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Abstract

Background—Nutritional support is important for maximizing clinical outcomes in critically ill
patients, but enteral nutritional intake is often inadequate.

Objectives—To assess the nutritional intake of energy and protein during the first 4 days after
initiation of enteral feeding and to examine the relationship between intake and interruptions of
enteral feeding in Korean patients in intensive care.

Methods—A cohort of 34 critically ill adults who had a primary medical diagnosis and received
bolus enteral feeding were studied prospectively. Energy and protein requirements were
determined by using the Harris-Benedict equation and the American Dietetic Association
equation. Energy and protein intake prescribed and received and the reasons for and lengths of
feeding interruptions were recorded for 4 consecutive days immediately after enteral feeding
began.

Results—Although the differences between requirements and intakes of energy and protein
decreased significantly, patients did not receive required energy and protein intake during the 4

Corresponding author: Nancy A. Stotts, RN, EdD, Professor Emeritus, University of California San Francisco, 2 Koret Way 631Y,
San Francisco, CA 94143-0610, nancy.stotts@nursing.ucsf.edu.

el etters

Now that you’ve read the article, create or contribute to an online discussion on this topic. Visit www.ajcconline.org and click
“Submit a response” in either the full-text or PDF view of the article.

To purchase electronic or print reprints, contact The InnoVision Group, 101 Columbia, Aliso Viejo, CA 92656. Phone, (800)
899-1712 or (949) 362-2050 (ext 532); fax, (949) 362-2049; reprints@aacn.org.

FINANCIAL DISCLOSURES

This study was supported by the Alpha Eta Chapter Research Award of Sigma Theta Tau International Honor Society of Nursing, the
University of California San Francisco Graduate Student Research Award, and the University of California San Francisco School of
Nursing Century Club Award.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kim et al.

Page 2

days of the study. Energy intake prescribed was consistently less than required on each of the 4
days. Enteral nutrition was withheld for a mean of 6 hours per patient for the 4 days. Prolonged
feeding interruptions due to gastrointestinal intolerance (r = —0.874; P <.001) and procedures (r =
-0.839; P = .005) were negatively associated with the percentage of prescribed energy received.

Conclusion—Enteral nutritional intake was insufficient in bolus-fed Korean intensive care
patients because of prolonged feeding interruptions and underprescription of enteral nutrition.
Feeding interruptions due to gastrointestinal intolerance and procedures were the main
contributors to inadequate energy intake.

Nutritional support is vital care for critically ill patients. Appropriate nutritional support can
enhance immunity and wound healing, prevent loss of and restore lean body mass, and
decrease the risk for nosocomial infection and multiple organ failure.1-2 Protein, an
especially important nutrient, is required to maintain body structures, facilitate mobility,
stimulate antimicrobial functions, and provide substrate for synthetic functions, including
wound healing.?3

Despite the importance of adequate nutritional intake, critically ill patients receiving enteral
feedings often receive less nutritional intake than recommended.*-8 Evidence* 79 indicates
that critically ill patients given enteral feedings have received mean energy intake ranging
from 50% to 95% of requirements and protein intake from 38% to 82% of requirements.

Several factors affect the adequacy of enteral nutritional intake in intensive care unit (ICU)
patients in the United States. Underprescription combined with insufficient delivery of
prescribed nutrients results in inadequate nutritional intake.1° Inappropriate stopping and
delay in restarting enteral feedings cause a large volume of enteral formula to be wasted.
Interruptions due to gastrointestinal intolerance of enteral feedings, displacement or
obstruction of the feeding tube, airway management, diagnostic or therapeutic procedures,
and routine nursing procedures result in marked underfeeding in ICU patients,10-13
McClave et al'2 suggested that some interruptions of enteral feeding are avoidable and that
preventing the interruptions will maximize delivery of nutrients.

Similarly, underfeeding in critically ill patients who recieve enteral feedings is a common
problem in Korea.14 According to estimates,14-16 only 69% to 77% of the required energy
and about 65% of the required protein are prescribed for enteral nutrition in critically ill
patients. In addition, the amount of energy received is less than the amount prescribed. Few
data are available on actual intake, but in 1 studyl6 on enteral nutrition intake in critically ill
patients, only 87% of the prescribed amount was delivered. Although data on actual
prescribing patterns are limited, clinical experience indicates that the prescription of enteral
feedings varies widely. This variation may be due to the lack of a standardized protocol for
the prescription of enteral feeding. When Korean ICU patients are prescribed inadequate
volumes of enteral formula, the result is insufficient nutritional intake. Incomplete delivery
of prescribed enteral feedings may also contribute to underfeeding in this population.

Studies of critically ill patients in the United States have addressed enteral nutritional intake
and interruptions in enteral feedings, but the actual relationship between intake and
interruptions has not been evaluated. Likewise, few data on enteral nutritional intake in
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Korean ICU patients are available. The reasons for feeding interruptions that can affect
insufficient delivery of enteral nutrition in Korean ICU patients were addressed in only 1
study.15 Evaluating the enteral nutritional intake and determining the reasons for
interruptions in enteral feeding are essential for developing an evidence-based protocol for
enteral nutritional care in ICUs in Korea.

The purpose of the prospective, cohort study reported here was to evaluate the trends in the
amount of energy and protein prescribed and received during the first 4 days after initiation
of enteral feeding in Korean medical ICU patients. The relationship between length of
interruptions in enteral feeding and energy received was also investigated. The specific aims
of the study were to determine the following: Does energy intake prescribed and received
meet energy requirements on each day? Does protein prescribed and received meet protein
requirements on each day? What is the relationship between total duration of interruption of
enteral nutrition and mean energy received for the entire 4 days? What is the relationship
between duration of interruption and the reason for the interruption and the energy received
on the day feeding was interrupted?

In this prospective cohort study, the adequacy of energy and protein intake prescribed and
received during the first 4 days after start of enteral feeding in Korean patients in a medical
ICU was examined. Data were collected from July 2010 to September 2010.

Setting and Sample

Patients were recruited from the ICU (18 beds) of a tertiary care hospital in Daejeon, Korea.
The sample consisted of adult medical ICU patients (>18 years old) who were prescribed
enteral feeding and required enteral tube feeding for at least 4 days. Patients were excluded
if they were receiving parenteral or oral feeding as the main energy source or had a surgical
intervention at the time of enrollment. The 4-day study period was chosen because enteral
nutrition is usually stabilized within 4 days after the start of feeding and should be provided
adequately within 3 days for clinical outcomes such as a shorter period of mechanical
ventilation and lower mortality.17-20

Variables and Measures

Required energy was defined as energy requirements in calories calculated by using the
Harris-Benedict equation with a stress factor (1.0-1.6).21 A conservative approach was used
to calculate requirements; specifically, the lowest factor was used to calculate the stress
factor when a range of values existed. Ideal body weight used to calculate adjusted body
weight was determined from the mean height and weight charts for Korean men and women
at different ages.22 Adjusted body weight with a 50% correction factor?® was used for
patients who were obese (body mass index = 25)24 to reduce overestimation. Required
energy was calculated at enrollment on the basis of information in patients’ medical records.

Required protein was defined as protein requirements in grams calculated by using the
American Dietetic Association equation.2! The lowest value of medical conditions was used
as a conservation approach. Metabolically active weight was used for obese patients.2®
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Prescribed amounts of energy and protein were defined as a physician’s order for calories
and protein to be infused each day. Data on the prescribed amounts were collected daily
from patients’ medical records.

Received amounts of energy and protein were calculated by multiplying the volume of
enteral formula received by the calorie and protein contents of the formula.2% Data on the
received amounts were collected daily from patients’ medical records.

Interruption time of enteral feeding was defined as the number of minutes when a patient
should be fed but was not receiving feeding because of gastrointestinal intolerance,
gastrointestinal hemorrhage, a problem with the feeding tube, procedures, routine nursing
care, airway management, or other reasons. The expectation was that enteral feeding
prescribed was infused in 30 minutes at 8 AM, 12 noon, and 6 PM. If enteral feeding was
stopped during the infusion of formula or feeding was not restarted at the time scheduled,
the bedside nurse recorded the reason for withholding of enteral nutrition and the times the
feeding was stopped and restarted by using a standardized recording sheet.

Demographic and Clinical Characteristics

Data were collected on each patient’s age, sex, diagnosis, mechanical ventilation, body
weight, and serum levels of albumin and C-reactive protein by review of medical records.
Supine knee height was measured by using a knee-height caliper at enrollment to estimate
height.2” Body mass index was calculated and categorized by using the criteria for Asians.?*
Scores on the Acute Physiology and Chronic Health Evaluation 1128 were obtained by one of
the researchers (H.K.) at enrollment.

Enteral Feeding Characteristics

Procedures

Characteristics of enteral feeding obtained from each patient’s medical records at the time of
enrollment included the interval from ICU admission to initiation of enteral feeding and
location and size of the enteral feeding tube. Information on gastric residual volume (GRV;
volume of gastric contents aspirated from the feeding tube by a nurse immediately before
each feeding), diarrhea (>3 liquid stools per day!2), and vomiting was obtained daily from
the medical records. High GRV (=50 mL), diarrhea, and vomiting were used as indications
of gastrointestinal intolerance of enteral feedings.29 Use of pro-kinetics and antibiotics that
can influence the motility of the gastrointestinal tract was also recorded daily.30

After approval by the appropriate institutional review boards, medical ICU patients were
screened on the basis of their medical records. The study was explained to those patients
who met the inclusion criteria, and written informed consent was obtained from each patient
or the patient’s legal surrogate.

According to the nursing protocol of the ICU, enteral feedings were administered
intermittently via the gravity method. Usually, a total of 3 bottles, 1 bottle each at 8 AM, 12
noon, and 6 PM, were administered over a 30-minute period with the head of the bed
elevated 30° to 45°. Enteral feeding was prescribed by a patient’s physician on the previous
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day or early morning of the day that feeding started; prescription was not incorporated into
the unit protocol. No specific protocol was followed for stopping and restarting enteral
feeding.

Data Analysis

Results

All data were analyzed by using SPSS software, version 15.0 for Windows (IBM SPSS). A
2-tailed P less than .05 was set as the level of significance, except for the post hoc test, in
which a was preset at P less than .01. Descriptive statistics were used to examine the
characteristics of patients. A 2-way repeated-measures analysis of variance was used to
determine the difference between prescription, intake, and requirement on each of the 4
days. If the magnitude of the difference varied significantly from one day to another, post
hoc tests were conducted to identify which days significantly differed from each other. A
Pearson product moment correlation was calculated to determine the relationship between
the duration of interruption and energy received. The nQuery Advisor software (Statistical
Solutions) was used to calculate the sample size for the 2-way repeated-measures analysis of
variance. The estimated sample size was 28 (a = 0.05; § = 0.20; effect size = 0.106). In
order to allow for potential attrition, the goal was a sample of at least 34 patients.

Sample Characteristics

A total of 45 patients were enrolled in the study. Of these, 11 (24%) were withdrawn
because they stopped receiving enteral feeding within 4 days. Reasons for stopping feeding
were change to parenteral nutrition (5 patients), change to oral feeding (3 patients),
transferred out of the unit (2 patients), and died (1 patient).

Thus, 34 patients completed the entire study. The mean age was 70.8 years; half of the
subjects were men. A total of 15 patients (44%) were treated with mechanical ventilation.
The mean score on the Acute Physiology and Chronic Health Evaluation 11 was 13.0 (SD,
6.1). All patients were fed through a nasogastric tube.

Most patients had a major diagnosis of neurological or respiratory disease (Table 1). Mean
serum levels were 3.3 (SD, 0.8) g/dL for albumin and 6.1 (SD, 7.1) mg/dL for C-reactive
protein (to convert milligrams per deciliter to nanomoles per liter, multiply by 95.24).
According to Asian standards for body mass index, 11 patients were mildly obese, 7 were
overweight, 13 had normal weight, and 3 were underweight. Enteral nutrition was started a
mean of 5.3 (SD, 6.8) days after admission to the ICU.

Energy Intake and Prescription

A 2-way repeated-measures analysis of variance indicated that energy received via enteral
feeding differed significantly from the energy required (F1 33 = 27.14; P <.001). Energy
received was consistently less than energy required for each of the 4 study days (Figure 1).
The difference between amounts of energy required and amounts received was significant
depending on time (F3 g9 = 28.16; P <.001). In post hoc tests, the difference between energy
required and energy received on day 1 (555 kcal) was significantly larger (P < .001) than the
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differences on days 2 (287 kcal), 3 (171 kcal), and 4 (174 kcal). The difference on day 2 was
significantly larger (P = .003) than the difference on day 3 but not different (P = .02) from
the value on day 4. The difference on day 3 did not differ significantly from the difference
on day 4 (P =.93).

Energy requirements were also consistently greater than prescribed (F1 33 = 12.27; P =.001;
Figure 1). The difference between energy required and energy prescribed differed
significantly for each of the 4 days (F3 g9 = 44.12; P < .001). The difference on day 1 (—362
kcal) differed significantly (P < .001) from the differences on days 2 (=189 kcal), 3 (-95
kcal), and 4 (-68 kcal), with the magnitude of the difference decreasing over time. The
difference on day 2 was significantly larger than the differences on days 3 and 4 (P =.001).

Protein Intake and Prescription

Patients received significantly less protein than their requirement during the study period
(F1,33 =21.44; P <.001; Figure 2). The difference in amounts received and required differed
significantly different depending on time (F3 g9 = 31.56; P <.001). The difference on day 1
(—25.4 g) was significantly larger (P < .001) than the differences on days 2 (-12.1 g), 3
(-6.3 g), and 4 (6.8 g). The difference on day 2 was significantly larger than that on day 3
(P =.002); the difference on day 4 did not differ significantly from the differences on days 2
(P=.01) and 3 (P =.81).

There was a significant interaction between protein required and prescribed, and time (F3 gg
=40.57; P <.001). The negative gap (protein prescribed lower than required) on day 1
drastically decreased on day 2 and then became positive (protein prescribed higher than
required) on days 3 and 4 (Figure 2).

Relationship of Feeding Interruptions to Energy Intake

Enteral feeding was withheld 54 times in 24 patients (79%) in the first 4 days after the start
of enteral nutrition. The mean length of time that enteral feeding was withheld during the 4
days was 360 minutes per patient. Total duration of interruption had a strong negative
correlation with mean percentage of prescribed energy received for 4 days (r = -0.822; P <.
001); patients who had more prolonged feeding interruption received less prescribed energy.

The reasons for interruptions of enteral feeding are presented in Table 2. The most frequent
and longest feeding interruptions were due to gastrointestinal intolerance, accounting for
28% of the incidence and 29.5% of the total time that enteral feeding was withheld (the total
interruption time). The duration of interruption due to gastrointestinal intolerance had a
strong negative correlation with percentage of prescribed energy received (r = -0.874; P <.
001). Gastrointestinal problems, including gastrointestinal intolerance and bleeding,
accounted for almost 50% of the total interruption time.

The second most frequent category of interruptions was routine nursing care; 22% of the
feedings were withheld. However, routine nursing care accounted for only 1.4% of the total
interruption time and was not related to energy intake.
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The next most common reason that feedings were withheld (19% incidence) was related to
procedures and accounted for 17.5% of the total interruption time. The interruption time
caused by procedures had a strong negative correlation with energy intake (r = -0.839; P <.
001). Although interruptions for airway management accounted for 22.4% of the
interruption time, they were less frequent than the 3 most frequent reasons for interruptions
and had no relationship with energy intake.

Problems related to the enteral feeding tube led to the fewest and shortest feeding
interruptions, and this short interruption time was positively and significantly related to
energy intake (r = 0.968; P =.03). The “other” category, which included hemodynamic
shock in 1 patient and lapse in nursing care, also led to a low incidence of feeding
interruptions.

Discussion

For critically ill patients who cannot tolerate an oral diet, enteral nutrition is a suitable
alternative because of its more favorable effects compared with the effects of fasting or
parenteral nutrition.31-33 However, insufficient enteral intake is a weakness of enteral
feeding in critically ill patients.”1315 Our results confirm that Korean critically ill patients
do not receive their required energy and protein with enteral nutrition. To our knowledge,
our study is the first to show the trend in prescribed energy and protein amounts for enteral
nutrition with the amounts actually received by focusing on the relationship with time. Also,
we addressed the reasons for interruptions in enteral feeding that are associated with enteral
intake.

Our patients received less energy and protein intake than required for 4 days after the start of
enteral nutrition. The insufficient nutritional intake we observed is consistent with the
findings of previous studies.10:11.13.15.18.32 Thjs finding indicates that more aggressive
nutritional interventions and monitoring are required for critically ill patients.

Umali et al1® found significant differences between requirements and actual intake of energy
and protein during 3 days after patients’ admission to an ICU. Petros and Engelmann,18
Singer et al,3* and De Beaux et al®® reported an increasing trend in daily intake during the
early phase of an ICU stay (from day 1 to day 4 or 6). This trend is a usual one in enteral
feeding: a lower level of intake that increases with time. However, calculating the mean
value for several days leads to a loss in important data by collapsing the data across time.
The acute starvation that occurs cannot be recognized or addressed when mean values are
presented. Therefore, attention to the difference across the days is important to identify the
adequacy on each day and to focus the nutritional intervention on the day of inadequate
intake. Our results indicate that the difference between requirements and actual intake is
significantly associated with time. In our patients, the difference significantly decreased over
time but leveled out on the fourth day.

Our comparison of requirements, prescription, and actual intake in terms of energy and
protein suggests that the combination of underprescription and underdelivery contributed to
inadequate intake of energy and protein. Although the amount of the daily prescription of
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energy and protein increased with time, the prescription for energy did not meet patients’
requirements during the study period. This trend is consistent with findings reported in
previous studies.1%11 The American Society of Parenteral and Enteral Nutrition20
recommends a gradual increase in bolus enteral feeding: starting with a small amount of 120
mL given 3 to 8 times per day and increasing the amount by 60 to 120 mL every 8 to 12
hours, as tolerated, reaching the goal volume 48 to 72 hours after the start of feeding.
Although underprescription may be beneficial for tolerability for early enteral feeding in
critically ill patients, in our study the amount of energy prescribed did not reach patients’
requirements even after 72 hours of feeding. Enteral feeding was underprescribed, and the
enteral feeding prescribed was even underdelivered, although we had no specific protocol in
the ICU of slowly increasing volume as indicated by a patient’s tolerance. Therefore,
underprescription obviously contributed significantly to insufficient intake.

A possible explanation for underprescription is the complex process for prescribing
nutritional support. Health care providers must consider a patient’s nutritional requirements,
physiological conditions, and anticipated potential problems with enteral nutrition on the
basis of the providers’ awareness and knowledge of nutritional support.1? Despite the
importance of enteral nutritional support in critically ill patients, enteral nutrition is typically
a lower priority than interventions for hemodynamic, neurological, or respiratory problems.
The low technology associated with enteral feeding may contribute to its low priority.
Furthermore, no registered dietician is responsible for ICU patients in Korean hospitals, a
characteristic that contributes to the lack of awareness of the unique nutritional needs of
patients and the importance of enteral nutritional support for critically ill patients.

Nutritional support is challenging for ICU health care providers. Determining nutrient
requirements for critically ill patients is difficult because the requirements are calculated on
the basis of age, weight, height, sex, stress level, severity of disease, and/or metabolic
needs.2! The Harris-Benedict equation with a stress factor and the American Dietetic
Association equation that we used, which are relatively simple formulas and are used in
many clinical institutions,36-38 may be better assessments of energy and protein
requirements. If the equations result in overestimation of a patient’s’ needs, however, the
patient may not actually be underfed. The method we used to prevent overestimation was
use of the lowest stress factors and adjusted body weight when we calculated the
requirements conservatively. However, in Korean ICUs, many health care providers do not
use a specific formula for prescribing enteral feedings, and this situation may contribute to
the inadequate prescription of enteral nutrition. One strategy to raise health care providers’
awareness and knowledge of enteral nutritional support in critically ill patients is to provide
education. A standardized enteral feeding prescription, including an accurate estimation of
nutrient requirements and consideration of anticipated problems, may guide appropriate
prescription of enteral nutrition for critically ill patients.

In our study, protein prescription was variable, with smaller amounts early on and larger
amounts on days 3 and 4, although the amount of protein received was less than that
required for each of the 4 days. In addition, differences in energy and protein between
prescription and actual intake during 4 days were significant. These findings suggest that
insufficient delivery of what was prescribed also contributed to insufficient intake of energy
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and protein required. Long interruptions in enteral feeding were the likely explanation for
the insufficient delivery of enteral formula. If a feeding was interrupted for a long time, the
interruption might be not compensated for on the day feeding was interrupted, and that lack
of compensation would affect the insufficient intake. The duration of interruptions in
feeding was significantly negatively associated with energy intake in our study.

Of note, our results indicate the specific reasons for feeding interruption are significantly
associated with enteral intake. The percentage of prescribed energy received was
significantly correlated with the total time that enteral feeding was withheld due to
gastrointestinal intolerance of enteral formula. Gastrointestinal intolerance was the most
common reason for interruptions in feedings and resulted in the longest total interruption
time; these findings are consistent with those of previous studies.12:2° However, our results
differ somewnhat from those of other studies in which gastrointestinal intolerance accounted
for only 9% of total interruption events® and 13.3% of the total interruption time.11

In our study, enteral nutrition was withheld when GRVs were greater than 50 mL, consistent
with cutoff points of 60 to 100 mL in previous studies'®39 with intermittent feeding. In
contrast, in studies®11 with continuous feeding, the cutoff points were to 200 to 300 mL.
The discrepancy in the cutoff points may be explained by the findings*®:41 that continuous
feeding is associated with higher GRVs and less intestinal peristalsis than is intermittent
feeding. Even so, the low cutoff point of 50-mL GRVs in our study might have contributed
to frequent and unnecessary feeding interruptions. The result suggests that the cutoff point in
this ICU needs to be improved. Although prokinetics that can reduce GRVs were
administrated for 119 of 136 feeding days (88.3%) in our study, gastrointestinal intolerance
was the most common reason for feeding interruptions. We found no statistically significant
relationship between the number of pro-kinetics administered and GRVs (data not
presented).

However, GRV may be not useful for monitoring gastrointestinal intolerance of enteral
nutrition. Although scores on the Acute Physiology and Chronic Health Evaluation 11 did
not differ between patients with and without gastrointestinal intolerance in our study, more
severely ill patients might have more gastrointestinal intolerance than do patients with less
severe disease.?? The use of GRV as an indicator of gastrointestinal intolerance may lead to
unnecessary interruption of enteral feeding.”11 Therefore, determination of reliable markers
for intolerance of enteral nutrition in critically ill patients is important.

Energy intake was also negatively associated with the total time that feeding was withheld to
prepare for diagnostic or therapeutic procedures. This finding is consistent with the results
of other studies in which procedures were the most common reason for feeding interruption,
affecting 52% of patients’3 and accounting for the longest feeding interruption, which was
35% of the total interruption time.1242 In clinical settings, patients who are scheduled for
many procedures usually receive nothing by mouth after midnight. McClave et al'2
suggested that enteral nutrition can be provided up to 4 hours before a procedure without a
risk of aspiration. These recommendations, however, have not been tested. Furthermore, if a
procedure is rescheduled for the next day, fasting time is prolonged more than 24 hours. In
our study, a tracheostomy was scheduled for airway management in 4 patients (data not

Am J Crit Care. Author manuscript; available in PMC 2016 February 10.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kim et al.

Page 10

presented). Among those 4 patients, 2 had the tracheostomy rescheduled for the next day;
that is, they fasted unnecessarily because the procedure was delayed. Evaluation of the
variances in patients’ care that cause delay of scheduled procedures may provide valuable
insight into the scheduling of these procedures.

Routine nursing care often requires that patients be supine, increasing the risk for aspiration
and necessitating interruption of enteral feeding. Nursing care was the second most frequent
reason for interruption of enteral nutrition, although enteral nutrition was withheld for only a
short time (range, 1-30 minutes). Importantly, feeding interruptions for short times to
accommodate nursing care were compensated for, so the interruptions did not significantly
affect energy intake. feeding time could be flexible to compensate for the delayed delivery
because enteral nutrition is provided as an intermittent bolus in the ICU at Konyang
University Hospital. Routine nursing care is usually scheduled to avoid disrupting the
feeding schedule. Intermittent feeding has the drawback of a high risk for aspiration,*3 but
one of its strengths is that some interruptions can be compensated for. Furthermore, feeding
overnight can be avoided and the required nutrient intake can be met in a manner consistent
with a usual eating schedule.3® Therefore, intermittent feeding with a flexible feeding
schedule may be beneficial for adequate delivery of enteral nutrition.

Problems with feeding tubes were a major reason for interruption in some studies.1113 In
our study, 4 patients who removed their feeding tubes experienced withholding of feeding
for a short time (range, 10-50 minutes). The time required to reinsert the feeding tube was
relatively short because placement of the reinserted tube was confirmed by auscultation
rather than by obtaining a radiograph, a change that may have contributed to the short
interruption time. The amounts of feeding formula undelivered because of interruptions
were administered after the tubes were reinserted. However, compared with radiographic
verification of tube placement, verification via auscultation can have complications, such as
the increased risk for incorrect tube placement or aspiration. Research is needed to
determine the advantages of the methods used to confirm the tube placement.

Insufficient intake due to frequent interruptions in enteral nutrition can be avoided. Well-
defined feeding protocols to prevent and compensate for unnecessary interruptions might
improve the delivery of enteral feedings. Protocols need to address management of
gastrointestinal intolerance, decisions to withhold or advance enteral feeding, and
adjustment of feeding rates to reach the desired goal.

Our study has several limitations. First, we assessed a small number of patients who
received gastric feeding through large-bore feeding tubes in a single ICU in a single
university teaching hospital. Although our results may be not generalized to diverse
populations of ICU patients, our findings most likely are representative of patients in Korean
ICUs, because this feeding method is commonly used in those ICUs. Second, energy and
protein requirements were not considered on a day-to-day basis during the study period,
because they were calculated once at enrollment. However, the requirements might not have
changed significantly during the study period, because the parameters used to calculate the
requirements do not markedly change during a short period of 4 days. Finally, the number
and duration of interruptions in enteral feedings might have been underrecorded, because the
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data were recorded by bedside nurses. However, underrecording was minimized by
verifying the data with the bedside nurses who cared for the patients.

Conclusion

Our study is the first one in both the United States and Korea to show the trend of enteral
nutritional intake by considering the interaction with time in critically ill adults. Our
findings indicate that critically ill patients receive inadequate enteral nutrition during their
ICU hospitalizations. Insufficient prescription and incomplete delivery of enteral feeding
caused by frequent interruptions in feedings are the reasons for insufficient energy and
protein intake. Prolonged interruptions due to gastrointestinal intolerance or to diagnostic or
therapeutic procedures contributed mainly to the amount of nutritional intake.

The awareness and knowledge of health care providers about nutritional therapy in critical
care must be increased to improve nutritional support of critically ill patients. Continued
education and training in nutritional support should be integrated into the mandatory critical
care program for health care providers. Uncertainties about the levels of GRVs that trigger
aspiration, reliable indicators of gastrointestinal intolerance, acceptable lengths of time that
patients can be supine without aspiration during enteral feeding, and minimal fasting time in
preparation for procedures need to be investigated, and the findings should be incorporated
into enteral feeding protocols for critically ill patients. Future study is warranted to develop,
implement, and test standardized enteral feeding protocols that can prevent and compensate
for unnecessary feeding interruptions.
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Figure 1.
Mean energy required, prescribed, and received enterally, by day (N = 34).
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Figure 2.
Mean protein required, prescribed, and received enterally, by day (N = 34).
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Table 1

Demographic and clinical characteristics of the participants (N = 34)

Characteristic Value
Age, mean (SD), y 70.8 (14.8)
Sex (male/female), No. 17/17
Primary diagnosis, % (No.)
Neurological 47 (16)
Respiratory 29 (10)
Sepsis 15 (5)
Gastrointestinal 6 (2)
Renal 3(1)
Mechanical ventilation, % (No.) 44 (15)
APACHE Il score, mean (SD) 13.0 (6.1)
Albumin, mean (SD), g/dL 3.3(0.8)
C-reactive protein,@ mean (SD), mg/dL 6.1(7.1)
Body mass indexb category, % (No.)
Underweight 9(3)
Healthy weight 38 (13)
Overweight 21 (7)
Mild obese 32 (11)
Nasogastric feeding tube, % (No.) 100 (34)
Nasogastic feeding tube size, %
16F/18F 50/50
Days from admission to intensive care unit to start of enteral feeding, mean (SD) 5.3(6.8)

Abbreviation: APACHE 11, Acute Physiology and Chronic Health Evaluation I1.
aTo convert to nanomoles per liter, multiply by 95.24.

bCalculated as weight in kilograms divided by height in meters squared.
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Table 2

Reasons for and duration of interruptions in enteral feeding

Reasons No. of patientsaffected  No. of interruptions % of total interruption time ra
Gastrointestinal intoleranceP 9 15 295 _og74C
Routine nursing cared 12 12 14 0506
Procedure® 9 10 175  _ggagc
Airway management 4 6 224 -0.006
Gastrointestinal bleeding 3 5 189 -0.252
Feeding tube problemd 4 4 12 pogegh
Otherl 2 2 91 —

Page 17

a - . . L . . . . .
Relationship between the interruption time that feedings were withheld for each reason and percentage of prescribed energy received with enteral

nutrition.

bHigh gastric residual volumes, diarrhea, and vomiting.

CP <.01.

dSkin care, changing of bed linens, position changes, and incontinence care.
eDiagnostic or therapeutic procedures and radiology.

fTracheostomy.

gAbsence of the feeding tube.

hP <.05.

i . . .
Hemodynamic shock, lapse in nursing care.
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