cardiovascular/vascular 85 (15.1) 75 (13.4)

Respiratory 127 (22.6) 124 (22.2)

Trauma 68 (12.1) 71 (12.7)

Gastrointestinal 105 (18.7) 125 (22.4)

Neurological 69 (12.2)a 39 (7.0)a

Sepsis 41 (7.3) 50 (8.9)

Metabolic 0 0

Hematological 0 0

Other surgical 16 (2.8) 18 (3.2)

Other medical 50 (8.9) 55 (9.8)
Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation; ICU, intensive care unit.
aP� .25 (adjusted for cluster effect), indicating potentially important imbalance at baseline. All others, P� .25.
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mean days to start of enteral nutrition;
difference, −0.62 [95% CI, −0.82 to
−0.36]; P� .001 and 1.04 vs 1.40 mean
days to start of parenteral nutrition; dif-
ference, −0.35 [95% CI, −0.61 to −0.01;
P=.04) and were fed on a greater pro-
portion of ICU days (8.08 vs 6.90 fed
days per 10 patient-days; difference, 1.18
[95% CI, 0.41 to 2.03]; P=.002) than pa-
tients in control ICUs. On each of the first
5 days of ICU stay, significantly more pa-
tients in guideline ICUs received nutri-
tional support (FIGURE 3).

Themeanenergydeliveredperpatient
perdayandthemeanenergydeliveredper
fedpatientperdaywerenot significantly
different between groups (1241 vs 1065
kcal/patient-day;difference,177[95%CI,
−51to457];P=.14and1265vs1204kcal/
fed patient-day; difference, 61 [95% CI,
−147to310];P=.59).Completemeasures
of nutritional support are presented in
TABLE 2 and FIGURE 4.

Mortality and Length of Stay. There
were no significant differences between
guideline and control ICUs with regard
to hospital discharge mortality (28.9% vs
27.4%; difference, 1.4% [95% CI, −6.3%
to 12.0%]; P=.75), ICU discharge mor-
tality (24.5% vs 21.5%; difference, 3.0%
[95% CI, −3.2% to 10.4%]; P=.43), mean
hospital length of stay (24.2 vs 24.3 days;
difference, −0.08 [95% CI, −3.8 to 4.4];
P=.97) or mean ICU length of stay (9.1
vs 9.9 days; difference, −0.9 [95% CI,
−2.6 to 1.3 days]; P=.42). TABLE 3 pre-
sents the intracluster correlation coeffi-
cient and design effects for the main
study outcomes.

Clinically Significant Organ Dys-
function and Concomitant Therapies.
The incidence of clinically significant
renal dysfunction was significantly
lower in the guideline ICUs (1.54 vs
2.12 renal dysfunction days/10 patient-
days; difference, −0.58 [95% CI, −1.0
to −0.04]; P=.04) compared with con-
trols; however, there was no differ-
ence in the provision of renal replace-
ment therapy (0.75 vs 0.91 dialysis
days/10 patient-days; difference, −0.16
[95% CI, −0.38 to 0.16]; P=.29).

There were no other significant dif-
ferences between the groups. TABLE 4
provides a complete list of all other clini-

cally significant organ system dysfunc-
tions, and TABLE 5 provides a summary
of other key concomitant interventions.

Multivariate Analysis

Multivariate analysis controlling for the
onlybaselinecovariateappearingtobe in
imbalance(neurologicaladmissiondiag-
nosis) did not alter the overall interpre-
tationof theprimaryoutcome,difference
inhospitaldischargemortality(difference,
−1.0%[95%CI,−6.7%to11.7%];P=.81).

COMMENT
We used the Clinical Practice Guide-
line Development Cycle14 to develop a
binational (ANZ) EBG for nutritional
support of critically ill patients. Recom-
mendations ratified for inclusion in the
guideline were supported by systematic
reviews of valid clinical trials demon-
strating benefit to clinically meaningful
patient-oriented outcomes. The effects of
implementing the guideline using a ro-
bust, multifaceted practice change strat-
egy were assessed in a cluster RCT.

The simple recommendations incor-
porated into the ANZ guideline were
readily adopted across multiple sites with
unique local cultures. Implementation
resulted in statistically significant im-
provements to the provision of nutri-
tional support; however, these practice
changes did not translate into improve-
ments in hospital discharge mortality.

To our knowledge, this is the first
level I cluster RCT, equivalent to a US
Food and Drug Administration phase
3 licensing trial, demonstrating that
critical care evidence-practice gaps can
be successfully addressed across mul-
tiple sites using a multifaceted practice-
change strategy.

Patient-Oriented Outcomes

The practice observed in control hospi-
tals and the magnitude of practice change
achieved in the ANZ guideline hospi-
tals was remarkably similar to the con-
trol hospital practice and improve-
ments observed in the Algorithms for
Critical Care Enteral and Parenteral
Therapy (ACCEPT) cluster RCT.3 Be-
cause the ACCEPT trial demonstrated a
significant reduction in hospital dis-

charge mortality, it is reasonable to ex-
pect that the change achieved in the ANZ
guidelines trial could have translated to
improvements in patient outcomes.

Because a statistically significant re-
sult would have been obtained if an 8%
reduction in mortality had been ob-
served, post hoc loss of power does not

Figure 3. Nutritional Support Delivered by
Study Day During the Guideline Evaluation
Phase
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4, and 5. For bottom plot, P� .05 at study day 3.
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explain our negative findings. Assum-
ing we had found an 8% reduction in
mortality, using measures of variabil-
ity calculated from actual trial data, the

95% CI around the treatment effect
would have ranged from 1% to 13.1%,
which would have been statistically
significant.34

Both the ACCEPT trial and the ANZ
guideline trial are consistent with a mor-
tality reduction of up to 6.3%, which
would be considered clinically impor-
tant. The 95% CI observed in the
ACCEPT trial ranges from a 21% to a
0.002%reduction inmortality.The lower
limit of the ANZ guideline trial 95% CI
overlaps the ACCEPT 95% CI in the
range from6.3%to0.002%.Although the
ACCEPT trial reported a statistically sig-
nificant reduction in mortality and the
ANZ guideline trial failed to confirm this
benefit, their results are consistent.

While trials with major methodologi-
cal flaws were excluded from the guide-
line development process, the overall
quality of included clinical trials could
be considered poor.32 Only 2 of the 11
ratified EBRs were supported by meta-

analyses demonstrating significant ben-
efits to clinically meaningful out-
comes (Box).2 The remaining 9 EBRs
were supported by individual level II
RCTs (US Food and Drug Administra-
tion phase 2 equivalent). Level II trials
and meta-analyses of level II trials are
known to overestimate potential treat-
ment benefits.35

It is possible that results of the ANZ
guideline trial were negative owing to
chance alone; however, it is also pos-
sible that benefits attributable to the
provision of nutritional support are
smaller than estimated by the current
evidence. The negative findings of
the ANZ guideline trial highlight the
pressing need for better evidence
evaluating the true effectiveness of
each individual intervention recom-
mended in this guideline. A series of
well-designed, adequately powered level
I (US Food and Drug Administration
phase 3 equivalent) RCTs is needed.

Table 2. Measures of Nutritional Support Guideline Uptake

Process Measure

Value (95% CI)

P
Valuec

Guideline
(14 ICUs, 561 Patients)a

Control
(13 ICUs, 557 Patients)a Differenceb

Mean time from ICU admission to EN, PN, ICU discharge,
or death, dd

All patients 0.91 (0.73 to 1.13) 2.14 (1.73 to 2.66) −1.23 (−1.54 to −0.73) �.001
Mean time from ICU admission to EN or PN, d

Patients initially receiving EN 0.75 (0.64 to 0.87) 1.37 (1.17 to 1.60) −0.62 (−0.82 to −0.36) �.001
Patients initially receiving PN 1.04 (0.90 to 1.20) 1.40 (1.21 to 1.61) −0.35 (−0.61 to −0.01) .04

Mean nutrition support days/10 patient-days
EN and/or PN 8.08 (7.69 to 8.50) 6.90 (6.56 to 7.26) 1.18 (0.41 to 2.03) .002
EN 7.15 (6.69 to 7.65) 5.83 (5.46 to 6.24) 1.31 (0.41 to 2.34) .003
PN 1.46 (1.20 to 1.77) 1.56 (1.29 to 1.90) −0.10 (−0.59 to 0.57) .74
100% of caloric goals met 6.10 (5.60 to 6.65) 5.02 (4.61 to 5.48) 1.07 (0.12 to 2.22) .03

Other process measures
Patients never fed at any time during ICU stay, No. (%) 32 (5.7) [4.3 to 7.5] 157 (28.2) [21.2 to 37.5] −22.5 (18.1 to 25.0)e �.001
Patients fed within 24 h of ICU admission, No. (%) 341 (60.8) [45.7 to 80.] 208 (37.3) [28.1 to 49.6] 23.4 (12.9 to 36.2)e �.001
Mean energy delivered (all patients), kcal/patient-day 1241 (1121 to 1374) 1065 (961 to 1179) 177 (−51 to 457) .14
Mean protein delivered (all patients), g/patient-day 50.1 (45.4 to 55.3) 44.2 (40.0 to 48.9) 5.8 (−3.7 to 16.9) .22
Mean energy delivered from EN (patients receiving EN),

kcal/fed patient-day
1377 (1318 to 1440) 1347 (1289 to 1408) 31 (−85 to 157) .62

Mean energy delivered from PN (patients receiving PN),
kcal/fed patient-day

1735 (1707 to 1764) 1779 (1750 to 1808) −43 (−99 to 14) .14

Mean days of prokinetic use (patients receiving EN),
prokinetic days/10 EN-fed patient-days

4.47 (3.87 to 5.17) 4.02 (3.48 to 4.66) 0.45 (−0.67 to 1.95) .47

Patients receiving prokinetics, No. (%) 296 (52.8) [43.1 to 64.6] 206 (36.9) [30.2 to 45.2] 15.9 (−1.8 to 42.2)e .09
Mean days of post-pyloric feeding (patients receiving EN),

postpyloric days/10 EN-fed patient-days
1.16 (0.85 to 1.59) 1.57 (1.15 to 2.16) −0.42 (−0.95 to 0.60) .34

Abbreviations: CI, confidence interval; EN, enteral nutrition; ICU, intensive care unit; PN, parenteral nutrition.
aTest-based 95% CI.
bPrecision-based 95% CI around the difference between groups.
cAll P values adjusted for cluster effects.
dWhichever event occurs first.
eDifference calculated from percentage values.

Figure 4. Mean Energy Delivered per Fed
Patient by Study Day During the Guideline
Evaluation Phase
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Clinically Significant Renal
Dysfunction
Evidence from clinical trials con-
ducted in critically ill patients and from
animal models demonstrates that amino

acid infusions ameliorate the severity
of ischemic insults to the kidney36 and
enhance recovery of renal func-
tion.37,38 Although improvements ob-
served in this trial may be a spurious

finding (P=.04) and there was no sig-
nificant reduction in the use of renal re-
placement therapies, future trials with
greater power should be undertaken to
investigate this relationship.

Table 3. Patient Outcomes, All Enrolled Patients

Outcome Measure
Guideline

(14 ICUs, 561 Patients)
Control

(13 ICUs, 557 Patients) Difference (95% CI)a
P

Valueb

ICC or Design Effect

Control Guideline
Deaths at hospital discharge,

No. (%) [95% CI]c
172 (28.9) [24.7 to 33.7] 153 (27.4) [23.5 to 32.1] 1.4 (−6.3 to 12.0)d .75 0.06138e 0.00448e

Mean length of stay (per patient), d
(95% CI)c

Hospital 24.2 (22.2 to 26.3) 24.3 (22.3 to 26.4) −0.08 (−3.8 to 4.4) .97 2.36 2.02
ICU 9.1 (8.2 to 10.1) 9.9 (8.9 to 11.1) −0.86 (−2.6 to 1.3) .42 3.61 3.51

Abbreviations: CI, confidence interval; ICC, intraclass correlation coefficient; ICU, intensive care unit.
aPrecision-based 95% CI around the difference between groups.
bAll P values appropriately adjusted for clustering.
cTest-based 95% CI.
dDifference calculated from percentage values.
eWhere appropriate, ICC is reported for each group.

Table 4. Clinically Significant Organ Dysfunction

Mean Organ System Failures

Value (95% CI)

P
Valuea

Guideline
(14 ICUs, 561

Patients)b

Control
(13 ICUs, 557

Patients)b Differencec

Renal (creatinine �1.923 mg/dL), dysfunction days/
10 patient-days

1.54 (1.33 to 1.80) 2.12 (1.83 to 2.48) −0.58 (−1.0 to −0.04) .04

Pulmonary (PaO2:FiO2 ratio �301), dysfunction days/
10 patient-days

8.28 (7.92 to 8.66) 7.79 (7.46 to 8.15) 0.48 (−0.22 to 1.26) .18

Hepatic (total bilirubin �4.823 mg/dL), dysfunction days/
10 patient-days

1.43 (1.27 to 1.63) 1.41 (1.25 to 1.60) 0.02 (−0.30 to 0.44) .91

Coagulation (�81 platelets � 109/L), dysfunction days/
10 patient-days

1.13 (1.00 to 1.29) 0.97 (0.85 to 1.11) 0.16 (−0.09 to 0.50) .25

Cardiovascular (systolic blood pressure �90 mm Hg, not fluid
responsive), dysfunction days/10 patient-days

1.04 (0.93 to 1.17) 1.09 (0.97 to 1.23) −0.05 (−0.26 to 0.23) .72

MOD (�2 organ system failures on the same day), MOD days/
10 patient-days

3.26 (2.81 to 3.79) 3.41 (2.93 to 3.97) −0.15 (−1.0 to 1.0) .77

Organ system dysfunctions, No./patient-day 1.34 (1.33 to 1.37) 1.34 (1.32 to 1.36) 0 (−0.03 to 0.03) .94
Abbreviations: CI, confidence interval; FIO2, fraction of inspired oxygen; MOD, multiple organ dysfunction.
SI conversion factor: To convert renal creatinine value to μmol/L, multiply by 88.4; bilirubin value to μmol/L, multiply by 17.104.
aObtained from Poisson model, controlling for duration of risk and appropriately adjusted for clustering.
bTest-based 95% CI.
cPrecision-based 95% CI around the difference between groups.

Table 5. Secondary Outcomes and Concomitant Therapies

Mean Events

Value (95% CI)

P
Valuec

Guideline
(14 ICUs, 561

Patients)a

Control
(13 ICUs, 557

Patients)a Differenceb

Secondary outcomes
Witnessed aspiration (patients receiving EN), events/1000 fed

patient-days
2.19 (1.18 to 4.08) 4.33 (2.33 to 8.05) −2.14 (−3.69 to 3.26) .28

Witnessed aspiration and new pulmonary infiltrates within 24 h
(patients receiving EN), events/1000 fed patient-days

0.83 (0.47 to 1.45) 0.93 (0.53 to 1.63) −0.10 (−0.66 to 1.61) .84

Serum albumin �25 g/L, days/10 patient-days 4.58 (4.37 to 4.80) 4.31 (4.12 to 4.53) 0.26 (−0.15 to 0.71) .22
Therapeutic interventions, treatment days/10 patient-days

Renal replacement therapy 0.75 (0.63 to 0.90) 0.91 (0.77 to 1.09) −0.16 (−0.38 to 0.16) .29
Invasive mechanical ventilation 7.69 (6.54 to 9.04) 7.21 (6.14 to 8.48) 0.48 (−1.65 to 3.42) .70
Systemic antibiotics 7.41 (7.11 to 7.74) 7.19 (6.90 to 7.50) 0.23 (−0.37 to 0.88) .47

Abbreviations: CI, confidence interval; EN, enteral nutrition; ICU, intensive care unit.
aTest-based 95% CI.
bPrecision-based 95% CI around the difference between groups.
cObtained from Poisson model, controlling for duration of risk and appropriately adjusted for clustering.
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Use of Simple Evidence-Based
Guidelines
The content of the ANZ guideline is re-
markably consistent with that of the
ACCEPT guideline, the only major dif-
ference being a grade B− recommen-
dation supporting the consideration of
glutamine in parenteral nutrition in the
ANZ guideline.

Both the ACCEPT guideline and the
ANZ guideline are composed of a few
simple recommendations supported by
thebestavailableevidence.Forexample,
bothguidelinescontainanEBRsupporting
early enteral nutrition, but because reli-
able evidence was not available, neither
contain recommendations for starting
ratesoradvancementrates.31Otherguide-
lines for ICU nutritional support have
ratifiedexpertopinion–basedrecommen-
dations when reliable evidence was not
available (eg, start enteralnutritionat25
mL/h).4,39

Cluster RCTs evaluating mixed
evidence- and opinion-based nutrition
guidelines have not been successful at
achieving meaningful practice change,6

perhaps because expert opinion is more
prone to local dissent.40 The ANZ guide-
lineallowedICUstostartandadvanceen-
teral nutrition at rates with which they
were already familiar. By allowing ICUs
toretainfamiliarlocalpracticeswhereevi-
denceisunreliable,theANZguidelinemay
have optimized the uptake of EBRs sup-
ported by clear evidence of benefit.14,41,42

Multidisciplinary Practice-Change
Team

The ANZ guideline change strategy was
coordinated at each site by dietitian and
intensivist coinvestigators supported by
peer-identifiedICUnursing,surgical,and
intensivist opinion leaders. The use of a
multidisciplinarychange teaminacom-
plexenvironmentsuchas theICUallows
issuesarising fromcomplex interprofes-
sional teamdynamics tobeaddressedon
a peer-to-peer level20,43,44 and may allow
discipline-specific andsystem-levelbar-
riers to be addressed more effectively.44

Limitations

The practice improvements achieved in
this study cannot be attributed to any

single specificpractice-change interven-
tion.Afterstudyclose-out,afollow-upsur-
vey was conducted. Study site investiga-
tors reported using different subsets of
practice-changeinterventionstoovercome
various barriers to change common or
unique to their site. The survey did not
identifyanysingleinterventionthatallsites
foundineffectivesuchthat itcouldbe left
outof futurepractice-changeinitiatives.44

An inherent weakness in the use of
study hospital discharge status as an
outcome is that patients may be dis-
charged to another hospital, and their
discharge status from the second hos-
pital may remain unknown. Only 2%
of guideline patients (13/561) and 4%
of control patients (22/557) were dis-
charged to another hospital. Simula-
tion studies revealed that this degree of
early discharge could not change the
overall conclusions of the trial.

It is possible that control hospitals im-
proved aspects of standard care over time
due to a Hawthorne effect.45 However,
we observed no evidence of changes in
patient outcomes over the duration of the
study; thus, if standard care did im-
prove over time, it is unlikely that these
improvements contributed toward the
negative findings of the trial.

A 20-week evaluation period may not
havebeen longenoughtoachievemean-
ingful improvementsinfeedingpractices.
The ACCEPT trial3 provides the best
benchmarkagainstwhichtocomparethis
current trial, and ACCEPT provides no
evidence that greater improvements in
feedingpracticescouldhavebeenexpected
with a prolonged evaluation period.

Recruitment was slower than antici-
pated, which resulted in a failure to re-
cruit the target sample size. Due to bud-
get constraints, the duration of the trial
could not be extended to achieve the
target sample size. Post hoc power
analysis suggests that this did not com-
promise the ability of the study to de-
tect an 8% improvement in mortality.

CONCLUSIONS
We used the Clinical Practice Guide-
lines Development Cycle to develop a
binational evidence-based guideline for
the provision of nutritional support.

The guideline was composed of simple
recommendations supported by evi-
dence of benefit obtained from system-
atic reviews.

Weachievedsignificantpracticechange
in the complex environment of the ICU
through the use of a multifaceted, mul-
tilevelpractice-changestrategy, leveraged
byeducationaloutreachvisits.Although
the successful implementation of the
guideline resulted in significantpractice
change, it did not result in reduced hos-
pital mortality in critically ill patients.
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