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Advances in medicine allow children with previously fatal conditions to survive longer and
present as transplant candidates; some requiring multiple solid-organ transplants (MSOT).
There is limited data on clinical outcomes and no data on quality of life (QoL). In this mixed
methods cohort study clinical outcomes from the NHSBT registry were analysed for all
patients who received a kidney and one other solid-organ transplant as a child between
2000 and 2021 in the UK. QoL was measured using the PedsQL 3.0 Transplant Module
questionnaire. 92 children met the inclusion criteria: heart/heart-lung and kidney (n = 15),
liver and kidney (n = 72), pancreas and kidney (n = 4) and multivisceral (n = 1). Results
showed excellent patient and graft survival, comparable to single-organ transplants.
Allograft survival and rejection were significantly better in patients with combined liver
and kidney transplants compared to patients with sequential liver and kidney transplants.
QoL was excellent with a mean score of 74%. Key findings included a significant
improvement in QoL post-transplant. This is the first study to look at clinical and QoL
outcomes in MSOT recipients. The results indicate excellent long-term outcomes. All
children born with conditions leading to end-stage disease in multiple solid-organs should
be assessed as transplant candidates.
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GRAPHICAL ABSTRACT |

INTRODUCTION

Advances in modern medicine mean that more babies born
with complex health conditions survive into childhood,
resulting in an increasing number requiring multiple
different solid organ transplants (MSOT) (for example,
there were only 2 such transplants in the year 2000 in the
UK, and 15 years later there was as many as 8 in 1 year [1]).
These patients have unique healthcare needs that have not yet
sufficiently been explored. Some of these children will have
metabolic conditions, and present at an earlier age, bringing
challenges in finding size-matched grafts but also in creating
adequate vascular anastomosis and achieving abdominal
closure for those receiving a graft from an adult. Some
children with single-organ transplants go on to need a
second organ, (thereby making them MSOT candidates)
and for these children sensitisation from their prior
transplants can be a significant issue. Caring for a child
with one transplanted organ is challenging enough, so it
follows that children with MSOT can provide extra
challenges for patients and healthcare professionals in both
paediatric, and subsequently adult settings.

Despite the increasing number of children requiring
MSOT, there is still no large-scale registry data published
on their long-term outcomes nor data on how these patients
do once they reach adulthood [2–11]. Within the existing
limited evidence, there is an ongoing debate as to whether
liver and kidney transplants have better outcomes if they
are done combined or sequentially. There is a suggested

immunological advantage of combined transplants with
data showing that the presence of a liver graft from
the same donor has an immunological protective effect,
with various possible explanations [3, 12–15]. However,
some studies report a higher rate of complications and
mortality in the first year post-combined liver and kidney
transplant (CLKT) when compared to patients undergoing
sequential liver and kidney transplants (SLKT), isolated liver
transplants (LT) or isolated kidney transplant (KT) [2, 3]. At
present, there is no clear consensus favouring one
over another.

Furthermore, there is no available data on quality of life (QoL)
outcomes for these children. QoL is a crucial aspect of patient’s
outcomes; studies have shown increased stress, anxiety and a
poorer QoL is correlated with medication non-adherence
[16–18]. Medication non-adherence, particularly in
adolescents, is a widely reported issue that can lead to more
hospitalizations, graft loss and poorer health outcomes [19] so it
is key to explore this issue further.

This study is a mixed-methods cohort study that is the first
registry study analysis on children with MSOT and to our
knowledge, the first one to investigate their QoL. Moreover,
it’s one of the largest cohorts of MSOT patients reported and
the only one to follow these patients into adulthood. The aim was
the following:

To review the long-term clinical outcomes and gain a better
understanding of the quality of life of all patients receiving more
than one different solid organ transplant during childhood
between 2000 and 2021 in the UK.
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MATERIALS AND METHODS

Those who had received a kidney, plus a minimum of one other
solid-organ transplant (either combined or sequentially) in the
United Kingdom (UK) before their 18th birthday were eligible for
inclusion. The timeframe selected was January 2000 to May 2021.
All clinical outcome data was requested and provided by NHS
Blood and Transplant (NHSBT) from the UK Transplant registry
(UKTR) which includes extensive data on all patients that are
listed for transplant, all donors and all transplant outcomes.
Informed consent for data collection is obtained from
recipients and donor next of kin by NHSBT at the time of
listing for transplant/donation. All patient follow-up data was
based upon their status on the registry in December 2021. The full
details of the UKTR dataset and the variables collected can be
viewed online [1]. Throughout this manuscript when
abbreviating types of transplants we have described
simultaneous transplants as combined (e.g., combined liver
and kidney transplant (CLKT)) with multiple different single-
organ transplants as sequential transplants (e.g., sequential liver
and kidney transplant (SLKT)). We have done this to easier be
able to differentiate between the two.

All surviving patients and their families were contacted either
via a phone call or at their clinic appointments. They were
contacted a maximum of two times and were given an
information sheet to allow them to make an informed choice
on whether they wanted to consent for the QoL arm of the study.
Both patients and parents were asked to complete the PedsQL
3·0 Transplant Module questionnaire either online or on paper
[20], with the parent copy of the questionnaire asking parents
how they thought their child’s QoL was. The questionnaire
assesses how often different aspects of their life are impacted
by their transplants, including categories on medication burden,
physical appearance, worries, fitting in with their peers etc. Parent
copies were given to parents of patients <18 years old and to
parents of adult patients where possible. Scores were out of
100 and higher scores indicate a better QoL. Prior to data
collection, the authors deemed a score >70 to suggest good
QoL to improve understanding of the scores for readers of the
manuscript. However, the original tool does not have any
validated score cut-offs so this is specific to this study and has
not been validated. The questionnaire has age-appropriate
versions for 2–4, 5–7, 8–12, 13–18, and >18 years old.
Participants were given the opportunity to add any additional
comments to the questionnaires about their QoL in a free-text
section at the end. Questionnaires were fully anonymised.

IBM Statistical Package for Social Sciences (SPSS) Version
28 [21] was used for all statistical analyses. Patient and graft
survival was estimated using Kaplan-Meier analysis and log-rank
testing was used to assess comparisons. Multivariable linear
regression analysis was carried out where possible. Regression
analysis was carried out with the following variables: type of
transplant, age at transplant, dialysis status pre-transplant, donor
type and underlying disease. P-values, with a threshold of
significance of p < 0·05, are displayed as a measure of
significance. In the QoL arm of the study, patients were also
compared based on age at transplantation by the following

groups: <4, 5–7, 8–12, 13–18 years old at time of
transplantation. For QoL data, both statistically significant
differences and clinically significant differences were reported
using Minimally Important Difference values of 0.5 the standard
deviation [22]. When data was used for multiple comparisons
Bonferroni corrections were implemented. Free-text responses
were analysed through thematic analysis [23] to further explore
the quantitative data on quality of life in more detail, and add
depth to our data on quality of life in MSOT-recipients. Two co-
authors read through all the raw data independently to familiarise
themselves with the data. Initial codes were identified in the data
and then these were grouped into themes. These themes were
then compared between the two authors and reviewed and
revised. During this process further sub-themes were then
identified from the initial codes identified from the raw data.

This study required full ethics approval from the NHS Health
Research Authority which was approved under IRAS project ID
number 297707 in June 2021. The study was completed in full
accordance with ethics approval requirements.

RESULTS

Demographics and Background
Information
In total, 92 children had MSOT including a kidney, in the UK
during the study period. The transplant types, basic
demographics and transplant details can be seen in Table 1.

Underlying medical conditions can be seen in Supplementary
Material S1.

Clinical Outcomes
The median follow-up times post-transplant for the different
transplant types can be seen in Table 2. In the SLKT group there
was a median of 2 years between liver and kidney transplants, in
the H/HLKT group there was a median of 9.5 years between the
heart/heart-lung and kidney transplant.

Clinical Outcomes: Allograft Function
Serum creatinine levels remained stable at 3 months, one and
5 years post-KT (mean 82 ± 54, 82 ± 69, and 93 ± 44 μmol/L
respectively). There was no statistically significant difference
between the transplant types. However, when comparing those
with kidney and liver transplants, the serum creatinine was
significantly lower at 5 years post-transplant for patients in
whom both organs had come from the same donor
(i.e., combined transplant from one deceased donor or
sequential transplants from the same living donor) (82 μmol/L
vs. 104 μmol/L, p = 0·02).

For patients undergoing H/HLT, prior to transplant the
majority (66% n = 6) were classified as New York Heart
Association (NYHA) Heart Failure Class IV [24]. At 10 years
post-transplant, 100% of patients were classified as NYHA Heart
Failure Class I [24]. At 10 years post-H/HLT, patients had an
average of seven hospital admissions post-transplant.

Patients had a median of five and four (CLKT and SLKT
respectively) hospital admissions in the first 5 years post-
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transplant and their lifestyle activity score significantly improved
post-transplant, where pre-transplant only 5% of patients were
able to carry out normal activity without restriction and post-
transplant this increased to 79% (p < 0·01).

Clinical Outcomes: Rejection
In the first 5 years post-transplant, 7 patients (7%) had
experienced episodes of kidney rejection. These occurred in
9% (n = 3) of CLKT patients, 9% (n = 1) of SLKT patients
and 20% (n = 3) of heart/heart-lung and kidney transplant (H/
HLKT) patients. 14 patients (19%) had experienced episodes of
liver rejection, which was significantly higher in SLKT patients

(n = 5, 36% vs. n = 9, 10%, p = 0.01) in the first 5 years post-
transplant. 4 patients (27%) had experienced episodes of heart
rejection at 5 years post-transplant. Multivariable analysis did not
find any variables that significantly impacted episodes of any
graft rejection.

Clinical Outcomes: Graft Survival
Patients with grafts from the same donor were less likely to lose
their kidney grafts than patients with grafts from different donors
(p < 0·01). Similarly, CLKT patients were less likely to lose their
liver graft than SLKT patients (p < 0·01). The causes of graft loss
can be seen in Supplementary Material S1.

TABLE 1 | Sex distribution, ethnicities and median ages at time of transplantation organ donor demographics, graft types, HLA match types, and median waiting list times
across the different transplant types. Kidney match type is categorised as per NHS Blood and Transplant with favourable including one of the following HLAmismatches:
000, 100, 010 or 110. Letters within the table signify a significant difference (p < 0·05) between variables containing the same letter.

Total n = 92 Liver and kidney (n = 72) Heart and kidney (n = 15) Pancreas and
kidney n = 4

Multivisceral
n = 1Combined

n = 53
Sequential

n = 19
Combined

n = 1
Sequential

n = 14

Sex (%) Male 52 (57) 33 (62) 9 (47) 0 (0) 9 (64) 1 (25) 0 (0)
Female 40 (43) 20 (38) 10 (53) 1 (100) 5 (36) 3 (75) 1 (100)

Ethnicity (%) Asian 14 (15) 9 (17) 3 (16) 0 (0) 2 (14) 0 (0) 0 (0)
Black 1 (1) 0 (0) 0 (0) 0 (0) 1 (7) 0 (0) 0 (0)
White 70 (76) 42 (79) 12 (63) 1 (100) 11 (79) 4 (100) 0 (0)
Other 7 (8) 2 (4) 4 (21) 0 (0) 0 (0) 0 (0) 1 (100)

Median age at time of
transplant in years
(range)

Kidney 8 (1–17) 7 (1–16) 5 (1–16) 11 13·5 (5–17) 16 (15–17) 12
Liver 6 (0–19) 7 (1–16) 2 (0–17) - - - -
Heart 4 (0–12) - - 11 3 (0–12) - -
Heart-Lung 4·5 (4–5) - - - 4.5 (4–5) - -
Pancreas 16 (15–17) - - - - 16 (15–17) -
Multivisceral 12 - - - - - 12

Kidney Donor Type (%) DBD 76 (82) 52 (98) 8 (42) 1 (100) 7 (50) 4 (100) 1 (100)
Living
Related

16 (18) 1 (2) 11 (58) 0 (0) 7 (50) 0 (0) 0 (0)

Liver Donor Type (%) DBD 64 (89) 52 (98) 12 (63) - - - -
DCD 1 (1) 0 (0) 1 (6) - - - -
Living
Related

7 (10) 1 (2) 6 (31) - - - -

Median Donor Age
(range)

Kidney 31 (5–54) 25 (5–49) 34 (12–52) 9 45 (30–54) 27·5 (14–45) 24
Liver 24·5 (5–57) 25 (5–49) 28 (6–57) - - - -
Heart 9 (0–39) - - 9 7 (0–39) - -
Heart-Lung 4 (2–6) - - - 4 (2–6) - -
Pancreas 27·5 (14–45) - - - - 27·5 (14–45) -
Multivisceral 24 - - - - - 24

Kidney Match Type (%) Favourable 20 (22) 4 (8) 9 (47) 0 (0) 6 (43) 1 (25) 0 (0)
Non-
Favourable

72 (78) 49 (92) 10 (53) 1 (100) 8 (57) 3 (75) 1 (100)

Liver Graft Type (%) Reduced 14 (19) 6 (12) 8 (42) - - - -
Split 38 (53) 32 (60) 6 (32) - - - -
Whole 20 (28) 15 (28) 5 (26) - - - -

Pre-emptive Kidney
Transplant (%)

Yes 59 (64) 27 (51) b,c 2 (10) b 1 (100) 2 (15) c 0 (0) 1 (100)
No 33 (36) 25 (49) 17 (90) 0 (0) 12 (85) 4 (100) 0 (0)

Median Days Spent on
the Waiting List (range)

Kidney 210
(13–2,287)

109
(13–1,430) a

504
(39–1,552) a

Not Reported 145
(30–2,287)

219 (175–2,287) 178

Liver Not reported 109
(13–1,430)

Not Reported - - - -

Heart 111 (1–347) - - Not Reported 111 (1–347) - -
Heart-Lung 510 (99–921) - - - 510 (99–921) - -
Pancreas 219

(175–2,287)
- - - - 219 (175–2,287) -

Multivisceral 178 - - - - - 178

DBD, Donation after brainstem death; DCD, donation after circulatory determination of death.
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TABLE 2 | Median follow up times post-transplant across the different transplant types.

Total (n = 92) Liver and kidney (n = 72) Heart and kidney (n = 15) Pancreas and
kidney (n = 4)

Multivisceral
(n = 1)CLKT

(n = 53)
SLKT
(n = 19)

CHKT
(n = 1)

SHKT
(n = 14)

Median Follow up Time (years) Post-Kidney
Transplant (Range)

8·4 (0–22·5) 8·8
(0·2–22·5)

7·3 (0–18·6) 9·8 7·6 (0·9–15·6) 6·5 (0–16·4) 1·0

Median Follow up Time (years) Post-Liver
Transplant (Range)

8·7 (0·1–26·9) 8·8
(0·2–22·5)

7·3
(0·1–26·9)

- - - -

Median Follow up Time (years) Post-Heart
Transplant (Range)

14·6
(3·0–29·6)

- - 9·8 14·2
(3·0–29·6)

- -

Median Follow up Time (years) Post-Heart-
Lung Transplant (Range)

23·2
(21·9–24·4)

- - - 23.2
(21.9–24.4)

- -

Median Follow up Time (years) Post-
Pancreas Transplant (Range)

6·5 (0–16·4) - - - - 6·5 (0–16·4) -

Median Follow up Time (years) Post-
Multivisceral Transplant (Range)

1·0 - - - - - 1·0

CLKT, Combined Liver and Kidney Transplant; SLKT, Sequential Liver and Kidney Transplant; CHKT, Combined Heart and Kidney Transplant; SHKT, Sequential Heart and Kidney
Transplant.

TABLE 3 |Graft and death-censored graft survival at 1, 3, 5, and 10 years post-transplant for different transplant types. Letters within the table signify a significant difference
(p < 0·05) between variables containing the same letter.

Total
(n = 92)

Liver and kidney (n = 72) Heart/Heart-lung and
kidney (n = 15)

Pancreas and kidney
(n = 4)

Multi-visceral
(n = 1)CLKT

(n = 53)
SLKT
(n = 19)

Kidney Graft Survival (%) 1 year 91 91 94 93 50 100
3 years 85 87 89 93 50 0
5 years 83 85 83 86 50 0
10 years 77 81 83 47 50 0

Death Censored Kidney Graft
Survival (%)

1 year 91 92 94 93 50 100
3 years 88 91 89 93 50 0
5 years 86 89 89 86 50 0
10 years 82 85 89 62 50 0

Liver Graft Survival (%) 1 year 92 96 a 79 a - - 100
3 years 89 92 b 79 b - - 0
5 years 89 92 c 79 c - - 0
10 years 86 92 d 68 d - - 0

Death Censored Liver Graft
Survival (%)

1 year 93 98 e 79 e - - 100
3 years 92 96 f 79 f - - 0
5 years 92 96 g 79 g - - 0
10 years 89 96 h 68 h - - 0

Heart/ Heart-Lung Graft Survival (%) 1 year 100 - - 100 - -
3 years 100 - - 100 - -
5 years 100 - - 100 - -
10 years 80 - - 80 - -

Death Censored Heart/ Heart-Lung
Graft Survival (%)

1 year 100 - - 100 - -
3 years 100 - - 100 - -
5 years 100 - - 100 - -
10 years 87 - - 87 - -

Pancreas Graft Survival (%) 1 year 75 - - - 75 -
3 years 75 - - - 75 -
5 years 50 - - - 50 -
10 years 50 - - - 50 -

Multi-visceral Graft Survival (%) 1 year 100 - - - - 100
3 years 0 - - - - 0
5 years 0 - - - - 0
10 years 0 - - - - 0

CLKT = Combined Liver and Kidney Transplant, SLKT = Sequential Liver and Kidney Transplant.
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Liver graft survival was found to be significantly better in
CLKT patients compared to SLKT patients (p < 0·01). There was
no significant difference in kidney graft survival between the

CLKT and SLKT group, however kidney graft survival was
significantly better in liver and kidney patients compared to
heart/heart-lung and kidney patients (p < 0·01). However once

FIGURE 1 | (A) Kaplan Meier Graph showing the kidney graft survival for different types of transplants, p < 0.01, (B) Kaplan Meier Graph showing the graft survival
of liver, heart and pancreas grafts, p < 0.01.
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death-censored this difference was no longer significant.
Multivariable analysis did not find any other variables which
impacted graft survival. There was no significant difference in
graft survival for children transplanted at different ages (p = 0.55).
Graft survival can be seen in Table 3 and Kaplan-Meier curves for
graft survival can be seen in Figures 1A, B.

Clinical Outcomes: Patient Survival
Overall, 14 patients died during the study period, this was not
significantly different between the transplant types. Causes of
death can be seen in Supplementary Material S1.

There was no significant difference in the patient Kaplan-
Meier survival rates and multivariable analysis found no variables
that significantly impacted these. There was no significant
difference in patient survival for children transplanted at
different ages (p = 0.55). The patient survival can be seen in
Table 4 and the Kaplan-Meier survival curves can be seen in
Figures 2A, B.

Quality of Life
Out of the 78 surviving patients, 46 were identified through their
local transplant centre. Of these, we were able to contact and
consent 37 to the QoL arm of the study. Finally, Thirty-one
families returned their questionnaires which included 29 patients
and 24 parents. The distribution across the different transplant
types was representative of the number of patients of each
transplant type in the clinical arm of the study (20 CLKT
patients, 8 SLKT patients, 8 HKT patients). The median age of
the patients at the time of participation was 16 years (ranging
between 4 and 32 years old). 21 were still under the age of 18 and
10 had become adults. The median time since transplantation was
7 years (range 0·3–17·5 years). Validity of the questionnaire

results were analysed using Cronbach’s coefficient alpha and
can be seen in Supplementary Material S1.

Overall patient and parent scores can be seen inTable 5 as well
as by the different age categories at the time of response in
Figures 3A, B. Minimally important difference values for each
category, that are used to determine clinical significance of
changes in each category are also listed in Table 5. Overall,
patient self-reports had higher QoL scores than parent-proxy
QoL scores, however this was not statistically
significant. (p = 0.44).

Patients who were transplanted at a younger age had a
significantly better QoL (both statistically significant and
clinically significant) across every category (p < 0·01) when
compared to those transplanted at an older age (Total mean
QoL score of 79.5, 78.6, 73.4, and 56.0 for patients transplanted at
age <4, 5–7, 8–12, and 13–18 respectively). Patient QoL
significantly decreased with age in relation to medication
burden, pain, worry and communication (p = 0·02, 0·02, 0·01,
and 0·03 respectively) as displayed in Figures 3A, B. However,
there was no difference in overall QoL between the different
transplant types (p = 0.94) nor by time since transplantation (p =
0.39). These differences were also apparent when testing for
clinical significance.

These trends were explored further with thematic analysis of
the additional comments left by patients and parents. The
analysis produced four overarching themes with 12 sub-
themes. Themes and sub-themes can be seen in Figure 4 and
the data including participant quotes can be seen in
Supplementary Material S2.

The first main theme explored the impact of transplantation.
Receiving a MSOT had a significant impact of patients’ sense of
self’, with some describing themselves as “a completely different

TABLE 4 | Patient survival at 1, 3, 5, and 10 years post-transplant for different transplant types.

Total
(n = 92)

Liver and kidney (n = 72) Heart/Heart-lung and
kidney (n = 15)

Pancreas and kidney
(n = 4)

Multi-visceral
(n = 1)CLKT

(n = 53)
SLKT
(n = 19)

Patient Survival Post-Kidney
Transplant (%)

1 year 98 96 100 100 100 100
3 years 95 93 100 100 100 0
5 years 93 93 93 100 100 0
10 years 89 93 85 71 100 0

Patient Survival Post-Liver
Transplant (%)

1 year 96 96 95 - - 100
3 years 93 93 95 - - 0
5 years 93 93 95 - - 0
10 years 92 93 90 - - 0

Patient Survival Post-Heart/Heart-
Lung Transplant (%)

1 year 100 - - 100 - -
3 years 100 - - 100 - -
5 years 100 - - 100 - -
10 years 87 - - 87 - -

Patient Survival Post-Pancreas
Transplant (%)

1 year 100 - - - 100 -
3 years 100 - - - 100 -
5 years 100 - - - 100 -
10 years 100 - - - 100 -

Patient Survival Post-Multivisceral
Transplant (%)

1 year 100 - - - - 100
3 years 0 - - - - 0
5 years 0 - - - - 0
10 years 0 - - - - 0

CLKT, Combined Liver and Kidney Transplant; SLKT, Sequential Liver and Kidney Transplant.
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person” (Patient 6) pre- and post-transplant. Many positive
impacts of transplantation were also discussed, with
participants saying that their “Quality of life improved

tremendously” (Parent 10). Sub-themes included feelings of
gratitude, absence of fear or anxiety, feelings of empowerment
and an improvement in physical symptoms. Naturally, negative

FIGURE 2 | (A) Kaplan Meier Graph showing the patient survival post-kidney transplant for different types of transplants, p < 0.01 (B) Kaplan Meier Graph showing
the patient survival following liver, heart and pancreas, p = 0.03.
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impacts of transplantation were also explored which included
physical consequences such as vulnerability to infections, as well
as the impact on mental health. The age at transplantation was
often referred to, with some participants feeling that being
transplanted at a younger age was beneficial either due to the
lack of memories of the transplant itself or because it was always a
part of normal life whilst they were growing up. Conversely, some
commented that being transplanted young was more challenging
with one parent saying “the trauma of becoming so poorly and to
need so much intervention at such a young age is
underestimated” (Parent 31).

The second theme was about ‘Normality’ and what our
patient’s experience of “normality was. Naturally, the idea of
“normalcy” is very abstract and will mean something different to
every person and is something that many adolescents seek
irrespective of underlying health conditions. Healthcare
professionals should be careful not to try to define “normality”
and should not reinforce “normalcy” as a binary concept that
separates children with underlying health conditions from others.
However, patients and parents did widely report their experience
with seeking “normality” and how this changed post-transplant.
Feeling different to others was challenging for many patients,
however was seen as a positive thing in others. This partially
related to physical differences, but also through missing out on
life experiences during childhood due to illness. There was also
some reference to a “normal life” and what that looked like post-
transplant, with some stating that their life had become much
more “normal” post-transplant.

The third theme related to ongoing care post-transplant. The
challenges of transitioning into adulthood was deemed especially
important. Participants described that the transition to adult
services was “very difficult” (Parent 6), with less perceived
support than the paediatric setting. They also described
concerns about equal employment opportunities in the
workplace. Concerns about the future appeared to become more
prevalent as MSOT recipients grew older, with concerns about the
implications of their transplant status. Furthermore, there was a
number of comments made about the lack of psychosocial support
post-transplant and how this remained a key issue impacting QoL.

Finally, there were also many suggestions for how transplant
services could be improved, not only with further support for

physical symptoms, but alsomore support for mental health. There
were suggestions for both formal support and the potential value of
peer support for the psychosocial health of MSOT recipients.

DISCUSSION

The results from this study have shown that patients who receive
MSOT during childhood can have excellent long-term physical
and quality of life outcomes with the right support from the
multi-disciplinary team.

Overall, the graft survival, across all types of patients,
particularly when death censored, is comparable to other
studies looking at CLKT/SLKT and HKT outcomes [2, 5, 9,
25] and is similar if not better, than after single organ
transplants as per the United Network for Organ Sharing
(UNOS), European Society of Paediatric Nephrology/
European Renal Association/ European Dialysis and
Transplantation Association (ESPN/ERA/EDTA), European
Liver Transplant Registry (ELTR) and International Thoracic
Organ Transplant Registry (ITOTR) registry data [8, 26–28]. For
example, our kidney graft survival was 91% and 83% at 1 and
5 years, and the UNOS single-kidney graft survival was 95%–97%
and 78%–88% across the same time periods. For liver transplants,
our graft survival was 92% and 89% at 1 and 5 years, while UNOS
single-liver graft survival was 86%–92% and 79%–87%. Our heart
graft survival was 100% both at 1 and 5 years, compared to 87%–
96% and 75%–84% from UNOS data for single-heart graft
survival [28]. One possible reason for the excellent liver graft
outcomes is that at least 40% of these children did not have end
stage liver disease (ESLD) prior to transplant, but the liver was
replaced for other reasons, such as replacing deficient enzyme
activity in metabolic conditions. Existing data suggests that
children with ESLD have poorer outcomes post-transplant so
this may be a contributing factor to the positive outcomes in this
study [29]. Another possible explanation for the improved graft
survival in MSOT recipients is that these patients may have extra
follow-ups with more than one specialist team (i.e., both with
hepatologists/cardiologists and nephrologists) than children with
isolated single-organ transplants. Therefore, any complications or
findings that may impact graft survival may be picked up quicker

TABLE 5 | Patient and Parent reported quality of life scores across all categories with 95% Confidence Intervals and minimally important difference values.

Patient
mean

Patient
95% CI

Minimally important difference
(0.5 SD)

Parent
mean

Parent
95% CI

Minimally important difference
(0.5 SD)

About My Medicines I 79·9 73·6–86·2 9.0 79·9 77·9–81·9 9.0
About My Medicines II 88·2 82·6–93·7 7.9 84·1 76·7–91·5 9.3
My Transplant and
Others

62·8 55·2–70·5 10.9 58·9 48·8–69 12.7

Pain and Hurt 76·8 68·3–85·3 12.2 72·2 62·2–82·2 12.5
Worry 71·1 63·7–78·4 10.5 66·9 55·2–78·6 14.7
Treatment Anxiety 66·3 55·3–77·3 15.6 53·9 37·4–70·4 20.6
How I Look 69·9 61·9–78 11.4 72·2 60·5–84 14.7
Communication 65·4 54·3–76·5 15.7 68·8 54·8–82·7 17.4
Total 73·7 68·2–79·2 7.8 70·1 62·7–77·4 9.2

SD, standard deviation.
Bold values represent the overall results across the whole questionnaire.
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[30]. It is also likely that for these reasons, our patient survival was
excellent and equally comparable to single-organ transplant
recipients. Renal insufficiency is often cited as a relative
contraindication to heart transplantation [31], but our data
shows that these patients can still have excellent outcomes and
so MSOT should still be carefully considered [11].

In terms of liver and kidney patients, our study suggests that
CLKT may be a better option – with better outcomes for both

the liver and kidney grafts. Furthermore, patients waited
longer for their deceased donor KT in the SLKT group than
in the CLKT group, and so were less likely to undergo pre-
emptive transplants. This is possibly because multi-organ
transplants are prioritised in the UK organ allocation
process (thereby favouring the CLKT group), or may be
because children receiving a KT after a liver transplant may
be sensitised from their previous transplant [32, 33]. Current

FIGURE 3 | (A) Patient reported quality of life scores across different ages and categories at time of response. (B) Parent reported scores of their child’s quality of
life across different patient ages and categories.
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evidence highlights the improved outcomes after pre-emptive
transplantation [34], so this is an important factor to consider
when deciding to opt for CLKT or SLKT. We also did not find a
difference in the rate of complications or mortality in the first-
year post-transplant between the two groups. This is
reassuring and suggests that an increased potential for
complications or higher mortality in the first year post-
transplant should not be the sole reason not to list a child
for a CLKT if they are otherwise suitable.

A significant strength in this study is the use of a validated,
transplant-specific to collect mixed methods data on quality of
life; something which is relatively under investigated and
therefore poorly quantified in all areas of paediatric
transplantation.

One of our main findings is that children who are
transplanted at a younger age have a significantly better
QoL despite the fact that age at transplantation did not
affect clinical outcomes. Our qualitative data indicates that
this may be due to a lack of memory of the transplant itself, or
of life before it was deemed a necessity. These children are
likely to grow up with the identity of being a transplant
recipient already embedded in their sense of self.
Conversely older children may recall a time before they
were unwell and must grow accustomed to their transplant
recipient status from a place of prior ‘normality’. Similarly, a
study looking at QoL in paediatric LT recipients found older
age at transplantation to be a predictor for poorer QoL [35].
We also found that QoL was worse in older patients,
particularly with respects to medication burden and worries.
Patients described that as they became older and more mature,

they thought more about the implications of their health
conditions, and they noticed greater differences between
themselves and others. Increased worry and anxiety around
the future may have significant implications on mental health
and also on medication adherence. Although adherence was
not formally investigated in this study, the About My
Medicines I section of the questionnaire does explore
patients’ medication burden which showed that that
adolescents struggled more with their medication burden
than younger patients, putting them at higher risk of non-
adherence. A key contributing factor to non-adherence is
transition to adult services [36] which can be challenging,
and some of our patients reported struggling with this. While
our data shows better QoL in those transplanted at an earlier
age, the clinical application of this finding is somewhat limited
by our relatively small sample size. However, clinicians should
be aware of this finding when assessing their patients who were
transplanted at an older age.

The need for greater mental health support was very clearly
identified within this study. Whilst it is well known that mental
health issues are increasing in children for numerous reasons
[37, 38], our cohort poses unique mental health needs that
require a specialized and multidisciplinary approach, with
equal focus on these and physical outcomes. Whilst
participants did indicate the need for formal mental health
support, peer support was also raised as an appropriate
alternative. Such suggestions should be considered as part
of standard care for MSOT recipients, particularly for
adolescents as part of transition programs to protect the
most vulnerable cohort of patients.

FIGURE 4 | Themes and Sub-themes identified in thematic analysis of free-text responses in quality of life questionnaire.
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Although this study is limited by its sample size and the
homogenous nature of the participants, it remains one of the
largest cohort studies of MSOT to have been performed.
However, all clinical data used has come from the UKTR,
which is a reliable source that contains clinical data on every
eligible patient, who was subsequently included in the analysis.
Furthermore, this cohort has a long follow-up period and
includes a large number of children reaching adulthood, and
therefore provides high quality data to assess long-term
outcomes. One of the possible limitations with our QoL data
is that only <40% of patients and only surviving patients and
families were surveyed. It is possible that patients who
unfortunately died post-transplant or patients that did not
participate in the QoL arm of the study had a very different
QoL experience when compared to those who were able to
participate.

Whilst it is encouraging to see that patients undergoing
MSOT in childhood can have equally good outcomes as
children requiring a single organ, it is important to note
that single organ transplants are not a suitable option for
these patients. A more worthwhile comparison would be to
compare this cohort with the outcomes of patients who require
MSOT but do not undergo transplantation, however such data
is not readily available. We would also encourage prospective
research in this field, starting prior to transplantation with
participants completing annual QoL questionnaires both pre-
and post-transplant to further identify trends and new
issues in QoL.

CONCLUSION

This is the largest study presenting data on the outcomes of
recipients of MSOT followed up over two decades. It is the first
to look at all organ combinations and quality of life outcomes.
It demonstrates that patients undergoing MSOT in childhood
have excellent outcomes in terms of graft function, graft and
patient survival, and QoL. These outcomes are all comparable
to those undergoing single-organ transplants in the literature.
Both liver and kidney graft survival and rates of rejection were
found to be better in patients undergoing CLKT when
compared to SLKT in this cohort of patients. QoL can be
excellent with the support of the multi-disciplinary team
which is crucial throughout patients’ transplant journeys.
The evidence in this study is supportive of children with
the need for multiple organ replacement being considered
for multi-organ transplantation.
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