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Abstract

Background: There is a perception that kidney transplant recipients transferred from pediatric centers to adult care
have an increased risk of graft loss. It is not clear whether young adults transplanted in adult centers also suffer
from high graft loss rates.

Methods: We examined death censored graft survival in 3 cohorts of young patients transplanted at a single
center. Pediatric (PED) patients transplanted at the pediatric center were compared to a cohort of young adults
(YAD; age 18- < 25) and a cohort of adults (ADL; age 25-35).

Results: In a multivariate Cox model for death-censored graft survival, PED survival was statistically similar to the
YAD (HR 0.86, 95% CI 0.44, 1.7, p = 0.66), however the ADL cohort (HR 0.45, 95% CI 0.25, 0.82, p = 0.009)
demonstrated better survival. Admitted non-adherence rates were not different among cohorts. Patients were
transferred within a narrow age window (18.6 ± 1.0 age in years) but at a wide range of times from the date of
transplantation (5.1 ± 3.5 years) and with a wide range of graft function (serum creatinine 182 ± 81 μmol/L).

Conclusions: The perception that pediatric transfers do poorly reflects advanced graft dysfunction in some at the
time of transfer. The evidence also suggests that it is not the transfer of care that is the critical issue but rather
recipients, somewhere between the ages of 11-14 and 25, are a unique and vulnerable cohort. Effective strategies
to improve outcomes across this age group need to be identified and applied consistently.

Background
The transfer from pediatric to adult care is a challenging
area of medicine for adolescents with chronic diseases and
especially after kidney transplantation [1]. A high rate of
graft loss associated with suspected non-adherence after
transfer has been described in a small single center report
[2]. It has also been our perception that pediatric patients
transferring to our adult center have had a greater rate of
graft loss. We also had the impression that non-adherence
to medication was a key factor for inferior outcomes and
wondered whether differences in patient care after transfer
might trigger non-adherence. An alternative explanation
for this observation might be that some patients have fail-
ing grafts at transfer. However there are several more
recent papers that do not support an increased risk of
rejection or graft loss in pediatric kidney transplant recipi-
ents after their care has been transferred to an adult cen-
ter. Koshy et al showed stable graft loss rates before and

after transfer [3]. Van den Heuvel et al examined acute
rejection rates over time and found no increase after trans-
fer [4]. Both studies compared outcomes before and after
transfer using patients as their own controls. It is also not
clear from these reports whether adolescents transplanted
in adult centers suffer the same outcomes as pediatric
transplant recipients who transfer to adult care and
whether these outcomes are inferior to older recipients.
The purpose of this report was to compare graft survival

in young adults transplanted in the pediatric hospital to
older adults transplanted in the adult hospital. The null
hypothesis was there would be no difference in graft survi-
val. However we anticipated that survival in the pediatric
cohort would be inferior. If this was true we would be
compelled to change our transfer process.

Methods
This is a single center program retrospective chart review
of consecutive solitary kidney recipients transplanted
between January 1990 and December 2009. All recipients
who were age ≤35 at the time of transplantation and
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were from Nova Scotia or Prince Edward Island are
included in the analysis. Permission for the study was
obtained from our institution ethics review board. Data
was abstracted from the program’s database and indivi-
dual patient charts and flow sheets.
Pediatric kidney transplants were performed at the IWK

Health Center and adults at the QEII Health Sciences
Center (geographically separate sites). However the sur-
gery is performed by the same surgeons. Medical care is
provided by pediatric and adult nephrologists at the
respective sites. Care is transferred from pediatric to adult
medicine at approximately age 18 years. A transfer letter is
sent by the pediatric nephrologist to the adult transplant
nephrologist along with all relevant records. The pediatric
clinic nurse contacts the adult nurse to review the impor-
tant issues and set the date of transfer. A visit is scheduled
within 3 months in the adult clinic.
To test the above hypothesis three cohorts were deter-

mined based on age at transplantation and place of trans-
plant. All pediatric (PED) were transplanted in the
pediatric hospital. This cohort was compared to 2 older
cohorts, who were transplanted in the adult hospital, con-
sisting of young adults (age 18 to < 25, YAD) and older
adults (age 25 to 35, ADL),
The status of the patients at transfer was defined at first

visit to the adult center. The study examined age at trans-
fer, graft function (serum creatinine), blood pressure, phos-
phate control, and immunosuppressive therapy. The
number of laboratory tests performed was also examined
in the year pre and post transfer. We examined the causes
of graft loss and defined non-adherence as a contributor to
graft loss only if the patient admitted discontinuation of an
immunosuppressive medication to an attending physician.
Descriptive statistics are presented as mean and stan-

dard deviation or percentages. Differences between groups
for variables of interest were performed using parametric
and non-parametric tests, where appropriate. To exclude
potential differences in technical (more challenging vascu-
lar anastomosis) and survival bias (patients with early graft
loss less likely to transfer with a functioning transplant)
death censored graft survival was examined in patients
with functioning kidney transplant at 1 year. Pediatric
(PED) graft survival was compared to YAD and ADL
using Kaplan-Meier survival tested by log-rank starting at
year 1 as time zero. Other covariates were examined for
associations with graft survival and these included gender,
acute rejection within the first year, donor age, organ
source, delayed graft function (need for dialysis), diabetes
mellitus at time of transplant, HLA mismatch, peak PRA
(%), immunosuppression at transplantation (type of calci-
neurin inhibitor and type of adjunctive therapy), and reci-
pient and donor CMV status. Cold ischemia time could
not be examined given the large amount of missing data.
Pre transplant PRA was only examined in deceased

donation as this test was not performed on live donor reci-
pients. The Kaplan-Meier method was used to test for sig-
nificant univariate associations with graft survival. Donor
age and peak PRA were also tested by examining tertiles
for donor age and 0% versus > 0% for PRA (deceased
organ source only). Covariates with a level of significance
of < 0.10 were included into the final multivariate Cox
model. Significance was tested at the 5% level. Statistical
analyses were performed using SPSS 15.0 software (Chi-
cago, IL).

Results
There were 247 transplants performed in 224 recipients
between January 1990 and December 2009. Only 7
(3.1%) were not Caucasian. Table 1 shows the baseline
demographics for the three age cohorts. Other than age,
diabetes mellitus status and initial immunosuppression,
the 3 patient groups were similar at baseline.
Twenty six transplants were lost within 1 year (PED- 7

(12.5%); YAD-6 (11.1%); ADL-13 (9.5%)) and these graft
outcomes were excluded. All 7 of the pediatric graft
losses occurred at the pediatric center. The remaining
were distributed to the PED (n = 49), YAD (n = 48) and
ADL (n = 124) cohorts. Figure 1 shows the Kaplan-Meier
death censored graft survival for the 3 age cohorts. The
survival for the first 2 cohorts (PED and YAD) are almost
superimposed where as the graft survival is statistically
better (p = 0.04) in the oldest age cohort (ADL; age 25-
35). There were 17 patients that died with a functioning
graft (PED-2; YAD-2; ADL-13)
In a multivariate Cox model for death censored graft sur-

vival, pre-emptive transplantation (HR 0.18, 95% CI 0.07,
0.45, p < 0.001), CMV D+R- status (HR 0.30, 95% CI 0.13,
0.72, p = 0.006) and male gender (HR 0.55, 95% CI 0.36,
0.90, p = 0.017) were associated with much better out-
comes whereas acute rejection was associated with an
inferior outcome (HR 2.3, 95% CI 1.4, 3.8, p = 0.001). In
comparison to the PED group the YAD was statistically
similar (HR 0.86, 95% CI 0.44, 1.7, p = 0.66). However the
older age category demonstrated better survival (HR 0.45,
95% CI 0.25, 0.82, p = 0.009). HLA mismatch, diabetes
mellitus, PRA, immunosuppressive therapy, organ source,
and donor age were not significant.
Of the 49 PED cohort 24 transferred to the adult

program with a functioning transplant. Of these 24, 18
were followed at this center and the remaining 6 were
followed elsewhere. Table 2 shows the characteristics of
the patients on transfer to this institution. Of these, 6
had a serum creatinine > 180 μmol/L at transfer and all
of these eventually failed. Three of these had advanced
dysfunction (serum creatinine > 300 μmol/L) and all
failed within 2 years.
In the PED group, 4 (21%) of the 19 graft failures

were admitted non-adherers whereas the number in the
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YAD cohort was 3 (19%) of 18 graft losses and in the
ADL group was 6 (20%) of 30 graft losses.

Discussion
The major finding is that there does not appear to be any
difference in graft survival for young recipients trans-
planted at the pediatric center and those young adults
transplanted at the adult center. Both groups appear to
do worse than a slightly older cohort. This study does
not provide any evidence that the transfer from pediatric
to adult care is responsible for any increase in graft fail-
ure. The perception of early graft loss after transfer likely
reflects advanced graft dysfunction in some patients. The
more important implication of this report is our concep-
tion of the issue which might identify appropriate areas
of study. Conceptually, it is not the transfer of care that
is the critical issue but rather recipients, somewhere
between the ages of 11-14 and 25, are a unique and

vulnerable cohort. Effective strategies across this age
group need to be identified and applied consistently.
The findings of this study appear to be at odds with a

Government of Accountability Office (GAO-07-1117)
report of US kidney transplant recipients. In an analysis of
the USRDS database of kidney transplant recipients trans-
planted between 1997 and 2000, researchers also created 3
cohorts of patients (pediatric-1, 218, transition-2, 148 and
adult-49, 940) and examined survival [5]. At 5 years post
transplantation there were more graft losses in transitional
patients (33%) than pediatric (16%) and adult (28%)
patients. However, the Scientific Registry of Transplanta-
tion Recipients (SRTR) report showed that pediatric recipi-
ents between the age of 11-17 have the lower 1, 3, and 5
year graft survival compared to recipients age < 11 and age
18-34 [6]. The GAO study did not perform appropriate
survival analyses, and neither the GAO nor the SRTR
report tested for statistical significance in an adjusted

Table 1 Baseline Characteristics of the Three Age Cohorts at Time of Transplantation

Pediatric
PED

N = 56

Young Adult
YAD

N = 54

Adult
ADL

N = 137

p-value

Age years 11 ± 5 21 ± 2 30 ± 3 < 0.001

Gender male 29 (52%) 31 (57%) 79 (58%) 0.75

Deceased Donor 31 (55%) 23 (43%) 74 (54%) 0.34

Donor Age years 36 ± 12 37 ± 14 36 ± 15 0.99

Pre-emptive 18 (32%) 15 (28%) 33 (24%) 0.51

1st graft 42 (80%) 45 (83%) 103 (75%) 0.44

CMV D+/R- 12 (21%) 11 (20%) 29 (21%) 0.98

HLA Mismatch 3.5 ± 1.1 3.7 ± 1.4 3.8 ± 1.4 0.35

Delayed Graft Function 8 (14%) 5 (9%) 18 (13%) 0.69

Peak PRA % 4 ± 15 5 ± 15 4 ± 10 0.88

Diabetes Mellitus 0 4 (8%) 20 (18%) 0.007

Rejection within Year 1 22 (39%) 16 (30%) 41 (30%) 0.41

Year of Transplant

1990-1994 13 (23%) 22 (41%) 45 (33%) 0.055

1995-1999 18 (32%) 9 (17%) 42 (31%)

2000-2004 14 (25%) 11 (20%) 30 (21%)

2005-2009 11 (20%) 12 (22%) 20 (14%)

Immunosuppression

Individual 25 (45%) 5 (9.3%) 34 (25%) < 0.001

Depleting Antibody 50 (89%) 38 (70%) 94 (69%) < 0.001

Cyclosporine (CSA) 4 (7%) 16 (30%) 43 (31%) < 0.001

Tacrolimus (TAC) 40 (71%) 22 (41%) 50 (36%) < 0.001

Azathioprine (AZA) 13 (23%) 29 (54%) 75 (55%) < 0.001

Mycophenolate (MPA)

Immunosuppression

Combinations 45 (80%) 21 (39%) 49 (36%) < 0.001

CSA/AZA 10 (18%) 17 (31%) 35 (26%)

CSA/MPA 0 1 (1.8%) 1 (0.7%)

TAC/AZA 4 (7%) 12 (22%) 41 (30%)

TAC/MMF 1 (1.8%) 3 (5.5%) 11 (8%)

Other

Kiberd et al. BMC Nephrology 2011, 12:54
http://www.biomedcentral.com/1471-2369/12/54

Page 3 of 6



model and did not distinguish between young adults (age
18-25) and older adults (age 25-35). We suspect that with
further analysis of this registry, subjects transplanted within
the 18-25 year age will be seen to have death censored
graft survival rates that are similar to 11-17 year olds and
both will be inferior to graft survival in 25 to 35 year olds.
The Canadian study by Koshy et al found relatively con-
stant graft loss rates of about 5-6 per 100 patient years of
exposure in age intervals of 14-17.9, 18-19.9 and 20-23.9
[2]. Although some of the recipients transplanted at age
11-17 would have lost their grafts after transfer, the results
would also be consistent with the concept that young
adults somewhere between ages of 11 and 14 to 25 (the
lower threshold is unclear) are a vulnerable cohort rather
than the transfer of care being the critical issue.
The literature on transfer to adult care in kidney trans-

plantation is limited. There is a concern that adolescents
feel disenfranchised and alienated in the process [7]. Some
have advocated a planned transfer that might include the
adult nephrologist and nurse visiting the patient in the
pediatric center prior to transfer, a joint transition clinic
and programmed visits to the adult center prior to transfer
[7]. However others have not been able to demonstrate the
benefit of a targeted transition clinic [8]. The studies are
small but all highlight the challenges of transfer. These
and others are concerned about non-adherence [7-9]. It is
possible that adolescents and young adults are at a vulner-
able time regardless of the initial site of care and whether
there is a transfer between centers. Greenstein and Siegal
and others have characterized a subgroup of non-adherers
as ‘invulnerable’. These tend to be younger, less well

educated, hide their non-adherence and do not believe
missing medication will hurt them [9,10]. Centers caring
for adolescent and young adults may need to confront this
specific belief.
The study did not find a greater rate of admitted non-

adherence as a cause of graft failure despite our initial per-
ception that this might explain observed differences. It is
difficult to know the extent of the non-adherence in the
entire group since often the admission is only detected at
graft failure. No measures of non-adherence have high
sensitivities or specificities [11]. We utilized admitted non-
adherence with immunosuppressant medications as a spe-
cific variable in this analysis, but did not ask all patients in
a standardized fashion [12]. We did not evaluate rates of
covert non-adherence in this study (for example low or
variable drug levels, unfilled prescriptions, etc). It is inter-
esting to note that females had inferior outcomes in com-
parison to their counterparts. There is some suggestion
that body image may play a role in non-adherence in
pediatric transplant recipients however there was no clear
indication of greater non-adherence in females in this
study and gender has not consistently been associated
with non-adherence in pediatric transplant recipients
[13,14]. Whether some of the difference in graft survival
exists between the ADL group and the younger 2 cohorts
from undetected non-adherence remains speculative.
Part of the perception that patients do worse after trans-

fer is that some are transferred with failing allografts lead-
ing to dialysis within a short time period. Of the cohort
transferred almost half have lost their transplant. Age was
the reason for transfer, not graft function. Patients were
transferred within a narrow age window but at a wide
range of times from the date of transplantation and with a
wide range of graft function. Many of the patients trans-
ferred have significant ‘mileage’ on their grafts and this is
the more likely explanation for the perception of inferior
outcomes. Overall the care of the patients at transfer was
excellent with well controlled blood pressure and serum
phosphate. It is interesting to note that the number of
laboratory tests in the year after transfer was about half of
the number in the year before transfer. Although there
were significant differences in the types of initial immuno-
suppression between cohorts this did not explain the dif-
ferences detected. Whether the differences in outcomes
could be related to greater immune activity or greater
non-immunologic (growth and hormonal changes) stress
in younger recipients remain a distinct possibility and
should not be discounted.
The study has limitations. To test the hypothesis ade-

quately that transfer of care is the critical event there
would need to be a control trial randomizing pediatric kid-
ney recipients at age 18 to continued follow up at the
pediatric center compared to transfer and follow up to an
adult center. As analyzed in this study a significant

Numbers at Risk 
PED     49                32                 12                  2              
YAD     48                29                 14                  5
ADL    125               86                  48                13

Figure 1 Death Censored Graft Survival (Kaplan-Meier) after
year 1 and stratified by Age Group (PED, Pediatric; YAD,
Young Adult age < 25; ADL, Adult age 25-35).
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difference between the pediatric and young adults could
have been missed. A sample size of nearly 700 patients
would be required to detect a hazard ratio of 0.80 with a
power of 80%. This is a single center Canadian study in a
predominately white population with universal health care.
Other centers might experience different outcomes. A pro-
spective comprehensive standardized non-adherence study
would better detect this as a cause of differences in survival
between cohorts than this retrospective analysis. We sus-
pect that non-adherence remains a major explanation but
cannot prove it.
Immunosuppression was significantly different between

groups at baseline but was not a significant predictor of
outcomes. This may have been the small sample size or

the fact that many pediatric patients had medication
changes, as demonstrated in the composition of drug
therapies at transfer (Table 2). The more likely explana-
tion is that the newer therapies have reduced acute rejec-
tion rates and improved 1 year graft survival but have not
greatly improved survival after the first year [15]. In a
recent study by Opelz, no significant survival differences
could be detected between recipients treated initially
with cyclosporine versus tacrolimus or mychophenolate
versus azathioprine [16]. The finding that CMV D+R-
recipients fared better was a surprise finding of the study
and is largely unexplained. Most studies show that these
recipients are at increased risk of both death and graft
loss [17]. All patients would have received prophylaxis at
both centers. The protocols have evolved over time with
IVIG and acyclovir in the early years to the current strat-
egy of oral valganciclovir.

Conclusions
What this study identifies is that both pediatric patients
prior to transfer and adolescents transplanted in the
adult center are vulnerable and likely need similar inter-
ventions. These might include relatively more immuno-
suppression, better non-immunosuppressive renal
protection strategies, effective education with regards to
adherence, and better coping strategies. A large rando-
mized controlled intervention trial would be needed to
establish benefit. At present there are likely multiple
strategies that might be beneficial and the preferred
strategy would need to be established. The study does
not negate the fact that adolescents transferring to adult
medicine require special attention and expertise, but
rather the date of transfer is an artificial time point and
focusing at this point may miss opportunities to
improve outcomes. Further research in this vulnerable
cohort deserves our greater attention.

Acknowledgements
No funding was required for this study

Authors’ contributions
All authors participated in the research design, collected data, and data
interpretation. All authors read and approved the final manuscript. BK
performed the statistical analysis.

Competing interests
The authors declare that they have no competing interests.

Received: 23 January 2011 Accepted: 7 October 2011
Published: 7 October 2011

References
1. Chaturvedi S, Jones CL, Walker RG, Sawyer SM: The transition of kidney

transplant recipients: a work in progress. Pediatr Nephrol 2009, 24:1055-60,
PMID 19238453.

2. Watson AR: Non-compliance and transfer from pediatric to adult
transplant unit. Pediatr Nephrol 2000, 14:469, PMID 16872185.

Table 2 Patient Characteristics at Transfer to Adult
Center

Transfer (n = 18)

Age at transfer 18.6 ± 1.0 (range 16.6-20.9
years)

Gender (male) 9

ESRD

Congenital 6

Glomerulonephritis 7

Interstitial 3

Other 2

Duration of Function 5.1 ± 3.5 (range 0.9-11 years)

Deceased Donor 11

1st Graft 13

HLA MM 3.5 ± 1.2

Number of patients with rejection pre
transfer

7

Donor Age (years) 39 ± 12

Systolic BP 127 ± 11 mm Hg

Albumin 40 ± 3 g/L

Hemoglobin 112 ± 19 g/L

Phosphorous 1.27 ± 0.47 mmol/L

Serum Creatinine

Year 1 Post Transplant 208 ± 132 μmol/L

At Transfer 182 ± 81 μmol/L

12 months Post Transfer 226 ± 170 μmol/L

Mean Laboratory tests

12 months pre 28 ± 27

12 months post 15 ± 9

Number of patients with rejection post
transfer

5

Mean Follow up 4.92 years

Immunosuppression

Tacrolimus 10

Cyclosporine 7

Azathioprine 11

MMF 3

Sirolimus 1

Prednisone 18

Kiberd et al. BMC Nephrology 2011, 12:54
http://www.biomedcentral.com/1471-2369/12/54

Page 5 of 6

http://www.ncbi.nlm.nih.gov/pubmed/19238453?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19238453?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10872185?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10872185?dopt=Abstract


3. Koshy SM, Hebert D, Lam K, Stukel TA, Guttmann A: Renal allograft loss
during transition to adult healthcare services among pediatric renal
transplant patients. Transplantation 2009, 87:1733-6, PMID 19502968.

4. van den Heuvel ME, van der Lee JH, Cornelissen EA, Bemelman FJ,
Hoitsma A, Geskus RB, Bouts AH, Groothoff JW: Transition to the adult
nephrologist does not induce acute renal transplant rejection. Nephrol
Dial Transplant 2010, 25:1662-7, PMID 20026560.

5. US Government Accountability Office Report GAO-07-117: End stage renal
disease: characteristics of kidney transplant recipients, frequency of
transplant failures and cost to Medicare. 2004 [http://www.gao.gov/new.
items/d071117.pdf], Accessed December 29th 2010.

6. Magee JC, Krishnan SM, Benfield MR, Hsu DT, Shneider BL: Pediatric
transplantation in the United States, 1997-2006. Am J Transplant 2008,
8(Part 2):935-945, PMID 18336697.

7. Harden PN, Nadine P: Pediatric to adult transition: a personal experience.
Prog Transplant 2006, 16:324-8, PMID 17183939.

8. Remorino R, Taylor J: Smoothing things over: the transition from
pediatric to adult care for kidney transplant recipients. Prog Transplant
2006, 16:303-8, PMID 17183936.

9. Morrissey PE, Flynn ML, Lin S: Medication noncompliance and its
implications in transplant recipients. Drugs 2007, 67:1463-81, PMID
17600393.

10. Greenstein S, Siegal B: Compliance and noncompliance in patients with a
functioning renal transplant: a multicenter study. Transplantation 1998,
66:1718-26, PMID 9884266.

11. Schäfer-Keller P, Steiger J, Bock A, Denhaerynck K, De Geest S: Diagnostic
accuracy of measurement methods to assess non-adherence to
immunosuppressive drugs in kidney transplant recipients. Am J
Transplant 2008, 8:616-26, PMID 18294158.

12. Chapman JR: Compliance: the patient, the doctor, and the medication?
Transplantation 2004, 77:782-6, PMID 15021849.

13. Gerson AC, Furth SL, Neu AM, Fivush BA: Assessing associations between
medication adherence and potentially modifiable psychosocial variables
in pediatric kidney transplant recipients and their families. Pediatr
Transplant 2004, 8:543-50, PMID 15598321.

14. Dew MA, Dabbs AD, Myaskosky L, Shyu S, Shellemer DA, DiMartini AF,
Steel J, Unruh M, Switzer GE, Shapiro R, Greenhouse JB: Meta-analysis of
medical regimen adherence outcomes in pediatric solid organ
transplantation. Transplantation 2009, 88:736-46, PMID 19741474.

15. Lamb KE, Lodhi S, Meier-Kriesche HU: Long-term renal allograft survival in
the United States: a critical reappraisal. Am J Transplant 2011, 11:450-62,
PMID 20973913.

16. Opelz G, Döhler B, Collaborative Transplant Study: Influence of
immunosuppressive regimens on graft survival and secondary outcomes
after kidney transplantation. Transplantation 2009, 27;87:795-802, PMID
19300179.

17. Pescovitz MD: Benefits of cytomegalovirus prophylaxis in solid organ
transplantation. Transplantation 2006, 82(2 Suppl):S4-8, PMID 16858270.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2369/12/54/prepub

doi:10.1186/1471-2369-12-54
Cite this article as: Kiberd et al.: Kidney transplant survival in pediatric
and young adults. BMC Nephrology 2011 12:54.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Kiberd et al. BMC Nephrology 2011, 12:54
http://www.biomedcentral.com/1471-2369/12/54

Page 6 of 6

http://www.ncbi.nlm.nih.gov/pubmed/19502968?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19502968?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19502968?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20026560?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20026560?dopt=Abstract
http://www.gao.gov/new.items/d071117.pdf
http://www.gao.gov/new.items/d071117.pdf
http://www.ncbi.nlm.nih.gov/pubmed/18336697?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18336697?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17183939?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17183936?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17183936?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17600393?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17600393?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9884266?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9884266?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18294158?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18294158?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18294158?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15021849?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15598321?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15598321?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15598321?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19741474?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19741474?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19741474?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20973913?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20973913?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21904269?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21904269?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21904269?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16858270?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16858270?dopt=Abstract
http://www.biomedcentral.com/1471-2369/12/54/prepub

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Discussion
	Conclusions
	Acknowledgements
	Authors' contributions
	Competing interests
	References
	Pre-publication history


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


