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Abstract: Aim: To determine the effects of small-intestinal bacterial overgrowth (SIBO) and rifaximin therapy on
minimal hepatic encephalopathy (MHE) with liver cirrhosis. Methods: A total of 60 patients with cirrhosis were
included in this study. Patients were evaluated by three neuropsychometric tests including number connection-A
(NCT-A), number connection-BC (NCT-BC) and digit symbol test (DST) to diagnose the MHE. Glucose breath testing
was used to determine the presence of SIBO. Patients with MHE were then treated with 200 mg of rifaximin orally
three times a day for a week. Glucose breath testing and psychometric tests were repeated upon 4 weeks after
antibiotic completion. Blood ammonia levels were also monitored before and after rifaximin treatment. Results: Of
the 60 patients enrolled, 26 were diagnosed with MHE. The mean blood ammonium level in MHE group was 48.7
8.8 ymol/L, while in non-MHE it was 34.9 + 7.5 ymol/L, demonstrating an increase (t = 6.55, P < 0.05). One third
of patients had an abnormal glucose hydrogen breath test, indicating the presence of SIBO. Abnormal breath test
results were present in 3 of the 34 patients (8%) without MHE, 17 of the 26 patients (65.4%) with MHE. One week
after rifaximin antibiotic therapy, the number of the MHE patients reduced from 26 to 11. Among 17 MHE patients
with SIBO, 13 became SIBO negative. Blood ammonium level in MHE patients with SIBO decreased from 51.6 +
5.4 pymol/Lto 39.1 + 7.6 ymol/L (P < 0.01), while in MHE patients without SIBO decreased from 45.3 + 9.8 ymol/L
t0 36.9 £ 8.8 ymol/L (P < 0.01). Higher reduction was observed in SIBO group. All three psychometric test results
showed significant (P < 0.01) improvement after rifaximin treatment. Conclusions: SIBO is prevalent in MHE patients
with liver cirrhosis, and short-term treatment with rifaximin can effectively reduce blood ammonia level and improve
psychometric test.
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Introduction mality, but the intellectual, neural or mental
abnormality can be diagnosed by specific neu-
ropsychological or neuro-electrophysiological

testing.

Small-intestinal bacterial overgrowth (SIBO)
has been reported to be prevalent in patients
with cirrhosis due to impaired intestinal motility

associated with altered autonomic function. Its
frequency of the occurrence was related to the
severity of the liver disease [1]. Intestinal bac-
teria which produce ammonia as neurological
toxin play an important role in the development
of hepatic encephalopathy (HE), a neuropsychi-
atric and neurocognitive complication which
may result in serious consequences for patient
with cirrhosis [2]. Minimal hepatic encephalop-
athy (MHE) is the mildest form of hepatic
encephalopathy (HE), which is defined as he-
patic encephalopathy without manifesting obvi-
ous clinical symptoms and biochemical abnor-

Based on the findings on the relation between
SIBO and MHE, the alteration of intestinal
microecology has been a common treatment
strategy for MHE. The non-absorbable sugar
lactulose therapy has been the standard treat-
ment for patients with HE. But its effectiveness
in treating HE has been contradictory [3-5], and
its adverse effect is also a concern [6]. In recent
years, non-absorbable antibiotic rifaximin has
gained attention for the treatment of HE. Rif-
aximin is a broad-spectrum nonsystemic anti-
biotic. The majority of the drug concentrates in
the gastrointestinal tract [7], and it has previ-
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Table 1. Blood ammonium level changes in MHE patients

before and after rifaximin treatment

SIBO test

Blood ammonium concentration (umol/L) Cases
Pre-treatment Post-treatment

Glucose hydrogen breath test (GHBT)
was used to identify abnormal growth
of bacteria in the intestine. SIBO is

With SIBO 51.6+5.4 39.1+76 17
Without SIBO  45.3 £ 9.8 36.9 £ 8.8 9

4.87 <0.01
2.14 0.04

diagnosed if there is a rise in breath
hydrogen by 12 ppm above the basal

ously been shown to be effective in the treat-
ment of HE [8].

In this study we examined the effects of SIBO
and rifaximin antibiotic therapy on MHE pa-
tients by monitoring blood ammonia levels and
neuropsychological changes before and after
the antibiotic treatment.

Materials and methods
Study subjects

The study subjects included 60 liver cirrhosis
patients admitted to our hospital between Sep
2006 and Aug 2012. There were 46 males and
14 females. The ages of patients were between
36 to 68-year-old, with mean age of 48.9 +
9.74. Patient’s education levels were middle
school or higher. The 60 patients with liver cir-
rhosis consisted of 54 hepatitis B related cir-
rhosis, 2 hepatitis C related cirrhosis and 4
alcoholic cirrhosis. The degree of severity ba-
sed on Child Pugh Criteria demonstrated 21
level A, 26 level B and 13 level C. Forty healthy
volunteers were recruited to serve as controls.

Patient exclusion criteria included: (1) use of
antibiotics, lactulose, antacid or any drugs
known to affect gastro-intestinal motility within
the previous 2 to 4 weeks; (2) diarrhea, stom-
achache or abdominal distention; (3) use of
drugs such as prednisone, antidepressant and
opiates; (4) diseases that can cause poor gas-
trointestinal motility such as cardiac and pul-
monary dysfunction, renal insufficiency or dia-
betes; (5) chronic diarrhea or malabsorption
caused by concomitant extrahepatic diseases;
(6) history of gastrointestinal tract or abdomi-
nal surgery; (7) spontaneous peritonitis or ot-
her severe infections; (8) colonoscopy or enema
treatment within 4 weeks; (9) hepatic encepha-
lopathy with clinical signs (10) inability to com-
plete test (NCT)and symbol digit test (SDT) due
to hearing loss, poor vision, etc.; (11) illiterate
or poor compliant patients.
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level after glucose ingestion.
Diagnosis of MHE

All patients and controls underwent a series of
psychometric test including number connec-
tion-A (NCT-A), number connection-BC (NCT-BC)
and digit symbol test (DST) administered by a
trained personnel. Compared to age matched
controls, time greater than two SD from the
mean for the NCT, score less than two SD from
the mean for the DST were considered abnor-
mal. Patients with abnormal results from 2 or
more psychometric tests were diagnosed with
MHE.

Glucose breath testing Three ml of peripheral
venous blood samples were collected in the
early morning after fast from all the research
subjects and sent to the clinical lab for ammo-
nia test. Individuals were required to take low-
protein diet from the day before the blood col-
lection. The normal range should be: 11.2-55.3
umol/L.

Antibiotic therapy

MHE patients were given 200 mg of rifaximin
orally three times a day for a week. SIBO, blood
ammonia test, and psychometric tests were
repeated upon 4 weeks after antibiotic com-
pletion.

Statistic analysis

SPSS 12.0 statistical software was used for the
statistic analysis. The results of the two groups
were compared using the x? test for the enu-
meration data, a t-test for the numerical data.
Spearman’s rank correlation was calculated to
determine correlation between two variables.
The significance level (alpha) was set at 0.05.

Results

Twenty six (43.3%) patients were diagnosed to
have MHE in the total 60 patients with hepatic
cirrhosis. The mean blood ammonium level in
MHE group was 48.7 + 8.8 ymol/L, while in
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Table 2. Psychometric test results from healthy volunteers

NCT-A (second) NCT-BC (second)
Age (yr) - - - - DST (score)
middle school College or higher middle school college or higher
20-39 36.1+15.4 26.5+10.3 63.2+21.4 40.5+14.5 499+ 4.7
40-59 48.8 + 17.7 37.0+11.7 83.6 £ 31.0 67.6+249 38.5+5.0
> 60 62.7 + 30.3 455+ 13.9 104.0 £ 39.3 778 +21.6 35.4+4.7
Table 3. Neuropsychological changes from pa- Discussions

tients with MHE before and after rifaximin treat-
ment

Test Pre-treatment  Post-treatment t P

NCT-A 68.4+9.6s 53.6+4.8sec 7.03 <0.01
NCT-BC 96.7+79s 83.7+39sec 752 <0.01
DST 33.7+6.5min 45.2+4.4min 747 <0.01

non-MHE it was 34.9 + 7.5 ymol/L, demon-
strating an increase (t = 6.55, P < 0.05).
Seventeen patients (65.4%) were diagnosed to
have SIBO in MHE group compared to 3 (8.8%)
in non-MHE group (X? = 21.2, P < 0.05). As
shown in Table 1, the average blood ammoni-
um level in 17 MHE patients diagnosed with
SIBO was 51.6 + 5.4 ymol/L, while in 9 MHE
patients without SIBO it was 45.3 + 8.8 umol/L.
This demonstrates an increase of blood ammo-
nia level in MHE patients with SIBO (t = 2.2718,
P =0.03).

All the MHE patients were treated with rifaximin
for a week. As a result, the number of the MHE
patients reduced from 26 to 11. This translated
to a 42.3% reduction in MHE associated with
rifaximin treatment. Among 17 MHE patients
with SIBO, 13 became negative for bacterial
overgrowth, which was confirmed by hydrogen
breath test after 4 weeks. These reductions
showed close correlation (r = 0.75, P < 0.05).

As shown in Table 1, after rifaximin treatment,
blood ammonium level in MHE patients with
SIBO decreased from 51.6 + 5.4 ymol/L to
39.1 + 7.6 ymol/L (P < 0.01), while in MHE
patients without SIBO decreased from 45.3 +
9.8 umol/L to 36.9 + 8.8 ymol/L (P < 0.01).
Higher reduction was observed in SIBO group.

The psychometric tests results from healthy
volunteers are shown in Table 2. Table 3 pres-
ents the results of psychometric test in 26 MHE
patients before and after rifaximin treatment,
all three test results showed significant (P <
0.01) improvement after rifaximin treatment.
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MHE is found in 30-84% of patients with liver
cirrhosis without overt hepatic encephalopathy
(HE) [9]. The pathophysiological mechanisms of
MHE have not been fully elucidated, but ammo-
nia and the downstream consequences of
ammonia uptake by astrocytes are reported to
be central to the process [10, 11]. Multivariate
analysis performed by Gupta and colleagues
demonstrated that the SIBO was the only factor
associated with MHE [12]. SIBO can increase
blood ammonium and endotoxin, and once it
occurs, it is hard to break the chain reactions
from the vicious cycle of SIBO, microbial trans-
location and endotoxaemia [13]. Therefore,
early detection and treatment of SIBO are criti-
cal for the prevention the MHE in cirrhotic
patients.

In this study, we found that the prevalence of
SIBO was significantly higher in cirrhotic pa-
tients with MHE (65.4%) compared to cirrhotic
patient without MHE (8.8%, P < 0.05). Similarly,
the average blood ammonia level of MHE
patients (48.7 + 8.8 uymol/L) was also higher
than that of non-MHE patients with cirrhosis
(34.9 £ 7.5 umol/L, P < 0.05). For MHE patients
with SIBO, their average blood ammonia level
(51.6 + 5.4 ymol/L) was higher compared to
MHE patients without SIBO (45.3 + 8.8 umol/L,
P = 0.03), indicating that the blood ammonia
plays a role in the onset and progression of
MHE with SIBO.

There were 8% of non-MHE with SIBO, and
34.6% of MHE without SIBO, indicating that
other factors are also involved in the MHE
development besides ammonia. Some reports
pointed out that it was the inflammation caused
by ammonia that triggers the impairment of
neuropsychological function, and plays an
important role in determination of the presence
and severity of MHE [10, 11]. Infection and oxi-
dative stress are key factors and may synergis-
tically act with ammonia [10].
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The objective of antibiotic therapy in HE is to
decrease the bacterial flora that produce
ammonia. Historically, neomycin and metroni-
dazole have been used in treating HE for many
years, but their use has been abandoned
because of the lack of efficacy and their toxici-
ty. Rifaximin is a synthetic antibiotic designed
to target Gl tract pathogenic microorganisms. It
has a broad spectrum of bioactivity against
both Gram-positive and Gram-negative, aero-
bic and anaerobic bacteria with good patient
tolerance and a low incidence of side effects
[14]. Many data support the usage of rifaximin
for the treatment of HE and SIBO [15, 16].

After treatment with rifaximin at 200 mg t.i.d.
for 7 days, blood ammonia level in all MHE
patients showed significant decrease, and
more decrease was observed in those with
SIBO. Thirteen out of 17 MHE with SIBO became
SIBO negative, and their psychometric test
scores also returned to normal. Our data sup-
port that the increase of blood ammonia level is
caused by SIBO. The blood ammonia levels in
MHE without SIBO also reduced after antibiotic
therapy indicating that rifaximin treatment may
improve small intestines microecology and
autonomic nerve functions.

Our study demonstrates a high prevalence of
SIBO in cirrhotic patients with MHE, and a sin-
gle short-term course treatment with rifaximin
can effectively reduce blood ammonia level
and reverse the MHE symptoms.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Yikuang Feng, De-
partment of Gastroenterology, Weifang People’s
Hospital, Weifang 261041, Shandong Province,
China. Tel: +86-536-8192115; Fax: +86-536-
8192115; E-mail: fyk0709@yeah.net

References

[1] Pande C, Kumar A, Sarin SK. Small-intestinal
bacterial overgrowth in cirrhosis is related to
the severity of liver disease. Aliment Pharmacol
Ther 2009; 29: 1273-1281.

[2] Weissenborn K, Ennen JC, Schomerus H, Ruc-
kert N, Hecker H. Neuropsychological charac-
terization of hepatic encephalopathy. J Hepatol
2001; 34: 768-773.

[3] LiuQ, Duan ZP, Ha DK, Bengmark S, Kurtovic J,
Riordan SM. Synbiotic modulation of gut flora:
effect on minimal hepatic encephalopathy in
patients with cirrhosis. Hepatology 2004; 39:
1441-1449.

2957

(4]

(5]

(6]

)

(10]

(11]

[12]

Als-Nielsen B, Gluud LL, Gluud C. Non-absor-
bable disaccharides for hepatic encephalopa-
thy: systematic review of randomised trials.
BMJ 2004; 328: 1046.

Cordoba J, Minguez B, Vergara M. Treatment of
hepatic encephalopathy. Lancet 2005; 365:
1384-1385.

Conn BJ. Hepatic Encephalopathy: Syndromes
and Therapies. In: Conn BJ, editor. Adverse re-
actions and side effects of lactulose and relat-
ed agents. Bloomington, IL: Medi-Ed Press;
1994. pp. 299-310.

Gerard L, Garey KW, DuPont HL. Rifaximin: a
nonabsorbable rifamycin antibiotic for use in
nonsystemic gastrointestinal infections. Expert
Rev Anti Infect Ther 2005; 3: 201-211.

Flamm SL. Rifaximin treatment for reduction of
risk of overt hepatic encephalopathy recur-
rence. Therap Adv Gastroenterol 2011; 4: 199-
206.

Groeneweg M, Quero JC, De Bruijn I, Hartmann
1J, Essink-bot ML, Hop WC, Schalm SW. Sub-
clinical hepatic encephalopathy impairs daily
functioning. Hepatology 1998; 28: 45-49.
Seyan AS, Hughes RD, Shawcross DL. Changing
face of hepatic encephalopathy: role of inflam-
mation and oxidative stress. World J Gastro-
enterol 2010; 16: 3347-3357.

Shawcross DL, Wright G, Olde Damink SW, Ja-
lan R. Role of ammonia and inflammation in
minimal hepatic encephalopathy. Metab Brain
Dis 2007; 22: 125-138.

Gupta A, Dhiman RK, Kumari S, Rana S, Aga-
rwal R, Duseja A, Chawla Y. Role of small intes-
tinal bacterial overgrowth and delayed gastro-
intestinal transit time in cirrhotic patients with
minimal hepatic encephalopathy. J Hepatol
2010; 53: 849-855.

Pinzone MR, Celesia BM, Di Rosa M, Cacopardo
B, Nunnari G. Microbial translocation in chron-
ic liver diseases. Int J Microbiol 2012; 2012:
694629.

Scarpignato C, Pelosini I. Rifaximin, a poorly
absorbed antibiotic: pharmacology and clinical
potential. Chemotherapy 2005; 51: 36-66.
Bass NM, Mullen KD, Sanyal A, Poordad F, Neff
G, Leevy CB, Sigal S, Sheikh MY, Beavers K,
Frederick T, Teperman L, Hillebrand D, Huang
S, Merchant K, Shaw A, Bortey E, Forbes WP.
Rifaximin treatment in hepatic encephalopa-
thy. N Engl J Med 2010; 362: 1071-1081.
Pimentel M. Review of rifaximin as treatment
for SIBO and IBS. Expert Opin Investig Drugs
2009; 18: 349-358.

Int J Clin Exp Med 2015;8(2):2954-2957



