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Short bowel syndrome (SBS) is a rare disease with potentially life-threatening
consequences. In addition to intestinal failure-associated liver disease, infections and
other complications related to central venous catheters (CVCs) cause a significant
burden to patients with SBS and may even necessitate an intestinal transplant
eventually. The need for long-term central venous access and the intestinal dysfunction
associated with SBS drive the need for intestinal failure-specific approach to prevent
and treat infections in patients with SBS. In bacterial infections, the line can often
be salvaged with proficient antibiotic therapy. Repeated catheter replacements are
predisposed to recurrent infections and thrombotic complications, which may limit the
long-term survival of patients with SBS. Protocol-based CVC access procedures and
daily care including taurolidine and ethanol catheter locks have been shown to reduce
infection rates substantially. Compromised intestinal function in SBS predisposes to
small bowel bacterial overgrowth, mucosal injury, and increased permeability. These
pathophysiological changes are concentrated in a subset of patients with excessive
bowel dilatation and frequent bowel-derived infections. In such patients, reconstructive
intestinal surgery may be indicated. Probiotics have not been effective in infection
prevention in SBS and carry a significant risk of complications. While more studies
focusing on the prevention of infections and their complications are needed, protocol-
based approach and multidisciplinary teams in the care of patients with SBS have been
shown to reduce complications and improve outcomes.

Keywords: short bowel syndrome, intestinal failure, central venous access, catheter sepsis, parenteral nutrition,
intestinal reconstruction

INTRODUCTION

Pediatric short bowel syndrome (SBS) is a rare disease affecting approximately 25–46 out of 100,000
newborns (1, 2). SBS is the major contributor to pediatric intestinal failure, which is broadly defined
as a state where the intestine is unable to sustain growth and health without parenteral support (3).
Other causes of pediatric intestinal failure include intestinal dysmotility and mucosal diseases. SBS
is characterized by the need for prolonged parenteral nutrition (PN) due to significant intestinal
loss after resection. In the pediatric population, the major cause of SBS is necrotizing enterocolitis
(NEC), followed by intestinal atresias, gastroschisis, and midgut volvulus. In patients with NEC,
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the prognosis of SBS is often favorable partly because of the
remaining bowel growth potential in premature infants. Other
important prognostic factors are related to the detailed anatomy
of the remaining bowel: longer remaining small intestinal
length, the preserved ileum, presence of the ileocecal valve,
and remaining colon concur with greater chance of weaning
off PN (4).

Liver disease in patients with intestinal failure and on long-
term PN manifests typically as cholestasis and as inflammation
and fibrosis in young children, whereas steatosis can be observed
in any phase of the disease and all age groups (5). The liver
of newborns is vulnerable to pathophysiological insults inflicted
by infections, disrupted gut-liver axis, and unphysiological
delivery of parenteral nutrients, predisposing to development of
intestinal failure-associated liver disease (IFALD) (6). Parenteral
plant-based lipids, especially soy oil derivatives, contribute
to cholestatic liver disease, while fish oil seems to have a
protective role (6).

This review was undertaken to provide an update on
hospital-based medical and surgical management of patients with
pediatric SBS, aiming at an overview of current knowledge of the
topic rather than a comprehensive systematic review.

THERAPY AND OUTCOMES OF
PEDIATRIC SHORT BOWEL SYNDROME

The remaining intestine gradually adapts to significant bowel
resection. The intestinal adaptation involves hormone-mediated
changes in gut microarchitecture, anatomy, motility, and
absorptive function. This adaptive process may be modified by
medical and surgical approaches. Glucagon-like-peptide -2 (GLP-
2) analogs, which have emerged in recent years, are shown
to reduce the need of PN in patients with SBS. GLP-2 has a
trophic effect on the enterocyte promoting villus length and
epithelial barrier function while beneficially affecting gut motility
and absorptive functions (7). At present, only teduglutide has
been licensed for use in children (8). In addition to routine
surgical care of anastomotic strictures or ostomy complications,
autologous reconstructive gastrointestinal surgery may be helpful
in correctly selected patients in whom propulsive intestinal
motility and absorption are hampered by excessive bowel
dilation. In the dilated bowel, intestinal lengthening/tapering
procedures including serial transverse enteroplasty or the Bianchi
procedure may expediate weaning off PN (9).

A mainstay of pediatric SBS treatment is to provide PN
and fluid therapy to assure normal growth and development
and nutritional status. Multidisciplinary intestinal rehabilitation
teams in expert centers have a significant advantage in patient
care in terms of optimizing PN, promoting enteral nutrition, and
reducing complications such as infections and liver diseases while
providing correctly timed listing for intestinal transplant when
indicated (10). Even after weaning off PN, children with SBS are
at risk for further complications and malnutrition necessitating
long-term expert follow-up (11, 12). Important complications
of pediatric SBS include infections, associated with both central
venous catheter (CVC) and the diseased gut. Different aspects of

infection prevention and management in pediatric patients with
SBS are depicted in Table 1 and discussed further below.

CENTRAL LINE-ASSOCIATED
INFECTIONS IN PEDIATRIC PATIENTS
WITH SHORT BOWEL SYNDROME

The CVC access is pivotal in managing children with SBS
dependent on PN. Central access allows for more concentrated
PN and/or larger volumes of fluids while simultaneously
precluding repeated cannulations. Mostly used CV access
involves a tunneled CV line inserted via the external or the
internal jugular vein (or other upper central veins, e.g., the
Subclavian vein) to the cavo-atrial junction (13). Femoral access
is more controversial and, in clinical practice, more problematic
(14). Peripherally inserted central lines may also be used for a
short term, but they carry higher infection risks. On the rare
occasion when venous occlusions prevent any other approach,
more challenging approaches may need to be considered. These
would include a transhepatic access and direct insertion of the
catheter into to the right atrium (transthoracic intracardiac line).
PORT-A-CATH-type subcutaneous access devices are not used
routinely in most IF centers, as repeated skin punctures to
reach the port produce pain and anxiety and are associated with
increased risk of infections and extravasation in case of needle
misplacement (13).

For the pediatric patients with IF, every catheter replacement
raises the risk for central vein occlusion and eventual loss
of venous access. Catheter infection rates are highest for a
couple of months after each CVC insertion (15, 16). Occlusion
of the tunneled CVC also occurs in up to 12% of patients
(17). In patients with IF, infection prevention not only reduces
infection-related morbidity and mortality but also has long-
term implications for the patients as venous access is crucial for
survival in severe SBS.

Pediatric patients with SBS are seldom immunocompromised;
thus, catheter-related blood stream infections (CRBSIs) are
mostly caused by commensal skin or intestinal bacteria. In
newborns or patients with concomitant immunodeficiencies,
there may be a more varied etiology. Local antibiotic resistance
situation and antibiotic availability affect the choice of empiric
treatment, which should be directed against Gram-positive cocci
and enterobacteria (13). Blood cultures are always needed to
guide further therapy.

After insertion of the CV catheter, a biofilm of microbes
quickly develops on the surface of the catheter. This biofilm
is the origin of most CRSBI pathogens, which are typically
Gram-positive staphylococci or intestinal-origin enterobacteria,
or less frequently fungi (18). The CV catheter lock prophylaxis
prevents the growth of this biofilm and thus effectively reduces
CRBSIs. Antibiotic-based locks have not been effective in
preventing catheter-related infections, and they also carry the
risks of antibiotic resistance and systemic effects. However,
antimicrobial lock solutions such as taurolidine and ethanol
have been used in pediatric patients with CVC with significant
success (18). A recent open label study on taurolidine lock
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TABLE 1 | Infection prevention strategies for pediatric patients with short bowel syndrome (SBS).

Intervention Proposed mechanism of action Associated negative consequences Evidence

Catheter lock solutions (taurolidine,
ethanol)

Prevention of microbial biofilm
formation inside the catheter

Some concern over systematic side
effects of ethanol, possible catheter
damage associated with ethanol

Strong evidence in favor of systematic
use. Promoted in professional
guidelines of ESPGHAN and
NASPGHAN.

Probiotics Temporal alteration of gut microbiota,
changes in microbial genome and
metabolome. Effects on intestinal
epithelial and immunological function.

Reported systemic infections, CVC
contamination, D-lactic acidosis

Lack of evidence supporting systematic
use. Potential hazards significant.

Intestinal hormone therapy Glucagon-like-peptide 2 -agonist
teduglutide has trophic effects on gut
mucosa and absorptive function,
resulting in enhanced barrier function
and reduced small bowel bacterial
overgrowth.

Adverse effects associated with
teduglutide include abdominal
discomfort, nausea, stoma problems
and fluid retention.

Strong evidence to support use in PN
dependent SBS patients.

Autologous intestinal reconstruction
surgery (AIRS), including STEP and
other bowel lengthening procedures

Effective tapering of dilated bowel
reduces infection rates and may
promote motility thus lessening SBBO.
Bowel lengthening procedures may
reduce PN dependency.

Risks inherent to laparotomy and major
bowel surgery, need for re-surgery in
case of re-dilation. Correct patient
selection remains problematic

Evidence from case series and
historical controls support use of AIRS
in selected cases. Long term follow-up
studies are lacking.

Enteral cyclic antibiotics Reduce small bowel bacterial
overgrowth. Certain antibiotics (e.g.,
erythromycin, amoxicillin) may have
propulsive effect.

May contribute to antibiotic resistance
and enrichment of intestinal pathogenic
bacteria.

Poor research evidence. Clinical
short-term benefit often good. Long
term problems described.

Protocol based CVC care, addressing
insertion, tunnel skin care and infection
prevention and management

Systematic use of all above prevention
strategies ensures that all SBS patients
receive highest quality of care,
preferably in or overseen by an
experienced intestinal rehabilitation
center

Not reported Evidence from case series with
historical cohorts support the use of
guidelines and protocols to guide
clinical decision making. Several
studies have confirmed the superiority
of multidisciplinary care teams for SBS
patients, as well as CVC care.

CVC, central venous catheter; SBS, short bowel syndrome; PN, parenteral nutrition; STEP, serial transverse enteroplasty.

therapy included 33 pediatric CV line-dependent patients with
at least one previously confirmed line infection. After a median
duration of 140 days, taurolidine lock therapy showed 80%
reduction in CRBSIs compared to pre-lock infections rates (19).
Also, in a randomized controlled study on 41 adult patients
with IF with significant history of previous CRBSIs, combined
taurolidine-heparin locks were 100% efficacious in median
337 days in preventing CRBSIs when compared to heparin locks
alone (20). Furthermore, taurolidine therapy seems safe and
its protective effect durable on patients with long term CVCs
(21). Ethanol locks also have high efficacy to prevent CRBSIs,
as has been shown in both adult and pediatric HPN patients
(22, 23). However, some concern has been raised over a possibly
increased risk of thrombosis, catheter damage, and systemic
toxicity associated with ethanol locks (24). The European
Society for Pediatric Gastroenterology, Hepatology and Nutrition
(ESPGHAN) stated a strong recommendation for taurolidine
lock use in its 2018 PN Guidelines (25). The NASPGHAN IF
interest group also recently recommended prophylactic lock
therapy with non-antibiotic locks in all children with high risk
of CRSBIs (13).

The tunneled CVC has the disadvantage of the skin tunnel
to the venous insertion site, which is vulnerable to chronic
skin infections caused by Staphylococcus aureus and, more
infrequently, by other bacteria. Therefore, tunnel exit site

care needs to be addressed. Topical chlorhexidine containing
prophylactic wound care products are recommended by the
ESPGHAN for children over 2 months of age, as it is shown
to reduce skin infections (25). Still, recurrent aureus infections
may be problematic. In pediatric dialysis patients with chronic
aureus infections, intranasal topical mupirocin has been effective
in reducing nasal aureus carriage and more severe aureus-
related infectious complications (26). This approach might
also be beneficial in children with IF. Recurrent or severe
tunnel infection is an indication for CV line replacement
(13). Multidisciplinary IF care teams should also include
dedicated venous access specialists who may be surgeons,
interventional radiologists, or anesthesiologists, and experienced
nursing specialists (25, 27).

INTESTINAL ORIGINS OF INFECTIONS
IN SHORT BOWEL SYNDROME

In SBS, the remaining bowel mucosa is often compromised by
inflammatory changes (including villous atrophy) and impaired
barrier function (28). Symptoms of small bowel bacterial
overgrowth (SBBO) occur frequently, especially in patients with
excessively dilated bowel in combination with signs of mucosal
damage. Unfortunately, clinically feasible testing to diagnose
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SBBO in young children is lacking, and the diagnosis of SBBO
is mostly based on clinical suspicion (29). SBBO significantly
hampers weaning off PN and may promote IFALD, and increases
the likelihood of blood stream infections by seven-fold (30). The
excessively dilated small bowel diameter alone increases infection
rates by two-fold, while surgical tapering interventions reduce
the infection rates significantly (31). SBBO has been classically
treated with antibiotics, but in clinical practice patients seem to
become dependent on cyclic antibiotic regimens and may develop
wide spectrum-resistant bacterial and fungal infections. This
observation was recently confirmed in a study addressing gut
microbes in pediatric SBS proving antibiotic-driven gut dysbiosis
with ensuing enrichment of pathogenic intestinal bacteria (32).
Therefore, in recurrent clinically suspected SBBO, evaluation
of the degree of bowel dilatation and suitability for autologous
reconstructive surgery is prudent, although optimal selection of
patients and the surgical procedure remains challenging. Gut
dysmotility is a relatively frequent complication of severe SBS. In
addition to excessive bowel dilatation, it may be primarily caused
by underlying pathologies such as gastroschisis or ischemic
injury in patients with NEC (33). Use of antibiotics such as
erythromycin and amoxicillin to alleviate dysmotility is not
uncommon, as they are known to have a propulsive efficacy (34).
These antibiotics may combine two mechanisms of action, direct
propulsive effect and microbiome remodeling, to treat SBBO.

As to the mucosal function in SBS, infant patients with SBS
(n = 7, median age 7 months) who had intestinal permeability
evaluated by lactose-mannitol test all showed compromised
permeability (30). In a series of 33 pediatric patients with
SBS (median age 3 years), duodenal mucosal biopsies showed
histologic and molecular signs of both inflammation and
increased permeability. Intestinal epithelial barrier function was
analyzed by depicting the mucosal mRNA expression of barrier
function-regulating genes (35). In pediatric patients with SBS,
liver diseases are associated with infections. Higher cases of septic
infections have been linked convincingly to histopathological
IFALD, while most infections were caused by enteric bacteria
in patients with excessively dilated bowel (31). In patients
with SBS, the disturbed gut mucosal barrier likely contributes
to liver damage by translocation of lipopolysaccharides and
other bacterial antigens (6). Development of liver steatosis is
associated with aberrant intestinal microbiota characterized by
abundance of lipopolysaccharide-producing proteobacteria in
PN-dependent children, although the full scale of gut-liver
crosstalk in SBS is not fully understood (31, 36).

Probiotics are proposed to suppress pathogenic intestinal
bacteria while promoting beneficial commensal microbes. Such
changes could be beneficial to patients with SBS in terms
of reducing intestinal complications, infection rates, and even
liver damage. In a recent study, the probiotic strains of
lactobacilli given to nine pediatric patients with SBS for
2 months had no sustainable effects on patient wellbeing
or intestinal microbiota (37). This lack of clinical effect is
in line with previous studies (38). The impaired mucosal
barrier function in SBS means that any probiotic strain has a
greater chance of translocation into the bloodstream. Systemic
infections and episodes of D-lactic acidosis associated with

probiotic use in SBS have been reported (39–41). Without
robust evidence of their benefits, the risk of harm is such
that use of probiotics in patients SBS should be cautioned.
Most probiotic strains show wide-spectrum antibiotic resistance
(42). Furthermore, different probiotic strains are shown to
have different effects on the gut microbiota and human
health (43).

DISCUSSION

Pediatric patients with IF have a much better prognosis
today considering the declining occurrence of IFALD and
more refined HPN programs. However, infections originating
both in the diseased intestine and central venous catheters
remain critical. While CV access-related infections have been
shown to abate when utilizing strict handling protocols and
antimicrobial locks, the compromised gut mucosal function is
still harder to address.

In all treatment strategies concerning pediatric patients with
IF’ CRBS or tunnel infections, catheter replacement should be the
last option. Most catheters may indeed be salvaged by prompt
and lengthy antibiotic therapy tailored according to microbial
sensitivity. Exceptions are infections caused by fungi and severe
tunnel infections warranting catheter removal. The modern
care of pediatric patients with IF should include antimicrobial
lock therapy, locally adjusted protocols depicting CV access
procedures, CV tunnel insertion care, and infection management
(13, 25). The care of CV catheters in children with SBS should aim
at long-term patency of the venous access from the beginning.

As to the intestinal function in relation to infections, there
are more puzzles to solve. Even in general, SBBO diagnosis
and treatment continue to be problematic. In the recent
American College of Gastroenterology SBBO Guideline, all
of the six recommendations were labeled as low of evidence
(29). Nevertheless, clinical suspicion of SBBO in patients with
SBS is frequent (28). Small bowel dilatation has been shown
to be associated with both SBBO and risk of sepsis (31).
Furthermore, progressive IFALD also seems to be related to septic
infections, with some evidence pointing toward the gut-liver-
axis as mediator (36). Therefore, infection prevention protocols
should also include investigating the intestinal status as well as
CV line care in pediatric patients with SBS. More research is
needed to address the benefits and harms of using probiotics
in patients with SBS, and considering significant adverse event
reports, their use is cautioned (38).

A protocol-based approach and multidisciplinary teams in
the care of patients with SBS reduce complications and improve
outcomes. More studies focusing on the prevention of infections
(of both CVC and intestinal origin) and their complications in
pediatric patients with SBS are urgently needed.

AUTHOR CONTRIBUTIONS

LM-S wrote the first draft of the manuscript. MP critically
commented the final version to major extent. Both authors read
and approved the final draft of the manuscript.

Frontiers in Pediatrics | www.frontiersin.org 4 June 2022 | Volume 10 | Article 864397

https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/
https://www.frontiersin.org/journals/pediatrics#articles


fped-10-864397 June 25, 2022 Time: 14:15 # 5

Merras-Salmio and Pakarinen SBS Infection Prevention

REFERENCES
1. Wales PW, de Silva N, Kim J, Lecce L, To T, Moore A. Neonatal short

bowel syndrome: population-based estimates of incidence and mortality rates.
J Pediatr Surg. (2004) 39:690–5. doi: 10.1016/j.jpedsurg.2004.01.036

2. Kurvinen A, Nissinen MJ, Andersson S, Korhonen P, Ruuska T, Taimisto M,
et al. Parenteral plant sterols and intestinal failure-associated liver disease in
neonates. J Pediatr Gastroenterol Nutr. (2012) 54:803–11. doi: 10.1097/MPG.
0b013e3182474118

3. Duggan CP, Jaksic T. Pediatric intestinal failure. N Engl J Med. (2017) 377:666–
75. doi: 10.1056/NEJMra1602650

4. Merras-Salmio L, Mutanen A, Ylinen E, Rintala R, Koivusalo A, Pakarinen
MP. Pediatric intestinal failure: the key outcomes for the first 100 patients
treated in a national tertiary referral center during 1984-2017. JPEN J Parenter
Enteral Nutr. (2018) 42:1304–13. doi: 10.1002/jpen.1164

5. Mutanen A, Lohi J, Merras-Salmio L, Koivusalo A, Pakarinen MP. Prediction,
identification and progression of histopathological liver disease activity in
children with intestinal failure. J Hepatol. (2021) 74:593–602. doi: 10.1016/j.
jhep.2020.09.023

6. Lee WS, Chew KS, Ng RT, Kasmi KE, Sokol RJ. Intestinal failure-
associated liver disease (IFALD): insights into pathogenesis and advances in
management. Hepatol Int. (2020) 14:305–16. doi: 10.1007/s12072-020-10048-
8

7. Brubaker PL. Glucagon-like peptide-2 and the regulation of intestinal growth
and function. Compr Physiol. (2018) 8:1185–210. doi: 10.1002/cphy.c170055

8. Kocoshis SA, Merritt RJ, Hill S, Protheroe S, Carter BA, Horslen S, et al. Safety
and efficacy of teduglutide in pediatric patients with intestinal failure due to
short bowel syndrome: a 24-week, phase III study. JPEN J Parenter Enteral
Nutr. (2020) 44:621–31. doi: 10.1002/jpen.1690

9. Pakarinen MP. Autologous intestinal reconstruction surgery as part of
comprehensive management of intestinal failure. Pediatr Surg Int. (2015)
31:453–64. doi: 10.1007/s00383-015-3696-x

10. Merritt RJ, Cohran V, Raphael BP, Sentongo T, Volpert D, Warner BW, et al.
Intestinal rehabilitation programs in the management of pediatric intestinal
failure and short bowel syndrome. J Pediatr Gastroenterol Nutr. (2017) 65:588–
96.

11. González HF, Pérez NB, Malpeli A, Martínez MI, Del Buono B, Viteri FE.
Nutrition and immunological status in long-term follow up of children with
short bowel syndrome. JPEN J Parenter Enteral Nutr. (2005) 29:186–91. doi:
10.1177/0148607105029003186

12. Gunnar R, Lumia M, Pakarinen M, Merras-Salmio L. Children with intestinal
failure undergoing intestinal rehabilitation are at risk for essential fatty acid
deficiency. JPEN J Parenter Enteral Nutr. (2018) 42:1203–10. doi: 10.1002/jpen.
1152

13. Wendel D, Mezoff EA, Raghu VK, Kinberg S, Soden J, Avitzur Y, et al.
Management of central venous access in children with intestinal failure: a
position paper from the naspghan intestinal rehabilitation special interest
group. J Pediatr Gastroenterol Nutr. (2021) 72:474–86. doi: 10.1097/MPG.
0000000000003036

14. Johansen M, Classen V, Muchantef K. Long-term IV access in paediatrics –
why, what, where, who and how. Acta Anaesthesiol Scand. (2021) 65:282–91.
doi: 10.1111/aas.13729

15. Moon HM, Kim S, Yun KW, Kim HY, Jung SE, Choi EH, et al. Clinical
characteristics and risk factors of long-term central venous catheter-associated
bloodstream infections in children. Pediatr Infect Dis J. (2018) 37:401–6. doi:
10.1097/INF.0000000000001849

16. Carter JH, Langley JM, Kuhle S, Kirkland S. Risk factors for central venous
catheter-associated bloodstream infection in pediatric patients: a cohort study.
Infect Control Hosp Epidemiol. (2016) 37:939–45. doi: 10.1017/ice.2016.83

17. Baumann Kreuziger L, Jaffray J, Carrier M. Epidemiology, diagnosis,
prevention and treatment of catheter-related thrombosis in children and
adults. Thromb Res. (2017) 157:64–71. doi: 10.1016/j.thromres.2017.07.002

18. Daoud DC, Wanten G, Joly F. Antimicrobial Locks in Patients
Receiving Home Parenteral Nutrition. Nutrients. (2020) 12:439.
doi: 10.3390/nu12020439

19. Chong CY, Ong RY, Seah VX, Tan NW, Chan MY, Soh SY, et al. Taurolidine-
citrate lock solution for the prevention of central line-associated bloodstream
infection in paediatric haematology-oncology and gastrointestinal failure

patients with high baseline central-line associated bloodstream infection rates.
J Paediatr Child Health. (2020) 56:123–9. doi: 10.1111/jpc.14506

20. Tribler S, Brandt CF, Petersen AH, Petersen JH, Fuglsang KA, Staun M,
et al. Taurolidine-citrate-heparin lock reduces catheter-related bloodstream
infections in intestinal failure patients dependent on home parenteral support:
a randomized, placebo-controlled trial. Am J Clin Nutr. (2017) 106:839–48.
doi: 10.3945/ajcn.117.158964

21. Wouters Y, Theilla M, Singer P, Tribler S, Jeppesen PB, Pironi L, et al.
Randomised clinical trial: 2% taurolidine versus 0.9% saline locking in patients
on home parenteral nutrition. Aliment Pharmacol Ther. (2018) 48:410–22.
doi: 10.1111/apt.14904

22. Zhang J, Wang B, Wang J, Yang Q. Ethanol locks for the prevention of catheter-
related infection in patients with central venous catheter: A systematic
review and meta-analysis of randomized controlled trials. PLoS One. (2019)
14:e0222408. doi: 10.1371/journal.pone.0222408

23. Mezoff EA, Fei L, Troutt M, Klotz K, Kocoshis SA, Cole CR. Ethanol lock
efficacy and associated complications in children with intestinal failure. JPEN
J Parenter Enteral Nutr. (2016) 40:815–9. doi: 10.1177/0148607115574745

24. Mermel LA, Alang N. Adverse effects associated with ethanol catheter lock
solutions: a systematic review. J Antimicrob Chemother. (2014) 69:2611–9.
doi: 10.1093/jac/dku182

25. Kolaček S, Puntis JWL, Hojsak IESPGHAN. /ESPEN/ESPR/CSPEN guidelines
on pediatric parenteral nutrition: venous access. Clin Nutr. (2018) 37:2379–91.
doi: 10.1016/j.clnu.2018.06.952

26. Warady BA, Bakkaloglu S, Newland J, Cantwell M, Verrina E, Neu A, et al.
Consensus guidelines for the prevention and treatment of catheter-related
infections and peritonitis in pediatric patients receiving peritoneal dialysis:
2012 update. Perit Dial Int. (2012) 32:S32–86. doi: 10.3747/pdi.2011.00091

27. O’Grady NP, Alexander M, Burns LA, Dellinger EP, Garland J, Heard SO, et al.
Guidelines for the prevention of intravascular catheter-related infections. Clin
Infect Dis. (2011) 52:e162–93. doi: 10.1093/cid/cir257

28. Dibaise JK, Young RJ, Vanderhoof JA. Enteric microbial flora, bacterial
overgrowth, and short-bowel syndrome. Clin Gastroenterol Hepatol. (2006)
4:11–20. doi: 10.1016/j.cgh.2005.10.020

29. Pimentel M, Saad RJ, Long MD, Rao SSC. ACG clinical guideline: small
intestinal bacterial overgrowth. Am J Gastroenterol. (2020) 115:165–78. doi:
10.14309/ajg.0000000000000501

30. Cole CR, Frem JC, Schmotzer B, Gewirtz AT, Meddings JB, Gold BD, et al. The
rate of bloodstream infection is high in infants with short bowel syndrome:
relationship with small bowel bacterial overgrowth, enteral feeding, and
inflammatory and immune responses. J Pediatr. (2010) 156:941.e–7.e. doi:
10.1016/j.jpeds.2009.12.008

31. Hukkinen M, Kivisaari R, Merras-Salmio L, Koivusalo A, Pakarinen MP. Small
Bowel Dilatation Predicts Prolonged Parenteral Nutrition and Decreased
Survival in Pediatric Short Bowel Syndrome. Ann Surg. (2017) 266:369–75.
doi: 10.1097/SLA.0000000000001893

32. Thänert R, Thänert A, Ou J, Bajinting A, Burnham CD, Engelstad HJ, et al.
Antibiotic-driven intestinal dysbiosis in pediatric short bowel syndrome is
associated with persistently altered microbiome functions and gut-derived
bloodstream infections. Gut Microbes. (2021) 13:1940792. doi: 10.1080/
19490976.2021.1940792

33. Raphael BP, Nurko S, Jiang H, Hart K, Kamin DS, Jaksic T, et al.
Cisapride improves enteral tolerance in pediatric short-bowel syndrome with
dysmotility. J Pediatr Gastroenterol Nutr. (2011) 52:590–4. doi: 10.1097/MPG.
0b013e3181fe2d7a

34. Di Nardo G, Karunaratne TB, Frediani S, De Giorgio R. Chronic intestinal
pseudo-obstruction: Progress in management? Neurogastroenterol Motil.
(2017) 29:e13231. doi: 10.1111/nmo.13231

35. Sanaksenaho G, Mutanen A, Godbole N, Hukkinen M, Merras-Salmio L,
Kivisaari R, et al. Compromised duodenal mucosal integrity in children with
short bowel syndrome after adaptation to enteral autonomy. J Pediatr Surg.
(2021) 56:966–74. doi: 10.1016/j.jpedsurg.2020.09.065

36. Korpela K, Mutanen A, Salonen A, Savilahti E, de Vos WM, Pakarinen MP.
Intestinal microbiota signatures associated with histological liver steatosis
in pediatric-onset intestinal failure. JPEN J Parenter Enteral Nutr. (2017)
41:238–48. doi: 10.1177/0148607115584388

37. Piper HG, Coughlin LA, Hussain S, Nguyen V, Channabasappa N, Koh AY.
The impact of Lactobacillus probiotics on the gut microbiota in children with

Frontiers in Pediatrics | www.frontiersin.org 5 June 2022 | Volume 10 | Article 864397

https://doi.org/10.1016/j.jpedsurg.2004.01.036
https://doi.org/10.1097/MPG.0b013e3182474118
https://doi.org/10.1097/MPG.0b013e3182474118
https://doi.org/10.1056/NEJMra1602650 
https://doi.org/10.1002/jpen.1164
https://doi.org/10.1016/j.jhep.2020.09.023
https://doi.org/10.1016/j.jhep.2020.09.023
https://doi.org/10.1007/s12072-020-10048-8
https://doi.org/10.1007/s12072-020-10048-8
https://doi.org/10.1002/cphy.c170055
https://doi.org/10.1002/jpen.1690
https://doi.org/10.1007/s00383-015-3696-x
https://doi.org/10.1177/0148607105029003186
https://doi.org/10.1177/0148607105029003186
https://doi.org/10.1002/jpen.1152
https://doi.org/10.1002/jpen.1152
https://doi.org/10.1097/MPG.0000000000003036
https://doi.org/10.1097/MPG.0000000000003036
https://doi.org/10.1111/aas.13729
https://doi.org/10.1097/INF.0000000000001849
https://doi.org/10.1097/INF.0000000000001849
https://doi.org/10.1017/ice.2016.83
https://doi.org/10.1016/j.thromres.2017.07.002
https://doi.org/10.3390/nu12020439
https://doi.org/10.1111/jpc.14506
https://doi.org/10.3945/ajcn.117.158964
https://doi.org/10.1111/apt.14904
https://doi.org/10.1371/journal.pone.0222408
https://doi.org/10.1177/0148607115574745
https://doi.org/10.1093/jac/dku182
https://doi.org/10.1016/j.clnu.2018.06.952
https://doi.org/10.3747/pdi.2011.00091
https://doi.org/10.1093/cid/cir257
https://doi.org/10.1016/j.cgh.2005.10.020
https://doi.org/10.14309/ajg.0000000000000501
https://doi.org/10.14309/ajg.0000000000000501
https://doi.org/10.1016/j.jpeds.2009.12.008
https://doi.org/10.1016/j.jpeds.2009.12.008
https://doi.org/10.1097/SLA.0000000000001893
https://doi.org/10.1080/19490976.2021.1940792
https://doi.org/10.1080/19490976.2021.1940792
https://doi.org/10.1097/MPG.0b013e3181fe2d7a
https://doi.org/10.1097/MPG.0b013e3181fe2d7a
https://doi.org/10.1111/nmo.13231
https://doi.org/10.1016/j.jpedsurg.2020.09.065
https://doi.org/10.1177/0148607115584388
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/
https://www.frontiersin.org/journals/pediatrics#articles


fped-10-864397 June 25, 2022 Time: 14:15 # 6

Merras-Salmio and Pakarinen SBS Infection Prevention

short bowel syndrome. J Surg Res. (2020) 251:112–8. doi: 10.1016/j.jss.2020.01.
024

38. Reddy VS, Patole SK, Rao S. Role of probiotics in short bowel syndrome
in infants and children–a systematic review. Nutrients. (2013) 5:679–99. doi:
10.3390/nu5030679

39. Arendrup MC, Boekhout T, Akova M, Meis JF, Cornely OA, Lortholary
O. ESCMID and ECMM joint clinical guidelines for the diagnosis and
management of rare invasive yeast infections. Clin Microbiol Infect. (2014)
20:76–98. doi: 10.1111/1469-0691.12360

40. Kunz AN, Noel JM, Fairchok MP. Two cases of Lactobacillus
bacteremia during probiotic treatment of short gut syndrome. J Pediatr
Gastroenterol Nutr. (2004) 38:457–8. doi: 10.1097/00005176-200404000-0
0017

41. Munakata S, Arakawa C, Kohira R, Fujita Y, Fuchigami T, Mugishima H. A
case of D-lactic acid encephalopathy associated with use of probiotics. Brain
Dev. (2010) 32:691–4. doi: 10.1016/j.braindev.2009.09.024

42. Neut C, Mahieux S, Dubreuil LJ. Antibiotic susceptibility of probiotic
strains: is it reasonable to combine probiotics with antibiotics?
Med Mal Infect. (2017) 47:477–83. doi: 10.1016/j.medmal.2017.0
7.001

43. Wieërs G, Belkhir L, Enaud R, Leclercq S, Philippart de Foy JM, Dequenne I,
et al. How probiotics affect the microbiota. Front Cell Infect Microbiol. (2019)
9:454. doi: 10.3389/fcimb.2019.00454

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Merras-Salmio and Pakarinen. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Pediatrics | www.frontiersin.org 6 June 2022 | Volume 10 | Article 864397

https://doi.org/10.1016/j.jss.2020.01.024
https://doi.org/10.1016/j.jss.2020.01.024
https://doi.org/10.3390/nu5030679
https://doi.org/10.3390/nu5030679
https://doi.org/10.1111/1469-0691.12360
https://doi.org/10.1097/00005176-200404000-00017
https://doi.org/10.1097/00005176-200404000-00017
https://doi.org/10.1016/j.braindev.2009.09.024
https://doi.org/10.1016/j.medmal.2017.07.001
https://doi.org/10.1016/j.medmal.2017.07.001
https://doi.org/10.3389/fcimb.2019.00454
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/
https://www.frontiersin.org/journals/pediatrics#articles

