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Background and Objectives: Mechanically ventilated patients often face progressive and rapid losses of body
mass and muscle because of hypermetabolism and increased protein catabolism. To investigate the impact of adequate nutritional provision during the early phase of intensive care unit (ICU) admission on the clinical outcomes in patients with medical illnesses receiving mechanical ventilation support. Methods and Study Design:
Two hundred and eleven mechanically ventilated patients admitted to a 30-bed medical ICU were included. Three
groups, based on nutrition intake, were examined: adequate protein intake (aPI), n=34; insufficient protein intake/
adequate energy intake (iPI/aEI), n=25; insufficient protein and energy intake (iPI/iEI), n=152. Results: Patients’
mean age was 65±14 years; body mass index, 22±4; Acute Physiology and Chronic Health Evaluation II score,
24±7. The aPI group had significantly lower rates of in-ICU (14.7%) and in-hospital (23.5%) mortality than patients with insufficient protein intake: in-ICU mortality, iPI/aEI, 36%; iPI/iEI, 44.1% (p=0.006); in-hospital mortality, iPI/aEI, 56.0%; iPI/iEI, 52.0% (p=0.008). In the multivariate analysis, the hazard ratios (95% confidence
intervals) for 60-day survival were 2.59 (1.02-6.59; p=0.046) and 2.88 (1.33-6.26; p=0.008) for the iPI/aEI and
iPI/iEI groups, respectively. Conclusions: Despite possible selection bias owing to the retrospective nature of the
study, achievement of >90% of target protein intake was associated with improved ICU outcomes in mechanically ventilated critically ill patients, based on real-world clinical circumstances.
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INTRODUCTION
Unlike healthy individuals, critically ill patients have a
compromised ability to adequately adapt to endocrine and
metabolic processes such as ketogenesis stimulation and
ketone body oxidation, while suppressing protein breakdown to tolerate prolonged starvation.1 The resulting acceleration of protein–calorie malnutrition leads to impaired immune function, an increased risk of infections,
and delayed recovery with a subsequently prolonged
length of hospital stay, unless nutritional support is provided.1-4 Mechanically ventilated patients, especially
those with a longer duration of mechanical ventilation or
admitted with limited nutritional reserves, often face progressive and rapid losses of body mass and muscle because of hypermetabolism and increased protein catabolism.5 Therefore, optimal nutrition therapy meant to conserve or restore the body protein mass and provide adequate energy is vital for these critically ill patients.
According to previous studies, more than half of all patients in intensive care units (ICU) world-wide are significantly underfed, based on the energy they are pre-

scribed to receive within 2 weeks of ICU admission.6-9
These unmet nutritional requirements become more problematic when the sole source of nutritional intake is enteral nutrition (EN),10,11 which has long been the recommended method of artificial feeding in the ICU.12 According to the results of the Early Parenteral Nutrition Completing Enteral Nutrition in Adult Critically ill Patients
(EPaNIC) trial, early provision of parenteral nutrition (PN)
was associated with a higher infectious complication rate
and longer mechanical ventilation time, although no significant impact on mortality was shown.13 In contrast,
recent randomized controlled trials demonstrated lower
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rates of nosocomial infections in patients receiving PN
than in those receiving EN only14 and a shorter duration
of mechanical ventilation in an early PN group when
compared with a standard care group.15
Disagreement remains, however, among consensus nutrition guidelines with respect to the recommended timing
and route of nutrition delivery for ICU patients,8,16-18 and
studies to determine the optimal goals for protein and
energy provision in critically ill patients have yielded
conflicting results.19,20 This controversy can be explained
by the heterogeneity in study designs, illness severity in
the patient population, and mode of nutrition. Different
methodologies used to estimate energy expenditure, muscle mass, or fat-free mass in critically ill patients can be
biased, to some extent.21,22 Nevertheless, our understanding of the importance of protein in the nutritional support
provided to critically ill patients is increasing, and a
growing body of evidence supporting the favorable effects of adequate protein provision on various clinical
outcomes in ICU patients, especially those under prolonged mechanical ventilation, has accumulated in recent
years.1,23-26 Herein, we aimed to evaluate the relationship
between the average nutritional intake provided during
the early periods of ICU admission and clinical outcomes
in mechanically ventilated, critically ill patients.
PATIENTS AND METHODS
Patients
This was a cross-sectional observational study of a group
of medically ill patients admitted to the 30-bed medical
ICU at Yonsei University Severance Hospital, a tertiary
referral hospital in South Korea, between January 2012
and July 2013. From all patients admitted to the ICU during this period (n=577), we selected adult patients who
were treated with mechanical ventilation within the first
48 hours of ICU admission and survived for at least 72
hours in the ICU. Patients were excluded for any of the
following reasons: age <18 years, elective admission,
pregnancy, and missing data regarding energy and protein
provision. Because this study focused on the relationship
between nutritional provision and clinical outcomes, we
also excluded patients who recovered and were discharged from the ICU before day 7. We assessed baseline
patient characteristics including age, sex, body mass index (BMI), ICU admission diagnosis, co-morbid conditions, and the acute physiology and chronic health evaluation (APACHE II) score within 24 hours of ICU admission. All patients were followed until death or discharge.
This study was approved by the Institutional Review
Board of our Institute. (2013-0500).
Nutrition support and assessment
Data on the daily energy and protein intakes from EN
and/or PN and other nutritional support-related assessments during ICU admission were prospectively recorded
by a specialized clinical team of dietitians and were available for all patients. Data regarding patients’ clinical outcomes were retrospectively reviewed from electronic
medical records. No patients were switched to oral feeding during the first 7 days of their ICU stay.
Nutritional support was provided according to the institutional policy, which was based on the guideline of the
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Korean Society of Critical Care Medicine. Briefly, at our
institution, we initiate early enteral feeding in hemodynamically stable patients within the first 24 hours of ICU
admission, preferably via the gastrointestinal route. We
allow gastric residuals up to 300 mL per 6 hours; if the
residuals exceed this volume, we hold feeding for 2 hours
and recheck the residual volume. If the residuals again
exceed this volume, we suspend feeding and plan to restart enteral feeding at the previous rate on the next day.
PN is generally initiated after 3 days of an ICU stay and
is provided when effective EN is not feasible because of
gastrointestinal intolerance. In this study, EN was supplemented with PN when required and early PN initiation
was allowed when necessary.
We used the American College of Chest Physicians
equation (based on BMI) to predict the resting energy
expenditure. The target energy requirement based on this
calculation was 25 kcal/kg/day, and adjustments were
made to use ideal body weight for patients with a BMI
>25 kg/m2 and 120% of the measured energy requirement
for medical stress. The initial protein target was 1.2-1.5
g/kg per day until 24-h urea excretion data were available.
Measurements were performed as soon as possible within
72 hours after ICU admission and repeated weekly. Urine
was collected on the day of measurement and analyzed
for 24-h urinary nitrogen excretion. The total nitrogen
loss was determined by adding 4 g of nitrogen (2 g for
urinary non-urea nitrogen and 2 g for nitrogen in feces,
skin, and miscellaneous). The nitrogen balance was calculated as the difference between nitrogen intake (total protein provision via EN and/or PN divided by 6.25) and
total nitrogen losses (total urinary nitrogen plus 4 g nitrogen per day as described in the previous sentence).
Then, we divided the patients into three groups according to calorie or protein intake: adequate protein intake
(aPI) group, protein intake >90% of the minimal protein
target (1.2 g/kg/day) irrespective of energy intake; insufficient protein intake (iPI)/adequate energy intake (aEI)
group, protein intake ≤90% of the minimal protein target
and energy intake >90% of the energy target (25
kcal/kg/day); and iPI/inadequate energy intake (iEI)
group, neither protein nor energy intake reached the target.
Statistical analysis
Categorical variables are reported as counts and percentages. Continuous variables are reported as means and
standard deviations. Survival was subjected to categorical
analysis using Kaplan-Meier plots; mortality and discharge were coded as events and censoring, respectively.
Survival curves were compared using both the log-rank
test and Breslow test, which is more sensitive to early
survival differences. Cox regression analyses were performed using the length of hospital stay as the time variable; ICU, 28-day, and hospital mortality as outcome variables; and target protein levels reached, target calorie
levels reached, or failure to reach target protein and calorie levels as the independent variable. Hazard ratios (HRs;
95% confidence interval) were adjusted for age, sex, BMI,
APACHE II score, and diagnostic category. A 2-tailed pvalue <0.05 was considered significant. All statistical
analyses were performed using SPSS version 18.0 (SPSS
Inc., Chicago, IL, USA).
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RESULTS
Demographic data of study patients
Two hundred and eleven patients (mean age, 65±14 years)
treated with mechanical ventilation were included. The
mean BMI was 22.2±4.0 kg/m2, and 65% of the participants (n=137) were men. The mean daily protein and energy intakes via EN and/or PN during the first 10 days of
ICU admission are illustrated in Figure 1. During the first
7 days in the ICU, the mean daily energy and protein intakes were 18.2±6.8 kcal and 0.7±0.3 g/kg, respectively.
Fifty (24%) and 34 (16%) patients received adequate energy and protein intake (>90% of each target goal), re-

spectively. There were 34 patients in the aPI group, 25
patients in theiPI/aEI group, and 152 patients in the
iPI/iEI group. Of the 34 patients in the aPI group, 25
(74%) also achieved >90% of the target energy intake.
Table 1 shows the baseline characteristics and nutrition
intake of the total sample and for each of the three groups.
The main ICU admission diagnosis was respiratory failure (n=185), and the mean APACHE II score was 24±7 in
all patients. The three groups had similar distributions of
admission diagnoses and APACHE II scores. However,
patients in the iPI/aEI group were significantly older, and
patients in the aPI group had significantly lower mean

Figure 1. Mean daily amount of protein (A) and energy (B) intake during the first 10 days of ICU admission. PN: parenteral nutrition;
EN: enteral nutrition

Table 1. Differences in patient profiles according to achievement of energy or protein delivery
Variables
Age, years
Sex, n (%)
Men
Women
Admission diagnosis, n (%)
Respiratory
Cardiovascular
Gastrointestinal
Sepsis
Others
APACHE II score, mean±SD
Procalcitonin, ng/mL
C-reactive protein, mg/L
Height, meters
Weight, kg
BMI, kg/m2
24 h urine nitrogen excretion, mg/day†
Nitrogen balance†
Positive nitrogen balance, n (%)
Negative nitrogen balance, n (%)
Energy intake, kcals
Protein intake, g
Energy intake by weight, kcal/kg
Protein intake by weight, g/kg

Total
(n=211)
65±14

aPI
(n=34)
65±16

iPI/aEI
(n=25)
72±12

iPI/iEI
(n=152)
64±13

137 (65)
74 (35)

16 (47)
18 (53)

14 (56)
11 (44)

107 (70)
45 (30)

30 (88)
0
0
3 (9)
1 (3)
23.2±6.6
14.4±36.8
99±78
160±10
47.1±8.4
18.5±3.3
7646±3673
-2.4±4.3
12 (35)
22 (65)
1283±182
58.3±8.8
27.7±4.2
1.3±0.1

21 (84)
0
1 (4)
3(12)
0
24.8±7.2
16.4±27.7
178±128
160±7
56.8±7.0
22.2±2.6
9017±4357
-3.6±5.8
7 (28)
18 (72)
1340±163
53.8±6.9
23.6±2.0
0.9±0.1

185 (88)
4 (2)
3 (1)
12 (6)
7 (3)
24.2±7.1
11.4±26.7
129±101
163±8.6
58.8±11.5
22.2±4.0
8742±5011
-6.6±5.8
27 (13)
184 (87)
1024±312
41.5±16.3
18.2±6.8
0.7±0.3

134 (88)
4 (3)
2(1)
6(4)
6 (4)
24.4±7.2
9.9±24.6
127±97
164±8
61.7±11.0
22.9±3.9
8944±5360
-8.0±5.4
8 (5)
144 (95)
914±284
35.7±14.9
15.2±5.0
0.6±0.2

p value
0.006

0.022

0.689
0.604
0.368
0.029
0.006
<0.0001
<0.0001
0.491
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

aPI: adequate protein intake; iPI/aEI: insufficient protein intake/adequate energy intake; iPI/iEI: insufficient protein and energy intake;
APACHE II: acute physiology and chronic health evaluation; BMI: body mass index [weight (kg)/height (m2)].
Data are presented as mean±standard deviation unless otherwise indicated.
†
24 h urine nitrogen excretion and nitrogen balance were measured and calculated within 72 hours of ICU admission in all patients
(n=211).
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Table 2. Clinical outcomes according to nutrition provision status
Outcomes
All patients (n=211), n
Weaning rate, n (%)
Ventilator free days, median (IQR)
In-ICU mortality, n (%)
In-hospital mortality, n (%)
60-day ICU survival, % (SE)
In-hospital survival, % (SE)
Survivors (n=110), n
Ventilator free time, median (IQR)
Length of mechanical ventilation, median (IQR)
Length of ICU stay, median (IQR)
Length of in-hospital stay, median (IQR)

aPI
34
29 (85.3)
45 (23-53)
5 (14.7)
8 (23.5)
79.4 (6.9)
55.0 (14.5)
26
49 (41-53)
11 (7-19)
14 (10-23)
32 (18-54)

iPI/aEI
25
15 (60.0)
33 (0-55)
9 (36.0)
14 (56.0)
52.0 (10.0)
17.8 (13.9)
11
50 (46-52)
10 (8-14)
12 (9-20)
45 (21-72)

iPI/iEI
152
85 (55.9)
31 (0-51)
67 (44.1)
79 (52.0)
52.0 (4.1)
18.3 (6.4)
73
51 (45-53)
9 (7-16)
12 (9-17)
26 (19-50)

p value
0.006
0.047
0.006
0.008
0.016
0.014
0.543
0.543
0.321
0.549

aPI: adequate protein intake; iPI/aEI: insufficient protein intake/adequate energy intake; iPI/iEI: insufficient protein and energy intake;
IQR: interquartile range; ICU: intensive care unit; SE: standard error.

Figure 2. Kaplan-Meier 60-day survival curves according to nutrition provision status

body weight and BMI at admission. Specifically, the
mean BMI values were 18.5 kg/m2 in the aPI group, 22.2
kg/m2 in the iPI/aEI group, and 22.9 kg/m2 in the iPI/iEI
group. Most patients (n=184, 87%) had a negative nitrogen balance (<0), with a mean nitrogen balance value of 6.6±5.8/day. Among the 27 patients with a positive nitrogen balance on day 1, the mean nitrogen balance value
was 1.8±1.4/day. Significantly more patients in the
iPI/iEI group had a negative nitrogen balance on day 1.
The average energy intakes were 1283±182 kcal/day,
1340±163 kcal/day, and 914±284 kcal/day for the aPI,
iPI/aEI, and iPI/iEI groups, respectively (p<0.0001); the
corresponding protein intakes were 58.3±8.8 g/day
(1.3±0.1 g/kg/day), 53.8±6.9 g/day (0.9±0.1 g/kg/day),
and 35.7±14.9 g/day (0.6±0.2 g/kg/day), respectively
(p<0.0001; Table 1).
Clinical outcomes according to nutritional provision
The overall ICU mortality rate in our study cohort was
38.4% (n=81), and the median time from ICU admission

to death in the ICU was 14 days (range, 3-118 days). The
remaining 130 (61.6%) patients recovered and were discharged from the ICU after a median of 13 days (range,
7-108 days). The overall in-hospital mortality rate was
47.9% (n=101). Among survivors (n=110), the median
number of days on mechanical ventilation was 10 (interquartile range [IQR], 7-16) and the median lengths of
ICU and hospital stays were 13 (IQR, 9-19) and 31 (IQR,
19-52) days, respectively.
Clinical outcomes were significantly better in the aPI
group (Table 2). The aPI group had significantly lower
rates of ICU (14.7%) and in-hospital (23.5%) mortality
compared with patients with insufficient protein intake
(ICU mortality, iPI/aEI, 36.0%; iPI/iEI, 44.1%; p=0.006
and in-hospital mortality, iPI/aEI, 56.0%; iPI/iEI, 52.0%;
p=0.008). The Kaplan–Meier survival analysis showed
that survival at 60 days after ICU admission differed significantly among these groups, with rates of 79.4%±6.9%
in the aPI group, 52.0%±10.0% in the iPI/aEI group, and
52.0%±4.1% in the iPI/iEI group (p=0.016; Figure 2). In-
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Table 3. Cox regression analysis for clinical outcome (n=211)
Variable
Weaning rate†
Nutrition provision status
aPI
iPI/aEI
iPI/iEI
APACHE2‡
Nitrogen balance§
In-ICU mortality
Nutrition provision status
aPI
iPI/aEI
iPI/iEI
APACHE2†
Nitrogen balance†
In-hospital mortality
Nutrition provision status
aPI
iPI/aEI
iPI/iEI
APACHE2†
Nitrogen balance†
60-day ICU survival
Nutrition provision status
aPI
iPI/aEI
iPI/iEI
APACHE2†

Univariate
HR (95% CI)

1
3.87 (1.12-13.4)
4.57 (1.68-12.4)
1.03 (0.99-1.08)
0.96 (0.91-1.01)

p value

Multivariate‡
HR (95% CI)

p value

0.033
0.003
0.091
0.090

1
3.59 (1.03-12.5)
3.91 (1.37-11.2)
1.03 (0.99-1.08)
0.98 (0.93-1.03)

0.045
0.011
0.119
0.399

0.064
0.003
0.121
0.031

1
2.98 (0.84-10.5)
3.65 (1.28-10.4)
1.03 (0.99-1.08)
0.97 (0.91-1.02)

0.090
0.016
0.125
0.200

1
4.14 (1.35-12.7)
3.52 (1.50-8.26)
1.04 (1.00-1.08)
0.96 (0.92-1.00)

0.013
0.004
0.060
0.103

1
3.82 (1.24-11.8)
2.92 (1.18-7.25)
1.04 (1.00-1.08)
0.97 (0.92-1.03)

0.020
0.021
0.070
0.305

1
2.73 (1.07-6.93)
2.93 (1.35-6.37)
1.03 (1.00-1.06)

0.035
0.007
0.038

1
3.26 (0.93-11.4)
4.57 (1.68-12.5)
1.03 (0.99-1.07)
0.95 (0.90-0.99)

1
2.59 (1.02-6.59)
2.88 (1.33-6.26)
1.03 (1.00-1.06)

0.046
0.008
0.049

HR: hazard ratio; CI: confidence interval; aPI: adequate protein intake; iPI/aEI: insufficient protein intake/adequate energy intake; iPI/iEI:
insufficient protein and energy intake; APACHE II: acute physiology and chronic health evaluation; ICU: intensive care unit.
†
Successfully off the mechanical ventilator for >48 hours.
‡
Covariates treated as continuous variables.
§
Outcomes were analyzed with the adjustment with APACHE II score regardless of the p value in univariate analysis.

hospital survival was also significantly higher in the aPI
group (55%±14.5%) relative to the iPI/aEI (17.8%±
13.9%) and iPI/iEI groups (18.3%±6.4%, p=0.014). Regarding the outcomes of mechanical ventilation therapy,
the weaning from ventillation rate and ventilation-free
days (VFDs) also differed significantly among the groups.
The successful weaning rate was significantly higher in
the aPI group (85.3%) relative to the iPI/aEI (60.0%) and
iPI/iEI groups (55.9%). Similar outcomes of VFDs were
observed for all groups within 60 days of ICU admission,
although the data favored the aPI group (p=0.047).
Cox regression analysis
Among the covariates (nutrition intake, age, sex, BMI,
APACHE II score, diagnosis at ICU admission, and nitrogen balance), we included those with p<0.1 in the final
multivariate analysis model. The multivariate analysis
results are shown in Table 3. The HRs for iPI/iEI indicated that insufficient energy and protein intakes were associated with significantly higher ICU (HR 3.65, p=0.016)
and in-hospital (HR 2.92, p=0.021) mortality rates and
significantly lower weaning from ventillation (HR 3.91,
p=0.011) and 60-day ICU survival (HR 2.88, p=0.008)
rates when compared with patients receiving adequate
protein intake. Adequate energy intake alone (iPI/aEI)
was also associated with higher mortality rates (ICU mortality, HR 2.98, p=0.09; in-hospital mortality, HR 3.82,
p=0.020), lower weaning rates (HR 3.59, p=0.045), and
lower 60-day ICU survival rates (HR 2.59, p=0.046) rela-

tive to the aPI group. Although the iPI/iEI group had a
greater risk for all factors except in-hospital mortality, we
observed no significant differences in the clinical outcomes between the iPI/aEI and iPI/iEI groups.
DISCUSSION
This cross-sectional retrospective study investigated the
influence of nutrition intake on clinical outcomes in a
group of medically ill patients indicated to receive mechanical ventilation support during a prolonged ICU stay.
A previous study of critically ill patients on mechanical
ventilation reported that the achievement of individualized energy and protein targets resulted in a 50% reduction in 28-day hospital mortality relative to patients who
failed to reach either target.26 In agreement with that report and others,23,26 our multivariable regression analysis
found that patients who failed to receive adequate protein
provision during the first week of ICU admission had
increased risks of ICU and hospital mortality and failed
weaning from ventilation. The overall outcomes of patients with adequate energy intake but inadequate protein
intake were improved relative to the group with inadequate intakes of both energy and protein, consistent with
studies that have reported correlations between reduced
energy provision and worse clinical outcome
measures.3,27,28 However, among only survivors in the
present study, we found no differences between the
groups in terms of the VFDs and hospital length of stay.
Although the definitions of optimal protein provision
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in terms of the amount, mode and timing are still limited
and controversial, recent guidelines recommend a protein
target of at least 1.3 g/kg ideal body weight18 or 1.2 g/kg
actual body weight/day.17 Similar to the results of previous studies,25,29 our data also showed that the overall protein provision within the first week of ICU admission was
considerably less than the recommended levels; the mean
protein provision within the first 7 days of ICU care was
0.7±0.3 g/kg/day for all study patients and only 15% of
the patients achieved >90% of the target goal (aPI). The
median nitrogen balance value measured within 72 hours
of ICU admission, which is commonly used as the basis
for estimating protein requirements, suggested that our
study population was in a state of hypercatabolism reflective of illness severity. However, significantly more patients in the group with inadequate energy and protein
intakes had larger negative nitrogen balance values at
ICU admission indicating that protein intake was not sufficiently provided as prescribed based on the individual
nitrogen balance measurements.
Numerous previous studies have clarified that there are
large variations in both protein loss and energy expenditure across various critically ill patient populations; however, it remains unclear whether the provision of nutrition
to patients at levels that meet their protein and energy
expenditures is associated with improved outcomes.30 An
observational study of ICU patients by Allinstrup et al
demonstrated that the positive effect of adequate protein
provision on ICU mortality was not related to the
achievements of energy and nitrogen balance.23 Moreover,
studies of the relationship between nutrition intake and
nitrogen balance showed that even in the context of adequate energy and protein provision, a negative nitrogen
balance is not always reversed.30,31 Future large studies
based on nutritional assessments with high quality tools
are needed to determine the impacts of a negative nitrogen balance (greater protein loss) and higher energy expenditure on clinical outcomes and the benefit–harm
trade-offs of matching protein and energy intakes to these
expenditures.
There are a number of limitations to consider when interpreting our study results. The main inevitable weakness is related to the observational design of this study, as
the data were not collected with the intent to prove causality. Therefore, we could not analyze the causes of underfeeding by providing less than the doses intended (or
recommended) by the ICU dietitian. We further
acknowledge that PN was initiated on the day of ICU
admission in some patients, although the initial amount
was small and then gradually increased. This suggests
that our feeding protocol was not strictly respected and
highlights the gap between protocols and real clinical
practice. Interestingly, patients in the aPI group, who
were provided with >90% of their target protein provision,
had significantly lower body weights and BMIs at ICU
admission that patients in the other groups (inadequate
protein and/or adequate calorie provisions), although this
finding might suggest the early initiation of PN at the
physician’s discretion. This observation is consistent with
a study by Alberda et al in which the beneficial effect of
an increase in the nutritional provision on clinical outcomes appeared to be greatest in patients with a lower
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BMI (<25 kg/m2).29 The significant association between
adequate protein provision and clinical outcomes in the
multivariate analysis was not affected after adjusting for
body weight or BMI in our study. Finally, the inclusion of
severely critically ill patients with indications for artificial
nutrition might have introduced selection bias by precluding the inclusion of patients who switched to oral feeding
or were discharged from ICU before our arbitrary cut-off
time point of day 7. In the EPaNIC trial, early PN initiation, which supplied greater amounts of protein and calories during the early treatment period, was associated with
a higher ICU infection rate and longer ICU stay when
compared with late PN initiation.13 In contrast, the Tight
Calorie Control Study trial, another supplemental PN trial,
reported a lower mortality rate in the intervention group
that received targeted nutrition intake, compared with a
group receiving standard care.32 The relatively lower ICU
mortality rate reported in the EPaNIC trial (approximately
6%), which included mainly patients undergoing cardiac
surgery, should be taken into account when interpreting
the results of these trials.
Despite the possibility of selection bias among our patients because of the retrospective observational nature of
the study, we studied mechanically ventilated patients in a
likely hypercatabolic state who stayed in the ICU for at
least 7 days and were clearly indicated to receive optimal
nutritional support. The results showed that, while a substantial number of patients received inadequate protein
intake, achievement of >90% of target protein provision
was associated with improved ICU outcomes.
ACKNOWLEDGEMENTS
We acknowledge all members at the Intensive Care Unit of
Institute of Chest Disease and the Department of Nutrition and
Dietetics for their excellent care of the patients.
AUTHOR DISCLOSURES
All the authors declare that there are no relevant conflicts of
interest to disclose.
REFERENCES
1. Plank LD. Protein for the critically ill patient--what and
when? Eur J Clin Nutr. 2013;67:565-8. doi: 10.1038/ejcn.
2013.34.
2. Thibault R, Pichard C. Nutrition and clinical outcome in
intensive care patients. Curr Opin Clin Nutr Metab Care.
2010;13:177-83. doi: 10.1097/MCO.0b013e32833574b9.
3. Tsai JR, Chang WT, Sheu CC, Wu YJ, Sheu YH, Liu PL,
Ker CG, Huang MC. Inadequate energy delivery during early critical illness correlates with increased risk of mortality
in patients who survive at least seven days: a retrospective
study. Clin Nutr. 2011;30:209-14. doi: 10.1016/j.clnu.2010.
09.003.
4. Weijs P, Cynober L, DeLegge M, Kreymann G, Wernerman
J, Wolfe RR. Proteins and amino acids are fundamental to
optimal nutrition support in critically ill patients. Crit Care.
2014;18:591. doi: 10.1186/s13054-014-0591-0.
5. Pingleton SK. Nutritional support in the mechanically ventilated patient. Clin Chest Med. 1988;9:101-12.
6. Cahill NE, Dhaliwal R, Day AG, Jiang X, Heyland DK.
Nutrition therapy in the critical care setting: what is “best
achievable” practice? An international multicenter observational study. Crit Care Med. 2010;38:395-401. doi: 10.1097/
CCM.0b013e3181c0263d.

240 JH Song, HS Lee, SY Kim, EY Kim, JY Jung, YA Kang, MS Park, YS Kim, SK Kim, J Chang and KS Chung
7. De Jonghe B, Appere-De-Vechi C, Fournier M, Tran B,
Merrer J, Melchior JC, Outin H. A prospective survey of nutritional support practices in intensive care unit patients:
what is prescribed? What is delivered? Crit Care Med. 2001;
29:8-12. doi: 10.1097/00003246-200101000-00002.
8. Heyland DK, Dhaliwal R, Drover JW, Gramlich L, Dodek P.
Canadian clinical practice guidelines for nutrition support in
mechanically ventilated, critically ill adult patients. JPEN J
Parenter Enteral Nutr. 2003;27:355-73. doi: 10.1177/01486
07103027005355.
9. Krishnan JA, Parce PB, Martinez A, Diette GB, Brower RG.
Caloric intake in medical ICU patients: consistency of care
with guidelines and relationship to clinical outcomes. Chest.
2003;124:297-305. doi: 10.1378/chest.124.1.297.
10. Kim H, Stotts NA, Froelicher ES, Engler MM, Porter C.
Enteral nutritional intake in adult korean intensive care patients. Am J Crit Care. 2013;22:126-35. doi: 10.4037/ajcc20
13629.
11. Kyle UG, Genton L, Heidegger CP, Maisonneuve N, Karsegard VL, Huber O, Mensi N, Andre Romand J, Jolliet P,
Pichard C. Hospitalized mechanically ventilated patients are
at higher risk of enteral underfeeding than non-ventilated patients. Clin Nutr. 2006;25:727-35. doi: 10.1016/j.clnu.2006.
03.011.
12. Jolliet P, Pichard C, Biolo G, Chiolero R, Grimble G,
Leverve X et al. Enteral nutrition in intensive care patients: a
practical approach. Clin Nutr. 1999;18:47-56. doi: 10.1054/
clnu.1998.0001.
13. Casaer MP, Mesotten D, Hermans G, Wouters PJ, Schetz M,
Meyfroidt G et al. Early versus late parenteral nutrition in
critically ill adults. N Engl J Med. 2011;365:506-17. doi:
10.1056/nejmoa1102662.
14. Heidegger CP, Berger MM, Graf S, Zingg W, Darmon P,
Costanza MC, Thibault R, Pichard C. Optimisation of energy provision with supplemental parenteral nutrition in critically ill patients: a randomised controlled clinical trial. Lancet. 2013;381:385-93. doi: 10.1016/s0140-6736(12)613 51-8.
15. Doig GS, Simpson F, Sweetman EA, Finfer SR, Cooper DJ,
Heighes PT, Davies AR, O’Leary M, Solano T, Peake S.
Early parenteral nutrition in critically ill patients with shortterm relative contraindications to early enteral nutrition: a
randomized controlled trial. JAMA. 2013;309:2130-8. doi:
10.1001/jama.2013.5124.
16. Kreymann KG, Berger MM, Deutz NE, Hiesmayr M, Jolliet
P, Kazandjiev G, Nitenberg G, van den Berghe G, Wernerman J. ESPEN guidelines on enteral nutrition: intensive care.
Clin Nutr. 2006;25:210-23. doi: 10.1016/j.clnu.2006.01.021.
17. McClave SA, Martindale RG, Vanek VW, McCarthy M,
Roberts P, Taylor B et al. Guidelines for the provision and
assessment of nutrition support therapy in the adult critically
ill patient: Society of Critical Care Medicine (SCCM) and
American Society for Parenteral and Enteral Nutrition
(A.S.P.E.N.). JPEN J Parenter Enteral Nutr. 2009;33:277316. doi: 10.1177/0148607109335234.
18. Singer P, Berger MM, Van den Berghe G, Biolo G, Calder P,
Forbes A, Griffiths R, Kreyman G, Leverve X, Pichard C.
ESPEN guidelines on parenteral nutrition: intensive care.
Clin Nutr. 2009;28:387-400. doi: 10.1016/j.clnu.2009.04.02
4.
19. Weijs PJ, Wischmeyer PE. Optimizing energy and protein
balance in the ICU. Curr Opin Clin Nutr Metab Care. 2013;
16:194-201. doi: 10.1097/MCO.0b013e32835bdf7e.

20. Wischmeyer P. Parenteral nutrition and calorie delivery in
the ICU: controversy, clarity, or call to action? Curr Opin
Crit Care. 2012;18:164-73. doi: 10.1097/MCC.0b013e32835
14be5.
21. Faisy C, Guerot E, Diehl JL, Labrousse J, Fagon JY. Assessment of resting energy expenditure in mechanically ventilated patients. Am J Clin Nutr. 2003;78:241-9.
22. Ismael S, Savalle M, Trivin C, Gillaizeau F, D'Auzac C,
Faisy C. The consequences of sudden fluid shifts on body
composition in critically ill patients. Crit Care. 2014;18:R49.
doi: 10.1186/cc13794.
23. Allingstrup MJ, Esmailzadeh N, Wilkens Knudsen A, Espersen K, Hartvig Jensen T, Wiis J, Perner A, Kondrup J.
Provision of protein and energy in relation to measured requirements in intensive care patients. Clin Nutr. 2012;31:
462-8. doi: 10.1016/j.clnu.2011.12.006.
24. Heyland DK, Murch L, Cahill N, McCall M, Muscedere J,
Stelfox HT, Bray T, Tanguay T, Jiang X, Day AG. Enhanced protein-energy provision via the enteral route feeding protocol in critically ill patients: results of a cluster randomized trial. Crit Care Med. 2013;41:2743-53. doi: 10.
1097/CCM.0b013e31829efef5.
25. Hoffer LJ, Bistrian BR. Appropriate protein provision in
critical illness: a systematic and narrative review. Am J Clin
Nutr. 2012;96:591-600. doi: 10.3945/ajcn.111.032078.
26. Weijs PJ, Stapel SN, de Groot SD, Driessen RH, de Jong E,
Girbes AR, Strack van Schijndel RJ, Beishuizen A. Optimal
protein and energy nutrition decreases mortality in mechanically ventilated, critically ill patients: a prospective observational cohort study. JPEN J Parenter Enteral Nutr. 2012;36:
60-8. doi: 10.1177/0148607111415109.
27. Dvir D, Cohen J, Singer P. Computerized energy balance
and complications in critically ill patients: an observational
study. Clin Nutr. 2006;25:37-44. doi: 10.1016/j.clnu.2005.
10.010.
28. Villet S, Chiolero RL, Bollmann MD, Revelly JP, Cayeux
RNM, Delarue J, Berger MM. Negative impact of hypocaloric feeding and energy balance on clinical outcome in
ICU patients. Clin Nutr. 2005;24:502-9. doi: 10.1016/j.clnu.
2005.03.006.
29. Alberda C, Gramlich L, Jones N, Jeejeebhoy K, Day AG,
Dhaliwal R, Heyland DK. The relationship between nutritional intake and clinical outcomes in critically ill patients:
results of an international multicenter observational study.
Intensive Care Med. 2009;35:1728-37. doi: 10.1007/s00134009-1567-4.
30. Kreymann G, DeLegge MH, Luft G, Hise ME, Zaloga GP.
The ratio of energy expenditure to nitrogen loss in diverse
patient groups--a systematic review. Clin Nutr. 2012;31:
168-75. doi: 10.1016/j.clnu.2011.12.004.
31. Japur CC, Monteiro JP, Marchini JS, Garcia RW, BasileFilho A. Can an adequate energy intake be able to reverse
the negative nitrogen balance in mechanically ventilated
critically ill patients? J Crit Care. 2010;25:445-50. doi: 10.
1016/j.jcrc.2009.05.009.
32. Singer P, Anbar R, Cohen J, Shapiro H, Shalita-Chesner M,
Lev S, Grozovski E, Theilla M, Frishman S, Madar Z. The
tight calorie control study (TICACOS): a prospective, randomized, controlled pilot study of nutritional support in critically ill patients. Intensive Care Med. 2011;37:601-9. doi:
10.1007/s00134-011-2146-z.

