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Abstract

The role of glutamine in metabolic processes has been quite extensively researched and described, though no
consensus exists as to its role in treatment. It is considered significant mainly for ICU patients; though no clear
criteria for including glutamine in treatment have been defined. It is known that glutamine should be administered as
a complement to nutritional treatment, and not independently. The purpose of the paper was to identify practical
criteria for determining the clinical benefits of glutamine supplementation. The study was performed in the years
2007-2015 at the 1st Department of General and Transplantation Surgery and Nutritional Therapy of the Lublin
Medical University in Lublin, Poland. It included patients scheduled for surgery due to a gastrointestinal cancer. The
final study group included 105 patients, 48 female and 57 male.

We found that low blood concentration of glutamine was correlated with a higher incidence of postoperative
complications. ROC analysis allowed for identification of glutamine concentration below which there is a very high
risk of complications. The threshold glutamine value identified was 205.15 nmol/ml. Low total lymphocyte count and
serum albumin concentration can help identify patients in whom glutamine supplementation can decrease
postoperative complication incidence, especially in the case of malnourished patients. Glutamine supplementation
before a scheduled surgical procedure may benefit patients with a preoperative glutamine concentration below
205.15 nmol/ml. Glutamine supplementation can benefit malnourished patients.

arises as to whether glutamine is involved in the process. Its role in the
body suggests it indeed is involved [34-37].
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Complication postoperative

Also, there is the question about other ways to increase its
concentration in the blood, and whether these methods effect a
decrease in complication incidence. Answers to these questions could

Research to date indicates the importance of glutamine . )
indicate how to manage patients both pre- and postoperatively [38],

supplementation in patients in serious clinical condition [1,2], and a

lack of indications for the treatment in patients in good overall
condition [3-5]. Guidelines are quite vague and based on clinical

criteria (“ICU patients’, “in critical condition”, “after serious trauma’,
“with extensive burns”) [6-9].

There is no clear indication of the precise moment when
supplementation is required. Throat or upper gastrointestinal surgery
patients who are malnourished are known to benefit from an
immunomodulatory diet [10-14]. This is also reflected in the ESPEN
guidelines [15-17]. However, the guidelines only refer to the need for
administering a mixture of immunoactive substances, not to specific
substances such as glutamine [18,19].

All study models verifying whether glutamine supplementation
reduces postoperative complications have been based on comparisons
between groups treated and not treated with preparations containing
this amino acid [20-30]. There is a shortage of studies on the impact of
glutamine deficiency on complications, or on the degree of deficiency
necessitating supplementation.

The increased incidence of postoperative complications in
malnourished patients is obvious [31-33]. Therefore, the question

and are thus the basis for the present paper.

The premise of the study was to test serum glutamine
concentrations in patients who were not administered glutamine or
glutamine-containing nutritional preparations and to investigate ways
of identifying patients in need for glutamine supplementation using
routine clinical and laboratory-based parameters.

The purpose was to identify situations where glutamine
supplementation is required in surgical patients. The secondary
objective is to identify patients requiring this treatment in the simplest
and cheapest way possible.

Materials and Methods

The study was performed in the 1st Department of General and
Transplantation Surgery and Nutritional Therapy of the Lublin
Medical University, Poland. Patients were recruited in the years
2007-2015.

Patients were included in the study if they were scheduled for an
abdominal surgery procedure due to gastrointestinal cancer. The
diagnoses and procedures are listed in Table 1.

J Nutr Disorders Ther, an open access journal
ISSN:2161-0509

Volume 8 « Issue 1 « 1000227



Citation:
d0i:10.4172/2161-0509.1000227

Matras P, Prendecka M, Szpetnar M, Rudzki S (2018) “When is Glutamine Supplementation Beneficial?” J Nutr Disorders Ther 8: 227.

Page 2 of 10

All patients had a similar stage of disease development. In order to
be included, on the day of recruitment each patient had to be:

o in overall good condition (ASA<2),
o free from cardiovascular insufficiency (NYHA<2),

o free from diabetes,
o free from kidney and/or liver failure, and

e not treated with immunosuppressants within at least six months
preceding recruitment.

Diagnosis Diagnosis code | Number Procedure Procedure code Group 1 Group 2 Group 3 Total

Subtotal gastrectomy | | 7 9 0 16
Stomach cancer | 1 24

Total gastrectomy 1l 4 4 0 8

Whipple procedure 1] 2 7 2 1
e 1 o

sta \Y; 2 5 1 8

pancreatectomy
Liver cancer 3 5 Partial hepatectomy | V 0 2 3 5
Small intestine 4 5 Partial enterectomy \ 3 1 1 5
cancer

Left colectomy Vil 6 2 9 17
Colon cancer 5 26

Right colectomy VIl 3 1 5 9

Proctectomy IX 4 2 6 12
Rectal cancer 6 26 ) )

Abdomlnopenneal % 4 3 7 14

resection

105 35 36 34 105

Table 1: Diagnoses and procedures performed.

Additionally, the patients could not be treated with any preparations
containing glutamine or other immunomodulatory substances (omega
3 fatty acids, arginine, nucleotides) within the previous six months or
more.

Exclusion criteria were:

« indications for urgent surgery;

o deteriorated physical status (ASA >3),

o cardiovascular insufficiency (NYHA >3),

o preoperative kidney failure (creatinine >2 mg% or urea >100 mg
%), and

o preoperative liver failure (bilirubin >2 mg%, AspAT >100 IU, AIAT
>100 IU).

All patients were informed of the study procedure and purpose. All
patients expressed their consent in line with the protocol approved by
the Bioethics Committee of the Lublin Medical University (decision
no. KE0254/31/2006).

117 patients, 59 female and 58 male, were recruited for the study.
Based on general medical consultation and laboratory tests, patients
were excluded from the study if after recruitment:

o their physical status deteriorated (two patients), or
o they experienced a cardiovascular insufficiency exacerbation (one
patient).

At the preoperative stage, nine patients were referred for an urgent
procedure. These patients were also excluded from the study.

The final study group included 105 patients, 48 female and 57 male.

The endpoint was the occurrence of complications within the
follow-up period, i.e. within 30 days of the surgical procedure. The
complications were listed and defined before patient recruitment. Table
2 lists the complications and their definitions.

Complications (type) Definition

Infectious

Superficial surgical wound

Surgical wound dehiscence. Partial or total rupture of any layer of the sutured wound. Identified by the surgeon in physical examination, or

infection confirmed in an ultrasound examination in cases of fascial dehiscence exceeding 3 cm.
Infection symptoms appear within 30 days of the procedure or within a year of the procedure if synthetic materials are used. The infection
affects the deeper layers of the incision site (fascia and muscle). Physical examination shows purulent discharge from the deeper layers of
Deep surgical wound | the wound; the wound opens spontaneously or is opened by the surgeon; purulent discharge from under the fascia is found during wound
infection revision, or bacteriology is positive.

J Nutr Disorders Ther, an open access journal
ISSN:2161-0509

Volume 8 « Issue 1 « 1000227



Citation:

Matras P, Prendecka M, Szpetnar M, Rudzki S (2018) “When is Glutamine Supplementation Beneficial?” J Nutr Disorders Ther 8: 227.

doi:10.4172/2161-0509.1000227

Page 3 of 10

Organ (space) infection —
abdominal abscess

Symptoms appear within 30 days of the procedure, or within a year of the procedure if synthetic materials are used. The infection involves
an organ or cavity at a site other than the incision site. Purulent discharge from the drained cavity and/or pus in the body cavity or organ
found in additional tests (ultrasound, CT, MRI); positive pus culture.

Urinary tract infection

Dysuria and increased wbc/hpf in urinalysis and/or positive urine culture (significant bacteriuria >105)

related infection

Bacteremia Positive blood culture with no systemic inflammation symptoms.

Septicemia Positive blood culture with systemic inflammation symptoms (fever exceeding 400C, tachycardia, hypotonia, oliguria).
Central venous line

infection -  catheter-

Bacteremia or septicemia associated with central venous catheterization. Systemic inflammation symptoms and/or positive blood culture.

Clinical inflammation symptoms, confirmed in a bacteriological examination of respiratory secretions or bronchoalveolar lavage (BAL),

Pneumonia and/or chest radiograph.

Long, systemic inflammatory response with symptoms of inflammation, increased CRP levels, increased body temperature, increased
SIRS WBC with no apparent reason.
Surgical

Eventration

Total dehiscence of all layers of the surgical wound in the abdominal wall, resulting in a protrusion of peritoneal cavity contents through the
wound. Found during physical examination; does not require additional confirmation.

Surgical wound

dehiscence

Opening of the surgical wound. Partial or total rupture of any layer of the sutured wound. Identified by the surgeon in physical
examination, or confirmed in an ultrasound examination in cases of fascial dehiscence exceeding 3 cm.

Fluid collection in the

surgical wound

Collection of serous fluid (exudate or lymph) requiring the opening and/or drainage of the surgical wound. Identified by the surgeon in
physical examination, or confirmed in an ultrasound examination in cases of reservoirs exceeding 3 cm.

Hematoma in the surgical
wound

Collection of blood in the surgical wound requiring opening and external drainage. Identified by the surgeon in physical examination.

Delayed stomach

emptying

Need for stomach pumping or nasogastric intubation for more than 8 days post-surgery, with nausea and/or vomiting and/or sensation of
abdominal fullness and/or burning sensation at the sternum and/or inflammation in the respiratory tract. Identified in physical examination;
inflammatory processes found in physical examination and confirmed in chest radiograph.

Post-surgical bowel

obstruction

Lack of peristalsis persisting for more than 5 days post-surgery, abdominal distension, lack of flatulence and bowel movement despite
conservative treatment administered to stimulate peristalsis. Identified by the surgeon in physical examination.

Intestinal fistula

Any appearance of gastrointestinal contents outside of gastrointestinal tract lumen. Requires confirmation by examination using an oral
contrast medium and/or contrast-enhanced examination of the fistula.

Pancreatic fistula

Presence of secretions with measured pancreatic amylase activity in the drainage. The measured amylase activity exceeds serum
amylase activity 3-fold or more. Physical and laboratory examination.

Systemic

Arrhythmia

Heart rhythm disorders.

Cardiovascular
insufficiency

Hypotension necessitating the administration of fluid therapy and pressor amines.

Heart failure

Decrease of cardiac output below 20%.

Respiratory failure

Tachypnea (respiratory rate >35), partial pressure of CO2 above 70 mmHg.

Neurological
complications

Ischemic stroke, hemorrhagic stroke, consciousness/cognitive disorders.

Death

Table 2: Complications and definitions.

Secondary

endpoints

included duration of postoperative endpoints, patients were divided into groups, based on their

hospitalization and the type of complications that occurred in a patient
at the postoperative stage.

In order to investigate the impact of various factors on glutamine
levels and to control for their impact on the primary and secondary

perioperative management.

Each of the three groups was managed differently in terms of
nutritional treatment, depending on the patients’ nutritional status
before the procedure and the type of procedure administered.
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Group 1, including patients who were malnourished before the Group 3 was a control group for the remaining two, where neither
procedure, was created in order to investigate the impact of nutritional  preoperative glutamine levels nor their perioperative variations were
status on perioperative glutamine levels and on study endpoints, if associated with malnutrition or nutritional treatment.

resent. I . . . .
b The classification of patients into groups and their final composition

Group 2 was created in order to verify the potential impact of are shown in Figure 1.
postoperative nutritional treatment on glutamine levels.

RECRUITMENT - 117
Patients with gastrointestinal cancer, scheduled for surgery, in good overall condition

STAGE ]
MUTRITHOMAL STATLS ASSESSPMENT AND TESTING
LABCHATORY TESTS, COLLECTION OF SAMPLES FOR GLUTAMINE CONCENTRATION MEASUREMENTS

GROUPF 1
MALNOURISHED GOOD NUTRITIONAL STATUS
PREOPERATIVE NUTEITIONAL TREATRENT SCHEDUILED FOR SURGERY
44 PATIENTS TAPATIENTS
EXCLLISION EXCLUSION
RN SLTREY requined =7 e — Urgent surgery reguined = 2
deteriarated physical status~= 3 cardiovascular ingufficsency cxaterbation =1
STAGE 2
SURGERY
GROUP 1 GROUP 2 GROUP 3
FMALNOURISHED. PRE- AND GODD NUTRITHOMNAL STATLUS GOOD NUTRIMOMNAL STATUS
POSTOPERATIVE NUTRITIONAL POSTOPERATIVE NUTRITIONAL RO POSTORERATIVE NUTRITIONAL
TREATMWIENT TREATMENT TREATMENT
35 PATIENTS 36 PATIENTS 34 PATIENTS
l N
3 DAYS POST-SURGERY

Second glutamine concentration measurement

l STAGE 3

5 DAYS POST-SURGERY >' FOLLOW-LIF
Third glutamine concentration measurement

Foligae up until 30 days post-surgery

Figure 1: Graphic representation of the study protocol.
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The parenteral nutrition treatment was administered using triple-
chamber bags from various manufacturers, containing a mixture of
amino acids, glucose and lipid emulsion (RTU bags).

The RTU bags were supplemented with vitamins, trace elements,
electrolytes and minerals as needed by a given patient. Ready-made
preparations were used to supplement the nutrient mixture.

Each patient included in the study underwent nutritional status
assessment.

Malnutrition was diagnosed if three or more of the following factors
were found:

o body weight loss exceeding 10% in the six months preceding the
study,

o body mass index (BMI) below 18.9,

« anutritional status score of three or less in the NRS 2002 scale,
o total lymphocyte count below 1.5-1012/L,

« albumin concentration below 3.5 g/L,

« total protein concentration below 6.0 g/dL, or

« total cholesterol concentration below 170 mg/dL.

Laboratory assessments included the basic nutritional status tests:
peripheral blood count, and serum concentrations of protein, albumin,
and total cholesterol. For this purpose, the specialized hospital
laboratory performed tests routinely used in preoperative patient
assessments.

Blood samples for laboratory tests were collected at recruitment,
and on the 3rd and 5th day post-surgery. At the same time, a blood

sample was collected for serum glutamine concentration test. Blood
collected into citrate anticoagulant was centrifuged immediately. The
obtained serum was frozen at -70°C until the test.

Glutamine concentrations were determined using the Moore-Stein-
Spackman method in the AAA 4000 automated amino acid analyzer
from INGOS, Prague [39]. The serum containing a mixture of free
amino acids was separated by ion-exchange chromatography using an
OSTION LG FA resin [40].

Statistical analyses were performed using the Statistica 6.0 software.
Quantitative characteristics were compared between groups using the
Kruskal-Wallis test and the post-hoc Mann-Whitney test; for
qualitative characteristics, the Chi-squared test was used. Within
groups, variables were compared using the Wilcoxon test. Findings at
p<0.05 were considered statistically significant.

Correlation analyses for quantitative variables were performed
using Spearman’s correlation test, and for qualitative variables, using
the Mann-Whitney test. Correlations at p<0.05 were considered
statistically significant.

Results

The analyses included 105 patients, 47 female and 58 male, as per
the study protocol (Figurel). Patient characteristics are shown in Table
3.

All patients Group 1 Group 2 Group 3

Characteristic (n=105) (n=35) (n=36) (n=34)
Age 65 (59-73) 67 (59-71) 64.5 (59-75.5) 63.5 (57-74)

1 47 (44.8%) 15 (42.9%) 15 (41.7%) 17 (50%)
Sex 2 58 (55.2%) 20 (57.1%) 21 (58.3%) 17 (50%)
BMI 25.5 (21.0-29.0) 24.0 (21.0-28.0) 25.0 (21.4-28.5) 27.0 (21.0-29.5)

1 24 (22.9%) 11 (31.4%) 13 (36.1%) 0

2 18 (17.1%) 4 (11.4%) 11 (30.6%) 3(8.8%)

3 6 (5.7%) 0 3 (8.3%) 3 (8.8%)

4 5 (4.8%) 3(8.6%) 1(2.8%) 1(2.9%)

5 26 (24.8%) 9 (25.7%) 3(8.3%) 14 (41.2%)
Diagnosis 6 26 (24.8%) 8 (22.9%) 5 (13.9%) 13 (38.2%)

| 16 (15.2%) 7 (20.0%) 9 (25.0%) 0

I 8 (7.6%) 4. (11.4%) 4.(11.1%) 0

I 11 (10.5%) 2 (5.7%) 7 (19.4%) 2 (5.9%)

\% 8 (7.6%) 2(5.7%) 5(13.9%) 1(2.9%)

\Y 5 (4.8%) 0 2 (5.6%) 3(8.8%)
Procedure \i 5 (4.8%) 3 (8.6%) 1(2.8%) 1(2.9%)
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Vil 17 (16.2%) 6 (17.1%) 2 (5.6%) 9 (26.5%)

Vil 9 (8.6%) 3 (8.6%) 1 (2.8%) 5 (14.7%)

IX 12 (11.4%) 4 (11.4%) 2 (5.6%) 6 (17.6%)

X 14 (13.3%) 4 (11.4%) 3(8.3%) 7 (20.6%)

none 82 (78.1%) 24 (68.6%) 29 (80.6%) 29 (85.3%)
Complications present 23 (21.9%) 11 (31.4%) 7 (19.4%) 5(14.7%)
Days hospitalized 9 (9-12) 11 (9-14) 9 (8-12) 9 (9-12)
Initial body weight 79.9 (68.5-91.0) 83.0 (69.3-92.2) 75.6 (64.0-87.1) 80.2 (67.5-95.9)

no 69 (65.7%) 8 (22.9%) 32 (88.9%) 29 (85.3%)
Weight loss exceeding 10% yes 36 (34.3%) 27 (77.1%) 4 (11.1%) 5(14.7%)
% weight loss 7.1(1.1-12.7) 13.6 (9.5-16.0) 6.6 (0-8.9) 3.0 (0-7.6)

0-2 44 (41.9%) 0 19 (52.8%) 25 (73.5%)
NRS 2002 3-6 61 (58.1%) 35 (100%) 17 (47.2%) 9 (26.5%)
*quantitative variables shown as median (interquartile range), qualitative variables as number (percentage in the group)

Table 3: Clinical characteristics of the patients studied.

Analysis of the results obtained demonstrated that in the group of
patients who experienced surgical complications, preoperative
glutamine concentrations were significantly lower than in the group of

patients with no complications.

The postoperative decrease was larger in the group of patients with
complications, though not in a statistically significant manner (Table
4).

Perioperative glutamine level variations were found to be a
significant risk factor for complications, with a similar OR (Table 5).

Parameter OR 95% CI P
Glutamine 0 1.05 1.02-1.08 0.001
Glutamine 3 1.05 1.03-1.08 0
Change 0-3 1.04 1.01-1.08 0.015
Glutamine 5 1.05 1.02-1.08 0

Table 5: Odds ratio for complication incidence with decrease of
glutamine level by one unit.

No complications| Complications
Parameter (n=82) (n=23) P
GIn 0 nmol/ml 228.1 (209.6-241.2) | 205.2 (195.1-229.6) | 0.0172
GIn 3 nmol/ml 201.8 (184.0-224.1) | 164.6 (148.2-208.9) | 0.0016
GIn 5 nmol/ml 233.1(211.3-249.4) | 201.4 (180.4-229.3) | 0.001
D GIn 0-3 nmol/ml -20.1 (-31.4 - -12.0) | -33.2 (-49.2--21.2) | 0.0087
D GIn 0-5 nmol/ml 5.4 (-4.5-20.3) -2.9 (-11.4-13.2) 0.089
Albumin 0 g/L 3.7 (3.5-3.9) 3.5(3.4-3.8) 0.0057
Albumin 3 g/L 3.2(2.9-3.5) 2.9(2.7-3.1) 0.0017
Albumin 5 g/L 3.7 (3.6-3.8) 3.6 (3.5-3.7) 0.0139
D Albumin 0-3 g/L -0.5 (-0.7--0.2) -0.6 (-0.7 --0.4) 0.4841
D Albumin 0-5 g/L -0.1 (-0.3-0.2) 0.1 (-0.3-0.4) 0.1712
* p<0.05

Table 4: Comparison of glutamine and albumin levels between patients
with and without complications (medians and interquartile ranges),
Mann-Whitney test.

Additionally,

complications
postoperative decrease of glutamine levels. Similar correlations were

were

found for albumin levels.

associated with

a larger

Parameter r p
Glutamine 0 -0.251 0.019
Glutamine 3 -0.379 0
Change 3-0 -0.283 0.008
Glutamine 5 -0.321 0.002
Change 5-0 -0.174 0.105

Table 6: Pearsons linear correlation coeflicients (r) for glutamine levels
and duration of hospitalization.

Lower preoperative glutamine levels, lower glutamine levels on the
3rd and 5th day post-surgery, and a larger postoperative decrease in
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the parameters were also related to significantly longer hospitalization
(Table 6).

Parameter

Group 1 (n=35)

Groups 2+3 (n=70)

GIn 0 nmol/ml

209.6 (194.7-229.5)

228.6 (213.2-243.5)1

At the next stage of the analysis, factors affecting glutamine
concentrations were investigated. Glutamine levels were compared

GIn 3 nmol/ml

179.8 (148.2-204.8)

206.2 (184.6-224.3)1

between patients who were malnourished and those with normal
nutritional status before the procedure (group 1 vs. groups 2+3).

GIn 5 nmol/ml

214.5 (183.2-245.9)

233.6 (207.8-254.3)1

Statistically significant differences were found between the compared

D Gin 0-3 nmol/ml

25.6 (-43.1 —-15.7)

21.7 (-31.4 - -13.0)

groups, both before and after the procedure.

No significant differences between the groups distinguished by

D Gin 0-5 nmol/ml

4.6 (-9.2-18.5)

4.0 (-4.1-19.8)

preoperative nutritional status were found in terms of postoperative

1 — p<0.05 compared to group 1

glutamine level decrease (Table 7). Differences in perioperative
glutamine levels depending on pre- and postoperative management
were also investigated (Table 8).

Table 7: Comparison of glutamine concentrations depending on
preoperative nutritional status — median (interquartile range).

All patients Group 1

Group 2

Group 3

Parameter n=105 n=35

n=36

n=34

Hematocrit 0 - % 40.0 (38.0-44.0) 39.0 (36.0-41.8)

40.0 (38.0-43.0)

43.0 (39.0-46.0)1,2

Hematocrit 3 - % 39.0 (35.0-40.0) 35.0 (33.0-40.0) 38.0 (35.0-40.0) 39.5 (38.0-41.0)1
WBC 0 - 1012/L 8.2 (6.5-9.6) 7.8 (5.6-9.3) 8.0 (6.9-9.2) 8.9 (9.8)

TLC 0 - 1012/L 1.5 (1.4-1.7) 1.4 (1.3-1.7) 1.5 (1.4-1.6) 1.6 (1.5-1.7)1
TLC 3-1012/L 1.5 (1.4-1.6) 1.4 (1.2-1.8) 1.5 (1.4-1.6)1 1.6 (1.4-1.7)1
TLC 5-1012/L 1.6 (1.5-1.6) 1.5 (1.4-1.6)* 1.6 (1.5-1.6)* 1.6 (1.5-1.8)*1
Total protein- g/L 6.1(5.9-6.7) 5.7 (5.2-6.0) 6.4 (6.1-7.1)1 6.4 (6.1-6.9)1
Total protein 3 - g/L 6.1 (5.5-6.4) 54 (5.1-5.7) 6.3 (6.0-6.4)1 6.3 (6.1-6.5)1
Albumin 0 - g/L 3.7 (35-3.9) 34 (2.9-3.5) 3.8 (3.6-3.9)1 3.8 (3.7-3.9)1
Albumin 3 - g/L 3.1(2.9-3.5) 3.0 (2.7-3.5) 3.1(2.9-3.5) 3.2 (3.1-3.5)1
Albumin 5 - g/L 3.6 (3.5-3.8)" 3.6 (3.6-3.7)* 3.6 (3.5-3.8) 3.7 (3.6-3.8)*

Cholesterol - mg/dL 223.0 (198.0-246.2) 203.0 (175.0-244.0)

224.0 (204.5-247.0)

224.0 (212.0-246.0)

Urea 0 mg/dL 41.0 (39.0-47.2) 49.0 (41.2-56.0)

39.0 (38.0-41.5)1

41.0 (39.0-43.0)1

Urea 3 mg/dL 39.0 (36.0-41.0) 39.0 (36.5-42.0)

38.5 (35.5-40.0)

38.5 (36.0-41.0)

Gln 0 nmol/ml 224.4 (203.8-239.5) 209.6 (194.7-229.5)

222.3 (204.3-236.2)1

232.5 (217.3-245.1)1

Gln 3 nmol/ml 201.1 (174.8-221.1)’ 179.8 (148.2-204.8)'

197.9 (178.8-218.8)'1

215.3 (198.1-234.1)"1.2

Gln 5 nmol/ml 227.8 (204.0-249.3)* 214.5 (183.2-245.9)*

226.4 (202.5-251.8)*1

238.6 (215.4-268.1)#1.2

D GlIn 0-3 nmol/ml 21.9 (-34.1--13.2) 25.6 (-43.1--15.7)

-26.3 (-40.0 - 12.4)

-19.2 (-26.2 - -13.6)

D GIn 0-5 nmol/ml

4.6 (-5.3-19.6) 4.6 (-9.2-18.5)

1.5 (-8.0-21.4)

6.0 (-2.0-17.4)

"p<0.05 compared to preoperative values (0)

#p<0.05 compared to postoperative values (3)

Quantitative variables compared using the Kruskal-Wallis test and Mann-Whitney post-hoc test: 1 — p<0.05 compared to group 1; 2 — p<0.05 compared to group 2.

Table 8: Quantitative variables — median (interquartile range); Wilcoxon test used for comparison.
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Figure 2: ROC analysis.

Subsequently, as per the study protocol, ROC analysis was
performed to determine the preoperative glutamine level below which
there is a statistically significant increase in complication risk (Figure
2).

Parameter All patients (%) Malnourished patients (%)
Body weight loss

>10% 30.5 33.3

Albumin 58.33 58.3

TLC 52.63 63.15

Cholesterol 26.6 40

NRS 2002 37.5 40

Table 9: Percentage of cases where abnormal nutritional parameters co-
occur with glutamine levels below 205.15 nmol/ml.

Due to the complexity of glutamine level testing and lack of routine
tests for this purpose, we attempted to identify those routine
preoperative laboratory tests that are the most strongly correlated with
glutamine levels. Similar correlations were found for albumin levels
and total lymphocyte count. Table 9 shows the co-occurrence of
abnormalities in routinely used nutritional status parameters with
glutamine levels below 205.15 nmol/ml.

Discussion

Glutamine metabolism [41], including the impact of glutamine (or
rather of its deficiency) on patients’ clinical condition and treatment
outcomes [42-45], has been understood for many years. However,
the criteria for glutamine supplementation are vague. Glutamine
administration is known to have a positive impact on intensive care
patients [46], but no clear indications are available as to when a patient
should be considered critically ill [47].

Some studies demonstrate that glutamine supplementation in
patients undergoing elective surgery has no benefits and potentially
increases complication risk because of the parenteral administration
route. Gianotti et al. [48] reported that glutamine supplementation,
though it does increase the patients’ serum glutamine levels, is not
correlated with decreased perioperative complication incidence.

Similar findings were reported by Klek et al. [49]. The authors showed
that not only does glutamine supplementation have none of the
expected benefits, but there are also no statistically significant
differences in perioperative complication incidence and hospitalization
duration between patients receiving parenteral vs. enteral
supplementation. In other work Klek et al. [50] concluded that the
clinical supplementation of glutamine in patients with severe gastric
cancer is of no significance.

In the present study, a correlation was found between preoperative
glutamine concentration and treatment outcomes. Lower preoperative
glutamine levels were associated with a higher incidence of
postoperative complications. The correlation was found in the entire
study group, which reflects the importance of this amino acid. Patients
with complications had significantly larger decreases of glutamine
levels immediately after the surgery. This may suggest a link between
glutamine metabolism and the pathophysiology of surgical
complications. Using odds ratios, the risk of complications with a
decrease of glutamine levels by one unit was calculated (Table 6). A
correlation was also found between glutamine concentration and
hospitalization duration in the entire group, in all glutamine level
measurements, both pre- and postoperative. These observations prove
the importance of glutamine. They also demonstrate the potential
benefits of glutamine supplementation in terms of treatment outcomes.

The next stage of the analysis concerned the impact of various
parameters on glutamine levels. Patients who were malnourished
before the procedure were found to have the lowest glutamine
concentrations out of all patients studied. This suggests that nutritional
status is a significant factor determining the blood concentration of
glutamine. Other factors that affect glutamine levels include surgery-
related stress and perioperative hydration. In all patients analyzed, a
significant decrease in glutamine levels occurred peri-operatively,
regardless of their initial nutritional status. Similar findings concern
other protein parameters (total protein and albumin levels). No
differences were found in the intensity of glutamine level decrease
between normally nourished and malnourished patients. This
demonstrates that nutritional status affects the serum concentration of
glutamine, but not its metabolism. However, glutamine decrease was
larger in patients who experienced postoperative complications, which
shows its association with complication incidence. This is a well-
known association that became the motivation behind attempts to
limit perioperative complications by preoperative glutamine
supplementation. However, the studies cited above showed no benefits
of glutamine supplementation in terms of treatment outcomes. Likely,
the authors did not consider both malnutrition and initial glutamine
concentration in their analyses. In the present study, patients with
complications had significantly lower glutamine concentrations
preoperatively, 3 days post-surgery, and 5 days post-surgery than
patients without complications. This observation suggests that
glutamine supplementation could potentially have decreased
complication incidence. This requires corroboration in studies on the
impact of glutamine supplementation on treatment outcomes in
patients with low serum glutamine levels.

ROC analysis allowed for identification of glutamine concentration
below which there is a very high risk of complications. The threshold
glutamine value identified was 205.15 nmol/ml. Patients scheduled for
surgery who have an initial glutamine concentration below this
threshold would likely benefit from glutamine supplementation.
However, glutamine concentration tests are expensive and complex.
Therefore, we attempted to determine which routine preoperative
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laboratory tests could help identify patients most likely to have
glutamine levels below the critical threshold. We found that in the
entire group, albumin levels below the reference values and low total
lymphocyte count co-occurred with glutamine concentrations below

205.15 nmol/ml

in more than half of the cases. Cholesterol

concentration below the reference values and a positive result of NRS
2002 malnutrition screening are also quite likely to be associated with
indications for glutamine supplementation. The predictive value of
these tests is higher in patients found to be malnourished before the
surgery.

Conclusion

Low blood concentration of glutamine is correlated with a higher
incidence of postoperative complications.

Glutamine supplementation before a scheduled surgical procedure
may benefit patients with a preoperative glutamine concentration
below 205.15 nmol/ml.

Low total lymphocyte count and serum albumin concentration can
help identify patients in whom glutamine administration can
decrease postoperative complication incidence, especially in the
case of malnourished patients.

Glutamine supplementation can benefit malnourished patients.

References

10.

11.

12.

Roth E (2008) Nonnutritive effects of glutamine. ] Nutr 138: 2025S-2031S.

Petersson B, Vinnars E, Waller SO, Wernermanet J (1992) Long-term
changes in muscle free amino acid levels after elective abdominal surgery.
Br ] Surg 79: 212-216.

Juang P, Fish DN, Jung R, MacLaren R (2007) Enteral glutamine
supplementation in critically ill patients with burn injuries: a
retrospective case-control evaluation. Pharmacotherapy 27: 11-19.

Peng X, Yan H, You Z, Wang P, Wang S (2004) Effects of enteral
supplementation with glutamine granules on intestinal mucosal barrier
function in severe burned patients. Burns 30: 135-139.

Jo S, Choi SH, Heo JS, Kim EM, Min MS, et al. (2006) Missing effect of
glutamine  supplementation on the surgical outcome after
pancreaticoduodenectomy for periampullary tumors: a prospective,
randomized, double-blind, controlled clinical trial. World J Surg 30:
1974-1982.

Estivariz CF, Griffith DP, Luo M, Szeszycki EE, Bazargan N, et al. (2008)
Efficacy of parenteral nutrition supplemented with glutamine dipeptide to
decrease hospital infections in critically ill surgical patient. JPEN 32:
389-402.

Oudemans-van Straaten HM, Bosman RJ, Van der Spoel HJ, Zandstra DF
(2001) Plasma glutamine depletion and patient outcome in acute ICU
admissions. Intensive Care Med 27: 84-90.

McCowen KC, Bistrian BR (2003) Immunonutrition: problematic or
problem solving? Am ] Clin Nutr 77: 764-770.

Berg A, Norberg A, Martling CL, Gamrin L, Rooyackers O, et al. (2007)
Glutamine kinetics during intravenous glutamine supplementation in
ICU patients on continuous renal replacement therapy. Intensive Care
Med 33: 660-666.

Carli E Webster J, Ramachandra V, Pearson M, Read M, et al. (1990)
Aspect of protein metabolism after elective surgery in patients receiving
constant nutritional support. Clin Sci 78: 621-628.

Oguz M, Kerem M, Bedirli A, Mentes BB, Sakrak O, et al. (2007) L-
alanine-L-glutamine supplementation improves the outcome after
colorectal surgery for cancer. Colorectal Dis 9: 515-520.

Wang W, Lin JK, Lin TC, Chen WS, Jiang JK, et al. (2007) Oral Glutamine
is effective foe Preventing oxaliplatin-induced neuropathy in colorectal
cancer patients. The Oncologist 12: 312-319.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Pirat A, Tucker A, Taylor K (2009) Comparison of measured versus
predicted energy requirements in critical ill cancer patient. Respiratory
Care 54: 487-494.

Vahdat L, Papadopoulos K, Lange D (2001) Reduction of Paclitaxel-
induced peripheral neuropathy with glutamine. Clin Cancer Res 7:
1192-1197.

Singer P, Berger MM, Van den Berghe G, Biolo G, Calder P, et al. (2009)
ESPEN Guidelines on Parenteral Nutrition: Intensive care Clinical
Nutrition 28: 387-400.

Kedziora S, Stotwinski R, Dabrowska A (2010) Nutritional support with
glutamine according to recommendation of the European Society for
Clinical Nutrition and Metabolism (ESPEN). Przeglad Gastrologiczny 5:
258-265.

Braga M, Ljungqvist O, Soeters P, Fearon K, Weimann A, et al. (2009)
ESPEN Guidelines on Parenteral Nutrition: Surgery. Clin Nutr 28:
378-386.

Novak F, Heyland DK, Avenell A Drover JW, Su X (2002) Glutamine
supplementation in serious illness: a systemic review of the evidence. Crit
Care Med 30: 2022-2029.

Grimm H, Kraus A (2001) Immunonutrition-supplementary amino acids
and fatty acids ameliorate immune deficiency in critically ill patients.
Langenbeck’s Arch Surg 386: 369-376.

Morlion BJ, Stehle P, Wachtler P, Siedhoff HP, Koller M, et al. (1998) Total
Parenteral Nutrition With Glutamine Dipeptide After Abdominal
Surgery: A Randomized, Double-Blind, Controlled Study. Ann Surg 227:
302-308.

Kieft H, Roos A, Van Drunen J, Bindels AJ, Bindels JG, et al. (2005)
Clinical outcome of immunonutrition in heterogeneous intensive care
population. Intensive Care Med 31: 524-532.

Van Acker BA, Hulsewe KW, Wagenmakers AJ, Von Meyenfeldt MF,
Soeters PB (2000) Response of glutamine metabolism to glutamine-
supplemented parenteral nutrition. Am J Clin Nutr 72: 790-795.
Saalwachter Schulman A, Willcutts KE Claridge JA, Odonnell KB,
Radigan AE, et al. (2006) Does enteral glutamine supplementation
decrease infectious morbidity? Surg Infections 7: 29-35.

Gul K, Mehmet K, Meryem A (2017) The effects of oral glutamine on
clinical and survival outcomes of non-small cell lung cancer patients
treated with chemoradiotherapy. Clin Nutr 36: 1022-1028.

Sahin H, Mercanligil SM, Inanc N, Ok E (2007) Effects of glutamine-
enriched total parenteral nutrition on acute pancreatitis. Eur J Clin Nutr
61: 1429-1434.

Fuentes-Orozco C, Cervantes-Guevara G, Mucino-Hernandez I, Lopez-
Ortega A, Ambriz-Gonzales G, et al. (2008) L-Alanine-L-Glutamine
supplemented parenteral nutrition decreases infectious morbidity rate in
patients with severe acute pancreatitis JPEN 32: 403-411.

Culkin A, Gabe SM, Bjarnason I, Grimble G, Madden AM, et al. (2008) A
double-blind, randomized, controlled crossover trial of glutamine
supllementation in home parenteral nutrition. Eur J Clin Nutr 62:
575-583.

Luo M, Bazargan N, Griffith DP, Estivariz CF, Leader LM, et al. (2008)
Metabolic effects of enteral versus parenteral alanyl-glutamine dipeptide
administration in critically ill patients receiving enteral feeding; a pilot
study. Clin Nutr 27: 297-306.

Rotovnik Kozjek N, Kompan L, Zagar M (2017) Influence of Enteral
Glutamine on Inflammatory and Hormonal Response in Patients With
Rectal Cancer During Preoperative Radiochemotherapy Eur J Clin Nutr
71:671-673.

Wang Y, Jiang ZM, Nolan MT, Jiang H, Ran HR, et al. (2010) The Impact
of Glutamine Dipeptide-Supplemented Parenteral Nutrition on
Outcomes of Surgical Patients 34: 521-529.

Alberda C, Gramlich L, Jones N, Jeejeebhoy K, Day AG, et al. (2009) The
relationship between nutritional intake and clinical outcomes in critically
ill patients: results of an international multicenter observational study.
Intensive Care Med 35: 1728-1737.

J Nutr Disorders Ther, an open access journal
ISSN:2161-0509

Volume 8 « Issue 1 « 1000227


https://doi.org/10.1093/jn/138.10.2025s
https://doi.org/10.1002/bjs.1800790307
https://doi.org/10.1002/bjs.1800790307
https://doi.org/10.1002/bjs.1800790307
https://doi.org/10.1592/phco.27.1.11
https://doi.org/10.1592/phco.27.1.11
https://doi.org/10.1592/phco.27.1.11
https://doi.org/10.1016/j.burns.2003.09.032
https://doi.org/10.1016/j.burns.2003.09.032
https://doi.org/10.1016/j.burns.2003.09.032
https://doi.org/10.1007/s00268-005-0678-5
https://doi.org/10.1007/s00268-005-0678-5
https://doi.org/10.1007/s00268-005-0678-5
https://doi.org/10.1007/s00268-005-0678-5
https://doi.org/10.1007/s00268-005-0678-5
https://doi.org/10.1177/0148607108317880
https://doi.org/10.1177/0148607108317880
https://doi.org/10.1177/0148607108317880
https://doi.org/10.1177/0148607108317880
https://doi.org/10.1007/s001340000703
https://doi.org/10.1007/s001340000703
https://doi.org/10.1007/s001340000703
https://doi.org/10.1093/ajcn/77.4.764
https://doi.org/10.1093/ajcn/77.4.764
https://doi.org/10.1007/s00134-007-0547-9
https://doi.org/10.1007/s00134-007-0547-9
https://doi.org/10.1007/s00134-007-0547-9
https://doi.org/10.1007/s00134-007-0547-9
https://doi.org/10.1042/cs0780621
https://doi.org/10.1042/cs0780621
https://doi.org/10.1042/cs0780621
https://doi.org/10.1111/j.1463-1318.2006.01174.x
https://doi.org/10.1111/j.1463-1318.2006.01174.x
https://doi.org/10.1111/j.1463-1318.2006.01174.x
https://doi.org/10.1634/theoncologist.12-3-312
https://doi.org/10.1634/theoncologist.12-3-312
https://doi.org/10.1634/theoncologist.12-3-312
https://doi.org/10.1016/j.clnu.2009.04.024
https://doi.org/10.1016/j.clnu.2009.04.024
https://doi.org/10.1016/j.clnu.2009.04.024
https://doi.org/10.5114/pg.2010.17262
https://doi.org/10.5114/pg.2010.17262
https://doi.org/10.5114/pg.2010.17262
https://doi.org/10.5114/pg.2010.17262
https://doi.org/10.1016/j.clnu.2009.04.002
https://doi.org/10.1016/j.clnu.2009.04.002
https://doi.org/10.1016/j.clnu.2009.04.002
https://doi.org/10.1097/00003246-200209000-00011
https://doi.org/10.1097/00003246-200209000-00011
https://doi.org/10.1097/00003246-200209000-00011
https://doi.org/10.1007/s004230100241
https://doi.org/10.1007/s004230100241
https://doi.org/10.1007/s004230100241
https://doi.org/10.1097/00000658-199802000-00022
https://doi.org/10.1097/00000658-199802000-00022
https://doi.org/10.1097/00000658-199802000-00022
https://doi.org/10.1097/00000658-199802000-00022
https://doi.org/10.1007/s00134-005-2564-x
https://doi.org/10.1007/s00134-005-2564-x
https://doi.org/10.1007/s00134-005-2564-x
https://doi.org/10.1093/ajcn/72.3.790
https://doi.org/10.1093/ajcn/72.3.790
https://doi.org/10.1093/ajcn/72.3.790
https://doi.org/10.1089/sur.2006.7.29
https://doi.org/10.1089/sur.2006.7.29
https://doi.org/10.1089/sur.2006.7.29
https://doi.org/10.1016/j.clnu.2016.06.012
https://doi.org/10.1016/j.clnu.2016.06.012
https://doi.org/10.1016/j.clnu.2016.06.012
https://doi.org/10.1038/sj.ejcn.1602664
https://doi.org/10.1038/sj.ejcn.1602664
https://doi.org/10.1038/sj.ejcn.1602664
https://doi.org/10.1177/0148607108319797
https://doi.org/10.1177/0148607108319797
https://doi.org/10.1177/0148607108319797
https://doi.org/10.1177/0148607108319797
https://doi.org/10.1038/sj.ejcn.1602754
https://doi.org/10.1038/sj.ejcn.1602754
https://doi.org/10.1038/sj.ejcn.1602754
https://doi.org/10.1038/sj.ejcn.1602754
https://doi.org/10.1016/j.clnu.2007.12.003
https://doi.org/10.1016/j.clnu.2007.12.003
https://doi.org/10.1016/j.clnu.2007.12.003
https://doi.org/10.1016/j.clnu.2007.12.003
https://doi.org/10.1038/ejcn.2017.11
https://doi.org/10.1038/ejcn.2017.11
https://doi.org/10.1038/ejcn.2017.11
https://doi.org/10.1038/ejcn.2017.11
https://doi.org/10.1177/0148607110362587
https://doi.org/10.1177/0148607110362587
https://doi.org/10.1177/0148607110362587
https://doi.org/10.1007/s00134-009-1567-4
https://doi.org/10.1007/s00134-009-1567-4
https://doi.org/10.1007/s00134-009-1567-4
https://doi.org/10.1007/s00134-009-1567-4

Citation:

doi:10.4172/2161-0509.1000227

Matras P, Prendecka M, Szpetnar M, Rudzki S (2018) “When is Glutamine Supplementation Beneficial?” J Nutr Disorders Ther 8: 227.

Page 10 of 10

32.

33.

34.

35.

36.

37.

38.

39.

40.

Sandrucci S, Beets G, Braga M, Dejing K, Demartines N (2018)
Perioperative nutrition and enhanced recovery after surgery in
gastrointestinal cancer patients. A position paper by the ESSO task force
in collaboration with the ERAS society (ERAS coalition). Eur J Surg
Oncol 44: 509-514.

Bozzetti F, Gavazzi C, Miceli R, Rossi N, Mariani L, et al. (2000)
Perioperative total parenteral nutrition in malnourished, gastrointestinal
cancer patients: a randomized, clinical trial. JPEN 24: 7-14.

Curi R, Lagranha CJ, Doi SQ, Sellitti DE, Procopio J, et al. (2005)
Molecular mechanisms of glutamine action. J Cell Physiol 204: 392-401.
Parry-Billings (1992) Effect of major and minor surgery on plasma
glutamine and cytokine levels. Arch Surg 127: 1237.

Engel JM, Pitz S, Muhling J, Menges T, Martens F, et al. (2009) Role of
glutamine administration on T-cell derived inflammatory response after
cardiopulmonary bypass. Clin Nutr 28: 15-20.

O’Riordain MG, Fearon KCH, Ross JA, Rogers P, Falconer JS, et al. (1994)
Glutamine-supplemented total parenteral nutrition enhances T-
lymphocyte response in surgical patient undergoing colorectal resection.
Ann Surg 220: 212-221.

Martins P (2016) Glutamine in critically ill patients: is it a fundamental
nutritional supplement? Rev Bras Ter Intensiva 28: 100-103.

Morre S, Spackman DD, Stein WH (1958) Chromatography of amino
acids on sulfonate polystyrene resins. An Improved System. Ann Chem
30: 1185-1190.

Teerlink T, van Leeuwene M, Houdijk A (1994) Plasma Amino Acids
Determined by Liquid Chromatography within 17 Minutes. Clin Chem
40: 245-249.

41.
42.

43.

44,

45.

46.

47.

48.

49.

50.

Hall JC, Heel K, McCauley R (1996) Glutamine. Br J Surg 83: 305-312.

Boelens PG, Houdijk APJ], Fonk JCM, Nijveldt R], Ferwerda CC, et al.
(2002) Glutamine-Enriched Enteral Nutrition Increases HLA-DR
Expression on Monocytes of Trauma Patients. ] Nutr 132: 2580-2586.
Rubio I, Suva L, Todorova V, Battacharya S, Kaufmann Y, et al. (2013)
Oral glutamine reduces radiation morbidity in breast conservation
surgery. JPEN 37: 623-630.

Holecek M (2013) Side effects of long-term glutamine supplementation.
JPEN 37: 607-616.

Van Zanten AR, Dhaliwal R, Garrel D, Heyland DK (2015) Enteral
glutamine supplementation in critically ill patients: a systematic review
and metaanalysis. Crit Care 19: 294.

Wischmeyer PE, Dhaliwal R, McCall M, Ziegler TR, Heyland DK (2014)
Parenteral glutamine supplementation in critical illness: a systematic
review. Crit Care 18: R76.

Tao KM, Li XQ, Yang LQ (2014) Glutamine supplementation for critically
ill adults. Cochrane Database Syst Rev 9: CD010050.

Gianotti L, Braga M, Biffi R, Bozzetti, F, Mariani L (2009) Perioperative
intravenous glutamine supplementation in major abdominal surgery for
cancer: a randomized multicenter trial. Ann Surg 250: 684-690.

Klek S, Kulig J, Sierzega M, Szybinski P, Szczepanek K, et al. (2008) The
Impact of Immunostimulating Nutrition on Infectious Complications
After Upper Gastrointestinal Surgery. Ann Surg 248: 212-220.

Klek S, Scislo L, Walewska E, Choruz R, Galas A (2017) Enriched enteral
nutrition may improve short-term survival in stage IV gastric cancer
patients: A randomized, controlled trial. Nutrition 36: 46-53.

J Nutr Disorders Ther, an open access journal
ISSN:2161-0509

Volume 8 « Issue 1 « 1000227


https://doi.org/10.1016/j.ejso.2017.12.010
https://doi.org/10.1016/j.ejso.2017.12.010
https://doi.org/10.1016/j.ejso.2017.12.010
https://doi.org/10.1016/j.ejso.2017.12.010
https://doi.org/10.1016/j.ejso.2017.12.010
https://doi.org/10.1177/014860710002400107
https://doi.org/10.1177/014860710002400107
https://doi.org/10.1177/014860710002400107
https://doi.org/10.1002/jcp.20339
https://doi.org/10.1002/jcp.20339
https://doi.org/10.1001/archsurg.1992.01420100099017
https://doi.org/10.1001/archsurg.1992.01420100099017
https://doi.org/10.1016/j.clnu.2008.08.007
https://doi.org/10.1016/j.clnu.2008.08.007
https://doi.org/10.1016/j.clnu.2008.08.007
https://doi.org/10.1097/00000658-199408000-00014
https://doi.org/10.1097/00000658-199408000-00014
https://doi.org/10.1097/00000658-199408000-00014
https://doi.org/10.1097/00000658-199408000-00014
https://doi.org/10.5935/0103-507x.20160022
https://doi.org/10.5935/0103-507x.20160022
https://doi.org/10.1021/ac60139a005
https://doi.org/10.1021/ac60139a005
https://doi.org/10.1021/ac60139a005
https://doi.org/10.1002/bjs.1800830306
https://doi.org/10.1093/jn/132.9.2580
https://doi.org/10.1093/jn/132.9.2580
https://doi.org/10.1093/jn/132.9.2580
https://doi.org/10.1177/0148607112474994
https://doi.org/10.1177/0148607112474994
https://doi.org/10.1177/0148607112474994
https://doi.org/10.1177/0148607112460682
https://doi.org/10.1177/0148607112460682
https://doi.org/10.1186/s13054-015-1002-x
https://doi.org/10.1186/s13054-015-1002-x
https://doi.org/10.1186/s13054-015-1002-x
https://doi.org/10.1186/cc13836
https://doi.org/10.1186/cc13836
https://doi.org/10.1186/cc13836
https://doi.org/10.1097/sla.0b013e3181bcb28d
https://doi.org/10.1097/sla.0b013e3181bcb28d
https://doi.org/10.1097/sla.0b013e3181bcb28d
https://doi.org/10.1097/sla.0b013e318180a3c1
https://doi.org/10.1097/sla.0b013e318180a3c1
https://doi.org/10.1097/sla.0b013e318180a3c1
https://doi.org/10.1016/j.nut.2016.03.016
https://doi.org/10.1016/j.nut.2016.03.016
https://doi.org/10.1016/j.nut.2016.03.016

	Contents
	“When is Glutamine Supplementation Beneficial?”
	Abstract
	Keywords:
	
	Materials and Methods
	Results
	Discussion
	Conclusion
	References


