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Lactitol (fl-galactosido-sorbitol) is a nonabsorbable di- 
saccharide available as a powder which, in open com- 
parison, is as effective as lactulose in the treatment of 
chronic hepatic encephalopathy, but is better tolerated. 
Twenty-five cirrhotic patients experiencing 28 episodes 
of acute hepatic encephalopathy were randomized 
blindly to treatment with either lactitol (n = 15) or 
lactulose (n = 13). The sugars were dispensed in solu- 
tions identical in appearance, taste and pH and of similar 
osmolarity, which contained either 66.7 gm per 100 ml 
lactitol or 66.7 ml(44.5 gm) per 100 ml lactulose syrup. 
The initial dose of 0.75 ml per kg was adjusted to pro- 
duce two semisoft stools per day. Patients were assessed 
every 12 hr for 5 days. There were no significant dif- 
ferences in sex ratio, age, body weight, clinical status, 
duration and extent of coma, etiology of liver disease or 
of heptic encephalopathy between the two groups of 
patients on entry to the trial. An adequate catharsis was 
obtained with an equivalent mean (2 1 S.D.) daily dose 
of 26 2 5 gm lactitol or 31 C 7 ml(21 2 5 gm) lactulose 
syrup. During the trial, significant improvements oc- 
curred in clinical status and psychometric performance 
and in the electroencephalogram mean cycle frequencies 
in the majority of patients in both groups. At the end of 
the trial, 67% of the patients in the lactitol group and 
69% of the lactulose group were clinically normal. How- 
ever, patients treated with lactitol responded signifi- 
cantly more quickly than patients treated with lactulose. 
Thus, at 24, 36, 48 and 72 hr, significantly greater 
mean percentage improvements were seen in PSE In- 
dices in patients receiving lactitol than in patients re- 
ceiving lactulose. Both sugars are effective in the treat- 
ment of acute hepatic encephalopathy in cirrhotic pa- 
tients, but patients treated with lactitol respond signif- 
icantly more quickly. Lactitol may be the treatment of 
choice for this condition. 

Lactulose (0-galactosido-fructose) was first used to 
treat hepatic encephalopathy in 1966 (1). Since then, it 
has become the treatment of choice for both the acute 
and chronic forms of this syndrome (2). Lactulose is, 
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however, generally prescribed as a syrup in which the 
parent compound is contaminated by other sugars, prin- 
cipally galactose and lactose. The excessive sweetness of 
the syrup is unacceptable to a number of patients, and 
its use may be associated with the development of nausea, 
flatulence and abdominal discomfort (2). Additionally, 
even after prolonged use, the cathartic effect of this sugar 
may be unpredictable (3). 

Recently, the chemical, physiological and nutritional 
characteristics of lactitol (p-galactosido-sorbitol) have 
been described (4). This compound is a disaccharide 
analog of lactulose which is neither absorbed nor broken 
down in the small intestine (5), but is extensively metab- 
olized by colonic bacteria (6). In theory, therefore, lactitol 
should be effective in the treatment of hepatic encepha- 
lopathy. However, as it can be produced in a chemically 
pure crystalline form, which can be dispensed as a pow- 
der, and as it is only fractionally as sweet as lactulose, it 
should produce fewer side effects. To date, lactitol has 
been used successfully to treat one patient with chronic 
hepatic encephalopathy intolerant of other medication 
(7) and five patients with chronic hepatic encephalop- 
athy previously maintained on long-term lactulose (3). 
In the latter study, lactitol was found to be at least as 
efficacious as lactulose, but was preferred as a treatment 
by all five patients because its cathartic effect was more 
predictable, its presentation in powder form was more 
convenient and its less sweet taste preferred. 

The aim of the present study was to assess the efficacy 
of lactitol vs. lactulose in double-blind comparison in the 
treatment of acute hepatic encephalopathy in patients 
with chronic liver disease. 

PATIENTS AND METHODS 
Twenty-seven patients, who between them experienced 30 

episodes of acute hepatic encephalopathy, were admitted to the 
trial. All were known to have, or were suspected of having, 
chronic liver disease. Liver biopsy material obtained during 
earlier admissions to hospital was reviewed, and biopsies were 
performed in all patients previously undiagnosed. All 
patients showed clinical, psychometric and electroencephalo- 
graphic evidence of hepatic encephalopathy of less than 4 days 
duration. Patients were excluded if they were infected with the 
hepatitis B virus, had an expectation of survival, based on 
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clinical and biochemical observations of less than 5 days or had 
received treatment with neomycin or lactulose in the preceding 
48 hr. 

As soon as possible after admission to the hospital, patients 
underwent a detailed physical, neurological and psychometric 
assessment, with particular note being made of their mental 
status, the severity of asterixis and their performance on the 
Number Connection Test (NCT) (8). Electroencephalograms 
(EEGs) were performed by placing electrodes in accordance 
with the 10 to 20 system using both conventional montages and 
more widely spaced connections. A mean frequency figure was 
given for each record. Venous blood ammonia concentrations 
were measured using an enzymatic assay (9). Patients were 
then randomized by a sealed envelope system to treatment with 
lactulose or lactitol for 5 days. 

Both sugars were dispensed as solutions of identical appear- 
ance and taste with similar osmolarity, optical density and pH, 
which contained either 0.67 gm lactitol powder per ml or 0.67 
ml (0.45 gm) lactulose syrup per ml (Table 1). The trial solu- 
tions were given by mouth or if necessary via a nasogastric tube 
in an initial daily dose of 0.75 ml per kg body weight in four 
divided doses, which provided either 0.5 gm per kg lactitol or 
0.5 ml (0.3 gm) per kg lactulose syrup. After the initial 24 hr, 
the volumes of the trial solution were adjusted every 12 hr, as 
needed, to obtain two soft or semisoft stools per day. 

On entry into the trial and after the first 12 hr, the bowel 
was cleansed by use of phosphate enemata. Other drugs were 
prescribed as needed to treat the underlying liver disease or the 
events which precipitated the episode of encephalopathy. Die- 
tary protein intake was restricted to 20 gm daily for the 5 days 
of the trial. However, once patients showed a sustained im- 
provement in their mental status, dietary protein intake was 
increased in increments of 10 gm every third day. 

Neurological observations were made hourly for 48 hr by the 
nursing staff. Detailed reassessments of neurological and psy- 
chometric status, the results of hematological and biochemical 
screening, and the EEG mean cycle frequencies were under- 
taken at 12, 24, 36,48, 72, 96 and 120 hr by the medical staff. 
A stool chart was kept and a note taken of probable or definite 
side effects of treatment. 

The severity of hepatic encephalopathy on entry to the trial 
and daily thereafter was estimated by calculating the portal- 
systemic encephalopathy (PSE) Sum and Index as described 
by Conn et al. (10). The PSE Sum is an arbitary index of the 
severity of hepatic encephalopathy derived by adding scores for 
the degree of abnormality in mental status, the severity of 
asterixis, the reduction of NCT time, the increase in blood 
ammonia concentration and the reduction in EEG mean cycle 
frequency, all expressed on a 0 to 4+ scale. 

Mental state was assessed using the West Haven criteria for 

Grade 0 No abnormality detected 
Grade 1+: 

the grading of PSE (10). 

Trivial loss of awareness, euphoria or anxiety, 
shortened attention span, impairment of addi- 
tion or subtraction 
Lethargy, disorientation for time, obvious per- 
sonality change, inappropriate behavior 
Somnolence to semistupor, responsive to stimuli, 
confusion, gross disorientation, bizarre behavior 
Coma, tests of mental function not possible. 

Grade 2+: 

Grade 3+: 

Grade 4+: 

The number of seconds necessary to complete Part A of the 
NCT were graded as previously described (10). 

Grade 0 <30 sec 
Grade 1+: 31-50 sec 
Grade 2+: 51-80 sec 
Grade 3+: 81-120 sec 
Grade 4+: >I21 sec. 

The presence or absence of asterixis was determined by ex- 
tending the patients' arms and forearms, with the wrists dor- 
siflexed for at  least 30 sec (10). 

Grade 0: No flapping motions 
Grade 1+: Rare flapping motions 
Grade 2+: Occasional, irregular flaps 
Grade 3+: Frequent flaps 
Grade 4+: Almost continuous flapping motions. 

If patients were unable to cooperate in the above manner, they 
were asked to squeeze two of the observers' fingers and the 
number of involuntary relaxations of grip quantified in the 
same manner. The EEG mean cycle frequencies were graded 
semiquantitatively (10). 

Grade 0: 
Grade 1+: 7-8.9 cps 
Grade 2+: 5-6.9 cps 
Grade 3+: 3-4.9 cps 
Grade 4+: 

Normal a rhythm > 9.0 cycles per sec (cps) 

2.9 cps or less. 

Venous ammonia concentrations were assessed in a manner 
similar to that described previously (10). 

Grade 0: 4 0  pmoles per liter 
Grade 1+: 61-100 pmoles per liter 
Grade 2+: 101-150 pmoles per liter 
Grade 3+: 151-200 pmoles per liter 
Grade 4+: >201 pmoles per liter. 

TABLE 1. Formulation and physicochemical properties of the lactitol and lactulose solutions used to treat acute hepatic 
encephalopathy in cirrhotic patients in double-blind comparison 

Laetitol Lactulose 

Formulation Lactitol-40 gm Lactulose syrup-40 ml (66.7 g m / l O O  ml) 
Distilled water-60 ml 
Blackcurrant syrup dropwise to color 

Weight/ml (gm) 1.2053 1.2167 
Refractive Index 1.422 1.422 
Viscoscity (cps) 78.85 79.50 
Osmolality (mOsm/liter) 2,947 2,911 
PH 4.6 4.6 
Optical rotation (") 147.2 147.3 

Distilled water to 60 ml 
Blackcurrant syrup dropwise to color 

Concentration ( g m / l O O  ml) 66.7 44.5 
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Each of these five components is arbitrarily weighted in pro- 
portion to its importance. Thus, mental state is weighted by a 
factor of three, while the other variables are assigned a factor 
of one. The PSE Sum is the total of the weighted scores; its 
maximum possible value is 28. If information on one or more 
of the components of the PSE Sum is not available, then PSE 
Sums calculated at  different time points may not be directly 
comparable. The PSE Index was devised to take account of 
this eventuality. The PSE Index is the ratio of the estimated 
PSE Sum to the maximum possible PSE Sum. Comparison of 
PSE Indices permit changes in the severity of hepatic enceph- 
alopathy to be monitored at, for example, time points a and b, 
using the formula: 

PSE Index. - PSE IndeXb 
PSE Index. % changeaTb = x 100. 

If the PSE Index deteriorated between observation, a careful 
check was made on the stool frequency and the dose of the trial 
solution adjusted if necessary. Further investigations were in- 
stituted as indicated. If, at the next observation point, the PSE 
Index had deteriorated further, cleansing enemata were rein- 
stituted twice daily. If improvement was not observed within 
12 hr, neomycin (1 gm q.d.s.) was added to the treatment 
regimen. Patients failing to respond at this stage were regarded 
as treatment failures and were started on full doses of lactulose, 
neomycin and 12 hourly magnesium sulfate enemata. Patients 
who were for any reason unable to take oral medication were 
regarded as having discontinued treatment. They were managed 
with twice daily cleansing enemata, but monitoring was contin- 
ued for the duration of the trial. 

Differences in patient demography and in their clinical status 
on entry to the trial and on its completion were compared using 
an unpaired Student's t test. The efficacy of treatment was 
assessed by calculating the percentage change in PSE Index at 

Mann-Whitney U test was used to compare changes in PSE 
Index between the two treatment groups using an intention to 
treat analysis. 

None of the individuals involved with patient management 
and monitoring during the trial had access to the trial codes. 

This study was undertaken with permission from the Royal 
Free Hospital Ethics Committee. Written, informed consent 
was obtained from patients or their next of kin. 

RESULTS 
As a result of liver biopsy assessments, two patients 

were diagnosed as having acute fulminant hepatic failure 
and were excluded from the trial. There were no treat- 
ment failures, and it was not necessary to prescribe 
neomycin for any of the patients. Treatment was discon- 
tinued in three patients in the lactitol group. One patient 
developed nausea after 72 hr of treatment and could not 
tolerate oral medication; treatment was continued with 
cleansing enemata. This patient had, however, received 
lactitol during a previous admission for acute hepatic 
encephalopathy and on that occasion the drug had been 
well-tolerated and proved efficacious. Treatment in a 
further patient was stopped at 96 hr because of profuse 
gastrointestinal hemorrhage as a result of which she 
underwent esophageal transection which precluded oral 
medication for the remainder of the trial. The third 
patient was unable to take oral medication after the first 
8 hr of the trial because he developed an ileus secondary 
to bowel infarction. These patients continued to be as- 
sessed and monitored, and their findings are included in 
the analysis. Thus, 28 episodes of hepatic encephalop- 

TABLE 2. Details of cirrhotic patients studied and treated for acute hepatic encephalopathy with lactitol and lactulose 
Lactitol 
(n = 15) 

Lactulose 
(n = 13) 

Mean (+1 S.D.) age (yr) 
Sex ratio 
Etiology of liver disease (n) 

Alcohol 
Chronic active hepatitis 
Others 

Mean Pugh's Score" 
 range) 
(Normal = 0-15) 

Child's Grade' B (n) 
Child's Grade C (n) 
Mean weight (kg) 
Mean PSE Sum on entry (0-28) 
Mean PSE Index on entry (0-1) 
Mean duration of precoma before study (hr) 
Precipitant of hepatic encephalopathy (n) 

Gastrointestinal bleeding 
Infection 
Hypokalemia 
Multiple 

Diazemuls 
General anesthesia 
Antibiotics 
Potassium 

Drugs within 48 hr of entry (n) 

48.4 f 12.5 (range = 32-77) 
7 M:8 F 

8 (53.3%) 
2 (13.3%) 
5 (33.4%) 

10.8 f 1.9 
(7.0-13.0) 

4 
11 

64 f 13 
13.3 f 3.9 
0.48 f 0.14 
36.5 f 25.9 

6 (40.0%) 
11 (73.3%) 
6 (40.4%) 

11 (73.3%) 

7 (53.8%) 
2 (13.3%) 

11 (73.3%) 
8 (53.3%) 

48.3 f 15.8 (range = 23-74) 
8 M : 5 F  

7 (54.6%) 
3 (23.1%) 
3 (23.1%) 

10.2 k 2.9 
(7.0-15.0) 

6 
7 

68+ 15 
12.2 f 5.2 
0.46 & 0.19 
28.3 f 9.6 

8 (61.5%) 
8 (61.5%) 
5 (38.5%) 
8 (61.5%) 

6 (46.1%) 
1 (7.7%) 

10 (76.9%) 
6 (40.0%) 

"See Ref. (11). 
See Ref. (12). 
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athy occurring in 25 patients, 15 treated with lactitol and 
13 treated with lactulose, were assessed. One patient 
received lactitol on two occasions, one received lactulose 
on two occasions and one patient was treated, on separate 
occasions, with both drugs. 

The patients in the two treatment groups were similar 
in age, sex ratio, precipitant and severity of hepatic 
encephalopathy and in the severity of their liver disease 
(Table 2). On entry into the trial, the mean values for 
clinical assessment, EEG mean cycle frequency, NCT 
time, venous blood ammonia values and the PSE Sums 
and Indices were similar (Tables 3 and 4). 

Significant improvements occurred in clinical status, 
psychometric performance, EEG mean cycle frequency 
and PSE Sums and Indices in the majority of patients 
in both groups during the trial (Tables 3 and 4). A mean 
(fl  S.D.) improvement in PSE Index of 53.8 k 43.4% 
was observed in the lactitol group and in 51.7 f 23.0% 
in the lactulose group by Day 5, by which time 10 patients 
(67%) treated with lactitol and 9 patients (69%) treated 
with lactulose were clinically normal. However, improve- 
ment occurred more quickly in patients treated with 
lactitol (Figure 1, a and b). Thus, after 24, 36,48 and 72 
hr of treatment, significantly greater mean percentage 
improvements were observed in PSE Indices in patients 
treated with lactitol than in patients treated with lactu- 
lose (Table 5). 

There were no deaths during the trial. The three 

individuals in whom treatment with lactitol was discon- 
tinued died 6, 9 and 13 days after the trial, the first of 
bowel infarction and septicemia and the other two of 
uncontrollable gastrointestinal bleeding. One further pa- 
tient treated with lactitol also died 13 days after the trial 
after developing hepatorenal syndrome. One patient 
treated with lactulose died 8 days after the trial as a 
result of uncontrollable gastrointestinal hemorrhage and 
sepsis. All five patients had severe liver disease. 

Patients required a mean of 39 & 7 ml (range = 24 to 
48) lactitol solution or 46 f 11 ml (range = 28 to 64) 
lactulose solution to achieve two semisoft stools per day. 
This is equivalent to a dose of 26 & 5 gm (range = 16 to 
32) lactitol or 31 f 7 ml (range = 19 to 43) lactulose 
syrup or 21 f 5 gm (range = 13 to 29) lactulose. The 
initial dose of 0.75 ml per kg was increased in two 
patients in each group because the response to treatment 
was inadequate. The initial dosage was reduced in six 
patients treated with lactitol and four patients treated 
with lactulose because of diarrhea, which was defined as 
the passage of four or more stools per day. In general, 
the diarrhea abated when the volume of solution was 
reduced, except in one patient treated with lactulose in 
whom diarrhea persisted to the end of the trial. In one 
other patient treated with lactulose, diarrhea was asso- 
ciated with the development of hypernatremia at 96 hr. 
He responded to rehydration and a reduction in the 
volume of trial solution given. 

TABLE 3. Changes in weighted scores of the components of the PSE Sum, the PSE Sum and Index and the improvement in PSE 
Index in 16 cirrhotic patients with acute hepatic encephalopathy during treatment with lactitol 

Assessment Mentalstate Asterixis EEG NCT Blood PSE Index ~ p ~ ~ ~ ~ ~ !  (o-4+) ammonia Sum 
("/.) time (hr) (0-4 + x 3) (0-4+) (0-4+) (0-4+) (0-28) (0-1) 

0 5.2 f 2.0 2.4 f 1.0 2.0 f 0.7 2.9 f 1.3 0.8 f 0.9 13.3 f 3.9 0.48 f 0.14 - 
12 3.6 f 3.3 2.1 f 1.0 1.7 f 0.6 2.7 f 1.2 1.0 f 0.8 11.1 f 5.1 0.40 f 0.18 15.2 f 39.9 
24 2.6 f 2.7** 1.7 f 0.9* 1.6 f 0.7 2.1 f 1.2* 0.9 f 0.8 8.9 f 4.6** 0.32 f 0.16** 30.4 f 44.9 
36 1.5 f 2.4**** 1.3 f OX*** 1.7 f 0.9 2.1 f 1.3 0.6 f 0.8 7.3 f 4.8*** 0.26 f 0.17*** 40.8 f 52.2 
48 1.7 f 3.2**** 1.3 f 0.9*** 1.7 f 0.8 1.8 f l.l* 0.6 f 0.6 7.1 f 5.4*** 0.25 f 0.19*** 40.7 f 58.3 
72 1.1 f 2.9**** 1.2 f 0.8*** 1.6 f 0.9 1.7 f 1.1' 0.7 f 0.6 6.4 f 5.2*** 0.23 f 0.19*** 45.6 f 55.1 
96 1.0 f 2.4**** 1.0 f 0.7**** 1.4 f 0.9 1.7 f 1.0** 1.3 f 0.9 6.3 f 4.3*** 0.23 f 0.15*** 45.7 f 46.3 

120 0.6 f 1.6**** 1.1 f 0.6**** 1.3 f 0.9* 1.4 f 1.0*** 0.9 f 0.9 5.3 f 4.0**** 0.19 f 0.14**** 53.8 f 43.4 

Values are expressed as mean f 1 S.D. Significance of difference between values of measured variables during treatment and baseline values: 
* p < 0.05; ** p < 0.01; *** p < 0.005; **** p < 0.001. 

TABLE 4. Changes in weighted scores of the components of the PSE Sum, the PSE Sum and Index and the improvement in PSE 
Index in 13 cirrhotic patients with acute hepatic encephalopathy during treatment with lactul- 

PSE Index Improve-; in 
PSE Index 

(73) 

PSE Sum Blood 
ammonia 

(0-4+) 

Assensmenttime Mentalstate Asterixis 
(0-28) (0-1) 

EEG NCT 
(W (0-4+ x 3) (0-4+) (0-4+) (0-4+) 

0 
12 
24 
36 
48 
72 
96 

120 

4.2f 2.8 2.2 f 1.2 1.9 f 0.7 2.9 f 1.1 
3.9f  3.4 1.9 f 0.9' 1.8 f 0.7 2.9 f 1.1 
3.9 f 3.6 1.9 f 1.1 1.9 f 0.7 2.6 f 1.3 
3.0 f 3.3 1.8 f 1.2* 1.7 f 0.7 2.5 f 1.2 
2.8f 3.0* 1.5 f 1.1; 1.6 f 0.7 2.5 f 1.2 
1.8 f 1.9*** 1.5 f 0.8*** 1.5 f 0.5** 2.2 f 1.0' 
0.9 f 1.4**** 1.2 f 0.6**** 1.5 f 0.6* 1.8 f 0.8*** 
0.7 f 1.3**** 1.0 f O.O**** 1.2 f 0.9** 1.6 f 0.9**** 

0.9 f 0.7 
0.9 f 0.8 
0.9 f 0.8 
0.6 f 0.7 
0.8 f 0.4 
1.1 f 0.7 
0.7 f 0.6 
0.7 f 0.6 

12.2 f 5.2 
11.2 k 6.0 
11.2 f 6.5 

0.46 f 0.19 
0.40 f 0.21 
0.40 f 0.23 

9.5 f 6.3* 0.34 f 0.23* 
9.2 f 5.6** 0.33 f 0.20** 
8.1 f 4.1**** 0.29 k 0.15**** 
6.1 f 2.6**** 0.22 f 0.09**** 
5.2 f 2.6**** 0.19 f 0.09**** 

- 
10.0 f 17.9 
12.3 f 26.7 
23.1 f 32.9 
27.7 f 25.7 
34.1 f 15.0 
46.2 f 17.4 
51.7 f 23.0 

Values are expressed as mean f 1 S.D. Significance of difference between values of measured variables during treatment and baseline values: 
* p < 0.05; ** p < 0.01; *** p < 0.005; **** p < 0.001. 
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.. (a) Changes occurring in PSE Index (10) in 15 patients with cirrhosis and acute hepatic encephalopathy during 5 days treatment with 

occurring in PSE Index (10) in 13 patients with cirrhosis and acute hepatic encephalopathy during 5 days treatment with lactulose. 
_ _ _ -  - - patients withdrawn from treatment but still monitored for entire trial period; = time point of withdrawal from treatment. (b) 

TABLE 6. Summary of changes in encephalopathy occurring throughout the double-blind, randomized controlled trial of 
lactitol vs. lactulose in acute hepatic encephalopathy 

Lactitol Laetulose 
(n = 16) (n = 13) 

Entry End Entry End 

Mean clinical assessment (0-4) 

Mean EEG 
(>9.0 cps) 
Mean NCT 
(<30 s) 

Mean blood ammonia 
( ~ 6 0  pmoles/liter) 
Mean PSE Sum 
(0-28) 
Mean PSE Index 
(0-1) 
Mean % improvement in PSE 

Index by: 
12 hr 
24 hr 
36 hr 
48 hr 
72 hr 
96 hr 
120 hr 

1.7 f 0.7 0.2 & 0.5 
* p < 0.005 

p < 0.05 

p < 0.005 

NS 

p < 0.001 

p < 0.001 

5.7 f 1.3 7.0 f 1.5 

104 f 53 52 f 23 

65.8 f 38.4 82.2 f 35.5 

13.3 f 3.9 5.3 f 4.0 

0.48 f 0.14 0.19 f 0.14 

15.2 f 39.9 
30.4 f 44.9 
40.8 f 52.2 
40.7 f 58.3 
45.6 f 55.1 
45.7 f 46.3 
53.8 f 43.4 

1.4 f 0.9 0.2 f 0.4 
p < 0.005 

5.8 rt 1.3 7.6 & 1.6 
p < 0.01 

p < 0.001 

NS 

p < 0.001 

p < 0.001 

97 f 34 58 f 23 

79.5 f 31.4 67.8 f 29.1 

5.2 f 2.6 12.2 f 5.2 

0.46 f 0.19 0.19 f 0.09 

10.0 f 17.9 NS 
12.3 f 26.7 ** p < 0.05 
23.1 f 32.9 p < 0.05 
27.7 f 25.7 p < 0.02 
34.1 f 15.0 p < 0.01 
46.2 A 17.4 NS 
51.7 f 23.0 NS 

Values are expressed as mean f 1 S.D. NS = not statistically significant. * Significance of difference between values a t  beginning and end of 
trial in each treatment group. ** Significance of differences between values during treatment with lactitol and lactulose. 
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DISCUSSION 

Hepatic encephalopathy is the term used to describe 
the neuropsychiatric abnormalities which may arise in 
patients with liver disease (13-16). The syndrome is 
characterized clinically by disturbances of consciousness, 
personality and intellectual capacity as well as altered 
neuromuscular activity. In its most commonly observed 
form, hepatic encephalopathy manifests as a single or 
repeated episodes of cerebral impairment arising in pa- 
tients with chronic liver disease often related to a specific 
precipitating event such as gastrointestinal bleeding, in- 
fection, diuretic overuse, constipation or dietary protein 
excess (17,18). In approximately 50% of instances, how- 
ever, no specific precipitating event is identified (19). 

The pathogenesis of the syndrome remains specula- 
tive, but as it is potentially a fully reversible condition 
and is usually unaccompanied by any fixed structural 
changes in the brain, it can be regarded as a metabolic 
or neurophysiological disorder. Gut-derived toxins of ni- 
trogenous origin are thought to play a role in the genesis 
of the syndrome; thus, treatment is aimed, somewhat 
empirically, at reducing the production and absorption 
of these compounds. Lactulose, which is a nonabsorbable 
disaccharide, is used extensively to treat. hepatic enceph - 
alopathy, although its exact mechanism of action is 
unknown. It may, however, exert its beneficial effects by: 
(i) lowering colonic pH, thereby suppressing the absorp- 
tion of unionized ammonia (20, 21); (ii) suppressing 
bacterial and intestinal ammonia generation (22, 23); 
(iii) stimulating the incorporation of ammonia into bac- 
terial protein (24); (iv) decreasing intestinal transit time 
because of its cathartic properties (25 )  and hence reduc- 
ing the time available for both the production and ab- 
sorption of toxins, and (v) increasing fecal nitrogen ex- 
cretion (26). 

In general, lactulose is an extremely safe compound, 
although rarely it may produce profound diarrhea, re- 
sulting in dehydration and hypernatremia (27,28). How- 
ever, it is usually prescribed as a very sweet syrup for 
which many patients express an aversion and, as it is 
contaminated with other sugars, it tends to produce 
nausea, flatulence and abdominal discomfort (2). Addi- 
tionally, even after prolonged usage, its cathartic effect 
is unpredictable (3). 

Lactitol is a disaccharide which, like lactulose, is not 
absorbed in the small intestine (5), but is extensively 
metabolized by colonic bacteria (6). Unlike lactulose, 
however, it is available as a pure crystalline powder with 
a low relative sweetness. In open comparison, lactitol has 
been shown to be as effective as lactulose in the treat- 
ment of chronic, stable hepatic encephalopathy (3), but 
was preferred because of its less sweet taste, its more 
convenient formulation and the greater predictability of 
its cathartic effect. 

The present double-blind, randomized trial was de- 
signed to evaluate the efficacy of lactitol in comparison 
with lactulose in the treatment of acute hepatic enceph- 
alopathy in patients with cirrhosis using comparable 
formulations for the sugars. All 25 patients studied had 

chronic liver disease and had acute hepatic encephalop- 
athy of recent onset. In the majority of patients, a specific 
precipitating factor was identified, although it is inter- 
esting to note that in almost two-thirds of the patients, 
more than one such factor was present. Our patient 
population was selected only in that we attempted to 
exclude patients who would not survive the acute event 
and the small number of patients admitted with hepatitis 
B viral infection. The essentially unselected nature of 
our population is reflected in the complications which 
required discontinuation of treatment in three of the 
patients and the overall hospital mortality of 20%. 

The patients in each treatment group were similar in 
age, sex ratio, cause of hepatic encephalopathy and se- 
verity of liver disease as assessed by Pugh’s criteria and 
Child’s modification of Pugh’s scoring (11, 12). However 
30.8% of patients treated with lactitol died during the 
hospital admission compared with only 8.3% in the lac- 
tulose group, suggesting that the patients in the lactitol 
group were perhaps more severely ill. 

Similar overall improvements in neuropsychiatric sta- 
tus were observed in both treatment groups by the end 
of the &day trial. However, resolution of the signs and 
symptoms of hepatic encephalopathy was significantly 
more rapid in the lactitol-treated group. Patients who 
are irritable or confused are more difficult to care for 
and require greater medical supervision; patients in the 
deeper stages of coma are more likely to develop severe 
complications, such as aspiration pneumonia. A treat- 
ment regimen which produces a more rapid response is 
Likely to be of greater benefit to the patients. 

The fact that the patients treated with lactitol re- 
sponded more rapidly suggests that the two sugars may 
act in a different manner, although this would not be 
expected on theoretical grounds. Recent evidence sug- 
gests that, although both sugars are metabolized by co- 
lonic bacteria, differences exist in the speed with which 
they are metabolized and in the degree of subsequent gas 
formation (Luginbuhl, M., personal communication). In 
addition, studies in healthy volunteers, from whom sam- 
ples of cecal contents were obtained using a capsule 
technique, have shown that cecal bacterial counts of 
aerobic organisms and of enterococci are lower during 
ingestion of lactitol than during ingestion of lactulose 
(Lang, 0. et al., Internal Zyma Report 1986, Study 
LACT-10-8416). These findings suggest that differences 
exist in the way in which these two sugars are metabo- 
lized in the colon, and this may explain the difference in 
their speed of action. 

Lactitol and lactulose are both effective treatments for 
acute hepatic encephalopathy in patients with chronic 
liver disease. However, resolution of neuropsychiatric 
symptoms is more rapid with lactitol, suggesting that 
this sugar might be the treatment of choice for this 
condition. 

Acknowledgments: We are grateful to Professor Neil 
McIntyre for allowing us to study patients under his care 
and to the members of the Department of Manufacturing 
Pharmacy at the Royal Free Hospital for their skill in 
producing the trial solutions and for the interest they 



1284 MORGAN AND HAWLEY HEPATOLOGY 

took in the trial. We are also grateful to the Department 
of Electroencephalography at  the Royal Free Hospital 
for monitoring the patients. Lactitol was kindly provided 
by Dr. G.-P. Ravelli of Zyma Pharmaceuticals, Nyon. 

REFERENCES 

1. Bircher J ,  Muller J ,  Guggenheim P, et al. Treatment of chronic 
portal-systemic encephalopathy with lactulose. Lancet 1966; 1:890- 
893. 

2. Conn HO, Lieberthal MM. Lactulose in the treatment of acute 
portal-systemic encephalopathy. In: The hepatic coma syndromes 
and lactulose. Baltimore, Maryland: Williams and Wilkins Co., 
1979. 

3. Lanthier PL, Morgan MY. Lactitol in the treatment of chronic 
hepatic encephalopathy: an open comparison with lactulose. Gut 

4. van Velthuijsen JA. Food additives derived from lactose; lactitol 
and lactitol palmitate. J Agric Food Chem 1979; 27680-686. 

5. Patil DH, Grimble GK, Silk DBA. Lactitol, a new hydrogenated 
lactose derivative: intestinal absorption and laxative threshold in 
normal human subjects. Br J Nutr 1987; 57195-199. 

6. Patil DH, Westaby D, Mahida YR, et al. Comparative modes of 
action of lactitol and lactulose in the treatment of hepatic en- 
cephalopathy. Gut 1987,28255-259. 

7. Bircher J ,  Buhrer M, Franz K, et al. Erstmalige Anwendung von 
Lactitol in der Behandlung der portosystemischem Enzephalopa- 
thie. Schweiz Med Wschr 1982; 1121306-1307. 

8. Conn HO. Trailmaking and number-connection tests in the as- 
sessment of mental state in portal systemic encephalopathy. Am J 
Dig Dis 1977; 22:541-550. 

9. Richterich R, Colombo JP (Editors). Clinical chemistry: theory, 
practice, and interpretation. Chichester, England Wiley, 1981: 
398-401. 

10. Conn HO, Leevy CM, Vlavechic ZR, et al. A comparison of lactulose 
and neomycin in the treatment of portal-systemic encephalopathy: 
a double blind controlled trial. Gastroenterology 1977; 72573-583. 

11. Pugh RNH, Murray-Lyon IM, Dawson JL, et al. Transection of 
the oesophagus for bleeding oesophageal varices. Br J Surg 1973; 
60646-649. 

12. Child CG 111, Turcotte JG. Surgery and portal hypertension. In: 
Child CG 111, ed. The liver and portal hypertension. Philadelphia, 
Pennsylvania: W. B. Saunders, 1964 90. 

1985; 26415-420. 

13. Duffy TE, Plum F. Hepatic encephalopathy. In: Arias I, Popper H, 
Schachter D, et al., eds. The liver: biology and pathobiology. New 
York Raven Press, 1982: 693-715. 

14. Hoyumpa AM Jr, Schenker S. Perspectives in hepatic encephalop- 
athy. J Lab Clin Med 1982; 4:477-487. 

15. Jones EA. The enigma of hepatic encephalopathy. Postgrad Med J 

16. Zieve L. Hepatic encephalopathy. In: Schiff L, Schiff R, eds. 
Diseases of the liver, 5th ed. Philadelphia, Pennsylvania: J. B. 
Lippincott Co., 1982: 433-459. 

17. Shear L, Bonkowsky HL, Gabuzda GJ. Renal tubular acidosis in 
cirrhosis. A determinant of susceptibility to recurrent hepatic 
precoma. N Engl J Med 1969; 28O:l-7. 

18. Fessel JM, Conn HO. An analysis of the causes and prevention of 
hepatic coma (Abstract). Gastroenterology 1972; 62:191. 

19. Murphy TL, Chalmers, TC, Eckhardt RD, et al. Hepatic coma; 
clinical and laboratory observations on 40 patients. N Engl J Med 
1984; 239605-612. 

20. Castell DO, Moore EW. Ammonia absorption from the human 
colon. The role of non-ionic diffusion. Gastroenterology 1971; 

21. Bircher J ,  Haemmerli UP, Trabert E, et al. The mechanism of 
action of lactulose in portal-systemic encephalopathy. Non-ionic 
diffusion of ammonia in the canine colon. Rev Eur Etud Clin Biol 

22. Vince A, Dawson AM, Park N, et al. Ammonia production by 
intestinal bacteria. Gut 1973; 14:171-177. 

23. Van Leeuwen PAM. Lactulose in acute portal-systemic encepha- 
lopathy. In: Ammonia generation in the gut and the influence of 
lactulose and neomycin: review of the literature and experimental 
studies in the rat. Ph.D. Thesis. The Netherlands: University of 
Maastricht, 1985: 39-40. 

24. Vince AJ, Burridge SM. Ammonia production by intestinal bacte- 
ria: the effects of lactose, lactulose and glucose. J Med Microbiol 

1983; 59(Suppl. 4):42-54. 

6033-42. 

1971; 16:352-357. 

1980; 13:177-191. 
25. Azostini L. Down PF. Murison J. et al. Faecal ammonia and DH 

dlring lactulose administration in man: comparison with other 
cathartics. Gut 1972; 13859-866. 

26. Weber FL Jr. The effect of lactulose on urea metabolism and 
nitrogen excretion in cirrhotic patients. Gastroenterology 1979; 
77:518-523. 

27. Kaupke C, Sprague T, Gitnick GL. Hypernatremia after the ad- 
ministration of lactulose. Ann Intern Med 1977; 86145-746. 

28. Warren SE, Mitas JA  11, Swerdlin HR. Hypernatremia in hepatic 
failure. JAMA 1980; 243:1257-1260. 




