
Introduction

Celiac disease is an autoimmune disease with presence
of antibodies against gliadine causing damage to enterocytes
and villous atrophy in sensitive patients (1). Celiac disease
is a suitable model of gut barrier damage with an increase
of small bowel permeability (2). There are two theories ex-
plaining the increase of small bowel permeability in villous
atrophy (2). One theory differentiates the various ways of
absorption of saccharides according to molecular size: the
monosaccharides (e.g. mannitol, L-rhamnose) are absor-
bed passively via enterocytes (passive transcellular absorp-
tion); other monosaccharides (D-xylose) are absorbed by
facilitated diffusion (active transport after concentration);
glucose, amino acids and dipeptides are absorbed by active,
carrier mediated transport, which is Na+-K+-ATPase depen-
dent. Disaccharides are absorbed paracellularly via tight
junctions. If the small mucose is damaged, transcellular ab-
sorption decreases and paracellular absorption increases
due to adaptation to worsening absorption.

According to the second theory both monosaccharides
and disaccharides are absorbed paracellularly via tight junc-
tions, monosaccharides on villous tips and disaccharides in
crypts. In case of villous atrophy all saccharides are absor-
bed in crypts and absorption of disaccharides is relatively
higher (2,9,12).

Patients with untreated celiac disease show villous
atrophy of small bowel mucosa; small bowel permeability is
increased and after treatment by a gluten-free diet the mu-
cosal architecture is reconstructed and small bowel perme-
ability decreases to normal values (3,6,14,15,16).

Patients

30 patients (7 males, 23 females) aged 39 +- 13 years
with celiac disease were included in the study; 30 patients
(8 males, 22 females) aged 38 +-12 years with non-specific
gastrointestinal problems served as controls (Table 1).

Diagnosis of celiac disease was made using histological
and serological examinations (anti-gliadine, anti-endomysium
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23 patients with celiac disease were examined after
treatment with a gluten-free diet; the absorption of lactulose
decreased from 1.58 to 0.46 %; the absorption of mannitol
and D-xylose increased from 7.89 to 12.3 and from 14.46 to
20.20 respectively (Table 5.).

The LA/MA index decreased statistically significantly,
from 0.346 to 0.043, and the LA/XY  index decreased also
from 0.192 to.0,025 (Table 5). 

LA/MA and LA/XY indices are suitable for monitoring
a gluten-free diet in patients with celiac disease.

Discussion

Small bowel permeability tests are used for elucidation
of gut barrier damage in various diseases (2). Small bowel
permeability is increased in patients with celiac disease (3),
non-steroidal antiiflammatory drug (NSAIDs) enteropathy
(2), cytostatic drug-induced enteropathy (10), in critically
ill patients with sepsis, burns and/or polytrauma (2,9) and
during relapses of inflammatory bowel diseases (both
Crohn’s disease and ulcerative colitis) (12).

Tests with various saccharides (lactulose/mannitol, lac-
tulose/rhamnose, cellobiose/rhamnose), chelates (51Cr-
EDTA, 99mTc-DTPA) or polyethylenglycoles with various
molecular sizes are used for examination of small bowel
permeability. In our study the following saccharides were
used : lactulose, mannitol and D-xylose (8,9).

The saccharides in urine are measured using enzymatic
methods, high frequency liquid chromatography (HPLC)
or capillary gas chromatography. Capillary gas chromato-
graphy does not require desalting and is suitable for the as-
sessment of saccharides in urine (4).

Menzies described the increase of intestinal permeabili-
ty in patients with villous atrophy in 1974, tests with two
saccharides with various molecular sizes were used (13).
Juby in 1989 assessed 1010 patients from a gastroentero-
logic outpatient department; a test with cellobiose and
rhamnose had for untreated celiac disease 96 % sensitivity,

70 % specificity and negative predictive value was 99 % (7).
The same results were found with lactulose and mannitol
(8). The increased value of small bowel permeability is
described by different authors in patients with celiac disease
and dermatitis herpetiformis Duhring (3). The increase of
permeability was described in children and adult patients
with untreated celiac disease (11). In our study small bowel
permeability is significantly higher in patients with un-
treated celiac disease than in control patients (patients with
functional disorders  without organic damage of the gastro-
intestinal tract). Lactulose/mannitol and lactulose/D-xylo-
se indices  are statistically significantly higher on p < 0.001;
statistical significance of difference of D-xylose absorption
is p < 0.05.

In patients treated by a gluten-free diet small bowel per-
meability decreases to normal values (5,15,16,17). In our
study lactulose/mannitol and lactulose/D-xylose indices
decrease statistically significantly (p < 0.001) in patients
with celiac disease after treatment by a gluten-free diet
for 2-6 months.

The results of our study in agreement with the other
papers show that small bowel permeability test with lactu-
lose, mannitol and D-xylose is suitable for diagnosis of celiac
disease and monitoring of compliance to a gluten-free diet.

Research was supported by the Internal Grant Agency
Ministry of Health Czech Republic Nr. 4529-3 and
PRO-MED.CS Prague a.s.

References

1. Bai JC. Malabsorption syndromes. Digestion 1998;59:530-46.
2. Bjarnason I, MacPherson A, Holander D. Intestinal permeability : An overview.

Gastroenterology 1995;108:1556-81.
3. Bjarnason I, Marsh MN, Price A, Levi AJ, Peters TJ. Intestinal permeability in

patients with coeliac disease and dermatitis herpetiformis. Gut 1985;26:1241-9.
4. Brátová M, Kohout P. The measurement of lactulose, mannitol and D-xylose

using capillary gas chromatography. Clin Biochem Metabol 1998;27:98-101.
5. Cummings AG, Pentilla IA, Labrooy JT, Robb TA, Davidson GA. Recovery of

the small intestine on coeliac disease on a gluten-free diet : changes in intestinal
permeability, small bowel morphology and T-cell activity. J Gastroenterol
Hepatol 1991;6:53-7.

6. van Elburg RM, Uil JJ, Mulder CJJ, Heymans HSA. Intestinal permeability in pa-
tients with coeliac disease and relatives of patients with coeliac disease. Gut
1993;34:354-7.

7. Juby LD, Rothwell J, Axon ATR. Cellobiose/mannitol sugar test - a sensitive tu-
beless test for celiac disease : results on 1010 unselected patients. Gut
1989;30:476-80.

8. Juby LD, Rothwell J, Axon ATR. Lactulose/mannitol test : An ideal screen for ce-
liac disease. Gastroenterology 1989;96:79-85.

9. Kohout P. The examination of small bowel permeability. Czech Slov
Gastroenterol 1998;52(Suppl):15-27.

10. Kohout P, Cerman J, Brátová M, Zadák Z. Small bowel permeability in patients
with cytostatic therapy. Nutrition 1999;15:546-9.

11. Kuitunen M, Savilahti E. Gut permeability to human &-Lactalbumin, b-
Lactoglobulin, Mannitol, and Lactulose in Celiac Disease. J Ped Gastroenterol
Nutr 1996;22:197-204.

12. Meddings JB. Review article : Intestinal permeability in Crohn’s disease. Aliment
Pharmacol Ther 1997;11(Suppl 3):47-56.

13. Menzies IS. Absorption of intact oligosaccharides in health and disease. Biochem
Soc Trans 1974;2:1040-6.

14. Troncone R, Caputo N, Micillo M, Maiuri L, Poggi V. Immunologic and intesti-
nal permeability tests as predictors relapse during gluten challenge in childhood
coeliac disease. Scand J Gastroenterol 1994;39:144-7.

15. Uil JJ, van Elburg RM, Mulder CJJ, Heymans HSA. The value of D-xylose test
compared with differential sugar tests in recognizing coeliac disease. Neth J Med
1996;49:68-72.

103

and anti-reticuline antibodies) and improvement by a gluten-
free diet.

Patients of the gastroenterological outpatient depart-
ment with non-specific gastrointestinal problems after ex-
clusion of celiac disease and/or inflammatory bowel
diseases served as controls.

23 patients with celiac disease (6 males, 17 females)
aged 38.5 years were followed for 2-6 months after a gluten-
free diet; small bowel permeability was assessed before and
during the treatment with a gluten-free diet.

Methods

Small bowel permeability was measured using lactulo-
se/mannitol and lactulose/xylose ratios. Test solution con-
tents were 10.0 g lactulose, 2.0 g mannitol, 2.0 g D-xylose
and 11.0 g glucose in 100 ml distilled water; osmolarity of
this test solution was 1500 mosmol/l. The high osmolarity
of this solution is used to increase the sensitivity of the
small bowel permeability test.

The test solution was drunk by patients after overnight
fasting. Urine was collected 5 hours later and stabilized
using thiomersal; the concentrations of sugars were measu-
red using capillary gas chromatography after their conver-
sion to oximes and silylation, Hewlett Packard 5890 II
chromatograph and Hewlett Packard 3396A integrator
were used. The amounts of excreted sugars (lactulose, man-
nitol, D-xylose) were expressed as the ratio of orally given
substances in percents. This procedure does not require
desalting and is described in previous literature (4).

The index of  small bowel permeability was calculated
as the lactulose/mannitol (LA/MA) and lactulose/D-xylose
(LA/XY) ratios, respectively.

The examination of small bowel permeability was per-
formed in patients with untreated celiac disease and in the
control group. In the second part of our study, small bowel
permeability was measured in patients with celiac disease
before and after treatment with a gluten-free diet (2-6
months).

The parametric tests (non-paired and paired T tests)
were used in the statistical analysis of results.

Results

Small bowel permeability was measured in patients with
untreated celiac disease and compared with controls.

Absorption of lactulose in both groups  was 1.518 vs. 0.258
respectively, absorption of mannitol was 8.003 vs. 15.551
and absorption of D-xylose was 14.663 vs. 20.56, respecti-
vely. The values of absorption of all saccharides were signi-
ficantly statistically different (Table 2). Small bowel
permeability index - lactulose/mannitol (LA/MA) - was sig-
nificantly higher in patients with untreated celiac disease
than in the control group (0.303 vs. 0.016); a similar diffe-
rence was in both examined groups using the lactulose
/D-xylose index (LA/XY), 0.104 vs. 0.013 (Table 2.). The
maximum value of LA/MA index was 72 times higher in pa-
tients with untreated celiac disease than in the control
group, 2.33 vs.0.032 (Table 3). LA/XY index is significantly
higher in patients with untreated celiac disease (Table 4).
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Tab. 1: Characteristics of patients and control group.

No. Male Female Age
Mean SD Min. Max.

Celiac 30 7 23 38.7 13.2 20 69
Disease

Controls 30 8 22 38.2 12.3 18 62

SD – standard deviation

Tab. 2: Absorption of saccharides in patients with celiac
disease.

Lactulose Mannitol D-xylose LA/MA LA/XY
Celiac 1.518 8.003 14.663 0.303 0.104
Disease
Control 0.259 15.551 20.56 0.016 0.013
Pat.
Stat. *** *** * *** ***
Signific.

* p<0.05   *** p<0.001
LA/MA - Index Lactulose/Mannitol
LA/XY  - Index Lactulose/D-xylose

Tab. 3: Small bowel permeability in patients with celiac
disease (LA/MA).

No. LA/MA
Mean SD Min. Max.

Celiac Disease 30 0.303 0.451 0.02 2.33

Control Patients 30 0.016 0.008 0.001 0.032
***

*** p<0.001
LA/MA - Index Lactulose/Mannitol
SD - Standard deviation

Tab. 4: Small bowel permeability in patients with celiac
disease (LA/XY).

No. LA/XY
Mean SD Min. Max.

Celiac Disease 30 0.104 0.237 0.0394 1.167

Control Patients 30 0.013 0.009 0.0006 0.017
***

*** p<0.001
LA/XY - Index Lactulose/D-xylose
SD – Standard deviation

Tab. 5: Small bowel permeability after treatment 
by a gluten-free diet.

No. LA MA XY LA/MA LA/XY
Untreated 
Celiac 23 1.58 7.89 14.46 0.346 0.192
Sprue
Gluten - 23 0.46 12.30 20.20 0.043 0.025
Free Diet *** ** * *** ***

* p< 0.05  ** p< 0.01  ***  p< 0.001
LA  - Lactulose
MA - Mannitol
XY - D-xylose
LA/MA - Index Lactulose/Mannitol
LA/XY  - Index Lactulose/D-xylose
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Introduction

Lateral sphincterotomy (LS) is the method of choice in
the chronic anal fissure treatment. This procedure decrea-
ses the pressure in the anal canal, which thus leads to anal
fissure healing.1,4,6,9,12 Nevertheless, some authors criticize
the decreasing of the anal sphincters tonus and oppose this
way of treatment.13 Supporters of LS admit an incidence of
certain complications and this is why they point all the me-
ans of minimizing especially the continence disturbances
have to be exploited. One of the most important measures
is represented by anorectal manometry.

Although the relation between anal hypertony and anal
fissure has never been doubtet there still remains a questi-
on if manometry does represent an inevitable part of surgi-
cal treatment of this lesion or not.

Coming from our own experience with the chronic anal
fissure treatment and with the practical introduction of
post-operative anorectal manometry we would like to pre-
sent our opinion.

Material and methods

Since January 1985 till January 1997 we treated 134 pa-
tients suffering from chronic anal fissure. This set was re-
presented by 59 females and 75 males, with the mean age
of 44.6 and 43.6 years respectivelly (range 17 – 82 years).

Within the years 1998 and 1999 altogether 77 patients
(57%) treated in our Department by LS for chronic fissure
were monitored. From this group of patients there were 34
women and 43 men with the mean age of 48.9 and 47.8 ye-
ars, respectivelly. None from our patients stated any conti-
nency disorders prior to the operation. Patients were asked
for the pre-operative and post-operative symptomatology
and sphincters function was assessed by digital anal inves-
tigation. All investigations were performed by a single spe-
cialist in anorectal surgery. Later on, to materialize the
functional status of sphincters, the anorectal manometry
was appended and manometry results were compered with
conclusions of digital anal investigations, as well as with
subjective assessments of LS treatment results by patients.

Results

In 52 patients (68%) the evaluation of sphincters tonus
correlated with manometric data (see Tab 1). In patients
with normal results the agreement was reached in 48 cases.
In 3 cases the anal hypotonia was found, which correspon-
ded with three cases of anal fissure recurrence. In one pati-
ent a decrease of sphincters tonus was found both by digital
anal investigation and by manometry in rest and while squ-
eezing. This man stated the faecal incontinence and had to
use sanitary towels to prevent smearing his underwear.
When examining this case more closely it was found that
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