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Nutrition support is consid-
ered an integral component
of standard supportive care
in the critically ill patient.

The benefits of nutrition support in gen-
eral include improved wound healing, a
decreased catabolic response to injury,
enhanced immune system function, im-
proved gastrointestinal structure and
function, and improved clinical outcomes

including a reduction in complication
rates and length of stay with accompany-
ing cost savings (1). Given the consistent
number of experimental and clinical
studies documenting better outcomes as-
sociated with enteral nutrition (EN), EN
is preferentially recommended over par-
enteral nutrition (PN) when nutrition
support is being considered for critically
ill patients (1, 2).

However, providing nutrients and nu-
trition support is not without adverse ef-
fects or risks. Acquired infection, partic-
ularly ventilator-associated pneumonia,
is a major problem for critically ill pa-
tients, resulting in increased morbidity,
mortality, and health care costs (3–5).
The use of high-volume intragastric feed-
ing, particularly in supine patients, may

increase the risk of ventilator-associated
pneumonia via a mechanism of gastro-
esophageal regurgitation and pulmonary
microaspiration (6, 7). Parenteral nutri-
tion has been associated with gut muco-
sal atrophy, overfeeding, hyperglycemia,
adverse effects on immune function, an
increased risk of infectious complica-
tions, and increased mortality in criti-
cally ill patients (8). Although providing
supplemental glutamine to critically ill
patients may increase their chances of
survival (9), providing arginine to the
same patients may increase their mortal-
ity rate (10).

Thus, nutrition support must be
viewed as a double-edged sword, and
strategies that maximize the benefits of
nutrition support while minimizing the
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Objective: Recently, evidence-based clinical practice guide-
lines for the provision of nutrition support in the critical care
setting have been developed. To validate these guidelines, we
hypothesized that intensive care units whose practice, on aver-
age, was more consistent with the guidelines would have greater
success in providing enteral nutrition.

Design: Prospective observational study.
Setting: Fifty-nine intensive care units across Canada.
Patients: Consecutive cohort of mechanically ventilated pa-

tients.
Interventions: In May 2003, participating intensive care units

recorded nutrition support practices on a consecutive cohort of
mechanically ventilated patients who stayed for a minimum of 72
hrs. Sites enrolled an average of 10.8 (range, 4–18) patients for a
total of 638. Patients were observed for an average of 10.7 days.

Measurements and Main Results: We examined the association
between five recommendations from the clinical practice guide-
lines most directly related to the provision of nutrition support
(use of parenteral nutrition, feeding protocol, early enteral nutri-
tion, small bowel feedings, and motility agents) and adequacy of
enteral nutrition. We defined adequacy of enteral nutrition as the
percent of prescribed calories that patients actually received.
Across sites, the average adequacy of enteral nutrition over the
observed stay in intensive care unit ranged from 1.8% to 76.6%

(average 43.0%). Intensive care units with a greater than median
utilization of parenteral nutrition (>17.5% patient days) had a
much lower adequacy of enteral nutrition (32.9 vs. 52.7%, p <
.0001). Intensive care units that used a feeding protocol tended to
have a higher adequacy of enteral nutrition than those that did not
(44.9 vs. 38.5%, p � .03). Intensive care units that initiated enteral
nutrition on >50% of their patients within the first 48 hrs had a
higher adequacy of enteral nutrition than those that did not (48.1
vs. 34.4%, p < .0001). Intensive care units that had a >50%
utilization of motility agents and/or any small bowel feedings in
patients with high gastric residuals tended to have a higher
adequacy of enteral nutrition than those intensive care units that
did not (45.6 vs. 39.2%, p � .04, and 48.4 vs. 41.8%, p � .16,
respectively).

Conclusions: Intensive care units that were more consistent
with the Canadian clinical practice guidelines were more likely to
successfully feed patients via enteral nutrition. Adoption of the
Canadian clinical practice guidelines should lead to improved
nutrition support practice in intensive care units. This may trans-
late into better outcomes for critically ill patients receiving nutri-
tion support. (Crit Care Med 2004; 32:2260–2266)
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associated risks need to be considered in
formulating clinical recommendations.
Working with a multidisciplinary group
of practitioners in Canada, we recently
developed practical, evidence-based clin-
ical recommendations for the provision
of nutrition support to the mechanically
ventilated, critically ill, adult patient (11).
Whereas previous guidelines (12, 13) re-
lied heavily on expert opinion as to the
relative merits of various nutrition inter-
ventions, we conducted current system-
atic reviews and meta-analyses of ran-
domized trials to establish the evidentiary
basis of our guidelines. We systematically
reviewed �30 nutrition support topics
relevant to intensive care unit (ICU) pa-
tients and summarized the evidence.
Consistent with how biomedical guide-
lines are developed, in a transparent fash-
ion, our committee then weighed the
evidence (validity, precision, and homo-
geneity) and considered safety, feasibility,
and cost in order to generate the guide-
line statements. Seventeen specific rec-
ommendations were developed, whereas
data were considered insufficient or too

conflicting to be able to put forward rec-
ommendations on 15 additional topics
(Table 1; see www.criticalcarenutrition-
.com for current summaries and clinical
practice guidelines [CPGs]). When sub-
ject to critical appraisal, the CPGs meet
or exceed international standards for
guideline development and presentation
(14). However, it is unknown whether
their use will lead to improvements in
nutrition support practice or in patient
outcomes.

To further validate these ICU nutrition
support guidelines, we hypothesized that
ICUs whose practice, on average, was
more consistent with the guidelines
would have greater success with EN. Be-
fore their widespread dissemination, we
conducted a survey of nutrition support
practices across Canada to test this hy-
pothesis.

METHODS

We conducted a prospective, observational
cohort study of Canadian ICUs affiliated with a
registered dietitian. We contacted 86 eligible

ICUs; 59 agreed to participate (response rate
68%). Study materials, including an imple-
mentation manual with explicit instructions
on how to record study data, were mailed to
participating sites. Dietitians were instructed
to provide their nutritional prescription for
total goal calories and protein from day 1 of
admission, even if the patient was not initiated
on nutrition support until later. This prescrip-
tion served as the denominator in later eval-
uations of adequacy of nutrition support. We
did not standardize the approach to deriving
the nutritional prescription in this observa-
tional study. Dietitians calculated goal calories
and protein based on their local standards of
practice.

Data Collection. We asked the dietitians to
complete a form describing the characteristics
of their hospital and ICU and general aspects
of nutrition support practice (use of feeding
protocols or algorithms, etc.). Then on May 7,
2003, we conducted a point prevalence survey
of actual practice. All ICU patients who had
been in ICU for �72 hrs and had been me-
chanically ventilated for �48 hrs were in-
cluded in this study. Sites were instructed to
continue adding consecutive patients to their
cohort until they had a minimum of ten pa-

Table 1. Summary of topics and recommendations

1. EN vs. PN Does EN compared with PN result
in better outcomes in the
critically ill adult patient?

Based on one level 1 study and 12 level 2 studies, when considering
nutrition support for critically ill patients, we strongly recommend the
use of EN over PN.

2. Early vs. delayed
nutrient intake

Does early EN compared with late
EN result in better outcomes in
the critically ill adult patient?

Based on eight level 2 studies, we recommend early EN (within 24–48 hrs
following admission to ICU) in critically ill patients.

3. Strategies to optimize
delivery and
minimize risks of
EN: Feeding
protocols

Does the use of a feeding protocol
result in better outcomes in the
critically ill adult patient?

There are insufficient data from randomized trials to recommend the use
of a feeding protocol in critically ill patients. If a feeding protocol is to
be used, based on one level 2 study, a protocol that incorporates
prokinetics (metaclopramide) at initiation and tolerates a higher gastric
residual volume (250 mL) should be considered as a strategy to optimize
delivery of EN in critically ill adult patients.

4. Strategies to optimize
delivery and
minimize risks of
EN: Motility agents

Compared with standard practice
(placebo), does the routine use
of motility agents result in
better clinical outcomes in the
critically ill adult patient?

Based on a systematic review, in critically ill patients who experience feed
intolerance (high gastric residuals, emesis), the use of metoclopramide
as a motility agent should be considered.

5. Strategies to optimize
delivery and
minimize risks of
EN: Small bowel
feeding

Does enteral feeding via the small
bowel compared with gastric
feeding result in better
outcomes in the critically ill
adult patient?

Based on 11 level 2 studies, small bowel feeding compared with gastric
feeding may be associated with a reduction in pneumonia in critically ill
patients. In units where obtaining small bowel access is feasible, we
recommend the routine use of small bowel feedings. In units where
obtaining access involves more logistical difficulties, small bowel
feedings should be considered for patients at high risk for intolerance to
EN (on inotropes, continuous infusion of sedatives, or paralytic agents,
or patients with high nasogastric drainage) or at high risk for
regurgitation and aspiration (nursed in supine position). Finally, in
units where obtaining small bowel access is not feasible (no access to
fluoroscopy or endoscopy and blind techniques not reliable), small bowel
feedings should be considered for those select patients who repeatedly
demonstrate high gastric residual volumes and are not tolerating
adequate amounts of EN delivered into the stomach.

EN, enteral nutrition; PN, parenteral nutrition; ICU, intensive care unit.
This table highlights five of the clinical recommendations discussed in this manuscript. For a complete version of the Canadian Clinical Practice

Guidelines, see our Web site: www.criticalcarenutrition.com
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tients per site. From the charts of included
patients, we recorded use of nutritional sup-
port, motility agents, and small bowel feeding
tubes from time of admission to ICU for a
maximum of 12 days. The accuracy of data
abstraction compared with source records was
not assessed, but all data collection sheets
were screened for logic, completeness, and
consistency before being entered into the da-
tabase.

Completed case report forms were either
entered directly into a Web-based data collec-
tion tool (see www.criticalcarenutrition.com)
or mailed to the Clinical Evaluation Research
Unit at the Kingston General Hospital. All
study forms were checked by the principal
investigators to identify errors, inconsisten-
cies, and omissions. Source documents were
used to validate data that were directly entered
over the Web. Data queries were sent back to
study dietitians as necessary. To ensure accu-
racy, a second investigator verified data that
were entered into a database.

Research ethics approval was obtained
from Queen’s University in Kingston, Ontario,
and some additional centers if required for
their participation. The majority of research
ethics boards waived the need for informed
consent for patient data.

Canadian Clinical Practice Guidelines. Of
the 17 recommendations generated, a priori,
we selected the five that were most directly
related to the optimal provision of enteral nu-
trition (use of EN and PN, feeding protocol,
early EN, small bowel feedings, and motility
agents) and herein describe the association of
compliance with these recommendations and
adequacy of EN. A priori, we hypothesized that
ICUs whose practice, on average, was more
consistent with the guidelines would have
greater success in providing EN.

Statistical Analysis. Patient- and site-level
characteristics were described using means or
medians with ranges for continuous variables
and counts with percentages for categorical
variables. Given the preferential recommenda-
tion for EN over PN, we defined success with
nutritional support as adequacy of EN. This
was calculated as the amount of calories re-
ceived by EN divided by the amount that
should have been received (prescribed) as per
the dietitian’s assessment. Forty study pa-
tients did not receive nutrition support or
have a prescription recorded and were ex-
cluded from the analysis of adequacy of nutri-
tion support. To aggregate sites as more or
less consistent with the guideline recommen-
dations, we examined the pattern of utilization
and divided sites into two groups based on the
median or other convenient groupings. The
groupings were defined before examining
the adequacy of EN.

The average adequacy of EN was compared
across patient-level characteristics as well as
site-level characteristics. Patient-level com-
parisons are based on the patient averages as
calculated over all observed study days. Site-
level comparisons are based on the patient

averages aggregated within each site. The re-
ported p values were estimated by a three-level
hierarchical linear model (15) that accounted
for the within-site and within-patient correla-
tion (16). This model fit an overall quadratic
trend of the adequacy of EN over the 12 study
days and then added a fixed effect to test the
contrast of interest. The quadratic model was
the lowest order polynomial that adequately fit
the average adequacy of EN over the 12-day
study period. All analysis was conducted in
SAS version 8.2 (17).

RESULTS

Characteristics describing the 59 par-
ticipating ICUs and the corresponding
638 patients are found in Tables 2 and 3,
respectively. The sites enrolled an aver-
age of 10.8 (range, 4–18) patients, and
patients were observed for an average of
10.7 days (range, 3–12). Only 598 (94%)
study subjects had a nutrition prescrip-
tion recorded and were included in the
subsequent analyses.

Adequacy of EN. At the patient level, on
average, 44.6% of calories were received by
EN (range, 0.0–117.3%). When the ade-
quacy of EN in each patient was aggregated
across sites, the average adequacy of EN
over the observed stay in ICU ranged from
1.8% to 76.6% (average 43.0%).

Use of Nutrition Support. The CPGs
recommend the use of EN preferentially
to the use of PN, and the routine use of
PN for patients with an intact gastroin-
testinal tract is discouraged. All of the
study subjects with a prescription re-
ceived some nutritional support (EN or
PN); 436 (72.9%) received enteral nutri-
tion only, 64 (10.7%) received parenteral
nutrition only, and 98 (16.4 %) received
both. The adequacy of EN was greater for
patients who received only EN (57.1%)
compared with patients who received
both EN and PN (18.0%, p � .0001). At
an ICU site level, the percentage median
number (range) of patient days of obser-
vation receiving EN, PN, and both was
64.1% (8.3–87.5), 17.5% (0–55.0), and
2.4% (0–11.1) respectively.

Since the median PN utilization was
17.5% patient days, we divided ICUs based
on the median utilization of PN. For those
sites that used more than the median uti-
lization of PN (�17.5 patients days), the
adequacy of EN was significantly less than
those sites that used �17.5% patient days
(32.9 vs. 52.7, p � .0001).

Use of Feeding Protocol. The CPGs
concluded that there were insufficient
data from randomized trials to recom-
mend the use of a feeding protocol in

critically ill patients. Nonrandomized
studies suggest that a feeding protocol
can improve the delivery of EN to criti-
cally ill patients. If a feeding protocol was
to be used, based on one level 2 study, a
protocol that incorporates prokinetics
(metoclopramide) at initiation and toler-
ates a higher gastric residual volume (250
mL) should be considered as a strategy to
optimize delivery of enteral nutrition in
critically ill adult patients.

Of the 59 sites participating in the
survey, 41 (69.5%) reported that they
used some form of a feeding protocol or
algorithm and 18 (30.5%) did not. Those
ICUs that used such a protocol had a
higher adequacy of EN than ICUs that did
not use protocols (44.9 vs. 38.5%, p �
.03).

Timing of Nutrition Support. The
CPGs recommend early enteral nutrition
(within 24–48 hrs following admission to
ICU) in critically ill patients requiring
nutrition support. For those patients who
received enteral nutrition within the 12
days of observation (n � 534), the me-
dian time from admission to start of EN
was 1.6 days (range, 0.00–10.5 days). For
the 340 (63.6%) patients who had EN
initiated within 48 hrs, the overall ade-
quacy was greater than for those patients
who did not receive EN within 48 hrs
(59.8 vs. 24.5%, p � .0001). At a site
level, we aggregated sites based on �50%
or �50% of their patients receiving EN
within the first 48 hrs. The 37 (62.7%)
ICUs that initiated EN on �50% of their
patients within the first 48 hrs had a
higher adequacy of EN than those that
had fewer patients with early EN initia-
tion (48.1 vs. 34.4%, p � .0001).

Strategies to Maximize the Delivery of
EN. The CPGs recommend the use of
motility agents (metoclopramide) and
small bowel feedings as a strategy to max-
imize the delivery of EN, particularly in
patients experiencing problems tolerat-
ing their EN (i.e., high gastric residual
volumes). Of the 534 patients who re-
ceived enteral nutrition, 159 (29.8%) ex-
perienced high gastric residuals. Of these,
122 (76.7%) received motility agents;
metoclopramide, domperidone, and
erythromycin were used on 78.6%,
18.3%, and 3.1% of the patient days on
motility agents, respectively. Of the 159
patients who experienced high gastric re-
sidual volumes, 26 (16.4%) received
small bowel feedings at some point in
their ICU course. There was no difference
in adequacy comparing patients who ex-
perienced high gastric residuals and were
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prescribed motility agents with those
who were not prescribed motility agents
(43.9 vs. 41.1%, p � .61). Similarly, pa-
tients who experienced high gastric resid-
uals and were given small bowel feeding
at some point did not differ significantly
from patients who did not receive small
bowel feedings (49.9 vs. 42.0%, p � .32).
Fifty-three of the 59 ICUs had at least one
patient with high gastric residuals. From
these ICUs, the proportion of patients
with high gastric residuals who received
motility agents and small bowel feedings
was an average of 60.9% (range, 0–100)
and 7.1% (range, 0–100), respectively.

ICUs that used motility agents in

�50% of their patients with high gastric
residuals had a higher adequacy of EN
that those ICUs with a lower utilization of
motility agents (45.6 vs. 39.2%, p � .04).
ICUs that used small bowel feedings in
any of their patients with high gastric
residuals tended to have a higher ade-
quacy of EN that those ICUs that did not,
although the difference was not statisti-
cally significant (48.4% vs. 41.8%, p �
.16).

DISCUSSION

Several studies document consider-
able variation in nutrition support prac-
tice in ICUs (18–21). Recent efforts to
standardize the approach to nutrition
support and provide systematic care to
complex patient populations have been
shown to decrease practice variation, im-
prove a variety of clinical outcomes, and
at the same time result in significant cost
savings (22, 23), Given such observations,
we question whether care is optimally
applied in ICUs around the world. Many
practitioners believe that evidence-based
practice guidelines are the best tool to
move from opinion-based medicine
(where one observes tremendous varia-
tion in practice) to evidence-based prac-
tice (where one observes less variation
and care more consistent with “best prac-
tice”) (24). Accordingly, consistent with
international standards of guideline de-
velopment, we produced evidence-based
CPGs as a strategy to improve delivery of
nutrition in ICUs across Canada. How-
ever, it is unknown if patients will do
better if the Canadian CPGs (11) are
adopted. Before their widespread dissem-
ination, in an attempt to validate them,
we conducted an observational study and
examined the association between recom-
mendations most directly related to the
optimal provision of nutrition support
and adequacy of EN across all patients
and sites. These guidelines were designed
to apply to the average ICU patient; thus,
by design, we evaluated them in a heter-
ogeneous ICU patient population.

We observed considerable variation in
performance with respect to nutrition
support practice and in that those ICUs
that were more consistent with the
guidelines had greater success with pro-
viding EN. The adequacy of EN was
greater for patients who received only EN
compared with patients who received
both EN and PN. For ICUs that used more
than the median utilization of PN, the
adequacy of EN was significantly less

than those sites that used less PN. The
ICUs that used such a protocol had a
higher adequacy of EN than ICUs that did
not use these protocols. For those pa-
tients who had EN initiated within 48
hrs, their overall adequacy was greater
than for those patients who received EN
after 48 hrs. ICUs that had a �50% uti-
lization of motility agents and/or any
small bowel feedings in patients with
high gastric residuals tended to have a
higher adequacy of EN than those ICUs
that did not. It was not the intent of this
study to explain why the variation in per-
formance existed; rather, we focused on
describing the association between better
performing sites and our clinical practice
guidelines. Differing levels of training, in-
terest, or amount of dietitian support or
differences in patient characteristics may
account for some of the differences ob-
served. Exploring differences across sites,
regardless of patient characteristics, can
illuminate significant associations that
can lead to improvement in patient out-
comes, as illustrated by other recent ob-
servational studies (25–27).

The weakness of our observation study
design is a major limitation of this study.
Clearly, a randomized trial would have
provided stronger inferences about the
merits of these guidelines. However, in
the absence of such a randomized study,
data from our observational study are
better than no data at all to judge the
relative merits of this guideline. Al-
though we demonstrated significant dif-
ferences in nutrition practice perfor-
mance across sites, a further limitation of
this study was that we did not measure
patient outcomes. The small differences
in nutrition support practices may not
translate into differences in clinically im-
portant end points.

Whether patients in the ICUs that
were more consistent fared better than
those in ICUs that were less consistent is
unknown. However, recent evidence from
another Canadian study would suggest
that there is an association with improv-
ing nutrition support practice and im-
proved clinical outcomes. In a multiple-
center, cluster randomized clinical trial
of nutrition algorithms for critical care
enteral and parenteral therapy (ACCEPT),
Martin and colleagues (28) tested differ-
ent dissemination strategies for novel nu-
trition algorithms that tended to promote
the early use of EN. Sites were random-
ized to active or passive dissemination
strategies. Over the duration of ICU stay,
patients in the intervention arm received

Table 2. Characteristics of participating intensive
care units (ICUs, n � 59)

Academic 34 (58)
Community 25 (42)
Size of hospital, beds, mean

(range)
417 (97–1,130)

Type of ICU
Open 10 (17)
Closed 46 (78)
Other 3 (5)

Case mixa

Medical 54 (92)
Surgical 57 (97)
Trauma 30 (51)
Neurological 35 (59)
Neurosurgical 17 (29)
Cardiac surgery 9 (15)
Burns 12 (20)
Pediatrics 21 (36)
Other 50 (85)

Presence of ICU director 57 (97)
Size of ICU, beds, mean

(range)
16 (7–36)

Values are given as n (%) unless noted other-
wise.

aPercentages do not add to 100% because
centers have more than one case mix.

Table 3. Demographics of study patients

Characteristic

All Study
Patients
n � 638

Mean age, yrs (range) 62 (15–94)
Male, n (%) 388 (61)
Female, n (%) 250 (39)
Admission diagnosis, n

(%)
Elective surgery 94 (15)
Emergency surgery 143 (22)
Medical 332 (52)
Trauma 60 (9)
Burns 9 (1)
Body mass index, mean

(range)
27.2 (10.5–64.9)

28-day mortality, n (%) 130 (20.4)
ICU length of stay, days,

median (interquartile
range)

14.8 (8.1–31.0)
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significantly more days of enteral nutri-
tion (70% vs. 53% patient-days, p � .02)
and there was a trend toward earlier in-
stitution of enteral nutrition (1.53 vs.
2.34 days, p � .07). In this study, these
improvements in nutrition support prac-
tice were associated with a significant im-
provement in clinical outcomes. In the
intervention arm, the overall mortality
rate at hospital discharge (24% vs. 37%, p
� .02) and the average length of hospital
stay (25 vs. 34 days, p � .002) were both
significantly reduced compared with pa-
tients in the control group. Based on the
results of the ACCEPT study (28), im-
proving nutrition support practices may
translate into better outcomes for criti-
cally ill patients receiving nutrition sup-
port.

In contrast, data from an observa-
tional study suggest that providing close
to 100% of goal calories is associated with
worse clinical outcomes (29). In this
study, on average, patients received about
50% of their goal calories and then inves-
tigators divided the cohort of 187 patients
into three groups: those who received
0–32% of recommended calories, those
who received 33–65% of goal calories,
and those who received �66% of goal
calories. Compared with the group who
received the least calories, those who re-
ceived the most calories were much less
likely to be discharged alive from hospital
(odds ratio, 0.82; 95% confidence inter-
vals, 0.70–0.94) and the middle group
was much more likely to leave hospital
alive (odds ratio, 1.22; 95% confidence
intervals, 1.15–1.29). Whether patients
who receive �66% of goal calories are
experiencing harm related to the provi-
sion of calories, the use of parenteral nu-
trition, or some other nonnutritional
mechanisms remains to be elucidated. In
our study, sites that were more compliant
with the guidelines still only averaged
45–55% of goal calories, as compared
with 35–45% in the less compliant ICUs.
Thus our findings are consistent in that
maximizing the delivery of EN up to a
certain level is associated with clinical
benefits. How many calories to provide is
an important research question that
needs to be answered by further studies.

Simply developing the Canadian
guidelines and publishing them in peer-
reviewed literature may be insufficient, as
there is an increasing recognition of the
failure to translate research findings into
practice. To achieve real, meaningful,
sustained change in practice, the produc-
tion of evidence-based clinical practice

guidelines needs to be combined with an
aggressive strategy to disseminate and
implement the guidelines. In general,
passive approaches such as peer-reviewed
publications and didactic seminars/
lectures are generally ineffective and un-
likely to result in behavior change (30,
31).

Promising approaches include educa-
tional outreach programs (32–39) (a
trained person meets with providers in
their practice setting to provide informa-
tion with the intent of changing the pro-
viders’ performance), educational materi-
als (40) (distribution of published
recommendations for clinical care in-
cluding practice guidelines, audiovisual
materials, pocket cards, electronic mail,
posters, manuals etc.), conferences (41)
(seminars, interactive workshops), audit
and feedback (39) (a summary of clinical
performance over a specified period of
time highlighting areas of strength and
weakness), advanced organizers (materi-
als given to participants attending a
workshop ahead of time to facilitate their
learning process), listserv (an electronic
method for participants to ask and re-
spond to questions among themselves),
and reminders (regular communication
via electronic mail, teleconference) (40).
Multifaceted interventions (any interven-
tion that includes two or more of these)
targeting different barriers to change are
more likely to be effective than single
interventions (31, 34, 35, 42, 43).

CONCLUSION

One of the most consistent findings in
health services research is the gap be-
tween evidence and practice (44). Approx-
imately 30–40% of patients do not re-
ceive care according to present scientific
evidence, and about 20–25% of care pro-
vided is not needed or is potentially
harmful (45, 46). In an attempt to im-
prove the practice of nutrition support in
ICUs, to minimize the risks and maxi-
mize the benefits of nutrition therapy, we
have developed evidence-based CPGs. In
this prospective study, we have shown
that ICUs that are more consistent with
these guidelines are likely to provide
more EN than those that are not as con-
sistent. We plan to actively disseminate
these CPGs using a Web-based (47), mul-
tifaceted strategy that includes an inter-
active workshop. The multifaceted strat-
egy includes the use of posters, pocket
cards, manuals, advance organizers, site
reports, list servs, and regular communi-

cation via teleconference and email. We
expect that adoption of these CPGs will
lead to improved nutrition support prac-
tice in ICUs around the world. This may
translate into better outcomes for criti-
cally ill patients receiving nutrition sup-
port.
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nadian clinical

practice guidelines

should lead to improved nu-

trition support practice in

intensive care units. This

may translate into better

outcomes for critically ill pa-

tients receiving nutrition

support.
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Smith, Penticton Regional Hospital;
Rosemary Maraldo, William Osler Health
Centre-Brampton Memorial; Maryanne
Ban, Joseph Brant Memorial Hospital;
Nadia Rodych, Royal University Hospital;
Linda Brooks, Surrey Memorial; Laurel
Aeberhardt, St Pauls Hospital; Corrie
Locke, Central Newfoundland Health
Center; Chris Arklie, Regina General Hos-
pital; Maeribeth McDonald, Regina Gen-
eral Hospital; Karen Plett, Foothills Med-
ical Centre; Lisa Halford-Glew, Grand
River Hospital; Treena Stefanyshyn, Peter
Lougheed Centre; Sharon Delparte,
Kelowna General; Sabrina Hudson, Ot-
tawa Heart Institute; Carlota Basualdo,
Cathy Alberda, Royal Alexandra Hospital,
Capital Health; Kim Brunet, Susan Glen,
Alison Holmes and Maricel Reddy, Uni-
versity of Alberta Hospital, Capital
Health; Carmella Maloney, Michele Port,
Carolyn Brien and Eleanor Eckert, McGill
University Health Center; Judy King and
Christine Vis-Kampen, Southlake Re-
gional Health Centre; Ellen Nicol-van der
Meer, Grey Bruce Health Services; Hilda
Seyler, Halton Healthcare Services,
Oakville Site; Carmen Christman, Rocky-
view Hospital; Barb Winder and Jodie
Hoard, Hamilton General Hospital; Jill
Pikul, London Health Sciences Center,
University Campus; Diana Calligan, Ham-
ilton Health Sciences McMaster Division;
Colleen Golka, Ottawa Hospital, Civic
Campus; Denise Frechette, Ottawa Hos-
pital, General Campus; Margaret Corco-
ran, Nanaimo Regional General Hospital;
Anna Ierullo, St. Joseph Health Centre;
Lynne MacArthur and Mary Donnelly-
Vanderloo; London Health Sciences, Vic-
toria Campus; Helen Toews, Hamilton
Health Sciences, Henderson Division;
Debbie Schamper, Health Care Corpora-
tion of St. Johns.

REFERENCES

1. Heyland DK: Nutritional support in the crit-
ically ill patient, a critical review of the evi-
dence. Crit Care Clin 1998; 14:423–440

2. McClave SA, Heyland DK. Nutrition support
in the critically ill. In: Textbook of Critical
Care. Fink MP, Abraham E, Kochanek PM, et
al (Eds). Philadelphia, Saunders, In Press

3. Girou E, Stephan F, Novara A, et al: Risk
factors and outcome of nosocomial infec-
tions: Results of a matched case-control
study of ICU patients. Am J Respir Crit Care
Med 1998; 157:1151–1158

4. Bueno-Cavanillas A, Delgado-Rodriguez M,
Lopez-Luque A, et al: Influence of nosoco-
mial infection on mortality rate in an inten-
sive care unit. Crit Care Med 1994; 22:55–60

5. Heyland DK, Cook DJ, Griffith L, et al: The
attributable morbidity and mortality of ven-
tilator-associated pneumonia in the critically
ill patient. Am J Respir Crit Care Med 1999;
159:1249–1256

6. Mentec H, Dupont H, Bocchetti M, et al:
Upper digestive intolerance during enteral
nutrition in critically ill patients: Frequency,
risk factors, and complications: Crit Care
Med 2001; 29:1955–1961

7. Pingleton SK, Hinthorn DR, Liu C: Enteral
nutrition in patients receiving mechanical
ventilation. Am J Med 1986; 80:827–832

8. Heyland DK, MacDonald S, Keefe L, et al:
Total parenteral nutrition in the critically ill
patient: A meta-analysis. JAMA 1998; 280:
2013–2019

9. Novak F, Heyland DK, Avenell A, et al: Glu-
tamine supplementation in serious illness: A
systematic review of the evidence. Crit Care
Med 2002; 30:2022–2029

10. Heyland DK, Samis A: Does immunonutri-
tion in septic patients do more harm than
good? Intensive Care Med 2003; 29:669–671

11. Heyland DK, Dhaliwal R, Drover JW, et al, for
the Guidelines Committee: Clinical practice
guidelines for nutrition support in the adult
critically ill patient. J Parenter Enteral Nutr
2003; 27:355–373

12. Cerra FB, Benitez MR, Blackburn GL, et al:
Applied nutrition in ICU patients: A consen-
sus statement of the American College of
Chest Physicians. Chest 1997; 111:769–778

13. Guidelines for the use of parenteral and en-
teral nutrition in adult and pediatric pa-
tients. JPEN 2002; 26:1–138

14. AGREE collaboration. Development and val-
idation of an international appraisal instru-
ment for assessing the quality of clinical
practice guidelines: The AGREE project.
Qual Saf Health Care 2003; 12:18–23

15. Raudenbush SW, Bryk AS: Hierarchical Lin-
ear Models: Applications and Data Analysis
Methods. Second Edition. Thousand Oaks,
CA, Sage, 2002

16. Littell RC, Pendergast J, Natarajan R: Model-
ling covariance structure in the analysis of
repeated measures data. Stat Med 2000; 19:
1793–1819

17. SAS Institute: SAS/STAT User’s Guide, Ver-
sion 8. Cary, NC, SAS Institute, 1999

18. Payne-James J, De Gara CJ, Grimble GK, et
al: Artificial nutrition support in hospitals in
the United Kingdom—1991: Second national
survey. Clin Nutr 1992; 11:187–192

19. Hill SA, Nielsen MS, Lennard-Jones JE: Nu-
trition support in intensive care units in En-
gland and Wales: A survey. Eur J Clin Nutr
1995; 49:371–378

20. Heyland DK, Schroter-Noppe D, Drover JW,
et al: Nutrition support in the critical care
setting: Current practice in Canadian ICUs—
Opportunities for improvement? J Parenter
Enteral Nutr 2003; 27:74–83

21. Preiser JC, Berre J, Carpentier Y, et al: Man-
agement of nutrition in European intensive
care units: Results of a questionnaire. Inten-
sive Care Med 1999; 25:95–101

22. Burns SM, Earven S, Fisher C, et al: Imple-
mentation of an institutional program to im-
prove clinical and financial outcomes of me-
chanically ventilated patients: One-year
outcomes and lessons learned. Crit Care Med
2003; 31:2752–2763

23. Barr J, Hecht M, Flavin KE, et al: Outcomes
in critically ill patients before and after the
implementation of an evidence-based nutri-
tional management protocol. Chest 2004;
125:1446–1457

24. McColl A, Smith H, White P, et al: General
practitioner’s perceptions of the route to ev-
idence based medicine: A questionnaire sur-
vey. BMJ 1998; 316:361–365

25. Heyland DK, Schroter-Noppe D, Drover JW,
et al: Nutrition support in the critical care
setting: Current practice in Canadian ICUs—
Opportunities for improvement? J Parenter
Enteral Nutr 2003; 27:74–83

26. Yu DT, Black E, Sands KE, et al: Academic
Medical Center Consortium Sepsis Project
Working Group. Severe sepsis: Variation in
resource and therapeutic modality use
among academic centers. Crit Care 2003;
7:R24–R34

27. Pronovost PJ, Angus DC, Dorman T, et al:
Physician staffing patterns and clinical out-
comes in critically ill patients: A systematic
review. JAMA 2002; 288:2151–2162

28. Martin CM, Doig GS, Heyland DK, et al: A
multicenter, cluster randomized clinical trial
of algorithms for critical care enteral and
parenteral therapy. Can Med Assoc J 2004;
170:197–204

29. Krishnan JA, Parce PB, Martinez A, et al:
Caloric intake in medical ICU patients: Con-
sistency of care with guidelines and relation-
ship to clinical outcomes. Chest 2003; 124:
297–305

30. Grimshaw J, Shirran L, Thomas R, et al:
Changing provider behavior: An overview of
systematic reviews of interventions. Med
Care 2001; 39(8 Suppl 2):II2–II45

31. Thomson-O’Brien MA, Freemantle N, Ox-
man AD, et al: Continuing education meet-
ings and workshops: Effects on profes-
sional practice and health care outcomes.
Cochrane Database of Systematic Reviews
2002; Issue 1

32. Davis DA, Thomson MA, Oxman AD, et al:
Changing physician performance: A system-
atic review of the effect of continuing medi-
cal education strategies. JAMA 1995; 274:
700–705

33. Gurwitz JH, Soumerai SB, Avorn J: Improv-
ing medication prescribing and utilization in
the nursing home. J Am Geriatric Soc 1990;
38:542–552

34. Hulscher MEJL, Wensing M, Grol RPTM, et
al: Interventions to improve the delivery of
preventive services in primary car. Am J Pub-
lic Health 1999; 89:737–746

35. Oxman AD: No magic bullets. A systematic
review of 102 trials of interventions to help
health care professionals deliver services
more effectively or efficiently. Can Med Assoc
J 1995; 153:1423–1431

2265Crit Care Med 2004 Vol. 32, No. 11



36. Pippala RS, Riley DA, Chinburapa V: Influ-
encing the prescribing behaviour of physi-
cians: A meta evaluation. J Clin Pharm Ther
1995; 20:189–198

37. Soumerai SB, McLaughin TJ, Avorn J: Im-
proving drug prescribing in primary care: A
critical analysis of the experimental litera-
ture. Milbank Q 1989; 67:268–317

38. Thomson MA, Oxman AD, Davis DA, et al:
Outreach visits to improve health profes-
sional practice and health care outcomes
(Cochrane Review). In: The Cochrane Li-
brary, issue 3. Oxford, UK, Update Software,
1997

39. van der Weijden T, van Bokhoven MA, Dinant
GJ, et al: Understanding laboratory testing in
diagnostic uncertainty: A qualitative study in

general practice. Br J Gen Pract 2002; 52:
974–980

40. Grimshaw J, Eccles M, Walker A, et al: Chang-
ing physician’s behaviour: What works and
thoughts on getting more things to work. J
Cont Educ Health Prof 2002; 22:237–243

41. Davis DA, O’Brien MA, Freemantle N, et al:
Impact of formal continuing medical educa-
tion: Do conferences, workshops, rounds,
and other traditional continuing education
activities change physician behaviour or
health care outcomes? JAMA 1999; 282:
867–874

42. Solomon DH, Hashimoto H, Daltroy L, et al:
Techniques to improve physicians’ use of di-
agnostic tests. JAMA 1998; 280:2020–2027

43. Wensing M, van der Weijden T, Grol R:

Implementing guidelines and innovations
in general practice: Which interventions
are effective? Br J Gen Pract 1998; 48:
991–997

44. Bodenheimer T: The American health care sys-
tem: The movement for improved quality in
health care. N Engl J Med 1999; 340:488–492

45. Schuster M, McGlynn E, Brook R: How good
is the quality of health care in the United
State? Milbank Q 1998; 76:517–563

46. Grol R: Successes and failures in the imple-
mentation of evidence-based guidelines for
clinical practice. Med Care 2001; 39(Suppl
2):46–54

47. Heyland D: Critical care nutrition. Available
at www.criticalcarenutrition.com Accessed
on October 6, 2004

2266 Crit Care Med 2004 Vol. 32, No. 11


