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A B S T R A C T

Introduction: Measurement of respiratory quotient (RQ) and resting energy expenditure 
(REE) has been shown to be helpful in designing nutritional regimens. There is a paucity 
of the literature describing the impact of a feeding regimen on the energy expenditure 
patterns. Therefore, we studied the effect of continuous vs. intermittent feeding 
regimen in head-injured patients on mechanical ventilation on RQ and REE. Methods: 
After institutional ethical approval, this randomized study was conducted in 40 adult 
male patients with head injury requiring controlled mode of ventilation. Patients were 
randomly allocated into two groups. Group C: Feeds (30 kcal/kg/day) were given 
for 18 h/day, with night rest for 6 h. Group I: Six bolus feeds (30 kcal/kg/day) were 
given three hourly for 18 h with night rest for 6 h. RQ and REE were recorded every 
30 min for 24 h. Blood sugar was measured 4 hourly. Other adverse effects such as 
feed intolerance, aspiration were noted. Results: Demographic profile and SOFA score 
were comparable in the two groups. Base line RQ (0.8 vs. 0.86) and REE (1527 vs. 
1599 kcal/day) were comparable in both the groups (P>0.05). RQ was comparable 
in both groups during the study period at any time of the day (P>0.05). Base line RQ 
was compared with all other RQ values measured every half hour and fluctuation from 
the base line value was insignificant in both groups (P>0.05). REE was comparable in 
both the groups throughout the study period (P>0.5). Adequacy of feeding as assessed 
by EI/MREE was 105.7% and 105.3% in group C and group I, respectively. There was 
no significant difference in the blood sugar levels between the two groups (P>0.05). 
Conclusion: We found from our study that RQ, REE, and blood sugar remain comparable 
with two regimens of enteral feeding – continuous vs. intermittent in neurosurgical 
patients on ventilator support in a ICU setup.
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Measurement of  respiratory quotient (RQ) and resting 
energy expenditure (REE) has been shown to be helpful 
in designing nutritional regimens to reduce expired 
carbon dioxide (VCO2) in patients requiring mechanical 
ventilation. [2]

Malnutrition leads to impaired immunity, delayed wound 
healing, and decreased muscle strength, and thus, 
patients cope poorly with modern medical and surgical 
interventions leading to prolonged hospital stay.[3] Muscular 
weakness due to nutritional deficiency in neurosurgical 
patients may be errantly attributed to neurological insult. 
Nutritional intake affects carbon dioxide (CO2) production 
and in neurosurgical patients, any increased/decreased CO2 
production will alter cerebral blood flow and thus affects 

INTRODUCTION 

Indirect calorimetry is a convenient, accessible, and highly 
accurate instrument for the measurement of  caloric 
requirements. Thus, it is a valuable tool for the optimization 
of  nutritional support in the intensive care unit (ICU).[1] 
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the neurological outcome.[2-6] There is a paucity of  the 
literature describing the impact of  a feeding regimen on 
the energy expenditure patterns of  patients.

However, we failed to find any clinical research study on 
the relationship among RQ, REE, and random blood 
sugar (RBS) in relation to the feeding regimen in head 
injury patients. Thus, we hypothesized that by giving 
continuous enteral feeding RQ, REE and blood sugar will 
be maintained within the physiological limit. Therefore, we 
studied the effect of  continuous vs. intermittent feeding 
regimen on RQ, REE in head injury patients on mechanical 
ventilation.

METHODS

After obtaining Institutional Review Board approval, this 
randomized controlled study was conducted in the ICU of  
a tertiary care teaching institute. Forty adult male patients 
in the age group of  20-60 years with history of  head injury 
requiring mechanical ventilatory support (controlled mode 
of  ventilation) were included in the study. Patients were 
required to have functional gastrointestinal tract. Patients 
with signs of  sepsis, fever, pneumonia, hemodynamically 
unstable (e.g., cardiac arrhythmia, need for vasoactive drug 
support), abnormal renal, hepatic, cardiac function, and 
receiving fraction of  inspired oxygen (FiO2) of  more than 
0.6 were excluded from the study. The study protocol was 
explained and a written informed consent was obtained 
from next of  kin for all patients.

Selected patients were randomly allocated into two groups 
of  20 each using computer-generated random number.

Group C: Continuous enteral feeding
Feeds were given for 18 h/day as a continuous infusion, 
with night rest for 6 h. Amounts of  feed calculated  
(30 kcal/kg/day) were administered with the help of  enteral 
feeding pump (KANGAROOTM Enteral Feeding Pump, 
Tyco Healthcare group LP, Manshield, MA, USA).

Group I: Intermittent enteral feeding
The calculated six bolus feeds were given three hourly for 18 h 
with night rest for 6 h. Amounts of  feed calculated (30 kcal/
kg/day) were administered using a 50 mL syringe manually.

A total caloric requirement of  30 kcal/kg body weight/
day was administered with a carbohydrate-to-fat ratio of  
60:40. The same formula feed with a calorie density of   
1 kcal/mL was given to both the groups (Ensure, Abbott 
Laboratories BV, Zwolle, The Netherlands, Division of  
Abbott Laboratories, USA). For preparing 220 mL of  feed, 
six level scoops (53.4 g) of  feeding formula powder was 
gradually added and mixed in 190 mL of  water in a glass 

which provided energy equivalent to 1 kcal/mL. A oral 
enteral tube of  size 16G was used in all patients. Patients 
were kept in 30° head up position. The position of  feeding 
tube was confirmed by aspiration of  the gastric content, 
its type and amount, auscultation of  bowel sounds and 
laryngoscopy if  in doubt. During the study period, all 
ventilatory parameters were kept constant. All patients 
received sedation according to our institutional protocol.

Baseline parameters such as complete hemogram, liver function 
test, kidney function test (blood urea, serum creatinine), serum 
electrolyte (serum sodium, serum potassium), and sequential 
organ failure assessment (SOFA) scoring were recorded.[7] 
RQ and REE was recorded every 30 min for 24 h using the 
Deltatrac II metabolic monitor (Engstrom carestation, Datex-
Ohmeda Inc., Madison, WI USA). Blood sugar was measured 
with the help of  Glucometer (Ascensia ENTRUST™ Blood 
glucose meter/test strips, Bayer Healthcare LIC, Mishawake, 
IN USA)) 4 hourly for 24 h. The degree of  feeding was defined 
as energy intake (EI) divided by measured resting energy 
expenditure (MREE).[8] Underfeeding was defined as a ratio 
lower than 90%, adequate feeding as a ratio of  90–110%, and 
overfeeding as a ratio higher than 110%. Underfeeding was 
defined as an RQ lower than 0.85 and overfeeding as an RQ 
higher than 1.

Signs of  intolerance if  present such as abdominal 
distention, diarrhea, absent bowel sounds were recorded. In 
group C, tolerance to feed was assessed every four hourly 
after stopping the feeding pump for half  an hour and 
aspiration of  gastric content. If  aspirate volume was more 
than 200 mL then 100 mL aspirate was replaced, feeding 
was continued at same rate for next 4 h and aspirate was 
rechecked. If  aspirate was still more than 200 mL, a clinical 
sign of  intolerance was checked. In group I, tolerance to 
feed was assessed by gastric aspiration three hourly before 
every feed. If  aspirate volume was more than 200 mL then 
100 mL aspirate was replaced along with the rest of  the 
feeding amount and aspirate was rechecked after 3 h. If  
again more than 200 mL or more than half  the previous 
feed was aspirated then sign of  tolerance were observed. 
In both the groups, if  signs of  intolerance were absent 
and volume of  aspirate was more than 200 mL, then 
metoclopromide 0.15 mg/kg intravenous was administered 
twice a day. In the presence of  signs of  intolerance, the 
patient was excluded from the study and nutrition was 
provided as per institutional protocol. During the study 
period, if  patients developed hemodynamic instability, 
accidentally extubated or needed urgent diagnostic or 
therapeutic procedures, they were excluded from the study.

Statistical analysis
Assuming a difference in RQ and REE of  more than 20% 
due to different feeding regimens. i.e. continuous and 
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intermittent enteral feeding to be of  clinical significance, 
we required 19 patients in each group for a power of  80% 
and α error of  0.05. In addition, a difference in REE and 
EI of  250–500 kcal/day between two feeding regimens 
has clinical relevance. Based on this, with a power of  80% 
and α error of  0.05, we required 17 patients in each group. 
Therefore, to accommodate any dropouts of  patients from 
study analysis, we randomized 40 patients in two groups 
of  20 each. Statistical evaluation was done by using SPSS 
version 16. The Student t-test, Paired t-test, Chi-Square 
test, and Mann–Whitney test was used as appropriate. The 
t-test was used for analyzing age, weight, height, and body 
surface area, RBS and RQ between the groups. The paired 
t-test was used for RQ and RBS to see fluctuation within 
the group. The Chi-Square test was used for analyzing age 
distribution and SOFA score. The Mann–Whitney test was 
used for comparison of  FiO2 in two groups.

RESULTS 

Seventy-two patients were recruited for the study, and  
40 patients were randomly allocated to two groups because 
the rest of  the patients did not fulfill the study criteria as 

described above [Consort flow chart, Figure 1]. No patient 
was excluded after randomization from study analysis. The 
demographic profile and SOFA score were comparable in 
the two groups (P > 0.05) [Table 1]. The mean value of  

Table 1: Demographic profile of patients in the 
groups C and I
Variables Group C

n = 20
Group I
n = 20

P value

Age (years)
Mean ± SD (range)

40.7 ± 10.1
(24–56)

40.2 ± 6.8
(28–52)

0.855

Weight (kg)
Mean ± SD (range)

56 ± 5.4
(45–65)

58.8 ± 5.8
(50–70)

0.129

Height (cm)
Mean ± SD (range)

164.7 ± 4.5
(158–175)

163.3 ± 3.3
(158–170)

0.241

Body surface area (m2)

Mean ± SD (range)
1.61 ± 0.10
(1.42–1.79)

1.63 ± 0 .09
(1.50–1.81)

0.527

SOFA score
(0/1/2/3/4), n

0/0/8/10/2 0/0/5/15/0 0.158

FiO2 (fraction of 
oxygen inspired)

0.45 ± 0.05 0.46 ± 0 .05 0.509

Base line RQ, 
mean ± SD

0.8 ± 0 .07 0.86 ± 0.19 0.201

Base line REE (kcal/
day), mean ± SD

1527 ± 279.7 1599.8 ± 222.2 0.368

Figure 1: Consort flow diagram
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fraction of  inspired oxygen was comparable in the both 
the groups (P = 0.509).

In each patient, 48 measurements, each of  RQ and 
REE, were taken in both the groups. The base line RQ 
(0.8 vs. 0.86) and REE (1527 vs. 1599 kcal/day) were 
comparable in both the groups (P > 0.05) [Table 1]. RQ 
was comparable in both groups during the study period at 
any time of  the day (P > 0.05). RQ values in both groups 
were within physiological limits [Figure 2]. The base line 
RQ was compared with all other RQ values measured 
every half  hour, and fluctuations from the base line value 
were insignificant in both the groups (P > 0.05). REE was 
comparable in both the groups throughout the study period 
(P > 0.5) [Figure 3]. Measured REE was also comparable 
with total calorie given in both the groups [Table 2]. 
Adequacy of  feeding as assessed by EI/MREE was 105.7% 
and 105.3% in groups C and I, respectively.

There was no significant difference in the blood sugar 
levels (measured every 4 hourly) between the two groups 
(P > 0.05) [Figure 4]. Blood sugar ranged from 142 to 
151 mg/dL and 146 to 156 mg/dL in groups C and I, 
respectively. There was no incidence of  hypoglycemia or 
hyperglycemia in either of  the groups. Base line blood sugar 
levels was also compared with blood sugar levels at 4, 8, 12, 
16, 20, 24 h, and no significant fluctuations from the base 
line value were observed in both the groups (P > 0.05).

Ryles tube aspiration was performed every three hourly 
in both the groups as per our ICU protocol. In group C, 
aspirate was significantly less as compared to that of  
group I (P = 0.002) [Table 3]. There was significant use 
of  metoclopramide in group I as compared to group C 
(P = 0.001). Two patients in group I suffered from diarrhea 
as compared to none in group C (P = 0.147). 

DISCUSSION

We found from our study that RQ and REE remain 
comparable with the two regimen of  enteral feeding – 
continuous vs. intermittent in head injury patients on 
ventilator support in ICU. Irrespective of  the feeding 
regimen, RQ was in physiological limits and in range of  

Figure 2: Respiratory quotient in two groups

Table 2: Comparison of measured resting 
energy expenditure and total energy intake

Group C
n = 20

Group I
n = 20

P value

Measured REE  (kcal/day) 1580.1 ± 235.1 1666 ± 230.1 0.250
Total calorie given/24 h
(kcal/day)

1670 ± 156.8 1753.5 ± 178.3 0.124

P value 0.092 0.164 –

Values presented as mean ± standard deviation

Figure 3: Resting energy expenditure in two groups

Figure 4: Blood sugar levels in two groups

Table 3: Adverse effects in the two groups
Finding Group C

n = 20
Group I
n = 20

P value

Ryes tube aspirate (mL) 37.5 ± 32.4, 73 ± 32.3, 0.002
Mean ± SD, median (range) 25 (0–100) 70 (30–130)
Use of prokinetic agent, n (%) 6 (30) 16 (80) 0.001
Diarrhea (n) 0 2 0.147
Aspiration (n) 0 0 1
n = Number of patients

adequate feeding. Measured REE when compared with 
EI depicted adequate feeding in both types of  the feeding 
regimen – continuous and intermittent. The blood sugar 
levels were also comparable in two modes of  feeding 
regimen – continuous and intermittent.

Indirect calorimetry has been suggested for clinical 
use to quantitatively measure energy needs and assess 
nutritional status.[9] The existing REE formulae are easy 
to use, inexpensive, and universally available, but they 
have been developed based on data derived from healthy 
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individuals. [9] Thereafter, many authors suggested modifying 
their equations by using correction factors to better 
estimate REE in different subgroups of  patients. However, 
REE calculated from those equations varied widely from 
indirect calorimetrically measured REE, with estimations 
ranging from –38% to +43% in populations of  initially ill 
patients at ICU admission.[10] The RQ, obtained by indirect 
calorimetry, is defined by the ratio of  VCO2 to oxygen 
consumption (VO2). Underfeeding can promote the use 
of  endogenous fat stores which decreases the RQ (RQ 
substrate < 0.70), whereas overfeeding, which results in 
lipogenesis, increases the RQ (RQ >1.0). Adequate feeding 
is defined as RQ ranges between 0.8 and 1.0 (11). The 
physiological range for the overall measured RQ exists 
between 0.67 and 1.3.[11] Thus, variations in the RQ in 
response to the feeding regimen may indicate inappropriate 
feeding and serve as a marker for patient intolerance. 

RQ and REE are affected by various body functions 
and pathological states such as the presence of  sepsis, 
abdominal, and thoracic surgery with involvement of  
the respiratory system.[12,13] Therefore, we excluded these 
patients and our study population included only head 
injury patients. As REE is more in males as compared to 
females, so we decided to select adult male patients for 
the study to eliminate confounding factor due to sex.[2,12,13] 
Moreover to avoid any other confounding variables related 
to body systems, we compared SOFA scoring in both the 
groups (P = 0.158). Inspired oxygen concentration plays an 
important role in evaluation of  RQ and REE. It has been 
reported that FiO2 > 0.6 will give erroneous value of  RQ 
and REE.[2,14,15] Therefore, we compared the FiO2 values 
at the time of  patient recruitment for the study which was 
comparable in both the groups (P = 0.509). Moreover, 
the range of  FiO2 was 0.40–0.50 in both groups C and 
I. Respiration of  all the patients was assisted on volume-
controlled mode. Ventilatory settings were not changed, 
and no weaning trial was performed during study period as 
patient-triggered ventilatory modes or weaning trial could 
change the energy requirement which may lead to inaccurate 
RQ and REE.[2,6] We decided to provide a nutritional calorie 
requirement of  30 kcal/kg/day as this amount of  calorie is 
sufficient to provide the basic metabolic activity of  the body.

Gravity-controlled administration of  enteral nutrition 
has been found to have more incidence of  flatulence, 
epigastric fullness, regurgitation, vomiting, and diarrhea as 
compared to pump-assisted enteral nutrition.[16] The blood 
glucose profile is better controlled in pump-assisted enteral 
nutrition.[16] Therefore, we used pump-assisted nutrition in 
the continuous group for enteral nutrition.

In our study baseline, RQ and REE were comparable in both 
the groups (P = 0.201 and 0.368, respectively). This shows 

that both groups were comparable with respect to energy 
requirement and thermogenesis. The value of  RQ was 
within 0.8–1.0 during the study period of  24 h in both the 
groups. In our study, as there was no significant fluctuation 
of  RQ from the base line in either groups (P > 0.05), we 
inferred that mode of  nutrition did not have any impact on 
RQ at different time intervals. This shows that patients in 
both groups were adequately fed whatever was the method 
of  enteral feeding. Therefore, it appears from our study that 
administering nutrition via either modes, i.e. continuous vs. 
intermittent (every 3 hourly) provides adequate nutrition.

Our results are in contrast to Nacht et al. who studied 
continuous respiratory exchange measurements on five 
women and five men for 1 h before and until 6 h after the 
administration of  milkshake (53% carbohydrates, 30% 
lipid, and 17% protein) given either as a single bolus dose 
or continuously during 3 h using a nasogastric tube.[17] RQ, 
REE, plasma glucose, and insulin concentrations increased 
sooner and steeper with the meal ingested as a single dose 
than with continuous administration. They concluded that 
the mode of  enteral nutrient administration influences the 
immediate thermogenic response as well as changes in RQ, 
glycemia, and insulinemia. This difference, as compared to 
our study, may be due to different type and composition 
of  nutrition used. Different type of  feeds may lead to 
different absorption rates as per its glycemic index leading 
to peaking of  glucose levels at different times or may not 
show rise in glucose. Nacht et al. used the chocolate flavored 
milk while we used commercially available product with a 
different composition (formula feed). However, similar to 
our study, the overall nutrient balance was not affected by 
the mode of  enteral nutrient administration.

There was no significant difference between measured 
REE and total calorie given during 24-h in either groups 
(P > 0.05). Therefore, it appears from our study that 
REE is suitably provided by either mode of  nutrition, i.e. 
continuous or intermittent (three hourly) when 30 kcal/
kg/day are provided. Elevated metabolic rates of  130% 
to more than 200% of  predicted values have been well 
described for some disease states, including burns, sepsis, 
trauma, and head injury and are reflective of  increased 
oxygen consumption associated with injury severity.[18] 
McClave et al. concluded from his multicentre trial that 
energy expenditure is difficult to predict on the basis 
of  conventional equations and measuring a patient’s 
energy requirement at least once by indirect calorimetry is 
important, because the degree of  metabolism predicts how 
easily a patient will be underfed or overfed.[19] The amount 
of  infused calories should be compared with caloric 
requirements measured by indirect calorimetry, because the 
accuracy or degree of  underfeeding or overfeeding has an 
impact on ventilatory status.[19] 
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The blood sugar in the two groups at 4-h interval was 
comparable in both the groups being in physiological range, 
and there were no significant fluctuations. Therefore, it 
shows that regimen of  feeding does not appear to have an 
effect on RBS if  patients are adequately fed. In contrast 
to Nacht et al., there was no increased concentrations 
sooner and steeper in our study, most probably because 
of  selection of  different types of  feed.[17] Our results 
are also in contrast to results of  Sanz et al. who studied 
glucose metabolism during different feeding regimens 
administered either as bolus or as continuous infusion 
in diabetic patients.[20] They concluded that continuous 
feeding would be an interesting choice to improve glucose 
control in diabetic patients with enteral nutrition.

We observed from our study that the ryles tube aspirate was 
significantly more in the intermittent group as compared 
to the continuous group (P = 0.002) and thus requiring 
significant use of  the prokinetic agent in the intermittent 
group as compared to the continuous group (P = 0.001), 
but no patient was excluded because of  feed intolerance. 
This observation is comparable to earlier study by Rhoney 
et al. wherein they compared the effect of  bolus vs. 
continuous gastric feeding in brain-injured patients in a 
retrospective cohort study.[21]

In our study, only two patients in the intermittent 
group and none in the continuous group had diarrhea 
(P = 0.147). Our results are comparable to Lee et al. who 
reported from their randomized controlled study that the 
median diarrhea scores of  the continuous infusion group 
and the intermittent bolus group were comparable and 
not significant.[22] On the contrary, Jerry et al. reported 
statistically significant increased incidence of  diarrhea in the 
intermittent group as compared to the continuous group 
of  enteral feeding.[23]

In our study, no patient had any episode of  pulmonary 
aspiration based on clinical observation. The exact 
incidence of  aspiration and pneumonia is difficult to 
interpret from our study as it was a short duration study. 
Other authors have reported the episode of  pneumonia 
due to aspiration in patients receiving enteral nutrition, but 
were comparable in patients receiving either continuous or 
intermittent nutrition.[24] Bonten et al. studied the influence 
of  intermittent or continuous enteral feeding on gastric 
and oropharyngeal colonization and ventilator-associated 
pneumonia and concluded that the colonization rates of  
the oropharynx and trachea, the incidence of  ventilator-
associated pneumonia (VAP) and mortality were similar in 
both study groups.[25]

Our study has a few limitations. The study period was for 
24h, and follow-up was not analyzed for longer duration. 

The indirect calorimetry was measured during the stress 
phase of  illness, and the catabolic phase which persists for 
7-10 days following the stress phase of  12-24 h was not 
studied. In addition, the effect of  either of  the feeding 
regimens when given for longer duration needs to be further 
evaluated with respect to impact on days of  ventilation, ICU 
stay, and ease of  weaning. In our study, nutritional adequacy 
was determined by REE only and not by anthropometric 
and biochemical measurements. Also, blinding was not 
possible in the study, but the collection of  data relating to 
RQ and REE (primary outcome variable) was objective as 
obtained from the monitor and appears to be nonbiased.

CONCLUSION

Hence we conclude from our study that the two modes 
of  nutrition – continuous feeds or intermittent feed every 
3 h maintains RQ, REE, and RBS in the acceptable range 
in head-injured patients on ventilatory support in ICU.
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