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To evaluate the incidence of delayed enteral nutrition (EN) and identify avoidable causes of
delay, we retrospectively reviewed medical records of 200 children (median age [range];
37.5[1-216] months) who stayed in the intensive care unit (ICU) for a minimum of 3 days.
Among 200 children, 115 received EN following ICU admission with a median time of EN
initiation of 5 days after admission. Of these, only 22 patients achieved the estimated
energy requirement. A significant decrease in the final z score of weight for age from the
initial assessment was observed in the non-EN group only (-1.3 £ 2.17 to -1.57 + 2.35,

P < 0.001). More survivors than non-survivors received EN during their ICU stay (61.2% vs
30.0%, P=0.001) and received EN within 72 hr of ICU admission (19.8% vs 3.3%,

P =0.033). The most common reason for delayed EN was gastrointestinal (Gl) bleeding,
followed by altered Gl motility and hemodynamic instability. Only eight cases of Gl
bleeding and one case of altered Gl motility were diagnosed as active Gl bleeding and ileus,
respectively. This study showed that the strategies to reduce avoidable withholding EN are
necessary to improve the nutrition status of critically ill children.
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INTRODUCTION

Enteral nutrition (EN) is the preferred mode of nutrient intake
in critically ill patients with a functional gastrointestinal (GI) sys-
tem because of its lower complication rate and cost compared
with parenteral nutrition (PN) (1). To realize the potential ben-
efits of EN in the pediatric intensive care unit, early initiation
and maintenance of EN must be ensured. In adults, successful
commencement of EN within 48 hr of mechanical ventilation
(MV) is associated with up to 20% decrease in mortality in the
intensive care unit (ICU) and a 25% decrease in hospital mortal-
ity in artificially ventilated patients (2). Early initiation of EN is
particularly important in infants and children because they are
at risk of rapid nutritional depletion that can lead to muscle wast-
ing, impairment of vital organ function, compromised wound
healing, and decreased immune function (3). Studies under-
taken in children with burns and critical illness have shown that
early EN is well tolerated without detrimental effects (4, 5).
Unfortunately, the delivery of EN is fraught with practical dif-
ficulties. There is often a delay in the initiation of EN or hesita-
tion in increasing enteral caloric intake, even if patients are eli-
gible for tube feeding while waiting for bowel sounds, and the
managing physicians often underestimate nutritional needs in
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critically ill patients or prescribe an inadequate amount of nu-
trients. In addition, EN is frequently interrupted because of
nursing interventions or delayed gastric emptying (6, 7).

We hypothesized that a significant proportion of delayed EN
in critically ill children is avoidable. The objective of this study
was to evaluate the current nutrition support behavior in the
care of critically ill children and to identify avoidable reasons
for delayed EN.

MATERIALS AND METHODS

A retrospective chart review was conducted on pediatric pa-
tients admitted to the ICU at Severance Hospital between Janu-
ary 2008 and December 2011. Children were included in the
review if they were younger than 19 yr and had been in the ICU
for a minimum of 3 days. Patients who stayed for longer than 30
days or were admitted to the general surgery and trauma ser-
vices were excluded from the study because decisions regard-
ing nutrition in these patients are made by the surgical, rather
than critical care, staff. The following patient characteristics were
recorded: sex, age, diagnosis on admission, and severity of ill-
ness at admission rated by three scoring systems, pediatric in-
dex of mortality 2 (PIM2), pediatric risk of mortality (PRISM),
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and pediatric logistic organ dysfunction (PELOD). Outcomes
such as duration of mechanical ventilation support, length of
ICU stay, and time of achieving caloric goal were abstracted ret-
rospectively from patient charts. We compared patients receiv-
ing EN (EN group) with those not receiving any EN (non-EN
group) during the ICU course.

Changes in nutritional status

For nutrition assessment, we obtained the following indices us-
ing the data for age (A), weight (W), height (H), and length (L):
W/A, H/A or L/A, and W/H or W/L. We calculated body mass
index with the following equation: BMI = W (kg)/H (m?). Nutri-
tion status was determined by the z score for W/A. We used ref-
erence values from the Korean Centers for Disease Control and
Prevention and the Korean Pediatric Society (8).

Nutrition support

We recorded the time when PN or EN was initiated and the rea-
sons why EN was withheld for patients who started EN more
than 72 hr after ICU admission or were maintained nil per os
(NPO). Causes of delayed EN were categorized into the follow-
ing groups: 1) gastrointestinal bleeding; 2) altered gastrointesti-
nal motility; 3) hemodynamic instability; and 4) other reasons
such as prone position or failure to insert feeding tube.

Patients received expressed breast milk, standard infant for-
mula, or enteral feeding formula, unless a more specialized
feed was indicated. Gastric (nasogastric or gastrostomy) feed-
ing tubes were placed in all patients. Feeds were administered
as 2-hr or 3-hr boluses or by continuous infusion.

Statistical analysis

Patient characteristics were described using frequency tables for
categorical variables. Variables that were normally distributed
were described using mean (standard deviation [SD]), whereas
those displaying a high degree of skew were characterized by
their median (range). We compared patient characteristics be-
tween EN and non-EN groups. Tests of significance for two-
group comparisons included chi-square test for categorical
variables, and Student’s t-test and the Mann-Whitney rank sum
test for normal and skewed distributions, respectively. Tests of
significance were two-sided, and all statistical analyses were
conducted with PWAS Statistics 18.0-August 2009 (SPSS in IBM,
Armonk, NY, USA).

Ethics statement

This study protocol was approved by the institutional review
board of Severance Hospital, Yonsei University Health System
(IRB No. 4-2012-0369). The board waived informed consent be-
cause this study was a retrospective chart review.
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RESULTS

Medical records were available for 200 children (112 males, 88
females) who met the study criteria. The median age was 37.5
(range 1-216) months and 41.5% of the patients were younger
than 2 yr. Respiratory problems were the most common causes
of ICU admission, followed by neurologic problems and sepsis/
septic shock. The median length of ICU stay was 9 (3-30) days.
One hundred and fifteen children required mechanical ventila-
tion and the median duration of mechanical ventilation was
6.5 (0-30) days. During hospitalization in the ICU 30 deaths oc-
curred, corresponding to 15% of the cases (Table 1).

Nutritional therapy in any form was started on the day of ad-
mission in 74% of the patients. Seven patients did not receive
any nutrients during their ICU stay. PN was used for 88.5% of
the children and the median time to initiation was 1 day after
admission to the ICU. EN was administered to 115 patients, with
a median time to EN initiation of 5 days. Only 17% of the pa-
tients received EN within 72 hr of ICU admission. The median
duration from EN initiation to achievement of calorie goal via
EN was 8.5 days in 22 patients.

Comparison between EN group and non-EN group

The non-EN group contained 85 (42.5%) patients (Table 1). Dis-
tribution of gender and age was similar between the two groups.
Although respiratory problems were the most common cause
of ICU admission in both groups, a higher proportion of patients
were admitted to ICU because of sepsis or septic shock in the
non-EN group than in the EN group (11.8% vs 1.7%, P = 0.012).
Average PIM2, PRISM, and PELOD scores were identical be-
tween the two groups. Duration of mechanical ventilation and

Table 1. Comparison of patient characteristics between EN group and non-EN group

; EN group Non-EN group
Variables (n = 115) (n = 85) P value
Male 66 (57.9) 46 (54.1) 0.595
Age (months) 65.7 £ 59.9 52.4 £ 57.7 0.116
<12 29 (25.2) 29 (34.1) 0.390
12-24 15 (13.0) 10 (11.8)
> 24 71 (61.7) 46 (54.1)
Causes of ICU admission
Neurologic problems 24(20.9) 18(21.2) 0.012
Respiratory problems 65 (56.5) 37 (43.5)
Sepsis/shock 2(1.7) 10(11.8)
Others 24 (20.9) 20 (23.5)
Severity scores
PIM2 9.8 £ 14.0 113+ 178 0.686
PRISM 81155 99+£53 0.156
PELOD 8072 10.0 £ 85 0.264
Clinical outcomes
MV (days) 102+ 97 6.2+49 0.004
ICU stay (days) 128+ 75 95+56 0.001
Mortality 9(8.0) 21(25.0) 0.001

Data are expressed as mean =+ standard deviation or number (%). EN, enteral nutri-
tion; ICU, intensive care unit; PIM2, pediatric index of mortality; PRISM, pediatric risk
of mortality; PELOD, pediatric logistic organ dysfunction; MV, mechanical ventilation.
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length of ICU stay was significantly shorter, and mortality was
significantly higher, in the non-EN group than in the EN group.

Compared with the non-EN group, both initial and final z
score of W/A during ICU stay were significantly lower in the EN
group than in the non-EN group (-2.34 + 3.06 vs -1.30 £ 2.17,
P =0.008; -2.41 *+ 3.08 vs -1.57 + 2.35, respectively; P = 0.036)
(Table 2). Although there was a significant decrease in the z score
of W/A from the initial to the final assessment in the non-EN
group (-1.3 +2.17 to -1.57 + 2.35, P < 0.001), there was no sig-
nificant change in the EN group. The proportion of patients with
z score < -2 was not significantly different between the two
groups (45.6% in EN group vs 34.1% in non-EN group, P = 0.167).
More patients in the non-EN group than in the EN group expe-
rienced a decrease in z score between admission and discharge
from ICU (74.1% in non-EN group vs 61.4% in EN group, P =
0.060) and a decrease in BMI (71.8% in non-EN group vs 57.9%
in EN group, P = 0.044).

Comparison between the survivor and non-survivor groups
More patients in the survivor group than in the non-survivor
group received EN during ICU stay (61.2% vs 30.0%, P = 0.001)

Table 2. Comparison of nutrition support and changes in nutritional status between
EN group and non-EN group

Variables EN group Non-EN group P value
zW/A
z\W/A at admission -234+3.06 -1.30+217 0.008
Patients with zZW/A < -2 52 (45.6) 29 (34.1) 0.167
at admission
zW/A at discharge -241 +£308 -157 £235° 0.036
Patients with ZW/A < -2 50 (43.9) 30 (35.3) 0.350
at discharge
BMI (kg/m?)
BMI at admission 15.6 £ 4.0 16.6 £ 4.0 0.086
BMI at discharge 15.6 £ 4.2 16.2 £ 3.7 0.276
Patients with decreased BMI 66 (57.9) 61 (71.8) 0.044

Data are expressed as mean + standard deviation or number (%). *P < 0.001 be-
tween time of admission and discharge. W, weight; A, age; z, z score; BMI, body mass
index.

Table 3. Comparison of nutritional status and nutrition support between survivors
and non-survivors

Survivors  Non-survivors

Variables (0 = 170) (n = 30) P value
Nutritional status
BMI at admission (kg/m?) 157+£39 176+43 0.019
BMI at discharge (kg/m? 15741 168 £33 0.168
Patients with decreased BMI (kg/m?) 106 (63.5) 21(70.0) 0.541
Decreased W/A percentile > 1 level 20 (18.9) 8(47.1) 0.024
Nutrition Support
Days to initiation of TPN 21 +£20 1.7£15 0.348
Patients receiving EN 104 (61.2) 9(30.0) 0.001
Days to initiation of EN start 8.8 = 35 75+ 42 0.142
Patients receiving EN within 72 hr 33(19.8) 1.3 0.033
Patients who reached caloric goal 21 (13.0) 1(4.0) 0.318

and the percentage of the patients who received EN within 72 hr
after ICU admission was higher in the survivor group than in
the non-survivor group (19.8% vs 3.3%, P = 0.033) (Table 3). Al-
though BMI at admission to ICU was significantly higher in the
non-survivor group than in the survivor group, BMI at discharge
was not significantly different between the two groups. More
patients in the non-survivor group experienced a decrease in the
W/A percentile of more than 1 level (18.9% for survivor group
vs 47.1% for non-survivor group, P = 0.024).

Causes of delayed EN

In both the survivor and the non-survivor groups the most com-
mon reason for delayed EN was gastrointestinal bleeding, of
which approximately 33% was caused by old blood clots and
only 6% was due to active bleeding (Table 4). Among the cases
of altered gastrointestinal motility, only one was medically di-
agnosed ileus. A higher percentage of the non-survivor group
were withheld EN because of hemodynamic instability than
among the survivors, but this was not statistically significant
(17.9% vs 7.8%, P = 0.109). For 43 patients we were unable to
find any explanation in the medical records for why EN was
withheld or contraindicated.

DISCUSSION

Among the patients in this study, EN was often initiated as late
as day 5 after admission and only 34 patients received EN with-
in 72 hr of admission despite the fact that early EN is known to
improve clinical outcomes, decrease infection rates, decrease
length of stay, and be cost-effective (1, 9-11). The current clini-
cal guidelines for nutritional support in critically ill adults rec-

Table 4. Causes of delayed initiation of EN or NPO

Non-survivors
(n=30)

Survivors

Causes (n=170)

Gl bleeding
Old blood clot 4
Active Gl bleeding
Hematochezia
Melena
Blood sputum
Altered GI motility
Diagnosed ileus 1
Abdominal distension S
Greenish drain 4
High residual volume 2 (
Vomiting 5
Aspiration pneumonia 3
0
1
1
3
0

3.3)
0)

4)
)

wWo NN NN
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ese
=

Diarrhea

NEC
Hemodynamic instability 1
Others (prone, tube insertion failure) .
Unknown 40 (28.4)
Total 132

)
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©

0.7
7.8
2.1

N 3
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>

Data are expressed as mean =+ standard deviation or number (%). BMI, body mass
index; W, weight; A, age; TPN, total parenteral nutrition; EN, enteral nutrition.
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tizing enterocolitis.
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ommend early initiation of EN within the first 24-48 hr follow-
ing admission (12, 13). Because there are currently no clinical
guidelines for nutritional support in critically ill children, we
defined delayed EN as initiation of EN later than 72 hr after ad-
mission to ICU - a looser criterion than for adults. The delivery
of EN in the ICU may be delayed for several reasons, including
GI dysfunction, elective discontinuation of procedures, and
physicians’ ignorance of nutritional requirements (7, 14). It is
important that physicians understand the importance of feed-
ing for appropriate nutritional support because the physician’s
order is the first step in nutrition delivery. However, many phy-
sicians are reluctant to start EN, especially in critically ill pa-
tients, because it is known to be associated with an increased
risk of aspiration pneumonia (2). In our study, there was no de-
scription of the reasons for withholding EN in the medical re-
cords of 27% of the patients who received EN late or never re-
ceived it.

In the current study, the most common reason for delayed
EN was gastrointestinal bleeding, in most cases caused by gas-
tric drainage of old blood. Specific definition of bleeding is very
important in the ICU setting. Clinically important hemorrhage
is defined as overt bleeding plus either hemodynamic changes
or the need for blood transfusion. Hemodynamic changes mean
that the patient is hypotensive, tachycardic, or orthostatic and
the need for transfusion is usually defined by a requirement for
two units of blood (15). Only 8 of 71 patients with gastrointesti-
nal bleeding sign met these criteria.

Twenty patients received EN between 3 and 19 days follow-
ing admission because of signs of decreased bowel motility such
as abdominal distension, high gastric residual volume, or vom-
iting. An excess of gastric residues is the most common compli-
cation in critically ill patients receiving gastric nutrition. There
is no evidence that the volume of gastric residues affects the risk
of pulmonary aspiration and recently published clinical guide-
lines do not recommend withholding EN for gastric residual
volumes < 500 mL in the absence of other signs of intolerance
(12). However, there are no reference values for children, and
primary physicians have to decide when to withhold EN. A sur-
vey of physicians showed substantial discordance over this issue
(16). Although most physicians believed that nutrition is impor-
tant in the ICU, they did all not feel confident in their knowledge
of the role of nutrition support in the critically ill. Several factors
may contribute to this lack of confidence, including a general
lack of awareness and poor familiarity with current guidelines,
and difficulty integrating previous dogma with recent clinical
practice guidelines. It has been reported that most cases of with-
holding EN, including delayed initiation of EN, could be avoided
by better education on standardized feeding processes (17, 18).

In our study, EN was withheld for 16 patients because of he-
modynamic instability. Clinical guidelines recommend that EN
should be withheld in patients requiring significant hemody-
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namic support including high-dose catecholamine agents be-
cause of an increased risk for subclinical ischemia/reperfusion
injury involving the intestinal microcirculation (12). However,
there is no consensus among clinicians on the definition of he-
modynamic instability; and King et al. (19) reported that pedi-
atric patients receiving cardiovascular medications tolerated
EN without adverse events. Medications such as opioids and
bowel edema resulting from fluid resuscitation in critically ill
patients may cause decreased gastrointestinal motility. Imple-
mentation of an EN protocol has been demonstrated to increase
nutritional delivery and minimize the risks of tube feeding (7,
20, 21). In our study, there was no significant difference in the
percentage of the patients who received delayed EN between
the survivor and the non-survivor group.

Upon admission to the ICU, 40.5% of patients had preexisting
malnutrition defined by z score of W/A < -2, similar to results of
a previous study (22). Although the prevalence of malnourish-
ment was not significantly changed at the time of discharge
from ICU, the z score of W/A significantly decreased during ICU
stay in the non-EN group but not in the EN group. Briassoulis et
al. (5) reported that nutritional status and clinical outcomes
were improved by providing early enteral nutrition to critically
ill children within 8 hr of ICU admission. As this was a retrospec-
tive study, we could not obtain data about daily nutrient intake
from EN and/or PN. Although the z score significantly decreased
and mortality was higher in the non-EN group, we cannot con-
clude that EN had a direct positive effect on nutritional status
or mortality. Moreover, the duration of mechanical ventilation
and ICU stay was significantly longer in the EN group than in
the non-EN group. It is possible that a longer stay in the ICU in-
creased the likelihood of receiving EN, and under such condi-
tions delayed EN would be predominant. Moreover, the clinical
effects of EN might have been biased by the presence of health-
ier patients in the EN group, although there was no significant
difference in severity scores between the two groups.

Although this study had some limitations due to its retro-
spective nature, our data showed that EN was often initiated as
late as day 5 after admission. We also found that a significant
proportion of delayed EN might be avoidable, for example in
cases with old blood clots and lower gastrointestinal bleeding.
Identification of avoidable reasons for delaying EN will allow
educational intervention and modification of clinical practice
with the aim of decreasing the incidence of delayed EN in criti-
cally ill children.

In conclusion, this study revealed that EN was often initiated
as late as day 5 after admission and that such delays might be
avoidable in a significant proportion of cases. Strategies for re-
ducing avoidable delayed EN are required to improve enteral
nutrition delivery and nutritional status in the critically ill chil-
dren.
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