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The prescription of optimal nutrition support therapy 
during critical illness requires an individualized 
assessment of the risks and benefits associated with 

the timing, route, and quantity of nutrient intake. Enteral 
nutrition (EN) is the preferred mode of nutrient intake in 
critically ill patients with a functional gastrointestinal sys-
tem because of its lower cost and complication rates when 
compared with parenteral nutrition (PN).1 Early institution 
of EN is associated with beneficial outcomes in animal 
models and human studies2,3 and has been increasingly 
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implemented during critical illness, often using nutrition 
guidelines or protocols.4,5 However, subsequent mainte-
nance of enteral nutrient delivery remains elusive, as EN is 
frequently interrupted in the intensive care setting for a 
variety of reasons, some of which are avoidable.6,7 Frequent 
interruptions in enteral nutrient delivery may affect clinical 
outcomes secondary to suboptimal provision of calories and 
reliance on PN.6 To realize the potential benefits of EN in 
the pediatric intensive care unit (PICU), both early initia-
tion and maintenance of enteral feeding must be ensured.

Objective

The objective of this study was to identify risk factors 
associated with avoidable interruptions to EN in critically 
ill children admitted to a busy multidisciplinary PICU. 
We aimed to evaluate the frequency of avoidable EN 
interruptions, as well as their impact on nutrient delivery, 
and to identify those children who are at risk for such 
interruptions during critical illness. We hypothesized that 
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EN is frequently interrupted following initiation and that 
a significant proportion of these interruptions are avoid-
able. Identification of high-risk subjects will allow educa-
tional interventions and practice modifications to be 
targeted, with the aim of decreasing the incidence of 
avoidable EN interruptions in the PICU.

Design, Setting, and Measurements

After obtaining approval from the institutional review 
board, we conducted a prospective, bedside evaluation of 
daily nutrition practice in a 29-bed medical and surgical 
PICU at Children’s Hospital Boston. Patients with a 
PICU length of stay 24 hours or longer were eligible for 
data collection. Patients with PICU length of stay under 
24 hours, those on end-of-life compassionate care, or 
those who were transferred from another intensive care 
facility were excluded from this study. In this noninter-
vention study, parenteral and enteral nutrient intakes 
were recorded daily by bedside nursing staff for all con-
secutive eligible patients admitted over a period of 4 
weeks. Participating staff members reviewed the objec-
tives of the study and were trained to complete the data 
collection tool before initiating the study. We used group 
discussions, information leaflets, and electronic dissemi-
nation of information during this training period. We also 
provided daily reminders to review and complete daily 
bedside recording and 24-hour access to the investigators 
to facilitate the completion of nutrition procedures at the 
bedside. The study was conducted by a multidisciplinary 
group of investigators, including an intensivist, nursing 
staff, nutritionist, gastroenterologist, and biostatistician.

Institutional Enteral and  
Parenteral Nutrition Guidelines

Nutrition therapy was provided according to existing 
institutional guidelines. EN is preferred as the mode of 
nutrition support in our PICU. Patients admitted to our 
PICU begin EN support as soon as possible after PICU 
admission. Patients with hemodynamic instability who 
require escalating vasoactive medication support, sig-
nificant upper gastrointestinal bleeding, presence or 
high risk of necrotizing enterocolitis, postoperative ileus, 
intestinal obstruction, and graft-vs-host disease follow-
ing allogenic stem cell transplantation are not offered 
early EN. Enteral feeding is held for 6 hours before elec-
tive anesthesia for general surgery or sedation for proce-
dures, and it is held for 4 hours before elective 
endotracheal intubation and extubation. The route of 
EN is determined on an individual basis. Oral feeding is 
preferred in unintubated patients who are alert with 

optimal cough and gag reflexes. In intubated patients, 
gastric feeding is provided, usually as an intermittent 
bolus, unless concerns for the risk of aspiration are high, 
in which case continuous postpyloric feeding is admin-
istered. The type of formula for EN is selected by the 
dietitian, based on age, medical history, and nutrition 
assessment. The formula volumes and caloric goals are 
calculated for each patient, and a plan for EN initiation 
and advancement is prescribed. Following any interrup-
tion other than those for feed intolerance, feeding is 
restarted according to previously established feeding 
schedules and advanced as tolerated. PN is indicated 
when fasting (on minimal or no EN) is anticipated for 5 
days or more.8 In cases of malnutrition, low birth 
weight, or hypermetabolism, PN is initiated if fasting is 
anticipated for 3 days or more.

Nutrition Data Collection

In patients who received at least 24 hours of EN during 
their PICU stay, we recorded the time of initiation of 
enteral intake, the route of enteral feeding, intolerance 
to EN, and any interruption to enteral nutrient intake. 
EN interruption was defined as an episode of stoppage 
for a period longer than 30 minutes in a patient in whom 
EN was previously initiated. Causes of EN interruption 
were categorized a priori into the following broad groups: 
(a) endotracheal intubation or extubation; (b) diagnostic 
tests or procedures in the radiology suite; (c) other pro-
cedures at the bedside; (d) surgical procedure in the 
operating room; (e) feeding intolerance (as determined 
by the healthcare team at the bedside); (f) feeding tube 
malfunction, malposition, or obstruction; and (g) other 
reasons not already specified. The reason(s) for inter-
ruption and the time of restarting EN were recorded for 
each episode.

All episodes of interruption to EN delivery were exam-
ined, and avoidable episodes were identified by consensus 
among the multidisciplinary group of investigators. An epi-
sode of EN interruption was deemed avoidable if the rea-
son or duration of interruption was not in accordance with 
the institutional nutrition support guidelines described 
earlier. Nurses documented the nutrition record at least 
twice daily. These documents were examined at the end of 
each nursing shift to allow the capture of any missing data. 
The accuracy of the nutrition record was verified by a dieti-
tian at regular intervals and also crosschecked with the 
existing electronic medical record. Data related to out-
comes such as duration of mechanical ventilation support, 
length of PICU stay, and timing of achievement of caloric 
goal were abstracted retrospectively from patient charts 
following completion of enrollment and after the patient 
was discharged from the PICU.
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Statistical Analysis

Distributions of all variables were examined for outliers or 
missing data and corrected upon chart review whenever 
possible. Patient characteristics were described using fre-
quency tables for categorical variables and using measures 
of central tendency with spread for noncategorical vari-
ables. Variables that were reasonably normally distributed 
were described using mean (standard deviation [SD]), 
whereas those displaying a high degree of skew were char-
acterized by their median and interquartile range (IQR). 
Comparisons in patient characteristics were made between 
those receiving and not receiving EN. In patients who 
received EN for at least 24 hours, clinical characteristics 
were compared between those with and without interrup-
tions to enteral feeding. Tests of significance for 2-group 
comparisons included Fisher exact test for categorical vari-
ables, and Student t test and the Mann-Whitney rank sum 
test for normal and skewed distributions, respectively.

Logistic regression was used to determine predictors 
of all EN interruptions as well as predictors of avoidable 
EN interruptions among patients who received EN.9 
Model selection proceeded by examining unadjusted 
results and then subsets of predictors until a parsimonious 
model was found based on clinical judgment and likeli-
hood ratio tests. Estimates of coefficients and 95% Wald 
confidence intervals were expressed as odds ratios. The 
ability of the regression model to correctly predict inter-
ruption of EN was quantified by the C statistic associated 
with the area under the receiver operating characteristic 
(ROC) curve. For number of days of EN, an optimal  
cut point on the ROC curve was selected at which point 
the discriminatory power of the regression model for this 
predictor was maximized. Tests of significance were 
2-sided, and all statistical analysis was conducted with 
SAS/STAT software (Version 9.1) of the SAS System for 
Windows (SAS Institute Inc, Cary, NC).

Results

A total of 117 patients admitted during the 4-week enroll-
ment period were included in this study. Critical care nurses 
obtained a detailed daily record of nutrition practice at the 
bedside during 1,020 nursing shifts over 4 weeks. Clinical 
characteristics of this cohort are described in Table 1. 
Patients ranged in age at the time of admission from new-
born to 36 years, with 20 (17%) patients being younger than 
1 year. Both genders were equally represented. Total PICU 
length of stay ranged from 1 to 246 days, with a median 
of 2 days. Eighty (68%) patients received EN for at least 
24 hours during their PICU course, accounting for a total of 
381 EN days (median duration, 2 days; IQR,  1.0–6.5 days). 
Among patients receiving EN, median duration from PICU 
admission to EN initiation was 1 day (IQR, 0.0–3.5) with 
75% of patients on EN by the end of day 3. Twenty percent 

(16/80) of the patients received EN via the postpyloric route. 
The rest received EN orally, via gastric tube or through a 
gastrostomy tube.

Table 1.    Clinical Characteristics of the Cohort

Characteristic All Patientsa

Age at PICU admission, y, median (IQR) 7.2 (1.7–15.3)
  Age <1 y, n (%) 20 (17)
Female gender, n (%) 60 (51)
PRISM 3 score (116 patients), 

median (IQR)
3.0 (0.0–5.0)

PICU length of stay, d, median (IQR) 2.0 (1.0–8.0)
Patients admitted to the medical service,  
n (%)

59 (50)

  Respiratory failure, n 24
  Seizures, n 8
  Shock, n 4
  Oncology/bone marrow transplant, n 7
  Bronchiolitis, n 3
  Reactive airway disease, n 2
  Diabetic ketoacidosis, n 1
  Anaphylaxis, n 1
  Interventional radiology procedures, n 3
Patients admitted to the surgical service, 
n (%)

63 (54)

  Neurosurgery, n 21
  General surgery (laparotomy), n 13
  Mediastinal surgery, n 2
  Trauma, n 2
  Plastic surgery, n 3
  Oral and maxillofacial surgery, n 4
  Orthopedic procedures, n 3
  Renal transplant, n 4
  Otolaryngology surgery, n 5
Patients on EN for at least 24 hours, n (%) 80 (68)
Days on EN (80 patients), median (IQR) 2.0 (1.0–6.5)
% PICU days on EN (80 patients), median 

(IQR)
77 (41–100)

Days from PICU admission to starting EN 
(80 patients), median (IQR)

1.0 (0.0–3.5)

Caloric goal reached during PICU course 
(80 patients on EN), n (%)

49 (61)

Days from PICU admission to reach caloric 
goal (49 patients), median (IQR)

4.0 (1.0–8.0)

Mechanical ventilation support during PICU 
course, n (%)

60 (51)

Patients on any PN during PICU course,  
n (%)

15 (13)

Days on PN (15 patients), median (IQR) 6.0 (3.0–10.0)
% PICU days on PN (15 patients), median 

(IQR)
41 (25–75)

Charge of PN per patient in U.S. dollars (15 
patients), median (IQR)

987.00 
(493.50–
1645.00)

EN, enteral nutrition; IQR, interquartile range; PICU, pediatric 
intensive care unit; PRISM, pediatric risk of mortality; 
aN = 117, unless otherwise noted.



4    Journal of Parenteral and Enteral Nutrition / Vol. XX, No. X, Month XXXX

Table 2.    (a) Comparison of Patients With Any EN Interruption vs Those Without EN Interruption and (b) 
Comparison Between Patients With Avoidable EN Interruptions vs Those Without Voidable EN Interruptions

(a) EN Interruption (All)    (b) EN Interruption (Avoidable)

Characteristic No (n = 56) Yes (n = 24) P Value No (n = 65) Yes (n = 15)  P Value

Age at PICU admission, 
y, median (IQR)

9.5 (2.2–15.3) 1.4 (0.8–8.5) .006 8.3 (2.1–15.2) 1.0 (0.5–10.2) .02

Age <1 y, n (%) 5 (9) 10 (42) .001 8 (12) 7 (47) .006
Female gender, n (%) 24 (43) 16 (67) .09 30 (46) 10 (67) .25
PRISM 3 score, median 

(IQR)
2.5 (0.0–4.0) 3.0 (1.0–7.0) .13 2.0 (0.0–4.0) 3.0 (1.0–7.0) .08

Percent PRISM 
predicted mortality, 
median (IQR)

0.53 (0.23–1.11) 1.00 (0.76–2.49) .008 0.60 (0.31–1.21) 1.00 (0.53–2.75) .13

PICU length of stay, d, 
median (IQR)

2.0 (1.0–4.0) 18.0 (7.5–30.5) <.0001 2.0 (1.0–6.0) 23.0 (11.0–69) <.0001

Days from PICU 
admission to start EN, 
median (IQR)

1.0 (0.0–2.5) 4.0 (2.0–6.5) <.0001 1.0 (0.0–3.0) 5.0 (2.0–8.0) .003

EN duration, d, median 
(IQR)

1.0 (1.0–2.0) 11.0 (5.0–16.5) <.0001 1.0 (1.0–3.0) 15.0 (8.0–17.0) <.0001

Percent PICU days given 
EN, median (IQR)

100 (50–100) 57 (33–81) .007 90 (46–100) 58 (25–78) .03

Postpyloric feeds, n (%) 3 (5) 13 (54) <.0001 7 (11) 9 (60) .001
Mechanical ventilation, 

n (%)
21 (38) 23 (96) <.0001 30 (46) 14 (93) .001

Surgery, n (%) 28 (50) 10 (42) .63 30 (46) 8 (53) .78
PN administered, n (%) 6 (11) 7 (29) .05 7 (11) 6 (40) .01
PN days, median (IQR) 5.0 (2.0–7.0) 7.0 (5.0–12.0) .40 7.0 (2.0–7.0) 8.0 (5.0–12.0) .49
PN charge, U.S. dollars, 

median (IQR)
822.50 

(329.00–1151.50)
1151.50 

(822.50–1974.00)
.40 1151.50 

(329.00–1151.50)
1316.00 

(822.50–1974.00)
.49

Caloric goal reached,  
n (%)

28 (50) 21 (88) .002 35 (54) 14 (93) .007

Time to reaching caloric 
goal, d, median (IQR)

1.0 (1.0–4.0) 7.0 (4.0–11.0) .0004 2.0 (1.0–6.0) 8.0 (5.0–11.0) .002

EN, enteral nutrition; IQR, interquartile range; PICU, pediatric intensive care unit; PN, parenteral nutrition; PRISM, pediatric 
risk of mortality. P value from Fisher exact test or Mann-Whitney rank sum test.

Following initiation, EN was interrupted in 24 (30%) 
patients at an average of 3.7 ± 3.1 times per patient 
(range, 1–13), for a total of 88 episodes, accounting for 
1,483 hours of EN deprivation. Fifty-one (58%) episodes 
of EN interruption in 15 patients in our study were 
deemed as avoidable (Figure 1). The characteristics of 
patients with avoidable interruptions have been described 
in Table 2. Feeds were stopped for a variety of reasons, 
including: (a) fasting for extubation or intubation; (b) 
intolerance to EN for gastric residuals, abdominal dis-
comfort, or distension; (c) mechanical problems with 
postpyloric feeding tubes; and (d) procedures in the oper-
ating room, in the radiology suite, or at the bedside. 
Figure 1 shows the proportion of episodes that were 
avoidable in each of these categories.

Thirty-seven (32%) patients in our study did not 
receive any EN during their PICU course. There were no 
significant differences between patients in this group and 

those in the EN group, except for a much shorter PICU 
length of stay. The median PICU length of stay for 
patients who did not receive any EN was 1 day (IQR,  
1.0–2.0) compared to 4 days (IQR, 1.0–10.5) in patients 
who received some EN (P < .0001). Length of PICU stay 
was less than 3 days in 31/37 (84%) patients who did not 
receive EN. PN was used in 3/37 (8%) patients in the 
group deprived of any EN, accounting for a total of 12 PN 
days. Twenty-four (65%) patients who did not receive EN 
were on the surgical service, including 6 patients who 
underwent thoracoabdominal surgeries. Postoperative 
ileus and hemodynamic instability were the most com-
mon reasons for withholding EN in this group. Mechanical 
ventilatory support was required for 10/37 patients 
(including 3 patients on noninvasive respiratory support).

Table 2 shows unadjusted comparisons in patients 
who received EN: (a) between patients with at least 1 EN 
interruption and the rest and (b) between patients who 
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had at least 1 avoidable EN interruption and the rest. 
Patients with episodes of avoidable EN interruption were 
younger (47% younger than 1 year compared with 12%, 
P = .006), were more likely to have postpyloric feeds 
(60% vs 11%, P = .0001), and had a higher likelihood of 
requiring mechanical ventilation (93% vs 46%, P = .001). 
Patients with longer PICU stay, delayed initiation of EN, 
and increased EN exposure were more likely to have 
interruptions (P < .01 for each). Furthermore, patients 
with avoidable EN interruptions had more than a 3 times 
higher likelihood of PN use and required a significantly 
longer period to reach their prescribed caloric goal.

In patients with any EN interruption (avoidable and 
unavoidable), multivariable logistic regression showed 
that each additional day of EN was associated with 
increased odds of EN interruption of 1.43 (95% confi-
dence interval [CI], 1.18–1.72). In addition, the odds of 
EN interruption were 20 times higher among patients 
with mechanical ventilation than those without, inde-
pendent of the length of exposure to EN (95% CI, 1.35–
310.45). No other variables were associated with EN 
interruption after adjusting for these 2 covariates. 
Although patients with EN interruptions were associated 
with longer duration of EN and PICU length of stay, the 
severity of illness at admission was not significantly 
higher in this group compared to those without EN inter-
ruptions. The ROC curve generated by the multivariate 
regression model showed a threshold for EN duration as 
4 days, with maximized true positivity (83%) and mini-
mized false positivity (13%). This threshold indicates that 

83% of the time, patients with 4 or more days of EN were 
correctly classified as experiencing interruptions to EN, 
whereas those with 3 or fewer days of EN were correctly 
classified as not experiencing EN interruptions.

In patients with only avoidable EN interruptions, 
multivariable logistic regression analysis of data showed 
that each additional day of EN was associated with 
increased odds of an avoidable EN interruption of 1.39 
(95% CI, 1.20–1.60). No other variables were associated 
with EN interruption after adjusting for days of EN.

Discussion

Although EN is the preferred mode of nutrient delivery in 
critically ill patients, barriers to optimal delivery of enteral 
nutrients at the bedside persist.10 The care of a critically ill 
patient involves multiple interventions, which often compete 
with the delivery of EN in the intensive care setting. Elective 
procedures, unplanned interventions, or diagnostic tests 
often require a fasting state, requiring interruption of EN. In 
addition, feed intolerance or contraindications to enteral 
feeding related to the disease processes may require feeding 
to be postponed or discontinued in the PICU. However, a 
significant number of eligible patients are deprived of EN 
during critical illness because of avoidable factors, such as 
suboptimal prescription, failure to initiate EN early, or fre-
quent and prolonged interruptions to enteral feeding.6,7,11 
Delayed initiation and subsequent interruptions contribute 
to suboptimal EN administration in the PICU.

 

0 10 20 30 40 50

OR procedures (3 patients)

Bedside procedures (6 patients)

Radiology procedures (9 patients)

Other reasons (6 patients)

Feeding tube issues (7 patients)

Extubation/Intubation (14 patients)

EN intolerance (13 patients)

Percentage of all EN interruptions

Avoidable interruptions Unavoidable interruptions

 12/25 (48%) avoidable

 17/21 (81%) avoidable

 9/12 (75%) avoidable

 8/10 (80%) avoidable

 2/10 (20%) avoidable

 2/7 (29%) avoidable

 1/3 (33%) avoidable

Figure 1.    Reasons for EN interruption. EN, enteral nutrition; OR, operating room.
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Most patients who received EN in our study were 
started on enteral nutrients early in their PICU course. 
Patients who did not receive EN included those who had a 
short stay in the PICU or in whom EN was contraindicated 
(following major thoracoabdominal surgery with ileus or in 
cases with hemodynamic instability). This was in accord-
ance with our existing nutrition support guidelines. Despite 
the successful institution of early EN in most patients in this 
study, we recorded a high rate of subsequent EN interrup-
tions. It is indeed remarkable that more than half of all epi-
sodes of EN interruption in our study were deemed avoidable 
(Figure 1), either because of unacceptably long duration of 
fasting or unclear reason for feed interruption. These obser-
vations provide opportunities for anticipatory education of 
healthcare workers and vigilance to prevent episodes of 
unnecessary fasting.

Frequent or prolonged interruptions to EN during criti-
cal illness may result in either suboptimal delivery of macro-
nutrients and failure to achieve caloric goal or reliance on 
PN. Patients with avoidable EN interruptions in our study 
required significantly longer periods to reach the prescribed 
caloric goal and were more than 3 times more likely to be 
started on PN. Increased reliance on PN during critical ill-
ness may expose the patient to the higher cost, infectious 
risks, and other morbidities associated with PN.12 The use of 
PN to supplement suboptimal EN in select patients with 
unavoidable EN interruptions may be reasonable. Of the 6 
patients without EN interruptions who received PN, 4 had 
delayed EN initiation, and 2 were unable to advance EN to 
meet caloric goals and were supplemented with PN. 
Achievement of caloric goal is another relevant outcome in 
critically ill children. Failure to meet caloric goals because of 
suboptimal nutrient delivery has been previously reported in 
critically ill children.6,13-15 The most common reasons for 
suboptimal enteral nutrient intake in these studies were fluid 
restriction, procedural feed interruptions, and feed intoler-
ance. Consistently underachieved nutrition goals due to 
hindered enteral nutrient intake may affect patient out-
comes.15-17 Failure to meet energy goals was associated with 
significant weight loss during the PICU course in critically ill 
infants following cardiac surgery.6 Identifying patients at high 
risk of EN deprivation will allow targeted interventions aimed 
at optimizing EN delivery during critical illness.

The characteristics of patients with unavoidable and 
avoidable EN interruptions in our study have highlighted 
important risk factors for EN deprivation in the PICU. 
Patients with EN interruptions were younger, were more 
likely to require mechanical ventilatory support, had a 
delayed initiation of EN, and were more likely to be fed via 
the postpyloric route. In addition, they had significantly 
longer duration of stay in the PICU as well as higher 
number of days of EN intake. Longer PICU stay may 
increase the exposure to EN, which may then increase the 
likelihood of interruptions to EN. After adjusting for  
the length of PICU stay, we identified EN duration and 

the need for mechanical ventilation as the most significant 
risk factors associated with EN interruptions. Exposure to 
EN for 4 days or longer was particularly associated with 
the risk of EN interruptions in our analysis. The reason for 
this threshold is unclear, but it may be clinically relevant 
for targeting patients for educational efforts and anticipa-
tory interventions aimed at reducing the likelihood of feed 
interruptions. Critically ill children requiring mechanical 
ventilation and with an anticipated need for EN longer 
than 4 days would be the population of interest for future 
studies on EN delivery. Patients with avoidable interrup-
tions had similar characteristics, with a significantly higher 
PN use and failure as well as delay in reaching caloric 
goal. Despite longer PICU stay, patients with avoidable 
EN interruptions did not have significantly higher illness 
severity scores on admission. Furthermore, the proportion 
of their PICU stay that they received EN was actually less 
than the rest of the patients. Thus the longer PICU stay in 
patients with EN interruption was neither related to ill-
ness severity on admission nor associated with increased 
EN exposure. PICU length of stay is an important out-
come of critical illness, and its relationship with subopti-
mal EN delivery needs to be examined further in future 
studies.

Many of the problems with EN in critically ill chil-
dren reported in our study were described in the adult 
critical care population nearly a decade ago.11 Persistence 
of some of these avoidable deficiencies in EN provision 
during critical illness is regrettable, especially as the 
enthusiasm for EN has grown over the years. The epi-
sodes of avoidable EN interruption in our study need 
careful examination to identify the barriers and plan 
interventions to prevent or minimize EN deprivation 
around these events. These episodes included longer peri-
ods of fasting for procedures that were scheduled in the 
morning (after overnight fasting), procedures for which 
the time was not specified, or procedures/diagnostic tests 
that were rescheduled or canceled. Careful consideration 
of procedure times, communication between team mem-
bers, and strict adherence to hospital policies for fasting 
times before procedures would prevent several hours of 
unnecessary fasting in PICU patients.

Intolerance to enteral feeding was the most frequently 
reported reason for stopping EN delivery in our cohort. 
We observed a high degree of variability among the health-
care team in dealing with this problem. Increased abdom-
inal girth, high gastric residual volume (GRV), abdominal 
discomfort, and diarrhea were some of the criteria used by 
healthcare workers to diagnose enteral feeding intoler-
ance. GRV is frequently used as a surrogate for delayed 
gastric emptying. However, its correlation with the risk of 
aspiration in critically ill children is debatable, and the 
lower limit of GRV that protects from risk of aspiration 
is  not known.18,19 In the absence of severely delayed 
gastric emptying, computer modeling has shown that 
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GRV plateaus at under 900 mL in critically ill adults.20 
Furthermore, studies have shown a poor correlation of 
GRV with clinical and radiographic examination and ques-
tioned the precision of measured GRV in predicting gas-
tric emptying.21 Thus the value of GRV monitoring in 
enterally fed critically ill children is doubtful and may pose 
a barrier to EN provision. The routine use of GRV meas-
urement as a guide to enteral feeding or as a marker of risk 
of aspiration is questionable.22,23 Future studies that clar-
ify the relevance of GRV in the pediatric population will 
instruct practical guidelines and allow uniform manage-
ment at the bedside. Other tests to detect delayed gastric 
emptying, dysmotility, or aspiration have had limited suc-
cess. There is an urgent need to develop safe, reliable, and 
efficacious diagnostic tests to detect aspiration and gastric 
emptying in children. PN may have a role in children with 
true EN intolerance or in children with unavoidable EN 
interruptions. In these cases, PN may substitute or sup-
plement EN to achieve nutrient intake goals.

Endotracheal tube–related procedures were the sec-
ond most common reason for EN interruptions in our 
study. Most episodes of preintubation or preextubation 
EN interruptions exceeded our recommended institu-
tional guidelines for fasting periods around these proce-
dures. Feeding tubes were often removed at the time of 
extubation, necessitating replacement in many of these 
patients. In some cases where planned extubation was 
rescheduled, feeding was held for more than 24 hours 
until the actual procedure. Guidelines for prudent dura-
tion of fasting for gastric- and postpyloric-fed patients 
around these episodes would help prevent unnecessarily 
prolonged feed interruption. In patients fed via the post-
pyloric route who were awaiting extubation, there might 
be a case for smaller periods of fasting or even continuing 
postpyloric EN, with no increase in the rate of aspiration, 
vomiting, diarrhea, or abdominal distension.24

Postpyloric route was used in 20% of patients on EN 
and in a majority of patients with EN interruptions in our 
study. In a randomized trial comparing gastric vs postpy-
loric feeds in 74 critically ill children, there were no dif-
ferences in microaspiration, tube displacement, and feed 
intolerance between the 2 groups, but a higher percent-
age of patients in the postpyloric group achieved their 
daily caloric goals compared to the gastric-fed group. 
Improved feed tolerance and decreased incidence of 
abdominal distension has been reported in critically ill 
children receiving early (less than 24 hours after PICU 
admission) vs late postpyloric feeds.25 Despite the lack of 
strong evidence to support the use of one route of feeding 
over the other, the postpyloric route has been successfully 
used for nutrition support of the critically ill child.5,26,27 
The postpyloric route may be a reasonable option for 
patients not able to tolerate gastric feeding and may 
reduce the rate of complications and costs associated 
with the use of PN in this subgroup of patients.28 

However, the postpyloric administration of nutrients may 
be limited by availability of local expertise in the place-
ment of transpyloric feeding tubes. A dedicated team of 
trained nurses provides bedside support for the place-
ment and troubleshooting of transpyloric tubes on our 
unit. Despite the on-site interventional radiology support 
and experience with the bedside placement of postpyloric 
feeding tubes, tube malposition, obstruction, and place-
ment failure were some of the mechanical issues respon-
sible for EN interruptions in 43% of patients who received 
postpyloric feeding. Failure to address mechanical tube 
issues within 2 hours was recorded in 9 of the 12 episodes 
of EN interruption in these patients. The incidence of EN 
interruptions because of such mechanical issues may 
offset the perceived benefits of postpyloric feeding.29

Our study has a number of limitations. We have 
reported a single-center experience with EN and identi-
fied risk factors that were associated with a high risk of 
EN failure in critically ill children in our PICU. It is likely 
that individual centers may have problems with EN deliv-
ery that are unique to their institution. Enteral nutrient 
delivery is widely variable between units, with a signifi-
cant disparity between prescribed and delivered enteral 
volumes in critically ill adults.7 However, the main results 
of our study are generalizable to any medium- or larger-  
sized PICU. The study did not involve any interventions, 
and bedside nurses recorded the data. The investigators 
did not participate in providing care to the patients 
enrolled in this study, and hence the observations are 
unlikely to be biased. We do not routinely measure resting 
energy expenditure in all PICU patients, and hence esti-
mated caloric and volume goals were used to prescribe 
caloric or volume intake. We did not measure the protein 
intake and excretion in our patients and hence cannot 
comment on the effect of EN deprivation on protein bal-
ance. With the use of standard age-based formulas, the 
caloric and protein content of diet is likely to correlate 
with the volume administered. Future studies could 
examine the effect of suboptimal EN on caloric and pro-
tein balance, gastrointestinal mucosal function, change 
in anthropometric parameters after their discharge, and 
other relevant outcomes. Our study was not powered to 
detect outcomes such as infectious complications, long-
term morbidity, or mortality. However, our observations 
related to the inability or delays in achieving caloric goal 
and increased PN use in patients with interrupted EN are 
interesting. These observations will need to be repeated 
in a multicenter study to examine the true impact of sub-
optimal EN on clinical outcomes in the PICU population. 
A targeted intervention aimed at patients who are at a 
high risk of EN interruptions is the next step toward 
achieving the perceived benefits of optimal EN during 
critical illness and its impact on long-term outcomes.

In conclusion, despite early initiation of EN, feeding 
was interrupted in many critically ill children admitted to 
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our busy medical and surgical PICU. Avoidable EN inter-
ruptions were associated with more than a 3-fold increase in 
the use of PN and significant delay in reaching caloric goals. 
This collaborative study, examining bedside nutrition prac-
tice, illustrates some of the challenges to the provision of 
nutrition support and highlights opportunities for practice 
modification. Fasting for procedures and intolerance to EN 
were the most common reasons for prolonged EN interrup-
tions. Interventions aimed at optimizing EN delivery must 
be designed after examining existing barriers to EN and 
directed at high-risk individuals who are most likely to ben-
efit from these interventions. In our study, patients with EN 
interruptions were younger, were more likely to need 
mechanical ventilation, were more likely to be fed via the 
postpyloric route, and had a longer stay in the PICU. 
Educational intervention and practice changes targeted at 
these high-risk patients may decrease the incidence of avoid-
able interruptions to EN in critically ill children. The poten-
tial impact of such an intervention on clinical outcomes is 
exciting.
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