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Abstract

Chronic liver disease, presenting with its different forms, causes impairment in health related quality of life due to a variety of symptoms. Among these, fatigue stands out in a particularly leading place. Fatigue may be influenced by a number of factors, including biological , behavioral and psychological determinants. Nonetheless, the study of fatigue is difficult because of its subjective nature. Furthermore, investigators have not yet determined objectively the mechanisms of fatigue and its characteristics.
For clinicians a vital question remains to be answered: is fatigue amenable for treatment?  Exploration of the pathophysiology of fatigue is the clue to its management. An etiological classification is suggested including primary fatigue of unknown etiology due to central and/or peripheral mechanisms. The former include psychological elements, abnormal function of the hypothalamic-pituitary-adrenal axis, defective serotoninergic neurotransmission, increased opioids, alterations in immune activation and cytokine release and neuropathic effect of HCV. Peripheral mechanisms comprise peripheral muscle dysfunction ,oxidative stress and hypermetabolism. Secondary fatigue may be due to liver disease itself or its complications (anemia, ascites, HCC,…). Associated medical disorders warrant attention such as a thyroid disease and diabetes. 

Secondary fatigue is managed by treating the cause or the associated disorders. Primary fatigue could be treated by drugs acting centrally as SSRIs and ondansetron  therapy and life style modification. 
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What is fatigue? 

Fatigue is a multidimensional complaint that may be influenced by a number of factors, including biological, behavioral and psychological determinants such as mood and personality 1. It is a persistent sense of exhaustion, inability to perform usual routine work, and a decreased capacity for physical and mental work 2. It must be differentiated from weakness or exertional difficulties. Fatigue is pervasive, persisting even after sufficient rest from exertion, and should usually lasts for a while before it is aggressively pursued. Heaviness in the limbs, emotional ennui, and myalgias are sometimes referred to as fatigue. However, if the aim is proper evaluation of fatigue, these complaints should always be sought after, amongst others as sleep pattern, fever, arthralgia, weight loss, and anorexia. Dietary habits, consumed drugs, and levels of activity must be inquired in details 3. The  thorough history, in concurrence with properly performed examination, are required to discriminate between a variety of possible causes of fatigue encountered in practice (table 1)4. This symptom reaches a prevalence of 17.5%  to 26%  among the general population of chronic liver disease  5
Fatigue in individual forms of CLD
Fatigue occurs in up to 86% of patients with primary biliary cirrhosis( PBC) 6 and 75% of patients with primary sclerosing cholangitis ( PSC) 7.It has a significant impact on their quality of life. Chronic hepatitis cause fatigue, even in absence of cirrhosis or hepatocellular decompensation 8. In presence of cirrhosis, fatigue occurs in 56% of patients, while in absence of cirrhosis, it occurs in 36% of cases 9. However the degree and pattern of fatigue might be different according to the cause of chronic hepatitis. It has been found that CHC patients have higher score of fatigue than non-HCV cases 8,10,11 . An interesting, and repeatedly reported, finding is that of improvement of fatigue in CHC patients who succeeded to clear the virus on antiviral therapy, compared to non-responders 12. 

Methodological assessment of fatigue 

Attempts to measure fatigue have been made by implementing instruments developed to assess mood states and exercise capacity. Methods to evaluate fatigue have included wrist actigraphers 13, electromyography 14, visual analog scales, and questionnaires 15. Generic scores which have been developed in psychiatry are validated to assess fatigue in liver disease. Furthermore, liver specific instruments were developed to evaluate quality of life, aiming to detect small, yet important, changes in this population 16.
One of the scores commonly used to assess fatigue is worth noting in this review. This is the FIS (fatigue impact scale) method developed by Fisk et al. in 1994 17. It allows evaluation of the perceived impact of fatigue on patients' lives, the factors that affect patients' perceptions of fatigue, and the  effect of fatigue on the mental and general health of patients. It thus relies basically on the determination of the effect of fatigue on activities, which is a more sensitive method than simply asking patients to rate fatigue. This method has been used in various studies in the methodology of fatigue assessment in liver disease patients 18,10. However, these tools provide subjective data, and efforts to identify neurophysiological abnormalities underlying the fatigue of liver disease are still required.
Pathophysiological classification of fatigue in CLD 

     Acute liver insult is frequently associated with fatigue; fatigue in this situation is overwhelmed by the acute illness and is short–lasting. On the contrary, fatigue in chronic liver disease (CLD) warrants detailed discussion.
Swain et al. and others suggested three possible mechanisms: (1) decreased hypothalamic release of corticotrophin releasing hormone; (2) abnormal serotonergic neurotransmission; and (3) increased brain sensitivity to interleukin 1ß 19,20, 21,22. Based on these findings, together with other research material performed in the last decade, a pragmatic classification, aiming at serving both the understanding and the clinical approach of fatigue, is proposed. 

· Primary, not explainable except by liver disease per se.

· Secondary to an evident cause which could be related or not to the liver condition:

· Sequelae and complications of CLD

· Associated disease:



CLD-related



                     Non-LD related 

Primary fatigue includes central and peripheral mechanisms 

Central mechanism of fatigue

a) Neuroendocrine causes referring to abnormal function of the hypothalamic-pituitary-adrenal axis.The following have been proposed:
A- Defective release in corticotropin releasing hormone. 

B- Growth hormone (GH) resistance in CLD, even at its early stage. This  has been attributed to proinflammatory cytokines, predominantly TNF- α. 23
C- Reduced levels of IGF-1 (insulin growth factor-1) as compensation for    the elevated basal and stimulated levels of GH which are associated with deteriorating liver function . 

D- Impaired prolactin secretion in cirrhotics , 24 .
E- Alteration in the body production of melatonin (involved in the sleep cycle). This may explain the sleeping disorders in patients with liver disease

F –Leptin dependent mechanism for fatigue is supported by recent evidences   25,26,27  . However, few controversial studies have analysed leptin in liver diseases. 28,29,30,31,32,. A slight positive correlation between fatigue (especially the physical domain) and circulating leptin levels was found 33.
b) Abnormalities in neurotransmission

i- Defective serotoninergic neurotransmission

This mechanism is mediated via serotonin 1A (5-HT1A) 21,34. This hypothesis was strongly supported by the relief of profound fatigue in a patient with chronic hepatitis C with long-term ondansetron therapy 35.
ii-Increased opioids
 Increased opioidergic tone in cholestasis 36,37 may contribute to the fatigue associated with PBC. In a study of patients with cholestasis, most of whom had PBC, a decrease in fatigue as measured by a visual analog scale was reported after the administration of the opiate antagonist nalmefene 36. Recently a report on the effect of naloxone infusion (0.2 μg/kg/min) on the degree of fatigue, which decreased as per a visual analog score in the treatment of a patient with fatigue and PBC was published 38. Studies of oral opiate antagonists for the treatment of fatigue in PBC merit consideration 39.
c) Alterations in immune activation and cytokine release

Increased cytokine production has also been related to fatigue in various conditions 40. The following findings supported this mechanism in liver disease:

i- Increased sensitivity to interleukin 1B. This cytokine has been implicated in “sickness behaviors” as well as in decreasing the locomotor activity. However, only the latter response was exaggerated in liver disease 41,42,43,44 . IL-1 expression is enhanced in brain in response to peripheral stimuli (endotoxin administration) and stress 22, 43.  It has been postulated that such abnormal responsiveness to IL-1 is mediated by decreased hypothalamic nitric oxide formation 43 .

ii- TNF-
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 has been associated with hypermetabolic/catabolic disturbances in several conditions 44, and plays an important role in the pathogenesis of CLD 45,46. However, Gershon et al and others failed to detect any relationship between fatigue and TNF- levels in patients with CHC 47.
d) Role of manganese:
There is post-mortem evidence for manganese accumulation within the globus pallidus (GP) in patients dying with established cirrhosis. Furthermore, marked hyperintensity of GP on T1(relaxation time ) weighted magnetic resonance imaging has been reported in patients with cirrhosis and hepatic encephalopathy 48,49,50,51. Similar results were obtained in patients with cholestasis, particularly PBC, even in absence of cirrhosis, and these changes were attributed to impaired biliary excretion of manganese 52.
e) Psychological factor

i- Role of depression

It is well established that fatigued patients have psychometric scores suggestive of both depression and/or somatic anxiety 53.  There was great controversy considering the correlation between CHC and depression. Some authors found out that patients with HCV infection are more depressed and harbor greater feelings of anger and hostility compared with those with non-liver chronic diseases 11. Other authors stressed the role of depression to the extent that the level of fatigue in their research strongly correlated with all the psychological domains, particularly depression, and not with their measures of disease activity 54. However, other investigators denied the presence of clinically apparent severe depression, or even fatigue in their CHC patients 18. 

ii- The quality of life measures were significantly worse for HCV-seropositive individuals aware of their serostatus compared with those who were unaware 55.

f) Neuropathic effect of HCV:

There is evidence that hepatitis C virus (HCV) per se could cause brain dysfunction 56. Replication in mononuclear cells and neutrophils could theoretically enable the HCV to enter the brain. This neuropathic effect of the virus is supported by the following observations: 1) Symptoms of central nervous system dysfunction such as fatigue and depression are common in patients with chronic hepatitis C and occur more frequently than in chronic hepatitis B  57 2) Both fatigue and the impairment of health related quality of life (HRQL) are unrelated to biochemical and histologic activity 56, or autoimmune features of hepatitis C 58 , 3) HRQL improved in patients who cleared the virus on therapy but remained unchanged in non-responders 59, 4) replication of HCV could be detected in the astroglia of patients with AIDS 60, 5) detection of HCV-RNA in brain tissue 61, 6) identification of brain-specific quasispecies HCV variants 62, 7) Demonstration of metabolic changes resembling HIV-1 encephalopathy in the basal ganglia of patients with chronic hepatitis C,  and 8) Slight but significant neurocognitive impairment, as tested by P300 event-related potentials, a sensitive electrophysiologic test of cognitive processing in non-cirrhotic CHC patients, and this irrespective to the severity of liver affection. Whether cerebral dysfunction reflects a direct action of the HCV or develops secondary to non-specific consequences of a chronic inflammatory disease (central effect of cytokines) awaits further study 63,64 .

Peripheral mechanisms of fatigue 

a) Peripheral muscle dysfunction and oxidative stress

 Goldblatt et al suggested contribution of peripheral muscle dysfunction to the fatigue associated with cholestasis. They claimed that fatigued patients with PBC had markedly accelerated reduction in muscle function on repeat activity compared with both control subjects and non-fatigued patients 65. Furthermore, the rate of reduction in muscle function correlated with the severity of fatigue experienced by the patient, suggesting a contribution of the peripheral muscle fatigability to the fatigue experienced by patients. The mechanism underlying peripheral muscle dysfunction is not known. Oxidative stress may play a part as muscle fatigue has been shown to be associated with oxidative stress to myocytes. Antioxidants prolong the time to development of fatigue in rabbits and humans. Cholestatic liver diseases are associated with oxidative stress mainly due to the pro-oxidant action of retained hydrophobic bile acids. Three months of antioxidant therapy improved fatigue considerably in patients with PBC, suggesting a role of oxidative stress in the development of fatigue 66,67.  

b) Role of Resting energy expenditure (REE) and body composition

Piche T et al. proved that REE/FFM (FFM= fat free mass) was increased in patients with CHC, and this hypermetabolism was more pronounced in female patients 68. However, no relationship was found between REE/FFM and fatigue (or each subscale), which indicates that hypermetabolism per se probably has little or no influence on the severity of fatigue in such patients .

· Secondary to an evident cause which could be related or not to the liver condition:

· Sequelae and complications of CLD

Sequelae of CLD are numerous and include weight loss, hypermetabolism, anemia, vitamin   deficiencies, electrolyte disturbances mainly hyponatremia, sleep disorders and adverse effects of medication such as interferon and ribavirin.

On the other hand, complications as hepatic encephalopathy, ascites, spontaneous bacterial peritonitis, cardiomyopathy and recurrent variceal haemorrhages) can have further negative impact on patients’ well being  . It is worth noting that patients with advanced cirrhosis (Child’s B and C) showed similar HRQL scores measured both by generic and disease specific instruments. One possible explanation of this finding is that the clinical deterioration between Child’s B and C is not accompanied by a corresponding deterioration in HRQL. Alternatively, neither the generic instrument nor the CLDQ may focus on issues of particular concern to Child’s C patients, and thus fail to discriminate the latter stages of liver failure 69
· Associated disease:



CLD-related such as diabetes mellitus, thyroid disorders, and arthropathy



Non-LD related such as the disorders mentioned in table 1 

Treatment

1- Change the style of life

Avoidance of stress and promotion of healthy lifestyle including adequate sleep, regular exercise. Alcohol and caffeine restriction may help 70
2- Treatment of the evident causes which could be related or not to the liver condition. Thus, specific treatments are to be prescribed to conditions that may have an impact on energy level in patients including anemia, thyroid dysfunction, pulmonary disorder, adrenal insufficiency, renal insufficiency, electrolyte imbalance, and depression 

3- Role of antioxidant therapy:

 Antioxidant therapy was associated with decreased fatigue in patients with PBC in an uncontrolled study; however, in a multicenter, randomized, placebo-controlled, crossover-trial antioxidant therapy had no effect on fatigue scores 38.
4- Centrally acting drugs :

Ondansetron at a dose of 4 mg P.O. t.d.s was associated with a decrease in fatigue scores 71. Other promising agents include opiate antagonist such as nalmefene, and SSRI.
Conclusion 

The pathophysiology of fatigue in CLD is not completely understood .Several factors have been incriminated. The most important, however, are the secondary causes such as anemia, ascites, and HCC. Research about fatigue of an unexplained cause except liver disease (primary) has resulted in the development of a pathophysiologic classification. A central mechanism is being considered. In this context the potential role of cytokines and various neurotransmitter systems, including the serotonin system and the opioid system, in the mediation of the fatigue seems to be significant. Depression is a major factor. Although drugs such as SSRIs , Ondansetron, and nalmefene are promising , yet psychological support may be the cornerstone to mange fatigued patient .
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	1 Pre-existing physical condition

	  —diabetes

  —heart disease

  —lung disease

  —rheumatoid arthritis

  —chronic inflammation

  —chronic pain

  —cancer

  —liver disease

  —multiple sclerosis

	2 Prescription drugs

	  —anti hypertensives

  —anti-inflammatory agents

  —birth control pills

  —antihistamines

  —corticosteroids

  —tranquilizers and sedatives

	3 Depression

	4 Stress/low adrenal function

	5 Impaired liver function and/or environmental illness

	6 Impaired immune function

	  —chronic fatigue syndrome

  —chronic Candida infection

  —other chronic infections

	7 Food allergies

	8 Hypothyroidism

	9Hypoglycemia

	10 Anemia and nutritional deficiencies

	11 Sleep disturbances

	12 Cause unknown

	TABLE 1 Causes of chronic fatigue 4 

	

	







































































