
	 1	

The	impact	of	intestinal	transplantation	on	quality	of	1	

life	2	

 3	

Tim Ambrose1, Lydia Holdaway2, Alison Smith2, Heather Howe2, Lisa Vokes4, Georgios Vrakas2, 4	

Srikanth Reddy2, Henk Giele3, Simon PL Travis1, Peter J Friend2, Philip J Allan1,2  5	

 6	

1Translational Gastroenterology Unit, NIHR Oxford Biomedical Research Centre, Oxford University 7	

Hospitals NHS Foundation Trust, John Radcliffe Hospital, Oxford OX3 9DU, United Kingdom 8	

2Oxford Transplant Centre, NIHR Oxford Biomedical Research Centre, Oxford University Hospitals 9	

NHS Foundation Trust, Churchill Hospital, Old Road, Oxford, OX3 7LE, United Kingdom  10	

3Plastic Surgery Department, NIHR Oxford Biomedical Research Centre, Oxford University 11	

Hospitals NHS Foundation Trust, Nuffield Orthopaedic Centre, Windmill Road, Oxford, OX3 7HE, 12	

United Kingdom 13	

4Dietetics Department, NIHR Oxford Biomedical Research Centre, Oxford University Hospitals NHS 14	

Foundation Trust, John Radcliffe Hospital, Oxford OX3 9DU, United Kingdom 15	

 16	

 17	

Corresponding author 18	

Dr Philip Allan, Translational Gastroenterology Unit, Oxford University Hospitals NHS Foundation 19	

Trust, John Radcliffe Hospital, Oxford OX3 9DU.  20	

Telephone: +44 1865 227777  21	

Email: philip.allan@ouh.nhs.uk 22	

 23	

  24	



	 2	

Abstract 25	

Introduction 26	

Intestinal failure (IF) and intestinal transplant (ITx) are associated with poor quality of life (QoL). 27	

Disease-specific assessment of QoL for IF and ITx is challenging, owing to the different problems 28	

encountered. We have sought to compare QoL pre-ITx with post-ITx and have compared generic QoL 29	

with a stable IF population. 30	

 31	

Methods 32	

Two prospectively maintained databases of patients referred for and undergoing ITx and a chronic 33	

(Type 2 & 3) IF cohort were interrogated. QoL instruments used were generic (EQ-5D-5L and SF-36) 34	

and disease-specific (HPN-QOL and ITx-QOL). Analysis used Student’s t-test and one-way ANOVA 35	

with Bonferroni correction for multiple comparisons. Data were collected pre- and post-ITx at 3, 6, 36	

12-months and yearly thereafter.  37	

 38	

Results 39	

All QoL instruments improved following ITx to levels comparable with a cohort of stable IF patients 40	

not requiring ITx. Both the visual analogue score component (EQ-5D-5L) and the effect of underlying 41	

illness on QoL (HPN-QOL/ITx-QOL) were higher following ITx than either pre-ITx or when 42	

compared with the IF cohort. Effects on general health, ability to eat and drink, to holiday and travel 43	

were improved as early as 3 months post-ITx. Other components did not before 6-12 months 44	

following ITx, but were maintained to at least 24 months. Patient personal financial pressures are 45	

greater following ITx, even in a publically funded healthcare system.  46	

 47	

Conclusion 48	

ITx has beneficial effects on QoL compared to those assessed for or awaiting ITx. QoL following ITx 49	

is similar to patients with IF not requiring ITx. A QoL instrument that covers the journey of patients 50	
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from IF through ITx would assist longitudinal analysis of the value and timing of ITx at an individual 51	

level.  52	

 53	

  54	
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Introduction 80	

Intestinal transplantation (ITx) has emerged as a viable therapy for selected patients with intestinal 81	

failure. In the United Kingdom, transplantation assessment is indicated for patients who have i) 82	

developed life-threatening complications of parenteral nutrition (PN) (including central venous 83	

catheter related infection or thrombosis, and intestinal-failure associated liver disease (IFALD)), ii) 84	

who need abdominal evisceration for conditions such as desmoid disease, or iii) where transplantation 85	

of another organ is necessary but patient survival would be adversely affected without simultaneous 86	

ITx. Occasionally, ITx may be indicated in patients for reason of very poor quality of life (QoL) on 87	

PN in the presence of irreversible intestinal failure, in situations in which ITx is felt likely to improve 88	

this. It is therefore logical not only to measure QoL for patients on PN, but also to determine whether 89	

this is improved by ITx.  90	

 91	

Many studies over the last forty years have attempted to measure QoL in patients with intestinal 92	

failure. In 2007 a systematic review1 of 26 studies of patients on home PN (HPN) demonstrated 93	

variation in QoL, but also showed that patients on HPN experience a lower QoL than the healthy 94	

population, or those on other nutritional therapy and those with end stage renal failure. A subsequent 95	

study reported that patient-reported QoL on PN was “good” to “wonderful”2. Negative effects of PN 96	

have been demonstrated on employment, sexual activity, psychological health and freedom to go on 97	

holiday1,3,4. More recently, the Parenteral Nutrition Impact Questionnaire (PNIQ), brought together 98	

through patient related outcome measures (PROMs)5, has demonstrated similar QoL between patients 99	

with IF, cancer, or IBD and better QoL for patients with dysmotility on PN compared to patients on 100	

PN due to other conditions6. It is important to recognise that QoL does not simply reflect the impact 101	

of PN, but also the aetiology of intestinal failure7.  102	

 103	

There are few studies assessing quality of life in adult patients following ITx. Such as there are vary 104	

in their comparator group (e.g. healthy population, pre-ITx, or those established on HPN), which has 105	

been the subject of a systematic review8. This review highlighted a positive effect of transplantation 106	
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on psychological wellbeing, leisure/recreation and sleep; perhaps not surprisingly, QoL following ITx 107	

remains lower than that of the healthy population9.  The literature is biased towards the few centres 108	

which have published their QoL data, with one in the USA10-15, one in Italy9,16,17, and one in the 109	

UK18,19. Published UK experience to date has demonstrated similar QoL post-ITx compared to PN and 110	

reported that both groups exhibit a better QoL than those with complicated intestinal failure (patients 111	

in whom transplantation is indicated, but not deemed feasible)18. Subsequent analysis reported trends 112	

to improved QoL following ITx in 50%, decline in 25% and no change in 25%, compared to pre-113	

ITx19. The questionnaires used to assess QoL vary between studies, none of which have been fully 114	

validated for the ITx population. An ITx-specific questionnaire, referred to as ITx-QOL, was 115	

developed in 201217 as an adaptation of the validated HPN-QOL20 questionnaire.  116	

 117	

In this study we aimed to measure QoL using the disease-specific HPN-QOL for patients with IF or 118	

ITx-QOL following ITx, alongside two validated generic QoL instruments, SF-36 and EQ-5D-5L. 119	

Patients were assessed before and after ITx at fixed time-points and compared with a cohort of 120	

patients on PN not requiring transplantation or assessment. 121	

 122	

  123	
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Methods 124	

Comparative, retrospective analysis of two prospectively maintained adult databases at Oxford 125	

University Hospitals NHS Foundation Trust between October 2007 and April 2018 for the ITx cohort 126	

and August 2014 – December 2015 for the IF cohort.  The database of all patients undergoing 127	

assessment for intestinal transplantation includes patients for whom, after assessment (and, if 128	

appropriate, discussion at the UK National Adult Small Intestinal Transplant forum), transplantation 129	

was not deemed appropriate or necessary. The database of patients with chronic IF (Type 2 or Type 3 130	

on HPN21) includes patients who did not warrant transplantation or assessment. QoL data were 131	

collected on all patients with IF on HPN and those undergoing transplantation assessment. QoL data 132	

were then collected after transplantation at defined intervals, but retrospective recall of quality of life 133	

prior to ITx were excluded. Data collection occurred pre-ITx assessment, at 3, 6, 12-months and then 134	

yearly. Data for the IF cohort were collected at an outpatient clinic appointment and again typically 135	

after 1 year. Assessment of QoL forms part of routine clinical care in our unit and therefore this study 136	

did not require ethical approval.  137	

 138	

Paper questionnaires were manually inputted into the electronic database. Analysis was carried out on 139	

Excel (Microsoft®, USA) spreadsheets and Prism v7 (GraphPad, USA).  Comparisons were made 140	

between pre-ITx vs. any time point post-ITx; pre-ITx vs. IF cohort; post-ITx (all time points) vs IF 141	

cohort. 142	

 143	

Statistical hypothesis used two-tailed, unpaired Student’s T test, or one-way ANOVA with Bonferroni 144	

correction for multiple comparisons. Unless otherwise specified, all data are displayed as mean ± 145	

standard deviation. 146	

 147	

QoL assessment 148	

The instruments used were the generic EQ-5D-5L22,23, SF-364, and disease-specific HPN-QOL20 and 149	

ITx-QOL17 which have previously been subject to varying degrees of validation. Rigorous validation 150	



	 8	

includes not only tests of reliability (internal consistency, test-retest reliability, inter-rater reliability) 151	

but also of validity (see references for examples24-26). 152	

 153	

• EQ-5D-5L: Five questions about function and psychological wellbeing with an additional 154	

visual analogue scale (VAS). The five domains can be amalgamated into a single index value 155	

(utility score) adjusted based on valuation sets for the general population using online 156	

calculators freely available via EuroQol. This is a validated instrument22, a precursor of which 157	

(EQ-5D-3L) is used by the National Institute for Health and Care Excellence to calculate 158	

Quality-Adjusted Life Years (QALYs) in technology appraisal. A recent position statement27 159	

supports collection of 5L data but at present recommends the 3L to calculate utility values 160	

following a quality review of the valuation set28,29.  161	

• SF-36: 36 questions with varying depth of answers which are analysed by collating the 162	

answers into different groups to produce an overall result for different psychological, physical 163	

or social scenarios, according to the validated methodology.  This is extensively used 164	

internationally and has been validated both initially30-32 and then subsequently across a range 165	

of diseases33. 166	

• HPN-QOL: 46 questions about activities or scenarios and the effect that HPN has on an 167	

individual. This was used to assess QoL both in the IF cohort and also patients assessed for 168	

transplant (pre-ITx) regardless of whether they were subsequently transplanted. This was 169	

created and then validated specifically for HPN20. We have not reported on results for 170	

‘Nutrition team’ or ‘Pump’ as these are less applicable to patients following ITx. 171	

• ITx-QOL: HPN-QOL questions were changed from “HPN” to “ITx” for questions 1, 2, 3, 4, 172	

8, 17, 35, 36, 37 and 46 and from “catheter” to “ITx” in question 6, as previously described17. 173	

This was only used to assess QoL post-ITx. As an adaptation of the HPN-QOL, this 174	

questionnaire has never been formally validated.  175	

 176	
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The responses for HPN-QOL and ITx-QOL for patients undergoing transplantation were used as a 177	

continuum given the similarity of questions and are displayed as such in the results. Analysis of SF-36 178	

and HPN/ITx-QOL are predetermined: SF-36 combines different answers into domains of outcome 179	

including physical functioning, emotional wellbeing, and pain; HPN/ITx-QOL have domains 180	

including holidays and travel, sexual function and body image.  181	

  182	
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Results 183	

A total of 123 patients were referred to Oxford for consideration of ITx between June 2006 and April 184	

2018. The flow of patients through assessment and transplantation is shown in Figure 1 together with 185	

details of the number of instruments used per patient in each group. Completion of QoL assessment 186	

was voluntary and not all patients wished to complete all three instruments. Of the transplanted cohort 187	

(n=43), 9 patients did not complete assessment of pre-ITx QoL, and 9 patients did not complete 188	

assessment of post-ITx QoL. These were, however, not the same nine patients in each group. No 189	

transplanted patient declined to complete both pre- and post-ITx QoL instruments. Between August 190	

2014 and December 2015, 31/42 (74%) patients in our IF cohort were assessed for QoL using EQ-5D-191	

5L and HPN-QOL. All patients completed both instruments. There were no data for SF-36 recorded 192	

for the Oxford IF cohort as this questionnaire was not in routine use for these patients during the 193	

period of study.  194	

 195	

Disease-specific QoL 196	

HPN-QOL and ITx-QOL 197	

Pre-ITx cohort (20 responses): 16/43 (37%) patients completed pre-ITx QoL assessment, but 2 were 198	

excluded, because QoL was recorded following ITx in a retrospective assessment of pre-transplant 199	

QoL. This resulted in 14/43 (33%) ITx patients and an additional 6/42 (14%) patients who were 200	

assessed but not transplanted took the HPN-QOL, giving a total of 20/85 (24%) with HPN-QOL data. 201	

 202	

Post-ITx cohort (30 responses): 18/43 (42%) had completed ITx-QOL on 30 occasions, mean 1.7 per 203	

patient at mean 18.2 (+/- 8.0) months post-ITx. There were nine (30%) responses at 3 months, five 204	

(17%) at 6 months, seven (23%) at 12 months, and nine (30%) at or beyond 24 months following ITx. 205	

8/43 (19%) patients had both HPN-QOL and ITx-QOL data, with 10 ITx-QOL data recordings, mean 206	

1.3 per patient. 207	

 208	
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IF cohort (53 responses): 31/42 (74%) patients undertook 53 recordings of HPN-QOL, mean 1.7 per 209	

patient. 15/30 (50%) undertook more than one recording of QoL separated by mean 5.6 (+/- 1.1) 210	

months. 211	

 212	

Ratings for QoL from individual patients in the IF cohort did not vary over the period of 213	

measurement. QoL following ITx improved in 6 of 8 functional outcomes (Figure 2, Supplementary 214	

Table 1) with early improvement at 3 months shown for ability to holiday/travel and ability to 215	

eat/drink. Later improvements were shown for physical, emotional and sexual function, and 216	

employment, often not until 12 or 24 months following ITx. Within symptom outcomes (Figure 3, 217	

Supplementary Table 1) no effect of ITx was seen on body image, weight, immobility, sleep pattern 218	

or fatigue. This latter category was worse in patients undergoing ITx assessment (pre-ITx) than either 219	

those in the IF cohort or post-ITx cohort. Gastrointestinal symptoms, other pain, and stoma/bowel 220	

function were improved by ITx. This data also showed that the ‘other pain’ category post-ITx was 221	

better even than those patients in the IF cohort. Overall QoL and the effect of HPN or ITx on QoL 222	

(Figure 4) post-ITx was restored to similar levels as the IF cohort. The effect of underlying illness on 223	

QoL was improved following ITx compared to either other comparator group. 224	

 225	

Financial issues 226	

Greater financial issues were experienced by patients both pre-ITx (43.33 +/- 34.37) and post-ITx 227	

(44.44 +/- 30.74) compared to patients with IF (21.38 +/- 32.75). This persisted through all timepoints 228	

of follow up.  229	

 230	

Generic QoL 231	

1) EQ-5D-5L  232	

Pre-ITx cohort (19 responses): 12/43 (28%) ITx patients and 7/42 (17%) ITx assessment patients 233	

undertook EQ-5D-5L; total data set was 19/85 (22%).  234	

 235	
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Post-ITx cohort (50 responses): 24/43 (56%) had completed the EQ-5D-5L with 50 recordings (mean 236	

2.1 per patient) occurring at a mean 23.9 (+/- 6.55) months following ITx. There were four (8%) 237	

responses at 3 months, five (10%) at 6 months, twelve (24%) at 12 months, and twenty seven (54%) at 238	

or beyond 24 months following ITx. 8/43 (19%) have data for both pre- and post-ITx. It is not clear 239	

for 2 responses in this cohort at what timepoint following ITx the questionnaire was completed – this 240	

has been included in the overall cohort but not for specific timepoints. 241	

 242	

IF cohort (49 responses): 31/42 (74%) HPN patients undertook 49 recordings of EQ-5D-5L, mean 1.6 243	

per patient. 15/31 (48%) undertook more than one recording of QoL separated by mean 5 (+/- 1.34) 244	

months.  245	

 246	

Ratings for QoL from individual patients in the IF cohort did not vary over the period of 247	

measurement. The VAS (Figure 5, Supplementary Table 2) demonstrated restoration of QoL 248	

following ITx to levels that even exceeds that of a stable IF cohort but that this does not occur for 6 249	

months following ITx. However, the improvement was sustained to beyond 24 months. Improvements 250	

were seen in 4 of 5 individual domains, excluding anxiety/depression, but similar to VAS not for 6 251	

months following ITx. Mobility was better following ITx than the IF cohort possibly related to fewer 252	

intravenous lines and infusions. The index values (utility scores) for this instrument followed a similar 253	

pattern to the VAS with a mean pre-ITx score 0.42 and post-ITx 0.75, comparable with the IF cohort 254	

0.68.  255	

 256	

2) SF-36 257	

Pre-ITx cohort (25 responses): 14/43 (33%) and 11/42 (26%) transplant assessment patients 258	

undertook SF-36 at assessment for ITx. This resulted in a total pre-ITx cohort of 25/85 (29%) data 259	

sets. 260	

 261	

Post-ITx cohort (41 responses): 23/43 (53%) undertook SF-36 41 times (mean 1.8 per patient) post-262	

ITx at mean 21.9 (+/- 6.5) months. There were eight (20%) responses at 3 months, four (10%) at 6 263	
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months, nine (22%) at 12 months, and sixteen (39%) at or beyond 24 months following ITx. 11/43 264	

(26%) had pre-ITx and post-ITx paired data and recorded post-ITx QoL data 25 times (mean 2.3 per 265	

patient) at mean 16.9 (+/- 7.2) months post-ITx. It is not clear for 3 responses in this cohort at what 266	

timepoint following ITx the questionnaire was completed – these have been included in the overall 267	

cohort but not for specific timepoints. 268	

 269	

IF cohort: No data.  270	

 271	

Summary scores for SF-36 both in physical and mental components (Figure 6, Supplementary Table 272	

3) were improved following ITx meeting significance only from 12 months in the physical 273	

component. Individual domains (Figure 7) demonstrate a positive effect of ITx across 6 of 8 areas. 274	

Frequently the benefits were not seen for 6-12 months following ITx but general health improves as 275	

early as 3 months post-operatively. No effect was demonstrated for emotional well-being. 276	

  277	
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Discussion 278	

The World Health Organization defines QoL as an individual’s perception of their position in life in 279	

the context of the culture and value systems in which they live and in relation to their goals, 280	

expectations, standards and concerns. Clinical studies have historically focussed on hard scientific 281	

endpoints, but increasing attention is being given to PROMs as useful measures to assess outcomes of 282	

treatments. It is, after all, a goal of any therapy to improve the quality of life of patients. Measuring 283	

QoL is therefore important to inform changes to practice and to assess the value of therapeutic 284	

interventions34.  285	

 286	

In this study we have defined the effect on QoL of ITx using different instruments, both generic (EQ-287	

5D-5L and SF-36), and disease specific (HPN/ITx-QOL). Across all instruments used, patients being 288	

assessed for ITx have a lower QoL than those established on HPN, but without complications 289	

necessitating assessment. ITx restores overall QoL to that of the patients established on HPN. 290	

Interestingly, two domains suggest QoL following ITx is even better than those established on HPN 291	

(VAS component of EQ-5D-5L, and ‘effect of underlying illness on QoL’ of HPN/ITx-QOL). Many 292	

improvements do not occur for at least 6 months post-operatively, but many continue to improve out 293	

to 12-24 months and beyond. Notably, the ability to eat and drink (an important component of 294	

everyone’s QoL) improves as early as 3 months following transplant. This is in keeping with the 295	

intended aim of ITx, to negate the further need for intravenous fluid/nutrition support, so it is 296	

encouraging to see this occurring at the earliest stage. Of concern is the apparent negative financial 297	

impact of ITx on patients and this probably represents a combination of increased travel required to 298	

attend follow up in national centres and time lost from employment. There appears to be little, if any 299	

change, in SF-36 emotional function following ITx. This suggests an ongoing adverse effect of illness 300	

on these patients, although a comparator healthy population or IF cohort was not included in this 301	

study. The extent to which this is an issue specific to ITx is therefore unclear. Perhaps surprisingly, 302	

there was no effect of ITx on body image.  303	

 304	
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Our data using EQ-5D-5L demonstrates that patients with IF who are assessed for ITx have a mean 305	

utility score of 0.42 and VAS 41.3. This is lower than that experienced by patients with many other 306	

chronic diseases. Adults with cystic fibrosis, who often require central venous access and numerous 307	

hospital admissions, have been shown to have a utility score of 0.67 and an average VAS of 71.935. 308	

Patients with mild heart failure exhibit mean utility scores of 0.78 whereas those with New York 309	

Heart Association class III-IV show a similar degree of impairment of QoL to our cohort (mean 310	

0.51)36. Another group requiring long-term central venous access are those on renal dialysis. Here, 311	

VAS scores are 60.4 for haemodialysis and 61.2 for peritoneal dialysis37 which is similar to our IF 312	

cohort (VAS 62.7). Amongst UK patients awaiting renal transplant, utility scores are 0.77, improving 313	

to 0.83 six months following transplant38. Given these data for other conditions, it is therefore 314	

encouraging that following ITx, mean utility score improves to 0.75 and VAS 73.6 although there is 315	

still work to be done to improve QoL to levels seen with renal transplantation for instance.  The 316	

findings with SF-36 are similar to those with EQ-5D-5L. Across all domains, patients assessed for ITx 317	

exhibit lower QoL than patients with cystic fibrosis39, and a number of other conditions including 318	

congestive heart failure, chronic lung disease, diabetes mellitus or arthritis40. The group with greatest 319	

similarity are patients undergoing renal dialysis where studies have previously demonstrated an 320	

appreciable effect on QoL with a beneficial effect of renal transplant41,42. Likewise, the effect of ITx 321	

in our cohort is to improve QoL across all domains although not to the same levels as renal 322	

transplantation. This likely reflects not only the conditions for which ITx is indicated but also the 323	

greater burden of the surgery on our patients.  324	

 325	

The key strengths of our study are that we have used multiple, mainly validated, instruments to 326	

measure QoL both at the generic and disease-specific level. Comparable results between different 327	

instruments provides reassurance for our conclusions that QoL improves following ITx. We have 328	

compared not only pre- versus post-ITx but also assessed the effect of time-after-transplant on 329	

different domains. Comparison with a cohort of patients stable on HPN provides a meaningful 330	

comparator for clinical practice. Our cohort sizes both for IF and ITx are comparable to or larger than 331	

other published reports. This study adds to the UK experience of ITx. Other published UK data, from 332	
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a centre undertaking full multivisceral transplantation, demonstrated a trend to improved QoL in 333	

about 50% of patients, with QoL continuing to improve with time following transplant19.  334	

 335	

There are, however limitations to this study: QoL responses were lacking for many of our patients 336	

undergoing ITx. It is possible that those who did not respond had a worse QoL, skewing our data 337	

towards demonstrating improved outcomes. Anecdotally, however, this appears unlikely from 338	

comments made in clinic and our data appears to reflect overall experience. Because there were few 339	

datasets tracking individual patients from pre- to post-ITx, data are presented as grouped data. It is not 340	

possible, therefore, to draw conclusions on QoL outcomes depending on the underlying cause of IF. 341	

Prospective, structured, longitudinal data collection is in progress. 342	

 343	

Despite the massive undertaking for patients that is ITx, the fact that QoL improved following surgery 344	

is credible. Patients are no longer reliant upon central venous catheters and the time to infuse PN, 345	

providing greater freedom and more flexibility. It is, nevertheless, essential that the ITx community 346	

develops specific tools to analyse QoL and other PROMs using a common language, similar to PNIQ 347	

for patients with IF. Mandatory reporting of long-term QoL through local and national databases 348	

could help better understand the impact of HPN and ITx on our patients.  349	

 350	

This study shows that ITx returns QoL to a similar level to patients who are well and stable on HPN. 351	

Both the VAS component of the generic EQ-5D-5L QoL questionnaire and the ‘effect of underlying 352	

illness on QoL’ of the HPN-QOL/ITx-QOL, show that QoL after ITx becomes better than observed 353	

by patients on HPN. There are improvements in pain and stoma/bowel function, but financial 354	

pressures are greater following ITx. However, given that many QoL measures post-ITx are only 355	

restored to, and do not exceed, QoL in patients stable on HPN, our findings may raise questions about 356	

poor QoL on HPN alone as an indication for ITx. Importantly, many patients on HPN with poor QoL 357	

also have other indications for ITx such as loss of vascular access or venous thromboses and therefore 358	

cannot necessarily be grouped within the ‘stable IF’ cohort. As more patients are transplanted 359	

internationally for QoL issues in the absence of other complications, tracking of QoL will be essential 360	



	 17	

to determine whether we can improve longer term QoL in this cohort through ITx or whether, indeed, 361	

ITx should be reserved only for those patients experiencing vascular or hepatic complications of long 362	

term PN.  363	

 364	

Stable IF patients and those undergoing ITx represent different patient groups along a spectrum of 365	

disease. A more systematic application of the instruments used in this study, none of which have been 366	

validated for the ITx population, may not necessarily identify important effects on QoL as patients 367	

progress along this spectrum. A disease-specific QoL tool that covers the journey of patients from IF 368	

through ITx needs to be developed using state of the art methodology to ensure not only validity, but 369	

also reliability and responsiveness. 370	

  371	
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Table 1  523	

Baseline patient demographics of patients in the ITx and IF cohorts. Data are displayed as n(%) or 524	

mean (range). The two groups were recognised to be unrelated cohorts and therefore no statistical 525	

analysis was applied to the demographic data. CRBSI = catheter-related blood stream infection; 526	

IFALD = intestinal-failure associated liver disease; QoL = quality of life.  527	

aOther includes conditions such as encapsulating peritoneal sclerosis, neuroendocrine tumours, 528	

Ehlers-Danlos type 3, autoimmune polyendocrinopathy, candidiasis and ectodermal dysplasia 529	

syndrome (APECED), ulcerative colitis, radiation enteropathy, and other causes of short/ultra-short 530	

bowel. 531	

b14 patients in this group received PN for an unknown duration prior to ITx. 532	

cOne patient did not receive PN before ITx. 533	

dThese patients were all referred to another centre to receive a liver graft in addition to intestine. 534	

eData only available for 23/42 patients in this group. 535	

fData only available for 38/43 patients in this group. 536	

 ITx cohort 

(assessed but not 

transplanted) 

(n=42) 

ITx cohort  (assessed 

and transplanted) 

(n=43) 

IF cohort (n=42) 

Age (years) 48.1 (21-69) 42.0 (23-73) 53.0 (21-86) 

Gender (M) 17 (40) 25 (58) 22 (52) 

Causes of IF    

Crohn’s disease 9 (21) 8 (19) 22 (52) 

Dysmotility 6 (14) 6 (14) 3 (7) 

Mesenteric ischaemia 12 (29) 8 (19) 4 (10) 

Surgical complications 4 (10) 5 (12) 3 (7) 

Desmoid 2 (5) 4 (9) 0 (0) 

Pseudomyxoma peritonei 6 (14) 8 (19) 1 (2) 
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Othera 23 (55) 4 (9) 9 (21) 

Months on PN 86 (1-240)b 42 (0-198)c 55 (3-186) 

PN-related complications     

CRBSI 10 (24) 15 (35) 18 (43) 

Thrombosis 15 (36) 17 (40) 1 (2) 

IFALD (cholestasis alone, 

bilirubin>17.1µmol/l) 
7 (17) 5 (12) 12 (29) 

IFALD (impending liver failure, 

bilirubin >54µmol/l) 
3 (7) 2 (5) 1 (2) 

IFALD (overt liver failure) 3 (7)d 0 (0) 0 (0) 

IFALD (unknown) 0 (0) 0 (0) 1 (2) 

Primary indication(s) for ITx 

assessment  
   

CRBSI 0 (0) 1 (2) Not applicable 

Thrombosis 4 (10) 5 (12) Not applicable 

IFALD 5 (12) 0 (0) Not applicable 

Ultra-short bowel syndrome 11 (26) 10 (23) Not applicable 

Intra-abdominal malignancy 

(desmoid, neuroendocrine 

tumour, pseudomyxoma peritonii) 

9 (21) 13 (30) Not applicable 

QoL 3 (7) 4 (9) Not applicable 

Chronic rejection 0 (0) 1 (2) Not applicable 

Visceral neuromyopathy 2 (5) 3 (7) Not applicable 

Mucosal disease 1 (2) 6 (14) Not applicable 

Other 2 (5) 0 (0) Not applicable 

Unknown 5 (12) 0 (0) Not applicable 

Marital status    
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Single 9 (21) 13 (30) 14 (33) 

Married 12 (29) 26 (60) 19 (45) 

Separated/Divorced 4 (10) 3 (7) 3 (7) 

Widowed 0 (0) 0 (0) 4 (10) 

Unknown 17 (40) 1 (2) 2 (5) 

Employment status    

Employed/Self-employed full time 2 (5) 4 (9) 6 (14) 

Employed/Self-employed part 

time 
2 (5) 9 (21) 12 (29) 

Retired 2 (5) 5 (12) 9 (21) 

Unemployed 7 (17) 21 (49) 13 (31) 

Full time education 1 (2) 0 (0) 0 (0) 

Volunteer work 1 (2) 0 (0) 0 (0) 

Unknown 27 (64) 4 (9) 2 (5) 

Living arrangements    

Alone 7 (17) 8 (19) 7 (17) 

With family 21 (50) 32 (74) 23 (55) 

Unknown 14 (33) 3 (7) 12 (29) 

Highest educational attainment    

School 0 (0) 6 (14) 0 (0) 

College 0 (0) 0 (0) 0 (0) 

Undergraduate 0 (0) 2 (5) 0 (0) 

Postgraduate 0 (0) 1 (2) 0 (0) 

Unknown 42 (100) 34 (79) 42 (100) 

Smoker (Yes) 8 (19)e 7 (16)f 6 (19) 

 537	

  538	
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Figure 1 539	

Flow of patients following referral and rates of completion of QoL instruments. a1 patient assessed 540	

and transplanted twice due to chronic rejection. b1 patient awaiting treatment with teduglutide, 1 541	

underwent debulking surgery for pseudomyxoma peritonei, 2 underwent IF surgery to restore 542	

continuity. ICU = Intensive Care Unit, ITx = intestinal transplant, QoL = quality of life. 543	

  544	

ALL	PATIENTS	
REFERRED
n=123

ASSESSED
n=85a

TRANSPLANTED
n=43

Post-ITx	QoL	assessed
n=34

1	instrument	=	6
2	instruments	=	9
3	instruments	=	13

Pre-ITx	QoL	assessed
n=34

1	instrument	=	10
2	instruments	=	14
3	instruments	=	9

Not	transplanted
n=42

Patient	choice	=	7
Not	indicated	=	3
Too	unwell	=	15

Died	=	3
Advanced	disease	=	3

Referred	for	liver	graft	=	5
No	ICU	bed	=	1

Psychiatric	comorbidity	=	1
Other	=	4b

Pre-ITx	QoL	assessed
n=13

1	instrument	=	5
2	instruments	=	5
3	instruments	=	3

Not	assessed
n=39

Patient	choice	=	11
Not	indicated	=	8
Too	unwell	=	4

Died	=	7
No	funding	=	2

Advanced	disease	=	1
Seen	in	another	centre	=	2
Social	circumstances	=	1

Unknown	=	3



	 29	

Figure 2 545	

Functional scales and outcomes of the HPN-QOL and ITx-QOL. Improvements were seen across most domains following transplant (A-E, H) with some 546	

improvements occurring at 3 months in ability to travel and with oral intake (B, E). Notably, issues such as employment and sexual function were late to 547	

improve following transplant (F, G). Data is displayed as mean +/- standard deviation with higher scores indicative of better outcomes. Number of responses 548	

in each category are IF (53), pre-ITx (20), post-ITx (all) (30), 3m (9), 6m (5), 12m (7), and >24m (9). Statistical comparisons are by unpaired, two-tailed t-test 549	

(* p<0.0332, ** p<0.0021, **** p<0.0001) or one-way ANOVA with Bonferroni correction (° p<0.0332, °° p<0.0021, °°° p<0.0002). IF = intestinal failure; 550	

ITx = intestinal transplant. 551	
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Figure 3 555	

Symptom scales and outcomes of the HPN-QOL and ITx-QOL. Statistical improvement was seen for improvement in gastrointestinal symptoms (F), other 556	

pain (G), and stoma/bowel function (H) following transplant but financial issues (I) persisted following transplant and were worse than in the IF cohort. 557	

Fatigue was worse in those patients undergoing transplant assessment compared to the IF cohort not requiring transplant assessment (D). Data is displayed as 558	

mean +/- standard deviation with higher scores indicative of worse symptoms. Number of responses in each category are IF (53), pre-ITx (20), post-ITx (all) 559	

(30), 3m (9), 6m (5), 12m (7), and >24m (9). Statistical comparisons are by unpaired, two-tailed t-test (* p<0.0332, ** p<0.0021, *** p<0.0002) or one-way 560	

ANOVA with Bonferroni correction (° p<0.0332). IF = intestinal failure; ITx = intestinal transplant. 561	
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Figure 4 563	

Overall quality of life measures of the HPN-QOL and ITx-QOL. Quality of life improved across all domains following transplant (A-C) compared with pre-564	

transplant. Data is displayed as mean +/- standard deviation with higher scores indicative of improved quality of life. Number of responses in each category 565	

are IF (53), pre-ITx (20), post-ITx (all) (30), 3m (9), 6m (5), 12m (7), and >24m (9). Statistical comparisons are by unpaired, two-tailed t-test (* p<0.0332, ** 566	

p<0.0021, *** p<0.0002) or one-way ANOVA with Bonferroni correction (° p<0.0332). IF = intestinal failure; ITx = intestinal transplant. 567	
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Figure 5 571	

Responses to the EQ-5D-5L questionnaire between groups. Data demonstrated an improved overall quality of life following intestinal transplant comparable 572	

with the IF cohort. The changes were predominantly after 6 months following transplantation but appear durable to beyond 24 months. Particular 573	

improvement was seen within the usual activity (C) and pain/discomfort (D) domains. Scores for mobility (A), self-care (B), usual activity (C), 574	

pain/discomfort (D), and anxiety/depression (E) are rated from 1-5 with 1 indicating the best health state within that category and 5 the worst. Index values 575	

(F), calculating utility, is rated from 0-1 with higher utility reflective of increased quality of life. Visual analogue scale (G) is rated from 0-100 with higher 576	

scores indicating a better health state. Data is displayed as mean +/- standard deviation. Number of responses in each category are IF (49), pre-ITx (19), post-577	

ITx (all) (50), 3m (4), 6m (5), 12m (12), and >24m (27). Statistical comparisons are by unpaired, two-tailed t-test (* p<0.0332, ** p<0.0021, *** p<0.0002, 578	

**** p<0.0001) or one-way ANOVA with Bonferroni correction (° p<0.0332, °° p<0.0021, °°° p<0.0002). No statistics were performed on the index values. 579	

IF = intestinal failure; ITx = intestinal transplant. 580	

 581	
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Figure 6 583	

Summary scores for the SF-36 questionnaire between groups. Data demonstrated an improved overall quality of life following intestinal transplant compared 584	

to pre-transplant in both mental (A) and physical (B) component scores. This was significant for the physical component from 12 months after transplant but 585	

durable to beyond 24 months. A similar absolute improvement was seen for the mental component but this did not meet statistical significance. Data is 586	

displayed as mean +/- standard deviation with higher scores indicating a better quality of life. Number of responses in each category are pre-ITx (25), post-587	

ITx (all) (41), 3m (8), 6m (4), 12m (9), and >24m (16). Statistical comparisons are by unpaired, two-tailed t-test (** p<0.0021, *** p<0.0002) or one-way 588	

ANOVA with Bonferroni correction (°° p<0.0021). IF = intestinal failure; ITx = intestinal transplant. 589	
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Figure 7 594	

Scores for individual domains of the SF-36. Absolute scores for SF-36 increased across all domains following intestinal transplant although did not meet 595	

statistical significance for role limitations due to emotional problems (C) or emotional well-being (E). Improved scores were seen particularly beyond 12 596	

months after transplant although general health (H) improved as early as 3 months. Data is displayed as mean +/- standard deviation with higher scores 597	

indicating a better quality of life. Number of responses in each category are pre-ITx (25), post-ITx (all) (41), 3m (8), 6m (4), 12m (9), and >24m (16). 598	

Statistical comparisons are by unpaired, two-tailed t-test (* p<0.0332, *** p<0.0002, **** p<0.0001) or one-way ANOVA with Bonferroni correction (° 599	

p<0.0332, °° p<0.0021). IF = intestinal failure; ITx = intestinal transplant. 600	
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Supplementary Table 1 603	

Mean and standard deviation of responses to the HPN-QOL (IF and pre-ITx) or ITx-QOL (post-ITx) instruments. Number of responses in each category are 604	

IF (53), pre-ITx (20), post-ITx (all) (30), 3m (9), 6m (5), 12m (7), and >24m (9). IF = intestinal failure; ITx = intestinal transplant; SD = standard deviation. 605	

  606	

General	Health Holiday	&	

Travel

Physical	

Function

Coping Eating	&	

Drinking

Employment Sexual	Function Emotional	

Function

Nutrition	Team Pump Body	Image

IF

Mean 77.36 68.27 52.61 66.88 74.04 47.76 20.49 62.50 87.33 81.88 31.41

SD 20.37 21.22 24.92 20.46 23.67 38.49 24.37 25.65 21.18 26.95 26.74

Pre-ITx

Mean 56.58 19.08 35.83 54.39 44.17 32.50 21.30 40.83 78.33 76.19 44.12

SD 31.00 20.57 21.31 30.07 19.70 28.85 30.68 30.34 29.17 27.51 26.97

Post-ITx	(all)

Mean 81.45 63.79 57.03 71.38 79.80 44.62 30.36 63.64 No	data No	data 39.06

SD 22.33 28.42 31.04 26.65 28.49 38.10 28.71 23.28 No	data No	data 25.61

3m

Mean 77.78 60.94 36.46 55.56 77.78 16.67 14.29 52.78 No	data No	data 40.74

SD 15.02 18.22 24.37 26.64 30.05 15.43 11.50 29.76 No	data No	data 27.78

6m

Mean 100.00 87.50 73.33 84.44 100.00 66.67 23.33 66.67 No	data No	data 29.17

SD 0.00 17.68 19.00 16.85 0.00 42.49 27.89 15.59 No	data No	data 25.00

12m

Mean 87.50 75.00 60.71 77.78 83.33 36.11 30.56 76.19 No	data No	data 41.67

SD 13.69 13.69 26.23 19.25 25.46 38.61 26.70 21.21 No	data No	data 22.97

>24m

Mean 86.11 65.63 69.44 82.72 83.33 62.96 61.90 69.44 No	data No	data 48.15

SD 22.05 31.87 36.56 26.12 23.57 37.99 24.93 18.63 No	data No	data 25.61

Weight Immobility Fatigue Sleep Gastrointestinal	

symptoms

Other	pain Stoma	&	bowel	

function

Financial	issues QoL	overall QoL	due	to	

HPN/ITx

QoL	due	to	

underlying	

illness

IF

Mean 36.05 31.11 44.12 45.33 17.52 37.18 30.13 21.38 6.71 2.17 -1.16

SD 38.99 25.74 28.45 30.68 18.97 27.14 21.14 32.75 1.95 2.83 3.12

Pre-ITx

Mean 48.33 41.67 65.83 50.00 42.22 55.00 43.89 43.33 4.71 -0.47 -2.59

SD 41.15 28.27 29.85 38.24 30.93 34.24 40.82 34.37 2.69 3.58 3.26

Post-ITx	(all)

Mean 30.30 40.83 50.51 56.25 22.22 25.25 18.18 44.44 6.97 2.81 0.84

SD 31.58 31.12 29.01 39.20 21.34 23.98 29.57 30.74 2.24 2.50 3.61

3m

Mean 18.52 58.33 68.52 70.37 20.99 27.78 11.11 58.33 6.25 2.67 1.56

SD 17.57 24.10 26.93 35.14 24.50 28.87 18.63 29.55 1.16 2.12 3.13

6m

Mean 40.00 38.67 40.00 41.67 15.56 6.67 6.67 58.33 8.20 4.50 3.20

SD 43.46 32.80 14.91 31.91 14.91 14.91 14.91 31.91 0.45 0.58 2.49

12m

Mean 28.57 24.76 50.00 61.90 28.57 35.71 35.71 27.78 7.00 3.50 1.20

SD 35.63 25.45 31.91 40.50 23.88 24.40 39.00 25.09 2.00 1.38 2.49

>24m

Mean 29.63 39.17 38.89 48.15 27.16 22.22 12.96 37.04 7.22 3.44 -0.11

SD 35.14 36.07 33.33 50.31 21.60 22.05 16.20 26.06 3.03 2.30 4.70
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Supplementary Table 2 607	

Mean and standard deviation of responses to the EQ-5D-5L instrument. Index score is equivalent to utility score. Number of responses in each category are IF 608	

(49), pre-ITx (19), post-ITx (all) (50), 3m (4), 6m (5), 12m (12), and >24m (27). IF = intestinal failure; ITx = intestinal transplant; SD = standard deviation; 609	

VAS = visual analogue scale. 610	

  611	

Mobility Self-care Usual	Activity Pain	&	discomfort Anxiety	&	depression VAS Index	score

IF
Mean 1.78 1.41 2.08 2.35 1.94 62.7 0.68
SD 0.84 0.67 1.20 1.00 1.11 21.2 0.24

Pre-ITx
Mean 2.26 1.84 3.21 3.26 1.89 41.3 0.42
SD 1.19 1.07 1.27 1.37 0.94 24.5 0.33

Post-ITx	(all)
Mean 1.38 1.30 2.04 1.94 1.60 73.6 0.75
SD 0.67 0.68 0.98 1.02 0.86 21.6 0.21

3m
Mean 1.25 1.25 3.00 1.75 2.00 71.3 0.68
SD 0.50 0.50 1.00 0.50 0.82 8.5 0.08

6m
Mean 1.20 1.00 1.60 1.40 1.60 85.6 0.85
SD 0.45 0.00 0.55 0.55 0.89 9.2 0.12

12m
Mean 1.33 1.42 1.83 1.92 1.75 75.8 0.75
SD 0.65 0.67 1.03 1.00 1.14 17.3 0.24

>24m
Mean 1.48 1.33 2.07 2.07 1.52 70.4 0.74
SD 0.75 0.78 1.00 1.17 0.75 26.2 0.23
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Supplementary Table 3 612	

Mean and standard deviation of responses to the SF-36 instrument. Number of responses in each category are pre-ITx (25), post-ITx (all) (41), 3m (8), 6m (4), 613	

12m (9), and >24m (16). IF = intestinal failure; ITx = intestinal transplant; SD = standard deviation. 614	

 615	

Mental	
Component	
Score	
Summary

Physical	
Component	
Score	
Summary

Physical	
functioning

Role	
limitations	
due	to	
physical	
health

Role	
limitations	
due	to	
emotional	
problems

Energy	&	
fatigue

Emotional	
well-being

Social	
functioning

Pain General	
health

IF
Mean No	data No	data No	data No	data No	data No	data No	data No	data No	data No	data
SD No	data No	data No	data No	data No	data No	data No	data No	data No	data No	data

Pre-ITx
Mean 44.10 29.77 39.56 19.33 56.00 29.27 61.68 37.50 41.80 23.07
SD 24.96 24.95 29.32 33.40 44.85 22.15 20.71 32.27 30.53 20.08

Post-ITx	(all)
Mean 63.44 56.53 68.48 45.77 67.12 53.03 69.31 69.60 74.20 48.57
SD 28.34 27.38 26.25 42.49 43.78 25.46 24.01 30.04 29.57 22.99

3m
Mean 42.10 35.70 53.13 21.88 58.33 38.13 62.63 50.00 73.75 49.84
SD 28.11 24.88 27.64 36.44 46.29 15.21 15.37 29.12 18.27 25.22

6m
Mean 67.23 66.41 68.75 37.50 58.33 47.50 61.00 75.00 91.88 67.50
SD 17.78 15.99 15.48 32.27 50.00 33.29 44.47 20.41 16.25 15.55

12m
Mean 73.97 67.69 79.63 55.56 77.78 63.70 72.44 81.94 85.56 50.00
SD 26.69 22.36 12.16 44.68 44.10 25.51 18.70 22.63 24.84 21.36

>24m
Mean 71.39 61.52 70.20 61.05 78.25 57.03 75.05 75.22 68.41 46.43
SD 27.34 29.41 28.25 45.46 36.60 26.34 25.13 32.39 34.33 24.66


