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ABSTRACT 

Objective: This study aimed to evaluate the clinically stable liver cirrhosis patients who underwent a 

combination of psychometric tests (NCT-A and DST) for the diagnosis of MHE. 

Methods: A total of 200 clinically stable liver cirrhosis patients were evaluated by psychometric tests (NCT-A 

and DST), standard biochemistry and venous ammonia. MHE was diagnosed if there were two or more 

abnormal psychometric tests (±2SD). The statistics methodology was analyzed by the T-test, chi-square test, 

and multivariate logistics analysis.  

Results: in total, 200 patients with liver cirrhosis; age, and education years were confirmed to be 

prognosticator of both (NCT-A and DST) of the patients with liver cirrhosis; age (50.22±10.53) years; M: F 

ratio: 147:53, Child-Pugh A: B: C (67:85:48) who met the inclusion criteria. 128 (64%) patients had MHE 

(Child A=32 (25%), Child B= 65 (50.8%) and Child C= 31 (24.2%). There was no significant difference 

between ALT, ALB, TBIL, NA, PT, PTA, and INR, but the AST (85.24±121.55vs.62.94±87.71, P=0.028), 

Ammonia (49.02±33.41vs.22.06±14.67, P=0.001), Child-Pugh score (P=0.004) and MELD score 

(7.60±4.58vs.6.10±3.77, P=0.040) ware significantly higher in MHE as compared to Non- MHE patients. NCT-

A and DST were used to diagnosing MHE with a showed excellent correlation with age and education 

(P=<0.05). On multivariate analysis, CTP, MELD, and venous ammonia were predictive of MHE. 

Conclusion: The combination of psychometric tests including NCT-A and DST can be used for the diagnosis of 

MHE. The psychometric tests including NCT-A and DST showed excellent correlation with age and education. 

The prevalence of MHE in this study was 64%. Ammonia>26.5μmol/L, Child- Pugh score>7.5, and MELD 

score>5.31 were predictive of MHE. 

Keywords: Minimal Hepatic Encephalopathy, Liver Cirrhosis, Number Connection Test-A, Digit Symbol test. 
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INTRODUCTION 

Hepatic Encephalopathy (HE) is significant clinical issue cirrhosis of the liver and portal 

hypertension that is characterized by neuropsychiatric and neurologic abnormalities. It is manifested as 

personality changes, cognitive dysfunction, and altered level of consciousness [1]. MHE is characterized by 

subtle cognitive and psychomotor deficiencies and the absence of recognizable clinical signs and symptoms of 

HE and is documented by neuropsychological (NP) tests and neurophysiological tests, but HE grade 1 is 

characterized by the presence of mild clinical alterations such as euphoria, anxiety, or a shortened attention 

span [2]. Minimal hepatic encephalopathy cases vary worldwide between 30 to 84% in cirrhotic patients [3]. 

MHE is associated with impaired quality of life and driving ability and is a predictor of the development of 

overt hepatic encephalopathy (OHE) [3]. Complications of Liver cirrhosis such as Ascites, Variceal Bleeding, 

infection and HE are predictors of an unfavorable prognosis in patients with cirrhosis [4]. MHE has also been 

associated with a higher incidence in the development of overt hepatic encephalopathy (HE) and higher 

mortality in patients with cirrhosis [5]. The Model for End-stage Liver Disease (MELD)and Child-Turcotte-

Pugh (CTP) scores were seen as predictors of long-term survival and complications in patients with cirrhosis 

[6]. Gut-derived nitrogenous substances are universally acknowledged to play a major role in the 

pathogenesis of HE, and MHE is similar to that of overt HE. Ammonia is thought to be a major factor in the 

pathogenesis of HE [7]. The Working Group on HE should be validated by at least two of the following 

neuropsychological tests and is used for the diagnosis of MHE: The Number Connection Test-A (NCT-A), NCT-

B, Digit-Symbol Test (DST) and the Block-Design Test (BDT) [8], and PHES can be used to measure motor 

speed, motor accuracy, attention, concentration, visual perception, visual-spatial orientation, visual 

construction and memory [9], which are seen in most neuropsychological impairments in MHE. PHES has 

been standardized in Germany, Italy, Spain, India, Korea, and Mexico. This study aimed to build and for the 

psychometric tests (Number Connection Test and Digit Symbol Test), to evaluate the diagnosis of MHE 

patients with liver cirrhosis. 

 

MATERIALS AND METHODS 

Patient population: 

The Prospective of this study was executed between December 2018 to December 2019 at General 

Hospital of Ningxia Medical University, 200 clinically stable liver cirrhosis patients without MHE were 

screened prospectively for MHE. 

Subjects and study plan: 

Patients were included if they were ages >18 to <64 years of age. Liver cirrhosis was diagnosed on a 

clinical basis involving laboratory tests, sonographic findings, endoscopic evidence, abdomen CT and liver 

histology, if available. The following were the etiologies of cirrhosis: Chronic Hepatitis B (116), Chronic 

Hepatitis C (21) and Primary Biliary Cirrhosis (23), Alcoholic Cirrhosis (n=18), Autoimmune Hepatitis (11) 
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and Cryptogenic Cirrhosis (11). The exclusion criteria used were history of taking lactulose or any alcohol 

intake, antibiotics, gastrointestinal hemorrhage or spontaneous bacterial peritonitis during the past 6 weeks, 

previous TIPS or shunt surgery, significant comorbid illness such as heart, respiratory or renal failure; and 

history of any neurologic disease such as Alzheimer’s Disease, Parkinson’s Disease or Non-Hepatic Metabolic 

Encephalopathy’s. Patients on psychoactive drugs, such as antidepressants or sedatives, were excluded. 

History of alcohol intake was assessed by either asking the patient or his/ her relatives. Liver function tests 

and venous ammonia were measured at inclusion. All patients who were enrolled in the study were evaluated 

using Psychometric Tests (Number connection tests and Digit symbol tests). 

Psychometric testing: 

Two hundred patients underwent a combination of psychometric test including the Number 

Connection Test-A and Digit Symbol Test. The Number Connection Test (NCT) is the most universally used in 

the psychometric evaluation of cirrhotic patients. It was established to be capable of detecting mild mental 

dysfunction in cirrhotic patients. The subject is shown a sheet of paper with 25 numbered circles that are 

randomly spread over the paper. The task given was to connect the circles from 1-25 as quickly as possible. 

The test results are the time needed by subject including error correction time [15], (Figure 1). 

 

Figure 1: Number connection test 

The Digit Symbol Test (DST) - the subject is given a succession of double-boxes with a number given 

in the upper part. The task is to draw a symbol relevant to this number into the bottom part of the boxes. Nine 

fixed pairs of digits and symbols are given at the top of the test sheet. The number of boxes of the test results 

is correctly filled within 90 seconds.  The test score is the time required to complete the test, including the 

time needed to correct any errors (Figure 2). Tests were considered abnormal when the test score was more 

than mean ± 2 SD, from the age and education matched controls[9]. Minimal hepatic encephalopathy was 

diagnosed if two or more psychometric tests were abnormal. 
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Figure 2: Digit symbol test 

Biochemical examination: 

Blood samples for AST, ALT, and TBIL, albumin, INR, sodium, creatinine, PT, INR, PTA, and 

ammonium were analyzed by conventional methods and abdominal ultrasound and computed tomography 

for ascites. 

Calculation of MELD and CTP score: 

Both the scores were calculated on the day of the assessment of MHE. CTP score was achieved 

according to the classification presented by Pugh[10]. The MELD score was calculated according to the 

following formula: MELD = (0.957 × Log [creatinine in mg/dL] + 0.378 × Log [bilirubin in mg/dL] + 1.12 × Log 

International normalized ratio [INR] + 0.643)× 10.The maximal serum creatinine level contemplated within 

the MELD score equation is 2.0 mg/dL [11]. 

Statistics analysis: 

Data were expressed as mean ± S.D. for a comparison of categorical variables, chi-square test, and T-

test. Receiver operating characteristic (ROC) analysis was used to distinguish the threshold values. The area 

under the curve (AUC), sensitivity and specificity for cutoff points obtained were reported. A logistic 

regression model was used to calculate multivariate odds ratios (ORs), and their 95% confidence intervals 

(CIs) were used to identify factors associated with MHE. Kappa statistics were used to study the agreement 

between the   NCT-A and DST.A two-sided P value less than 0.05 was purposeful statistically significant. The 

statistical analysis was done using SPSS version 10 software (SPSS, Chicago, IL). 

 

RESULTS 

Between December 2018 to December 2019,200 patients with clinically stable liver cirrhosis (age, 

50.22±10.53 years; M: F ratio, 147:53), child-Pugh class A: 67, child –Pugh class B: 85, child –Pugh class C: 48 

were included. Two hundred patients met the inclusion criteria and were included in the study. The causes of 
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cirrhosis were: Chronic Hepatitis B (n=116), Chronic Hepatitis C (n=21), Primary Biliary Cirrhosis (n=23), 

Alcoholic Cirrhosis (n=18), Autoimmune Hepatitis (n=11) and Cryptogenic Cirrhosis (n=11). The 

demographic and clinical features of the patients enrolled are shown in Table 1. 

Parameters Cirrhotic (mean ±S. D) n=200 

Age (years) 50.22 ±10.53 

Sex: M/F (%) 147 (73.5): 53 (25.5) 

Education 1-6years/7-9years/10-

12years/>12years, n(%) 

 

76(38%)/ 37(18.5%)/32(16%)/ 55(27.5%) 

AST (U/L) 77.21±110.86 

ALT (U/L) 68.75±133.19 

TBIL (µmol/L) 56.99±83.77 

Creatinine (µmol/L) 64.06±30.77 

NA+ (µmol/L) 139.22±4.09 

Ammonia (µmol/L) 39.31±30.94 

PTA (%) 65.91±20.67 

INR (sec.) 1.39±0.37 

Child-Pugh class A: B: C (%) 67 (33.5):85 (42.5):48 (24) 

Table 1: Demographic and clinical characteristics of the study population 

Abbreviations: AST – Aspartate aminotransferase; ALT – Alanine aminotransferase; TIBL – Total Bilirubin; 

NA+ - Sodium; PTA – Prothrombin Activity; INR – International Normalized Ratio. 

Results of psychometric tests: 

In total, 200 liver cirrhosis patients, 76 patients were primary school, 37 patients were secondary 

school, 32 patients were high school, and 55 patients were university students, of the 200 patients taking the 

NCT-A and DST .128 patients had abnormal psychometric tests and 72 patients had normal psychometric test 

results. 128 patients (64%) were diagnosed as MHE based on two or more abnormal (± 2SD control) 

psychometric tests (Tables 2 and 3). The age and education years of the 200 were range 50.22±10.53 (range 

18-64), respectively, and 147 were men (73.5%) and 53 were female (26.5%).The distribution of subjects 

according to age was as follows: 18-34 years, 19(9.5%); 35-44 years, 35(17.5%): 45-54 years, 65(32.5%); and 

55-64 years, 81 (40.5%) (Figure 3). The educational years according to age is presented in Figure 4. 

The results of NCT-A and DST were 84.91± 34.06, 20.99 ±7.35, respectively. The results of the two 

tests were significantly correlated with age and education, and Pearson’s Correlation Coefficients are shown 

in Table 4. There was a significant correlation with age and educational years between psychometric tests (p- 

value is <0.05). 
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Parameters MHE (n=128) Non-MHE (n=72) P-value 

NCT-A (sec.) 84.91 ± 34.06 43.63 ± 6.80 0.001 

DST (score) 20.99 ±7.35 44.04 ± 9.28 0.009 

Table 2: Psychometric tests in patients with MHE and Non-MHE 

Abbreviations: NCT-A – Number Connection Test; DST – Digit Symbol Test. 

Predictors associated with MHE: 

Ammonia (49.02±33.41vs22.06±14.67; P= 0.001), Child-Pugh score (P= 0.001), MELD score 

(7.60±4.58vs6.10±3.77; P=0.040) and AST (85.24±121.55vs62.94±87.71; P=0.028) were significantly higher 

in patients with MHE as compared to patients without MHE (Table 3). 

On Multivariate Analysis Venous Ammonia and Child-Pugh Score were significantly associated with 

MHE (Table 5). Receiver Operating Characteristic (ROC) analysis was done to identify cutoff for CTP, MELD 

Score, and Venous Ammonia (Table 6, Figure 5). 128 patients (64%) had CTP score >7.5, MELD score >5.31 

and venous ammonia >26.50µmol. 

 

Figure 3: Allocation of the patients according to age 
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Figure 4: Comparison of education years between stable 

Cirrhotic patients of different age groups (p<0.05) 

Parameters 

 

MHE (n=128) Non-MHE (n=72) P-value 

Sex: m/f (%) 90(70.31):38(29.69) 57(79.17):15(20.83) 0.173 

AST (U/L) 85.24±121.55 62.94±87.71 0.028 

ALT (U/L) 63.02±124.57 78.92±147.66 0.084 

NA+ (mmol/L) 139.24±4.09 139.18±4.12 0.976 

Ammonia (µmol/L) 49.02±33.41 22.06±14.67 0.001 

PTA (%) 63.74±20.65 69.76±20.27 0.985 

MELD score 7.60±4.58 6.10±3.77 0.040 

Child-Pugh Classification   0.004 

Child-A 32 35  

Child-B 65 20  

Child-C 31 17  

Education years   0.001 

1-6 74 2  

7-9 24 13  

10-12 18 14  
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>12 12 43  

Age years   0.001 

18-34 9 10  

35-44 14 21  

45-54 33 32  

55-64 72 9  

Table 3: Demographic and clinical characteristics of patients with MHE and Non-MHE 

Abbreviations: AST – Aspartate aminotransferase; ALT – Alanine aminotransferase; NA+ - Sodium; PTA – 

Prothrombin Activity; MELD – Model for End-Stage-Disease. 

 

                                                                NCT-A                                            DST 

                                                    __________________                   __________________ 

                                                     R                   P -value                    R                   P -value 

         Age                                  0.418                  0.001                  -0.526                  0.001 

        Education years               -0.592                 0.001                    0.715                  0.001 

Table 4: Correlation between psychometric tests and age and education 

Abbreviations: NCT-A – Number Connection Test; DST – Digit Symbol Test. 

 

Variable OR   95%C.l. for EXP (B) 

 Lower         Upper 

P -value 

Ammonia 0.960 0.946         0.974 0.001 

CTP score 0.849 0.739         0.976 0.021 

MELD score 0.915 0.849         0.988 0.022 

Table 5: Multivariate analysis of predictors of minimal hepatic encephalopathy 

Abbreviations: CTP – Child-Turcottee-Pugh; MELD – Model for End-Stage-Disease. 

 

Parameter Cutoff AUC (95%Cl) Sensitivity % Specificity% P-value 

Ammonia 26.5 0.772 76.6 41.7 0.001 

CTP score 7.5 0.602 75.0 51.4 0.017 

MELD score 5.31 0.615 60.9 50.0 0.007 

Table 6: Receiver operating curve for venous ammonia, score, and Model for End-Stage Liver Disease for the 

diagnosis of MHE 
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Figure 5: Receiver operating characteristic curve (ROC) of analyses of ammonia, CTP score, and MELD score. 

Receiver operating characteristics of ammonia, CTP score, MELD score, and AST as a predictor for mortality 

in cirrhotic patients. 

Comparisons of psychometric tests including NCT-A and DST: 

The international consensus recommends that at least two of the NCT-A, NCT-B, DST and Block-

Design Tests (BDT) should be used for the diagnosis of MHE[8].Because we compared the psychometric test 

assessment by using the NCT-A and DST[12]. Utilization of NCT-A and DST enabled diagnosis of MHE with a 

sensitivity of (96.9, 23) and a specificity of (37.5, 69.4% (AUC =0.970, 0.001, 0.001) if at least one of the two 

tests was abnormal (Table 7). 

Parameter Sensitivity Specificity AUC P- value 

NCT-A 0.969 0.375 0.970 0.001 

DST 0.023 0.694 0.020 0.001 

Table 7: Comparisons between psychometric tests including NCT-A and DST 

Abbreviations: NCT-A – Number Connection Test; DST – Digit Symbol Test; AUC – Area under the curve. 

 

DISCUSSION 

MHE is manifested by subtle cognitive and psychomotor deficiencies and the absence of significant 

clinical signs and symptoms of HE and is documented by neuropsychometric (NP) tests and 

neurophysiological tests. Minimal Hepatic Encephalopathy cases vary worldwide between 30 to 84% in 

cirrhotic patients. MHE is associated with impaired quality of life and driving ability and is a predictor of the 

development of overt hepatic encephalopathy (OHE). Complications of liver cirrhosis such as ascites, variceal 
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bleeding, infection and HE are predictors of an unfavorable prognosis in patients with cirrhosis [2, 4]. 

Validation of reference standard for neuropsychological tests may increase the detection of MHE. The PHES is 

a neuropsychological test that was specifically designed and recommended for the diagnosis of MHE[10, 15]. 

Weissenborn et al. assembled the first age calibrated normative data for the German population [12]. 

Recently, the PHES has also been generally endorsed in Spanish [13], Italian [14], Mexico [15], India [15] and 

Korean [16] populations. A PHES endorsement studies in Germany [12] and India [15] showed that the age of 

the patient influences PHES, and following validation studies in Spain, Italy, Mexico and Korea circulated that 

level of education also influences PHES [14,17,16].  

In our study, we also detected that the results of psychometric tests including NCT-A and DST were 

affected by age and education years. We also found that age and education years were predictors of all two 

tests included in psychometric tests (NCT-A, DST). However, differences in age and education years were 

found between the MHE and Non-MHE groups (P=<0.05). The proportion of patients with MHE was 

associated with the intensity of liver dysfunction. Age and educational rank are generally recognized to have 

corresponded with the results of neuropsychological tests and accordingly age and education matched 

standard values of healthy controls are recommended [10]. In the study from Spain, the NCT-A and NCT-B 

results were greater in males than in females.  

In our study, the two neuropsychological tests of the NCT-A and DST were impacted by age and 

education. Although, they did not vary between males and females in all age categories. As such, age and 

education, which influenced the results of the neuropsychological tests, were included in the multiple linear 

regression models and formulas used to establish the expected values. In this study, prescriptive data that 

was matched for age and education years were used, and differences were found between patients with and 

without MHE. 

The international consensus recommends the use of the PHES for diagnosing MHE [10, 18]. The 

Vienna consensus recommends that at least two of four tests (NCT-A, NCT-B, DST, and BDT) should be used 

for the diagnosis of MHE [16]. In some studies, MHE  was diagnosed when both of the two tests were 

abnormal [19]. In others, MHE was diagnosed when at least one of the two tests was abnormal [20]. 

The present study compared Psychometric tests with NCT-A and DST for the diagnosis of MHE. The 

diagnosis of MHE based on NCT-A and DST showed positive agreement with Psychometric tests. If at least one 

of the NCT-A and DST tests was abnormal, MHE could be diagnosed with a sensitivity of 96.9, 23% and a 

specificity of 37.5, 69.4% to PHES (AUC =0.970, 0.020; K =0.001, 0.001). Based on our study, we conclude that 

NCT-A and DST, which can be completed in minutes, are simple tools for screening MHE patients with liver 

cirrhosis. 

Ammonia is a significant contributor to the pathogenesis of MHE in various studies. Ammonia and 

other neurotoxins act synergistically to induce low-grade cerebral edema as a result of swelling of astrocytes, 

which is mainly due to increased intracellular content of glutamine, secondary to ammonia metabolism [21]. 

In our study also, venous ammonia was significantly higher in MHE patients as compared to Non-MHE 
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patients (49.02±33.415vs22.06±14.670.; P = 0.001), which correlates well with findings from other studies 

[21]. Venous ammonia was found to be correlated with MHE (r=-0.041; P= 0.001), and its sensitivity and 

specificity were 76.6% and 41.7%, respectively, with AUC of 0.772 (95% CI, 0.946-0.974; P = 0.001). It was 

found to be associated with MHE on multivariate analysis also. 

When contrasted with patients in CTP class A, those in classes B and C were at a higher risk of 

suffering from MHE with an odds ratio of 3.72 and 15.072 (p = < 0.001 for both) respectively. Disagreement 

persists in the literature about the ability of the CTP score to predict MHE. While many studies have shown 

that cirrhotic patients with CTP classes B and C have a higher prevalence of MHE compared to CTP class A 

[22],only a few do not [23].  Das et al. reported that though the prevalence of MHE was similar across all CTP 

classes, the severity of MHE as determined by the number of abnormal psychometric tests was greater in 

patients with more severe liver disease [24]. While all patients with cirrhosis need to be screened for MHE, it 

is clear from our results that the highest benefit of screening will accrue in those with CTP classes of B and C. 

In our study, the proportion of patients with MHE increased with the increase in the Child-Pugh 

grade as follows: 128 patients had MHE was present in CTP class A(32,25%),CTP class B (65,50.7%) and CTP 

class C (31,15.5%). The prevalence rate of MHE in CTP class B cirrhosis patients was significantly higher than 

CTP class A and CTP class C. so more patients with Child class B had MHE as compared to the number of 

patients with Child class A and CTP class C grade (P < 0.05). When we analyzed the CTP score association with 

MHE, a cutoff of 7.5 showed a sensitivity of 77.3% and a specificity of 44.4% with ROC of 0.602 (95% CI, 

0.518-0.685; P = 0.017) and odds ratio of 0.961 (p=<0.001). 

One of the major  aspects of the MELD score which is calculated from three biochemical variables 

(serum bilirubin, prothrombin time and creatinine) is that it has continuous variables and accounts for the 

spectrum of disease severity. Although, using the most differentiate  cutoff from the receiver operating 

characteristic curve may provide a model that might be a useful strategy in selecting candidates for any 

cirrhosis-related complication [25]. In a study by Praveen Sharma and others, MHE was significantly 

associated with the MELD score and was following the incidence of MHE. Similarly, Meyer and co-workers 

found that the higher MELD score the more trail-making test A and B impaired [18]. 

In our study, the MELD score of 5.31 or above was found to be associated with MHE with a sensitivity 

of 60.9% and a specificity of 50.0% with an ROC of 0.615 (95% CI, 0.534-0.696; P = 0.007). Although patients 

with higher MELD scores (>5.31) have a high prospect of having MHE. 

 

CONCLUSION 

Based on our study evaluation, the combination of NCT-A and DST has significant association in 

cirrhotic patients and can be used for the diagnosis of MHE. 

The Psychometric tests including NCT-A and DST showed excellent correlation with age and 

education.  

The prevalence of MHE in this study was 64%. Ammonia>26.5μmol/L, Child- Pugh score>7.5, and 
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MELD score>5.31 were predictive of MHE. 
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