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Abstract (250 words)  

Background & Aimsã� ������ �������� ��������������� ����� �������� ��������ï� ��������� ����

quality of life and places a burden on families. There is evidence that overt HE might be 

prevented pharmacologically, but prophylaxis would be justified and cost-effective only for 

patients at risk. We aimed to identify patients with cirrhosis at risk for overt HE. 

 

Methods: We collected data from October 2009 through December 2012 on 216 consecutive 

patients with cirrhosis (based on liver biopsy, 96 patients with minimal HE), admitted into the 

Gastroenterology Unit at the University of Rome. Patients were followed and evaluated for an 

average of 14.7±11.6 months; development of overt HE was recorded. We analyzed end-stage 

liver disease scores, shunt placement, previous overt or minimal HE, psychometric hepatic 

encephalopathy score (PHES), and levels of albumin, bilirubin, creatinine, and sodium to 

develop a prediction model. We validated the model in 112 patients with cirrhosis seen at the 

University of Padua and followed for 12±9.5 months.  

 

Results: During the follow-up period, 68 patients (32%) developed at least 1 episode of overt 

HE. Based on multivariate analysis, development of overt HE was associated with previous 

HE, minimal HE (based on PHES), and level of albumin <3.5 g/dl (area under the curve 

[AUC]=0.74). A model that excluded minimal HE but included albumin level and previous HE 

also identified patients that would develop overt HE (AUC=0.71); this difference in AUC values 

was not statistically significant (P=.104). Both models were validated in the independent 

�������������������u����������á����±räyvâ�{w¨��������������������á�räxx«räzu�����t����������á�

���±räysâ�{w¨��������������������á�räxu«räyz�� 

 

Conclusion: We developed and validated a model to identify patients with cirrhosis at risk for 

overt HE, based on previous HE, levels of albumin, and PHES. If PHES is not available, previous 

HE and albumin levels can still identify patients at risk. Psychometric evaluation is essential 

for patients with no history of HE. These findings should aid in planning studies of 

pharmacologic prevention of overt HE. 
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Introduction 

Overt hepatic encephalopathy (HE) is a major complication of liver cirrhosis [1] with a 

negative impact on survival [2-4]. Prospective studies have shown that even a single episode 

of overt HE is accompanied by the acquisition of defects in learning capacity, reaction time 

and working memory [5, 6] supporting the observation that cognitive impairment is more 

frequent and severe in patients with a history of overt HE. Thus, overt HE affects seriously 

both the quantity [3] and the �������� ��� ���� ��������ï� ���� [7]. In addition, it represents a 

������� ���� ���� ��������ï� ��������� [8] and a cause of reduced working activity and financial 

income for the affected patients [9]. For all these reasons, measures for the prevention of 

overt HE are probably worthy of adoption and it would be important to identify cirrhotics 

who are at risk of HE.   

To this aim, in this prospective observational study, a number of clinical and laboratory 

variables were recorded and related to the development of overt HE during the follow up. The 

prognostic model derived from the observation group enrolled in Rome was tested in an 

independent validation group of patients observed and followed up in Padua. 

 

Patients and methods  

From October 2009 to December2012, all consecutive cirrhotics without overt HE admitted 

into the Gastroenterology Unit in Rome were enrolled. The diagnosis of cirrhosis was based 

on liver biopsy or on clinical, biochemical and ultrasonographic findings. An upper endoscopy 

was always performed at the time of inclusion to evaluate the size of esophageal varices. 

Overt HE was excluded based on the West-Haven criteria [10]. Exclusion criteria were: 

alcohol/psychoactive drugs intake at baseline, neurological disease, lack of compliance with 

psychometric evaluation. Patients with advanced hepatocellular carcinoma, outside the Milan 

criteria, were also excluded. Patients with a history of persistent or recurrent HE defined by 
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two or more than two episodes within the last six months, even if without overt HE on first 

observation, were also excluded as these patients are usually treated continuously with 

lactulose and/or non absorbable antibiotics and because in these patients the occurrence of 

overt HE is expected by definition. 

��� ��������á� �������� �������� ���� ��������ä� ���� ò��������ó� ����������� ��� ����� ��������

Committee approved the study (Rif.1720/01.10.09).  

A detailed history was obtained on previous episodes of overt HE. Patients were qualified as 

having a positive history if a previous episode of overt HE (grade II or over based on the West 

Haven criteria) was documented by a hospitalization. The cut off for grade II HE was the 

presence of an acute confusional syndrome with disorientation to time on neurological 

examination. If the patient or a family member reported a less severe degree of HE (grade I, 

covert HE) the patient was qualified as having a negative history of overt HE.  All the other 

parameters (Child-Pugh class and score, MELD score, serum sodium and albumin levels) were 

collected at enrolment. Portal-systemic shunts (spleno-renal or mesenteric-caval shunt) were 

searched for by US and CT scan in all patients. In patients who underwent TIPS, shunt patency 

was checked by ultrasound examination.  

 

Psychometric evaluation 

All patients underwent the psychometric hepatic encephalopathy score (PHES) battery, 

including the digit-symbol-test (DST), trail-making-test A (TMT-A) and B (TMT-B), the serial-

dotting-test (SDT) and the line-tracing-test (LTT). Each test was scored against age and 

education-adjusted norms for the Italian population. The PHES is the sum of integer scores of 

each test computed from the adjusted Z values, as follows: score = -u� �����¶-3, score -2 for -

3´�¶-2, score -1 for -t´�¶-1, score 0 for -s´�´sá� ������ s� ���� �·sä� ���� ���� ¶-4 was 

considered abnormal [11].  
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Follow up 

All patients were followed-up with repeated ultra-sound and laboratory investigations every 

six months and endoscopic evaluation every year. Patients and their families were instructed 

to contact physicians immediately should any alteration in mental status occur between 

scheduled reviews. Family was instructed to report the occurrence of lethargy, apathy, 

personality change, inappropriate behaviour or disorientation in time and place. In this case, 

HE psychometric evaluation was repeated. The patients with an overt episode of HE reached 

the main end-point of the study. The patients were contacted by phone every 3 months to 

check on their adherence to the scheduled follow up. 

None of the patients received any pharmacological treatment to prevent the occurrence of HE. 

Once developed, HE was treated with the oral administration of non-absorbable disaccharides 

or antibiotics.  All potential HE precipitating events were also treated. The patients were 

followed up until death, liver transplantation or to the last available outpatient review. 

 

Validation study 

The database of all the patients observed and followed-up in the Department of Medicine, 

University of Padua was used. Patients were selected if the data included in the model for HE 

prediction development by the observation group were available on entry. The development 

of an episode of overt HE (grade II or over) recorded during the follow-up was the end point 

for the validation group too.  

 

Statistical analysis 

Comparisons among groups were performed by analysis of variance (ANOVA), unpaired 

�������ï���-test or chi-square. The cumulative incidence of the first episode of HE during the 

follow-up was estimated. The conditional hazard at multivariate analysis, due to the 
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competing risk nature of the data (HE and death), was evaluated using the proportional sub 

distribution hazards model of Fine and Gray [12]. We therefore report the sub-distribution 

hazard ratios (sHR) rather than the usual HR, but the former have the same interpretation as 

the latter.  

Age, gender, aetiology of liver cirrhosis, Child-����ï�� �����á� ����� �����á� ��story of HE, 

presence of TIPS, albumin, bilirubin, creatinine, sodium and PHES were analysed as potential 

predictors of HE. These variables were initially evaluated by univariate (using univariate Fine 

and Gray models) and then included in a multivariate analysis (according to multivariate Fine 

and Gray models). The final multivariate model was chosen in a forward fashion by 

minimizing the Bayesian Information Criterion.   

A score was built using predictors selected at univariate analysis, assigning one point to the 

presence of each risk factor.  A time-dependent ROC curve [13] for censored data at 1 year of 

follow up was estimated using the NN estimation method, significance tests and confidence 

intervals were assessed through the non-parametric bootstrap. In order to evaluate the added 

value of the psychometric tests included in the PHES to a score consisting only of the other 

clinical prognostic factors, the Net Reclassification Index (N.R.I.) was computed [14]. The 

findings were validated by computing the time-dependent ROC curves on the independent 

validation groups, and by checking that Area Under the ROC curve (AUC) was not significantly 

different.  Software R version 2.14.2 was used for all computations.  

 

Results 

Observation group 

Two-hundred-sixty patients were considered in Rome: 43 were excluded because of overt HE 

on first assessment. One patient was unable to perform the psychometric tests. The 

characteristics of the patients enrolled and the results of the psychometric tests are reported 
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in Table 1. Ninety-six patients (44 %) were affected by minimal HE. Twenty-two % had at 

least one episode of overt HE in their history.  

During a mean follow up of 14,7 ± 11.6 months, 5 patients (2%) were lost to follow up, 16 

(7%) underwent liver transplantation and 55 (26%) died. Sixty-eight patients (32%) 

developed at least one episode of overt HE. The proportion of the precipitants was the 

following: bacterial infection 44%, fluid and electrolytes abnormalities 23%, constipation 8%,   

upper G.I. bleeding 4%, unidentified 21%. Patients who developed overt HE had more severe 

liver failure and a higher prevalence of both minimal HE and previous HE compared to those 

who did not develop HE. Moreover, albumin plasma levels were significantly lower in the 

patients who developed overt HE (Table 2). 

On Fine and Gray regression multivariate analysis only previous HE, minimal HE (PHES) and 

albumin were significantly associated with overt HE development (Table 3, Model 1; Figure 

1). The model constructed by attributing one point to each of the parameter selected on the 

multivariate analysis (previous HE = 1; minimal HE (PHES) = 1 and albumin in g/dl < 3.5 = 1) 

had an AUC of 0.74 at ROC which corresponds to a sensitivity of 0.88, 0.62, 0.25 and a 

specificity of 0.38, 0.76 e 0.98, respectively.  Positive predictive values were 0.39, 0.54, 0.71 

while negative predictive values were 0.85, 0.80 and 0.72. The model had similar sensitivity 

and specificity using albumin as a continuous variable (data not shown). 

A second multivariate analysis was performed by excluding minimal HE (PHES). This second 

analysis selected albumin (g/dl) and previous HE as the only independent variables 

significantly associated with the development of overt HE (Table 3, Model 2). The ROC based 

on these two predictors had an AUC of 0.71, to a sensitivity of 0.81 and 0.28 and to a 

specificity of 0.52 and 0.94 respectively at 1 year of follow up. Positive predictive values were 

0.44 and 0.68 while negative predictive values 0.84 and 0.73. 

The prediction capacity of the two models (with and without minimal HE PHES) in identifying 
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the patients at risk of HE was compared by ROC AUC and there was no difference (p=0.104). 

However, the net reclassification index (NRI) was 0.24; p=0.042 indicating that 24% of the 

patients misclassified with Model 2 are classified correctly by Model 1. This suggests that 

there is a small advantage, although statistically significant, in using the 3 variables model. 

Finally a third analysis was performed by excluding the 48 patients with previous episodes of 

overt HE and thus, only on the remaining 168 patients. This analysis selected serum albumin 

and minimal HE (PHES) as the only independent variables significantly associated to the 

development of overt HE during the follow up (Table 3, Model 3). The prediction capacity of 

this model was compared by ROC AUC and the NRI.  The AUC of the model with albumin and 

minimal HE (PHES) was statistically higher than that of the model with albumin alone (0.72 

vs. 0.70; p<0.05). NRI was 0.14; p<0.05 suggesting that in patients without previous episodes 

of overt HE there is a statistically significant advantage in using minimal HE (PHES) in 

addition to albumin for the prediction of the occurrence of overt HE. 

 

Validation group. 

The characteristics of the patients included in Padua and Rome are reported in Table 4.  The 

group enrolled in Padua consisted of 112 cirrhotic patients (from a larger database of 211 

patients studied between 2009 and 2012). Ninety-five % of the patients in Padua were 

enrolled as outpatients and seen every 4 months for a mean follow up period of 12.0 ± 9.5 

months. 

The validation group consisted of younger patients with less compensated liver disease; 

alcohol-related aetiology was more common in Padua. In this group, less patients had minimal 

HE based on PHES and more patients had previous HE.  

In �����ï� group, patients who developed overt HE during the follow up had lower albumin 

levels (3.3 ± 0.5 vs. 3.7 ± 0.4 g/dl; < 0.001), more severe liver disease according to Child Pugh 



10 
 

score (8.2 ± 2.2 vs. 7 ± 1.7; p= 0.01) and a higher prevalence of both minimal (PHES) (39% vs. 

21% p=0.04) and previous HE (76% vs. 49%; p=0.007) compared to their counterparts who 

did not develop overt HE during follow up. The precipitating factors were: bacterial infection 

24%, fluid and electrolytes abnormalities 17%, constipation 27%, upper G.I. bleeding 2%, 

unidentified 30%. 

In the validation group the model with 3 variables (albumin < 3.5 g/dl, previous HE and 

minimal HE PHES) had an AUC of 0.71 (CI = 0.58 � 0.94) while the model with 2 variables 

(albumin < 3.5 g/dl, previous HE) had a AUC of 0.69 (CI=0.56 � 0.92). Thus, as the C.I. of the 

AUC of both models based on the validation group included the AUCs of the models based on 

the observation group (0.74 and 0.71 respectively), both models can be considered validated 

by an external and independent series of patients. It was not possible to validate Model 3 

because by excluding from all patients those without previous HE, only 9 events were 

observed during the follow up. 

 

Discussion 

RCTs have recently shown that overt HE may be prevented. Lactulose was able to prevent HE 

recurrence in patients with one recent episode of overt HE [15] and rifaximin reduced 

significantly both HE episodes and hospitalizations due to HE in patients with 2 or more 

episodes of HE in the previous six months [16]. A recent RCT showed that lactulose was able 

to reduce the incidence of the first episode of overt HE in cirrhotics with no HE history 

(primary prophylaxis) [17].  Interestingly, in this study, lactulose was cost-effective only in 

patients with subclinical HE. Neither lactulose nor rifaximin were able to prevent HE after 

TIPS [18]. 

In the present study, we collected a number of clinical and laboratory parameters 

known to be associated to HE development such as the degree of cirrhosis [2], the presence of 
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portal-systemic shunt [19], serum sodium [20], previous and minimal HE [21] in order to find 

a model able to predict the development of HE. The model constructed on previous HE, PHES 

and albumin < 3.5 g/dl had a good specificity and was able to predict HE development in 

independent series of patients. All variables included in the model can be easily obtained, 

except PHES which is based on 5 paper and pencil psychometric tests and on Z-scores 

obtained in some populations (available only in Germany, Italy, Spain, India and Chorea), but 

not in other. Other methods, such as EEG [22], CFF [23], computerised tests [24] are even less 

widespread.  

For these reasons, the accuracy of a second model without PHES was tested. The prediction 

capacity was less accurate but the specificity was still sufficiently high. The advantage of a 

model based on simple clinical and laboratory parameters such as previous HE and albumin is 

considerable in terms of applicability and may compensate for the small reduction in 

accuracy. On the other hand, the evaluation of cognitive impairment by PHES is certainly 

important in the patients who never experienced HE in the past. 

It should be stressed that patients were qualified as with a previous episode of overt HE only 

if a >/= grade II HE  was documented by a previous hospitalization. By using this criterion we 

may have probably missed some minor episodes of HE which may have occurred in our 

patients. However, in a cirrhotic patient a minor cognitive impairment may occur due to other 

conditions such as hyponatremia, diabetes, mild infections, etc. The difference between these 

conditions and a real episode of HE is hardly detected by the patient himself or by the family.  

Among the variables selected by the models, albumin deserves more discussion as, although it 

was already identified as risk factor for the development of HE after TIPS [25], its relationship 

with HE remains unclear. Albumin concentration and function are reduced in liver failure [26] 

and cirrhotics with low albumin may have more severe liver dysfunction and thus, may be 

prone to develop HE. However, albumin plays a role in the circulatory dysfunction of 
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advanced cirrhosis. In a small clinical trial on cirrhotic patients with overt HE precipitated by 

diuretic administration, volume expansion with albumin resulted in a significant and 

sustained reduction in plasma ammonia, associated with a significant increase in urinary 

ammonia excretion [27]. Interestingly, although the improvement in hemodynamic and 

ammonia were similar in patients treated with albumin compared to those treated with other 

plasma expanders, the improvement in HE was significantly more marked [27]. Moreover, 

albumin has antioxidant, immune-modulating and scavenger properties [28], which are the 

basis for its use in other diseases [29, 30]. In HE, an excessive formation of reactive oxygen 

and nitrogen species has been proposed to impact on mental status [31]. Finally, albumin may 

be related to the nutrition abnormalities of cirrhotics, which may play a role in the HE 

occurrence [32].  

We recognize that our model has some limitations. Comorbidities or a quantitative 

evaluation of the liver metabolic activity [33] were not considered. The role of precipitants of 

HE is also not considered by the model, although it is possible to hypothesize different effects 

of a precipitant in patients with different predisposition to HE. Finally, TIPS was not selected 

as a predictive variable at multivariate analysis and was not included in the final model. This 

was probably due to the small number of patients with TIPS in our sample. TIPS however, is a 

well known risk factor for the development of overt HE [34]. Interestingly, two papers 

showed that low albumin was a risk factor for the development of HE after TIPS [25, 35].  

However, the validation of the model in patients with different clinical and demographic 

variables supports the potential for generalization of the model. 

In conclusion, this study suggests that the occurrence of overt HE may be predicted. We 

suggest considering previous HE, albumin levels and PHES to this aim. If PHES is not available, 

previous HE and albumin levels still provide good accuracy. PHES is essential in patients with 
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no HE history. The identification of patients at risk of HE may help in planning studies on the 

pharmacological prevention of HE. Moreover, patients at risk may benefit from more frequent 

reviews, education and support of caregivers, prevention of falls, driving advice and accurate 

counselling on HE precipitants. 
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Figure 1. Cumulative incidence of overt HE according to Previous HE, Minimal HE (PHES) and 

Albumin (g/dl) in the observation group (Rome). For each variable, the difference between 

groups was statistically significant (p<0.001 according to Cox). 
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Table 1. Demographic and clinical characteristics and prevalence of previous overt HE and 

minimal HE according to PHES in the patients included in the observation group (Rome). 

 

 

Mean r SD  

�u��������������ï������������������������� 

 

 

 

Number of Pts. 216 

Age (years) 63.2 ± 12 

Sex (M/F) 145/71 

Education (years) 9.2 ± 4.2 

Aetiology of cirrhosis ( virus/alcohol/other) 146/51/19 

Child Class (A/B/C) 105/85/26 

MELD score 12.6 ± 5.3 

Presence of esophageal varices n (%) 111* (52%) 

Ascites n (%) 98 (45%) 

TIPS n (%) 15 (6%) 

Evidence of P-C shunt n (%) 35 (16%) 

Albumin (g/dl) 3.4 ± 0.6 

Sodium (mEq/L) 136.6 ± 4.6 

Bilirubin (mg/dl) 2.98 ± 5.16 

Creatinine (mg/dl) 0.89 ± 0.54 

INR  1.4 ± 0.34 

Patients with history of grade II overt HE; n (%) 48 (22%) 

�������������������������������������������¶�- 4; n (%) 96 (44%) 

PHES (score) -3.5 ± 3.5 

TMT-A (sec.) 66.4 ± 36.6 

TMT-B (sec.) 135.2 ± 78 

DS (n.) 21.5 ± 10.3 

SDT (sec.) 76.1 ± 40.3 

LTT (sec.) 99.7 ± 38.7 

LTT (err.) 61.3 ± 74.4 

7DEOH



Table 2. Comparison between patients with or without overt HE during the follow up in the 

observation group (Rome). 

 

 No Overt HE  Overt HE  p= 

Number of patients  143 68  

Sex (M/F) 93/50 47/21 Ns 

Age 63.7 ± 11.6 62.2 ± 12.5 Ns 

Etiology (virus/alcol/other) 94/37/12 49/13/6 Ns 

�������������������������������������������¶�- 4; n (%) 53 (37%) 43 (63%) 0.001 

Sodium (mEq/dl) 137 ± 5 135.8 ± 4.1 Ns 

Albumin (g/L) 3.5 ± 0.7 3.1 ± 0.5 < 0.001 

Child-Pugh class (A/B/C) 84/47/12 19/35/14 < 0.0001 

Child-Pugh score 6.6 ± 1.7 7.7 ± 1.8 <0.001 

MELD 12 ± 5.1 14 ± 5.5 <0.01 

Previous OHE n (%) 20 (13%) 28 (41%) <0.0001 

TIPS n (%) 9 (6%) 6 (8%) ns 

Number of patients with further episodes of overt HE 

during follow up. 

 13 (19%)  

Number of total episodes of HE dutring follow up   21  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Table 3: Results of the multivariate analysis (Fine & Gray model) predicting overt HE in the 

observation group (Rome). 

Variables tested: Age, MELD score, Child-Pugh score, previous overt HE, Minimal HE (PHES), 

TIPS or P-C shunt, Ascites, Sodium and Albumin. The same variables but minimal HE (PHES) 

were included in model 2. In model 3 the patients with previous HE were excluded. 

 

 Patients sHR  CI low CI up  p r-squared 

values  

Model  1 (3 variables) All (n°=216)      0.628 

Previous overt HE    2.01 1.24    3.26 0.0049  

Minimal HE (PHES)  2.02 1.23   3.33 0.0055  

Albumin < 3.5 g/dl  2.32 1.37   3.93 0.0018  

       

Model 2 (2 variables) All (n°=216)     0.568 

Previous overt HE  2.30  1.42 3.73 0.0070  

Albumin < 3.5 g/dl  2.60  1.54 4.38 0.0033  

       

Model 3 Without previous HE 

(n°= 168) 
    0.589 

Minimal HE (PHES)  1.93 1.04 3.59 0.0380  

Albumin < 3.5 g/dl  2.60 1.36 4.97 0.0039  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table 4. Comparison between patients included in the observation group (Rome) end in  the 

in the validation group (Padua) 

 

 Observation 

Group 

(Rome)  

Validation 

Group 

(Padua) 

p= 

Number of patients  216 112  

Sex (M/F) 145/71 83/29 Ns 

Age 63.2 ± 12 58.4 ± 11.4 <0.001 

Etiology (virus/alcol/other) 146/51/19 42/44/26 <0.001 

Sodium (mEq/dl) 136.6 ± 4.6 138 ± 4.1 0.007 

Albumin (g/L) 3.4 ± 0.6 3.5 ± 0.6 Ns 

Child-Pugh class (A/B/C) 105/85/26 37/55/20 0.02 

Child-Pugh score 7 ± 1.8 7.7 ± 2.1 0.003 

MELD 12.6 ± 5.3 12.8 ± 5.2 Ns 

PHES score  -3.5 ± 3.5 -2.1 ± 3.8 <0.001 

�������������������������������������������¶�- 4; n (%) 96 (44%) 34 (30%) 0.01 

Previous OHE n (%) 48 (22%) 66 (58%) <0.001 

TIPS n (%) 15 (6%) 3 (2%) Ns 

Follow-up (months) 14.8 ± 11.6 12.7 ± 9.5 Ns 

Patients with overt HE during follow up; n (%) 68 (32%) 41 (39%) Ns 

Patients dead during follow up; n (%) 55 (26%) 43 (38%) 0.02 

 

 

 

 

 

 

 

 

 

 

  


