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Background.The aim of this studywas to compare posttransplant outcomes of kidney allograft recipients between those followed
up at transplant centers and those that were repatriated back to referral renal units.Methods.We analyzed data for 1375 con-
secutive patients transplanted in a single center in the United Kingdom. Patients were stratified into 3 groups: (1) externally referred
patients with repatriation back for external follow-up (repatriated, n = 463), (2) externally referred patients not repatriated and
followed-up internally at transplant center (nonrepatriated, n = 365), and (3) internally referred patients within transplant center with
continued internal transplant center follow-up (internal, n = 547). Patient and death-censored graft survival were compared be-
tween groups on both univariable andmultivariable analyses.Results.Baseline comparisons found that the nonrepatriated group
had increased risk for prolonged length of stay and delayed graft function compared with repatriated patients. The nonrepatriated
group had significantly shorter survival compared to the repatriated patients (90.2% vs 94.1% at 5 years, P = 0.013), which
persisted after adjustment for confounders on multivariable analysis (hazard ratio, 1.86; 95% confidence interval, 1.06-3.28;
P = 0.032). Death-censored graft survival was not found to differ significantly between the 3 groups (P = 0.192).Conclusions.

Our results provide reassurance regarding repatriation of care after kidney transplantation for the United Kingdom. Nonrepatriated
patients are identified as a high-risk group for increased mortality, but further investigation is warranted to probe this heteroge-
neous group and validate in a non-United Kingdom cohort.

(Transplantation Direct 2018;4: e399; doi: 10.1097/TXD.0000000000000834. Published online 17 October, 2018.)
K idney transplantation is the preferred modality of renal
replacement therapy for patients with end-stage kidney

failure, and confers significant advantages compared to dialysis
with regards to mortality, quality of life and cost effectiveness
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for themajority of individuals.1Careful posttransplantmanage-
ment is key to ensure long-termoutcomes are optimal, and clin-
ical practice guidelines have been published to aid those
efforts (eg, from the UK Renal Association2 and Kidney Dis-
ease: Improving Global Outcomes [KDIGO]3). However,
published guidelines all fail to address an important logistical
question; is posttransplant care for patients superior if under-
taken at the transplant center compared to repatriation back
to referring nontransplant centers?

This has important resource implications for the long-term
surveillance and management of kidney allograft recipients.
For example, in the United Kingdom, there are 72 renal units
(comprised from a total of 283 teaching hospitals, district gen-
eral hospitals and/or satellite dialysis units distributed nation-
ally), of which 23 are classed as transplantation centers where
kidney transplantation surgery is undertaken (UK Renal Reg-
istry data available to view at; https://units.renal.org/index.pl).
Each transplant center therefore undertakes kidney trans-
plantation surgery for both internally referred patients and
also externally referred patients from renal units within their
immediate geographic region. It is unclear howmany kidney
allograft recipients are subsequently repatriated back to re-
ferring centers. Historical data from the United States suggest
that 65% of outpatient clinic visits between 4 and 12 months
are at the transplant center, dropping to approximately half
beyond 12 months.4 However, there are no data with regard
to difference in outcomes between these patients.
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To the best of our knowledge, no study has been undertaken
to investigate whether outcomes differ between patients followed
up at transplant centers versus those repatriated back to referring
renal units.We believe this is an important issue to investigate to
inform healthcare providers, transplant professionals and pa-
tients with regard to optimal postkidney transplantation care.
Therefore, the aim of this analysis was to investigate any dif-
ference in posttransplant outcomes for kidney allograft recip-
ients stratified by follow-up center in the United Kingdom.

MATERIALS AND METHODS

Study Population

Weundertook a retrospective cohort analysis of all consec-
utive kidney-alone transplants performed at a single center
(University Hospital Birmingham [UHB]) in the United
Kingdom between January 2007 and January 2017. Recipients
of multiple organs, and those younger than 18 years were ex-
cluded. Data were electronically extracted by the Department
of Health Informatics for every study recruit, with manual data
linkage to additional electronic patient records. Patient and graft
survival outcomes, delayed graft function rates, and rejection
datawere acquired and linked fromNHSBlood andTransplant.

Immunosuppression Protocol

All patients received the same immunosuppression over
the study period, with minimization of tacrolimus exposure,
in line with the SYMPHONY protocol.5 Induction therapy
was with basiliximab (20 mg, �2) and methylprednisolone
(500 mg). Maintenance therapy included tacrolimus (target
12-hour trough level, 5-8 ng/L), mycophenolate mofetil (2 g
dailywith tapering to 1 g daily after 6months) andmaintenance
corticosteroids. Biopsies were indication-based in the context
of transplant dysfunction (categorized as ≥20% creatinine
rise or new-onset proteinuria). Biopsy data were classified in
accordance to latest Banff criteria.6

Long-term management protocols used at UHB were as
follows. Episodes of acute cellular rejection were treated with
a bolus of corticosteroids, with T-cell depletion therapy for
steroid-resistant rejection. Antibody-mediated rejection was
treated with antibody removal by plasmapheresis +/− IVIG.
Viral serology (eg, polyoma virus) and/or anti-HLA antibodies
were checked by indication basis, based on transplant dysfunc-
tion. Management protocols used at non-UHB referral units
may have differed as clinical care is devolved to individual units.

Definitions of Variables

The primary variable being analyzed was based on the loca-
tion of patient followup in the pretransplant andposttransplant
periods. For the pretransplant period, the referring center
was recorded in the electronic patient record, and categorized
as internal (UHB) or external (a local renal unit). For the
posttransplant period, the latest clinic letter for each patient
was reviewed, to identify the center at which the most recent
follow-up was performed (ie, internal or external). It was not
possible to assess the timing of the transfer of posttransplant
follow-up between centers, nor was it possible to identify
those patients who may have been followed up externally,
before returning to internal follow up due to complications.
The cohort was then divided into 3 groups:

1. Repatriated: defined as end-stage kidney failure patients re-
ferred fromadifferent center toUHB for kidney transplantation
and subsequently repatriated back to the referring center for
long-term follow-up.

2. Nonrepatriated: defined as end-stage kidney failure patients
referred to UHB from a different center for kidney transplan-
tation who remained at UHB for long-term follow up, rather
than being repatriated to the referring local center.

3. Internal: defined as end-stage kidney failure patients who
were being treated at UHB prior to kidney transplantation,
and remained at UHB for long-term follow up.

For the externally referred patients, the protocol at the trans-
plant centerwas for repatriation of all patients back to referring
units (defined as repatriated group) regardless of preexisting
risk status or referring center. Reasons for nonrepatriation
(nonrepatriated group) are heterogenous and include; patient
choice, clinical decision (eg, surgical complications, life threat-
ening events, medical complexity), and logistical issues. How-
ever, these reasons were not recorded on an individual patient
basis, and so could not be considered in the analysis.

Baseline and posttransplant data were extracted and clas-
sified fromour database as follows.HLAmismatch levels were
defined and graded in accordance to NHS Blood and Trans-
plant classification (level 1: 000, level 2: 100, 010, 110, 200,
210, level 3: 020, 120, 220, 001, 101, 201, 011, 111, 211,
and level 4: 021, 121, 221, 002, 102, 202, 012, 112, 212,
022, 122, 222).Matchabilitywas calculated from a standard-
ized pool of 10000 recent donors, from which the numbers
of blood group identical donors that recipients are well or fa-
vorably HLA-mismatched were counted. This number was
converted to a standardized score between 1 and 10, which
was used to categorize recipients into 1 of 3 matchability
groups; easy,1-3 moderate,4-6 or difficult7-10 tomatch. Determi-
nation of socioeconomic deprivationwas based upon the Index
ofMultiple Deprivation (IMD), amultiple deprivationmodel
calculated at the local level area. The model is a composite
construct ofmultiple domains reflective of area socioeconomic
deprivation including: (1) incomedeprivation, (2) employment
deprivation, 3) health deprivation and disability, (4) education
skills and training deprivation, (5) barriers to housing and
services, (6) living environment deprivation, and (7) crime.
Individual domains aremeasured in isolation and subsequently
combined (using appropriately judged weighting) into a sin-
gle-composite value. The quintiles of the national distribution
of IMD values were then combined to form 3 groups: more
deprived (first and secondquintile), intermediate (third quintile),
and less deprived (fourth and fifth quintiles).

Data for patient and graft survival outcomeswere acquired
fromNHS Blood& Transplant, and cross-referenced against
internal databases tomaximize data completeness. Follow-up
commenced at the time of transplant, with patients censored
at the earliest of: their final recorded follow up, the end of fol-
low up for the study (September 1, 2017) or 5 years after
transplant. For analysis of graft survival, patients that died
with a working graft were censored at death.
Statistical Analysis

Initially, a range of demographic and transplant character-
istics were compared between the 3 follow up groups. Com-
parisons of ordinal and continuous variables were performed
using Kruskal-Wallis tests, with χ2 tests used for nominal vari-
ables. Survival outcomeswere then assessedwithKaplan-Meier
curves and log-rank tests, with univariable Cox regression
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models used to produce hazard ratios (HRs). For the survival
analyses, continuous variables were divided into groups
either based on established cutoff values, or by using the
percentiles of the distribution to give groups of similar
sample size.

To account for the impact of potentially confounding fac-
tors, a multivariable analysis was then performed. Multivar-
iable Cox regression models were produced, using a forward
stepwise approach to select significant independent predic-
tors of patient outcome. To minimize exclusions due to miss-
ing data, any factors that had data unavailable in greater
than 10% of the cases and were nonsignificant in either the
univariable or multivariable models were excluded from con-
sideration, and the analysis was repeated. The factors in the
final parsimoniousmodel were then entered into a newmodel
alongside the follow up group, in cases where this factor was
not selected by the stepwise procedure.

All analyses were performed using IBM SPSS 22 (IBM
Corp. Armonk, NY), with P less than 0.05 deemed to be in-
dicative of statistical significance throughout.

Approvals

This study received institutional approval and was regis-
tered as an audit (audit identifier; CARMS-12578). The cor-
responding author had full access to all data.

RESULTS

Study Cohort

Between January 2007 and January 2017, data were re-
corded for a total of 1393 consecutive kidney-alone trans-
plants at the transplant center (UHB). Of these, there was a
small number of cases (N = 18) that were treated at UHB
pretransplant, but followed up externally posttransplant
whowere excluded, due to insufficient sample size in this sub-
group. For the remaining 1375 transplants, 828were referred
to UHB for transplant from 1 of 6 local centers, of whom 463
(55.9%) were repatriated after transplant, and 365 (44.1%)
had posttransplant follow up at UHB (nonrepatriated). The
remaining 547 were internal patients that were followed up
at UHB both pretransplant and posttransplant.
TABLE 1.

Baseline demographics of the study population

Valid no. Repatriated (n = 463)

Age at transplant, y 1375 47 (36-56)
Sex (% male) 1375 303 (65.4%)
Ethnicity (% white) 1375 368 (79.5%)
Diabetes 1375 47 (10.2%)
Hypertension 1375 260 (56.2%)
BMI, kg/m2 1326 26.9 (24.3-30.1)
Smoking 1093 32 (8.0%)
IMD 1355
More deprived 744 237 (52.1%)
Intermediate 266 89 (16.9%)
Less deprived 345 129 (28.4%)

Data reported as “median (interquartile range),” with P values from Kruskal-Wallis test or “n (%)”, with P

P values in bold emphasis are significant at P < 0.05.
a P value from Kruskal-Wallis test.

BMI, body mass index.
Baseline Comparisons

Tables 1 and 2 highlightmultiple differences in the baseline
characteristics and transplant profiles between the 3 patient
groups. Significant differences in distributions of both gender
(P = 0.004) and ethnicity (P < 0.001) were detected, with the
repatriated patients having a higher proportion of males and
white patients than the other 2 groups. Internally referred pa-
tientswere themost likely to have received previous transplants
at 13.6%, compared with 7.0% and 6.4% in repatriated and
nonrepatriated external referrals, respectively (P < 0.001).
Rates ofABO-incompatible transplantation also differed across
the groups (P = 0.006), with only 3.0% of repatriated patients
receiving such organs, compared with 7.7% of nonrepatriated
and 6.9%of internal patients. Cold ischemia times (CITs) were
longest in repatriated patients, at a median of 840 minutes,
compared to 749 minutes in nonrepatriated patients, and
715 minutes in internal referrals (P = 0.048).

Posttransplant Complications

Of the short-term outcomes considered, significant differ-
ences between the groupswere detected in postoperative length
of stay (P = 0.008) and delayed graft function (P = 0.016) (see
Table 3). In both cases, it was the repatriated group that had
the better outcomes, with a shorter length of stay (median,
8 days vs 9 days in other groups) and a lower rate of delayed
graft function (8.5% vs 12.6% and 15.6% in the non-
repatriated and internal groups, respectively). A significant
difference in the rate of biopsy-proven BK neuropathy was
also detected between the groups, which was again lower in
the repatriated patients (2.0% vs 4.6% and 5.5% in the
nonrepatriated and internal groups, respectively, P = 0.033).
No significant differences were detected between the groups
in the rates of de novoHLA antibody (P = 0.102) or either bi-
opsy proven rejection (P = 0.410) or disease recurrence
(P = 0.544) in the posttransplant period.

Patient and Graft Survival by Follow-up Group

The median patient follow up was 58 months (interquar-
tile range, 34-60), during which time there were 83 deaths.
Graft follow-up was only recorded in 1203 cases, with a total of
137 graft losses occurringduring the studyperiod.Kaplan-Meier
Nonrepatriated (n = 365) Internal (n = 547) P

48 (39-59) 48 (37-57) 0.090
199 (54.5%) 318 (58.1%) 0.004
241 (66.0%) 349 (63.8%) <0.001
35 (9.6%) 51 (9.3%) 0.905
188 (51.5%) 267 (48.8%) 0.065
27.7 (24.4-31.2) 27.5 (24.2-31.3) 0.265
30 (10.8%) 51 (12.2%) 0.140

0.208a

211 (58.3%) 296 (55.0%)
60 (16.6%) 117 (21.7%)
91 (25.1%) 125 (23.2%)

values from χ2 test, as applicable, unless otherwise stated.



TABLE 2.

Transplant characteristics of the study population

Valid no. Repatriated (n = 463) Nonrepatriated (n = 365) Internal (n = 547) P

Waiting time, d 1373 450 (133-1226) 446 (120-1318) 375 (114-1056) 0.403
ABO incompatible 1375 14 (3.0%) 28 (7.7%) 38 (6.9%) 0.006
Previous transplant 1109 28 (7.0%) 18 (6.4%) 58 (13.6%) <0.001
Type of donor 1094 0.671
Deceased 617 231 (57.9%) 158 (56.6%) 228 (54.8%)
Living 477 168 (42.1%) 121 (43.4%) 188 (45.2%)

CIT, min 1125 840 (227-1100) 749 (210-1080) 715 (195-1080) 0.048
HLA level 1196 0.199a

Level 1 136 46 (14.6%) 34 (10.0%) 56 (10.4%)
Level 2 320 80 (25.4%) 79 (23.3%) 161 (29.8%)
Level 3 588 157 (49.8%) 183 (53.8%) 248 (45.8%)
Level 4 152 32 (10.2%) 44 (12.9%) 76 (14.0%)

Matchability 1097 0.396a

Easy 434 123 (42.3%) 120 (39.1%) 191 (38.3%)
Moderate 479 124 (42.6%) 139 (45.3%) 216 (43.3%)
Hard 184 44 (15.1%) 48 (15.6%) 92 (18.4%)

Data reported as “median (interquartile range),” with P values from Kruskal-Wallis test or “n (%),” with P values from χ2 test, as applicable, unless otherwise stated. P values in bold emphasis are significant at
P < 0.05.
a P value from Kruskal-Wallis test.
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curves comparing both outcomes between transplant groups
are shown in Figure 1. Patient survival was found to differ
significantly between the 3 groups (P = 0.020). Of the exter-
nally referred patients, those that were repatriated had the
longest survival, with 94.1% of patients surviving for at least
TABLE 3.

Posttransplantation outcomes of the study population

Valid
no.

Repatriated
(n = 463)

Nonrepatriated
(n = 365)

Internal
(n = 547) P

Postoperative
LOS, d

1374 8 (7-12) 9 (7-13) 9 (7-13) 0.008

Delayed graft
function

1094 25 (8.5%) 38 (12.6%) 78 (15.6%) 0.016

De novo HLA
antibodya

1000 78 (29.5%) 66 (24.7%) 151 (32.2%) 0.102

Biopsy 1101
Rejectiona 60 (15.0%) 38 (13.5%) 72 (17.1%) 0.410
BK nephropathya 8 (2.0%) 13 (4.6%) 23 (5.5%) 0.033
Recurrent

diseasea
14 (3.5%) 6 (2.1%) 11 (2.6%) 0.544

Patient survival,b y 1375 0.020b

1 98.5% 95.3% 98.5%
3 97.0% 91.6% 96.7%
5 94.1% 90.2% 93.3%

Graft survival,b y 1203 0.100b

1 93.4% 93.1% 91.7%
3 91.5% 89.7% 87.6%
5 88.3% 89.0% 83.0%

Data reported as “Median (Interquartile Range)”, with P values from Kruskal-Wallis test or “N (%)”, with
P values from Chi-square test, as applicable, unless otherwise stated.

P values in bold emphasis are significant at P < 0.05.
a At any time posttransplant.
b Survival estimates are from Kaplan-Meier curves, and P values are from log-rank tests.

LOS, length of stay.
5 years posttransplant comparedwith 90.2%of nonrepatriated
patients (HR, 1.97; 95% CI, 1.15-3.37; P = 0.013). Internally
referred patients had similar survival to those that were repa-
triated, with rates of 94.1% versus 93.3% at 5 years (HR,
1.12; 95% CI, 0.65-1.95; P = 0.686). No significant differ-
ence in death-censored graft survival was detected between
the 3 patient groups (P = 0.100).

Other Predictors of Survival

In addition to the observed differences between the 3 fol-
low-up groups, patient survival was found to be significantly
shorter with increasing age at transplant (P < 0.001), in lon-
ger postoperative lengths of stay (P < 0.001) and in recipients
of deceased donor organs (P = 0.021, Table 4). Analysis of
graft survival found this to be shorter in patients that were
smokers (P = 0.012), of nonwhite ethnicity (P = 0.027), had
received previous transplants (P = 0.009) or a deceased donor
organ (P < 0.001), and in those with longer CIT (P < 0.001),
more difficult matchability (P = 0.005), longer postopera-
tive lengths of stay (P < 0.001), or delayed graft function
(P = 0.002).

To account for impact of these potentially confounding
factors on the comparisons between the follow up groups, a
set of multivariable analyses were performed (Table 5). Anal-
ysis of patient survival found increasing patient age at trans-
plant (P < 0.001), postoperative length of stay (P = 0.004)
and previous transplantation (P = 0.014) to be independently
predictive of shorter patient survival. After accounting for these
factors, the difference between the patient follow up groups
remained significant (P = 0.037), with the nonrepatriated pa-
tients having significantly poorer overall survival than those
that were repatriated (HR, 1.86; 95% CI, 1.06-3.28; P = 0.032).
Patient survival was almost identical in the repatriated versus
internally followed up groups, with an HR of 1.00 (95% CI,
0.55-1.80; P = 0.992). Analysis of graft survival found only
the postoperative length of stay to be independently predic-
tive of this outcome (P < 0.001). After accounting for this
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FIGURE 1. Kaplan-Meier curves of (A) patient and (B) graft survival by patient group.
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factor, no significant difference was detected between the pa-
tient follow-up groups (P = 0.192).
DISCUSSION

To the best of our knowledge, there are no data in the lit-
erature to compare postkidney transplant outcomes between
patients followed up at transplant centers that undertake
transplantation surgery versus those repatriated back to re-
ferring renal units that do not perform transplantation sur-
gery. In this retrospective single-center analysis in the United
Kingdom, we have highlighted worse patient survival in the
nonrepatriated cohort,which persisted onmultivariable anal-
ysis after adjustment for competing factors. No significant
difference in patient or graft survival was observed between
repatriated and internal patients. Our results provide reassur-
ance for healthcare providers, transplant professionals, and
patients in the current practice of repatriating kidney allograft
recipients posttransplantation and identify a unique cohort
of patients who should be considered at higher risk for
posttransplant mortality. However, they represent a hetero-
geneous group specific to the United Kingdom. Therefore,
further work is required to probe the nonrepatriated cohort
and validation in an international cohort is warranted.

When interpreting our results, it would be oversimplistic
to treat patients as being under either specialist or generalist
transplant care, as continued professional engagement is
likely, even when kidney transplant recipients are repatriated
from transplant centers. Shared decisionmaking and consulta-
tion between colleagues may lead to bidirectional transfer of
recipients when required for specialist services as warranted.
While specialist clinicians may be more up-to-date with trans-
plantation research, there is conflicting evidence in the litera-
ture that conference attendance leads to improved performance.
For example, no correlation is observed with conference at-
tendance and in-training examination results in internal med-
icine7 or emergency medicine,8 but improvements have been
observed in surgical board examination results.9 No data are
available for transplantation conference attendance, and this
would be an interesting area for future analysis.

Finally, it is unclear whether managing a larger cohort of
transplant patients (eg, transplant centers vs nontransplant
centers) leads to improved care—the so-called volume-out-
come relationship.10 Research has shown increased dialysis
center volume leads to improved peritoneal dialysis outcomes
and possible advantage on hemodialysis outcomes.11,12 This
would fit in with general consensus that increased center vol-
ume is positively associated with improved healthcare out-
comes across a wide range of procedures and conditions of
varying magnitude.13 However, the reciprocal has also been
observed among hemodialysis patients, with increased mor-
tality observed among patients receiving treatment from
higher-caseload versus lower-caseload nephrologists14 and
multiple competing and confounding factors will cloud any
clear cause-and-effect association. Data relating to transplant
center volume and outcomes are limited, with some data from
the United States linking kidney transplant center perfor-
mance (based on observed/expected events and standardized
mortality ratios), rather than volume, to improved survival
benefit postkidney transplantation.15 Although a replication
of such analyses, separating follow up between transplant
center and referring renal unit data, would be useful to inves-
tigate a center-specific performance effect on posttransplant
outcome, registry data in the United Kingdom only report
outcomes by transplant center. More granular data analysis
would require significant changes to the upload of data to na-
tional registries, but should be explored for more detailed
investigations.

The justification for this study was the perception that
postkidney transplantation outcomesmay be different between
transplant centers (with care from specialist transplant ne-
phrologists) and nontransplant centers (with care from more
generalist nephrologists). There has been much discussion in
the medical and surgical literature with regard to comparison
of outcomes for specialist versus generalist care in the context
of certain medical or surgical admissions. For example, Sme-
tana and colleague undertook a systematic review of studies
comparing specialist versus generalist care for individual pa-
tientswith a single discretemedical condition.16Of 49 included
studies they observed the following; 24 studies favored special-
ist care, 13 studies found no difference in outcomes, 7 studies
varied by individual outcome, 1 studywas dependent on phy-
sician experience, and 4 studies favored generalist care. Nu-
merous methodological shortcomings were identified across



TABLE 4.

Univariable analyses of factors predictive of patient and graft
survival

Patient survival Graft survival

HR (95% CI) P HR (95% CI) P

Follow-up group 0.020 0.100
Repatriated — — — —

Nonrepatriated 1.97 (1.15-3.37) 0.013 0.97 (0.59-1.58) 0.891
Internal 1.12 (0.65-1.95) 0.686 1.41 (0.93-2.14) 0.103

Age at transplant, y <0.001 0.707
≤ 40 (n = 437) — — — —

41-55 (n = 528) 4.69 (1.96-11.22) <0.001 0.89 (0.60-1.31) 0.549
> 55 (n = 410) 9.19 (3.92-21.55) <0.001 0.84 (0.55-1.29) 0.429

Sex (female) 1.15 (0.74-1.77) 0.533 1.00 (0.72-1.41) 0.980
Ethnicity (nonwhite) 0.79 (0.48-1.30) 0.351 1.47 (1.05-2.07) 0.027
Diabetes 1.49 (0.79-2.81) 0.219 0.83 (0.45-1.54) 0.555
Hypertension 0.89 (0.58-1.37) 0.598 0.71 (0.51-1.00) 0.052
BMI 0.333 0.285

≤ 25 kg/m2 (n = 400) — — — —

26-30 kg/m2 (n = 533) 1.44 (0.82-2.52) 0.204 1.39 (0.92-2.10) 0.121
> 30 kg/m2 (n = 393) 1.52 (0.84-2.74) 0.168 1.16 (0.74-1.83) 0.520

Smoking 0.49 (0.18-1.35) 0.167 1.86 (1.15-3.02) 0.012
IMD 0.190 0.232
More deprived — — — —

Intermediate 1.26 (0.71-2.23) 0.433 0.81 (0.52-1.28) 0.368
Less deprived 1.58 (0.96-2.60) 0.069 0.70 (0.45-1.08) 0.105

Waiting time, mo 0.245 0.076
≤ 6 (n = 447) — — — —

7-24 (n = 428) 0.82 (0.45-1.49) 0.505 1.16 (0.72-1.85) 0.542
> 24 (n = 498) 1.28 (0.76-2.14) 0.352 1.58 (1.03-2.41) 0.035

ABO incompatible 0.56 (0.18-1.77) 0.324 0.79 (0.37-1.70) 0.552
Previous transplant 1.62 (0.83-3.15) 0.156 1.95 (1.18-3.22) 0.009
Living donor 0.55 (0.34-0.92) 0.021 0.41 (0.26-0.63) <0.001
CIT, h 0.056 <0.001
≤ 6 (n = 369) — — — —

7-18 (n = 473) 1.78 (0.96-3.30) 0.067 2.61 (1.61-4.23) <0.001
> 18 (n = 283) 2.18 (1.14-4.15) 0.018 2.77 (1.66-4.63) <0.001

HLA level 0.958 0.094
Level 1 — — — —

Level 2 1.00 (0.45-2.19) 0.995 1.44 (0.77-2.68) 0.252
Level 3 0.95 (0.46-1.97) 0.888 1.34 (0.74-2.41) 0.336
Level 4 0.80 (0.31-2.07) 0.644 0.61 (0.26-1.43) 0.256

Matchability 0.825 0.005
Easy — — — —

Moderate 1.01 (0.60-1.70) 0.964 1.66 (1.10-2.50) 0.015
Hard 0.81 (0.38-1.71) 0.576 2.17 (1.34-3.50) 0.002

Postoperative length of stay, d <0.001 <0.001
1-7 (n = 491) — — — —

8-14 (n = 616) 1.99 (1.08-3.68) 0.028 1.63 (0.99-2.70) 0.056
> 14 (n = 267) 4.17 (2.23-7.82) <0.001 5.67 (3.50-9.19) <0.001

DGF 0.91 (0.41-2.00) 0.817 2.12 (1.33-3.37) 0.002

Results are from univariable Cox regression models. Continuous variables were divided into categories,
prior to analysis, and the number in each category are reported. P values in bold emphasis are signif-
icant at P < 0.05.

TABLE 5.

Multivariable analyses of factors predictive of patient and
graft survival

Patient survival Graft survival

HR (95% CI) P HR (95% CI) P

Follow-up group 0.037 0.192
Repatriated — — — —

Nonrepatriated 1.86 (1.06-3.28) 0.032 0.92 (0.56-1.50) 0.732
Internal 1.00 (0.55-1.80) 0.992 1.30 (0.86-1.98) 0.217

Age at transplant, y <0.001 0.167
≤ 40 — — — —

41-55 3.63 (1.49-8.82) 0.004 0.74 (0.49-1.09) 0.129
56+ 8.65 (3.62-20.7) <0.001 0.69 (0.45-1.06) 0.087

Previous transplant 0.014 NS
No — — — NS
Yes 2.45 (1.20-4.97) 0.014 — NS

Postoperative length of stay, d 0.004 <0.001
< 7 — — — —

8-14 1.60 (0.84-3.05) 0.153 1.63 (0.98-2.69) 0.059
15+ 2.90 (1.49-5.62) 0.002 5.88 (3.61-9.57) <0.001

Results are from parsimonious multivariable Cox regression models, using a forwards stepwise ap-
proach to variable selection. All factors from Table 4 were considered for inclusion in the initial models.
Those factors with >10% missing data that were nonsignificant on univariable Cox regression analysis
were then excluded, to increase the included sample size. The factors selected for inclusion in these
models were then entered into final models alongside the patient cohort. These models were based on
N = 1108 patients (N = 74 events) for patient survival and N = 1202 patients (N = 173 events) for
graft survival. P values in bold emphasis are significant at P < 0.05. NS, not selected for inclusion in
the final model.
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these heterogeneous studies including selection bias, small
numbers and varied analytical techniques. How relevant
these data, relating to admissions for single medical condi-
tions, are in the setting of kidney transplantation is question-
able, as kidney allograft recipients often comprise multiple
chronic medical conditions and comparative effectiveness re-
search in the setting of multiple chronic health issues is lim-
ited.17 However, our data do not support any notion that
patient outcomes at generalist nephrology centers are poorer
than specialist transplant centers.

The limitations of our epidemiological analysis should be
appreciated in the interpretation of our data. The timing of
patient repatriation differed across referral renal units, with
some preferring early repatriation (upon discharge from inpa-
tient transplant surgery episode) compared to others preferring
late repatriation between 3 and 6months postoperatively. This
time-dependent confounder was not easily ascertainable from
the electronic patient records and therefore was not factored
into our analysis. As previously mentioned, there can be sig-
nificant fluidity in patient flow, with bidirectional transfers
between transplant centers and referral renal units to con-
found the data. Due to small numbers, we also did not under-
take any subgroup analyses to stratify results across referral
units to determine any difference between them. Indeed, given
the few outcomes (eg, deaths, graft loss) in the 3 strata, a mul-
tivariable analysis of retrospective data may not capture the
full spectrum of risk factors due to insufficient statistical
power. Individual practice environments are likely to differ
between regional transplant centers and external validity of
this data may be limited. Typical of epidemiological analyses
of cohort studies such as these, there are likely to be con-
founders that have an impact on mortality and graft loss
postkidney transplantation that we were unable to include
in the analysis, due to data not being available (eg, lifestyle
factors, hospitalization episodes/illnesses, etc.). Missing data
(and misclassification bias) also have an implication on the
analyses performed, which is an inherent bias in epidemio-
logical analyses such as this. This study is specific for the
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United Kingdom and the findings may not be translatable to
settings outside of the United Kingdom with different infra-
structure, financial reimbursement and follow-up models.
However, as the repatriation of patients after kidney trans-
plantation is standard practice at most transplant centers,
we believe these results should be of interest globally. As such,
we feel that further validation in a non–United Kingdom set-
ting is warranted. With an adequately sized cohort, the possi-
bility of using propensity score techniques for statistical
matching could be considered, but the significant overlap of
groups and residual confounding from unmeasured variables
will likely cloud such analysis.18 In addition, long-term out-
comes will be required to ascertain any true difference, and
the limitations of registry analyses, especially for long-term
survival analyses,19 highlight the importance of more collabo-
rative research with record linkage to maximize transplant ep-
idemiology research.20

To conclude, our study is the first to describe outcomes after
kidney transplantation for patients stratified by the location of
their posttransplantation care in the United Kingdom. Reas-
suringly, it shows equivalent patient and graft survival out-
comes when comparing repatriated versus internally referred
patients with continued internal transplant center follow-up.
Patient survival was found to be significantly worse in exter-
nally referred nonrepatriated patients. Although further inves-
tigation on this complex and heterogeneous group iswarranted,
our results are reassuring, suggesting that outcomes for repa-
triated patients are no worse than those followed up inter-
nally at the transplant center.
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