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Abstract
Hepatic encephalopathy (HE) is a major complication of cirrhosis resulting in significant socioeconomic burden, morbidity, and mortality. HE can be further subdivided into covert HE (CHE) and overt HE (OHE). CHE is a subclinical, less severe manifestation of HE and requires psychometric testing for diagnosis. Due to the time consuming screening process and lack of standardized diagnostic criteria, CHE is frequently underdiagnosed despite its recognized role as a precursor to OHE. Screening for CHE with the availability of the Stroop test has provided a pragmatic method to promptly diagnose CHE. Management of acute OHE involves institution of lactulose, the preferred first-line therapy. In addition, prompt recognition and treatment of precipitating factors is critical as it may result in complete resolution of acute episodes of OHE. Treatment goals include improvement of daily functioning, evaluation for liver transplantation, and prevention of OHE recurrence. For secondary prophylaxis, intolerance to indefinite lactulose therapy may lead to non-adherence and has been identified as a precipitating factor for recurrent OHE. Rifaximin is an effective add-on therapy to lactulose for treatment and prevention of recurrent OHE. Recent studies have demonstrated comparable efficacy of probiotic therapy to lactulose use in both primary prophylaxis and secondary prophylaxis. 
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Core tip: Hepatic encephalopathy (HE) is a major complication of cirrhosis resulting in significant socioeconomic burden, morbidity, and mortality. Management of acute overt HE (OHE) involves institution of lactulose, the preferred first-line therapy. In addition, prompt recognition and treatment of precipitating factors may result in complete resolution of acute episodes of OHE. Treatment goals include improvement of daily functioning and prevention of OHE recurrence. For secondary prophylaxis, intolerance to indefinite lactulose therapy may lead to non-adherence and has been identified as a precipitating factor for recurrent OHE. Rifaximin is an effective add-on therapy to lactulose for treatment and prevention of recurrent OHE. 
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INTRODUCTION
The prevalence of cirrhosis both worldwide and in the United States is unknown[1], although experts estimate that 5.5 million people in the United States have cirrhosis[2]. One of the primary complications of cirrhosis is hepatic encephalopathy (HE) [3]. HE represents a continuum of clinical features involving cerebral dysfunction in cirrhotic patients with hepatic decompensation[4]. The spectrum can be further divided into preclinical stage, covert HE (CHE), or a clinically symptomatic state known as overt HE (OHE).

INCIDENCE AND PREVALENCE OF HE
According to a study utilizing data from the Nationwide Inpatient Sample, annual inpatient incidence of HE ranged from 20918 in 2005 to 22931 in 2009[5]. This accounted for 0.33% of all hospitalizations in the United States. A 2010 study of 170 cirrhotic patients from United States reported 56% of patients with underlying CHE, while 30% developed an episode of OHE[6]. Among 1348 consecutive patients with cirrhosis in a multi-center European study, 34% patients were diagnosed with OHE[7]. Other studies utilizing data from British and Danish cohorts report OHE in 10% to 11% of patients in the setting of alcoholic cirrhosis[8,9]. Prevalence of CHE in patients with cirrhosis range from 27% to 70%[10,11].

MORTALITY AND MORBIDITY ASSOCIATED WITH HE
The onset of OHE is associated with high mortality rates as reported by Bustamanate et al[12] with 42% survival at 1 year follow-up and 23% at 3 years. Based on comparison with other complications of cirrhosis, the mortality rates are comparable to bleeding from varices[13]. OHE has been associated with 54% mortality at one year in patients needing admission to intensive care unit[14], while data from the inpatient samples report a 14% to 15% mortality over the 5-year period[5]. Jepsen et al[9] describe 169 patients with a median survival time of 2.4 mo from disease onset with mortality rates of 45% within 1 mo, 64% within 1 year, and 85% within 5 years. In addition to morbidity and mortality associated with HE, the socioeconomic and emotional burden on patients, families and the healthcare system are significant. Patients with HE who were discharged to nursing homes or rehabilitation centers increased from 2.6% to 23.3% between 1993 and 2009[15]. A study of 104 cirrhotic patients with previous history of HE was associated with unemployment, decline in financial status, and higher caregiver burden[16].

PATHOGENESIS OF HE
Cerebral dysfunction in liver failure is a varied phenomenon that can is termed HE. Numerous, complementary mechanisms have been stipulated to underlie HE. Ammonia and other toxins, typically filtered by the liver, play a role in conjunction with altered blood-brain transport of neurotransmitter precursors, metabolism of amino acid neurotransmitters, and cerebral glucose oxidation[17-19]. These alterations result in propagation of inhibitory signals, mediated by gamma-aminobutyric acid and serotonin, and inhibition of excitatory signals, mediated by glutamate and catecholamines[20,21]. The overall effect is neural inhibition. Other contributing mechanisms include neuroinflammation and altered gut flora[22,23]. 
 
DIAGNOSIS OF HE
The diagnosis of OHE is complex, beginning with a clinical recognition of the distinctive neurologic features of HE. The most common features are confusion or coma, asterixis, loss of fine motor skills, and hyper-reflexia. Also required for the diagnosis of HE are the presence of underlying cirrhosis and exclusion of all other etiologies for neurologic or metabolic abnormalities. The portal-systemic encephalopathy score (PSE score; West Haven Criteria) is used to evaluate overall severity.
The two forms of HE include CHE, which has also been called subclinical encephalopathy or minimal encephalopathy (MHE) in the past, and OHE. In contrast to clinically symptomatic OHE, the diagnosis of CHE is made difficult by a lack of agreement in which tests should be utilized[4]. CHE was originally used as the label for patients who performed poorly on psychometric tests[11]. Noted to be more sensitive than observation; psychometric tests have since served as the standard for diagnosis of CHE[24]. Recent studies have also established the usefulness of the neurophysiological critical flicker frequency (CFF) test in diagnosing CHE[25,26]. A study of 132 cirrhotic patients looking at inter-index agreement and predictive validity showed that CFF did not predict CHE reliably, while abnormal EEG and psychometric HE score (PHES) were predictive of subsequent CHE episodes[27]. The availability of neuroimaging to measure brain activity adds to the variability in tests used to detect CHE. In 2013, Zheng et al[28] used neuroimaging to report that the gray matter cerebral blood flow of CHE patients was significantly higher than that of non-HE patients. Arterial-spin labeling (ASL) MRI was used to characterize patterns of cerebral blood flow. Comparing CHE, non-HE, and control patients, they identified particular brain regions such as the right putamen where cutoff values for cerebral blood flow was 93.8% sensitive for characterization of CHE. The study was limited by its small sample size but further research can elucidate the potential for non-invasive CHE screening.
The presence of CHE is associated with higher re-hospitalization and lower survival rates as shown by Patidar et al[6] who followed 170 cirrhotic patients to assess the rates of CHE, hospitalizations, need for liver transplantation and survival. The authors reported that patients diagnosed with CHE via ≥ 2 psychometric tests were at a higher risk of developing OHE (HR 2.1, P = 0.05), hospitalization (HR 2.5, P = 0.002), needing liver transplantation or death (HR 3.4, P = 0.01). Despite these observations, the clinical significance of CHE is under appreciated and diagnosis is not universally pursued. The PHES includes five pencil and paper tests, but is not widely used. In a survey of AASLD physicians, 38% never tested for CHE, while only 14% tested for CHE in > 80% of patients with cirrhosis[29]. The major reason cited for lack of screening for CHE was time constraints (85%), followed by tests requiring trained personnel (75%) and lack of standardization in testing protocols (69%). Additional work is needed to establish reliable and user-friendly diagnostic criteria for CHE.
The clinical classification of HE can be established according to type of underlying disease, severity of manifestations, time course, and precipitating factors[30]. Based on underlying disease HE is further subdivided into: Type A, HE resulting from acute liver failure, Type B, HE resulting from portosystemic bypass or shunting, and Type C, resulting from cirrhosis. Clinical manifestations of Type B and Type C are similar, whereas Type A includes increased intracranial pressure and risk of cerebral herniation. Grading describes severity of manifestations, with CHE covering minimal HE and Grade 1, and OHE covering grades 2-4. Time course is subdivided into three types: episodic, recurrent, and persistent. Lastly, the episode of HE is described as spontaneous or precipitated by specific factors (Table 1).

MANAGEMENT OF HE
The management of HE is mainly guided by clinical impression. In cases where HE is suspected, normal or slightly elevated blood ammonia levels cannot rule out a diagnosis of HE[31]. However, when evidence of underlying chronic liver disease is lacking, elevated blood ammonia levels may provide helpful prognostic information for patients in acute liver failure, or may serve as the basis for further evaluation of uncommon metabolic disorders such as urea cycle disorders[31]. Furthermore, other causes of altered mental status should be ruled out. Laboratory tests and brain imaging can diagnose other causes such as intracranial hematomas, thyroid dysfunction, electrolyte imbalances, and sepsis (Table 2). 

Acute OHE
The approach to a patient with acute OHE involves empiric treatment for HE and a focus on identifying the precipitating factor (Figure 1)[32,33]. The precipitating factors may include gastrointestinal bleeding, infection, mind-altering medications (sedatives, narcotics, recreational agents, etc.), electrolyte imbalances, constipation, and renal failure (Table 1)[2]. Identification and treatment of precipitating factors of HE is critical. An early study found 90% of all cases of acute OHE were successfully resolved with prompt management of the precipitating factor(s) alone[34,35]. In one sample, spontaneous bacterial peritonitis was the most common precipitant of HE (20.5%), followed by constipation (18.3%), and urinary tract infection (15.3%)[36].Therefore, an evaluation to search for a potential infection with a diagnostic paracentesis, blood cultures, urine culture and chest X-ray is warranted. In another study, infection (44%), gastrointestinal bleeding (38%), and constipation (38%) were the most common precipitating factors[37]. 
Currently, the preferred first-line treatment for an episode of acute OHE is lactulose, a poorly absorbed disaccharide that works in several ways. Lactulose decreases the blood ammonia concentration by promoting elimination of ammonia. Fermentation of cleaved lactulose by bacteria into lactic acid and hydrogen ions acidifies the colon, resulting in protonation of ammonia molecules into non-absorbable ammonium and facilitates movement of ammonia from the blood stream into the colon lumen[2]. Alteration to the gut flora also causes reduction of urease-producing bacteria. Lactitol, a second-generation unabsorbed dissacharide, is an alternative with an analogous mechanism of action to lactulose in the management of HE. Lactitol, which is formulated as a powder that can be dissolved in water for administration, is known to have superior taste properties and a defined laxative threshold. In addition, lactitol has demonstrated comparable efficacy with lactulose[38,39]. 
Rifaximin is an alternative first-line treatment option for OHE. It is a broad-spectrum antibiotic and it works by altering the bowel flora with net reduction in blood ammonia concentration. A 2013 study by Sharma et al[40] was the first prospective double-blind randomized control trial to compare rifaximin plus lactulose to lactulose alone. A total of 120 patients were randomized to the rifaximin group or placebo group, with lactulose dosed to achieve 2 to 3 semisoft stools per day. Treatment was administered through nasogastric tube and continued for a maximum of 10 d or until recovery. The rifaximin group demonstrated 76% reversal of OHE vs 44% reversal of OHE in the placebo group (P = 0.004). Mortality rates were lower in the rifaximin group when compared to the placebo group (24% vs 49%, P ≤ 0.05). The lower mortality was due to a reduction in sepsis-related deaths. The authors hypothesize that the anti-bacterial effect of rifaximin inhibited the release of gut-related endotoxins and their transport into the bloodstream. In addition, this study demonstrated a shorter duration of hospital stay with rifaximin treatment (5.8 ± 3.4 d vs 8.2 ± 4.6 d, P = 0.001). The study was limited by lack of serial ammonia level monitoring, though this is not routinely performed in clinical practice.
Second-line agents for the treatment of acute OHE include neomycin and metronidazole. These antibiotics have fallen out of favor due to their systemic adverse effects such as ototoxicity and nephrotoxicity for neomycin, and neurotoxicity for metronidazole. 
Branched-chain amino acids (BCAA) have been studied as therapeutic agents targeting HE. Randomized controlled trials have evaluated the use of BCAA-rich parenteral nutrition in patients with HE[41,42]. Based on a meta-analysis, patients receiving BCAA-rich infusions demonstrated superior mental recovery compared to controls[43]. The impact on mortality was mixed among the constituent trials, with three suggesting improved survival and two suggesting worse survival. Data regarding oral BCAA supplements is controversial. Whereas some trials have demonstrated significant benefit in mental performance with oral BCAA dietary supplementation, others have not revealed consistent benefit[44,45]. A recent meta-analysis including 16 randomized controlled trials of both intravenous and oral BCAA supplementation determined that BCAA had a clinically beneficial effect on OHE (RR 0.73, 95%CI: 0.61 to 0.88); however, there was no impact on mortality, quality of life, or nutritional parameters[46]. Increased risk of nausea and vomiting was noted. Les et al[45]  found improvement in performance on neuropsychometric tests and an increase in mid-arm muscle circumference in patients randomized to BCAA. The design of this study was limited by its inability to discriminate between the effects of the quantity and quality of nitrogen intake. Marschesini et al[47] found improved benefits of BCCA in average hospital admission rate, nutritional parameters and liver function tests. The major limitation of this study was the withdrawal of a significantly greater number of patients form the BCAA arm compared to control study, primarily due to a combination of adverse effects and noncompliance.	
Polyethylene glycol (PEG), a cathartic agent best known for management of constipation, results in increased fecal ammonia excretion. In a randomized controlled trial, PEG was compared head-to-head with lactulose among inpatients with HE. Among patients who were randomly assigned to four liters of PEG over four hours, there was greater improvement in HE after 24 h compared to those who were given three or more doses of lactulose, each 20 to 30 g, over 24 h. Furthermore, median time to resolution of HE was shorter in the PEG cohort[48]. The study was limited by its single-center design and lack of blinding.
Patients with hepatic decompensation in the setting of cirrhosis and HE have been noted to exhibit decreased serum zinc levels[49,50]. Based on the potential role of zinc in neurotransmission[51,52], zinc supplementation has been considered in the treatment or prevention of acute OHE. Yoshida et al[49] compared zinc serum levels in 10 patients with cirrhosis-related hepatic decompensation to patients with compensated cirrhosis and healthy volunteers. Zinc supplementation was found to decrease serum ammonia levels with an unknown impact on OHE clinical course. The study noted that the percentage increase in serum zinc levels was lower in cirrhotic patients. Reduced absorption and higher urinary excretion due to diuretic administration was deemed partially responsible for this observation. The relatively lower percentage increase in serum zinc levels could partially explain an earlier study of zinc-supplementation in 15 cirrhotic patients with chronic HE with no improvement in symptoms associated with chronic HE[53] A 2013 systematic review of zinc in the treatment of HE found an improvement on the number connection test, but no reduction in recurrence of HE (RR 0.64; 95%CI: 0.26 to 1.59)[54]. 

Secondary prophylaxis of OHE
Secondary prophylaxis is the prevention of recurrent episodes of OHE following resolution of acute OHE. Outpatient management after an episode of acute OHE includes improvement of daily function and evaluation for liver transplant candidacy. Secondary prophylaxis should continue indefinitely or until liver transplantation. In the 2009 study from New Delhi, India, Sharma et al[55] conducted an open-label randomized control trial to study recurrence of OHE in cirrhotic patients after recovery from a prior episode. Primary end point was development of OHE and follow-up ranged from 1 to 20 mo. The proportion of patients with recurrent episodes was found to be lower in the lactulose group compared to the placebo (19.6% vs 46.8%, P = 0.001). The most common adverse effects of lactulose were found to be diarrhea (23%), abdominal bloating (10%), and distaste (13%). In this study from New Delhi, all patients tolerated treatment and remained adherent to therapy. In the United States, adherence to lactulose therapy is a concern because many patients find the adverse effects difficult to tolerate[2]. These include severe diarrhea leading to dehydration, hypokalemia, hyponatremia, and other electrolyte disturbance. Other adverse effects related to lactulose therapy include bloating, flatulence, nausea, vomiting, and unpleasant sweet taste. Bajaj et al[56] studied adherence in 137 patients treated with lactulose therapy after initial episode of OHE Among the 103 patients who experienced a recurrent episode of OHE while on lactulose therapy, 38% were non-adherent, 54% were adherent, and 8% experienced lactulose-associated dehydration leading to recurrence. All non-adherent patients in the study developed recurrence, while 64% of those who were adherent to lactulose therapy developed OHE recurrence. Despite adherence to lactulose in this study, precipitating events such as sepsis and gastrointestinal bleeding resulted in recurrence of OHE. Multivariate regression demonstrated lactulose non-adherence (OR 3.26) and MELD score (OR 1.14) as predictive factors for recurrence. A retrospective study by Pantham et al[57] noted that lactulose non-compliance (39%), constipation (22%), opioids and benzodiazepines (17%), dehydration (16%), and infections (15%) as the leading precipitating factors for OHE. 
Rifaximin can be used as an effective add-on therapy with lactulose to prevent OHE recurrence. After a second recurrent episode of OHE, rifaximin is recommended as an add-on therapy to lactulose for secondary prophylaxis[30]. Bass et al[58] performed a randomized, double-blind, placebo-controlled trial to study the effect of rifaximin plus lactulose vs lactulose and placebo in patients who were in remission from OHE. Patients were followed for the treatment period of 6 mo with the primary endpoint being time until a breakthrough episode of OHE. In the rifaximin group, 22.1% of patients reported a breakthrough episode vs 45.9% in the placebo group with a relative risk reduction of 58% for recurrence with rifaximin vs placebo. These data estimated the number-needed-to-treat is 4 patients for 6 mo to prevent one episode of OHE. Hospitalizations were also lower in the rifaximin group (13.6%) compared to the placebo group (22.6%). The background use of lactulose in both groups was 91%. In another study, long term effects of rifaximin treatment were studied in 23 cirrhotic patients for up to 5 years, death, or liver transplantation[59]. Compared with controls, patients on rifaximin therapy experienced lower rates of variceal bleeding (35% vs 60%, P = 0.011), HE (32% vs 47%, P = 0.034), spontaneous bacterial peritonitis (5.5% vs 46%, P = 0.027), and hepatorenal syndrome (4.5% vs 51%, P = 0.037). The 5-year cumulative probability of survival in the rifaximin group was 61% vs 13.5% in the controls.
The concerns over bacterial-resistance with long-term rifaximin use is mitigated by studies demonstrating minimal long-term effects on intestinal flora[60]. In vitro, rifaximin is minimally absorbed and predominantly concentrated in the lumen of the gastrointestinal tract[61]. In a study that found rifaximin resistance in individuals treated with rifaximin 800 mg orally per day for 5 d, discontinuation of treatment for 1 to 2 wk resulted in reduction in resistance rates to less than 20% of intestinal flora[62]. Resistant strains were unable to maintain their presence in the intestinal flora[61]. In contrast to plasmid-mediated resistance often seen with aminoglycoside antibiotics[63], rifaximin resistance occurs through a chromosomal mutation affecting bacterial RNA synthesis. 
	
Primary prophylaxis of OHE
Treatment of patients with CHE to prevent development of a first episode of OHE is referred to as primary prophylaxis and it has important prognostic implications[55]. Sharma et al[64] randomized 120 cirrhotic patients with no previous episodes of OHE to study primary prophylaxis with and without lactulose therapy. Patients were followed for 12 mo and the number of patients with CHE at baseline was similar in both groups. In the lactulose group, 11% of patients developed OHE vs 28% of patients in the no-lactulose group (P = 0.02). Reduction in overall mortality was found to be non-statistically significant (9% vs 20%, P = 0.16). Lactulose was found to improve CHE in 66% of patients. These findings demonstrate lactulose as an effective option for primary prophylaxis of OHE. Current guidelines do not recommend lactulose or rifaximin use as primary prophylactic therapy for the prevention of OHE following post-transjugular intrahepatic portosystemic shunt (TIPS). Lunia et al[65] performed an open-label, randomized-control trial in 2014 to study the role of probiotics in primary prophylaxis of OHE in patients with cirrhosis. At a single site in New Delhi, India, 160 patients were randomized to either probiotics or no treatment. Probiotics alter intestinal microflora by increasing non-urease producing bacteria, thus reducing the amount of ammonia production. In patients with MHE or CHE, an absolute risk reduction of 23.8% was observed, demonstrating a number-needed-to-treat of 4.2 to prevent an episode of OHE in patients with cirrhosis. In addition, a significant reduction in the number of patients with CHE was also observed in the probiotics treatment group compared to no treatment. However, the study was limited by potential treatment bias given lack of blinding the investigators to the administered treatments. 

CONTROVERSIES AND FUTURE DIRECTIONS
An earlier study published in 2012 by Agrawal et al[66] also compared probiotic therapy to lactulose and no therapy for secondary prophylaxis. Using an open-label, randomized controlled study, patients who had recovered from an episode of OHE were followed until development of recurrent OHE or for 12 mo. Development of OHE in both the lactulose group and probiotics group were significantly lower than that of no treatment (26.2% and 34.4%, respectively, vs 56.9% P = 0.001, P = 0.02). Nevertheless, this study was limited by lack of blinding of the randomized intervention. The improved side effect profile of probiotics compared with lactulose offers a compelling alternative therapy for patients with difficulty tolerating lactulose therapy. In this study, all of the patients in the lactulose group were able to tolerate treatment despite the usual adverse effects; 26.4% diarrhea, 16.2% abdominal bloating, and 17.6% distaste to lactulose. In comparison, the most common adverse effect in the probiotics group was constipation (21.8%) and abdominal distention (14%). At 21.8%, the percentage of patients reporting constipation in the probiotics group paralleled that of the non-therapy group (21.5%). No patients in the probiotics group experienced fever, rash, or increased frequency of stools. While probiotic strains may differ and further studies are needed for validation, data demonstrating effective secondary prophylaxis with decreased risk of non-adherence are encouraging.
New screening test for CHE include Stroop smartphone application[67]. The Stroop application involves a test of mental speed and flexibility that asks the user to correctly identify the color of the presented stimuli. The stimuli can be presented in three forms, a neutral non-verbal cue such as “###” in red ink, a congruent stimuli such as “red” written in red ink, or an incongruent cue such as “red” in green ink. Bajaj et al[67] studied Stroop-app reported scores in 125 cirrhotic patients and 134 controls. Performance was significantly impaired in patients with CHE compared to patients without CHE, as measured using psychometric tests. Furthermore, scores correlated with MELD scores and were worst in those with prior OHE episodes. The study was limited by a relatively high educational status in patients. However, the findings are promising for quick, valid, and reliable screening for CHE. 

CONCLUSION
Management of acute OHE involves institution of lactulose, preferred first-line therapy. In addition, prompt recognition and treatment of precipitating factors is critical as it may result in complete resolution of acute episode of OHE. Treatment goals include improvement of daily functioning, evaluation for liver transplantation, and prevention of OHE recurrence. For secondary prophylaxis, intolerance to indefinite lactulose therapy may lead to non-adherence and has been identified as a precipitating factor for recurrent OHE. Rifaximin is an effective add-on therapy to lactulose for treatment and prevention of recurrent OHE. Recent studies have demonstrated comparable efficacy of probiotic therapy to lactulose use in both primary prophylaxis and secondary prophylaxis.
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Table 1 Precipitating factors for hepatic encephalopathy
Noncompliance with lactulose
Dehydration from lactulose overuse
Gastrointestinal bleeding
Infection/sepsis
Medications (narcotics, sedatives, etc.)
Recreational drugs (cocaine, marijuana, etc.)
Transjugular intrahepatic portosystemic shunt
Alcohol intoxication
Electrolyte dysfunction
Constipation
Renal failure
Constipation




Table 2 Non-hepatic encephalopathy causes of altered mental status

Acidosis
Drug intoxication
Encephalitis
Hyperglycemia
Hypoglycemia
Hypocapnia
Hypoxia
Intracranial hematoma
Severe sepsis
Thyroid dysfunction
Uremia
Wernicke encephalopathy and korsakoff syndrome (vitamin B1 deficiency)
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Prevent recurrence of OHE in patients with previous episode of OHE: Treat indefinitely or until LT

Identify and Treat CHE to prevent first episode of OHE: Specialized Psychometric or Neurological Testing






Figure 1 Algorithm to optimize the management of hepatic encephalopathy. HE: Hepatic encephalopathy; AMS: Altered mental status; OHE: Over hepatic encephalopathy; LT: Liver transplantation; CHE: Covert hepatic encephalopathy. 
