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Nutrition Support among Critically Ill Children with AKI
Ursula G. Kyle, Ayse Akcan-Arikan, Renán A. Orellana, and Jorge A. Coss-Bu

Summary
Background Critically ill children are at high risk of underfeeding and AKI, which may lead to further
nutritional deﬁciencies. This study aimed to determine the adequacy of nutrition support during the ﬁrst
5 days of intensive care unit (ICU) stay.
Design, setting, participants, & measurements A chart review of pediatric patients admitted to the pediatric ICU
for .72 hours between August 2007 and March 2008 was conducted. Patients were classiﬁed as having no AKI
versus AKI by modiﬁed pediatric RIFLE criteria. All nutrition was analyzed. Basal metabolic rate (BMR) was
estimated by the Schoﬁeld equation and protein needs by American Society for Parenteral and Enteral Nutrition
guidelines.
Results Of the 167 patients, 102 were male and 65 were female (median age 1.4 years). Using the RIFLE criteria,
102 (61%) patients had no AKI, whereas 44 (26%) were classiﬁed as category R (risk), 12 (7%) as category I
(injury), and 9 (5%) as category F (failure). The median 5-day energy intake was lower relative to estimated BMR.
Overall protein provision (19%) was lower than energy provision (55%) compared with estimated needs
(P,0.001). I/F patients were more likely to be fasted versus receiving enteral/parenteral nutrition (n=813
patient days) and to receive ,90% of BMR (n=832 patient days) than No AKI/R patients.
Conclusions Underfeeding, common in critically ill children, was accentuated in AKI. Protein underfeeding was
greater than energy underfeeding in the ﬁrst 5 days of PICU stay. Efforts should be made to provide adequate
nutrition in ICU patients with AKI.
Clin J Am Soc Nephrol 8: 568–574, 2013. doi: 10.2215/CJN.05790612

Introduction
Critically ill children are at high risk of underfeeding
early in their intensive care unit (ICU) stay. Hospital
undernutrition is a known risk factor for morbidity
and mortality in children, adolescents, and adults
(1,2). Malnutrition has been shown to affect patient
outcome and represents a continuous spectrum ranging from marginal nutrient status to severe metabolic
and functional alterations, with different degrees of
relative alterations of body weight and body composition (3).
AKI is very common in critically ill children,
especially in the ﬁrst 5 days of pediatric ICU (PICU)
stay, and occurs in 80% of patients with cardiorespiratory failure (4). Patients with AKI are at high risk of
malnutrition, and the presence of malnutrition in the
context of AKI has been linked to increased morbidity
and mortality (5–7). Almost half of adult patients
with AKI have severe malnutrition on admission to
the ICU (6). Physiologic changes due to AKI cause
derangements in substrate metabolism and body
composition (8), leading to hypercatabolism (9), hypoalbuminemia, loss of lean body mass, and depletion of adipose tissue, even with adequate ingestion
of nutrients (10). Muscle protein catabolism and atrophy occur as a result of coexisting systemic inﬂammation, oxidative stress, insulin resistance, and
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metabolic acidosis (11). Systemic inﬂammation has
been shown to increase muscle protein breakdown,
decrease albumin synthesis, and redirect protein utilization toward hepatic acute-phase protein synthesis
rather than anabolism (11). Maintenance of protein
balance in such conditions requires that at least adequate energy and protein intake be provided during
acute illnesses.
In critically ill children, nutrition support is often
deferred until patients are medically stabilized, which
may delay adequate nutrition support for several days
due to ﬂuid restriction, digestive intolerance, and
interruption of feeding for diagnostic and therapeutic
procedures (12). However, patient outcome and survival are dependent on adequate nutrition and restoration of energy balance (13), and pediatric patients
are highly dependent on nutritional support due to
their intrinsic high anabolic drive and lower nutrient
reserves compared with adults. AKI, like most other
organ dysfunctions, happens very early during pediatric critical illness (4,14) and it is associated with
more severe clinical deterioration and organ dysfunction (15). Timely and adequate energy and protein
must be provided to critically ill pediatric patients
to optimize tissue healing and organ recovery and
to limit the effect of critical illness on their growth
potential.
www.cjasn.org Vol 8 April, 2013
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The purpose of this study was to determine the adequacy
of nutrition support during the ﬁrst 5 days of ICU stay in
patients with AKI and whether there was an association
between AKI and nutrition support.

Materials and Methods

All consecutive patients aged ,18 years admitted to the
Texas Children’s Hospital PICU for .72 hours between
August 2007 and March 2008 were eligible. We excluded
patients who were admitted to the PICU .48 hours after
hospital admission (n=52), patients who had .1 PICU admission (n=18), patients whose medical charts were not
available (n=12), and patients with CKD requiring renal
replacement therapy (n=7).
The chart review included the following: age, sex, height,
admission weight, admission diagnosis, duration of mechanical ventilation, medications, intravenous ﬂuids,
length of ICU and hospital stay, and outcome. Nutrition
data included the day of initiation of nutrition support, as
well as the route, type, and quantity of enteral/parenteral
nutrition solutions for 5 days. Actual energy and protein
intakes were calculated until oral intake was started.
Patients who were NPO (nothing by mouth) on admission
were included in the calculations. As patients improved,
they were taken off nutrition support and started oral
intake. Once oral intake was started, the patient-days were
no longer included in the calculations, because it was not
possible to evaluate actual oral intake in this retrospective
study.
Estimated energy and protein needs were determined
according to the Schoﬁeld prediction equation (basal
metabolic rate [BMR]) (16) as well as the American Society
for Parenteral and Enteral Nutrition (A.S.P.E.N.) guidelines
for critically ill children (17), respectively. Moderate/
severe acute malnutrition was deﬁned as weight for age
#2 z-scores and moderate/severe chronic malnutrition
or growth stunting was deﬁned as height for age #2
z-scores, using the 2000 Centers for Disease Control and
Prevention (CDC) growth charts (18). Overweight/obesity
was deﬁned as weight for age $2 z-scores, using the 2000
CDC growth charts (18).
Patients were classiﬁed as having no AKI versus risk,
injury, and failure by the modiﬁed pediatric RIFLE (pRIFLE) criteria categories R, I, and F, respectively (4). Only
the serum creatinine criteria were used for modiﬁed pRIFLE designation because urine output data were not available. For the nutrition support outcome data analysis, we
combined the patients with no AKI and patients at risk
into one group (no AKI/R), and patients with injury and
failure into another group (I/F).
Severity of illness was assessed by the Pediatric Risk of
Mortality Score (PRISM III score) (19). Organ dysfunction
was assessed with the Pediatric Logistic Organ Dysfunction (PELOD) score (20).
The study was approved by the Baylor College of
Medicine Institutional Review Board, who granted a
waiver of informed consent for this study.
Statistical Analyses
Normally distributed continuous variables were compared using paired and unpaired t tests and ANOVA.
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Non-normally distributed variables were compared by
the Mann–Whitney U test, Wilcoxon signed-rank test, or
Kruskal–Wallis test. Categorical variables were compared
using the chi-squared test or Fisher’s exact test. Box plots
are medians (25th and 75th percentiles) and 95% conﬁdence intervals (CIs). Odds ratios (ORs) with 95% CIs of
selected factors associated with morbidity were determined by simple and multiple logistic regression models.
The analyses for the ORs were performed for day 5. Values
are mean 6 SD for normally distributed data, and median
(25th–75th percentile) for non-normally distributed data.
Statistical signiﬁcance was deﬁned as P,0.05. Statistical
analysis was performed with Statview and JMP software
(SAS Institute Inc, Cary, NC).

Results
Of 167 patients, 61% were male. The median age was 1.4
years (25th–75th percentile, 0.3–9.4) . Slightly more than
half of these patients (53%; n=89) were aged ,2 years.
Admission diagnoses were respiratory distress/failure in
50% (n=83), sepsis/septic shock/infection in 18% (n=30),
cancer in 8% (n=14), gastrointestinal/hepatic in 4% (n=7),
and miscellaneous in 17% (n=29). Sixty-nine percent
(n=116) of patients required mechanical ventilation and
16% (n=26) were on vasopressors at admission. Miscellaneous comorbidities or chronic conditions were reported
in 60% of patients.
Using the modiﬁed pRIFLE criteria, 61% of patients
(n=102) were classiﬁed as having no AKI, 26% (n=44) as
category R, 7% (n=12) as category I, and 5% (n=9) as category F. Height, height percentile, weight, weight percentile, and body mass index did not differ between the No
AKI, R, and I/F groups (Table 1).
Twenty percent (n=33) of all patients and 33% (n=7) of
I/F patients were classiﬁed as having acute malnutrition
(chi-squared 2.0; P=0.04). I/F patients were more likely to
show acute malnutrition than patients with no AKI (OR,
3.1; CI, 1.1–9.1; P=0.03) (Table 2). Patients with an R classiﬁcation (OR, 2.7; CI 1.2–5.9; P=0.02), but not I/F patients
(OR, 1.5; CI, 0.5–4.5; P=0.51), were signiﬁcantly more
likely to show chronic malnutrition (growth stunting)
than patients with no AKI (Table 2). Eight percent (n=13)
of patients were overweight/obese.
Patients classiﬁed as R and I/F had higher PRISM III
scores than patients with no AKI (P,0.03). Patients with I/F
were signiﬁcantly more likely to have a PRISM III score
.7 (OR, 4.0; CI, 1.5–10.7; P=0.01) and a PELOD score .22
(OR, 11.8; CI, 2.0–69.3; P=0.01) (Table 2). I/F patients were
more likely to have a hospital length of stay (LOS) .15
days (OR, 3.2; CI, 1.2–8.7; P=0.02) than patients with no
AKI (Table 2). There was no observed PICU mortality.
Nonsurvival at hospital discharge was signiﬁcantly higher
in I/F patients (14.3%; n=3) than R patients (0%; n=0) or
patients with no AKI (2.9%; n=3) (P=0.05) (Table 2).
Estimated Needs versus Cumulative Actual Energy and
Protein Intake
The actual energy intake was signiﬁcantly lower in the I/F
group compared with the No AKI/R group on day 3 only
(P,0.03) (Figure 1). Overall, the actual and the percentage
of BMR median 5-day energy intake were lower in the I/F
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Table 1. Demographic and clinical characteristics of patients

Total (male/female)
Age (yr)
Height (cm)
Height (percentile)
Weight (kg)
Weight (percentile)
IBW (percentile)
BMI (kg/m2)
PRISM III
PELOD
PICU LOS
Hospital LOS

No AKI

Risk

Injury/Failure

102 (62/40)
1.7 (0.4–9.5)
83.0 (62.5–131.0)
27.0 (4.0–71.0)
11.4 (6.1–32.4)
36.0 (12.0–73.0)
100.0 (91.0–111.0)
16.8 (15.0–19.5)
3 (1–7)
10 (1–12)
6.5 (5–10)
13 (9–23)

44 (29/15)
0.8 (0.2–5.5)
69.0 (56.5–108.2)
27.5 (0.5–73.5)
7.8 (4.6–23.3)
32.0 (2.5–69.5)
100.0 (90.8–116.5)
16.0 (14.4–18.3)
6 (3–11)a
11 (1.5–12)
8 (5.5–12)
14 (11–22.5)

21 (10/11)
2.0 (0.4–11.4)
86.0 (60.5–145.1)
27.0 (2.8–77.3)
12.7 (6.4–40.5)
22.0 (1.8–81.3)
102.0 (85.0–113.8)
16.4 (14.3–21.0)
7 (5–10.3)b
11 (10–20.3)
7 (4–20.8)
20 (8.8–41.3)

Data are median (25th–75th percentile). IBW, ideal body weight; BMI, body mass index; PRISM III, Pediatric Risk of Morality Score;
PELOD, Pediatric Logistic Organ Dysfunction; PICU, pediatric intensive care unit; LOS, length of stay.
a
Mann–Whitney test, risk versus no risk (P=0.02).
b
Mann–Whitney test, injury/failure versus no risk (P=0.02).

Table 2. ORs in patients with AKI compared with no AKI

Acute malnutrition
No AKI
Risk
Injury/failure
Chronic malnutrition
No AKI
Risk
Injury/failure
PRISM III
No AKI
Risk
Injury/failure
PELOD
No AKI
Risk
Injury/failure
Hospital LOS
No AKI
Risk
Injury/failure
Survival
No AKI
Risk
Injury/failure

% (n)

% (n)

OR (CI)

P

Normal
86.3 (88)
72.7 (32)
66.7 (14)

Moderate/severe
13.7 (14)
27.3 (12)
33.3 (7)

1
2.4 (0.99–5.6)
3.1 (1.1–9.1)

0.05
0.03

82.4 (84)
63.6 (28)
76.2 (16)
#6
71.2 (74)
52.3 (23)
38.1 (8)
#21
98.0 (100)
93.2 (41)
81.0 (17)
#14
61.8 (63)
52.3 (23)
33.3 (7)
Alive
97.1 (99)
100 (44)
85.7 (18)

17.6 (18)
36.4 (16)
23.8 (5)
.7
28.8 (30)
47.7 (21)
61.9 (13)
.22
2.0 (2)
6.8 (3)
19.0 (4)
.15
38.2 (39)
47.7 (21)
66.7 (14)
Died
2.9 (3)
0 (0)
14.3 (3)

1
2.7 (1.2–5.9)
1.5 (0.5–4.5)

0.02
0.51

1
2.3 (1.1–4.7)
4.0 (1.5–10.7)

0.03
0.01

1
3.7 (0.6–22.7)
11.8 (2.0–69.3)

0.17
0.01

1
1.5 (0.7–3.0)
3.2 (1.2–8.7)

0.29
0.02

1
5.5 (1.0–29.4)

0.05

Moderate/severe wasting is weight for age ,2 z-scores below normal. Moderate/severe stunting is height for age ,2 z-scores below
normal, using the 2000 Centers for Disease Control and Prevention growth charts. OR, odds ratio; CI, conﬁdence interval; PRISM III,
Pediatric Risk of Mortality Score; PELOD, Pediatric Logistic Organ Dysfunction; LOS, length of hospital stay.

patients than in the patients with no AKI (P,0.03) (Table
3). The actual median 5-day energy intake was lower relative to estimated BMR across all groups (No AKI/R, 24.9
kcal/kg per day [9.3–56.3] versus 48.5 kcal/kg per day
[38.2–53.9]; I/F, 16.0 kcal/kg per day [5.5–46.5] versus
46.3 kcal/kg per day [33.2–54.5]; all P,0.001) (Table 3).
The actual median 5-day protein intake was also lower

than protein recommendations in all groups (No AKI/R,
0.50 g/kg per day [0–1.36] versus 2.5 g/kg per day [1.8–
2.5]; I/F, 0 g/kg per day [0–1.5] versus 1.8 g/kg per day
[1.8–2.5]; all P,0.001) (Table 3). Protein provision was lower
compared with energy needs met (No AKI/R, 22.5% protein
[0%–60.0%] versus 58.2% BMR [22.4%–114.7%]; I/F,
0.0% [0%–67%] versus 35.4% [14.8%–99.7%]; all P,0.001)
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admission (patient-days = 832; OR, 1.6; CI, 1.0–2.6;
P=0.04) than R/No AKI patients (Table 4).

Discussion

Figure 1. | Actual energy and protein intake as a percentage of
recommended needs on days 1–5. Actual intake as a percentage of
recommended energy (Schofield) (top) and protein needs (bottom) in
no AKI/risk (No AKI/R) and injury/failure (I/F) groups on days 1–5. No
AKI/R, n=146 for days 1–4 and n=138 for day 5; I/F, n=21 for days 1–4
and n=19 for day 5. Box plots are medians (25th–75th percentiles)
and 95% confidence intervals. aI/F versus No AKI/R. Mann–Whitney
test (P,0.03).

(Table 3). Overall protein provision (19% [0%–60%]) was
lower than energy provision (55% [22%–113%]) compared
with estimated needs (P,0.001).
I/F patients were more likely to be fasted than patients
with no AKI/R (patient-days = 813; OR, 2.3; CI, 1.5–3.4;
P,0.001) and to receive ,90% of BMR by day 5 of

Our results showed that ,68% of energy needs and
,35% of protein needs were covered by current nutritional
support practices in our PICU. Protein underfeeding was
signiﬁcantly greater than energy underfeeding. Patients
with severe AKI (I/F) were sicker and were signiﬁcantly
more likely to not be fed or to meet ,90% of estimated
energy needs than patients without AKI by day 5. These
results indicate not only that the nutritional needs of critically ill children with AKI are not covered by nutrition
support practices, but also that adequate nutrition support
does not occur until 4–5 days after PICU admission, subjecting critically ill children to an extra burden of starvation and underfeeding.
In the past, nutrition intervention was often postponed in
patients with renal insufﬁciency to delay dialysis (21), because nutrition support may contribute to azotemia, ﬂuid
overload, and electrolyte disturbances. Because of the catabolic nature of the illness associated with kidney injury, it
is now recognized that standard recommendations for energy and protein are appropriate for ICU patients with
AKI (22,23). Most of the available pediatric data for nutritional risk in renal disease come from studies focusing on
patients with CKD. Pediatric patients on hemodialysis
with severe growth failure have a 3-fold increase in mortality compared with the same age cohorts (24,25). Supplementation of nutrition via intradialytic parenteral nutrition
has been successfully used to reverse weight loss and to
promote weight gain for pediatric hemodialysis patients
(26,27). Enteral nutrition is safe in most adult patients
with AKI; moreover, those on renal replacement therapy
may require higher protein as intravenous infusions to
compensate for protein losses in the dialysate (28). Nutritional recommendations for pediatric AKI are limited to
patients receiving renal replacement therapy.

Table 3. Recommended and actual energy and protein intake in patients with injury/failure versus no AKI/risk in the first 5 days of
PICU stay

n
BMR (kcal/kg per day)
Actual energy intake (kcal/kg per day)
BMR (%)
Recommended protein intake (g/kg per day)
Actual protein intake (g/kg per day)
Protein needs (%)

No AKI/Risk

Injury/Failure

722
48.5 (38.2–53.9)
24.9 (9.3–56.3)b
58.2 (22.4–114.7)
2.5 (1.8–2.5)
0.50 (0–1.36)b
22.5 (0–60.0)c

103
46.3 (33.2–54.5)
16.0 (5.5–46.5)b
35.4 (14.8–99.7)
1.8 (1.8–2.5)
0 (0–1.50)b
0 (0–67.0)c

P Value
Injury/Failure versus No AKIa
0.39
0.03
0.04
0.75
0.09
0.09

Data are medians (25th–75th percentiles). BMR is estimated by the Schoﬁeld equation. PICU, pediatric intensive care unit; BMR, basal
metabolic rate.
a
Mann-Whitney test.
b
Actual energy or protein intake versus BMR or recommended protein intake, respectively. Wilcoxon signed rank test (P,0.001).
c
Percentage of protein needs versus percentage BMR. Wilcoxon signed rank test (P,0.001).
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Table 4. ORs for nutrition support in PICU patients with injury/failure compared with no AKI/risk

Patient-Days

% (n)

% (n)

Nutrition support status
No AKI/risk
Injury/failure
Caloric intake
No AKI/risk
Injury/failure
Protein intake
No AKI/risk
Injury/failure

Oral, enteral, or parental nutrition
71.4 (507)
52.4 (54)
$90% BMR
36.3 (264)
25.7 (27)
$90% estimated needs
12.1 (88)
13.3 (14)

NPO
28.6 (203)
47.6 (49)
,90% BMR
63.7 (463)
74.3 (78)
,90% estimated needs
87.9 (641)
86.7 (91)

OR (95% CI)

p

1
2.3 (1.5–3.4)

,0.001

1
1.6 (1.0–2.6)

0.04

1
0.9 (0.5–1.6)

0.71

BMR is estimated by the Schoﬁeld equation (16), whereas protein intake is estimated by the American Society for Parenteral and Enteral
Nutrition guidelines for critically ill children (17). OR, odds ratio; CI, conﬁdence interval; PICU, pediatric intensive care unit; NPO,
nothing by mouth; BMR, basal metabolic rate.

Our study is the ﬁrst to report on the nutritional status of
pediatric patients with AKI not requiring renal replacement
therapy. Acute and chronic malnutrition were prevalent in
our cohort at PICU admission. Twenty percent (n=33) of all
patients and 33% (n=7) of I/F patients exhibited acute malnutrition, whereas about one-fourth of the patients exhibited chronic malnutrition or growth stunting. Patients with
I/F were signiﬁcantly more likely to show moderate/severe
acute malnutrition than patients with no AKI (Table 2), similar to adult reports (6). We did not have data on the degree
of ﬂuid overload in our patients; however, given that it is a
commonly observed ﬁnding in the critically ill patient with
AKI (29), it is reasonable to suggest that acute malnutrition
was underestimated in the AKI group (Table 2). Patients
with an R classiﬁcation had more severe chronic malnutrition for reasons that are unclear. Determination of nutritional status in patients with AKI is quite difﬁcult for
multiple reasons. Weights are inconsistently available in
the ICU. Biochemical indicators of nutrition such as serum
albumin and prealbumin levels can be affected by the ﬂuid
status and are both negatively associated with acute phase
reactants and thus negatively correlated with inﬂammation,
which is often rampant in the ICU patient (30). Anthropometric measures are time-consuming and require specially
trained individuals. Bioimpedance analysis has reliably been
used in the outpatient setting of hemodialysis units to determine body composition and might be a useful tool in the
pediatric ICU.
The energy needs of critically ill children were not met in
our cohort of patients. Actual delivery of energy met ,90%
of energy needs on two-thirds of all patient-days (Table 4).
I/F patients were more likely to be fasted than No AKI/R
patients. Our study conﬁrmed that underfeeding was a
signiﬁcant problem in PICU patients, as reported by others
(13,31,32) and was due to underdelivery. Furthermore,
suboptimal nutrition support is also secondary to imprecise determination of nutritional needs in critically ill children who have variable levels of energy metabolism due
to the acute nature of the underlying disease process and
degree of malnutrition (12).
The goals of nutrition support in AKI are identical to
those suggested for other critically ill patients in the ICU
(23,33), and include prevention of protein-energy wasting,
preservation of lean body mass and nutritional status,

avoidance of metabolic derangements and complications,
improvement of wound healing, and support of immune
function (7,33). Previous studies have shown that prediction equations are not accurate to predict energy expenditure in critically ill children (34,35), because the dynamic
metabolic responses to injury and illness in critically ill
children render the prediction of energy needs more difﬁcult (36). With indirect calorimetry, Metha et al. (37) found
that slightly more than half of patients were hypometabolic, about 25% were normometabolic, and 17% were hypermetabolic. In the absence of measured energy
expenditure, estimation of energy needs should be based
on predicted BMR (31,38).
More importantly, protein underfeeding was noted to a
greater degree than energy deﬁcits. On almost 87% of
patient-days, ,90% of protein needs were met in all patients. Although there were no signiﬁcant differences in
protein intake between I/F and No AKI/R patients, on
average signiﬁcantly more I/F patients remained NPO
during the ﬁrst days of PICU stay. This suggests a hesitation from the clinical team to provide adequate protein
intake in patients with severe AKI for concerns of azotemia. R and I/F patients in our study were sicker as assessed by the PRISM III and PELOD scores, which might
have lead to delayed feeding but does not explain the underfeeding and underprescription of protein. In fact, protein energy malnutrition is associated with increased
mortality and morbidity in children (39) and adults (40),
including a higher risk for infection, poor wound healing,
longer dependency on mechanical ventilation, and increased LOS in adults (41,42). Critically ill children with
higher protein store depletion have been shown to be at
higher risk for multiorgan system failure, whereas children
with fat store depletion had higher probability of death
compared with nutritionally normal children (43). On the
other hand, critically ill children who received better nutritional support showed signiﬁcant improvement in physiologic stability and outcome (39). This observation holds
true for patients with AKI as well. Low serum prealbumin
levels, a marker of nutritional status, were correlated with
increased mortality in adults with AKI (44), and sustained
improvement in prealbumin levels was associated with
improved survival in adult hemodialysis patients (45).
Systemic administration of protein in the form of amino
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acids early in the course of experimental AKI in small
animal models of nephrotoxic and septic AKI had antiinﬂammatory and antiapoptotic effects in the renal tubular
epithelium and may reverse AKI (46,47). Adults with oliguric AKI who were given intravenous amino acid infusions have a faster rate of renal recovery and higher
survival than patients who were given isocaloric carbohydrates alone (48). Thus, contrary to old beliefs, adequate
protein feeding seems to be beneﬁcial in AKI. Unfortunately, our results suggest that there still seems to be a
bias against protein prescription in patients with AKI.
Our patients with more severe AKI (I/F) were sicker on
admission and had worse outcome as manifested by increased hospital LOS and mortality. This group was also
more severely malnourished on presentation and received
less nutrition support, suggesting a link between poor nutritional status and worse outcome. Future studies should
investigate the relationship between underfeeding and
worse outcome in pediatric patients with AKI.
There are several imitations to our study. The data were
collected retrospectively from patient charts and were
limited to one PICU only, and therefore may not be
generalized to other PICUs. Fluid overload and oliguria
are both well recognized risk factors in the ICU (29,49,50).
There were no data available on the ﬂuid balance and
urine volume of patients. We only obtained PELOD scores
on PICU admission and were not able to track status of
organ dysfunction during the whole study period. In addition, we did not evaluate nutrition outcome, because
patients were infrequently weighed in the acute phase of
PICU stay and weight would have been questionable in
many patients in view of changing ﬂuid status. Therefore,
we were not able to evaluate the progression of malnutrition during PICU stay. Furthermore, energy expenditure
was calculated from prediction equations instead of using
indirect calorimetry. Prediction equations have limitations
and cannot accurately predict the effect of drugs, illness,
injuries, and individual variability.
Underfeeding practices common in critically ill children
are accentuated in AKI. Protein underfeeding was greater
than energy underfeeding in the ﬁrst 5 days of PICU stay.
Efforts should be made to develop better nutritional
assessment, to provide adequate nutrition in ICU patients
with AKI, and to prospectively evaluate nutritional risk
and outcomes during AKI.
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