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Abstract

Mortality has decreased in children with end stage kidney disease. Decreases in mortality during
dialysis and improved graft survival contributed to this improvement. However, it is unknown if
rates of death with graft function have also improved. We measured this in first transplant
recipients under 21 years old registered in the USRDS. Cox models were used with a time-
dependent renal replacement therapy modality variable to estimate the hazard ratios for death with
graft function associated with a 1-year increment in the calendar year of transplant. There were
157,201 person-years of observation among 17,468 recipients with 82.2% of study time during
graft function and 17.8% during dialysis after graft failure. There were 2003 deaths (12.7 deaths/
1000 person-years) overall of which 985 occurred with graft function (7.6 deaths/1000 person-
years) and 1018 occurred during dialysis after graft failure (36.1 deaths/1000 person-years). Each
1-year increment in calendar year of first transplant was associated with a significantly lower risk
of death, both over all observation (HR 0.97 [0.96, 0.98]) and focusing on time with graft function
(HR 0.98 [0.97, 0.99]). Living donation was significantly associated with better survival while
dialysis after graft failure was associated with a much higher mortality risk (HR 4.85 [4.40, 5.35])
compared with graft function. Thus, the risk of death with graft function has decreased in children
receiving a first kidney transplant. Increasing living donation and minimizing dialysis may further
improve outcomes.
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INTRODUCTION

Kidney transplantation is the treatment of choice for children and adolescents with end stage
kidney disease (ESKD).1 Dialysis therapy, either prior to transplant or after graft failure, is
associated with worse survival and quality of life and greater costs compared to
transplant.2- Unlike adults, almost all children with ESKD are eligible for transplant in the
United States (US).” Nevertheless, children receiving a kidney transplant have a life
expectancy 20 years shorter than the general population.8

The first kidney transplant was performed in a child 50 years ago and there have since been
significant improvements specific to the care of transplant recipients,® including
improvements in immunosuppression protocols, and in infectious disease monitoring,
prophylaxis, and treatment. In addition, advances in surgical techniques have allowed
successful transplantation in smaller and younger children. These changes may have
affected outcomes,10-12

Patient survival has improved over time for pediatric transplant recipients.® 13 Although
there are many possible reasons, there are three major paths to better survival of transplant
recipients: improvements in graft survival, decreases in mortality risk following graft failure,
and decreases in the risk of death with graft function. Graft survival has improved over time
for pediatric recipients.13 Because mortality rates are lower for patients with graft function
than for those being treated with dialysis, 3 improvements in graft survival will result in
improved patient survival. We recently showed that patient survival has also improved over
time among children receiving dialysis.” Therefore, decreased mortality risk following
return to dialysis after graft failure may also have contributed to decreases in overall
mortality. It remains unknown if the risk of death with graft function has changed over time.
Half of deaths following pediatric kidney transplant occur in patients with graft function.3
We aimed to determine whether the risk of death with graft function has changed over
calendar time among children and adolescents who received their first kidney transplant
from 1990-2010 in the US. Based on prior work,2 3: 7. 13-15 e hypothesized that mortality
rates improved over time.

RESULTS

Patient characteristics

We identified 17,468 children and adolescents who received their first kidney transplant at
<21 years of age from January 1990 until December 2010. The cohort was followed for a
median of 8.4 years (interquartile range (IQR) 4.2-13.6 years), with 157,201 person-years of
observation, of which 129,146 person-years (82.2%) were during graft function, with the
remainder during dialysis after graft failure.
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Table 1 summarizes the characteristics of patients receiving their first kidney transplant
during the observation period. The age at first transplant remained stable but the proportion
of all first transplants in recipients 18-21 years of age decreased from 30.2% in 1990-1994
t0 22.1% in 2005-2010. Consistent with data from the general US population, the
proportion of recipients classified as “Other” race (not White or Black) increased over the
observation period. Primary kidney disease, socioeconomic status (SES), duration of dialysis
before first transplant, proportion of pre-emptive transplants, and primary insurance
coverage appeared stable from 1990-2010. The proportion of living donor first transplants
was lower in the most recent, compared with earlier periods. The greatest amounts of
missing data were in the earliest time period and involved the insurance coverage and co-
morbidity variables. Few patients had =1 recorded co-morbidity; however, the proportion of
subjects with at least one recorded co- morbidity was higher in 2005-2010 compared to
earlier.

Table 2 summarizes the crude all-cause mortality rates and recorded causes of death for the
cohort. There were 2003 deaths during observation (12.7 deaths per 1000 person-years); 5
deaths occurred during the transplant surgery. Of all deaths, 985 (49.2%) occurred during
graft function (7.6 deaths per 1000 person-years) and the remaining 1018 (50.8%) deaths
were during dialysis after graft failure (36.1 deaths per 1000 person-years).

Among those who died, the median time from first transplant to death was 6.6 years (IQR
2.5- 10.9 years) at any time after first transplant, 3.9 years (IQR 0.6-8.6 years) for those who
died with graft function, and 8.8 years (IQR 5.3-11.9 years) for those who died after graft
failure. The length of follow-up was not equal for all subjects.

The 5-year patient survival was 93.2% for those receiving a first transplant from 1990-1994,
95.3% for those receiving a first transplant from 1995-1999, and 95.1% for those receiving a
first transplant from 2000-2004. Kaplan-Meier survival curves for the cohort are shown in
Figure 1.

The most commonly recorded causes of death with a functioning allograft that were not
missing (33.1%) or unknown (18.7%) were infection (16.0%), cardiovascular (14.3%), or
malignancy (7.2%). The proportion of deaths during graft function attributed to
cardiovascular disease or infection did not appear to change over time (Table 2). Cause of
death during dialysis after a failed transplant was missing in 15.8% and the most commonly
recorded causes were cardiovascular (42.9%) or infection (12.7%).

Changes in mortality over the observation period

Table 3 shows the hazard ratios (HR) for all-cause mortality per 1-year increment in
calendar year of first transplant from 1990-2010. In the adjusted model, each 1-year
increment in calendar year of first transplant was associated with a HR of 0.97 (95%
confidence interval (CI) 0.96, 0.98) for death at any time after the first transplant. Focusing
on time with graft function, each 1-year increment in calendar year of first transplant was
associated with a lower mortality risk (adjusted HR of 0.98, 95% CI1 0.97, 0.99). Removing
insurance coverage and co-morbidity status from the models did not change the point
estimates or confidence intervals for the HRs for death.
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Insurance coverage and co-morbidity status were more frequently missing in the 1990-1994
time period. To examine the impact of missing covariate data, we conducted a sensitivity
analysis, restricting the cohort to subjects who received their first transplant from
1995-2010. The all-cause mortality HRs for patients transplanted from 1995-2010 were
similar in magnitude compared to the full cohort, with an adjusted HR of 0.98 (95% CI 0.96,
0.99) during all observation time after transplant and an adjusted HR of 0.99 (95% CI 0.97,
1.00) during periods of graft function.

There was a significant interaction between recipient age and year of transplant in univariate
models examining survival at any time after first transplant (p=0.006); this interaction did
not reach significance in univariate models focused on time with graft function (p=0.06). We
also show results of analyses stratified by age in Table 4. There was a greater improvement
in survival over calendar time for children <5 years of age at transplant than for those =5
years old during all observation time after first transplant and when focusing on observation
with graft function.

The associations between other variables included in the multivariable models and mortality
are shown in Figure 2. Higher mortality risk was independently associated with the presence
of =1 recorded co-morbidity, public insurance (versus no coverage), lower estimated SES,
“Other” primary disease, and female gender. Receiving a living donor transplant was
associated with a substantially lower risk of death, even in models adjusted for renal
replacement therapy modality (graft function versus dialysis after graft failure). Younger
recipient age was associated with a higher risk of death during graft function. Black race
was associated with a higher risk of death than white race at any time after the first
transplant, but not when comparisons were limited to time with graft function. There were
no significant associations between mortality and the degree of human leukocyte antigen
(HLA) mismatch or donor age (data not shown). Treatment with dialysis after graft failure
was associated with a 4.85 times higher risk of death (95% CI 4.40, 5.35) compared to
periods of graft function. Each additional year of dialysis prior to first transplant was
associated with a small but significantly higher risk of death with graft function (0.3%
increased risk of death, p=0.01) and of death at any time after transplant (0.4% increased
risk of death, p=0.001).

DISCUSSION

We examined changes in survival during graft function among over 17,000 US children and
adolescents who received their first kidney transplant from 1990-2010. Although we found
significant improvements in mortality risk over calendar time, these improvements
amounted to a decrease in mortality of about 3% per year during all observation time after
first transplant and about 2% per year during periods of graft function. Similar to what we
previously observed in children with ESKD initially treated with dialysis,” survival
improved for both the youngest and older children after transplantation, but appeared to be
greater for children <5 years of age.

Others have examined changes in patient survival over calendar time in children undergoing
kidney transplantation.2 3:10. 15,17 An analysis of the Scientific Registry of Transplant

Kidney Int. Author manuscript; available in PMC 2015 September 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Laskin et al.

Page 5

Recipients (SRTR) included children <18 years of age receiving a kidney transplant in the
US and reported that mortality decreased by about 5% per calendar year3-a substantially
larger improvement than we observed. In contrast to our findings that younger children (<5
years of age) may have seen greater improvements than older children, that study found no
difference in improvements in mortality risk by recipient age. The differences in the
magnitude of the improvement over time and in the observed associations with age between
studies may be due to several factors. For example, the analysis of SRTR data included
repeat transplants, did not adjust for renal replacement therapy modality, and used the
missing indicator method to deal with missing covariate data, potentially leading to bias.18
We adjusted for renal replacement therapy modality in order to examine changes in the rates
of death with graft function to consider the relative contribution of improvements specific to
transplant or dialysis care.

Several factors may have contributed to the observed decreases in mortality in our study.
Changes in immunosuppression protocols have occurred over the observation period, with
fewer children receiving prednisone at transplant or 1 year follow-up.1! The percentage of
children receiving lymphocyte depleting induction therapy decreased from 50% in 1996 to
6% in 2000, increasing again to 22% in 2009.10 Lymphocyte depleting therapy has been
associated with a higher risk of post-transplant lymphoproliferative disorder, but not
death.19 Regarding infection, the first randomized, placebo-controlled trial of acyclovir
prophylaxis against cytomegalovirus infection in kidney transplant recipients was published
in 1989.20 A recent meta-analysis found that cytomegalovirus prophylaxis was associated
with a 37% reduction in all-cause mortality among solid organ transplant recipients.?!

Relatively healthier transplant recipients in more recent years may have biased towards the
improved survival over time that we observed. However, we noted that the proportion of
recipients with at least one identified co-morbidity appeared to increase over time.
Additionally, changes in the demographics of transplanted children may have influenced the
results. Adolescents have a high risk of graft loss and late-onset rejection likely due to poor
adherence with immunosuppressant medication.22-24 However, over the study period, we
observed a decrease in the proportion of patients who were 18-21 years of age—the age
group at highest risk of graft failure.23

In 2005, towards the end of our observation period, the Share 35 policy was enacted to
provide children <18 years of age with increased access to kidneys from deceased donors
<35 years of age.2> Accordingly and as noted above, between 2005 and 2010, there was a
decrease in the proportion of transplant recipients who were 18-21 years of age. After 2005,
we also observed a decrease in the proportion of patients receiving living donor transplants,
but no change in the percentage of pre-emptive transplants, as recently reported by others.13
It is possible that the Share 35 policy contributed to the recent decrease in the percentage of
patients receiving living donor grafts. As access for children to deceased donor transplants
improved due to shorter waiting times, the pressure to pursue living donation may have
fallen. An increasing prevalence of medical conditions in the general population that may
preclude donation (i.e. hypertension, diabetes), or other factors, may also have contributed to
the lower proportion of living donors.2% These trends are distinct from other countries,
where rates of living kidney donation appear to be increasing over time.2’ Living donation,
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when available, should remain the preferred type of transplant, not only because of its
positive impact on graft survival, 10 11 but because we observed that living donation was
independently associated with a significantly lower risk of death after transplantation—even
after adjustment for renal replacement therapy modality. This suggests that the survival
advantage of living donor recipients is not exclusively mediated through superior graft
survival, confirming unadjusted observations from other US registry data.2®

We identified several factors associated with a higher risk of death with graft function. As
shown in prior studies, lower SES was associated with higher mortality risk.3 Similar to
children with ESKD treated with dialysis, a higher risk of death after transplant was
observed in females compared with males.2 3: 7 The biological basis for this finding is
unknown and conflicts with data in the general pediatric population where males have a
higher mortality risk than females.29 While deserving further study, it is notable that in
children with chronic kidney disease, female gender was an independent risk factor for left
ventricular hypertrophy.30 It is also possible that the higher risk of death in females with
ESKD is due to a higher prevalence of systemic inflammatory diseases in females compared
with males.3! We stress that the associations between these covariates and mortality risk
after first transplant must be interpreted with caution. Our study was not designed to identify
risk factors for death and we did not test for multiple interactions.

We acknowledge several limitations to the present analysis. Residual confounding by
variables not captured in the US Renal Data System (USRDS) may have contributed to the
associations observed.32 For example, most co-morbidity data in the USRDS is more
relevant to adults than to children with ESKD and does not capture conditions such as
developmental delay or pulmonary disease that have themselves been associated with
decreased survival in children receiving maintenance dialysis.33 Because USRDS data is
extracted from administrative forms often completed by non-clinical staff, there is a
potential for under reporting of co-morbidities and misclassification of underlying
diagnoses. Additionally, we were unable to formally test changes in cause-specific mortality
over time due to the large amount of missing cause of death data. Adjustment for SES was
limited because median household income by zipcode provides an imperfect estimate of
individual SES. Control for insurance coverage and co-morbidities was also limited due to a
large amount of missing data before 1995. In addition, there have been changes in public
insurance access for children over the observation period, and changes to the way co-
morbidities are captured into the USRDS.”: 34 We used multiple imputation to estimate
missing covariates; although this method is preferred over analyses including only subjects
with complete data and over the missing indicator method,3° 36 it does have limitations. A
sensitivity analysis including only patients transplanted after 1995, when missing data were
far less common, returned results of similar direction and magnitude to the models including
the entire cohort.

In conclusion, the present study showed a significant decrease in all-cause mortality rates
from 1990-2010 among first kidney transplant recipients <21 years old. Improvements in the
rate of death with graft function were smaller than the improvements in mortality rates
observed without adjustment for renal replacement therapy modality. The magnitude of the
improvement was smaller in the oldest patients. While cause of death was often missing, it is
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noteworthy that infection and cardiovascular disease remain the most commonly recorded
causes of death with graft function. The results of this study, combined with other studies,
suggest that the observed improvements over time in patient survival after kidney transplant
are likely due to a combination of the effects of improved graft survival,13 improved dialysis
care,’” and improved transplant care. These results are encouraging, but further improvement
is needed. Additional interventions to improve survival might include efforts to increase
living donation, targeted approaches to minimizing cardiovascular disease and infection, and
emphasis on strategies to improve graft survival.

Data source and population

This was a retrospective cohort study of children and adolescents recorded in the USRDS
database. As previously described, the USRDS includes virtually all children treated for
ESKD in the US.5. 7. 37 patient data for the USRDS is extracted from administrative forms,
including the 2728 form, which is mandatory for all patients with ESKD. These forms are
signed by the treating physician but are often completed by non-clinical staff working with
the patients.

We included patients receiving a first kidney transplant at <21 years of age, between January
1, 1990 and December 31, 2010, and followed until December 31, 2010. We included
children up to 21 years of age as many pediatric centers continue to treat individuals >18
years old. We divided the observation interval into four approximately equal periods to
highlight how patient characteristics and the amount of missing data have changed over
time.® 7 The Institutional Review Board at the Montreal Children-s Hospital approved the
study.

Primary exposure and outcome variables

Association

The primary exposure was the calendar year of first kidney transplant. The primary outcome
was all-cause mortality. Deaths are reported to the USRDS using the Death Notification
Form and from the National Vital Statistics Database.% 37

between year of initiation and mortality rate

We calculated all-cause mortality rates (deaths per 1000 person-years of observation) for
each year of first transplant from 1990-2010 and examined plots of the data. Although there
was year-to-year variability in mortality, overall, mortality rates decreased gradually and
linearly with year of first transplant; there were no clear ‘step’ changes. Therefore, the
calendar year of first transplant was analyzed as a continuous variable in 1-year increments.

We generated Kaplan-Meier curves showing survival over the observation period and also
report 5-year survival for each time period where all recipients had at least 5 years of
follow-up (1990-2004). We used Cox models to estimate the association between calendar
year of first kidney transplant and the relative mortality risk during graft function (HR with
95% CI). The HRs were expressed in terms of 1-year calendar time increments. Time zero
was the date of first kidney transplant. Patients were censored at death, end of observation,
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or third transplant (to simplify modeling). Initial models did not distinguish observation time
with graft function from observation time during dialysis following graft failure. To focus
on changes in the risk of death with graft function over calendar time, we fit additional
models including a time-dependent “status’ variable (functioning transplant versus dialysis
after graft failure)?; status was updated at 3-month intervals. In these models, all patients
started observation with graft function; status was changed to ‘failed, on dialysis’ at graft
failure, and back to ‘functioning graft’ at re-transplant. The reference status was a
functioning graft. Proportionality of hazards for the exposure of calendar time was
confirmed by examining plots of the data.

We also report causes of death after transplantation during graft function and during dialysis
after graft failure. Cause of death was determined from the USRDS Death Notification Form
that was updated in 1990 to include 59 causes of death. The form was again modified in
2004 to include 70 causes of death divided into cardiac, vascular, infection, liver disease,
gastrointestinal, metabolic, endocrine, “Unknown,” and “Other” categories.b 7 37

Models were adjusted for recipient gender, race, SES, age at first kidney transplant, primary
kidney disease, insurance coverage, number of co-morbidities, and time on dialysis prior to
transplant. SES was estimated using median household income by zipcode and classified by
quartile within the US Census data (2000).38 We also examined several donor
characteristics: living versus deceased donor source, degree of HLA mismatch (categorized
as the number of mismatches: 0-1, 2-3, or 4-6), and donor age. A quadratic recipient age at
first transplant term was included to model the U-shaped relationship between age and
mortality risk, where mortality increases with decreasing age in the youngest children, and
increases with increasing age in older children. We considered possible interactions between
year of first transplant and age at first transplant, categorized as <5 years versus =5 years of
age, based on our prior study in children initiating ESKD treatment with dialysis and the age
categories reported in the USRDS annual report.® 7 The age-stratified models did not
include a quadratic age term.

In additional models, insurance coverage and the number of recorded co-morbidities were
excluded due to limitations of these variables. Both of these variables had relatively larger
amounts of missing data, especially in earlier time periods. In addition, insurance status
pertains to coverage at the time of ESKD initiation and may not reflect insurance status for
the duration of observation since Medicare is time-limited after transplant for those <65
years of age and eligibility for Medicaid and/or private insurance may change over time.
Furthermore, the majority of co-morbidities captured by the USRDS 2728 ESKD initiation
form are not specific for the pediatric population and include categories such as
atherosclerotic heart disease, chronic obstructive pulmonary disease, and alcohol/drug
dependence.”: 37 Finally, reporting of both insurance coverage and co-morbidity has
changed, with updates to the USRDS 2728 form in 1995 and 2005.7: 37
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Imputation of missing data

We used multiple imputation methods3® to estimate the values of missing covariates, as
previously described.” In brief, the imputation method uses the distribution of values for
patients with non-missing data, together with the distributions of all other variables in the
model, to estimate the values of missing data. Because most of the missing data were in the
earliest time period, we fit additional models including only patients who received their first
transplant after 1995 to assess the impact of missing data on the results.

Data analyses were performed using SAS 9.2 (Cary, North Carolina) and S-plus 6.1. A 2-
sided P value <0.05 was considered statistically significant.

ACKNOWLEDGEMENTS

Dr. Laskin and Dr. Mitsnefes contributed equally to the study. Data were supplied by the USRDS. The content is
the sole responsibility of the authors alone and does not necessarily reflect the views or policies of the Department
of Health and Human Services or the United States government. The above funding agencies had no role in the
design and conduct of the study, in the collection, analysis, and interpretation of the data, or in the preparation,
review, or approval of the manuscript. An abstract presenting preliminary findings was presented at the 2014 annual
meeting of the Pediatric Academic Societies.

Sources of support: Dr Mitsnefes is supported by the National Institutes of Health (RO1DK07695, K24DK090070,
and U01DK-03-012). Dr Laskin was supported by a Career Development Award in Comparative Effectiveness
Research (1KM1CA156715-01). Dr Foster, a member of the McGill University Health Centre Research Institute
(supported in part by the Fonds de la recherche du Québec Santé (FRQS)), received salary support from the FRQS.
This work was supported in part by Health Resources and Services Administration contract 234- 2005-370011C.

REFERENCES

1. Horslen S, Barr ML, Christensen LL, et al. Pediatric transplantation in the United States, 1996-2005.
Am J Transplant. 2007; 7:1339-1358. [PubMed: 17428284]

2. McDonald SP, Craig JC. Long-term survival of children with end-stage renal disease. N Engl J
Med. 2004; 350:2654-2662. [PubMed: 15215481]

3. Foster BJ, Dahhou M, Zhang X, et al. Change in mortality risk over time in young kidney transplant
recipients. Am J Transplant. 2011; 11:2432-2442. [PubMed: 21831152]

4. Goldstein SL, Rosburg NM, Warady BA, et al. Pediatric end stage renal disease health-related
quality of life differs by modality: a PedsQL ESRD analysis. Pediatr Nephrol. 2009; 24:1553-1560.
[PubMed: 19421787]

5. Gillen DL, Stehman-Breen CO, Smith JM, et al. Survival advantage of pediatric recipients of a first
kidney transplant among children awaiting kidney transplantation. Am J Transplant. 2008; 8:2600—
2606. [PubMed: 18808405]

6. U.S. Renal Data System. USRDS 2013 Annual Data Report: Atlas of Chronic Kidney Disease and
End-Stage Renal Disease in the United States. National Institutes of Health, National Institute of
Diabetes and Digestive and Kidney Diseases; Bethesda, MD: 2013.

7. Mitsnefes MM, Laskin BL, Dahhou M, et al. Mortality risk among children initially treated with
dialysis for end-stage kidney disease, 1990-2010. JAMA. 2013; 309:1921-1929. [PubMed:
23645144]

8. Mitsnefes MM. Cardiovascular disease in children with chronic kidney disease. J Am Soc Nephrol.
2012; 23:578-585. [PubMed: 22383696]

9. Shapiro R, Sarwal MM. Pediatric kidney transplantation. Pediatr Clin North Am. 2010; 57:393-400.
[PubMed: 20371043]

10. North American Pediatric Renal Trials and Collaborative Studies (NAPRTCS). [October 9, 2013]

Annual Transplant Report. 2010. https://web.emmes.com/study/ped/index.htm.

11. Organ Procurement and Transplantation Network (OPTN) and Scientific Registry of Transplant
Recipients (SRTR). OPTN / SRTR 2011 Annual Data Report. Department of Health and Human

Kidney Int. Author manuscript; available in PMC 2015 September 01.


http://https://web.emmes.com/study/ped/index.htm

1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Laskin et al.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Page 10

Services, Health Resources and Services Administration, Healthcare Systems Bureau, Division of
Transplantation; Rockville, MD: 2012.

KDIGO clinical practice guideline for the care of kidney transplant recipients. American Journal of
Transplantation. 2009; 9:51-S157.

Van Arendonk KJ, Boyarsky BJ, Orandi BJ, et al. National Trends Over 25 Years in Pediatric
Kidney Transplant Outcomes. Pediatrics. 2014

Groothoff JW, Gruppen MP, Offringa M, et al. Mortality and causes of death of end-stage renal
disease in children: a Dutch cohort study. Kidney Int. 2002; 61:621-629. [PubMed: 11849405]
Samuel SM, Tonelli MA, Foster BJ, et al. Survival in pediatric dialysis and transplant patients.
Clin J Am Soc Nephrol. 2011; 6:1094-1099. [PubMed: 21393491]

US Census Bureau. [May 8, 2014] http://www.census.gov/.

Herthelius M, Celsi G, Edstrom Halling S, et al. Renal transplantation in infants and small
children. Pediatr Nephrol. 2012; 27:145-150. [PubMed: 21786082]

Greenland, SR.; Rothman, KJ. Fundamentals of epidemiologic data analysis, in Modern
Epidemiology. 2nd ed. Rothman, KJ.; Greenland, S., editors. Lippincott, Williams, and Wilkins;
Philadelphia: 1998. p. 207-208.

Caillard S, Dharnidharka V, Agodoa L, et al. Posttransplant lymphoproliferative disorders after
renal transplantation in the United States in era of modern immunosuppression. Transplantation.
2005; 80:1233-1243. [PubMed: 16314791]

Balfour HH Jr. Chace BA, Stapleton JT, et al. A randomized, placebo-controlled trial of oral
acyclovir for the prevention of cytomegalovirus disease in recipients of renal allografts. N Engl J
Med. 1989; 320:1381-1387. [PubMed: 2541335]

Hodson EM, Ladhani M, Webster AC, et al. Antiviral medications for preventing cytomegalovirus
disease in solid organ transplant recipients. Cochrane Database Syst Rev. 2013; 2:CD003774.
[PubMed: 23450543]

Chisholm-Burns MA, Spivey CA, Rehfeld R, et al. Immunosuppressant therapy adherence and
graft failure among pediatric renal transplant recipients. Am J Transplant. 2009; 9:2497-2504.
[PubMed: 19681814]

Foster BJ, Dahhou M, Zhang X, et al. Association between age and graft failure rates in young
kidney transplant recipients. Transplantation. 2011; 92:1237-1243. [PubMed: 22124283]

Smith JM, Ho PL, McDonald RA. Renal transplant outcomes in adolescents: a report of the North
American Pediatric Renal Transplant Cooperative Study. Pediatr Transplant. 2002; 6:493-499.
[PubMed: 12453202]

Amaral S, Patzer RE, Kutner N, McClellan W. Racial disparities in access to pediatric kidney
transplantation since share 35. J Am Soc Nephrol. 2012; 23:1069-1077. [PubMed: 22539831]
Axelrod DA, McCullough KP, Brewer ED, et al. Kidney and pancreas transplantation in the United
States, 1999-2008: the changing face of living donation. Am J Transplant. 2010; 10:987-1002.
[PubMed: 20420648]

Horvat LD, Shariff SZ, Garg AX. Global trends in the rates of living kidney donation. Kidney Int.
2009; 75:1088-1098. [PubMed: 19225540]

Smith JM, Martz K, Blydt-Hansen TD. Pediatric kidney transplant practice patterns and outcome
benchmarks, 1987-2010: a report of the North American Pediatric Renal Trials and Collaborative
Studies. Pediatr Transplant. 2013; 17:149-157. [PubMed: 23281637]

Balsara SL, Faerber JA, Spinner NB, Feudtner C. Pediatric Mortality in Males Versus Females in
the United States, 1999-2008. Pediatrics. 2013; 132:631-638. [PubMed: 23999952]

Mitsnefes M, Flynn J, Cohn S, et al. Masked hypertension associates with left ventricular
hypertrophy in children with CKD. J Am Soc Nephrol. 2010; 21:137-144. [PubMed: 19917781]
Costenbader KH, Desai A, Alarcon GS, et al. Trends in the incidence, demographics, and
outcomes of end-stage renal disease due to lupus nephritis in the US from 1995 to 2006. Arthritis
Rheum 2011. 63:1681-1688.

Miskulin DC, Meyer KB, Martin AA, et al. Comorbidity and its change predict survival in incident
dialysis patients. Am J Kidney Dis. 2003; 41:149-161. [PubMed: 12500232]

Kidney Int. Author manuscript; available in PMC 2015 September 01.


http://www.census.gov/

1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Laskin et al.

33.

34.

35.

36.

37.

38.

Page 11

Neu AM, Sander A, Borzych-Duzalka D, et al. Comorbidities in chronic pediatric peritoneal
dialysis patients: a report of the International Pediatric Peritoneal Dialysis Network. Perit Dial Int.
2012; 32:410-418. [PubMed: 22859841]

Racine AD, Long TF, Helm ME, et al. Children's Health Insurance Program (CHIP):
accomplishments, challenges, and policy recommendations. Pediatrics. 2014; 133:e784-793.
[PubMed: 24470647]

Schafer JL. Multiple imputation: a primer. Stat Methods Med Res. 1999; 8:3-15. [PubMed:
10347857]

Little RJ, D'Agostino R, Cohen ML, et al. The prevention and treatment of missing data in clinical
trials. N Engl J Med. 2012; 367:1355-1360. [PubMed: 23034025]

Foley RN, Collins AJ. The USRDS: what you need to know about what it can and can't tell us
about ESRD. Clin J Am Soc Nephrol. 2013; 8:845-851. [PubMed: 23124788]

Woodward RS, Page TF, Soares R, et al. Income-related disparities in kidney transplant graft
failures are eliminated by Medicare's immunosuppression coverage. Am J Transplant. 2008;
8:2636-2646. [PubMed: 19032227]

Kidney Int. Author manuscript; available in PMC 2015 September 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Laskin et al.

Page 12
o
=
-k 1990-1994
\ 1995-1999
Y 2000-2004
| ™ 2005-2010
O |
o -\ \
o | —
1
2 3 w
5 {3
© L N
-§ b= T
a 9 ]
s © L'HH
=
B " i
1% L
h"\
wn Ea—
Q0 - —
o R
I
 —
& ]
o =
o
T
0 5 10 20

Time since first transplant (years)

Figure 1. Kaplan-Meier estimate of survival for children receiving their first kidney transplant

in the United States in successive time periods

The number of individuals still under observation at 1, 2, 5, 10, 15, and 20 years after first
kidney transplant is indicated in the table below the curves. The log-rank p-value for

comparisons between time periods was <0.0001.

Table for number at risk to accompany Figure 1

Time period Years after first kidney transplant

0 1 2 5 10 15 20

1990-1994 3738 | 3603 | 3572 | 3459 | 3153 | 2783 | 284

1995-1999 4039 | 3974 | 3937 | 3834 | 3550 | 413 -

2000-2004 4300 | 4242 | 4207 | 4081 | 531 - -

2005-2010 5386 | 4540 | 3480 | 742 - - -
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Figure 2. Adjusted covariate hazard ratios for all-cause mortality after kidney transplant
The hazard ratios (HR) for each covariate (circles) and their 95% confidence intervals

(vertical bars) are plotted on a logarithmic scale. Models focusing on observation with graft
function are shown by the dashed horizontal lines with the HR [95% confidence interval]
displayed in italics at the right side of the figure. Models focusing on all observation time
after first transplant are shown by the solid horizontal lines with the HR [95% confidence
interval] displayed in bold at the right side of the figure. *Indicates a statistically significant
HR.

Models were adjusted for recipient age, recipient age squared, donor (living versus
deceased), gender, primary renal disease, socioeconomic status quartile, duration of dialysis
before first transplant, race, insurance coverage, and number of co-morbidities. Model
focusing on observation with graft function was also adjusted for renal replacement therapy
modality (graft function versus dialysis after graft failure—a time-dependent variable).
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