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Objective: In this study, two enteral nutrition protocols with dif-
ferent gastric residual volumes (GRVs) and different monitoring
intervals were compared with respect to gastrointestinal intoler-
ance findings in intensive care unit (ICU) patients.

Methods: The study was carried out prospectively in 60 patients
in the anaesthesiology and reanimation ICU under mechanical
ventilation support, who were scheduled to take enteral feeding.
Patients were sequentially divided into two groups: Group 1, GRV
threshold of 100 mL, and monitoring interval of 4 hours, and
Group 2, GRV threshold of 200 mL, monitoring interval of 8
hours. To test the significant difference between the groups, Stu-
dent’s t test, chi-square text and Fisher exact test were used.

Results: In Group 1, 3.3% vomiting, 6.6% diarthoea was ob-
served; in Group 2, 16.6% vomiting, 10% diarrhoea. In terms of
total intolerance (vomiting and/or diarrhoea) of the two groups,
the incidence was significantly higher in Group 2 (33.3%) than in
Group 1 (10%) (p=0.02).

Conclusion: According to the results of the study, a lower gastro-
intestinal intolerance rate was detected in the GRV threshold 100
mL, monitoring interval for 4 hours protocol (Group 1) than in
GRYV threshold 200 mL, monitoring interval for 8 hours protocol
(Group 2); Group 1 may be preferred renovation.

Keywords: Enteral nutrition, gastric residual volume, intensive
care unit, critical Ill patient

Introduction

Amag: Bu aragtirmada yogun bakim iinitesi (YBU) hastalarinda
gastrik residiiel voliim (GRV) esigi ve izlem aralig: farkli olan iki
enteral beslenme protokolii gastrointestinal (GIS) intolerans agt-
sindan kargilagtirilmistir.

Yéntemler: Prospektif olarak planlanan ¢aligma Anestezi ve Rea-
nimasyon Yogun Bakim Unitesinde mekanik ventilasyon destegi
alundaki enteral beslenme almast planlanan 60 hastada gercekles-
tirilmistir. Ardisik olarak 2 gruba ayrilan hastalardan birinci gru-
bun enteral beslenmesi, GRV esigi 100 mL, izlem aralig1 4 saat,
ikinci grubun ise GRV esigi 200 mL, izlem aralig1 8 saat olacak
sekilde uygulanmistir. Gruplar arast farkin anlamliligini test ecmek
icin student-t, Kikare ve Fisher’s exact testleri kullanildi.

Bulgular: Calismamizda Grup 1'deki olgularin %3,3’tiniin kustu-
gu, %6,6’sin1n diyare oldugu, Grup 2'deki olgularin ise %16,6’s1-
nin kustugu, %10’unun diyare oldugu gériildii. Toplam intole-
rans (kusma ve/veya diyare) agisindan Grup 2deki intolerans
stkliginin (%33,3) Grup 1'den (%10) istatistiksel olarak anlamli
diizeyde yiiksek oldugu saptand: (p=0,02).

Sonug: Calismanin sonuglarina gére GRV esik degeri 200 mL,
izlem aralig1 8 saat olan (Grup 2) protokole gore daha diisiik oran-
da gastrointestinal intolerans saptanan GRV esik degeri 100 mL,
izlem aralig1 4 saat olan olan protokol tercih edilebilir.

Anahtar kelimeler: Enteral beslenme, gastrik residiiel voliim, yogun
bakim tinitesi, yogun bakim hastas

utrition therapy is important in critically ill patients (1). In adequately nourished patients, wound healing and

immune responses are improved. However, in undernourished patients, the rate of morbidity and mortality are

increased (2-7). According to patients’ clinical condition, enteral and/or parenteral routes can be chosen for nu-

trition. If no contraindication using the primarily physiological route is present, enteral nutrition (EN) is recommended
(8-10).

Enteral nutrition can be limited by gastrointestinal intolerance or dysfunction (vomiting, gastric distention, high gastric
residual volume [GRV] and diarrhoea) (9, 11, 12). The gastric liquid volume measured by aspiration through an enteric tube
is termed GRV. The GRYV values are used to decide whether to continue or stop the EN (1, 12-14); however, it has not been
determined which GRV threshold is the most appropriate for maintaining or stopping EN (15). Although there are some
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studies in which GRV threshold is accepted as a minimum
of 30 mL and a maximum of 500 mL (14, 15), Metheny et
al. (15) suggested that this value must be less than 200 mL.
There are limited number of studies on validity, limits and

factors affecting the GRV threshold (2, 16, 17).

There are some practice differences in the GRV threshold
value and the measurement interval. Frequent measurement
of the GRV causes a delay in reaching the target calories (2,
3). If the monitoring interval is prolonged, gastrointestinal
intolerance may be overlooked. In order to reach target cal-
ories without losing time while minimising gastrointestinal
intolerance, the most appropriate GRV threshold and the
most appropriate monitoring interval must be determined.
The aim of this study is to compare two EN protocols with
different GRVs and different monitoring intervals with re-
spect to gastrointestinal intolerance findings in intensive care
unit (ICU) patients.

Methods

After being approved by the Institutional Ethics Committee
and informed consent being obtained by the patients/patients’
relatives, 60 consecutive patients who had been followed up
at Dokuz Eyliil University School of Medicine Anaesthesiol-
ogy and Reanimation Department Intensive Care Unit were
enrolled into this prospective randomised clinical trial.

Adult patients over 18 years of age, who were planned to be
under mechanical ventilation support and planned to be fed
with EN at least following 3 days, were chosen. Mechanical
bowel obstruction, paralytic ileus, generalised peritonitis, in-
flammatory bowel disease, fistula in distal duodenum (if its
output is higher than 500 mL day"), gastrointestinal bleed-
ing, short bowel syndrome, morbid obesity (body mass index
(BMI) >40), having gastrostomy/jejunostomy process and
drug use affecting gastrointestinal motility were determined
as exclusion criteria.

Evaluating the difference of hours to reach the target rate of
feeding with 95% CI and 80% power, in each group, 51 pa-
tients were found to be necessary in the planning process of
the study. However, at the end of the study, 30 patients could
be included in each group. In post-hoc analysis with 90% CI,
power was found to be 74%. The patients were randomised
into two groups in which there were sequential 30 patients
in each group. Group 1 (n=30): In patients whose GRV
threshold was determined as 100 mL, measurements were
performed every 4 hours and rate of nutrition increase was
10 mL h!* Group 2 (n=30): In patients whose GRV threshold
was identified as 200 mL, measurements were conducted ev-
ery 8 hours and rate of nutrition rise was 20 mL h™!

The demographic data of the patients, previously used drugs,
BMI, Sequential Organ Failure Assessment (SOFA), Acute
Physiology and Chronic Health Evaluation II (APACHE
1), Glasgow Coma Scale (GCS) scores, associated diseases
and intraabdominal pressures (by indirect method in bladder
with Foley catheter in terms of cmH,0) were recorded.

Twelve-French nasogastric tubes were placed into all patients,
and the positions of the tubes were monitored every day us-
ing chest X-rays. Tubes were ensured to be in stomach over
the course of nutrition and measurement period.

The patients were continuously fed by the same polymerase
formula (Osmolite, Abbot, Illinois, USA) by using Flexiflo
Compannon Pump Set (Abbot, Illinois, USA), which was
regularly calibrated. The energy need of patients was calcu-
lated by the Schofield formula. The average calculated daily
energy target for the first group was 1598.6+262.0 kcal and
1588.2+284.5 keal for the second. During nutrition period
and GRV measurements, the bed head was kept at 30-45¢.
Ramsay sedation score was kept at 3-6 by ensuring its com-
patibility with patients’ mechanical ventilator. Midazolam
and fentanyl-remifentanyl continuous intravenous infusions
were used to provide sedation. The sedation protocol was not
standardised for all patients. The gastrointestinal intolerance
findings (vomiting and diarrhoea) of the patients were moni-
tored and registered. In each group,

1. Nutrition was initiated at the rate of 20 mL h!

2. In case of gastrointestinal intolerance observation, no EN
was applied as long as findings continued to appear in pa-
tients during the nutrition intervals until the next control.

3. If gastrointestinal intolerance was not determined,
planned increases were performed in the event of GRV
being below the threshold value. The nutrition was con-
tinued at the latest decided rate without any rise if GRV
exceeded the threshold value.

4. When the patients whose nutrition was discontinued
due to gastrointestinal intolerance were re-evaluated, the
nutrition was initiated again at the rate of 20 mL/h if
there was no gastrointestinal intolerance finding, and the
decision related to EN was made (18).

Gastric residual volume measurements of the patients included in
the study were recorded by project coordinators by assessing their
latest conditions every 4 hours in Group 1 and every 8 hours in
Group 2. Runny stool was considered as diarrhoea when it was
seen in patients three or more times in 24 hours (19).

Gastric residual volume measurements were measured in mL
by aspiring from nasogastric tube with a 50-mL injector. The
volume obtained from the patient was not returned but emp-
tied. The time required to reach target EN rate, the interval
periods and their causes were noted. All patients received
EN for 72 hours. The patients excluded from the study were
those who were discharged from ICU before the 72" hour
of EN and those whose EN was stopped indefinitely. There
was no intervention to treatment procedure applied to the
patients; only 10 mg metoclopramide was given 3 times per
day intravenously to diabetic patients.

Statistical analysis

Statistical analysis was performed using Statistical Package for
the Social Sciences software (IBM SPSS Statistics, Armonk,
NY, USA). The data were presented as meantstandard de-
viation. In terms of independent variables, the differences
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ITable 1. Patients and enteral nutrition characteristics ITable 4. Gastrointestinal intolerance results of the patients
Group 1 Group 2 Group1 Group2 Total
(n=30) (n=30) (0=30) (n=30) (n=60)
GRV: 100 GRV: 200 n (%) n (%) n P
I“I:Cr:;ls f :‘a‘;:“ hﬁ;;ﬁ :‘;‘:‘s Patientwithvomitingonly 1(3.3) 5(166) 6 0211*
20 mL h! 20 mL h! p* Patient with diarthoeaonly 2 (6.6) 3 (10.0) 5  0.305*
Age (years) 54.8422.2 54.1422.8 0.900 Patient with vomiting and 0 2 (6.6) 2 -
Weight; kg 743+132 734£150  0.807 diarrhoca
) . . =
Body mass index 2624425 26.05.2 0.830 Panents with gastrointestinal 3 (10.0) 10(33.3) 13  0.028
(kg m*") intolerance
APACHE II 19.6£9.2 178180 0432 “Fisher-Bxact est, ™ Chi Square test
SOFA 1+ day 5.0+2.9 6.5£3.7 0.098
SOFA 2 day 5.242.9 69:40  0.080 I Table 5. Outcome variables
SOFA 3 day 5.152.9 7.044.1 0.054 Group 1 (n=30)  Group2 (n=30) p*
i (o eeh e ICU stay (days) 12.7+12.4 17.8£14.1  0.143*
target calories (hOUl‘S) 21.3+6.3 22.149.5 0.44 ICU morcahty 12 (40%) 10 (33%) NS**
“Student ttest *Student’ t test **chi square test. ICU: intensive care unit
ITable 2. Glasgow coma scores of patients and their associated diseases, APACHE II, SOFA (Table 1),
Glasgow Coma Scales (Table 2), and diagnosis (Table 3).
Groupl  Group 2
(n=30) (n=30) Total The mechanical ventilation modes of the patients, their time
n (%)* n (%)* n Chi-square p limit and applied PEEP ratios were similar (p>0.05). In view
38 25(52.1) 23(479) 48 075  0.687 of the average daily intraabdominal pressure measurements
of the patients, no statistically significant difference was ob-
i 3600  30600) © served over a 3-day period (p>0.05). There was no statistically
13-15  2(33.3) 4(66.7) 6 significant difference in the target calorie values averages be-
Total 30 30 60 tween the groups (p>0.05). Targeted calorie could never be
reached in two patients in group 1. No statistically significant
“line percentage difference was determined in terms of hours to reach the goal
rate of feeding in two groups. It was 24.5£14.2 hours for
1 22.149.5 h f 2 0.05).
ITable 3. Patients diagnosis Group 1 and £9.5 hours for Group 2 (p>0.05)
Group 1 (n=30)  Group 2 (a=30) The gastrointestinal intolerance results of the patients are given
Diagnosis n (%) n (%) P in Table 4. Both groups were reviewed for their vomiting and
diarrhoea conditions. It was observed that one patient vomited
Al v el 7 438) 75 and two patients had diarrhoea in Group 1 and that five pa-
After brain surgery 9 (75.0) 3(25.0) tients vomited, three patients had diarrhoea and two patients
STy S 8(53.3) 7 467) had both vomiting and diarrhoea in Group 2. When all gastro-
intestinal intolerance observed cases were evaluated (diarrhoea
Medical 7 35.0) 13 (65.0 and/or vomiting), it was seen that there was a statistically sig-
*Chi-Square test nificant difference between the groups (p<0.05), but no statis-

between groups were evaluated through the statistical point
of view; p<0.05 was regarded as statistically significant. Stu-
dent's t test was used for significant differences between the
groups in measurements. For evaluation of countable data,
chi square test and Fisher's exact test were used.

Results

No significant differences were determined in terms of pa-
tients’ age, sex, body weight, BMI, causes for admission to ICU

tically significant difference was established in terms of only
vomiting or only diarrhoea between the groups (p>0.05).

There was no significant difference between the groups for the
drugs used (p>0.05). Metoclopramide use, known to increase
gastrointestinal motility, was needed at 16.6% in Group 1

and 20% in Group 2 (p>0.05).

The average hospital stay of patients in ICU was 12.7+12.4
days in Group 1, whereas it was 17.8+14.1 days in Group
2; there was no statistical difference between the groups
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(p>0.05). No significant difference was established between
the groups in mortality rate (p>0.05) (Table 5).

Discussion

In this clinical study, we found that there was no significant
difference for reaching target calories and the hours to reach
the goal rate of feeding between the two groups, but the fre-
quency of vomiting and diarrhoea in Group 2 (GRV: 200
interval 8 hours, increase rate: 20 mL h') was found to be
higher than in Group 1 (GRV: 100, interval 4 hours, increase
rate: 10 mL h). This result supports the studies which sug-
gest 4-hour monitoring interval for GRV (2, 3).

One of the most substantial parameters of EN protocols used
as guideline in EN applications is informed as GRV measure-
ment. Spain et al. (3) stated monitoring interval as 4 hours and
GRYV as 200 mL, whereas Bochicchio et al. (20) reported mon-
itoring interval as 6 hours and GRV as 150 mL. Until reaching
to a consensus on this subject, further studies are needed.

Targeted calorie in EN can usually be reached in 3 days, but
in some studies, periods of 3 days to 6 weeks can be observed
(2, 21). Bochicchio et al. (20) who evaluated EN tolerance in
57 patients with head trauma established that target calorie
could be reached in more than 3 days only in four patients.
The patients in our study group reached target daily calorie
intake within 3 days, and no significant difference was iden-
tified in terms of reaching target calorie period between the
two groups in our study. These results are similar to the stud-

ies of Flesher et al. (22) and Pinilla et al. (2).

In ICU patients, gastrointestinal motility is affected by multi-
ple factors besides nutrition. Undergoing GIS surgery is one of
the most important factors (23). Therefore, the patients who
underwent a GIS surgery were excluded from this study. Other
factors known to affect GIS muotility are diabetes mellitus and
used pharmacological agents that change colonic flora and co-
lon motility (24, 25). Head trauma was also known to increase
GIS intolerance (26). In our study, two groups were similar in
terms of these features; the results consequently showed that
GIS intolerance is strongly associated with nutrition.

There are studies in which EN was initiated at infusion rates
of 10, 20, 25, 30 and 40 mL h' in adults and 10-25 mL
h'rate of rise was utilised (27). In this study, 20 mL h! rate
infusion was started and 10 mL h™ in Group 1 and in Group
2 20 mL h increase rates were preferred. Twenty-four-hour
volume that went into stomach was decided to be equal in
two groups to provide standardisation when comparing in
terms of groups’ gastrointestinal intolerance. Therefore, the
increase in infusion rate was not equal in two groups.

Williams et al. (27) suggested that gastric aspirate be returned
to patient and this is proof level three. In addition, aspired
GRV was not given back to the patient in order to avoid neg-
ative results regarding bolus implementation in our study.

Consistency with mechanical ventilation of ICU patients
included in the study was provided with sedatives and se-

dation levels were followed by Ramsay sedation score. Since
sedation is known to affect gastric discharge (15), sedatives
implemented during the study were documented, and no sig-
nificant difference was determined between the two groups in
terms of Ramsay sedation score.

In the evaluation of gastrointestinal intolerance in patients
fed by enteral method, there are studies concerning GRV, ab-
dominal distention, nausea/vomiting and defecation changes
as well as papers stating that bowel sounds must be monitored
(11, 12, 15, 27). Nausea and vomiting develop in 20% of the
patients fed by the enteral method. Vomiting is the most se-
vere complication increasing the risk of pneumonia. Delayed
gastric discharge is one of the most commonly encountered
causes for vomiting, even though it is multi-factorial.

In a study by Elpern et al. (28) in which GRV threshold value
was 150 mL and monitoring interval was 8 hours, nausea and
vomiting rate was 9.2%, whereas it was determined as 16.5%
and 29.5%, respectively, in a study in which two groups were
used by Pinilla et al. (2). In our study, however, 3.3% vom-
iting and 6.6% diarrhoea complaints were seen in Group
1 and 16.6% of the patients vomited, 10% of the patients
had diarrhoea in Group 2. Patient ratios for total intolerance
(nausea and/or diarrhoea) were 10% in Group 1 and 33.3%
in Group 2. It was observed that there was a major statistical
significance difference in terms of total cases seen to have gas-
trointestinal intolerance between the two groups.

Two groups having different threshold values (100 mL/250
mL) were compared by Pinilla et al. (2), and vomiting, di-
arrhoea and high GRV were considered as total intolerance.
On the other hand, in our study, we did not add high GRV
to total intolerance since standardisation of two groups may
be affected. Because records of GRV thresholds were different
for the groups (100 mL/200 mL).

According to GRV values obtained from EN cases, it was de-
cided either to continue or to pause the nutrition. A thresh-
old value regarded as limit should be determined in order
to take such a decision. The plan of continous EN based on
GRV threshold, has not been clearly defined yet.

Edwards et al. (14) stated that GRV monitoring should be
carried out, monitoring period should be performed every 4
hours and GRV threshold value should be kept at 200 mL. In
our study, less gastrointestinal intolerance was observed to be
determined in Group 1 compared to Group 2. In this case,
a protocol in which there must be a monitoring process in
every 4 hours and GRV threshold value is 100 mL could be
proposed instead of a protocol in which there is a monitoring
process in every 8 hours and GRV threshold value is 100 mL.

Conclusion

According to the results of this clinical study, we have decided
that a protocol in which GRV threshold value is 100 mL and
monitoring interval is 4 hours is a preferable guideline instead
of a protocol in which GRV threshold value is 200 mL and

monitoring interval is 8 hours for patients receiving EN in ICU.
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