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Intestinal Failure
• Critical reduction of functional gut mass below the minimum 

required for adequate digestion and absorption to satisfy body 
fluid, nutrient and electrolyte requirements for maintenance in 
adults and growth in children

• Total, partial, temporary, permanent

• Limited options

• Parenteral Nutrition is mainstay of therapy

Gastroenterology. 2006 Feb;130(2 Suppl 1):S16-28.
Causes and management of intestinal failure in 
children. Goulet O, Ruemmele F.



What could go wrong?



Problems of IF
• Growth failure

• High bowel fluid losses and malabsorption

• Dehydration

• Electrolyte deficiencies

• Nutrient deficiencies

• Bowel dilatation

• Dysmotility

• Complications of IF treatments





Parenteral Nutrition
• Effective and safe therapy

– Intrusive
– Expensive
– Significant morbidity

• Complications
1. Catheter-related 
2. Metabolic
3. Bone disease
4. Organ dysfunction (liver, kidney)



Past



Poor outcomes

• For 25 years there were no survivors of intestinal transplantation

• Other organs such as liver and kidney were having successes

• Impetus to succeed was still present













Present



Case  
• Mother – primary ovarian failure
• Baby antenatal mid-gut volvulus
• Surgery day 1 of life

– 16cm small bowel surviving, 1cm distal ileum
– Extra-hepatic biliary atresia, splenic malformation 

noted

– Prognosis grim



• At KCH – liver management and intestinal rehabilitation
– Surgery 11/7 – Modified Kasai (duodenoportoenterostomy), jejunostomy, 

colonic mucous fistula.
– Maintained on PN (and HPN)
– Surgery 8/12 – STEP, reconnection
– Surgery 9/12 – Anastomotic imbrication and distal access point for refeeding
– Parenteral nutrition management and HPN
– Enteral feeding

• Course
– Complicated by fistulating bowel, poor GI motility and intra-abdominal sepsis
– Home on 16 hours per day PN, plus tube EN, plus dressings etc
– Eventually deterioration of liver function

– Assessed early for liver/bowel transplantation



• Outcome
– Combined liver/bowel transplant at 17/12 age
– PICU 6 days
– Inpatient 30 days
– Full EN 

• Current – age 12yrs (10.5yrs post-ITx)
– At home
– Normal diet, no nutritional support, normal 

growth
– Normal developmental progress, at school
– Father back at work full time
– 3 medications
– Stoma reconnected



Indications
1. Irreversible intestinal failure

a) Life-threatening complications of PN
b) Very poor quality of life thought to be correctable by 

transplantation

2. Extensive surgery requiring evisceration
3. Transplantation of other organs where excluding 

the intestine would adversely affect survival
Pediatr Transplant. 2001 Apr;5(2):80-7.
Indications for pediatric intestinal transplantation: a position paper of the American Society of Transplantation. Kaufman SS, 
Atkinson JB, Bianchi A, Goulet OJ, Grant D, Langnas AN, McDiarmid SV, Mittal N, Reyes J, Tzakis AG; American Society of 
Transplantation.



Complications of PN
• Progressive liver disease despite remedial action

– Objective
– Judged on biochemistry and biopsy

• Consider combined liver and bowel transplant rather than isolated small bowel

– Liver/bowel candidates have higher priority than bowel alone on the UK waiting list 

• Severe sepsis
– More than one life-threatening episode of catheter-related sepsis
– Endocarditis or other metastatic infection

• Limited central venous access
• 3 major ⃰ venous access sites in adults (above and below the diaphragm)
• 2 major ⃰ venous access sites in children (above the diaphragm)

– ⃰ Internal jugular, subclavian, femoral



• Standardisation of surgical techniques

– Isolated small bowel, Liver and small bowel, Multivisceral

Types of intestinal transplant



Pancreas

Gastrostomy

Stomach

Liver &
small
bowel

Multivisceral
transplantation

Types of Intestinal Transplantation







Overview

When to transplant

NHS blood and transplant. Annual report on intestinal transplantation. 
Published August 2017



The right time

• High mortality on waiting list
– Fryer J et al. Liver Transpl 2003;9:748-53
– In 2015, this depends on the indication

• Pre-transplant morbidity affects post-transplant survival
– Middleton SJ et al. Transpl proc 2010;42:19-21

• Patients should be discussed on a case by case basis with 
an intestinal transplant centre BEFORE life-threatening 
complications develop

– Fecteau A et al. J Pediatr Surg 2001:36:681-84





Selecting the right patients at the right time

International Intestinal Failure Registry (tts.org)

https://tts.org/irta-registries/irta-ifr


Participating Centers

Center PI

Children’s Hospital of Pittsburgh, USA Dr. Jeffrey A Rudolph

Cincinnati Children’s Hospital Medical Centre, USA Dr. Conrad Cole

Duke University Medical Center, USA Dr. Debra Sudan

Hospital Italiano de Buenos Aires, Argentina Dr. Pablo Lobos

Hospital for Sick Children, Canada Dr. Yaron Avitzur

King’s College Hospital, UK Dr. Jonathan Hind

Lucile Salter Packard Children’s Hospital, USA Dr. John Kerner

Nationwide Children’s Hospital, USA Dr. Molly Dienhart

Starship Child Health, New-Zealand Dr. Amin Roberts

University of California, Los Angeles, USA Dr. Robert Venick

University Hospital La Paz, Spain Dr. Esther Ramos Boluda

University of Nebraska, USA Dr. David Mercer



• 443 children

• Rate of death and transplantation in children with IF has decreased

• Rate of children achieving enteral autonomy has changed little
• Large number of children remain on HPN long-term



Survival curve comparing time to achieve EA in the four anatomical strata

Predicting Enteral Autonomy in
Short Bowel Syndrome in the
modern era of Intestinal Failure

• Ultrashort bowel (10cm 
children, 20cm adults)

• End duodenostomy
• Microvillus inclusion disease
• Multiple fistulae and frozen 

abdomen
• Radiation enteritis,
• IF after bariatric surgery,
• Loss of 2 out of 4 upper body 

central veins

Sanchez SE, Javid PJ, Healey PJ, et al.Ultrashort bowel 
syndrome in children. J Pediatr Gastroenterol Nutr. 
2013;56:36–39. 
Pironi L, Arends J, Bozzetti F, et al.; Home Artificial Nutrition & 
Chronic Intestinal Failure Special Interest Group of ESPEN. 
ESPEN guidelines on chronic intestinal failure in adults. Clin 
Nutr. 2016;35:247–307. 
Abu-Elmagd KM, Costa G, McMichael D, et al. Autologous 
reconstruction and visceral transplantation for management 
of patients with gut failure after bariatric surgery: 20 years of 
experience. Ann Surg. 2015;262:586–601.



Source: Annual Report for Intestinal Transplantation 2020/21, NHS Blood and TransplantSource: Annual Report on Intestine Transplantation 2020/21, NHS Blood and Transplant
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Figure 2.5      Post-registration outcome for 54 elective registrations for an intestine transplant

made in the UK, 1 April 2017 - 31 March 2019
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When to transplant



Changing indications
• Improvement in IF management and survival after transplant
• All patients should be managed by experienced MDT
• Referral for transplant assessment early when IF plus progressive liver 

disease / progressive loss of central venous access, or conditions likely to 
lead to such problems

• Avoid end-stage liver disease / loss of vascular access
• Avoid repeated complications which reduce chances of success eg

sensitisation events or colonisation with resistant organisms

• Desmoids
• Acute splanchnic venous thrombosis



Hepatic Fibrosis Persists and Progresses Despite
Biochemical Improvement in Children Treated With Intravenous Fish Oil Emulsion

Representative histology of subject 3. Increasing enteral feed, 
improving biochemistry.
Images A to D show Masson stain of liver biopsies from subject 3 at 
(A) 7 weeks, (B) 34 weeks, (C) 40 weeks, (D) 67 weeks of age

David F. Mercer, Brandy D. Hobson, Ryan T. Fischer, Geoffrey A. Talmon, Deborah A. Perry, Brandi K. Gerhardt, Wendy J. 
Grant, Jean F. Botha, Alan N. Langnas, and Ruben E. Quiros-Tejeira JPGN  Volume 56, Number 4, April 2013

• 6 children on PN with fish oil lipid

• Synthetic liver function preserved

• Biochemical cholestasis improved

• Fibrosis

– Regressed in only 1

– Persisted in 2

– Progressed in 3

• Remained severe (ISHAK 2) 
in 5 of 6





• 2 years old
• TTC7A deficiency MIA-CID
• 2 HSCT – 2nd one partial engraftment
• Ultra-short gut, TPN
• End stage chronic liver disease
• Stomal bleeding daily
• Waiting on list but liver deteriorating

• Options?
– Isolated liver transplantation

• Survival 90% long-term, but immunosuppression and still on 
PN

– Living-related liver bowel transplant
• Has been done in the US, but not in children in Europe

Waiting-list issues



• Mum donor – LLS liver and 150cm ileum
– Post-op diarrhoea and weight loss in the short 

term

• Child recovered slowly but surely
– Organs were large so abdomen was left open
– Rectus muscle fascia from another donor
– Vac dressing until granulated over

• Outcome
– Mum fully healthy
– Child off PN and back in home country
– Sadly died after 4 years from haematological 

malignancy

Living-related liver bowel transplant



• 2002-2013, 13 living-related ITx in 10 children

• Isolated small bowel in 6, liver+small bowel in 7

• Induction ATG, maintenance tacrolimus and 
prednisolone

• 7 children alive at publication, 6 with >10y follow-up

• Median time to oral diet 32 days

















Raghu VK, Beaumont JL, 
Everly MJ, et al. Pediatric
intestinal transplantation: 
Analysis of the intestinal 
transplant registry. 
Pediatric Transplantation. 
2019 Dec;23(8):e13580.

Number and type of pediatric intestinal transplants performed each year
Decrease in liver+small bowel but less change in MVT and isolated SBT recently



Raghu VK, Beaumont JL, Everly MJ, et al. 
Pediatric intestinal transplantation: Analysis of 
the intestinal transplant registry. Pediatric
Transplantation. 2019 Dec;23(8):e13580.

Main indication for transplant 
remains short gut

Most common aetiology of short 
gut is gastroschisis (NEC is the 
most common reason for short 
gut in the paediatric population)

Motility not liver disease

Motility disorder as a 
reason for transplant has 
doubled in last decade



Raghu VK, Beaumont JL, 
Everly MJ, et al. Pediatric
intestinal transplantation: 
Analysis of the intestinal 
transplant registry. 
Pediatric Transplantation. 
2019 Dec;23(8):e13580.

One-year patient 
survival, five-year 
patient survival, and 
five-year patient 
survival conditional on 
survival beyond the first 
post-transplant year





Causes of death in each transplant era†

Year of transplant 1986-1995 1996-2005 2006-2016 Total

Total number of deaths 97 482 388 967

Death following sepsis 57 (59%) 240 (50%) 177 (46%) 474 (49%)

PTLD/Lymphoma 13 (13%) 20 (4%) 24 (6%) 57 (6%)

Graft failure 9 (9%) 77 (16%) 52 (13%) 138 (14%)

Kidney failure 1 (1%) 9 (2%) 13 (3%) 23 (2%)

Liver failure 2 (2%) 10 (2%) 7 (2%) 19 (2%)

Cardiovascular death 4 (4%) 26 (5%) 25 (6%) 55 (6%)

Technical complication 12 (12%) 15 (3%) 13 (3%) 40 (4%)

Other causes of death 36 (37%) 270 (56%) 196 (51%) 502 (52%)

†More than one cause of death may have been listed for each patient



Raghu VK, Beaumont JL, 
Everly MJ, et al. Pediatric
intestinal transplantation: 
Analysis of the intestinal 
transplant registry. 
Pediatric Transplantation. 
2019 Dec;23(8):e13580.
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Long-term survival, nutritional autonomy, and quality of life after intestinal 
and multivisceral transplantation.
Abu-Elmagd KM; Kosmach-Park B; Costa G; Zenati M; Martin L; Koritsky DA; 
Emerling M; Murase N; Bond GJ; Soltys K; Sogawa H; Lunz J; Al Samman M; 
Shaefer N; Sindhi R; Mazariegos GV

Annals of Surgery.  256(3):494-508, 2012 Sep.
DOI: 10.1097/SLA.0b013e318265f310

Largest single-centre series, excluding those who died before 5 years
Patient survival 75% at 10 years and 61% at 15
Graft survival 59% at 10 years and 50% at 15



2

Long-term survival, nutritional autonomy, and quality of life after intestinal 
and multivisceral transplantation.
Abu-Elmagd KM; Kosmach-Park B; Costa G; Zenati M; Martin L; Koritsky DA; 
Emerling M; Murase N; Bond GJ; Soltys K; Sogawa H; Lunz J; Al Samman M; 
Shaefer N; Sindhi R; Mazariegos GV

Annals of Surgery.  256(3):494-508, 2012 Sep.
DOI: 10.1097/SLA.0b013e318265f310

Leading Causes of Death



Donor specific antibodies
Abu-Elmagd et al. Preformed and de novo 
Donor Specific Antibodies in Visceral 
Transplantation: Long-term outcome 
With Special Reference to the Liver



Meier D. et al. Current 
status o f Allograft Tolerance 
in intestinal Transplantation. 
Int Rev Immunol 2014

Strategies for tolerance



• Leuven immunomodulatory protocol
– Increase Treg
– 92% 5 year graft survival

• Strict donor selection
• short cold-ischaemia time

• Georgetown
• Short cold-ischaemia time
• Sirolimus
• Monitoring and treatment of de novo DSA

• Similarity with inflammatory bowel disease

Ceulemans LJ, Braza F, Monbaliu D, Jochmans I, De Hertogh G, Du 
Plessis J, Emonds MP, Kitade H, Kawai M, Li Y, Zhao X, Koshiba T, 
Sprangers B, Brouard S, Waer M, Pirenne J. The Leuven 
Immunomodulatory Protocol Promotes T-Regulatory Cells and 
Substantially Prolongs Survival After First Intestinal 
Transplantation. Am J Transplant. 2016 Oct;16(10):2973-2985

Elsabbagh AM, Hawksworth J, Khan KM, Kaufman SS, Yazigi NA, 
Kroemer A, Smith C, Fishbein TM, Matsumoto CS. Long-term survival 
in visceral transplant recipients in the new era: A single-center
experience. Am J Transplant. 2019 Jul;19(7):2077-2091.

Kroemer A, Cosentino C, Kaiser J, Matsumoto CS, Fishbein TM. 
Intestinal Transplant Inflammation: the Third Inflammatory Bowel 
Disease. Curr Gastroenterol Rep. 2016 Nov;18(11):56

Immunosuppression strategy



Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved. 2

Long-term results of intestinal transplantation in children: 
survival after 10 years, intestinal function, quality of life.
Venick RS

Current Opinion in Organ Transplantation.  23(2):219-223, 2018 04.
DOI: 10.1097/MOT.000000000000051410.1097/MOT.0000000000000514 FIGURE 1 . Improved patient survival over the past decade at 

UCLA as calculated by Kaplan-Meier method. Survival is 
shown as percentage survival versus time. UCLA, University of 
California, Los Angeles.



Twenty‐eight years of 

intestinal transplantation in 

Paris: experience of the 

oldest European center

Transplant International, Volume: 30, Issue: 2, Pages: 178-186, 

First published: 27 November 2016, DOI: (10.1111/tri.12894) 

Very long term 
outcomes



Quality of life post transplant

• QoL is better after transplant than on PN

• However, ongoing immunosuppression with SEs 
and ongoing risk of rejection means QoL gains for 
“pre-emptive” transplant are unknown

• Future population based studies with generic and 
specific tools are needed

Pironi L, Baxter JP, Lauro A, et al.Assessment of quality of life on home 
parenteral nutrition and after intestinal transplantation using treatment-
specific questionnaires. Am J Transplant. 2012;12(Suppl 4):S60–S66

Ambrose T, Holdaway L, Smith A, et al. The impact of intestinal 
transplantation on quality of life. Clin Nutr. 2020 
Jun;39(6):1958-1967



Psychosocial aspects
• Good educational attainment/employment long-

term post-ITx
• 1/3 have mental health problems

– Depression, drugs, alcohol

• Ongoing need for psychosocial support

Courbage S, Canioni D, Talbotec C, et 
al. Beyond 10 years, with or without 
an intestinal graft: Present and 
future? Am J Transplant. 2020 
Oct;20(10):2802-2812

Norsa L, Gupte G, Ramos Boluda E, et 
al. Life of patients 10 years after a 
successful pediatric intestinal 
transplantation in Europe. Am J 
Transplant. 2018 Jun;18(6):1489-1493 



Future



Increasing indications



Innovations



Acute rejection of the 
abdominal wall graft. (A) 
Macroscopic features of Banff 
type III rejection showed 
erythematous maculopapular 
rash on the entire abdominal 
wall graft, whereas the 
patients’ native skin remained 
normal. (B) Macroscopically 
healing abdominal wall graft 
injury after antirejection 
treatment. (C) Histological 
features yielding Banff type II 
rejection: perifollicular chronic 
inflammatory cell infiltrate, 
overlying spongiosis, interface 
epidermal changes 
(spongiosis). (D) Histological 
features yielding Banff type III 
rejection: dermal perivascular 
infiltration, spongiosis and 
interface change, edema, 
epidermal spongiosis, 



Non-vascularised rectus muscle fascia



Source: Annual Report for Intestinal Transplantation 2017/18, NHS Blood and TransplantSource: Annual Report on Intestine Transplantation 2017/18, NHS Blood and Transplant

All transplants involving intestine

1 April 2008 – 31 March 2018

1961

Paediatric

71

Adult

125

First intestine transplants

117*

Re-transplants
8**

** Two of these transplants were super-urgent

* Five of these transplants were super-urgent

First intestine transplants

632

Re-transplants
8

Figure 2.5 UK intestine transplants, 1 April 2008 to 31 March 2018

1 Excludes one abdominal wall only transplant (October 2016)
2 Includes one living donor liver and bowel transplant (June 2017)

Increasing numbers 
of re-transplants



Improved patient and graft survival in the recent era with the introduction 
of rATG induction immunosuppression 

Intestinal re-transplantation: indications, techniques and 
outcomes Current Opinion in Organ Transplantation

Issue: Volume 23(2), April 2018, p 224-228
Ganoza, Armando; Celik, Neslihan; Mazariegos, 
George V



• Isolated ITx
• Control n=28 2011-

2014
• No surveillance n=25 

2014-2016
• Uniform 

immunosuppression



Non-invasive biomarkers

• Potential platforms for candidate biomarkers 

– Immunocyte dynamics
– mRNA expression
– miRNA expression
– Metabolomics
– Proteomics
– Analysis of the gut microbiome



• Potential treatment short bowel syndrome
– Have been instilled via rectum in mice and adhered to damaged colon – still present and 

generating epithelium after 25 weeks

• Tissue-engineered small intestine developed from organoids
– Contained smooth muscle and nerve components as well as epithelium

• Potential in Hirschsprung’s disease – tissue engineered small intestine with restored enteric nervous system

• But, many other cells and structures of the intestine are not present

Organoids
• Advances in culturing intestinal and pluripotent stem cells have led 

to development of organoids
– Self-organising 3D structures with characteristics and physiological features of 

intestinal epithelium

• Used as a model for in vitro study of intestine

Intestinal organoids in infants and children. Sinobol
Chusilp, Bo Li, Dorothy Lee, Carol Lee, Paisarn
Vejchapipat,  Agostino Pierro. Pediatric Surgery 
International (2020) 36:1–10

Yui S, Nakamura T, Sato T et al (2012) Functional engraftment of colon epithelium 
expanded in vitro from a single adult Lgr5+ stem cell. Nat Med 18:618–623

Workman MJ, Mahe MM, Trisno S et al (2017) Engineered human pluripotent-stem-cell-
derived intestinal tissues with a functional enteric nervous system. Nat Med 23:49–59



Aim all patients wean from long-term PN

Aim 100% survival in intestinal failure



Source: Annual Report for Intestinal Transplantation 2017/18, NHS Blood and TransplantSource: Annual Report on Intestine Transplantation 2017/18, NHS Blood and Transplant
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Figure 2.3      Post-registration outcome for 38 elective registrations for an intestine transplant

made in the UK, 1 April 2014 - 31 March 2016
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Intestinal transplantation
• Increasing patient survival in recent years
• Improved QoL post ITx compared to PN
• Long-term graft survival remains a challenge

• Intestinal rehabilitation outcomes are good in terms of survival
• Many intestinal failure survivors remain on long-term PN

– New indications to improve patient selection and timing
– Improve long-term graft survival with tolerogenic immunosuppression strategies, 

biomarkers and understanding of chronic rejection
– “Pre-emptive” transplantation

– Psychosocial support for ITx recipients needed
– Patient empowerment and equity of access

– Strong, active, international IRTA





Thank-you
jhind@nhs.net


