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Glutamine in the critically ill patient

Clinical problem

A man had been admitted with abdominal pain diagnosed as an acute aortic aneurysm. He proceeded to theatre and had the aneurysm repaired without immediate complication. Post-operatively he was transferred to the ICU for overnight support. Upon review the following morning his oxygen requirements had worsened and he was not fit for extubation.

Relevant management

It was decided to try and initiate enteral nutrition and so a standard feed was started. Absorption was poor and parenteral nutrition was started to cover the catabolic period until this improved. The patient’s stay was complicated by a ventilator-associated pneumonia and a tracheostomy was performed for ventilatory weaning. The weaning process was slow and glutamine was suggested as a nutritional supplement to improve this. 

Further information

Glutamine is the most abundant, non-essential amino acid in the human body. It contributes 25% to the total plasma amino acids and 60% of the free amino acids in skeletal muscle. It is synthesised and utilised in many tissues but it is mainly produced in skeletal muscle by the cytosolic enzyme glutamine synthetase. The proportion of use changes depending during exercise, stress, infection or illness. It is released into the circulation where it acts as an inter-organ nitrogen and carbon transporter for intra-cellular glutamate. It is degraded in the mitochondria by glutaminase.

Glutamine has a number of vital roles. It is critical to maintain the integrity and function of high turnover, metabolically active tissues. It is a component of heat shock protein. Animal and ex-vivo studies on lymphocytes demonstrate a dose-response relationship at physiological plasma glutamine concentrations. This relationship is critical for T lymphocyte function and can be compared with the clinical immunological response. It is key in regulating purine, pyrimidine and nucleotide synthesis, a significant contributor to gluconeogenesis and is a precursor for glucosamine, glutathione and arginine synthesis. It has a role in enterocyte function, acid-base balance in the kidney and in nitrogen homeostasis by the liver. 

Several circumstances result in increased cellular demand for glutamine including trauma, oxidative and surgical stress and immune system activation. These result in the export of glutamine from the free amino acid pool in muscle to the splanchnic bed and immune system. This leads to protein breakdown and de-novo synthesis of glutamine from the released amino acids. The inflammatory cytokine TNF-_ induces a 3-4-fold increase in glutamine synthetase activity in skeletal muscle through transcriptional regulation. Similarly, endotoxin has been shown to increase glutamine synthetase mRNA in both lung and muscle, but in animals with cachectic muscle the increases in glutamine synthetase protein levels are seen predominantly in lung tissue, signifying its importance when muscle mass is diminished. These increased demands for glutamine may result in a relative glutamine deficiency. 

Early deaths in patients in the ICU usually occur as a result of the primary pathology. Later deaths usually occur from multiple organ failure following sepsis, a recognised risk of a sustained ICU stay. If a supply deficiency (as opposed to a synthesis deficiency) of glutamine were a limiting factor in the critically ill, the benefit of its exogenous replacement would be seen by the prevention of late deaths. 

Several small studies have shown a benefit in morbidity using glutamine, either enterally or parenterally, as a supplement in ICU patients. Houdijk and colleagues randomised 60 multi-trauma victims to either glutamine or placebo and using day 15 infectious morbidity as the outcome found a reduced incidence of pneumonia, bacteraemia and sepsis in the intervention group. Hospital stay has also been shown to be reduced with the administration of parenteral glutamine in patients undergoing abdominal surgery.

Although exogenous glutamine administration has been shown to correct plasma glutamine levels and improve morbidity it is not clear whether administration to the critically ill improves survival. The 6-month outcome of 84 general ICU patients, with APACHE II scores greater than 10, were assessed by Griffiths and colleagues. Patients were randomised to receive either standard parenteral nutrition or standard nutrition with 25g glutamine. Survival differences were noted as early as 10 days following the initiation of treatment and these differences were sustained at six months with a survival rate of 57% in the treatment group and 33% in the control group. Subsequent studies reveal that the increase in survival seems to be due to decreased mortality from ICU nosocomial infection, particularly Candida.

A recent meta-analysis by Novak and colleagues demonstrated that glutamine supplementation was associated with a risk ratio of 0.78 (95% CI 0.58–1.04) with respect to mortality. Glutamine supplementation was also associated with a lower rate of infectious complications, risk ratio 0.81 (95% CI 0.64–1.00) and a shorter hospital stay (-2.6 days; 95% CI -4.5 to -0.7). 

There is some evidence to suggest that plasma glutamine levels are slower to recover with the same dose of glutamine given enterally as parenterally. The enteral route may be ideal when given early to the non-infected patient (e.g. after trauma) to improve GALT function and the immune defence against infection, but from studies to date, the post-pyloric or jejunal route may be necessary in order to achieve adequate delivery and clinical effects. For the already severely stressed or infected ICU patient, enteral supplements alone may be inadequate and parallel parenteral support is likely to be required. Evidence is now becoming available that during an ICU admission parenteral supplementation of enteral nutrition does not increase the risk to the patients and may produce a better overall outcome.

There is limited evidence regarding an appropriate dosing schedule. Analysis by Novak et al suggests that most benefit would be gained by parenteral glutamine in the critically ill patient at a dose of 0.20 g·kg-1·day-1 or more. This is consistent with recent data that demonstrated that critically ill patients with low plasma glutamine levels had a higher mortality than those with normal glutamine levels (even when adjusted for APACHE II scores). 

How you would change future management?

There is a valid scientific rationale for including glutamine in all feeds for critically ill patients. In surgical patients, glutamine supplementation may be associated with a reduction in infectious complication rates and shorter hospital stay without any adverse effect on mortality. Glutamine supplementation in critically ill patients may be associated with a reduction in complication and mortality rates. The greatest benefit was observed in patients receiving high-dose, parenteral glutamine.

In future I would seek to ensure that, despite the evidence not being conclusive, those ICU patients most at risk received appropriate glutamine supplementation according to their requirements. As further studies are published more evidence will become available and the ongoing Cochrane systematic review will support any further changes in practice.

References


1. 
Griffiths RD. Glutamine. Nutritional Issues, pp 44-9. London: BMJ Books, 2001.


2. 
Griffiths RD. Glutamine: establishing clinical indications. Current Opinion in Clinical Nutrition & Metabolic Care. 1999; 2:177-82.


3. 
Houdijk AP, Rijnsburger ER, Jansen J, Wesdorp RI, Weiss JK, McCamish MA et al. Randomised trial of glutamine-enriched enteral nutrition on infectious morbidity in patients with multiple trauma. Lancet. 1998; 352:772-6.


4. 
Griffiths RD, Jones C, Palmer TE. Six-month outcome of critically ill patients given glutamine-supplemented parenteral nutrition. Nutrition. 1997; 13:295-302.


5. 
Novak F, Heyland DK, Avenell A, Drover JW, Su X. Glutamine supplementation in serious illness: a systematic review of the evidence. Critical Care Medicine. 2002; 30:2022-9.


- 1 -

