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Resumen
Introducción: la hipoglutaminemia es común en los pacientes críticos, pero las indicaciones para la suplementación con glutamina exógena 
siguen siendo controvertidas. Este estudio pretende determinar el perfi l de glutaminemia en pacientes quirúrgicos críticos e investigar su corre-
lación con los índices de gravedad y el pronóstico.

Métodos: se realizó un estudio prospectivo de 28 pacientes quirúrgicos críticos adultos. Las aminoacidemias se cuantifi caron mediante cro-
matografía de intercambio iónico en el momento del ingreso y en el primer y tercer día, y se compararon con las de 11 individuos sanos. Se 
registraron índices de gravedad y de pronóstico.

Resultados: en pacientes quirúrgicos críticos, la glutaminemia media en el ingreso fue inferior a la de los controles (385,1 ± 123,1 versus 515 ± 
57,9 μmol/l, p = 0,002) y disminuyó hasta el tercer día (p = 0,042). La prevalencia de hipoglutaminemia severa (< 420 μmol/l) en el ingreso fue 
de 64,3%. La glutaminemia basal se correlacionó con el SAPS II (r = -39,4%, p = 0,042), y fue menor en los casos de transfusión de eritrocitos 
(339,9 ± 78,8 versus 454,9 ± 148,8 μmol/l, p = 0,013). La glutamina al tercer día se correlacionó con la duración de la ventilación invasiva (r = 
-65%, p = 0,012) y de la estancia en la UCI (r = -66,5%, p = 0,009). La glutaminemia < 320 μmol/l, observada en el 25% de los pacientes, se 
asoció con mayor mortalidad hospitalaria (42,9 versus 19%, n.s.) y menor supervivencia actuarial (212,1 ± 77,9 versus 262,3 ± 32,4 días, n.s.).

Conclusiones: estos resultados refuerzan la importancia de hipoglutaminemia como un factor predictivo adverso en los pacientes quirúrgicos 
críticos. La determinación de glutaminemia puede contribuir a una mejor defi nición de las indicaciones para la suplementación.

Abstract
Background: Glutamine depletion is common in the critically-ill patients. Glutaminemia lower than 420 μmol/l has been considered as an 
independent predictive factor of mortality, but the indications for exogenous glutamine supplementation remain controversial. This study intends 
to determine the glutaminemia profi le in critical surgical patients and to investigate its correlation with the severity indexes and the prognosis.

Methods: A prospective study of 28 adult critical surgical patients was performed. Plasma amino acid concentrations were quantifi ed, by ion 
exchange chromatography, at the moment of admission and at the fi rst and third days, and compared with those of 11 reference healthy indi-
viduals. Severity indexes and parameters of prognosis were registered.

Results: In critical surgical patients, mean glutaminemia at admission was lower than that of control individuals (385.1 ± 123.1 versus 515 ± 
57.9 μmol/l, p = 0.002) and decreased until the third day (p = 0.042). Prevalence of severe hypoglutaminemia (< 420 μmol/l) at admission was 
64.3%. Baseline glutaminemia correlated with the Simplifi ed Acute Physiology Score II (SAPS II score) (Pearson’s correlation coeffi cient r = -39.4%, 
p = 0.042), and it was lower in cases of erythrocytes transfusion (339.9 ± 78.8 versus 454.9 ± 148.8 μmol/l, p = 0.013). Glutaminemia at the 
third day correlated with the duration of invasive ventilation support (r = -65%, p = 0 .012) and ICU stay (r = -66.5%, p = 0.009). Glutaminemia 
below 320 μmol/l, observed in 25% of the patients, was associated with higher in-hospital mortality (42.9 versus 19%, statistically not signifi cant 
[n.s.]) and lower actuarial survival (212.1 ± 77.9 versus 262.3 ± 32.4 days, n.s.).

Conclusions: Those results underscore the relevance of hypoglutaminemia as an adverse predictive factor in the critical surgical patients. 
Determination of glutaminemia may contribute to a better defi nition of the indications for glutamine supplementation.
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INTRODUCTION

Glutamine is the most abundant non-essential amino acid in 
the human body and it is considered as a conditionally essential 
amino acid in stress conditions (1).

Glutamine depletion, reflected by a plasma glutamine concen-
tration below 420 µmol/l, has been considered to be an inde-
pendent predictive factor of mortality in critically ill patients (2,3). 

Nevertheless, exogenous glutamine supplementation in this 
context remains highly controversial (4-7). Most described out-
come benefits of glutamine supplementation are based on older, 
smaller and mainly single-center studies involving intravenous 
administration (8). In the latest meta-analysis published by the 
Cochrane Database of Systematic Reviews (9), mortality reduc-
tion was not verified and only moderate- and low-level evidence 
on reduction of morbidity was found (infection rate and days on 
mechanical ventilation, and length of hospital stay, respective-
ly), with high risk of overall bias, suspected publication bias and 
moderate to substantial heterogeneity within the included stud-
ies. Nevertheless, in a meta-analysis of 15 randomized controlled 
trials including 2,862 patients, Chen QH et al. (10) documented 
a reduction of the nosocomial infections rate with glutamine sup-
plementation in surgical ICU patients. Moreover, in a systematic 
review of 26 studies involving 2,484 patients, Wischmeyer PE 
et al. (1) observed that parenteral glutamine supplementation of 
nutrition support in critical illness was associated with a significant 
reduction in hospital mortality and in hospital length of stay, a 
strong trend towards a reduction in infectious complications and 
ICU length of stay, and a trend towards reduction of overall mor-
tality. More recently, Van Zanten ARH et al. (8) verified, in a sys-
tematic review and meta-analysis of 11 studies including 1,079 
adult critically ill patients, that enteral glutamine supplementation 
was associated with a significant decrease in hospital length of 
stay (with no effect on hospital mortality, infections complications 
or length of stay in ICU), and a significant reduction in hospital 
mortality in burned patients. However, two of the most recent 
large multicenter randomized controlled studies, the Redoxs and 
MetaPlus trials, suggested that glutamine supplementation was 
associated with increased long-term mortality (particularly in med-
ical patients) (11,12). 

Consequently, despite controversial glutamine administration 
protocols in some studies (4-7), safety and efficacy concerns 
emerged that challenged previous recommendations. The recently 
published American Society for Parenteral and Enteral Nutrition/
Society of Critical Care Medicine guidelines (13) recommended 
that parenteral glutamine supplementation should not be used 
routinely in the adult critical care setting, and suggest that sup-
plemental enteral glutamine should not be routinely added to the 
enteral nutrition regimen, according to the available quality of 
evidence.

It may be hypothesized that severe hypoglutaminemia in surgi-
cal critically ill patients may be associated with adverse outcomes 
and, therefore, the determination of glutamine plasma levels in 
high risk conditions may allow a better definition of the indications 
for exogenous supplementation.

Present research intends to determine the longitudinal profile of 
plasma concentration of glutamine in surgical critically ill patients 
in the first three days after admission, to correlate the glutamin-
emia with the plasma concentrations of other amino-acids and 
to investigate its correlation with the severity indexes and the 
prognosis.

MATERIAL AND METHODS

A prospective single-center observational study of adult surgical 
critically ill patients urgently admitted in the Intensive Care Unit 
(ICU) of Centro Hospitalar e Universitário de Coimbra, Coimbra 
(Portugal), was implemented between October 2013 and April 
2014. Eligible patients were adult patients aged at least 18 years-
old, non-electively admitted to the ICU, with surgical pathology, 
in consonance with the critical illness definition of the Intensive 
Care Society (14) and with an ICU hospitalization predictably high-
er or equal to three days. Rejection criteria included pregnancy, 
lactation, renal insufficiency (creatininemia ≥ 2 mg/dl), acute liv-
er failure (defined in agreement with formerly described criteria 
[15,16]) and amino acid metabolism diseases.

Study was authorized by the institution’s Ethics Committee and 
followed the principles of the Declaration of Helsinki (17). All sub-
jects (or their representatives) were informed of the nature and 
purpose of the investigation and gave their consent to participate.

Patients’ age and gender were collected. Type of admittance 
was defined as primary or non-primary (after previous care on 
other hospital or department). Severity indexes were recorded 
at the time of entrance, including Acute Physiology and Chronic 
Health Evaluation II (APACHE II) score (18), Simplified Acute Phys-
iology Score II (SAPS II) (19), Sequential Organ Failure Assess-
ment (SOFA) score (20) and Shock Index (21). Comorbidities were 
characterized as stated in the Charlson’s index (22). Mechanical 
ventilation, erythrocytes transfusion, amines infusion, renal substi-
tution therapy, surgical interventions and nutritional support were 
listed, as well as glutamine exogenous supplementation. Enteral 
nutrition was implemented with standard regimens and provided 
25 kcal/kg/day and 1.2 g of proteins/kg/day in patients with body 
mass index between 18 and 30 kg/m2 (ideal body weight was 
considered in the remaining cases). Intravenous glutamine was 
administered in patients on parenteral nutrition, at the dose of 0.2-
0.4 mg/kg/day, as a continuous infusion for 24 hours every day.

Evaluation was completed at the time of admittance in the 
ICU, at the first and the third days, with quantification of plasma 
amino acid levels (arginine, citrulline, ornithine, glutamine, ala-
nine, proline, glutamic acid, leucine and isoleucine) and routine 
laboratory tests, including blood gases analysis, lactacidemia, 
serum biochemistry with creatinine, albumin, aspartate amino-
transferase, alanine transaminase, gamma-glutamyl transpepti-
dase, alkaline phosphatase, bilirrubinemia, lactate dehydrogenase, 
creatine phosphokinase and C-reactive protein; hemograme and 
prothombinemia. 

Plasma concentrations of amino acids were measured by 
ion exchange chromatography in a high pressure system (Bio-
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chrom 30 analyzer). Plasma was retrieved from blood collected 
in ethilenediaminotetraacetic acid, by centrifugation at 4,000 g, 
during ten minutes, and reserved at 4 °C. Samples were prepared 
with 12% ditiotreitol, five to ten minutes, deproteinized with sul-
fosalicilic acid, 60 minutes at room temperature and, after separa-
tion of the sediment by centrifugation, were filtered and preserved 
at -20 °C for posterior analysis. 

Plasma amino acid concentrations of surgical critical patients 
were compared with those of a previous historical reference group 
of eleven fasted healthy subjects (23).

Primary goals included in-hospital mortality rate and actuarial 
survival. Secondary targets were health care-associated infections 
rate (24), duration of mechanical ventilation support, ICU and hos-
pital extent of stay, multiple organ failure (MOF) and multiple organ 
dysfunction (MOD) at the sixth day of the ICU stay, prolonged 
MOD, relative variation of SOFA score between the admission 
and the sixth day (∆SOFA6) and performance status at the last 
examination (Karnofsky index [25]). Health care-associated infec-
tions were considered conforming to the criteria of the National 
Healthcare Safety Network (NSHN), Centers for Disease Control 
and Prevention (CDC), Atlanta, GA, USA (24). MOF was defined 
as failure (organ score SOFA ≥ 3 points) of at least two of the 
six listed organs or systems of the SOFA, including respiratory, 
cardiovascular, renal, hepatic, neurological and hematological 
(26). MOD was considered when SOFA score was at least six 
points and prolonged MOD, as MOD lasting over seven days (27). 
Relative variation of SOFA between the admission and the sixth 
day, designated by ∆SOFA6, was calculated in accordance to the 
formula: ∆SOFA6 = (SOFA score at the sixth day/admission SOFA 
score)×100-100.

Statistical analysis was undertaken with SPSS Software version 
18.0 for Windows (SPSS Inc., Chicago, IL), using Chi-squared, 
Student’s t, paired Student’s t, Kaplan Meier and log rank tests, 
Pearson’s correlations and receiver operating characteristic (ROC) 
curves. Level of significance was considered p < 0.05. Data were 
expressed as n (%) or mean ± standard deviation (SD). 

RESULTS

Surgical critically ill patients (n = 28) were included with the 
characteristics summarized in table I. 

Trauma was the most frequent diagnosis (82.1%); other entities 
included severe acute pancreatitis, ischemic colitis, cholangitis 
associated with main bile duct lithiasis, primary bacterial perito-
nitis and abdominal aorta aneurism rupture (n = 1, respectively).

All patients performed the determination of plasma aminogram 
at the ICU ingress, 21 fulfilled both the admittance and the first 
day evaluations, and 14 completed all the three moments of eval-
uation. 

Mean age and gender distribution of eligible ICU patients were 
similar to the control subjects (52.1 ± 18.3 vs 46.3 ± 15.1 years-
old, n.s., and 71.4 vs 54.5% of male gender, n.s., respectively).

At the admission in the ICU, in comparison with the reference 
subjects, critical surgical patients demonstrated lower mean plas-

Table I. Surgical critical patients’ 
characteristics (n = 28)

n (%) or mean ± SD

Male gender 20 (71.4) 

Age (years-old) 52 ± 18.3 (21-82)

Charlson’s comorbidity index 0.9 ± 1.8 (0-8)

Trauma diagnosis 23 (82.1)

Primary admittance 20 (71.4) 

APACHE II 19.7 ± 5.1 (10-32)

SAPS II 40.6 ± 12.4 (20-78)

SOFA 10.5 ± 3.3 (4-19)

Shock index 0.9 ± 0.4 (0.3-2.1)

Sepsis at admittance 3 (10.7)

Mechanical ventilation 28 (100)

Renal substitution therapy 1 (2.6)

Amines infusion 20 (71.4)

Erythrocytes transfusion 17 (60.7)

Nutritional therapy

Enteral / Parenteral / Both 27 (96.4)/5 (17.9)/4 (14.3)

Glutamine supplementationa 5 (17.9)

Surgical interventions 18 (64.3)

Mortality

ICU / Hospital / Global 5 (17.9)/7 (25)/11 (39.3)

Health care-associated 
infections rate

24 (85.7)

MOF/MOD at sixth day 17 (60.7)/20 (71.4)

Prolonged MOD 19 (67.9)

∆SOFA6 (%) -28.7 ± 26.4 (-100-25)

Ventilation support (days) 14.4 ± 10.7 (2-49)

Extent of stay (days)

ICU/Hospital
15.8 ± 12.1 (3-52)/38.8 ± 39.9 

(5-162)

Surveillance (months) 8.2 ± 3.4 (2.3-15)

Actuarial survival (days) 291.6 ± 37.4 (95% CI 218.3-364.9)

Karnofsky’s score 70 ± 16.6 (40-90)

Data expressed as number (%) or mean ± standard deviation. APACHE II: 
Acute Physiology and Chronic Health Evaluation II; CI: Confidence interval; 
∆SOFA6: Relative variation of SOFA score between the admission and the 
sixth day; MOD: Multiple organ dysfunction; MOF: Multiple organ failure; 
SAPS II: Simplified Acute Physiology Score II; SD: Standard deviation; SOFA: 
Sequential Organ Failure Assessment. aGlutamine was administered after the 
third day in the intensive care unit.

ma concentrations of glutamine, citrulline and ornithine and higher 
mean plasma levels of glutamic acid (Fig. 1). In those patients, 
mean plasma concentrations of citrulline, arginine, ornithine and 
glutamic acid increased until the third day, while glutaminemia 
decreased.
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In fact, in surgical critically ill patients, mean glutaminemia at 
the admission was lower than that of control individuals (385.1 
± 123.1 [205.1-776.5] versus 515 ± 57.9 [424-651] μmol/l, 
p = 0.002] and decreased until the third day (385.1 ± 123.1 
[205.1-776.5] versus 288.8 ± 110.5 [23.9-458.6] μmol/l, p = 
0.042) (Fig. 1). Severe hypoglutaminemia prevalence was high: 
64.3% of surgical critical patients demonstrated a glutaminemia 
at admission lower than 420 μmol/l, and 25% revealed a concen-
tration inferior to 320 μmol/l. 

At the ingress in the ICU, glutamine accounted 50.7 ± 14.9% 
of the studied amino acids plasma concentration; that percentage 
decreased until the first day (50.7 ± 14.9% versus 46.2 ± 14.1%, 
p = 0.004) and between the first and the third day (46.2 ± 14.1% 
versus 35.2 ± 14.4%, p = 0.0001).

Admission glutaminemia correlated significantly with arginin-
emia (Pearson’s correlation coefficient r = 76.2%, p =0.0001), 
alaninemia (r = 74.7%, p = 0.0001), ornithinemia (r = 46.5%, p 
= 0.013), leucinemia (r = 46.7%, p = 0.012) and isoleucinemia 
(r = 41.5%, p = 0.028) (Fig. 2A); correlations with the remaining 
laboratorial parameters were not statistically significant, except 
with C-reactive protein (r = 65.3%, p = 0.003). 

Baseline glutaminemia correlated with SAPS II score (r = 
-39.4%, p = 0.042) (Fig. 2A and Table II). Severe hypogluta-
minemia (under 420 μmol/l) was more frequent in patients with 
SAPS II score over 32 (71.4 versus 16.7%, p = 0.027; sensitivity 
= 93.8%, specificity = 45.5%, accuracy = 74.1%; negative pre-
dictive value = 83.3%; positive predictive value = 71.4%). Admis-
sion glutaminemia was lower in cases of erythrocytes transfusion 

(339.9 ± 78.8 versus 454.9 ± 148.8 μmol/l, p = 0.013) and in 
patients with prolonged MOD (345.6 ± 85.4 versus 430.1 ± 
114.4 μmol/l, p = 0.051) (Table II). It also correlated significantly 
with hepatic SOFA score at admittance (r = 38.5%, p = 0.043) 
and at the third and sixth day (r = 53%, p = 0.004 and r = 50.2%, 
p = 0.008, respectively).

Glutaminemia at the third day correlated negatively with the 
duration of invasive ventilation support (r = -65%, p = 0.012) 
and ICU stay (r = -66.5%, p = 0.009) (Fig. 2B). 

Patients with baseline glutaminemia lower than 320 μmol/l 
were predominantly of female gender (57.1 versus 19%, n.s.); 
they also had higher mean comorbidity Charlson’s index (1.4 ± 
1.9 versus 0.7 ± 1.8, n.s.), higher prevalence of non-trauma 
diagnosis (28.6 versus 14.3%, n.s.) and septic conditions (14.3 
versus 9.5%, n.s.), and higher erythrocytes transfusion require-
ments (71.4 versus 57.1%, n.s.). 

Decrease of mean glutaminemia between admission and the 
third day of ICU stay was higher in hospital non-surviving patients 
than in surviving individuals (17.3 ± 37.3 versus 3.8 ± 36.8%, 
n.s.) (Fig. 3A).

Admission glutaminemia below 320 μmol/l, observed in 25% of 
the patients, was associated with higher prevalence of MOF and 
MOD at the sixth day (71.4 versus 57.1%, n.s., and 85.7 versus 
66.7%, n.s., respectively), prolonged MOD (85.7 versus 68.4%, 
n.s.), higher ∆SOFA6 (-25.2 ± 37.6 versus -29.9 ± 22.6%, n.s.), 
higher in-hospital mortality (42.9 versus 19%, n.s.), longer hospital 
stay (44.3 ± 54.6 versus 37 ± 35.2 days, n.s.) and lower actuarial 
survival (212.1 ± 77.9 versus 262.3 ± 32.4 days, n.s.) (Fig. 3B). 

Figure 1. 

Mean aminoacidemia levels in surgical critical patients (n = 28) at the moment of admission in the intensive care unit (ICU), at the first and third days, and in historical 
reference healthy subjects (23) (n = 11). Comparisons were performed with Student’s-t test (with reference group) and paired Student’s-t test (between the ICU moments 
of evaluation). *Plasma levels × 10-1.
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Outcome parameters of patients submitted to parenteral 
nutrition were not significantly different from those observed in 
patients who performed exclusively enteral nutrition.

DISCUSSION

Exogenous glutamine administration is one of the most contro-
versial issues in critical care (4-7). 

Studies on glutamine supplementation in critically ill patients 
have been characterized by the heterogeneity of the studied pop-
ulations (including severity of illness, associated organ failures 
such as hepatic and renal dysfunctions, presence of non-resus-
citated shock, nutritional status and demographic characteristics, 
among others), additional co-interventions (such as simultaneous 
provision of other additives like selenium), different caloric and 
protein intakes and, occasionally, poor methodological quality. 
Analysis of the results is also hampered by differences in the 
glutamine administration schedule: dosage (0.2 to 0.8 g/kg/day), 
route of delivery (intravenous, enteral or combined), timing (in the 

acute phase or later), duration and type of provision (nutritional 
supplementation or pharmacotherapy independent of nutritional 
support) (1,6,11,12,28,29). Furthermore, in previously published 
trials, glutamine plasma concentration was not routinely measured 
at the time of study enrollment (1,7,11,12,28,29).

Severe glutamine depletion in critically ill patients, with plasma 
levels under 420 µmol/l, has been considered as a pejorative 
prognostic factor (2,3) and has demonstrated a variable preva-
lence, described between 25 and 67% (1,12,30,31). In addition, 
high baseline plasma concentrations of glutamine have been 
also associated with increased mortality rate. In fact, low (below 
420 µmol/l) and high (above 930 µmol/l) glutaminemia within 24 
hours of admission in a mixed ICU has been recognized as an 
independent predictor for six-month mortality and to increase the 
sensitivity of APACHE II score to predict death (2). Some authors 
consider glutamine plasma levels above 700 µmol/l as a clear 
contraindication for glutamine supplementation (5).

In the present study, prevalence of severe hypoglutaminemia 
in surgical critical patients at the admission in the ICU was high 
and mean glutaminemia values were similar to those described by 

Figure 2. 

A. Correlations between glutaminemia at admission and argininemia (r = 76.2%, p = 0.0001), alaninemia (r = 74.7%, p = 0.0001) and SAPS II score (r = -39.4%, p = 
0.042) in surgical critically ill patients (n = 28). B. Correlations between glutaminemia at the third day and duration of mechanical ventilation support (r = -65%, p = 0.012) 
and intensive care unit (ICU) stay (r = -66.5%, p = 0.009) in surgical critical patients (n = 28). Pearson’s correlation test and coefficient (r) were used. ◊ Glutaminemia  
≥ 420 μmol/l; ○ Glutaminemia < 420 ≥ 320 μmol/l; ● Glutaminemia < 320 μmol/l.

A

B
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Van Zanten et al. (12). A significant moderate positive correlation 
was demonstrated between admission glutaminemia and sever-
ity score SAPS II, contrary to the previous studies (2). A SAPS II 
score higher than 32 revealed to be a predictive factor of severe 
hypoglutaminemia with high sensitivity and negative predictive 
values. Positive correlations between glutaminemia at admission 
and hepatic SOFA scores at admission and at the third and sixth 
days were in concordance with the association between liver dys-
function and high plasma glutamine concentrations described in 
the literature (31). The present findings did not corroborate the 
inverse correlation between admission glutaminemia and C-re-
active protein levels observed by Nienaber A et al. (32) in a mixed 
ICU patients cohort. 

In this series, glutamine depletion was aggravated during the 
first three days of ICU stay and glutaminemia at the third day 

demonstrated a significant and high negative correlation with the 
duration of invasive ventilation support and the ICU length of stay. 
Severe hypoglutaminemia at admission, below 320 µmol/l, was 
associated, although not significantly, with higher prevalence of 
multiple organ failure at the sixth day and in-hospital mortality. 
Patients with prolonged multiple organ dysfunction demonstrated 
lower mean baseline glutaminemia levels. Therefore, in this study, 
hypoglutaminemia represented a pejorative prognostic factor, 
namely of prolonged ventilation support requirement.

High positive correlations observed between admission glu-
taminemia and plasma concentrations of alanine and arginine 
were expected since glutamine and alanine are both depleted in 
catabolic states (32) and glutamine serves as a precursor for de 
novo production of arginine through the citrulline-arginine path-
way (33,34). A moderate direct correlation was also demonstrat-

Table II. Glutaminemia and patients’ characteristics, severity scores and outcome 
parameters

Glutaminemia at admittance
(mean ± SD/Pearson’s coefficient)

pa Glutaminemia at third day
(mean ± SD/Pearson’s coefficient)

pa

Female gender 376.7 ± 183.1 vs 388.5 ± 95.6 n.s. 121.8 ± 169.4 vs 319.3 ± 66.9 n.s.

Age (years-old) - n.s. - n.s.

Charlson’s index - n.s. - n.s.

Trauma diagnosis 375.1 ± 91.6 vs 431.2 ± 230 n.s. 277.8 ± 115.9 vs 355.1 ± 27.5 n.s.

Non-primary admittance 368.1 ± 105.2 vs 391.9 ± 131.4 n.s. 240.2 ± 172.8 vs 315.8 ± 51.2 n.s.

Shock at entrance 366.6 ± 127.4 vs 424.3 ± 109.8 n.s. 273.6 ± 120.9 vs 344.7 ± 19.3 n.s.

Sepsis at entrance 489.2 ± 271.7 vs 372.6 ± 96.8 n.s. 355.1 ± 27.5 vs 277.8 ± 115.9 n.s.

SAPS II -39.4% 0.042 - n.s.

APACHE II - n.s. - n.s.

SOFA - n.s. - n.s.

Shock index - n.s. - n.s.

Erythrocytes transfusion 339.9 ± 78.8 vs 454.9 ± 148.8 0.013 274.2 ± 137.4 vs 303.4 ± 84.2 n.s.

Amines infusion 382.6 ± 121.7 vs 391.5 ± 134.7 n.s. 269.7 ± 134 vs 323.2 ± 38.4 n.s.

C-reactive protein (mg/dl) 65.3% 0.003 - n.s.

In-hospital mortality 390.8 ± 180.3 vs 383.2 ± 103.3 n.s. 255.8 ± 134.3 vs 307.2 ± 98.9 n.s.

Health CA infections 367.9 ± 101.4 vs 488.6 ± 202.1 n.s. 286 ± 118.7 vs 305.6 ± 56.2 n.s.

MOF at sixth day 373.6 ± 131.2 vs 402.9 ± 120 n.s. 280.4 ± 86.5 vs 300 ± 144.9 n.s.

MOD at sixth day 363.8 ± 124.6 vs 438.4 ± 108.5 n.s. 258.7 ± 113.1 vs 364.1 ± 63.3 n.s.

Prolonged MOD 345.6 ± 85.4 vs 430.1 ± 114.4 0.051 265.8 ± 115.8 vs 373.1 ± 74.2 n.s.

∆SOFA6 - n.s. - n.s.

Ventilation support (days) - n.s. -65% 0.012

ICU stay (days) - n.s. -66.5% 0.009

Hospital stay (days) - n.s. - n.s.

Mortality at sixth month 386.2 ± 150.3 vs 384.4 ± 107 n.s. 270.7 ± 125.5 vs 302.4 ± 104.6 n.s.

Performance (Karnofsky) - n.s. - n.s.

Data expressed as number (%) or mean ± standard deviation. APACHE II: Acute Physiology and Chronic Health Evaluation II; ∆SOFA6: Relative variation of SOFA score 
between the admission and the sixth day; Health CA infections: Health care-associated infections; MOD: Multiple organ dysfunction; MOF: Multiple organ failure; SAPS 
II: Simplified Acute Physiology Score II; SD: Standard deviation; SOFA: Sequential Organ Failure Assessment. aStudent’s t and Pearson’s correlation tests.
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ed between admission glutaminemia and plasma levels of two 
essential branched-chain amino acids, leucine and isoleucine. 
Branched-chain amino acids, especially leucine, stimulate protein 
synthesis, inhibit proteolysis, and promote glutamine and alanine 
production; its oxidation in skeletal muscle compensates for the 
increased energy expenditure and glutamine consumption in cat-
abolic states (32). 

Decrease of mean glutaminemia levels until the third day and con-
comitant increase of plasma concentrations of citrulline, arginine, 
ornithine and, mainly, of glutamic acid may indicate the favoring of 
two metabolic pathways: synthesis of citrulline (in the enterocyte), 
precursor of arginine (35,36), and production of energy (through the 
supply of energetic substrates for gluconeogenesis) (37).

The main limitations of the present study include the small 
number of patients and the non-consecutive enrollment. The 
exclusively surgical cohort was characterized by the predomi-
nance of trauma diagnosis, the high mean severity scores and 
the high rate of health care-associated infections. Despite the 
higher prevalence of severe hypoglutaminemia in patients with 
high severity score SAPS II, it was not possible to define the profile 
of glutamine-depleted patients clearly and, consequently, to select 
a subgroup who may benefit most from supplementation.

Considering the high variability of glutaminemia at admission in 
ICU (1,12,30,31), the potential benefits of supplementation on glu-
tamine-depleted patients (1,8-10) and the risks of the glutamine 
administration in cases with high plasma concentration (2,11), 

Figure 3. 

A. Glutaminemia profile in hospital surviving (n = 21) and non-surviving (n = 7) surgical critically ill patients at the moment of admission in the intensive care unit (ICU), at 
the first and third days, and in historical reference healthy subjects (23) (n = 11). Comparisons were performed with the Student’s-t test (with reference group) and paired 
Student’s-t test (between the ICU moments of evaluation). B. Actuarial survival curves of surgical critical patients (n = 28) admitted in the intensive care unit according to the 
plasma glutamine concentration at the moment of the admittance (Kaplan-Meyer curve and log rank test).
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determination of glutamine plasma levels should precede exog-
enous supplementation.

Nowadays, glutaminemia measurement is not readily available 
as a routine and fast analysis in most hospitals. Recently, a point-
of-care instrument was proposed as a useful bedside screening 
method in the ICU, although not sufficiently accurate to replace 
quantitative plasma analysis by standard techniques (39). 

Additional knowledge of glutamine kinetics and turnover (includ-
ing the relation between plasma concentration and availability) 
and characterization of epidemiology of glutamine depletion in 
critical care are needed, particularly in surgical patients. Further 
high quality studies are warranted to determine the safety and 
cost-effectiveness of glutamine supplementation in the intensive 
care setting.

CONCLUSIONS

Those results underscore the high prevalence of severe hypo-
glutaminemia in the critical surgical patients and its relevance as 
a predictive factor of unfavorable outcome.

Determination of glutaminemia may contribute to a better defi-
nition of the indications for glutamine supplementation in critically 
ill surgical patients.
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