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Abstract

The mechanism of impaired gut barrier function in patients with short bowel syndrome (SBS) is poorly understood and includes decreased

intestinal motility leading to bacterial overgrowth, a reduction in gut-associated lymphoid tissue following the loss of intestinal length,

inhibition of mucosal immunity of the small intestine by intravenous total parental nutrition, and changes in intestinal permeability to

macromolecules. Novel therapeutic strategies (i.e. nutritive and surgical) have been introduced in order to prevent the establishment or

improve the outcome of this prevalent disease. Pre- and probiotics as a nutritive supplement are already known to be very active in

the intestinal tract (mainly in the colon) by maintaining a healthy gut microflora and influencing metabolic, trophic and protective mech-

anisms, such as the production of SCFA which influence epithelial cell metabolism, turnover and apoptosis. Probiotics have been

recommended for patients suffering from SBS in order to decrease bacterial overgrowth and prevent bacterial translocation, two major

mechanisms in the pathogenesis of SBS. The present review discusses the research available in the international literature, clinical and

experimental, regarding probiotic supplementation for this complicated group of patients based on the clinical spectrum and pathophy-

siological aspects of the syndrome. The clinical data that were collected for the purposes of the present review suggest that it is difficult to

correctly characterise probiotics as a preventive or therapeutic measure. It is very challenging after all to examine the relationship of the

bacterial flora, the intestinal barrier and the probiotics as, according to the latest knowledge, demonstrate an interesting interaction.
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Surgical therapy forms, nowadays, a major part of the treat-

ment regimen in various human small-bowel abnormalities

or malignancies, congenital or acquired, and is frequently

applied, as well, in the palliative management of several

other incurable diseases. The loss, however, of a significant

amount of the functional and absorptive surface of the

small intestine results in a malnutrition and malabsorption

state described as short bowel syndrome (SBS)(1).

Although the pathogenesis of SBS is not entirely clear, it

is presumed to be an adaptation process in which a large

number of cell types, interacting molecular signals, includ-

ing cytokines and growth factors, and various molecules

on the endothelial cell surface participate(2). As a result,

this syndrome is a complex interplay among a plethora

of pathophysiological processes, including cellular

apoptosis and proliferation, epithelial regeneration and

neoangiogenesis, activation of the immune system, tissue

structural remodelling and bacterial flora alteration(3).

Accumulating evidence suggests that probiotics and pre-

biotics represent promising candidates for the prevention

and control of several gastrointestinal disorders(4). Recent

experimental studies in animal models and clinical trials

of patients with short bowel diseases have indicated that

the oral administration of probiotics and prebiotics may

effectively down-modulate the severity of bacterial translo-

cation (BT), which seems to be the main pathophysiologi-

cal aspect of SBS(5).

Although there are fewer experimental data and limited

experience in human trials, these studies provide support-

ing evidence for the potential protective effects of

probiotics in induced intestinal injury, not only by surgical

intervention and the underlying pathology but also from

the use of total parenteral nutrition. While the mechanisms

of SBS and pre–probiotic interactions continue to be

under investigation, the hypothesis of an underlying
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enhancement of cellular immunological defence should be

better investigated.

With the present literature review based on an extended

research of international data on the worldwide web we

would like, first of all, to define the terms SBS, BT and

syn-, pre- and probiotics, terms that are often used in

paediatric and gastrointestinal surgery. In particular, we

aim to emphasise that further investigation at the clinical

and experimental level should be carried out in order to

determine the exact role that probiotics play, protective

or preventive, in SBS.

Short bowel syndrome

The critical reduction of functional gut mass below the

minimal amount necessary for adequate digestion and

absorption to satisfy body nutrient and fluid requirements

for maintenance in adults and growth in children is charac-

terised as intestinal failure(6). Causes of intestinal failure

include several diseases such as congenital intestinal

atresia, aganglionosis and gastroschisis, neoplasms,

inflammation, radiation enteritis, malrotation with midgut

volvulus, mesenteric ischaemia and emboli, abdominal

wall defects and necrotising enterocolitis (NEC) in

neonates and children(7). Massive resection of the small

bowel results in a complex of symptoms and metabolic

alterations(8). The pathophysiological process after

intestinal failure in order to maintain intestinal recovery,

nutrition and long-term survival describes SBS.

The implied difference between the two entities (i.e.

intestinal failure and SBS) is that SBS is associated with sig-

nificant loss of absorptive surface area, whereas intestinal

failure is a lack of satisfactory absorption despite an

intestinal surface area that should be capable of sustaining

positive fluid and electrolyte and nutrient balance(9). With

the advent of new therapies on the horizon, there is

more interest in differentiating the two entities, as some

therapies may work for one and not the other. A patient

with SBS may also have intestinal failure, whereas not all

patients with intestinal failure have SBS.

Small-intestinal bacterial overgrowth seems to be the

triggering phenomenon for SBS and may contribute to

symptoms, mucosal injury and malnutrition(10). Its occur-

rence relates to alterations in intestinal anatomy, motility

and gastric acid secretion.

These alterations in intestinal anatomy during the surgi-

cal procedure and especially the remnant small bowel

length, an intact ileocaecal valve, intestinal continuity and

preservation of the colon are important factors for survi-

val(11). The ability of the residual intestine to adapt after

massive small bowel resection appears also of extreme

importance(12). In this setting, adaptation means progress-

ive recovery from intestinal failure throughout which the

small bowel increases its absorptive surface area and its

functional capacity in an attempt to meet the body’s meta-

bolic and growth needs. Intestinal adaptation constitutes

the best option for patients with SBS. In humans, intestinal

adaptation begins within 24–48 h of resection and includes

morphological (structural adaptation) and functional (func-

tional adaptation) changes of the residual bowel. Structural

adaptation includes increasing bowel diameter and length,

lengthening the villi, deepening the crypts, and increasing

the rate of enterocyte proliferation, finally resulting in an

increased absorptive surface area and an increased

number of enterocytes. Functional adaptation entails modi-

fications of the brush-border membrane permeability and

up-regulation of carrier-mediated transport, ultimately

resulting in increased nutrient absorption by isolated enter-

ocytes. The dynamic process of enterocyte turnover is a

function of the rates of crypt cell proliferation, migration

along the crypt–villus axis, death via apoptosis(13) and pro-

liferation. A large body of work exists on the interactions

between epithelial cell proliferation and capillary

growth(14). Specifically in the intestine, angiogenic

growth factor supplementation has been shown to

enhance mucosal growth in transplanted intestinal grafts

in rats(15). A recent study(6) demonstrated that vascular

endothelial growth factor inhibition within the saliva

resulted in decreased capillary growth and a decreased

adaptive response after massive intestinal loss in a

murine model(16). Although the interaction between capil-

lary growth and enterocyte proliferation during resection-

induced adaptation would appear to be obvious, the

temporal profile of this growth in relation to the expression

of specific genes and activity of discrete signalling cascades

is presently unknown(17).

Immunological alterations are also present during the

above adaptation process. In a recent study it was demon-

strated that surgical stress in a rat small-intestinal resection

model decreases systemic CD4þ T cells and suppresses Th1

cytokine production without increasing Th2 cytokines(18).

These changes may affect host immune defence, and

increase the incidence of postoperative infections, thus

indicating that small-intestinal resection rats are useful

not only as a malabsorption model, but also as a surgical

stress model.

The pathophysiological process signalling SBS may also

be affected by nutritional status, the route of feeding and

the adequacy of specific nutrients in the diet. As the

capacity for uptake of nutrients is strongly reduced after

massive resection the major problem in management of

patients with SBS is malnutrition(3).

The management of patients with bacterial overgrowth,

intestinal failure and SBS remains, for the most part, pri-

marily empirical and comprises antibiotic therapy and

correction of any associated nutritional deficiencies. His-

torically, mortality was nearly universal in patients with

intestinal failure until the introduction of parenteral nutri-

tion (PN) around 1970(19). PN has subsequently become

the primary treatment for intestinal failure, but can be

associated with severe life-threatening complications(20).

These complications lead to mortality in up to 30% of
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patients with intestinal failure overall and up to 50% in pae-

diatric patients with intestinal failure(21). These high mor-

tality rates, most commonly as a result of severe or

recurrent line-related sepsis, venous thrombosis leading

to loss of vascular access or PN-associated liver disease

(PNALD), have been addressed with the introduction of

successful intestinal transplantation(22). With severe SBS,

intestinal transplantation must be considered when no

other surgical or medical measures are available(23).

Although patients’ survival continues to improve after

intestinal transplantation (currently reported as 80 and

54% at 1 and 5 years, respectively), pre-transplant mortality

remains higher than that of any other group awaiting solid-

organ transplantation(24). Innovative surgical, nutritive and

pharmacological therapeutic measures in SBS patients are

constantly changing the prognosis of this potentially

devastating condition(25). Parenteral strategies employed

to minimise total parenteral nutrition damage include

reducing glucose infusion rates, reducing parenteral protein

load and reducing parenteral lipid load. Furthermore,

preliminary studies suggest that fish oil-based lipid

solutions may have a beneficial effect on PNALD. Ulti-

mately, provision of enteral nutrition is imperative for pre-

venting or reversing PNALD as well as facilitating bowel

adaptation. While studies of trophic hormones are

ongoing, the most reliable current method to facilitate

adaptation is to provide enteral nutrition(3). Continuous

enteral feeding remains the mainstay of enteral nutrition

support. Probiotics seem to be part of enteral nutrition

and we will analyse those in the oncoming sections

along with their possible effects on SBS.

The objectives, so, in therapy for SBS, as have been men-

tioned above, are threefold: first, to keep the patient well

nourished and growing proportionately; second, to keep

fluid and electrolyte status stable, minimising the faecal

loss of fluid, electrolytes and nutrients; and finally, to maxi-

mise the process of bowel adaptation.

The interaction, however, of bacterial overgrowth and

the intestinal barrier seems to be of extreme importance

in the SBS patient since the direct translocation of bacteria

across the intestinal epithelium contributes to the genesis

of the symptoms characterising this syndrome.

Intestinal barrier–bacterial translocation interaction

The intestinal barrier is the interface between the luminal

contents of the gut and the intestinal mucosa that harbours

the gut-associated immune system. A complex of several

immunological and non-immunological factors maintains

the barrier function of the gastrointestinal tract. The

immune system of the intestine includes Peyer’s plaques,

lymphoid cells located within the intestinal lamina propria,

intra-epithelial lymphocytes and aggregated lymphoid

tissue within the mesenteric lymph nodes. In healthy indi-

viduals, it provides an effective barrier against luminal anti-

gens and toxins.

An impairment of this intestinal barrier is associated with

the pathogenesis of several diseases(26). Translocation is

used to describe the passage of viable resident bacteria

from the gastrointestinal tract, across the mucosa, to nor-

mally sterile tissues such as the mesenteric lymph nodes

and other internal organs(27). The term also applies to the

passage of inert particles and other antigenic macromol-

ecules, such as lipopolysaccharide endotoxins and

peptidoglycans, across the intestinal mucosal barrier(28). It

is usually assumed that the colon, with its much higher

bacterial load, must be the most probable site of BT. It

would seem unlikely that translocation occurs from other

parts of the normally sterile intestinal tract but there is no

clinical or experimental evidence to confirm this. It is

tempting to think that any bacteria or endotoxin passing

through the intestinal barrier might cause septic compli-

cations in the host, but there is growing evidence to

suggest that translocation may in fact be a normal phenom-

enon(29). It is possible that translocation occurs to allow the

alimentary tract to be exposed to and sample antigens

within the lumen such that the gut can mount a controlled

local immune response helping to keep these antigens

away from the internal milieu, a process known as ‘oral

tolerance’(30). It is then only when the host’s immune

defences are overwhelmed or otherwise defective that

septic complications arise. Relationships between bacterial

overgrowth and systemic sepsis are of potential importance

in the intestinal failure patient because the direct transloca-

tion of bacteria across the intestinal epithelium may

contribute to systemic sepsis.

Although the pathogenesis of sepsis and multiple organ

failure in critical illness remains obscure, it is generally

agreed that the gut plays a pivotal role(31). The precise

mechanism is unclear, but there is evidence to suggest

that changes in gastrointestinal microflora associated with

the use of antibiotics, immunosuppression or changes in

intestinal permeability may disrupt the normal ecological

balance and alter gut barrier function(32). This may predis-

pose to the translocation of bacteria or endotoxins, which

may in turn result in systemic inflammation and septic

morbidity. Bacteria carry toxins that can bind and activate

Toll-like receptors (TLR), which stimulate, via a signalling

cascade, the production of many pro-inflammatory cyto-

kines, leading to inflammation and possible sepsis. The

TLR have been implicated in many human disease

states(33). The Kupffer cells in the liver are a major source

of pro-inflammatory cytokines, which can lead to organ

dysfunction. TLR4 seems to be the main lipopolysaccharide

receptor, although co-receptors such as CD14 are also

involved in regulating the hepatic inflammatory cascade.

In addition to sepsis having been shown to decrease

intestinal adaptation, many studies have examined the

detrimental effects of pro-inflammatory cytokines on

the liver(34).

In critically ill patients, the balance of the gut microecol-

ogy is altered in such a way that the number of potentially
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pathogenic bacteria increases and the healthy interaction

between the host and microbes is disturbed. Strategies

intended to protect the gut during critical illness have

been predominately aimed at the maintenance of adequate

splanchnic perfusion and prevention of mucosal ischae-

mia–reperfusion injury(35). Another approach has been

the use of nutritional therapies directed towards promoting

enterocyte function, an example of which is glutamine(36).

One other potential target is the gastrointestinal micro-

flora(37). Commensal bacteria contribute substantially to

the gut mucosal barrier through diverse means, including

colonisation resistance, immunomodulation and mucus

production.

In conclusion, the exact mechanism behind BT is still not

known, but attachment of bacteria to the mucosal surface

is a prerequisite in the pathogenesis of many infections

originating from the gut. Also, for a probiotic bacterium

to exert any biological effect, adherence to the mucosa

seems to be of importance. However, it remains to be clari-

fied whether adherence of a probiotic is a prerequisite for

preventing BT of the indigenous microflora.

Syn-, pre- and probiotics

Probiotics are non-pathogenic bacteria, originally derived

from the alimentary tract, which beneficially affect the

host by improving the colonic microenvironment through

fostering of colonisation. They may offer alternatives for

the management of the growing problem of multiple

antibiotic resistance and overwhelming infections in

patients suffering different gastrointestinal disorders(38).

Various bacterial genera most commonly used in probiotic

preparations are Lactobacillus, Bifidobacterium, and

Escherichia coli, Enterococcus, Bacillus and Streptococcus.

Some fungal strains belonging to Saccharomyces have also

been used(38). The beneficial effects of probiotics have

been reported in several situations such as diarrhoea(39),

food allergies(40), immune disorders(41), inflammatory

bowel disease(42), prevention of the formation of intestinal

tumours(43) and prevention of body-weight loss in animal

models(44).

The positive effects of probiotic microbial species are

mainly attributed to changing the composition of the gut

microflora, by competition with pathogens for nutrients

and mucosal adherence, by production of antimicrobial

substances that modulate mucosal and systemic immune

activity and epithelial function, by enhanced epithelial

cell survival, and by improved immune responses(45,46).

In addition, probiotics metabolise nutrients into volatile

fatty acids and chemically modified bile acids that create

a local environment unfavourable for the growth of many

intestinal pathogenic bacteria(47). Probiotics produce large

amounts of SCFA in the large intestine(48). SCFA such

as butyrate, propionate and acetate reportedly stimulate

intestinal epithelial cell proliferation, intestinal mucin

production, excretion of pancreatic enzymes, and intestinal

motility, and decrease epithelial cell apoptosis(49).

The potential and evidence-based mechanisms of

action(4) by which probiotics can interact with the intestinal

barrier and promote gastrointestinal health can be summar-

ised to the following: probiotics and surface-layer proteins

competitively exclude microbial pathogens from mucosal

surfaces. Tight junction proteins, such as zona occludins-

1 and claudin-1, remain intact and thereby prevent both

the uptake of intact macromolecules and translocation of

viable organisms (BT) to the mesenteric lymph nodes,

and ultimately to the liver. Through a cascade of signalling

events, probiotics enhance the production and secretion of

anti-inflammatory cytokines, including IL-10 and trans-

forming growth factor-b, by a subset of immune cells,

referred to as T regulatory cells. Innate immune responses

to probiotics include increased mucin and trefoil factor

production by goblet cells and enhanced production of

antibacterial defensins by Paneth cells and intestinal

epithelia. Probiotics might also alter the intestinal micro-

biota and hence limit intestinal bacteria overgrowth and

the production of lipopolysaccharides.

In small animal models, several reports have suggested

that probiotics enhance the local and systemic immune

system through an increased activity of IgA, T-cells,

macrophages, Th1-cytokines, as well as the modulation

of gut-associated lymphoid tissue, and natural killer cell

cytotoxicity(50–55).

Prebiotics, on the other hand, are short-chain carbo-

hydrates (oligosaccharides) that have unusual effects in the

gut. They alter the composition, or balance, of the micro-

biota, both in the lumen and at the mucosal surface, to one

in which bifidobacteria and lactobacilli come to greater pro-

minence. This, so-called healthier, flora should provide

increased resistance to gut infections and may also have

immunomodulatory properties. Prebiotics also act as

carbon and energy sources for bacteria growing in the

large bowel, where they are fermented to SCFA and are

energy sources for the gut and other body tissues(56).

Additionally, they function as an alternative to probiotics,

which can be difficult to handle in some foodstuffs, but

whose benefits to health in terms of diarrhoea prevention

and immunomodulation are becoming increasingly well

established. Prebiotics currently in use, especially inulin

and its derivatives, and galacto-oligosaccharides, are

relatively cheap to manufacture or extract from plant

sources, in addition to having beneficial effects on the gut

microbiota and host. They are also valuable functional ingre-

dients in foods with the potential to give fat-based spreads

and dairy products improved organoleptic properties(57). In

a clinical context, prebiotics are relatively poor laxatives and

have been used without much success to manage constipation.

Combined treatment with probiotics and prebiotics is

called synbiotic therapy and is expected to have a stronger

effect on intestinal diseases than probiotics or prebiotics

alone.
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Probiotics seem to have broad beneficial effects, both as

a food and as a therapeutic agent. There are specific ident-

ified mechanisms in some, but not all, of these bacteria that

are important relative to the pathogenesis of bowel

diseases. Several studies as mentioned, relative to the

mechanism of action of probiotics, have identified that

these organisms can have a direct effect on epithelial cell

function and intestinal health. For probiotics to have a

therapeutic role in the management of clinical SBS, their

therapeutic mechanism of action must be aligned with

the pathogenic mechanism of action of the disease.

There are currently no published full papers of random-

ised controlled trials concerning the use of prebiotics alone

in SBS. The pathogenesis of SBS may preclude the use of

prebiotics alone in this condition, as a well-known conse-

quence of feeding even moderate amounts of some of the

currently favoured prebiotics is increased gas production in

the gut, because of their rapid fermentation in the proximal

bowel(57). However, a number of studies using synbiotics

have been carried out with varying results.

Animal and experimental studies on short bowel
syndrome and probiotics

Recently, the effectiveness of probiotic, prebiotic and syn-

biotic therapy for the improvement of intestinal microbial

balance(58), prevention of BT(59) and improvement of nutri-

tional status in animal models(60) with SBS has been

reported.

Mogilner et al.(59) in a rat SBS model for BT and intestinal

integrity claimed that treatment with probiotics resulted in

a significant decrease in BT and decreased enterocyte

apoptosis compared with SBS untreated animals. SBS rats

showed a significant increase (v. sham) in jejunal and

ileal bowel and mucosal weight, mucosal DNA and pro-

tein, villus height and crypt depth. SBS rats also had a

greater proliferation index and apoptotic index in both

the jejunum and ileum compared with sham animals. SBS

probiotic rats showed a significant increase (v. SBS rats)

in crypt depth in the ileum and a mild decrease in apopto-

tic index in the jejunum and ileum, compared with SBS

untreated animals.

Eizaguirre et al.(60) in another study tried to test the

hypothesis that Bifidobacterium lactis administration

decreases BT in SBS in animals fed orally. BT was detected

in 6% of control group rats. The incidence of BT in the

sham group was 87% (thirty-four of thirty-nine), whereas

only 50% (nine of eighteen) of probiotic-treated animals

had BT (P,0·05). The relative risk reduction (RRR) was

0·43 (95% CI 0·14, 0·72), and the number needed to treat

(NNT) was 3 (95% CI 2, 8). In other words, animals that

received B. lactis had the risk of BT reduced by 43%

(RRR of 0·43), and of every three animals treated, one is

expected to be free of BT (NNT of 3).

Additionally, Garcı́a-Urkia et al.(61) demonstrated that

administration of B. lactis reduces the incidence of BT in

adult Wister rats, after 80% gut resection. At the end of

the experiment mesenteric lymph nodes, and peripheral

and portal blood specimens were recovered and cultured.

BT was detected in 93% of sham rats. The incidence of BT

in probiotic-treated animals was 44%.

Several reports in the international literature have

tested and proved the preservation of tight junction

protein expression, inhibition of epithelial apoptosis,

decrease in pathogenic bacterial adhesion, reduction of

pro-inflammatory cytokines, and increase in mucus

production and defensin secretion; these are some of the

mechanisms, namely, that are responsible for the intestinal

barrier-preserving effect of probiotic bacteria(62–67).

At this point, it may be valuable to refer to two indirectly

related studies that deal with liver damage, sepsis, the

intestinal barrier and probiotics in an effort to support

the reverse hypothesis of the following sequence of

phenomena: intestinal failure leading to BT, leading to

potential sepsis, leading to hepatic damage. In the first

study by Osman et al. it was demonstrated that probiotics

effectively attenuate liver damage and maintain gut barrier

and epithelial function in a microbial (D-galactosamine and

lipopolysaccharide)-induced sepsis murine model(68).

Sprague–Dawley rats were used and separated in six

experimental groups: acute liver injury control and five

groups of liver injury treated by blueberry alone or by

each of the probiotic strains (Lactobacillus plantarum

DSM 15 313 and B. infantis DSM 15 159) with and without

blueberry. Alanine aminotransferase levels decreased sig-

nificantly in all groups compared with liver injury control

and DSM 15 313 groups. Bilirubin, liver TNF-a, myeloper-

oxidase and acetic acid in caecum contents decreased sig-

nificantly in all groups, while liver glutathione values

increased significantly in all groups compared with the

liver injury control group. Liver IL-1b and BT to the liver

and mesenteric lymph nodes decreased significantly in all

groups except the B. infantis DSM 15 159 group compared

with the liver injury control group. Enterobacteriaceae

count in the caecum decreased significantly in the groups

with blueberry plus probiotics compared with the other

groups. The study’s conclusion was that blueberry and

probiotics exert protective effects on acute liver injury.

They reduce hepatocyte injury, inflammation and pro-

inflammatory cytokines, and improve barrier function

and antioxidant activity.

Ewaschuk et al.(31) with their study aimed to determine

the efficacy of a probiotic compound in attenuating hepatic

and intestinal injury in a mouse model of sepsis. Wild-type

and IL-10 gene-deficient 129 Sv/Ev mice were fed the pro-

biotic compound VSL#3 for 7 d. To induce sepsis, the mice

were injected with lipopolysaccharide and D-galactosamine

in the presence and absence of the PPARg inhibitor

GW9662. The livers were analysed for BT, cytokine pro-

duction, histological injury and PPARg levels. Mice injected

with lipopolysaccharide–D-galactosamine demonstrated a

breakdown in colonic barrier function, which correlated
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with enhanced pro-inflammatory cytokine secretion, BT

and significant hepatic injury. The authors’ conclusion

was that a pre-treatment with oral probiotics prevented

the breakdown in intestinal barrier function, reduced BT

and significantly attenuated liver injury. The inhibition of

PPARg with GW9662 abrogated the protection induced

by probiotics.

Evidence from experimental animal studies, as has been

previously reported, consistently indicates that probiotics

exert barrier-enhancing, antibacterial, immune-modulating

and anti-inflammatory effects, which all could be beneficial

in small-intestinal bacterial overgrowth and intestinal failure.

Clinical studies on short bowel syndrome and probiotics

Long-term follow-up studies in nutrition assessment of

paediatric patients with SBS, even after weaning off PN

for a long time, proved that PN alone is not enough and

that new combined treatment formulas are required(69).

In human subjects, there are several reports concerning

probiotic enhancement of the local immune system

through the development of IgA secretion against gastroin-

testinal infections, modulation of human dendritic cell

function, and enhancing the activity of natural killer

cells(70–72). Moreover, other studies have demonstrated

the efficacy of syn-, pre- and probiotic administration in

clinical situations such as in critically ill patients(73), in sur-

gical wound infection(74) and in SBS with refractory enter-

ocolitis. After an extended search of the international

literature, only a few clinical studies managed to be

found referring to SBS and probiotics, with only two of

them being randomised controlled trials.

The use of probiotics for the prevention of NEC and

short gut in neonates has been documented by Alfaleh

et al.(75) in nine eligible trials randomising 1425 infants.

The trials included were highly variable with regard to

enrolment criteria, baseline risk of NEC in the control

groups, timing, dose, formulation of the probiotics, and

feeding regimens. In a meta-analysis, enteral probiotic sup-

plementation significantly reduced the incidence of severe

NEC and mortality. There was no evidence of a significant

reduction of nosocomial sepsis or days on total parenteral

nutrition. The statistical test of heterogeneity for NEC, mor-

tality and sepsis was insignificant. Data regarding extre-

mely low-birth-weight infants could not be extrapolated.

The included trials reported no systemic infection with

the supplemental probiotic organism.

Kanamori et al. referred to their experience of long-term

synbiotic therapy in two studies. In the first one(76), seven

short bowel patients with refractory enterocolitis were

studied, suggesting that this protocol might be a potent

modulator in intestinal flora, by increasing the SCFA and

accelerating patients’ body-weight gain. The authors

designed a protocol for synbiotic therapy composed of

B. breve, L. casei and galacto-oligosaccharides, and prelimi-

narily ascertained its clinical effects in human subjects. This

protocol of synbiotic therapy was applied for more than

1 year to seven malnourished patients with SBS who suffered

from refractory enterocolitis. The therapeutic protocol

resulted in improvement of the intestinal bacterial flora

(inducing domination by anaerobic bacteria and suppres-

sing the residence of pathogenic bacteria) and increased

SCFA in the faeces (from 27·8 to 65·09 mmol/g wet faeces).

All patients but one accelerated their body-weight gain,

and five patients showed increased serum rapid turnover

proteins.

The other study(77) reported the use of synbiotic therapy

in the treatment of a 4-year-old girl suffering from SBS. For

the synbiotic therapy, B. breve, L. casei and galacto-oligo-

saccharides were used. This novel combination therapy

was expected to act synergistically for the improvement

of the subject’s health. The patient’s intestinal absorptive

function and motility were dramatically improved by this

newly designed synbiotic therapy, and she progressed sat-

isfactorily after 2 years of therapy.

Uchida et al.(78) by administrating synbiotic therapy

including B. breve, L. casei and galacto-oligosaccharides in

four paediatric patients with SBS claimed an improvement

in the immunonutritional status of the patients. Enrolled as

controls were four normal, healthy, age-matched children.

Faecal samples from patients and controls were collected

and analysed for faecal bacterial flora and organic acid con-

tents. Levels of SCFA such as butyrate, propionate and acet-

ate increased in one patient, and SCFA and total organic acid

levels increased in three patients. Serum lymphocyte counts

and concentrations of pre-albumin increased after begin-

ning synbiotic therapy, reaching a statistically significant

level at the ninth month compared with the pre-treatment

level. There was an increasing trend in height and

weight gain velocity during the study compared with the

pre-treatment period. The patients’ faecal bacterial flora

improved as a result of the synbiotic therapy.

Jain et al.(79) in a prospective and randomised trial

suggested that the enteral administration of a synbiotic

preparation to critically ill patients can significantly alter

the microbial composition of the upper gastrointestinal

tract. A total of ninety patients admitted to an intensive

care unit were randomised to receive either synbiotic or

placebo preparations (forty-five patients in each group).

The synbiotic preparation consisted of L. acidophilus La5,

B. lactis Bb 12, Streptococcus thermophilus and L. bulgaricus

(probiotics) with oligofructose (prebiotic). Gut barrier

function was assessed by the measurement of intestinal

permeability (lactulose/rhamnose test) and by the culture

of nasogastric aspirate on days 1 and 8. All septic compli-

cations and mortality were recorded. The research resulted

that there were no differences between the groups in terms

of age, sex, APACHE II (Acute Physiology and Chronic

Health Evaluation II) or POSSUM (Physiologic and Operat-

ive Severity Score for the enUmeration of Mortality and

Morbidity) scores. After 1 week of therapy, patients in

the synbiotic group had a significantly lower incidence of
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potentially pathogenic bacteria (43 v. 75%; P,0·05) and

multiple organisms (39 v. 75%; P,0·01) in their nasogastric

aspirates than controls. There were no significant

differences between the groups in terms of intestinal

permeability, septic complications or mortality. As a con-

clusion the high incidence of enteric organisms isolated

simultaneously from nasogastric aspirates and septic foci

in this study provides further circumstantial evidence in

support of the gut-origin of sepsis hypothesis.

However, the fact that more clinical studies are required to

ensure statistically important results is obvious. In one recent

double-blind, placebo-controlled, cross-over trial the effects

of supplementation with L. rhamnosus GG (LGG) on intes-

tinal permeability in children with SBS were examined(80).

A total of twenty-one children (nine children with SBS and

twelve healthy control children), aged between 1·6 and

16·4 years, participated in this cross-over study. Subjects

with SBS received LGG (in the form of a capsule containing

109 bacteria) or placebo (identical to the LGG capsule) for

4 weeks, followed by a 3-week washout before therapy was

crossed over for another 4 weeks. Intestinal permeability,

quantitative faecal cultures for Lactobacillus species (in

colony-forming units/g stool) and the hydrogen breath test

(HBT) were performed during the LGG and placebo

phases of therapy. The results demonstrated that baseline

intestinal permeability measurements were similar in

patients with SBS and control subjects and that intestinal per-

meability was correlated with age in control subjects but not

among patients with SBS. Furthermore, faecal colonisation

with Lactobacillus species did not differ during LGG v.

placebo therapy, respectively, and LGG therapy had no

consistent effects on intestinal permeability or its relation-

ship with age and was associated with conversion to positive

HBT results in one subject. The authors concluded that in

this sample of children with SBS, intestinal permeability

was within normal limits but did not correlate with age

and that LGG therapy had no consistent effects on intestinal

permeability. These findings, finally, do not support empiri-

cal LGG therapy to enhance intestinal permeability in

children with SBS, as there was no statistically significant

difference in intestinal permeability between the twogroups.

Probiotic agents are generally safe, but complications

of their use can occur. Several reports describe

Lactobacillus bacteraemia, D-lactic acidosis and liver

abscess formation after probiotic treatment in patients

with short gut syndrome(81).

De Groote et al.(82) described a case of bacteraemia after

ingestion of a LGG probiotic tablet in a child with short gut

syndrome. Sequencing of the ribosomal operon region and

strain typing with pulsed field electrophoresis of the isolates

showed identity between the tablet and bloodstream isolates.

In another study, Kunz et al.(83) referred to two cases

treated with LGG supplementation for short gut syndrome

and demonstrated that this strain particularly when

associated with intestinal friability may be responsible for

bacteraemia or sepsis. In conclusion they suggested that

these patients should be closely monitored for signs of

sepsis, and empirical therapy for sepsis should include

coverage of this organism pending specific culture results.

Conclusion

The accurate diagnosis of bacterial overgrowth and the SBS

process presents a number of challenges in clinical practice

and especially so among patients with intestinal failure. The

current challenge, therefore, is to determine which medical

or surgical therapies (if any) can be successfully applied in

the complicated intestinal failure patient that can avoid the

need for transplantation (thereby avoiding the risk for pre-

transplant waiting list mortality) and the long-term risks

from immunosuppression and provoking simultaneously

the autologous mechanism of intestinal adaptation.

Nowadays, orally given nutritive supplements tend to

appear as the ‘gold standard’ to promote intestinal adap-

tation. One category of those seems to be probiotics,

although the exact mechanism of their action in altering gas-

troenteric microflora is not clear. Both local and remote

actions of probiotic organisms have been suggested. Some

studies have shown a reduction in potentially pathogenic

organisms even at sites distant to the gut (vagina and nasal

cavity) following oral probiotic therapy. Overall, studies in

in vitro systems and in a wide range of animal models pro-

vide considerable evidence that probiotics, prebiotics and

synbiotics exert some protective effects. However, evidence

from human studies is still limited. Furthermore, research is

required to identify the probiotic, prebiotic or synbiotic

combination that will be most effective for humans. It is

very likely that there will not be an ideal treatment for all

cases, but the treatment will depend on the each individual’s

unique intestinal flora composition.

New options are given through the genetic manipulation

of probiotics, designed to act as a delivery system in the

bowel. Although this field of study is promising and excit-

ing, this enthusiasm should be tempered by the fact that

we are probably many years away from determining how

to use these agents and their ultimate role may remain

quite limited.

Finally, based on the limited clinical data, we would like

to emphasise the fact that researchers and clinicians should

remain sceptical and critical when supplementing probio-

tics, especially as a therapy measure. There is certainly a

need for more carefully designed human clinical trials

using different preparations for more prolonged periods.

SBS is a really complex pathophysiological entity and com-

bination treatment should be the first priority in order to

ensure a better prognosis and outcome for the patient.
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