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Abstract

Somatostatin analogs were initially developed for the
control of hormonal syndromes associated with neuro-
endocrine tumors (NETs). In recent years, accumulating
data has supported their role as antiproliferative agents,
capable of stabilizing tumor growth in patients with
metastatic neuroendocrine malignancies, including carci-
noid and pancreatic endocrine tumors. A phase II, ran-
domized, placebo-controlled trial has now demonstrated
that octreotide long-acting repeatable (LAR) 30 mg
can significantly prolong time to tumor progression
among patients with metastatic midgut NETs regardless
of functional status, chromogranin A level or age. In
addition to significantly lengthening time to tumor pro-
gression in the overall study population, subset analysis
suggests that patients with low tumor burden are most
likely to experience disease stabilization with octreotide
LAR 30 mg, supporting the early use of octreotide LAR
in patients with metastatic disease. Further research
efforts are underway to evaluate the use of somatosta-
tin analogs as antiproliferative agents in other types of
gastroenteropancreatic-NETs. Ongoing studies are also
evaluating novel somatostatin analogs and somatostatin
analogs in combination with other anti-tumor therapies.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

The human hormone somatostatin was first isolated in
1973 and identified as a hypothalamic inhibitor of growth
hormone!™. Tt was subsequently discovered in multiple
tissues, including the central nervous system, endocrine
system and gastrointestinal tract”. Somatostatin has been
characterized as a universal endoctine “off-switch” due to
its exoctine, endocrine, paracrine and autocrine inhibitory
effects””. In the digestive tract, it reduces secretion and
motility, decreases portal blood flow, inhibits gallbladder
contraction and reduces the secretion of other gastroin-
testinal hormones!™. The effects of somatostatin are me-
diated through interaction with five somatostatin recep-
tors (sst15)”) belonging to a family of G-protein coupled
receptors with seven transmembrane domains.

The clinical utility of native human somatostatin is
limited by its short half life of approximately two minutes.
Both bioactive forms of the hormone, the fourteen-pep-
tide somatostatin-14 and a C-terminally extended form,
somatostatin-28, contain multiple enzymatic cleavage sites
resulting in rapid circulatory degradation'. In order to im-
prove the pharmacokinetic profile, synthetic somatostatin

June 28, 2010 | Volume 16 | Issue 24 |
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analogs (SSAs) have been developed by shortening the
polypeptide chain while retaining binding affinity to so-
matostatin receptors (Figure D" The two commercially
available analogs, octreotide and lanreotide, are octapep-
tides that bind with high affinity to somatostatin receptor
subtype 2 (sst2) and with moderate affinity to ssts (Table 1).

Octreotide has been used in clinical practice since data
emerged in the 1980s confirming its ability to palliate cat-
cinoid syndrome"*, as well as other hormonal syndromes
caused by metastatic gastroenteropancreatic neuroen-
docrine tumors (GEP-NETSs). Octreotide was initially
available in an immediate-release formulation suitable
for deep subcutaneous or intravenous administration'”,
Octreotide subcutaneous (sc) has been tested primatily at
doses ranging from 100 to 500 pg two to three times daily.
During the past decade, a long-acting repeatable (LAR)
depot formulation of octreotide (Sandostatin LAR") has
been available, which allows monthly intramuscular dos-
ing. Octreotide LAR has demonstrated similar efficacy to
octreotide sc in the control of flushing and diarrhea asso-
ciated with carcinoid syndrome'?. The dose of octreotide
sc and octreotide LAR should be titrated per symptom
control for optimal patient care"”. A second somatostatin
analog, lanreotide, was licensed in Europe in 1998 for the
treatment of symptoms associated with neuroendocrine
(particularly carcinoid) tumors. A long-acting formulation
of lanreotide (Somatuline Autogel®)"™ has also been de-
veloped as a deep subcutaneous injection.

Eatly on, clinical trials of SSAs tested their ability to
inhibit the release of neuroendocrine hormones such as
serotonin, glucagon, insulin, gastrin and vasoactive intesti-
nal peptide (VIP)"*"”*, These trials formed the basis for
the approval of octreotide and lanreotide as antisecretory
agents indicated for treatment of hormonally active GEP-
NETs. It was not until several years after the approval
of octreotide that evidence of antineoplastic activity
emerged. Although objective radiographic responses as-
sociated with SSAs were rare, many cases of prolonged
disease stability were documented in the literature, lead-
ing to the hypothesis that SSAs exert an inhibitory effect
on tumor growth. Recently, this hypothesis was tested in
a Phase I, randomized, placebo-controlled clinical trial
evaluating octreotide LAR 30 mg. This review summarizes
the preclinical and clinical evidence supporting the role
of SSAs as antiproliferative agents in the treatment of
patients with GEP-NETs. To date, most data (including
the results from the only phase Il randomized, placebo-
controlled trial) have been generated in studies evaluating
octreotide sc and LAR.

BIOLOGICAL BASIS FOR THE
ANTIPROLIFERATIVE EFFECTS OF SSAS

Over the past two decades there has been significant
progress in our understanding of the molecular basis for
the antiproliferative effects of somatostatin and its ana-
logs. Antitumoral activity appears to be mediated vz direct
and indirect mechanisms. Direct mechanisms involve the
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Octreotide Lanreotide

®®®® ®®®®
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Figure 1 Chemical structure of the synthetic somatostatin analogs octreo-
tide and lanreotide (adapted from™™).

sst1 sst2 sst3 sst4 ssts

Receptor binding affinity (ICs nmol/L)
Somatostatin'™” 093 015 0.56 1.50 0.29
Octreotide™ 280.00 0.38 7.10 > 1000 6.30
Lanreotide™ > 1000 0.80 107 > 1000 5.20

sst1 sst2 sst3 sst4  ssts

Induction of G1 cell cycle arrest + + + +
Induction of apoptosis + +

activation of somatostatin receptors on tumor cells lead-
ing to modulation of intracellular signaling transduction
pathways. Multiple 7 vitro studies using cell lines transfect-
ed with somatostatin receptors indicate that all receptor
subtypes (sst15) may mediate inhibition of cell prolifera-
tion™, whereas specific receptor subtypes (sst23) may me-
diate apoptosis (Table 2)P* These actions appear to be
regulated primarily sa the MAP-kinase signaling pathway
and through activation of phosphotyrosine phosphatases
(Figure 2)"*. Indirect antiproliferative mechanisms in-
clude inhibition of mitogenic growth factors such as
insulin-like growth factor (IGF), as well as inhibition of
tumor angiogenesis through interaction with somatostatin
receptors on endothelial cells and monocytes"™”.

Activation of phosphotyrosine phosphatases

Several phosphotyrosine phosphatases (PTPs), including
SHP-1 and SHP-2, have emerged as important regula-
tors of intracellular signaling pathways””. Somatostatin
receptor-mediated activation of SHP-1 results in arrest of
cell proliferation in various cell lines, including cells de-
rived from pancreatic, breast and prostate carcinomas’.
In pituitary adenoma cells, activation of sstz2 inhibits P13
kinase activity and causes cell growth arrest vz stimulation
of SHP-1"". The enzymatic activity of SHP-1 has also
been implicated in sst;-dependent apoptosis in transfected
Chinese Hamster Ovary (CHO) cells®, Stimulation of
SHP-1 in sst-expressing CHO cells has led to G1 cell cy-
cle arrest #a induction of the cyclin-dependent kinase in-
hibitor p27[351. SHP-2 has also been identified as a mediator
of the antiproliferative effects of somatostatin receptors,

June 28, 2010 | Volume 16 | Issue 24 |
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primarily through inactivation of tyrosine kinase receptors
for insulin and epidermal growth factors™. Moreover,
activation of PTPs has been shown to down-regulate

Raf-1"" and block the MAP-kinase pathwayps].

Modulation of the mitogen activated protein-kinase
pathway

Both inhibition and stimulation of the mitogen activated
protein (MAP)-kinase pathway have been linked to the
antiproliferative effects of somatostatin and its analogs.
In a glioma cell line, the receptor-like PTP, PTPeta, medi-
ated the antiproliferative effects of somatostatin through
inhibition of ERK1/2"”. Conversely, another study of
ssti-expressing CHO cells demonstrated that somatostatin
robustly activated MAP-kinase, which in turn enhanced
the expression of the cyclin-dependent kinase inhibitor
p21, thereby inhibiting cell proliferation™. Another study
in CHO cells demonstrated that activation of p38 MAP-
kinase via sst2 and sst+ mediated the inhibitory effects of
somatostatin on fibroblast growth factor induced prolif-

eration™').

Indirect antiproliferative mechanisms

Suppression of tumor growth may occur #iz inhibition of
various circulating growth factors, including insulin-like
growth factor (IGF), epidermal growth factor (EGF) and
growth hormone (GH). Inhibition of GH is thought to
be mediated primarily zia sst2 and ssts, which are strongly
expressed in the anterior pituitary™ ™. Octreotide has
been shown to suppress circulating levels of IGF-1, both

(49
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Figure 2 Somatostatin receptor-
mediated effects on neuroendocrine
cells (adapted from™),

v
Secretion 1
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Hormone

via suppression of pituitary secretion of GH as well as
through direct inhibition of IGF-1 production in the
liver™>*,

The antiangiogenic effects of octreotide have been
demonstrated in multiple 7% zitro tumor models™™*. Oc-
treotide has been shown to inhibit proliferating endo-
thelial cells that over-express sst2 and ssts"”. The primary
mechanism of angiogenesis inhibition may be suppression
of endothelial nitric oxide release™. Inhibition of circu-
lating vascular-endothelial growth factor (VEGF) appears
to also play a role in suppression of peritumoral vessel
grOWth[SLSZ}.

EARLY CLINICAL EVIDENCE FOR THE
ANTIPROLIFERATIVE EFFECTS OF SSAS

Since the introduction of SSAs, multiple phase I tri-
als and retrospective series have demonstrated that SSA
treatment is associated with prolonged survival and dis-
ease stabilization in a large proportion of patients. For
example, a single-institution retrospective study of 146
patients with metastatic mid-gut NETs, 91% of whom
received long term octreotide treatment, demonstrated
a 5-year survival rate of 75% (compared to 19% his-
torically)™. Additionally, an analysis of the US-based
Surveillance, Epidemiology and End Results (SEER) da-
tabase found a significant increase in survival from 1988
to 2004 compared with 1973 to 1987, coinciding with
the introduction of octreotide”™.

In general, early clinical studies evaluating the dis-

June 28, 2010 | Volume 16 | Issue 24 |
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ease-stabilizing effect of SSAs in patients with GEP-
NETs are characterized by their lack of randomized
design and enrollment of heterogeneous populations
of patients with GEP-NETs. Although objective radio-
graphic response rates have been rare (generally < 5%),
the rate of tumor stabilization observed in most studies
has ranged from 40%-60%, with higher rates observed
in patients without documented disease progression at
onset of treatment".

Among the first prospective studies documenting the
antiproliferative effects of SSAs in GEP-NETs was one
conducted by the German Sandostatin Study Groupm.
In this study, 103 patients with metastatic carcinoid and
pancreatic endocrine tumors were treated with octreo-
tide 200 pg thrice daily until evidence of radiographic
progression. Among patients who had disease progres-
sion documented at treatment outset, the rate of disease
stability lasting at least 3 mo was 37%, whereas among
patients with documented stable disease at treatment out-
set, disease stability lasting at least 12 mo was documented
in 54% of patientsm. No objective tumor responses were
observed. Another phase II clinical trial testing octreotide
as an antiproliferative agent in 34 patients with progressive
metastatic NETs demonstrated a disease stabilization rate
of 50% lasting a median of 5 mo™.

The antiproliferative effect of intramuscular lanreotide
SR 30 mg every 10 or 14 d was evaluated in a phase II
trial of 46 patients with carcinoid and pancreatic endo-
crine tumors. Two patients (4%) achieved an objective ra-
diographic response while 19 patients (41%) experienced
stable disease for a mean duration of 9.5 mo®”. In anoth-
er phase II study of lanreotide SR 30 mg in 55 patients
with GEP-NETs (48 with carcinoid tumors, six with gas-
trinomas and one with a VIPoma), 7% of 31 assessable
patients achieved a partial response and 81% experienced
disease stability”. In one study of patients with progres-
sive tumors, participants received either octreotide LAR
30 mg or lanreotide SR 60 mg (this study considered all
patients as a single cohort). Among 31 assessable patients,
14 (45%) achieved disease stability 5 55% who continued
to progress radiographically[()ﬂ. Overall survival was con-
siderably prolonged among patients with stable »s progres-
sive disease. In multivariate analysis, pancreatic endocrine
tumors appeared significantly less likely to achieve disease
stabilization compared to intestinal carcinoid tumors.
Extra-hepatic metastases were also associated with a poor
prognosis. Table 3 summarizes the results of multiple
non-randomized clinical trials evaluating the antineoplastic
effects of octreotide and lanreotide in GEP-NETs.

THE PROMID TRIAL

Although providing initial evidence for the antitumor ef-
fects of SSAs, studies described in the previous section
have a number of features that prevent them from provid-
ing conclusive evidence. Examples of these features in-
clude relatively small patient cohorts, lack of a randomized
placebo control group, and analysis of heterogeneous
populations. As such, to prove or to disprove an antipro-
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Analog Author n CR/PR SD PD
Patients with documented tumor progression
Lanreotide ~ Faiss et al'*”, 2003 22 1(4) 7(32) 14 (64)
Lanreotide  Aparicio et al'™, 2001 35 1(3) 20(57) 14 (40)
Octreotide ~ Arnold et al'*!, 1993 52 0(0) 19(36) 33 (63)
Octreotide ~ Saltz et al®, 1993 34 0(0) 17(50) 17 (50)
Octreotide  di Bartolomeo et al”, 1996 58 2(3) 27 (46) 29 (50)
201 4(1) 90 (45) 107 (53)
Patients without documented tumor progression
Lanreotide Wymengaetal®, 1999 31 2(6) 25(80) 4(13)
Lanreotide ~Ducreux et al®”, 2000 39 2(5) 21(54) 16 (41)
Lanreotide  Eriksson et al'*™, 1997 19 1(6) 12(63) 6(32)
Lanreotide Tomasetti etal™, 1998 18 0(0) 14(77) 4(22)
Octreotide ~ Tomasetti etal®, 2000 16 0(0) 14(87) 2(12)
Octreotide  Ricci et al'™!, 2000 15 1(6) 6(40) 8(53)
138 6(4) 92(67) 40 (29)

CR: Complete response; PR: Partial response; SD: Stable disease; PD: Pro-
gressive disease.

liferative effect of octreotide LAR 30 mg, the PROMID
(Placebo-controlled, Prospective, Randomized study in
patients with metastatic neuroendocrine midgut tumors)
study was initiated. This randomized, double-blind, place-
bo-controlled, phase III trial, was among the very few ran-
domized trials performed in patients with this rare tumor
type. To avoid confounding variables, only patients with
well-differentiated inoperable or metastatic midgut tumors
were included. Additionally, octreotide LAR 30 mg was
the only dose of octreotide LAR evaluated.

High-level evidence of the antiproliferative effects of
octreotide emerged after publication of the PROMID
trial . Bighty-five participants with well-differentiated
carcinoid tumors originating in the distal intestine and
proximal colon were randomized to receive either octreo-
tide LAR 30 mg or placebo until radiographic evidence of
progression or death. The primary endpoint was time to
tumor progression. Most patients (75%) had evidence of
somatostatin receptor expression as evidenced by radio-
tracer uptake on Octreoscan. Neatly half of patients (38%0)
manifested the carcinoid syndrome (flushing and/or diat-
rhea associated with elevation in urine 5-HIAA). Only pa-
tients with mild carcinoid syndrome who tolerated flush-
ing without intervention or responded to treatment with
loperamide and/or cholestyramine in cases of diarrhea
were included.

Median time to tumor progression was 14.3 mo in
the octreotide LAR 30 mg group »s 6.0 mo in the placebo
group (P = 0.000072, Figure 3). This significantly length-
ened time-to-tumor progression was seen in the overall
study population, regardless of tumor functionality, chro-
mogranin A level or age. At 6 mo, tumor progression was
observed in 24% of patients on the octreotide LAR 30 mg
arm »s 66% of patients receiving placebo (P = 0.0079).
Serious adverse events were nearly evenly balanced (11
patients in the octreotide LAR 30 mg arm and 10 patients
in the placebo arm). On multivatiate analysis, the highest
rates of disease stabilization were observed in patients
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Figure 3 Kaplan Meier curve demonstrating time to tumor progression
in patients treated with octreotide long-acting repeatable (LAR) vs
placebo™. Log-rank test stratified by functional activity: P = 0.000072, HR =
0.34 (95% CI: 0.20-0.59).

with low hepatic tumor load (< 10%) and resected pri-
maty tumor, however both of these subgroups contained
the majority of study patients. Even patients with higher
hepatic tumor burden (> 10%) experienced a near dou-
bling in time to progression on the octreotide LAR arm
of the study. The small number of deaths in both treat-
ment arms (seven in the octreotide LAR 30 mg arm; nine
in the placebo arm) precluded any analysis of differences
in survival.

FUTURE DIRECTIONS

Novel somatostatin analogs

NETSs generally express multiple somatostatin recep-
13702l of which may mediate the antiproliferative
effects of SSAs. These receptor subtypes can undergo
heterodimerization with each other and with other re-
ceptor families (such as the dopamine receptor family),
enhancing their binding affinities and internalization”"".
Thus, novel SSAs that bind to multiple receptor subtypes
as well as analogs capable of binding to different families
of receptors may prove to be effective antisecretory and
antiproliferative agents in patients refractory to octreotide
or lanreotide.

Pasireotide is one such novel somatostatin analog; it
binds avidly to four of the five somatostatin receptors
(sst123 and ssts). Compared with octreotide, pasireotide
has a 40-, 30- and 5-fold higher binding affinity for ssts,
sst1 and sst3, and a slightly lower affinity for sst2”. Pasire-
otide also has a 2-times higher binding affinity for ssts
than endogenous somatostatin”. In an i vitro study eval-
uating the use of octreotide and pasireotide on HEK293
cells expressing somatostatin receptor subtype sstz on the
cell membrane, treatment with octreotide resulted in an
internalization of sst2 receptors at 30 min whereas treat-
ment with pasireotide did not lead to sstzinternalization.
Such findings may suggest that a persistent and more du-
rable efficacy could be obtained with pasireotide!™.

An open-label trial evaluated the activity of pasireotide
sc in patients with carcinoid syndrome whose symptoms

tors
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(flushing and diarrhea) were inadequately controlled with
octreotide LAR™, Preliminary data indicated activity in
this refractory population. Future clinical trials are being
designed to test the antiproliferative effects of pasireotide
in neuroendocrine carcinomas. Other compounds capable
of interacting with sst2as well as with the dopamine D2
receptor (DAD2) are in clinical development™,

Radioactive labeling of SSAs is another promising
approach to treatment of neuroendocrine malignancies
which express high levels of somatostatin receptors. Early
clinical trials employing 111In—pentetreotide produced lim-
ited objective responses, probably due to the small particle
range and short tissue penetration of Auger electrons
emitted by the ''In isotopem]. The next generation of ra-
diolabled SSAs used "'Y-DOTATOC, a B-particle emitter
with a tissue range of approximately 12 mm!" . Objec-
tive response rates of 10%-30% were reported in phase |
and II clinical trials. Dose-limiting side effects included
bone marrow and renal toxicity.

The latest research efforts in radiolabeled SSAs have
focused on '"Lu octreotate, a B-and y-emitting radionu-
clide with a shorter range of tissue penetration (2 mm)
than ™Y. A recent phase II clinical trial reported an ob-
jective radiographic response rate of 30% among 310
patients with GEP-NETs, and a median progression-free
survival duration of 40 mo®".

CONCLUSION

SSAs were initially developed as antisecretory agents used
primarily for the control of hormonal syndromes associ-
ated with NETs. In recent years, accumulating laboratory
and clinical data has supported their role as antiprolif-
erative agents, capable of stabilizing tumor growth in a
large proportion of patients with metastatic carcinoid
and pancreatic endocrine tumors. The recently-published
PROMID study provides high-level evidence validating
the role of octreotide LAR 30 mg as an antiproliferative
agent in patients with metastatic carcinoid tumors of the
midgut. Subset analysis suggests that patients with low tu-
mor burden are most likely to experience disease stabiliza-
tion, supporting the eatly use of octreotide LAR 30 mg in
patients with metastatic disease. Further research efforts
are underway to evaluate the use of novel SSAs, SSAs as
antiproliferative agents in other types of GEP-NETs, and
SSAs in combination with other anti-tumor agents.
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Abstract

Systemic lupus erythematosus (SLE) is an autoimmune
inflammatory disease characterized by the presence
of a plethora of autoantibodies and immune complex
formation. Virtually every system and organ can be
affected by SLE. Gastrointestinal symptoms are com-
mon in SLE patients, and more than half of them are
caused by adverse reactions to medications and viral
or bacterial infections. Though not as common as lu-
pus nephritis, SLE-related gastrointestinal involvement
is clinically important because most cases can be life-
threatening if not treated promptly. Lupus mesenteric
vasculitis is the most common cause, followed by pro-
tein-losing enteropathy, intestinal pseudo-obstruction,
acute pancreatitis and other rare complications such as
celiac disease, inflammatory bowel diseases, etc. No
specific autoantibody is identified as being associated
with SLE-related gastroenteropathy. Imaging studies,
particularly abdominal computed tomography scans,
are helpful in diagnosing some SLE-related gastroen-
teropathies. Most of these complications have good
therapeutic responses to corticosteroids and immu-
nosuppressive agents. Supportive measures such as
bowel rest, nutritional support, antibiotics and proki-
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netic medications are helpful in facilitating functional
recovery and improving the outcome.
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INTRODUCTION

Systemic lupus erythematosus (SLE) is a systemic au-
toimmune inflammatory disease with protean clinical
manifestations. The gastrointestinal tract is one of the
most commonly affected systems in SLE. However, most
gastrointestinal manifestations are caused by adverse reac-
tions from therapeutic agents and infections, while the
symptoms related to the disease per se are not as common
as other organ involvement such as lupus nephritis' . On
the other hand, the incidence of gastrointestinal manifes-
tations may be underestimated clinically because some of
them are indistinct and may not have abdominal symp-
toms. One autopsy study found that 60%-70% of SLE
patients had evidence of petitonitis, wheteas only around
10% of them were recognized clinically". Tt is noteworthy
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that gastrointestinal vasculitis and thrombosis can lead to
life-threatening ischemia, perforation and infarction, and
surgical interventions are usually needed if not treated
promptly with immunosuppressant. In this paper, clini-
cally important gastrointestinal complications of SLE are
reviewed for the purpose of improving treatment efficacy
and outcome.

LUPUS MESENTERIC VASCULITIS
Epidemiology and pathogenesis

A number of terms have been used to describe lupus
mesenteric vasculitis (LMV), including mesenteric arteritis,
lupus enteritis, lupus arteritis, lupus vasculitis, gastroin-
testinal vasculitis, intra-abdominal vasculitis and acute
gastrointestinal syndrome. LMV is one of the main causes
of acute abdominal pain in SLE patients. It can be classi-
fied into an acute ischemic enteritis that involves mainly
small intestine and chronic multiple ulcers occurring
mainly in the colon”. About 8%-40% of SLE patients
have acute abdominal pain during the stage of active dis-
case’”, but LMV is generally an uncommon condition in
SLE patients. In Asia, the reported overall prevalence of
LMV in patients with SLE is 2.2%-9.7%'"". However, the
prevalence of LMV in America seems to be much lower:
0.9%". Ju ez al” reported that the global prevalence of
LMYV ranges from 0.2% to 9.7% among all SLE patients
and from 29% to 65% in patients who had acute abdomi-
nal pain. LMV occurs almost always in patients with active
disease'”.

The predisposing factors for LMV are unknown. The
proposed trigger factors include bacterial infections that
lead to changes of intestinal flora, cytomegalovirus infec-
tion, eosinophilia, non steroidal anti-inflammatory drugs,
chemicals, metallic particulates, animal viruses, helminth
infection, caffeine, phosphodiesterase-4-inhibitors, ade-
nosine diphosphate, certain foods and herbal medicines'”.

Inflammatory vasculitis secondary to immune com-
plex deposition and thrombosis of the intestinal vessels
secondary to circulating anti-phospholipid antibodies
are the proposed pathogenic mechanisms of LMV,
Both types of microvasculopathy can activate each other
reciprocally, resulting in worsening cascades of vasculitis
and thrombosis. Autoantibodies, such as lupus anticoag-
ulant, anti-cardiolipin antibody and anti-B2-glycoprotein
antibody, are associated with LMV. A study suggests that
some cryptic antigens which can stimulate the produc-
tion of anti-endothelial antibodies are exposed when en-
dothelial cells are disrupted"’. In a study by Kwok ez @/,
the authors found that the serum levels of anti-endo-
thelial cell IgG were significantly higher in SLE patients
with LMV than in those without LMV or in healthy
controls. Macroscopically, the appearance of LMYV varies
from segmental edema to ulceration, gangrene and per-
foration'. Both small arteritis and venulitis are found in
LMV. Microscopically, fibrinoid necrosis of subserosal
vessels and leukocytoclasis on the vascular wall, as well
as edematous submucosa with mild diffuse inflamma-
tory infiltration of mononuclear cells, can be observed.
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In the muscular layer, intravascular fibrin thrombus and
hemorrhage around the small veins can be found.

Clinical features

Both the inflammatory and thrombotic mesenteric vas-
culopathy of LMV can cause mesenteric ischemia. LMV
can cause very severe abdominal symptoms and signs and
sometimes is diagnosed as acute surgical abdomen. Typi-
cally, the abdominal pain caused by LMV is diffuse in pat-
tern, in some cases accompanied by rebound tenderness
and abdominal muscle guarding, The symptoms of LMV
vary from mild, nonspecific abdominal pain, bloating or
loose stool, to necrosis and intestinal perforation which
manifest as severe extensive gastrointestinal bleeding or
acute surgical abdomen. It is noteworthy that in LMV
patients with bowel perforation, the typical signs can be
absent. Other manifestations of LMV include anorexia,
nausea, vomiting, dysphagia, hematemesis, postprandial
fullness, diarthea and melena. Kishimoto e# /" reported
two cases of “acute gastrointestinal distress syndrome”.
Patients with this syndrome have recurrent lupus enteritis
on the basis of mesenteric vasculopathy characterized by
reversible intestinal wall edema accompanied by significant
hypocomplementemia. These attacks are not complicated
by bowel infarction, perforation or hematachezia and re-
spond quickly to corticosteroid treatment.

Diagnosis

Accurate diagnosis of LMV is critical to allow prompt
treatment to avoid unnecessary surgical intervention.
As the clinical symptoms and laboratory parameters are
non-specific, and bowel specimens are not always avail-
able, the diagnosis of LMYV relies on abdominal comput-
ed tomography (CT) scan which allows both the bowel
wall and the abdominal vasculature to be visualized.
Advances in CT technology have been extremely helpful
in detecting ischemia and for evaluating the causes of
abdominal pain.

Common CT findings in patients with LMV include
dilated bowel, focal or diffuse bowel wall thickening,
abnormal bowel wall enhancement which is also called
“target sign”, mesenteric edema, stenosis or engorgement
of mesenteric vessels which is also called “the comb sign”
and ascites (Figure 1). Segmental or multifocal involve-
ment of the small and large bowel loops with intervening
normal bowel segments indicates ischemic change, which
is almost always indicative of vasculitis.

Ultrasonography is also useful for both the diagnosis
and follow-up of LMYV. Small intestinal wall edema and
thickening can be visualized under ultrasonography. Ir-
regular thickening and projection of folds in multiple
segments of the duodenum and the terminal ileum ac-
companied by “thumb print” signs in double-contrast
radiography suggest ischemic changes. Gastroscopy and
colonoscopy can show ischemia and ulcerative changes.
However, endoscopy-guided biopsy might not yield a
definitive diagnosis of LMV because the affected vessels
are usually located in an inaccessible area. Laparoscopy
can be used in the diagnosis of LMV®,
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Figure 1 Stenosis of artery mes-
enterica superior (SMA) in a pati-
ent with systemic lupus erythe
matosus.

Management

Early diagnosis and appropriate intervention can avoid
potentially fatal complications of LMV. Because the
primary lesions of LMV are inflammatory ischemic vas-
culitis, immediate and aggressive anti-inflammatory im-

munosuppressive treatment should be initiated as soon
as the diagnosis of LMV is made. The treatments include
high dose intravenous infusion of methylprednisolone or
an equivalent agent and complete bowel rest. For patients
with recurrent LMV and those who do not have adequate
response to intravenous prednisolone alone, intravenous
cyclophosphamide should be initiated. The initial dosage
of cyclophosphamide is 1 mg/kg daily and the dosage
is gradually tapered when LMV is stabilized". In Kim’s
study, they found that a bowel wall thickness greater than
9 mm usually indicated the presence of recurrent LMV
and should be considered a high risk factor for recur-
rence. They suggested that for patients with high risk of
recurrence, immunosuppressive agents should be initiated
as eatly as possible.

When a rapid response to immunosuppressive therapy
is not achieved, surgical intervention for possible bowel
perforation or large area of ischemia should be consid-
ered. Early laparotomy within 24 to 48 h is critical for
improving the prognosis of LMV patients. Medina e# al™
found that 10 of 11 LMV patients who underwent sut-
gery after 48 h died, while none of 33 patients who were
operated on within 24-48 h died.

Prognosis

The prognosis of LMV vaties in reports from different
areas of the world. This might be due to genetic differ-
ences. Reports from Europe and North America indicate
that the prognosis of LMV is poor and some fatalities can
occur. Some reports claimed that the mortality of LMV
could be as high as 50%“", The prognosis of LMV de-
pends on the extent of vascular involvement, the prompt
implementation of immunosuppressive therapy, and the
time of surgical intervention. On the basis of published
reports, the prognosis of LMV can be improved if ab-
dominal CT is used to aid the diagnosis and if prompt
immunosupptessive therapy is implemented.
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PROTEIN-LOSING
GASTROENTEROPATHY

Epidemiology and pathogenesis

Protein-losing gastroenteropathy (PLGE) is a condition
characterized by profound edema and severe hypoalbu-
minemia secondary to excessive loss of serum protein
from the gastrointestinal tract, clinically indistinguish-
able from nephrotic syndrome. Clinically significant
PLGE seems uncommon in SLE. Besides two large
series reported by Mok and our group with 16 and 15
patients respectively, most are isolated case reports or
small series' " So far, less than 60 patients with SLE-
related PLGE have been reported in the literature, and
the majority of these patients are Asians; whether this is
due to genetics or environmental factors remains to be
elucidated. In Mok’s study, the point prevalence of their
Chinese patients is 3.2% for PLGE, while in our series
the prevalence is 1.9%. PLGE may occur in SLE patients
of any age and occurs with a female predominance. In
most circumstances, the typical features of PLGE de-
velop before the diagnosis of SLE. In our study, 53.3%
of patients had PLGE as the initial presentation of SLE,
but PLGE could also occut 17 years after the establish-
ment of SLE"". Gornisiewicz ¢ al™® have concluded that
PLGE often happens in patients with clinically severe
SLE with multiple system involvement.

The exact pathogenesis of SLE-related PLGE is still
unclear. Mucosal ulceration, non-necrotizing mesenteric
or intestinal blood vessel vasculitis, increase in capillary
permeability caused by intravascular activation and con-
version of complement, cytokine- (such as tumor necrosis
factor-g, and interleukin-6) or complement-mediated vas-
cular or mucosal damage, and intestinal lymphangiectasia
have been postulated as the pathogenic mechanisms'*'”.

Clinical features

The most predominant clinical manifestation of PLGE
1s profound peripheral pitting edema. Patients may have
pleural, pericardial effusion and ascites due to severe hy-
poalbuminemia. Nausea, vomiting and diarrhea are also
common in these patients. Diarrhea is present in 50%
of cases, which is generally liquid in nature and can be as
frequent as 20 times a day, but steatorrhea is absent ™",
No particular autoantibodies have been found to be
associated with PLGE. Severe hypoalbuminemia and
hypocomplementemia are the most predominant labora-
tory findings of PLGE. Kim e7 al™ found in their study
that hypercholesterolemia was common in SLE-related
PLGE, but rare in idiopathic PLGE"". This might be due
to the leakage of cholesterol-rich lipoprotein particles
in the intestinal lymph. Most PLGE patients also have
hypoglobulinemia because immunoglobulin can also leak
into the intestinal lumen. The presence of anti-dsDNA
and anti-ENA antibodies is not significantly different
from patients without PLGE. Eighty percent of PLGE
in our series occurred at the stage of active lupus, and
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non-specific chronic inflaimmation were detected in all
pathological specimens obtained.

Diagnosis

The diagnosis of SLE-related PLGE mainly relies on the
exclusion of other causes of hypoalbuminemia such as
lupus nephritis, abnormal liver function, decreased pro-
tein synthesis or malabsorption. In recent years, Tc-99m
albumin scintigraphy has become the most frequently
used diagnostic method. It is noninvasive and safe in
demonstrating gastrointestinal loss of blood albumin to
intestinal lumen. It also has the potential to localize pro-
tein leakage and can be used to monitor the efficacy of
treatment. Gastroenteroscopy is usually not diagnostic,
as 50% of SLE-related PLGE patients present with non-
specific intestinal wall edema and 10% of patients have no
abnormalities under endoscopy examination”". Histologi-
cally, lymphangiectesia, edematous villi and non-specific
inflammation can be found in the intestine, but histology
can also be normal because of the inaccessibility of the
involved area under gastroendoscopy. An elevated -1 an-
titrypsin can be used as a diagnostic alternative ™,

Management

Due to limited number of patients, there is no controlled
clinical trial to demonstrate the efficacy of treatment for
SLE-related PLGE. Corticosteroid is the mainstay of
treatment. Response to corticosteroid alone is excellent in
more than 60% of patients. For those refractory to ste-
roid, immunosuppressive agents such as azathioprine, cy-
closporine A and cyclophosphamide could be added into
the therapeutic regimen. Albumin infusion, nutritional
support and diuretics are used as supplemental measures
for the treatment. Octreotide can reduce intestinal micro-
vasculature blood flow, decrease local lymph formation
and ameliorate lymphatic dilatation, therefore can also be
used in the treatment of PLGE. In addition, octreotide
has immunomodulatory effects since it specifically binds
with the somatostatin receptor. Prophylaxis for thrombo-
embolic complications with warfarin should be considered
in patients with severe and persistent protein loss, espe-
cially if antiphospholipid antibodies are presentlm’w’m.

Prognosis

The outcome of most SLE-related PLGE cases is gener-
ally good since most patients respond well to steroid ther-
apy. Relapse of PLGE occurs in 20%-30% of patients,
particulatly in patients undergoing maintenance therapy
with low-dose prednisolone alone, but they respond again
to an increased dosage of steroid. Mok ez al™® suggested
that long-term maintenance treatment with low dose
prednisolone plus azathioprine could reduce the rate of
recurrence.

INTESTINAL PSEUDO-OBSTRUCTION

Prevalence and pathogenesis
SLE-related intestinal pseudo-obstruction (IPO) is a rare
but well-recognized clinical syndrome that reflects the dys-
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function of the visceral smooth muscle, the enteric nerve
and/or the visceral automatic nervous system'”. Tt usually
coincides with ureterohydronephrosis and/or interstitial
cystitis, rarely with biliary dilatation (megacholedochus) B,
IPO is associated with ureterohydronephrosis in 63.3% of
cases™. TPO may appear during the course of SLE, but
it can also be the initial presentation of SLE®, Tt usually
occurs in patients with active lupus. So far, only 28 cases
have been reported in the English literature; half of the
cases were Oriental and female patients predominatedlz}l.
The pathogenesis of SLE-related IPO is unknown.
Histopathological evidence of intestinal leiomyocyte dam-
age suggests a systemic autoimmune process targeting
smooth muscle cells". Vasculitis leading to chronic isch-
emia of the bowel smooth muscle, which in turn leads to
muscular damage and hypomotility, has been postulated
as one of the possible mechanisms. Another possible
mechanism is an intrinsic muscle dysmotility affecting
the muscularis propria. The apparently high association
between pseudo-obstruction and ureterohydronephrosis
suggests a possible common smooth muscle dysmotil-
ity due to primary myopathy or neurogenic pathology,
secondary to either immune complex-mediated vasculitis
or common circulating autoantibodies against smooth
muscle. Biopsied specimens have shown fibrotic process
and atrophy in the muscularis layer, decreased number of
smooth muscle cells and inflammatory cell infiltration as-
sociated with fibrinoid deposits, indicative of vasculitis™

Clinical features

The characteristic clinical manifestation of IPO is inef-
fective intestinal propulsion with the presence of clinical
features of intestinal obstruction without an identifiable or-
ganic obstructive lesion and an abdominal distension with a
very sluggish or absent peristalsis. Antroduodenal manom-
etry demonstrates intestinal hypomotility and esophageal
apetistalsis. Symptoms of IPO include a subacute onset of
abdominal pain, nausea and vomiting, abdominal disten-
sion, constipation, diarrhea and weight loss. Laboratory
findings are non-specific. Anti-proliferative cell nuclear
antigen antibody (anti-PCNA) was found to be more fre-
quently detected than in lupus patients without IPO in one
study””. Mok ¢# a/™” reported that SLE-related IPO patients
had higher frequency of positive anti-Ro and anti-RNP an-
tibodies compared to lupus patients without IPO.

Radiological examination can detect dilated fluid-filled
bowel loops, with thickened bowel wall and multiple fluid
levels. Bilateral ureter dilatation with a reduced urinary
bladder capacity can be found if ureterhydronephrosis is
the concurrent situation. Abdominal CT scan frequently
reveals the presence of dilated small and large bowel with
thickened intestinal wall.

Pathological examination of the gastrointestinal tract
of SLE-related IPO patients can reveal widespread myo-
cyte necrosis in the muscularis propria with active inflam-
matory cell infiltration, severe atrophy of muscularis, ac-
tive serositis with serosal thickening and fibrosis, but little
or no evidence of vasculitis and absence of thromboem-
bolism.
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Diagnosis

The diagnosis of this clinical syndrome is based on im-
aging findings consistent with the presence of dilated
small and large bowel loops with thickened intestinal
wall and multiple fluid levels. Other possible causes of
intestinal obstruction should be excluded. Invasive diag-
nostic procedures should be avoided.

Management

Corticosteroids, immunosuppressive agents combined
with supportive measures such as parenteral nutrition,
oral broad-spectrum antibiotics to diminish bacteria over-
growth and pharmacological stimulation of small bowel
motility are effective medical management options for
SLE-related IPO. Timely diagnosis and early intervention
are critical to rehabilitate the peristaltic activity of both the
gastrointestinal tract and the genitourinary viscera; delayed
treatment has been associated with failure to regain func-
tional peristalsis and leads to histopathological progression
to fibrosis and atrophy of the intestinal wall, and second-
ary impairment of the myenteric plexuses™. SLE-related
IPO usually responds well to high dose corticosteroids.
Erythromycin in particular is the appropriate antibiotic in
this situation due to its prokinetic effect. Other prokinetic
agents such as cisapride and octreotide are also helpful
in stimulating small bowel motility. Octreotide appears
to be effective in improving both clinical symptoms and
manomettic patterns[%]. Azathioprine, cyclophosphamide
and cyclosporine A are the immunosuppressive agents
that could be used as one component of a maintenance
therapeutic regimen with oral corticosteroids. Other im-
munosuppressive agents against B cells, immune complex
formation and pathogenic autoantibody formation could
be the alternatives.

Prognosis

High dose intravenous corticosteroid treatment is effective
in most patients, leading to clinical remission and disappear-
ance of abnormal imaging findings. Long-term outcome of
SLE-related IPO varies. Some patients may have recurrent
attacks of IPO without other major organ involvement de-
spite maintenance treatment with steroids and immunosup-
pressive agents. The reported mortality rate is 18%". Early
diagnosis and prompt treatment is critical to improve the
overall outcome of SLE-related IPO patients.

PANCREATITIS

Epidemiology and pathogenesis

About 160 cases of SLE-related acute pancreatitis have
been reported in the literature. Pancreatitis is a rare but
life-threatening complication of SLE and our knowledge
about this complication is mainly based on individual
case reports. Based on the literature reports, the annual
incidence of SLE-related pancreatitis is estimated to be
0.4-1.1/1000 lupus patientslz()’3(]]. Reports from Europe
and the United States showed that the rate of pancre-
atitis with SLE is between 0.7%-4%"""". However, the

(44

Jgn?s:iﬁm"* WJG | www.wjgnet.com

rate of SLE-related pancreatitis may be underestimated
because cases of subclinical pancreatitis with elevated
pancreatic enzymes but no symptoms are not diagnosed
or reported. It is estimated that 30.5% of asymptomatic
SLE patients have hyperamylasemia™

Sixty percent of cases develop acute pancreatitis
within 2 years of the diagnosis of lupus, and in 22% of
patients, pancreatitis is the initial clinical presentation. In
most cases, acute pancreatitis is associated with active lu-
pus. In addition to traditional predisposing factors such
as hypertriglyceridemia, steroid and azathioprine use
were proposed as the possible causes of pancreatitis in
lupus patients. However, in Pascual-Ramos’s study, they
could not prove the association between steroid and/or
azathioprine administration and the development of

‘rechallenged” the onset of
[34]

<

pancreatitis even after they
pancreatitis with these medications

The pathogenic mechanism of SLE-related pancreati-
tis is unclear. Vascular damage has been stressed as a cause
of this problem. Necrotizing vasculitis, occlusion of arter-
ies and arterioles by thrombi resulting from severe hyper-
tension or antiphospholipid syndrome, intimal thickening
and proliferation and immune complex deposition with
complement activation in the wall of pancreatic arteries
have been postulatedm. Sixteen specimens of pancreatic
tissue from SLE-related pancreatitis patients were exam-
ined in one series; evidence of inflammation and necrosis
could be found in all specimens, but vasculitis could only
be found in one case”". It is possible that an autoimmune
reaction involving abnormal cellular immune response or
antibody reaction, rather than vasculitis, is responsible for
the inflammation reaction.

Clinical features
Eighty-eight percent of SLE-related pancreatitis cases
have abdominal pain; in only 23% of them the pain ra-
diates to the back. Two-thirds of patients have nausea
and vomiting, and half of them have fever. Diarrhea is
uncommon and a few patients have panniculitis.
Elevated serum amylase and lipase are the most com-
monly detected biochemical abnormalities. Additional
biochemical abnormalities include hypoalbuminemia,
abnormal liver function tests, elevated serum creatinine
and hypocalcemia. Anti-La antibody is the only autoanti-
body reported to be associated with this particular com-
plication"”,

Diagnosis

The diagnosis is based on the laboratory evidence of
elevated serum amylase or lipase levels. Clinical symp-
toms and suggestive tomographic findings are helpful.
However, lupus patients may develop acute pancreatitis
secondary to other “non-SLE” causes such as mechani-
cal (including cholelithiasis), toxic chemicals (such as
alcohol ingestion, some medications), hypertriglycemia
and hypocalcemia, as well as viral infections or sepsis.
The diagnosis of SLE-related pancreatitis can only be
confirmed when these possible causes are excluded.
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Management

Corticosteroids should be used as the medical manage-
ment of SLE-related acute pancreatitis as long as this drug
can be excluded as the cause of pancreatitis. Immunosup-
pressive agents such as azathioprine or cyclophosphamide
can be used in combination with corticosteroid. In severe
cases, plasmapheresis and intravenous gamma-globulin
infusion may be helpful.

Prognosis
As many as 57% of SLE-related acute pancreatitis cases
may develop complications if not treated promptly*[30].
Many of these complications can be fatal, with a mortal-
ity rate of 45%, whereas it is only 3% in patients without
complications. Lupus activity is significantly associated
with increased mortality. It is reported that SLE-related
acute pancreatitis concurrent with central nervous system
and cardiac involvement has the highest mortality rate.
Increased serum creatinine, hypoalbuminemia, anti-DNA
antibodies, thrombocytopenia, low complement, hypocal-
cemia, hyperglycemia and elevated liver enzymes are risk
factors for increased mortality.

About 22% of patients may experience recurrent
acute pancreatitis attacks, while 12% of patients develo
pancreatic pseudocysts and 5%-14% become chronic™,

OTHER SLE-RELATED
GASTROINTESTINAL PROBLEMS

Celiac disease

The coexistence of SLE and celiac disease is rare. So fat,
only 17 cases have been reported in the literature. Both
diseases have an autoimmune nature and share HLLA-B8
and HLA-DR3 histocompatibility antigensm. Celiac dis-
ease can occur before or after the diagnosis of lupusmj.
Most patients have positive serum antigliadin antibodies
and histological findings of duodenal biopsy which are
consonant with celiac disease. Patient’s response to steroid
along with gluten-free diet is excellent. The prognosis is
generally good.

Inflammatory bowel disease

The coexistence of SLE and inflammatory bowel disease
(IBD) is difficult to diagnose since both diseases share
some common gastrointestinal features and some medica-
tions used in treating IBD may cause drug-induced lupus.
The estimated prevalence of ulcerative colitis (UC) in
SLE patients is around 0.4%"". So far, 27 cases of SLE-
related UC have been reported, and numbers of SLE-
related Crohn’s disease are even less. UC may occur either
before or after the diagnosis of SLE. The majority of
patients have excellent response to steroids combined
with hydroxychloroquine or azathioprine. However, some
patients with Crohn’s disease may have life-threatening
massive gastrointestinal bleeding and need high dosage
methylprednisolonew. The prognosis of SLE-related
IBD is usually good.
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Eosinophilic enteritis

Eosinophilic enteritis is a rare clinical condition. SLE-
related eosinophilic enteritis is even rarer. Only 3 cases of
SLE-related eosinophilic enteritis have been reported in
the literature™. The clinical symptoms include abdominal
pain, nausea, vomiting and sometimes diarrhea. Peripheral
hypereosinophilia presents in most of the patients. The di-
agnosis depends on clinical symptoms and intestinal biopsy
which shows eosinophils in the deep layers of the intesti-
nal wall””. The recommended treatment regimen is pred-
nisone 0.5-1 mg/kg per day in divided doses for 7-10 d
followed by slow tapering over 2 to 3 mo. Immunosup-
pressive agents can be used in patients with recurrence or
corticosteroid non-responders.

Pneumatosis cystoides intestinalis

This is an uncommon disorder characterized by the pres-
ence of gas within the walls of the gastrointestinal tract.
The most common rheumatic disease that is associated
with pneumatosis cystoides intestinalis (PCI) is systemic
sclerosis. Only 14 SLE-related PCI cases have been re-
ported in the literature. It might be caused by injury of the
mucosa and immune barrier due to lupus vasculitis and
impaired healing due to corticosteroid therapymj. Patho-
logical evidence of vasculitis can be found in at least half
of the patients. Increased intraluminal pressure, mucosal
injury and production of gas from bacteria in the mucosa
may be involved in the pathogenesis of SLE-related PCL
The diagnosis depends on the abdomen findings on CT,
which show thickened bowel walls with multiple linear and
cystic radiolucencies. Therapeutic strategy for each PCI
patient should be individualized. Oxygen inhalation or hy-
perbaric oxygen therapy is reported to promote removal
of the gas from the cysts. Antibiotics are effective in re-
ducing bacterial overgrowth and gas production. Bowel
rest and prokinetic agents are the supportive measures in
treating patients with SLE-related PCI.

CONCLUSION

Gastrointestinal manifestations are common in SLE pa-
tients, but most of them are due to adverse reactions to
medications and infection. SLE-related gastrointestinal
involvement is not rare, and sometimes can be life-threat-
ening. Most SLE-related gastrointestinal complications are
caused by vasculitis and immune complex deposition, and
respond well to corticosteroids and immunosuppressive
agents. Early diagnosis and timely treatment are critical
to improve the prognosis. Supportive measures such as
bowel test are beneficial, and in some situations such as
IPO and PCI antibiotics are helpful to facilitate functional
restoration.
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Abstract

Human intestinal microbiota create a complex polymi-
crobial ecology. This is characterised by its high popula-
tion density, wide diversity and complexity of interaction.
Any dysbalance of this complex intestinal microbiome,
both qualitative and quantitative, might have serious
health consequence for a macro-organism, including
small intestinal bacterial overgrowth syndrome (SIBO).
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SIBO is defined as an increase in the number and/or
alteration in the type of bacteria in the upper gastro-
intestinal tract. There are several endogenous defence
mechanisms for preventing bacterial overgrowth: gastric
acid secretion, intestinal motility, intact ileo-caecal valve,
immunoglobulins within intestinal secretion and bacte-
riostatic properties of pancreatic and biliary secretion.
Aetiology of SIBO is usually complex, associated with
disorders of protective antibacterial mechanisms (e.g.
achlorhydria, pancreatic exocrine insufficiency, immuno-
deficiency syndromes), anatomical abnormalities (e.g.
small intestinal obstruction, diverticula, fistulae, surgical
blind loop, previous ileo-caecal resections) and/or motil-
ity disorders (e.g. scleroderma, autonomic neuropathy
in diabetes mellitus, post-radiation enteropathy, small
intestinal pseudo-obstruction). In some patients more
than one factor may be involved. Symptoms related to
SIBO are bloating, diarrhoea, malabsorption, weight
loss and malnutrition. The gold standard for diagnosing
SIBO is still microbial investigation of jejunal aspirates.
Non-invasive hydrogen and methane breath tests are
most commonly used for the diagnosis of SIBO using
glucose or lactulose. Therapy for SIBO must be com-
plex, addressing all causes, symptoms and complica-
tions, and fully individualised. It should include treat-
ment of the underlying disease, nutritional support and
cyclical gastro-intestinal selective antibiotics. Prognosis
is usually serious, determined mostly by the underlying
disease that led to SIBO.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Human intestinal microbiota create a complex polymi-
crobial ecology. This is characterised by its high popula-
tion density, wide diversity and complexity of interaction.
The duodenum and proximal jejunum normally contain
small numbers of bacteria, usually lactobacilli and en-
terococci, gram-positive aerobes or facultative anaerobes
(< 10" organisms per mL). Coliforms may be transiently
present (< 10° bacteria per ml.) and anaerobic Bacteroides
are not found in the jejunum in healthy people. Up to
one third of jejunal aspirates might be sterile in healthy
volunteers. The distal ileum is a transition zone between
sparse populations of aerobic bacteria of the proximal
small intestine and very dense populations of anaerobic
micro-organisms in the large bowel" . The epithelial
surface of the small intestine in a healthy human is not
colonised. Occasional groups of bacteria can be found
in low concentrations within the lumen. Bacteria do not
form clusters and spatial structutes, and the luminal con-
tents are separated from the mucosa by a mucus layer!".
Any dysbalance of this complex intestinal microbi-
ome, both qualitative and quantitative, might have serious
health consequences for a macro-organism, including
small intestinal bacterial overgrowth syndrome (SIBO).

DEFINITION

SIBO is a very heterogeneous syndrome characterised by
an increased number and/or abnormal type of bacteria
in the small bowel. Most authors consider diagnostic of
SIBO to be the finding of = 10’ bacteria [i.e. colony-
forming units (CFU)] per mL of proximal jejunal aspira-
tion. The normal value is < 10" CFU/mL™>"".

PREVALENCE

The overall prevalence of SIBO in the general public
1s unknown. In general, SIBO is substantially underdi-
agnosed. There are several reasons for this fact. Some
patients may not seck healthcare or SIBO may not be
properly diagnosed by medical investigations. SIBO
might be asymptomatic or with non-specific symptoms
only, and last but not least, all symptoms might be in-
correctly ascribed to the underlying disease (leading to
SIBO). Of course, diagnostic yield also depends on the
methods used for investigation. According to different
studies with the investigation of small sets of clinically
healthy people as a control, findings consistent with
SIBO were found in 2.5% to 22%" "\

In particular diseases and disorders, literature data on
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prevalence differ substantially. For instance, the prevalence
of SIBO in patients fulfilling diagnostic critetia for irti-
table bowel syndrome was 30%-85%""1*"* The preva-
lence of SIBO in coeliac disease non-responding to a
gluten-free diet was up to 50%"". In liver cirthosis, SIBO
was diagnosed in more than 50% of cases”. In a small
group of elderly people (70 to 94 years old) with lactose
malabsorption, SIBO was documented in 90%™. An in-
teresting study was performed on asymptomatic morbidly
obese subjects and SIBO was found in 17% (compared to
2.5% in non-obese persons) 1,

AETIOLOGY

There are several endogenous defence mechanisms for
preventing bacterial overgrowth: gastric acid secretion, in-
testinal motility, intact ileo-caecal valve, immunoglobulins
within intestinal secretion and bactetiostatic propetties of
pancreatic and biliary secretion””

The actiology of SIBO is usually complex, associated
with disorders of protective antibacterial mechanisms
(e.g achlorhydria, pancreatic exocrine insufficiency, immu-
nodeficiency syndromes), anatomical abnormalities (e.g;
small intestinal obstruction, diverticula, fistulae, surgical
blind loop, previous ileo-caecal tesections) and/or motil-
ity disorders (e.g scleroderma, autonomic neuropathy in
diabetes mellitus, post-radiation enteropathy, small intesti-
nal pseudo-obstruction). In some patients more than one
factor may be involved. “Aetiological” and “predisposing”
factors cannot be separated in some patients. SIBO may
occur in elderly people without any evident underlying
small intestinal pathology.

In some cases, a vicious circle arises: an undetlying
disease is complicated by SIBO and then SIBO directly
(as a morphological impact) or vicariously (by malab-
sorption or nutrient deficiency) causes further deteriora-
tion of the underlying disease.

Out of all diseases and disorders associated with SIBO
(listed below in detail), 90% of cases comprise small intes-
tinal motility disorders (of various aetiology) and chronic
pancreatirism.

Achlorhydria

Achlorhydria (due to chronic atrophic gastritis) and long-
term administration of proton pump inhibitors may cause
bacterial overgrowth in the stomach and duodenum. Pro-
ton pump inhibitors not only increase duodenal bacterial

. . . . .24
colonisation but also accelerate intestinal transit™",

Exocrine pancreatic insufficiency

Chronic pancreatitis is complicated by SIBO in 30%-40%
of cases'"”!. Multiple factors can be involved: exocrine
pancreatic insufficiency (with absence of anti-bacterial ef-
fect of proteolytic enzymes), abnormal chyme in the small
intestinal lumen, motility disorders, administration of
painkillers and ongoing alcohol consumption in some of
patients. Cystic fibrosis is also associated with increased
tisk of SIBO. Fridge ¢z a/™” diagnosed STBO in 14/25 (56%)
patients with cystic fibrosis. SIBO may be a causative fac-
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. . : 27
tor of diarrhoea in advanced pancreatic cancer”” apart
from pancreatic exocrine insufficiency, chemotherapy or
previous surgery.

Immunodeficiency syndromes
Various immunodeficiency syndromes, such as IgA defi-
ciency, common variable immunodeficiency, AIDS and
others, are complicated by miscellaneous infection com-
plications, including SIBO™*,

Small intestinal obstruction and stagnation

All anatomical pathology associated with small intesti-
nal obstruction and stagnation could be associated with
SIBO, e.g. strictures, adhesions, tumours of the small
bowel. Large and/or multiple duodenal and jejunal di-
verticula are often complicated by SIBO. Sequelae of
previous abdominal surgery (afferent loop syndrome
after Billroth-II gastric resection, Roux-en-Y stasis syn-
drome, bariatric bypass surgery) may also lead to SIBO
(with metabolic and nutritional disarrangement)[7’30732].
Small intestinal pseudo-obstruction and some neurologi-
cal diseases (e.g. myotonic dystrophy, Parkinson disease,
Chagasic enteropathy) can be complicated by SIBO that
is responsible for malabsorption and weight loss™ ", Spi-
nucci e/ a/” described an interesting case of endogenous
ethanol production in a patient with chronic intestinal
pseudo-obstruction and SIBO.

Tursi ez al™ investigated bacterial overgrowth in the
small bowel in patients with acute diverticulitis of the
colon. Small intestinal overgrowth was found in 53/90
(59%) subjects. The authors assumed that the primary
mechanism is a slow large bowel transit with stasis of
faeces in the colon. This results in dysmicrobia in the
large bowel with metabolic changes and induction of
inflammation. Subsequent reverse peristalsis facilitates
colonisation of the small intestine by bacteria coming
from the large bowel. SIBO deteriorates symptoms of
acute colonic diverticulitis, protracts the course of the
disease and thus could be an independent risk factor for
future relapses of acute diverticulitis of the large bowel.
Rifaximin was effective in the treatment of both acute
colonic diverticulitis and STBO in these patients””

Irritable bowel syndrome

The aetio-pathogenesis of irritable bowel syndrome has
not yet been satisfactorily clarified. Symptoms of SIBO
and irritable bowel syndrome ovetlap to a large degree.
As mentioned earlier, SIBO is frequently found in per-
sons fulfilling criteria of irritable bowel syndrome (30%-
85%) OB, According to authors of the bacterial hy-
pothesis, SIBO is the primary event and irritable bowel
is secondary to SIBO. In some patients, the onset of ir-
ritable bowel is preceded by infective gastroenteritis (so-
called post-dysenteric bowel disturbance)™. Analysis of
the microbial genome found different faecal microbiota in
healthy people and patients with irritable bowel (e.g. phy-
lotypes Coprococcus, Collinsella, Coprobacillus)™ . Believ-
ers in an opposite hypothesis stated that irritable bowel
1s a primary factor (with motor disturbance, visceral

1494

Jgn?s:iﬁm"* WJG | www.wjgnet.com

afferent hypersensitivity, psycho-social dysfunction) in
which motility disorders enable “secondary” bacterial
overgrowth™*, A third group of authors recommend
strict distinction between irritable bowel syndrome (the
hydrogen breath test with lactulose must be negative)
and SIBO (in such a case, it is not irritable bowel despite
the diagnostic criteria having been met) in patients with
identical symptorns[m. The last authors stated an opin-
ion that SIBO does not play any significant role in the
pathogenesis of irritable bowel".

Pimentel ¢z a/'? found abnormal lactulose breath test
results in 93/111 (84%) patients with irtritable bowel syn-
drome. Successful treatment of SIBO using neomycin
(in 35% of patients) was associated with relief of subjec-
tive symptoms. There was another interesting finding in
this study: a subgroup of persons with a methanogenic
phenotype was associated with constipation in 100%
(constipation-predominant irritable bowel syndrome)"”.
Another study found that methanogenic status was never
associated in irritable bowel syndrome with diarrhoea and
Crohn’s disease or ulcerative colitis with diarrhoea'”. The
association of methanogenic phenotype and constipation

was also revealed by other authors.

Coeliac disease

A wide range of 9% to 55% of patients have been dia-
gnosed with SIBO as a complication of coeliac dis-
case™ " The prevalence of SIBO is high, especially in
patients who do not respond to a gluten-free diet and/or

. 20,46,47
have lactose intolerance' 1

Crohn’s disease

SIBO is frequently found in Crohn’s disease (in about
25%). Loss of the ileo-caecal valve (due to previous ileo-
caecal resection) and/or large entero-enteric and entero-
colic fistulae are important predisposing factors™ ", Cas-
tiglione e# al™ found bacterial overgrowth more frequently
in those who underwent surgery (30%) compared to non-
operated patients (18%). Furthermore, SIBO may mimic
an acute flare of Crohn’s disease (including increased
bowel movements and lower body Weight)m. Smokers
may exhibit increased Hz production which could lead to
false positive test results. However, in the study by Klaus
et al”” there was no difference in the proportion of smok-
ers and their respective daily consumption of cigarettes
between patients with Crohn’s disease with and without
SIBO.

Short bowel syndrome

The problem of short bowel syndrome is not limited only
to the reduced absorptive surface area. The loss of the ileo-
caecal valve and the loss of the ileal break from resection
of the distal small bowel would accelerate the transit of
chyme throughout the entire gastrointestinal tract. Undi-
gested food becomes a substrate for bacterial fermenta-
tion. Large intestinal bacterial flora colonise proximally
into the small intestine to result in SIBO. Because digestion
and absorption cannot be completed without adequate
time, these patients face chronic postprandial diarrhoea.
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These problems may be exacerbated by SIBO that further
accelerates transit and worsens digestion, absorption and
malnutrition””.

SIBO is an independent negative factor deteriorating
adaptation of the small intestine in children after exces-
sive bowel resections. SIBO lengthens the dependence of
these patients on total parenteral nutrition and deteriorates
malabsorption and hepatopathy associated with short
bowel syndrorne[sg’m]. SIBO may lead to intestinal failure
in these patientsl(’”.

Non-alcoholic steatohepatitis

Wigg et al'" found a higher prevalence of SIBO (11/22,
50%) in non-alcoholic steatohepatitis (NASH) compared
to healthy control subjects (5/23, 22%). Higher values
for the xylose-lactulose test in patients with NASH coz-
related with higher serum levels of tumor necrosis factor-g
(INF-qa). However, they were not associated with increased
intestinal permeability or increased serum endotoxin'"”. In
another study of NASH™, SIBO was diagnosed in half
of the patients (6/12) but only in one subject (1/11, 9%)
in the healthy control group. Treatment with ciprofloxacin
suppressed bacterial overgrowth, increased serum insulin
and decreased endogenous ethanol production but did not
influence serum acetylated ghrelin (half values compared to
controls). Changes in fasting insulin and ethanol following
ciprofloxacin suggest that these parameters may be influ-
enced by small intestinal bacterial activity™. In an expeti-
mental model of NASH in rats, there was a slower transit
time and higher quantity of coliform bacteria (Escherichia
coli). Treatment with gentamicin (cidomycin) accelerated
the transit time, decreased TNF-q levels and alleviated se-
verity of liver involvement in experimental animals. Thus
SIBO might play an important role in the pathogenesis of
NASH".

Liver cirrhosis

Portal hypertension in liver cirrhosis substantially changes
the intraluminal milieu of the gut. Liver cirrhosis is an
independent risk factor for SIBO. Small intestinal motility
disorder, especially slow transit in advanced liver disease
(Child-Pugh C) may partake in SIBO™*. SIBO was di-
agnosed in 50%-60% of patients with liver cirrhosis®*",
SIBO is a tisk factor for the development of spontaneous
bacterial peritonitislzz’bsj, however, its role in the patho-
genesis has not yet been fully clarified””. Prevalence of
SIBO was higher in those patients with liver cirrhosis who
had spontaneous bactetial peritonitis (14/20, 70%) com-
pated to those without it (4/20, 20%)[(’4]. However, this
finding was not confirmed in other studies®”. SIBO might
correlate with systemic endotoxaemia'®. Tt is necessary to
remind ourselves that glucose hydrogen breath test in liver
cirrhosis correlates only to a small degree with microbio-
logical analysis of jejunal aspirates (sensitivity 27%-52%,
specificity 36%0-80%)"".

Scleroderma
Scleroderma (systemic sclerosis) is a chronic connective
tissue disease that affects the gastrointestinal tract in more
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than 80% of patientsm]. Severe small bowel involvement
by scleroderma can present as chronic intestinal pseudo-
obstruction and SIBO. The reported prevalence of SIBO
in scleroderma was 43% to 56%">”. In our series, SIBO
was proved in 4/15 (27%) patients with systemic sclero-
sis by means of glucose hydrogen and methane breath
tests. Half the cases of SIBO had neither diarrhoea nor
other signs of malassimilation at the time of examination.
There was a tendency towatrds a higher dose of systemic
glucocorticosteroids in persons with positive hydrogen
and methane breath tests' .

Autonomic neuropathy in diabetes mellitus
Gastrointestinal symptoms are present in 50%-70% of pa-
tients with diabetes mellitus. Delayed gastric emptying (or
even diabetic gastropatesis) and intestinal motility disorders
are the most important findings (with an unfavourable im-
pact on glycaemic control). Impaired intestinal motility is
often followed by SIBO™ . In diabetes mellitus, first and
foremost all results must be interpreted according to the di-
agnostic method that was used. Cuoco ¢ al" petformed the
lactulose hydrogen breath test and found that 21/74 (28%)
of subjects were affected by SIBO and delayed oro-caecal
transit time. After treatment with rifaximin, three patients
still showed SIBO, five persistent delayed transit time with-
out SIBO and 13 persons (62%) experienced a significant
improvement in their oro-caecal time (without SIBO)™.
Reddymasu ¢ 2/™ used hydrogen and methane breath tests
after glucose challenge. Thirty out of fifty (60%) patients
had a positive breath test result for SIBO on the basis of
hydrogen (63%), methane (27%) or both criteria (10%).
SIBO was more likely in diabetic patients with gastroparetic
symptoms of longer duration”.,

In about one third of patients with diabetes, SIBO was
associated with cardiovascular autonomic neuropathym
SIBO in diabetes may rarely manifest itself as protein-
losing enteropathy[gm.

Radiation enteropathy
SIBO and lactose intolerance may occur during and/or
after pelvic (or abdominal) radiotherapylm’&%].

Fibromyalgia

Pimentel e a/'" found that 42/42 (100%) patients with
fibromyalgia had an abnormal lactulose hydrogen breath
test. This was a significantly higher rate compared to pa-
tients with irritable bowel syndrome (93/111, 84%) and
clinically healthy petrsons used as a control (3/15, 20%).
Patients with fibromyalgia also had a higher hydrogenic
profile that correlated with somatic pam[ 4,

Other disorders and diseases associated with SIBO
Various diseases and disorders have been described to be
associated with or complicated by SIBO, such as lympho-
proliferative diseases (lymphoma, chronic lymphocytic
leukaemia), benign lymphoid hyperplasia of the ileum,
metabolic bone disease acromegaly, hypothyreosis, alco-
holism and rosacea™™*". The prevalence of SIBO rises
with age (about 50% in persons > 75 years old)"™,
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MICROBIOLOGY, PATHOGENESIS,
PATHOPHYSIOLOGY AND PATHOLOGY

The total bacterial count in the proximal jejunum is < 10*
bacteria per mL of jejunal content in healthy people. In
the ileum, enteric bacterial populations increase in amount
(including coliforms) up to 10’ CFU/mL in the terminal
ileum. There atre several beneficial effects of normal small
intestinal bacteria to the host. They can be extrapolated
from experimental studies in germ-free animals. The small
intestinal villi of these animals are thin and unusually
regular, with relatively shortened crypts. The enterocytes
are cuboidal rather than columnar. In addition, the num-
ber and size of Peyer’s patches, the degree of leukocyte
infiltration in the lamina propria, and the rate of mucosal
regeneration are reduced. The introduction of micro-
organisms rapidly restores the normal morphologic ap-
pearance and physiologic function of the small bowel
mucosa!’.

Normal autochthonous bacterial flora of the gastroin-
testinal tract is an important factor for preservation of its
integrity and normal functioning in humans. They partici-
pate in the protection of macro-organisms against patho-
genic micro-organisms, stimulate the human immune
system and influence the metabolic and trophic function
of the intestinal mucosa. Enteric bacteria produce some
nutrients (e.g. short-chain fatty acids) and vitamins such
as folates and vitamin K. Last but not least, they impact
the sensor and motor function of the gut. On the other
hand, intestinal bacteria are influenced by many factors,
first of all by the amount and composition of food, but
also by environmental (and geographic) effects, drugs,
alcohol and probably by several other factors (lifestyle,
psychosomatic stress, ee)™™). The prevalence of bacteria
in different parts of the GI tract appears to be dependent
on several factors, such as pH, peristalsis, redox potential,
bacterial adhesion, bacterial co-operation and antagonism,
mucin secretion, diet and nutrient availability™”.

There are several host defence mechanisms to pre-
vent excessive colonisation of the small bowel by bacte-
ria: antegrade peristalsis prevents attachment of ingested
micro-organisms; gastric acid and bile destroy many
micro-organisms before they leave the stomach; diges-
tion by proteolytic enzymes helps destroy bacteria in the
small intestine; the intestinal mucus layer traps bacteria;
an intact ileo-caecal valve inhibits retrograde transloca-
tion of bacteria from the colon to the small bowel; the
immune system plays a role as evidenced by the high
prevalence of bacterial overgrowth in patients who have
immunodeficiency; the largest fraction of immunoglob-
ulins secreted in the human body is the secretory IgA
originating in the gastrointestinal tract, which aids in pre-
venting bacterial proliferationl7’9”. SIBO may develop if
some of the natural defensive mechanisms of a macro-
organism (listed above) are disrupted.

In most patients, SIBO is not caused by a single bac-
terial strain. In general, there is an extension of colonic
bacteria into the small bowel. Less frequently, the “normal”
amount of small intestinal bacteria increases. Bouhnik
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et al” investigated samples of jejunal juice in 63 patients
with diarrhoea and/or malabsorption. The diagnostic
criteria of SIBO were fulfilled in 55 persons (87%). The
authors identified 141 micro-aerophilic strains (S#reprococcus
60%, Escherichia coli 36%, Staphylococens 13%, Klebsiella 11%
and others) and 117 anaerobes (Bacteroides 39%, Lactobacillus
25%, Clostridium 20% and others)"™.

SIBO may be accompanied by both maldigestion and
malabsorption. Bacteria in SIBO might significantly in-
terfere with enzymatic, absorptive and metabolic actions
of a macro-organism. Due to injury of the brush-border
of enterocytes, the activity of disaccharideses may be de-
creased. If bacteria simultaneously metabolise fructose,
lactose and sorbitol, malabsorption of saccharides may
occur. Injured small intestinal mucosa can have undesit-
able consequences in increased intestinal permeability
and/or protein-losing enteropathy. Deficiency of vitamin
Bi2 results from the consumption of this vitamin by an-
aerobic micro-organisms. Bacteria may also utilise intralu-
minal protein in the small bowel, this may lead to protein
deficiency for the macro-organism and excessive produc-
tion of ammonia by bacteria. Deconjugation of bile acids
by bacteria results in malabsorption of fat and liposoluble
vitamins. Extensively formed lithocholic acid is pootly ab-
sorbable and acts enterotoxically™"*,

Bacteria produce various toxic agents that may have
surprising systemic effects. These agents are ammonia,
D-lactate, endogenous bacterial peptidoglycans and oth-
ers. SIBO is regularly associated with increased serum en-
dotoxin and bacterial compounds stimulating production
of (pro)inflammatory cytokinesw’%]. SIBO might be asso-
ciated with endogenous production of ethanol (probably
synthesised by Candida albicans and Saccharomyces cerevisiae).
Serum ethanol disappears after successful treatment of
SIBOY,

Small intestinal bacterial overgrowth has a negative
impact not only on the function but also on the morpho-
logical structure of the small bowel. Microscopic inflam-
matory changes (especially in the lamina propria) and vil-
lous atrophy are found regularly. In such a case, the villous
atrophy in SIBO must be distinguished from that of co-
eliac disease. Macroscopic changes may also be visible in
some patients. Hoog ez al’" found small intestinal mucosal
breaks (erosions or ulcers) in 16/18 patients with chronic
myopathic or neuropathic motility disorders of the small
bowel by means of wireless capsule endoscopy.

In some patients with short bowel syndrome, bacte-
rial overgrowth can, to some extent, paradoxically exert
a favourable effect on the macro-organism. Bacteria may
partly metabolise saccharides and thus form some fur-
ther energy substrates more easily utilisable by a diseased
human.

CLINICAL FEATURES

Clinical symptoms are expressed more or less according
to the severity of involvement and they are modified by a
primary underlying disease. SIBO may be clinically asymp-
tomatic or can resemble irritable bowel syndrome with
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non-specific symptoms (bloating, flatulence, abdominal
discomfort, diarrhoea, abdominal pain). In more severe
cases, there are signs of malabsorption (weight loss, ste-
atorrhoea, malnutrition), liver lesion, skin manifestation
(rosacea), arthralgias and deficiency syndromes (anaemia,
tetany in hypocalcaemia induced by vitamin D deficiency,
metabolic bone disease, polyneuropathy due to vitamin
Bi2 deficiency, impaired barrier function of the gut, e#z.).
Anaemia is usually macrocytic (megaloblastic) due to
vitamin Biz deficiency. It could also be microcytic iron de-
ficiency (due to occult gastrointestinal blood loss) or nos-
mocytic (as anaemia of chronic disease)™ . Serum folate
and vitamin K levels are usually normal. Serum vitamin K
can even be increased owing to its bacterial overproduc-
tion. Moreover, there are some concerns as to whether
endogenous intestinal production of vitamin K by bacte-
ria might interfere with warfarin treatment in SIBO™ ™,
In the case of oedema of lower extremities, the actiology
is usually more complex (anaemia, malnutrition, hypopro-
teinaemia, vitamin Bi2 deficiency).

D-lactic acidosis is a severe complication of patients
with short bowel syndrome (with intact large bowel). It is
caused by an excessive overgrowth of lactobacilli. Non-
absorbed saccharides pass from the small intestine to the
large bowel and they are fermented down to the D-isomer
of lactic acid. There is no human pathway to metabolise
D-lactic acid. D-lactic acid is absorbed from the large
bowel; its serum concentration is regularly increased in
these patients. Nevertheless, most patients remain asymp-
tomatic. In clinically expressed cases, leading symptoms
comprise characteristic neurologic abnormalities including
confusion, cerebellar ataxia, slurred speech, and loss of
memory. Patients exhibit some degree of altered mental
status. They may complain of or appear to be drunk in the
absence of ethanol intake. In the treatment, it is necessary
to compensate metabolic acidosis and administer peroral
antibiotics (metronidazole, rifaximin). To prevent this seri-
ous complication, it is important to reduce peroral intake
of simple sugars, polysaccharides given in smaller amounts
together with a higher intake of fat""".

DIAGNOSTICS

It is mandatory to consider SIBO in all cases of complex
non-specific dyspeptic complaints (bloating, abdominal
discomfort, diarrhoea, abdominal pain), in motility disor-
ders, anatomical abnormalities of the small bowel and in
all malassimilation syndromes (malabsorption, maldiges-
tion)™>”,

Physical investigation usually provides non-specific
findings and could be modified by a primary underly-
ing disease. The abdomen may be distended and a small
intestinal succussion splash might be identified. Physical
investigation can further reveal latent tetany, polyneuro-
pathy and skin manifestation (rosacea).

Laboratory tests usually find anaemia, low serum vita-
min Biz levels and laboratory signs of malnutrition (lym-
phopenia, low serum prealbumin and transferrin).

The gold standard for diagnosing SIBO is still micro-
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bial investigation of jejunal aspirates. Such a sample can be
obtained by a special sonde or by means of enteroscopy.
Nowadays, there are commercially available special aspira-
tion catheters (with a spiral pattern of holes at the distal
tip) for contaminate-free collection of fluids. Microbial
investigation places high demands on the quality of labo-
ratory work (determination of quantitative proportion of
anaerobes) and has several difficulties (low reproducibility
and identifying cultivation-resistant bacteria). Distribution
of bacterial overgrowth might be irregular and that is why
a single investigation might not detect it. Bacterial over-
growth may be restricted to a particular, difficult-to-access
area for aspiration (e.g a blind loop)m.

Hydrogen and methane breath tests are currently the
most important diagnostic methods. The principles and
methods of hydrogen and methane breath tests were de-
scribed in detail elsewhere"”"". ITn humans, hydrogen and
methane are exclusively produced by intestinal bacteria,
namely in the large bowel in healthy people and also in the
small intestine in the case of SIBO. About 80% of hydro-
gen and methane is expelled by flatus, 20% is exhaled by
lungs and can be measured in breath!""”. Hydrogen and
methane breath tests to diagnose SIBO are performed
after peroral glucose or lactulose challenge. Most authors
(including our Department) use gas chromatography for
breath analysis. A parallel measurement of CO: and cor-
rection of hydrogen values to CO:2 concentration make
the measurement more precise[7’74’m3’104]. Low humidity (<
25%) must be maintained in the laboratory atmosphere to
obtain consistent measurements. There is an eatly increase
in breath hydrogen and/or methane (single eatly peak) af-
ter glucose administration due to bacterial glucose fermen-
tation in the small bowel. There are two peaks in the lactu-
lose breath test, the first one owing to bacterial activity in
the small intestine, the second one after lactulose reaches
the colon. Unfortunately, hydrogen and methane breath
tests have not yet been standardised, particular protocols
differ in dose (and concentration) of the test substrate,
duration of tests, time intervals of breath sampling and
basic and peak cut-off values. According to most authors,
basal cut-off values of hydrogen and/or methane in posi-
tive breath tests are = 20 parts per million (ppm), 10-
20 ppm is a grey zone. After a glucose challenge, an in-
crease = 12 ppm at 120 min is a positive result for bacte-
rial overgrowth. A lactulose breath test is assessed as posi-
tive if there is a biphasic course or an early plateau pattern
with a hydrogen increase of = 12 ppm is found (possibly
with an increase in methane at the second peak) OO0,

The hydrogen breath test is considered to be more ac-
curate for the diagnosis of SIBO compared to the meth-
ane breath test according to most authors'™". There is
a sensitivity of 62.5% and specificity of 82% (diagnostic
accuracy of 72%) after glucose and 52% and 86% (diag-
nostic accuracy of 55%) after lactulose administration" .
Hydrogen alone, methane alone or both gases simultane-
ously might be found in breath samples. That is why it is
important to always determine both gases in the breath
samples. There are several advantages of hydrogen and
methane breath tests. They are non-invasive, non-toxic,
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relatively easily available and performed at a low cost.

However, hydrogen and methane breath tests have
some drawbacks with possible false results and difficulties
in their interpretation. Very rapid absorption of glucose
in the proximal jejunum can be responsible for a false
negative result. In the case of bacterial overgrowth in the
terminal ileum, it might be difficult to distinguish a patho-
logical ileal peak from a “normal peak” after the caecum is
reached. In short bowel syndrome (with intact large bow-
el), the test substrate may reach the colon very quickly and
cause a false positive result. In the case of a low density of
anaerobes, breath can be false negative[mg’m’l15’117}. If there
is only one peak of hydrogen recorded in the lactulose
breath test and the second peak is absent for hydrogen
and methane, this could be assessed as a combination of
SIBO and fermentative colopathy[mgl. Results of hydrogen
and methane breath tests are usually difficult to interpret
in the case of advanced lung disease. In the case of a high
concentration of hydrogen and low concentration of
methane, analytical precision for methane determination
is less accurate! "

All hydrogen and methane are produced by so call-
ed “hydrogenic and methanogenic” bacteria in hum-
ans!" M However, most authors usually do not
specify which particular bacteria constitute these produ-
cers. Nitrogen, oxygen, carbon dioxide, hydrogen and
methane account for more that 99% of expelled intestinal
gas. Hydrogen is produced by bacterial fermentation of
saccharides in the intestinal lumen. Concurrently, hyd-
rogen is consumed by other intestinal bacteria to synth-
esise methane, acetate and hydrogen sulphide. Methane is
synthesised solely by bactetia in the intestine (four mmols
of hydrogen and one mmol of carbon dioxide create one
mmol of methane and water). This reaction reduces the
volume of gas that would otherwise be present in the co-
lon"""*. The question of intestinal methane producers
has not been definitely solved yet. Methanobrevibacter smithii,
Methanosphaera stadtmanae and other Methanobacteriales are
able to synthesise methane and some authors consider
Methanobrevibacter to be the major producer of methane
in the gut of humans"*'*. Tt was assumed (based on
16S tibosomal DNA studies) that Methanobrevibacter smithii
could make up about one in ten of all the prokaryotes
in the human gutmﬂ. However, there is no final proof
available that Archea (Methanobrevibacter and others) would
be the prevailing microorganisms in the methanogenic
phenotype of the human gut. We hypothesised that com-
mon coliform bacteria could also synthesise methane!™™,
however, this assumption was not proved by our further
studies™"™. McKay ¢ a/™" found that several anaerobes
(Bacteroides, Clostridinm and others) produced hydrogen but
rarely methane. Hydrogen is also produced by Enterobacte-
riaceae”>".

In adult Caucasians, only 30%-50% of persons pro-
duce methane while hydrogen is produced by 90%-98% of
peopleﬂw. Most subjects with lactose intolerance who do
not produce hydrogen would form methane after lactulose
administration instead of hydrogenm}]. Bile in the intestinal
lumen is an important suppressor of methanogenesis in
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humans'*¥. According to some authors, a methanogenic
phenotype is associated with constipation[s’m. Methane
production has been related to more severe colonic impa-
ction in children with encopresismﬂ. Higher production
of methane has been detected in colotrectal adenomas and
cancer'™. However, there is a general agreement that cons-
tipation itself is not a risk factor for the development of
colorectal cancet.

Hydrogen and methane breath tests can be combined
with a simultaneous D-xylose breath test'"™""". This com-
bination increases the sensitivity of non-invasive diagnostics
of SIBO""™. The cholyl—l—lsC—glycine hydrolase breath
test is another possible alternative for the diagnosis of
SIBO. The principle of this test is based on the fact that
bacterial overgrowth will cause more rapid deconjugation
of cholyl—l—13C—glycinem7]. The reported sensitivity for this
test was 70%!", The lack of sensitivity was attributed to
bacterial overgrowth with species lacking cholylglycine
hydrolase!””. On the other hand, patients with bile acids
malabsorption in the ileum might have a false positive re-
sult in this breath test after rapid deconjugation of cholyl-
glycine in the proximal colon™. Berthold ¢ al'*" recently
proposed a lactose-""C-ureide breath test for the diagnosis
of small bowel bacterial overgrowth. This test should
have 100% specificity (and thus predict positive culture in
SIBO) but lower sensitivity (66%)""".

There are several other tests to diagnose SIBO, for
instance evaluation of short-chain fatty acids in jejunal as-
pirationm”, serum non-conjugated bile acids, urinary out-
put of p-aminobenzoic acid (after peroral administration
of colil-PABA) or urinary indican'®. However, none of
these tests has yet acquitted itself well in 