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To the Editor: 

We read with great interest the paper by Martinez et al. [1] published recently in the Journal of 

Hepatology. The article made the important observation of the high prevalence of infections (almost 

20%) in patients with acute variceal bleeding (AVB) despite antibiotic prophylaxis and pointed to 

severe hepatic encephalopathy (HE grade III & IV) as independently associated with bacterial 

infections. Although several previous studies have described the risk of infection as being related to the 

severity of liver disease, we would like to highlight the possible mechanisms underlying the 

development of infection following a variceal bleed and point to potential novel approaches to 

preventing the risk of infection.  

 

1. Isoleucine hypothesis: Haemoglobin is the only protein known to man that is deficient in a 

single essential amino acid, isoleucine making it a very poor-quality protein. Ingestion of 

haemoglobin, as occurs during AVB causes severe hypoisoleucinemia due to a mechanism 

referred to as branched-chain amino acid antagonism as it is also very rich in leucine and valine. 

[2,3] This hypoisoleucinemia eventually results in diminished protein synthesis, DNA 

synthesis, cell proliferation, and subsequently impaired immune function.[2,3]  In cirrhosis, 

administration of an amino acid mixture mimicking haemoglobin results in impairment of 

neutrophil function. It was shown that infusion of isoleucine during a simulated GI bleed 

restores impaired protein synthesis by the liver, which is critical for immunity.[3] Taken 

together, the existing data suggest that isoleucine administration during an AVB may reduce 

the risk of bacterial infection and its concentrations may be a potential biomarker to guide 

intervention. 

 

2. Role of ammonia: Given the peculiar amino-acid composition of haemoglobin, it is also one of 

the most ammoniagenic substances known.[4] In addition to the known neurotoxic role of 

ammonia, it also impairs neutrophil function with the production of excess reactive oxygen 

species, systemic inflammation, oxidative stress, high spontaneous oxidative burst, decreased 

phagocytosis, and a significantly greater risk of infection.[5] Data regarding ammonia 

concentrations from patients had who developed an infection in the Martinez et al. study would 

be interesting. Aggressive attempts to reduce ammonia concentrations rapidly may reduce this 

risk of infection. 

 

3. Hepatic encephalopathy and sympathetic nervous system: There is an increasing literature base 

showing that brain dysfunction due to wide-ranging causes such as traumatic brain injury, 

stroke, and spinal cord injury [6-8] even with silent infarcts leads to immune dysfunction, a 

condition described as CNS injury-induced immunodepression (CIDS).[9] The proposed 

underlying mechanism is that the pro-inflammatory cytokines produced by injured brain tissue 

can directly activate the hypothalamic-pituitary-adrenal axis, activate the sympathetic nervous 

system leading to immune dysfunction thereby increasing the risk of infection. Therefore, the 

observations of Martinez et al. that HE is an independent predictor of infection is important and 

it is possible that the mechanisms underlying CIDS apply also to HE. To reduce the risk of 

infection, HE should be treated with a high degree of urgency and antibiotics initiated or 

modified if it is present.  

 

In summary, targeting known mechanisms and further understanding of the interaction between variceal 

bleeding, hyperammonaemia, HE, and the risk of infection would allow the development of novel 

therapeutic approaches.  
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