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Abstract

Background: Enteral nutrition (EN) intolerance is a common complication in critically ill patients that
contributes to morbidity and mortality. Based on the evidence of curing effects of fenugreek seeds in
some gastrointestinal disorders, this study aimed to determine the effects of fenugreek seed powder on
enteral nutrition tolerance and clinical outcomes in critically ill patients. Materials & Methods: A
randomized, double-blinded clinical trial of 5-day duration was conducted on 60 mechanically
ventilated patients divided in 2 groups (n=30). Group 1 was given fenugreek seed powder by gavage,
twice a day in addition to routine care, while Group 2 received only routine care. Enteral nutrition
tolerance and clinical outcomes were measured throughout the study. Demographic and clinical data
were recorded and clinical responses to the primary outcome (enteral nutrition tolerance) and
secondary outcome (other clinical factors) were interpreted. Data were analyzed using the
independent t-test, Chi-squared test, covariance analysis, and repeated measure ANOVA via SPSS
statistical software (v. 20); statistical significance was set at p< 0.05. Results: Patients who were fed
with the fenugreek seed powder showed a significant improvement in enteral nutrition tolerance, as
well as some complications of mechanical ventilation for Group 1, as compared with Group 2. The
mortality rates were not different between the two groups. Conclusion: This study shows the beneficial
effects of fenugreek seeds on food intolerance in critically ill patients and that the seed powder can be
used as an add-on therapy with other medications. Thus, the use of fenugreek seeds to treat
mechanically ventilated patients is recommended.
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1. Background

Nutritional support is a right for acutely ill patients and is an essential factor of optimal care in
this population [1]. Enteral nutrition (EN) correlates with better outcomes and is considered the
safest manner. Patient intolerance typically occurs in one-third of the EN cessation time [2]. EN
intolerance has been reported in up to 60% of patients in the intensive care unit (ICU) [3].

Different methods for assessing nutritional tolerance include monitoring of the gastric residual
volume (GRV) and intestinal sounds, and abdominal radiography [4]. Delayed gastric emptying
(DGE) occurs in approximately 59% of mechanically ventilated patients and 80% of patients with
increased cranial pressure following head injury [5]. Several strategies to prevent and treat DGE
include: the use of feeding vs intermittent bolus feeding, prokinetics, post-pyloric feeds, and
herbal remedies. The technique of post-pyloric feeds can be challenging. Furthermore, prokinetic
agents have cross-sectional effects, including side effects and drug resistance, especially in
long-term use [4].

Researchers have found that the health effects of gastrointestinal microbiome modulators
(GIMMs) are similar to probiotic therapy. GIMM-induced growth selectively promotes probiotics
(live microorganisms that confer a health benefit on the host) [6]. Also, instead of lactic acid, it
produces short chain fatty acids. Moreover, it is worth noting that short-chain fatty acids, such as
propionic acid and butyric acid, play an important role in gut health [7].

A dietitian’s assessment is valuable for critical care outcome but, unfortunately, it is often
neglected due to the obvious tendency to gravitate towards the other vital organs [8]. Researchers
have always been looking for safe and applied methods to treat and relieve these problems. Today,
the trend towards the production and consumption of supplemented foods has dramatically
grown. Scientists are more concerned about prebiotics than probiotics. Each individual has
his/her own microflora, and these bacteria vary from one region of the world to another.
Therefore, instead of introducing new probiotic species into the human body, either in pure form
or with food, it is better to develop specific probiotics of the digestive tract of that individual. This
can be done with the help of prebiotics [9,10]. Protein and caloric goals in EN are clearly superior
to parenteral nutrition (PN) when a functional gut is currently present [11].

Based on a long history of use of fenugreek by humans, fenugreek is known to be safe.
Moreover, new industrial and pharmaceutical uses have been found for this plant. Fenugreek
(Trigonella foenum-graecum) is a one-year-old aromatic herb of the legume family. Fenugreek
seeds contain 45-60% carbohydrates that can act as prebiotics [12-15]. There are dietary
fibers of fenugreek seeds resistant to digestion in the human small intestine and selectively
metabolized by intestinal flora, thereby selectively promoting probiotic growth [16]. Dietary
fibers of fenugreek seeds increase the bulk of the food, augment bowel movement, and influence
digestive enzymes [15].

There is a common incidence of food intolerance in ventilated patients. It seems that by
incorporating fenugreek seeds in the diet, patients can improve EN tolerance. Considering the
importance of this issue, we decided to study the effects of fenugreek seeds on EN intolerance
and clinical outcomes in critically ill patients.

2. Methods

The clinical trial group led two parallel randomized studies. The Institutional Review Board (IRB)
of Sabzevar University approved the protocol of the present study, including written, informed
surrogate consent (Code of ethics: IRMEDSAB.REC.1394.128). Sixty patients were recruited from
April 2015 to June 2016 at two intensive care unit (ICU) centers (Dr. Shahid Beheshti’s unit and
the Mohammad Vasei Hospitals, Sabzevar, Iran).

Inclusion criteria were as follows:

¢ Adult patients at least 20 years of age
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* No gastroesophageal or intestinal injury during the current admission
* Enteral nutrition order with nasogastric tube
* No pregnancy

Exit criteria during the study included:

Not satisfied to continue study

Bleeding disorders or having internalized normalized ratio (INR) >2

Unable to administer the first dose of fenugreek seed powder drug within 24 hours of
admission

¢ Transfer to another hospital

All screenings were performed daily by the investigator. Conscious consent was obtained from
all patients who had inclusion criteria, and all the risks and benefits were explained. Each sample,
with the help of random numbers, was placed in one of the 2 groups and the same patient was
placed in the opposite group. Sampling continued up to the desired sample size. Demographic
information and base-line clinical data (GRYV, clinical profile, medical history, and APACHE II
score) were collected on the first day of admission. Patients were equally divided between the 2
groups (Table 1). The nurses, doctors, students and other personnel were blinded to this study.
Group 1 received 3g fenugreek seed powder twice a day via nasogastric tube, while Group 2
only received the routine care. The first gavage of fenugreek seed was performed within 24 h of
admission.

To achieve a double-blinded study, a code was given to all sampler dishes. The nasal gastric
tube (NGT) of samples was No. 16. NG tube was attached to a 60-mL syringea then gastric
contents were aspirated and volume was recorded. Samples were gavaged under the influence
of earth gravity (within 10-15 minutes at a height of 12 inches height above the gastric level).
During lavages, the gavaged patient’s head was elevated >35° from the bed and this position
was maintained until 1 hour afterwards. After pouring warm soup into the gavage dishes, 3 g of
fenugreek seed powder was added into the sample dishes of Group 1 12*"and 18"h (without the
presence of other reagents. Adding fenugreek seeds did not change the color and appearance of
the soup.

The primary outcome was EN tolerance. Common manifestations of EN intolerance, including
delayed gastric emptying (DGE), gastric reflux, diarrhea (three or more loose stools per 24 h),
and constipation (no defecation for 3 consecutive days), were recorded for 5 days. The GRV
has been used as an indirect surrogate of gastric emptying (Anon n.d.).Secondary outcomes,
including frequent development of respiratory aspiration, mortality rate, duration of mechanical
ventilation, length of stay in hospital, length of stay in ICU, clinical status of patients and hospital
charges, were recorded until discharge or death of patients.

The reasons for using fenugreek seed in this study was that it can change flora (even in
small amounts) and it is a native plant that is physiologically compatible with the body of the
indigenous people of this region. Besides the fact that fenugreek is a rich source of calcium, iron,
and vitamins A, B, and C, it is also a good source of essential amino acids, especially leucine,
lysine, and total aromatic amino acids. Fenugreek seeds contain 20-25% protein, 6-8% oil, 45-50%
dietary fiber, and 2-5% steroidal saponins. It is also effective in the digestion and treatment
of hypercholesterolemia and hyperglycemia [16-18]. Fenugreek seeds were prepared from the
Sabzevar region, then washed with water and air-dried for 24 h. The seeds were grinded into
powder with a Wiley mill (Thomas Scientific, Philadelphia, PA, USA).

3. Results

A total of 116 patients were screened based on initial entrance and exclusion criteria of the study.
Of the 60 patients (100%) who were randomly selected, 18 patients (30%) were excluded during
the study. Out of these 18 patients, 10 (55.55%) and 8 (44.44%) were in Group 2 and Group 1,
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respectively. Of the 10 excluded patients in Group 2, 3 patients (27.2%) died in the first 48 hours
of ventilation, 4 (40%) did not have surrogate consent to continue the study, and 3 (27.2%) were
unlikely to need intubation for at least 48 h. Out of 8 excluded patients in the group 1, 4 (50%)
died in the first 48 hours of ventilation and 4 (50%) were unlikely to need ventilation for at least
48 hours.

The Statistical Package for the Social Sciences (IBM SPSS Statistics 20.0, Somers, NY, USA)
software was used for statistical analysis. First, the normal distribution of variables was
investigated using Kolmogorov-Smirnov test. Regarding the normal distribution of GRYV, the
Student’s t-test was used to compare the mean GRV. The Mann-Whitney U test (non-Gaussian
distribution) was used for continuous variables, such as the mean age (P=0.25), mean sex
(P=0.120), mean APACHE II score (P=0.65), and reasons for admission to the ICU (P=0.120). There

was no significant difference between the 2 groups in the first admission (Table 1).

Table 1. Demographic and baseline in both groups.

Variables Group 1 Group 2 P-Value
Male 12(40) 19(63.3) 0.120*
Gender Female 18(60) 11(36.6)
Age (mean+ SD) 54.366 £19.18 59.533 £17.371  0.251***
Apache II score (mean=+SD) 22.7+75 237+ 8 0.45**
Head trauma 16(53.3) 10(33.3) 0.792*
Multi-organ trauma 9(30) 7(23.3) 0.771*
Reasons  piapetes disease 10(33.3) 21(70) 1.00*
for Respiratory failure 6(20) 3(10) 0.27*
admission  Cardiac pathology 19(63.3) 17(56.6) 0.792*
ICU Neurological pathology  6(20) 5(16.6) 0.89*
Digestive pathology 26.66 4133 0.89 *
Glandular pathology 1(3.33) 0 0.89 *
Infectious pathology 3(10) 2(6.66) 0.89*%
Length of stay in hospital (day) 241+ 5.6 27.4+ 6.6 0.238***
Length of stay in ICU (day) 142+ 438 17.6£ 6.7 0.041***
Intestinal sounds 10.11 £18.06  20.20 0.414*
Smoking 9(30) 7(23.3) 0.792 *
Addiction 13(43.3) 11(36.6) 0.792 *
Stimulant drugs gastric 13(43.3) 11(36.6) 0.792 *
Sedative medications 15(50) 14(46.6) 1.00*
GCS 7.6+2.06 8.4+2.35 0.275**
Volume of nutrition 154.66 £53.54  149.666+ 41.292  0.724***
Degree Ps ventilator 9.50 &+ 0.572 9.766+ 0.626 0.094***
Degree PEEP ventilator 6.40 + 0.93 1.00+ 6.50 0.694***
% mouth hygiene 0.932+ 6.40 2(6.66) 0.64*
Oral hygiene (poor) % 3(10) 29(96.66) 0.3%
Diarrhea caused by ICU stay 27(90) 6(20) 0.4*
Respiratory aspiration% 1(23.3) 1(3.3) P=0.005****

P-Value For comparison between the two groups (p<0.05); X2 test(*), independent t test)
**), Mann-Whitney test) ***), Cochrane analysis test (****).

Comparison of the mean GRYV, using an independent t-test, for the 2 groups at admission time
and the first day showed that there was no significant difference between the groups (p >0.05).
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However, comparison of the mean GRV in the 2 groups from the 3rd_sth day of the study, using

covariance analysis, showed a strong decreasing trend in Group 1; one-way ANOVA showed a
significant difference between the two groups (p=0.001). After 5 consecutive days of study, it was
observed that the mean GRV of Group 1 was significantly different (p=0.001) from that of Group
2 (Graph 1).

Day O First day Second day Third day Fourth day Fifth day

&0

4

Q

3

=]

20

10

GRV Day 0 First day Second day Third day Fourth day Fifth day
Groupl ! 37/76=9/68  37/876+9/68  38/68+10/12 | 31/93+9/35 | 30/61+9/17 28/06+ 9/23

Group 2 I 35/96=9/56  35/96+ 9/56 37/6+9/77 38/47:9/63 | 38/83=8/3 38/94+ 9/54
P-value 0/472 0/495 0/687 0/001 0/001 0/001

Graph 1: Comparison of mean GRV in the two groups.

In the 2 groups from the 374 5th day of the study, using covariance analysis, there was an
observed decreasing trend in Group 1; one-way ANOVA showed a significant difference between
the two groups (p=0.001). In the 5 consecutive days after the study, for Group 1, the difference in
mean GRV was significantly (p = 0.001) different compared to that of Group 2 (Table 2).

Table 2. Comparison of mean GRV of the two groups during five consecutive days in the study.

Mean GRYV at five consecutive days Degrees of Average
F P- value
of study freedom squares
Group 1 2/506 1331/014 463/025 0/001
Group 2 2/924 66/759 105/510 0/784
P-value 2/633 13/602 7/819 0/001

The secondary aim included the evaluation of the average number of days spent in the ICU
[Group 1: 14.2+4.7 vs. Group 2 [17.61+6.5, p=0.028], length of stay in the hospital [Group 1:
24.145.6 vs. Group 2: 27.4+6.6, p=0.041], rates of diarrhea [Group 1: 1 (3.33%) vs. Group 2: 6
(20%), p=0.04], and cases of respiratory aspiration (33.3% vs. 3.3%, p=0.005). These variables were
higher in Group 2. The duration of mechanical ventilation (16.06+4.81 vs. 20.26+6.05, p=0.64) was
not different between the groups. No side effects were observed that were attributable to the use

Biomed. Res. Ther. 2018, 5(7): 2528-2537

Biomedical Research and Therapy 2018, 5(7): 2528-2537

)G ‘8102 J8YL 'say ‘pawolg

1€62-8262 (L

2532



Kooshki et al. Biomedical Research and Therapy 2018, 5(7): 2528-2537

of fenugreek seeds. Specifically, no cases of diarrhea related to the ICU and 3 cases of constipation @
were observed in Group 1, while both cases were significantly increased in group 2 (P=0.001)

(Tables 3 and 4). .
ey
)
-3
Table 3. Result of covariance analysis for the comparison of the mean GRV in the 2 groups from the 15¢-5!" days 8_
of study in the two groups us)
Lo
Source changes Degrees of freedom  Average squares F P- value : c:_DT|
Effect of group on first day 1 0/026 0/0005  0/990 ;
Effect of group on second 1 408/37 8/76 0/004 g
day Lo
Effect of group on third day 1 959/07 9/29 0/003 'S
Effect of group on fourth day 1 1224/60 9/91 0/002 NS
Effect of group on fifth day 1 1224/05 9/85 0/002 §
Lo
e
c W
RN

Table 4. Secondary study aims for the two groups

Variables Group 1 Group 2 P- Value
Stay in ICU (day) 142+ 47 17.6+£ 6.5 0.028***
Duration MV (day) 16.06 £4.81 20.26 £6.05  0.64***
Diarrhea 0 4(13.3) 0.001*
Respiratory aspiration of fifth and sixth days 10(33.3) 1(3.3) 0.005%***
Intestinal sounds (mean+ SD) 20.20 18.10 0.020**
Constipation 3(10) 21(70) 0.001*
Normal defecation 27(90) 5(16.7) 0.001*

4. Discussion

The results of this study showed that fenugreek seeds have favorable effects on food tolerance and
were associated with better outcomes in patients with enteral nutrition intolerance. These findings
were based on the findings of other scientists on the use of fenugreek for treating gastrointestinal
disorders and in cooking [19]. Furthermore, the relationship between elevated blood glucose and
deleted gastric emptying led to a study, conducted by Kaur and et al. (2016), confirming the results
of the previous article [20].

This study on 60 Type 2 diabetes mellitus patients demonstrated that simultaneous use of
fenugreek seeds and metformin tablets for 12-week duration improved fasting blood glucose
(FBS) and GI side effects of metformin (such as heartburn, nausea, abdominal pain, bloating
and diarrhea), as compared to those in the control group who received only metformin (p<
0.05) [20]. Fenugreek seeds induced selective stimulation of useful intestinal microflora, improved
and adjusted the microbial microflora ratio of the intestine, increased mucosal secretion, and
decreased GI complications of metformin tablets.

In a study conducted by Burton et al. (2015) on 10 Type 2 diabetes mellitus patients who
had signs of side effects of metformin, for two-week duration, each patient was given 500 mg
metformin plus GIMM, or the same dose of metformin plus placebo [6]. Two weeks after the end
of the first phase, GIMM was given to those who used the placebo and vice versa. For evaluation
of digestive symptoms after each phase, an IBS questionnaire was completed by the patients
and the FBS was checked with a glucometer. It was found that GIMMs significantly reduced
GI complications of metformin and increased the metformin tolerance. FBS was also significantly
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reduced in patients taking GIMM and metformin [6]. Since GI complications of metformin may
be due to an adjustment of flora in the GI, the results of this study are consistent with Burton’s
study.

In a study by Helmy ef al. (2011), the addition of extract, powder and oil of fenugreek (by
gavage to the stomach of a mouse) reduced GRV (p<0.01) and increased food intake (p<0.01),
and food efficiency ratio (p<0.001), as well as weight gain (p<0.05) [21]. The results of the above
study are consistent with those of our study. Platel et al. (2003) reported that fenugreek seeds
stimulate and activate digestive enzymes in the mouse digestive system. The results showed that
2 g of fenugreek seeds had the highest stimulatory influence (80%) on bile acid secretion compared
to the control group. In a single dose (0.5 g/kg) of fenugreek seeds, there was a 35% increase
in bile acid secretion and 44% increase in bile flow. Fenugreek seeds increased the activity of
pancreatic lipase by 43% compared with the control group. Chymotrypsin activity also increased
by 43%. However, there was a decrease in pancreatic amylase, trypsin, and acid phosphatases,
and the alkaline state of the intestinal mucosa [22]. The pancreatic enzymes strengthen muscle
contractions thus the time of emptying the stomach/intestine decreases. The results of their study
are consistent with those of our study.

In a study by Ghochae et al. (2013), ginger extract was used to treat mechanically ventilated
patients in the ICU, and then the amount of EN tolerance and GRV were measured. It was
found that the GRV in the ginger group was lower than that of the placebo group, and the EN
tolerance was higher than that of the placebo group [23]. Furthermore, ginger and fenugreek seed
are prebiotics and can benefit the host [24]. The results of their study are consistent with ours.
However, ginger should be used with caution in mechanically ventilated patients since these
patients are susceptible to mucosal lesions and ulcers [25]. Indeed, in the Ghochae study, patients
with GI ulcers were excluded.

Fenugreek seeds are not only contraindicated in these patients, but also have beneficial
nutritional effects, and can control blood glucose and lipids [26-31]. In the present article, none
of the participants had a residual volume of more than 200 ml and the nutrition of patients was
evaluated according to the instructions. Our study showed a decrease of GRV along with decrease
of vomiting or aspiration. In a study by Vazzques-Sandoval et al., 205 patients were divided in 2
groups (GRV group and non GRV group). In the GRV group, had feedings held if a GRV were >
250 mL. Aspirations in the GRV group were not statistically different from apposite group that did
not have GRV checked [32]. Nutritional support is an essential factor in the care of the critically
ill. The main cause of discontinuation of nutrition in ICU patients is the increase of GRV [33-35].
Therefore, it is recommended to use fenugreek seeds along with other medicines and therapeutic
measures to improve nutrition tolerance.

5. Conclusions

In this study, we demonstrated the effect of fenugreek seed powder as an adjunct to other drugs
to treat enteral nutrition intolerance in critically ill patients. As a result, the use of fenugreek seeds
in the treatment plan of this patient population is recommended.

6. Open Access
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(CCBY4.0) which permits any use, distribution, and reproduction in any medium, provided the
original author(s) and the source are credited.
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