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Mixed fibers diet in surgical 1CU septic patients
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Diarrhea commonly occurs in surgical critically ill patients, especially septic patients and fiber formulas have
been reported to improve diarrhea. Most reports have used soluble or insoluble fiber exclusively, while the ef-
fects of a mixed fiber diet remain unclear. This study compares diarrhea scores between mixed-fiber and non-
fiber diets in surgical septic patients receiving broad spectrum antibiotics. We conducted a prospective random-
ized control double blind study in a general surgical ICU. Patients who received broad spectrum antibiotics and
no contraindication to enteral feeding were randomly allocated to a fiber or non-fiber diet for up to 14 days. Nu-
tritional delivery and diarrhea scores were recorded daily. Intention to treat analysis was performed. Thirty-four
patients were enrolled in the study, 17 in the fiber group and 17 in non-fiber group. These two patients groups
were similar in demographics, disease severity, nutritional status, cause of sepsis and total feeding per day. The
proportion of patients with diarrhea score >12 was higher in the non-fiber group than in the fiber group, but the
difference was not statistically significant [8/17 (47.06%) vs. 4/17(23.53%); p=0.15]. However, the fiber group
had a lower mean diarrhea score (fiber vs. non-fiber = 3.6 + 2.3 vs. 6.3 + 3.6; p=0.005), as well as a lower global
diarrhea score from the generalized estimation equation model for repeated measurement [Coefficient -3.03
(95%CI= -5.03 to -0.92); p=0.005]. In summary, a mixed fiber diet formula can reduce the diarrhea score in sur-

gical critically ill septic patients who received broad spectrum antibiotics.
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INTRODUCTION
Diarrhea commonly occurs in critically ill septic patients
who receive broad spectrum antibiotics. About 70-80% of
surgical patients admitted to the surgical-ICU in our insti-
tute need broad spectrum antibiotics due to sepsis.' Fiber-
enriched enteral formulas can stimulate the growth of
beneficial normal flora bacteria which inhibit harmful
bacteria, and there is ample evidence of their beneficial
effects. Soluble fiber pectin can prevent diarrhea related
to enteral-feeding.” Some cereal fibers could be fer-
mented by colonic bacteria and produce short chain fatty
acids (SCFAs).” SCFAs are rapidly cleared from the co-
lon and increase sodium absorption which promote trans-
mucosal water transportation and diminish diarrhea.*”
Homann et al. performed a study on soluble fiber diet
(10 g/L of hydrolyzed guar gum) in total or supplemental
enteral nutrition and found that it reduced the incidence of
diarrhea but the authors excluded patients who received
broad spectrum antibiotics.” In septic patients, Spapen et
al. investigated the effects of soluble fiber (22 g/L of par-
tially hydrolyzed guar gum) and also found favorable
outcomes.® However, their study population was limited
to those with severe sepsis, and septic shock, most of
whom were patients from medical unit who received a
concentrated soluble fiber guar diet. Although diet con-
taining insoluble fibers increase intestinal motion and
bulk up stool quantity, most purely insoluble fiber (soy
polysaccharide) feeds have demonstrated negligible ef-
fects on diarrhea in the critically ill.”® Even though previ-

ous studies have investigated fiber’s effects in mixed
critically ill populations, they have used single fiber diets.
Thus, the results of mixed fiber formulas remain unclear,
especially in surgical patients who are predisposed to
intestinal intolerance. Therefore, the aims of this study
are to demonstrate the effects of an enteral formula con-
taining mixed soluble and insoluble fiber in a single
population of surgical critically ill septic patients who
needed broad spectrum antibiotics.

MATERIALS AND METHODS

We conducted a prospective randomized control double
blind study in a six-beds general intensive care unit (ICU)
of a university hospital from February 2007 through No-
vember 2008. Patients who were admitted to surgical ICU
were classified into those with sepsis and those without
according to consensus guideline.'® Septic patients who
received broad spectrum antibiotics and total enteral feed-
ing were eligible for enrollment. Exclusion criteria were

Corresponding Author: Dr Kaweesak Chittawatanarat, De-
partment of Surgery, Faculty of Medicine, Maharaj Nakorn
Chiang Mai Hospital, Chiang Mai University, Amphur Muang,
Chiang Mai, Thailand 50200.

Tel: +66-53945533; Fax: +66-53946139

Email: kchittaw@gmail.com

Manuscript received 7 April 2010. Initial review completed 7
June 2010. Revision accepted 1 July 2010.



K Chittawatanarat, P Pokawinpudisnun and Y Polbhakdee 459

1) hemodynamic instability; 2) bowel obstruction, hemor-
rhage, ileus; 3) acute pancreatitis; 4) post-endoscopy <24
hours; 5) bowel resection and anastomosis <24 hours; 6)
ischemic bowel; 7) inflammatory bowel, ulcerative colitis,
Crohn’s disease; 8) enteric fistula and; 9) gut malabsorp-
tive syndrome. Eligible patients who did not sign in-
formed consent were also excluded. We recorded the pa-
tients’ demographic data, admission disease, type of pro-
cedure, type of antibiotics, APACHE II score, SAPS II
score, weight, height and albumin level. Nutritional re-
quirements were calculated using the Harris Benedict
equation. The main outcome assessment was a diarrhea
score according to Hart and Dobb as shown in Table 1."
After patients were randomized, they received assigned
diets for at least 5 days. Diarrhea scores were followed
for up to 14 days or until changing from enteral nutrition
to normal oral diet. A daily score was obtained by sum-
ming the scores for each stool over a 24-hour period. Di-
arrhea was defined as a daily accumulation score more
than or equal 12.° Scores were collected by the same in-
vestigator who was blinded to the study. In this study, the
length of ICU and hospital stay (ICU and hospital LOS)
started at the intervention assignment date until ICU and
hospital discharge respectively.

We randomly assigned two diets to patients. The inter-
vention group received a mixed fiber formula [Nutren
Fibre®, Nestlé Suisse S.A. (Switzerland)] and the control
group received a standard formula without combined fi-
ber [Nutren Optimum®, Nestlé Suisse S.A. (Switzerland)].
The nutritional composition of fat: protein: carbohydrates
of the mixed fiber and standard formula were 38: 40.1:
126.5 and 38: 40: 126.3 kcal/L respectively. Both diets
had the same osmolarity 360 mOsm/L after brewing ac-
cording to standard recommendation. The fiber formula
contained 15.1 g/L of dietary fiber which was produced
by yellow pea fiber mixed with fructo-oligosaccharide,
which is not present in the standard formula. The formula
had an approximately one to one ratio of soluble and in-
soluble fiber. Soluble fiber was 35% FOS and 15% pectin.
Insoluble fiber was approximately 30% cellulose 5% lig-
nin and 15% hemicelluloses. Both diet formulas were
prepared and packaged by dietary unit in our hospital by
randomized assignment then delivered to the surgical ICU
and handled by a nurse who was unaware of the study
allocation. All eligible patients strictly followed the feed-
ing guidelines of the surgical critical care unit protocol.
Medications that directly cause diarrhea such as metoclo-
pramide, quinidine, xylitol, magnesium, erythromycin,
aminophylline, sorbitol and phosphorus were prohibited.
This study was approved by the Committee for Ethics in
Human Research of Faculty of Medicine, Chiang Mai
University. Informed consent was obtained from all cases.

All data were analyzed by STATA 11 software. These
are presented as mean with standard deviation in normal
distribution continuous data. All categorical variables
were analyzed by chi-square tests, except when small size
required the use of Fisher’s exact test. Comparison of
continuous variables among groups was performed using
Student’s t test for variables with normal distribution and
the Mann-Whitney U test for variables with non-normal
distribution. All patients who were allocated to a treat-
ment group were included in analytic processes regardless

Table 1. Diarrhea score proposed by Hart and Dobb

Estimated volume (mL)

Consistency 200 200-250 =250
Formed 1 2 3
Semi-solid 3 6 9
Liquid 5 10 15

of whether or not they completed the intervention proto-
col (Intention to treat analysis). The main outcomes of
repeated measurement diarrhea scores were analyzed by
repeated measurement model. Incidence density of diar-
rhea >12 was analyzed by Poisson’s distribution, while
diarrhea score was analyzed by Gaussian distribution.
Hazard ratio of time to start of first diarrhea was per-
formed by Cox regression. Differences were considered
to be statistically significant when p<0.05.

RESULTS
During of the 19-month study period, 189 septic patients
who received broad spectrum antibiotics were eligible.
Only 34 consenting septic patients with no contraindica-
tion for enteral feeding and consent were randomized and
allocated to this study (Figure 1). The 17 patients in the
intervention group were fed with mixed fiber supplement
formula (fiber group). The other 17 patients, the control
group, were fed with standard formula (non-fiber group).
The baseline characteristics and severity of disease at
admission for both groups were comparable as shown in
Table 2. The most common sites for infection were pul-
monary system and urinary system. The frequently pre-
scribed antibiotics were beta-lactam and carbapenem for
gram negative sepsis, glycopeptides for gram positive
infection and clindamycin for anaerobic infection.

After randomized allocation, all patients received en-
teral diet for at least five days. Only 10 patients in the

Sepsis (n=189) |
Excluded (n=155)

Unstable (n=75)

Bowel resection (n=24)
Fistula (n=4%)
Pancreatitis (n=2)
Bowel obstruction(n=10)
lleus (n=6)

No consent (n=29)

‘ Randomized (n=34) ‘

|

Follow up (n=17)
EN day 14™ (n=10)
Dead (n=2)

Change to oral (n=5)

Analyzed (n=17)

Follow up (n=17)
EN day 14" (n=8)
Dead (n=1)

Change to oral (n=6)

Analyzed (n=17)

Figure 1. Flow chart of study.
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Table 2. Baselines characteristic of both groups patients

Parameters Fiber(n=17) Non fiber(n=17) p value
. 49.2+20.5 51.9+17.4
+ . 0
Age in years, (MeantSD; 95%/CI) (38.7-59.8) (43.0-60.9) 0.68
Gender (F:M) 11:6(64.7:35.3) 11:6(64.7:35.3) 1.00
19.8+4.2 20.246.6
+ . 0,
APACHE II, (MeanSD; 95%/CI) (17.6-22.0) (16.8-23.6) 0.83
39.948.5 40.148.6
+ . 0,

SAP II, (MeantSD; 95%/CI) (35.5-44.2) (35.6-44.5) 0.95
Bod ioht. (MeantSD: 95%/CI 55.149.5 56.9£15.3 0.69
ody weight, (MeantSD; 95%/CT) (50.3-60.0) (49.0-64.8) :
Height, (Mean+SD; 95%/CT) 160.9+8.3 161.8+8.9 0.78

(156.7-165.2) (157.2-166.4)
. 3.11£0.8 2.940.9
+ . 0,
Albumin, (MeantSD; 95%/CI) (2.7-3.5) (2.4-33) 0.37
Organ infection
Gastrointestinal 1(5.9) 2(11.8) 1.00
Hepatobiliary 2(11.8) 0(0) 0.49
Pulmonary 12(70.6) 12(70.6) 1.00
Urologic 13(76.5) 11(64.7) 0.71
Soft tissue 1(5.9) 3(17.7) 0.60
Trauma 2(11.8) 1(5.9) 1.00
Antibiotics
Beta lactam 8(47.1) 10(58.8) 0.49
Carbapenem 5(29.41) 9(52.9) 0.16
Aminoglycoside 2(11.8) 2(11.8) 1.00
Fluoroquinolone 3(17.7) 6(35.3) 0.44
Metronidazole 4(23.5) 3(17.7) 0.67
Clindamycin 8(47.1) 8(47.1) 1.00
Glycopeptides 7(41.2) 8(47.1) 0.73
ceal Caloric intake in 14 days
2500
B Non-fiber [] Fiber
2000
1000 - -
500 -
0 - -1 Day
1 2 3 4 5 6 8 9 10 11 12 13 14

Figure 2. Daily caloric intake for 14 days of the cohort period.

non-fiber group and eight patients in the fiber group re-
ceived enteral feeding until day 14™. The fiber group
achieved mean caloric delivery of 1500 kcal earlier (at
day 6™) than those in non-fiber group (at day 8"). How-
ever; there was no statistically significant difference in
mean caloric intake when comparing daily delivery be-
tween groups (Figure 2). At the end of cohort, 14 days
after the start of enteral feeding, we found that the accu-

mulation and mean diarrhea score in the fiber group was
significantly lower than in that found in the non-fiber
group (50.8+32.0 vs. 87.7£50.7; p<0.01 and 3.6%+2.3 vs.
6.313.6; p <0.01 respectively). Although the incidence of
patients with at least one day of diarrhea, defined by diar-
rheal score >12 in this study, had a lower trend in the fi-
ber receiving group (4/17 (23.5%) vs. 8/17 (47.1%);
p=0.14), the overall incidence of diarrhea density per 100
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patient-fed days in the mixed model was significantly
lower in the fiber group (6.7 vs. 14.8; IRR=0.45; 95%
Confidence interval; CI, 0.2-0.9; p=0.01). Repeated mea-
surement of incidence rate ratio of diarrhea (IRR) had
also significantly lowered in the fiber group when enteral
nutrition started after receiving broad spectrum antibiotics
(IRR 0.44; 95% CI, 0.2-0.9; p=0.04). Daily mean and
standard deviation of diarrhea scores after 14 days of ran-
dom assignment are shown in Figure 3. Diarrhea scores
were statistically different from day 3 through day 11
except for day 8. Those differences were confirmed by
the repeated measurement model, in which the coefficient
of the fiber group was -3.03 (95%CI= -5.0 to -0.9;
p<0.01). Although data cannot show the median time of
the start of diarrhea’s due to the lower incidence of diar-
rhea in the follow-up period but it is probable that the
fiber group had a lower trend of first diarrhea beginning
at day 14™ (Table 3) with a hazard ratio of 0.45 (95% CI,
0.13-1.49; p=0.19).

Surviving patients in the fiber supplement and control
groups had mean durations of ICU stay of 16.8 days (6-37
days) and 25.5 days (11-50 days) respectively (p=0.06).
Mean hospital LOS of the fiber and non-fiber groups
were 30.9 days (6-120 days) and 36.1 days (15-61 days)
(p=0.07). No adverse outcomes due to either type of diet
(such as allergy, aspiration pneumonia, sinusitis, tube
displacement and tube obstruction) were observed during

the study period. Three patients died, one in the fiber
group and two in the control group. The remaining 31
patients survived to hospital discharge. Cause of death of
the participant in the fiber group was ARDS. In the non-
fiber group, patients died from severe sepsis and acute
myocardial infarction. No deaths were associated with
our intervention.

DISCUSSION

Sepsis-induced diarrhea may have many causes such as
Clostidium difficile infection, gut ischemia, hypoalbu-
minemia and cellular derangement associated with shock.
In addition, prolonged total parenteral nutrition impairs
gut tolerance to enteral feeding by enhancing mucosal
atrophy and reducing enzyme activity, which precipitates
diarrhea in critically ill patients.'”” The interventions
which can prevent or intercept those mechanisms might
minimize the occurrence of diarrhea. Of those interven-
tions, satisfactory results have been reported for diets
containing fiber.

Dietary fibers have been divided into two groups, in-
soluble and soluble fibers. Insoluble fiber in a blended
enteral diet, such as lignin cellulose and hemicelluloses,
cannot hold water and has little effect on viscosity. The
natural source of these fibers is soy bean or soy polysac-
charide. These types of fibers increase colonic transit time
due to bulking action."”'* Studies of soy polysaccharide

Diarrhea score in 14 days

Diarrhea score

y . * -¢- Non-fiber (Mean/SE)
i —a— Fiber (Mean/SE)
. * * *
-4 : p<0.05
10 2 i i
4
i
i

Coefficient (fiber VS non-fiber) = -3.03 (95% CI =-5.03 to -0.92; p=0.005)

Day 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Non (N) 17 17 17 17 17 17 17 17 16 12 12 12 11 10
Fiber (N) 17 17 17 17 17 17 16 14 13 12 11 9 9 8

Figure 3. Diarrhea score (mean/standard error) in 14 days of follow up.

Table 3. Outcomes of study

Main outcomes Fiber (n=17) Non fiber (n=17) p value
Accumulation diarrhea score 50.8+£32.0 87.7£50.7 <0.01*
Mean diarrhea score 3.61£2.3 6.313.6 <0.01*
Number of patients with at least 1 day of diarrhea (%) 4(23.5) 8 (47.1) 0.14
Incidence rate of diarrhea (100 patient-fed day) 6.7 14.8 0.01
Probability of first diarrhea beginning at day 14" (95% CI) 0.24 (0.1-0.5) 0.47 (0.3-0.7) 0.19%*
Hospital LOS 30.9£28.0 36.1+£14.8 0.07*
ICU LOS 16.848.0 25.5¢13.0 0.06*

*Mann-Whitney U test

**Cox regression of fiber with hazard ratio 0.45 (95% Confidence interval; 0.13-1.5)
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(insoluble fiber) in critically ill patients did not show diar-
rhea incidence alternation.”® However; it has been found
that a diet which contains a mixture of insoluble and
soluble fibers is associated with significantly greater
proximal antral motility than an insoluble-fiber diet in
healthy volunteers." This effect might benefit critically ill
patients with gastroduodenal paresis and ultimately im-
prove gut intolerance.

Soluble fiber and fiber-like substance (e.g. pectin, guar
gum, inulin and FOS) have gelling properties and in-
crease viscosity. Many studies have demonstrated that a
combination of these fibers can reduce diarrhea.”>®'
Most of those could be fermented by intestinal bacteria
and result in short chain fatty acids (SCFAs).”>'* These
final products have an important role in gut function.
Firstly, SCFAs are rapidly cleared from the colon and are
associated with the activity of the sodium — hydrogen
exchanger system which facilitate water absorption.'’
Secondly, SCFAs have ancillary benefits in reversing
toxin induced secretion in cholera and other diarrheas, as
well as decrease the Clostidium difficile toxin uptake to
cells and reducing the cytopathic effect to colonic cells.'®
' Finally, SCFAs have the anti-inflammatory effects via
molecular mechanism such as NFxB inhibition and re-
duction of proinflammatory cytokines.””*' However, no
hypotheses regarding these mechanisms could be con-
firmed in this study because it did not investigate the dif-
ferences in intestinal flora and fecal SCFAs concentration
between the two groups.

Using these background hypotheses, the authors inves-
tigated the effects of a mixture of insoluble and soluble
fiber on clinical outcomes (Table 3). After randomization,
the patient background in each group was comparable
(Table 1) Accumulation diarrhea scores, daily mean
scores and incidence density of score per 100 patient—fed
days revealed statistical differences between the groups.
However, there were only lower trends of at least one day
diarrhea incidence, hazard ratio of diarrhea beginning,
ICU length of stay and hospital length of stay in the fiber
group. It is possible this could occur due to the small
sample size and that results would be different in larger
trials. The authors analyzed both mixed model and re-
peated model of individual patient of diarrhea scores and
diarrhea occurrences, and both analyses demonstrated
statistically significant differences (Table 3 and figure 3).

This study demonstrates the clinical outcomes of diar-
rhea but not the underlying mechanism. The important
one is Clostidium difficile toxins. They are routinely in-
vestigated in clinical practice in developed countries, but
laboratory settings are not commonly available in most of
government public hospital in Thailand because they are
not as cost effectiveness as therapeutic diagnosis with
metronidazole. Therefore, the authors cannot conclude
that Clostidium difficile inhibition or toxin neutralization
was improved by soluble fiber.

Although previous studies have preferred soluble fiber
to insoluble fiber for diminishing diarrhea in critically ill
patients, the authors’ results have demonstrated better
outcome using mixed formula.”®'® There are two possible
explanations: 1) only the soluble fibers play an important
role and; 2) soluble and insoluble fibers have a synergistic
interaction which enhances each other’s effects in mixed

formula while there are fewer effects when separately
administered. The authors prefers the second hypothesis
for the following reasons. Despite different types of solu-
ble fiber between studies, previous studies achieved fa-
vorable results by adding 10-22 g/L of soluble fiber to
their trial formulas whereas this study obtained similar
results by adding only 7.5 g/L.>® Accurate causal associa-
tion needs further investigation, either by factorial two by
two designs of soluble and insoluble fiber or by three-
armed randomization of soluble, insoluble and mixed
fiber fibers.

Even though mean caloric intake was not different be-
tween the two groups, the fiber group reached its caloric
target earlier than the non-fiber group. This phenomenon
might be explained by fecal content in each group’s pa-
tients. In common practice, when diarrhea occurs, most
physicians prefer to discontinue enteral feeding and ob-
serve until the problem is resolved before then resuming
feeding. As previously explained, there was less enteral
interruption and more enteral administration in the fiber
group.

Finally, there were many limitations to this study. The
first is the small number of patients, so that some results
were only demonstrated tendencies. Larger populations
are needed to confirm these tendencies. Second, the study
could only demonstrate global clinical outcomes but
could not explain the underlying mechanisms. Detailed
investigation in future trials could explain pathophysi-
ological responses of intervention such as fecal intestinal
flora difference, fecal SCFAs and Clostidium difficile
toxin. Third, heterogeneous fiber composition in each
study might have different results despite the similar
physical characters.®'® Therefore; this study can postulate
and reveal the global effects of mixed fibers but it cannot
accurately summarize which favorable results occur from
which types of fiber in the formula. In addition, various
methods were used to measure diarrhea in the different
studies with no standard consensus, so that it might be
difficult to compare results among different studies. Last-
ly, the primary endpoint in this study focused on occur-
rence of diarrhea. Further studies should concentrate on
other important clinical endpoints such as severity of dis-
ease improvement, mortality and weight change or altera-
tion of nutritional parameters such as albumin, pre-
albumin (transthyretin) or thyroglobulin between groups.

In conclusion, formula containing mixed fiber is safe
and can reduced diarrhea scores in surgical critically ill
septic patients who need broad spectrum antibiotics.
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