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Abstract

Introduction: Identifying factors that are associated with allograft function loss might be an important step toward prolonging
kidney allograft survival.

Purpose: In this study we found to determine the association between histologic changes on 1-year surveillance biopsies and changes
in graft function.

Methods: Recipients of kidneys from deceased donors (95%) or living donors (5%) transplanted between 2007 and 2012. The
primary end point was reduction in calculated glomerular filtration rate (Cockroft and Gault) higher than 5ml/min at 12 months post-
transplant vs. calculated glomerular filtration rate previous surveillance biopsy.

Results: This analysis included 114 adults, recipients of kidneys from deceased donors (95%) or living donors (5%), with low
immunological risk receiving basiliximab induction, transplanted between August 2007 and July 2012. The primary end point was
reduction in calculated glomerular filtration rate (Cockroft & Gault) higher than 5ml/min at 12 months post-transplant, 25 of 114
patients showing reduction. The histologic changes associated with renal function reduction were glomerulitis (p=0.024), interstitial
inflammation (p=0.001), tubulitis (p=0.001), capillaritis (p=0.001), glomerulitis + capillaritis (p=0.001), polyoma virus nephropathy
(p=0.04) and subclinical rejection (p=0.015). By regression analyses, interstitial inflammation (OR =2.11; 95% CI: 1.13-3.95) and
capillaritis (OR=7.12; 95% CI: 1.57-32.27) were associated with renal function reduction 12 month post-transplant.

Conclusion: inflammation and capillaritis in protocol biopsies in the first year post-transplant predict loss of graft function
independently of other variables.
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Resumen

Introduccion: identificar los factores asociados con pérdida de la funcién del injerto puede ser un paso importante hacia la
prolongacidn de la sobrevida del injerto renal.

Objetivo: determinar laasociacion entre los cambios histoldgicos presentes en las biopsias por protocolo, en el primer afio postrasplante
en receptores de bajo riesgo inmunoldgico, recibiendo induccién con basiliximab y pérdida en la funcion del injerto 12 meses
postrasplante.

Métodos: se incluyeron pacientes receptores de rifiones de donante cadavérico (95 %) o donante vivo (5 %) trasplantados entre
agosto de 2007 y julio de 2012. El desenlace primario fue pérdida en la tasa de filtracion glomerular calculada (Cockroft & Gault)
mayor a 5ml/min 12 meses postrasplante, en comparacion con la funcion renal previa a la biopsia por protocolo.

Resultados: la cohorte de estudio estuvo conformada por 114 pacientes, de los cuales 25 presentaron el desenlace principal. Los
hallazgos asociados con pérdida de funcion fueron glomerulitis (p=0,024), inflamacion intersticial (p=0,001), tubulitis (p=0,001),
capilaritis (p=0,001), glomerulitis + capilaritis (p=0,001), nefropatia por polioma virus (p=0,04) y la presencia de rechazo subclinico
(p=0,015). Por analisis de regresion logistica la presencia de inflamacion intersticial (OR = 2,11; IC 95 %: 1,13-3,95) y capilaritis
(OR=7,12; IC 95 %:1,57-32,27) fueron las variables asociadas con pérdida de funcion del injerto renal 12 meses postrasplante renal.
Conclusion: lainflamacion intersticial y capilaritis son variables histolégicas asociadas con pérdida de funcién del injerto renal, 12
meses postrasplante, independiente de otras variables.

Palabras clave: trasplante renal, biopsia por protocolo, bajo riesgo inmunolégico, basiliximab, funcion renal.
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Introduction

enal transplantation is the best treatment
option for patients with end stage chronic

renal failure, given its impact on patient’s
survival, quality of life and reduction in long-term
care costs.! The advances in immunosuppressive
therapy have allowed the increase in patient and
renal graft survival in the first year after transplant,
from 70 % reported in the early nineties to 90 %
today,? however, the survival of the renal graft
beyond the first year post-transplant has not
improved in parallel, and between 50 and 80% of
renal grafts are lost within the first 10 years.?

Some studies have shown that the function of
the renal graft in the first 6 and 12 months post-
transplant have a strong relationship with the
survival of the graft,* this study seeks to identify
early histological changes in protocol biopsies
performed during the first year of transplant,
associated with calculated loss of function of the
renal graft (Cockroft & Gault), which allows to
implement preventive and therapeutic behaviors
seeking to improve the survival of the graft and the
patient; in this regard there are some reports such
as the one published by Cosio et al., mainly in
patients recipients of living donor in North America,
who found an association between the presence of
inflammation and glomerulopathy in the protocol
biopsies in the first year and loss of graft function.®

However, in the Latin American population it is
not clear which are the findings of the protocol biopsy
in the first year post-transplant that correlate with
loss of function of the renal graft in the first 12
months post-transplant. The hypothesis is that early
histological changes in protocol biopsies may be
associated with loss of renal graft function 12 months
post-transplant.

Materials and methods

Retrospective cohort study in three kidney
transplant centers in the city of Bogota, between
August 2007 and July 2012. The inclusion criteria
were patients with low immunological risk renal
transplant who received induction with basiliximab

and immunosuppression scheme based on tacrolimus,
mycophenolic acid and steroids with protocol biopsy
between days 60 and 240 post-transplant. Patients
under 15 years of age, patients with high
immunological risk defined by a result of positive
panel reactive antibodies or antecedent of renal
transplantation, those who received induction with
thymoglobulin and those who did not receive
induction were excluded.

As independent variables, the histological findings
of the biopsies with more than 7 glomeruli, 1 artery
with internal elastic lamina (representative biopsies),
characterized as glomerulitis, interstitial inflammation,
vasculitis, tubulitis, capillaritis, interstitial fibrosis,
increased mesangial matrix, glomerulitis +
capillaritis, arterial hyalinosis, vascular intima, tubular
atrophy, clg immunofluorescence, polyoma virus,
and subclinical rejection were analyzed. The
dependent variable was the deterioration of the re-
nal graft function 12 months post-transplant defined
as the loss of more than 5 ml/min calculated by the
delta of the glomerular filtration rate (GFR) by the
Crockoft-Gault formula between the GFR pre-
protocol biopsy of the renal graft and the GFR 12
months after the transplant.

Statistical analysis

A descriptive analysis of the information was
performed. The categorical variables are shown as
absolute frequencies and percentages, and the
guantitative variables as measures of central
tendency and dispersion according to the normality
of the data, which was evaluated using the Shapiro-
Wilk test.

A logistic regression model was constructed to
determine the association between the histological
findings of the protocol biopsy and the outcome; to
the initial model were entered all the variables that
presented an association (p <0.20) with the outcome
in the bivariate analysis, which was performed using
the Mann-Whitney test when the independent va-
riable was quantitative and by the Fisher’s exact
test or the chi-square test when the variable was
categorical. HLA mismatch and the age of the donor
were assessed as possible confounding variables.
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The final model consisted of the variables that had
statistical significance, considering for this a p-value
less than a 0.05.

Results

The initial cohort consisted of 209 patients and
after verifying the inclusion and exclusion criteria,
we obtained 114 patients who set up the study
population, (Figure 1) all of them recipients with re-
nal transplant of low immunological risk who
received induction with basiliximab, of them, 89
patients did not have loss of function of the renal
graft, compared with 25 patients who lost more than
5 ml/min in calculated GFR. No statistically
significant differences were found in the
demographic characteristics of the population that
presented deterioration in renal graft function
compared to those who did not. (Table 1).

The individual histological findings associated
with statistically significant loss of graft function
were: presence of glomerulitis, interstitial
inflammation, tubulitis, capillaritis, glomerulitis +
capillaritis, polyoma virus nephropathy and the
presence of subclinical rejection. The frequency of
findings in protocol biopsy is shown in Table 2.

209 patients (August 2007 to July 2012)

Excluded: 95

Without induction: 5
Thymoglobulininduction: 49

High immunological risk: 18

Biopsy before day 60 post-transplant: 15
Without biopsy: 8

Total cohort: 114 patients

Figure 1. Patients selection.

£2500-5006

When performing the logistic regression model,
it was found that the presence of interstitial
inflammation (OR = 2.11; 95% CI: 1.13-3.95) and
capillaritis (OR = 7.12; 95% CI: 1.57-32.27) were
the individual variables associated with loss of renal
graft function 12 months after renal transplantation.
It was not found that the variables HLA mismatch
and age of the donor were confounders in the model.

Discussion

Protocol biopsy remains the best available
diagnostic strategy to date, becoming the “gold stan-
dard” to evaluate the state of the renal graft,
identifying histological alterations early before
evidencing substantial changes in renal function,
which has allowed to progress in the understanding
of the pathophysiological keys that explain the injury
and the loss of the graft in the long term. However,
protocol biopsy is not part of the routine practice in
transplant centers, so that our study represents the
first report in Colombia, backed up by a standardized
program of clinical surveillance to detect histological
patterns that are associated with dysfunction of the
renal graft in the short and long term. There are
few data that support the findings of the protocol
biopsy as predictors of loss of function, however, in
our study we found an important association between
the presence of glomerulitis, interstitial inflammation,
tubulitis, capillaritis, glomerulitis + capillaritis,
polyoma virus nephropathy and subclinical rejection
with the delta of glomerular filtration change, thus
becoming findings associated with deterioration of
the renal graft function 12 months post-transplant.

We identified that interstitial inflammation and
capillaritis are significantly associated with an
increased risk of impaired renal function. In this
sense, there has been evidence of an association
between the presence of tubulitis in protocol biopsies
at 3 months with progression to tubular atrophy,
interstitial inflammation of mononuclear cells and
chronic interstitial fibrosis.® In such a way that the
presence of interstitial inflammation has a significant
impact on kidney function at 12 and 24 months,
regardless of whether it meets the Banff criteria
for subclinical rejection.”
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Table 1. Clinical and sociodemographic characteristics of the patients.

Characteristics Total Stability Loss of function |p-value
n=114 (%) n=89 (%) =25 (%)

7(6,1) 3(3,4) 4(16)
19 a 34 28(24,6) 23(25,8) 5(20)
Recipient age 35a49 27(23,7) 21(23,6) 6(24)
50 a 64 36(31,6) 28(31,5) 8(32) 0,325
> 65 16(14) 14(15,7) 2(8)
. Masculino 78(68.4) 63(70,8) 15(60)

Recipient gender | co 1 enino 36(31,6) 26(29,2) 10(40) 0.336
Recipient race Blanco 108(98,2) 83(97,7) 25(100) | 1,000
P Negro 2(1,8) 2(2,4) ,

11(9,8) 9(10,1)
<18 2(8
102 48(42.9) 37(41,6) 11241)
Donor age 35 2 49 33(29,5) 24(26) 9(36)
S0s 64 20(17.9) 17(19,1) %12) 0,556
2(1,75) 2(2,25)
0 1(0,9) 1(1,15)
1 3(2,7) 3(3,5)
HLA Mismatch 2 25(22,3) 21(24,1) 416)
3 48(42.9) 34(39,1) Lures
4 33(29,5) 26(29,9) . (28 ) 0,732
5 1(1,8) 2(2,3) (28)
0 33(29,5) 28(32,18) 5(20)
HLA DR
Mismatch 1 69(61,6) 53(60,92) 16(64) 0,264
2 10(8,9) 6(6,9) 4(16)
Vivo 6(5,3) 84(94,38) 24(96)
Typeofdonor | wvkrico|  108(94,7) 5(5,62) 1(4) 1,000
Ischemia time
15 (4- 28 13,25(4,5 - 20) | 0,765
(hours)* ( ) ( )
Expanded Criteria 6(5,36) 6(6,9%) 0,335
Biopsy time* 136 (7-206) | 130(88-172) | 0,407

* Median (IQR). P-value of the Mann Whitney test.

It was found an incidence of subclinical rejection
of 18.6 %, results that are in contrast with data
reported by other studies in low immunological risk
renal transplant recipients, in tacrolimus-based

schemes, which range between 0.7 % and 15.2%.%-!
The presence of subclinical rejection has a
significant impact on renal graft function at 12 and
24 months despite receiving steroid treatment.

90 Histological findings in protocol biopsy associated with reduction in renal function
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Table 2. Frequency of individual findings in the protocol biopsy and association with calculated loss of function
of the renal graft 12 months post-transplant.

Glomerulitis 7(7,9 6 (24) 0,024
Interstitial inflammation 41(46,1) 20 (80 0,001
\Vasculitis 1(1,2 0 (0)

Tubulitis 17(19,1) 14 (56) 0,001
Capillaritis 3(3,9 7(28) 0,001
Glomerulitis + capillaritis 11(12,4) 10 (40 0,003
Arteriolar hyalinosis 10(11,6) 14,4

Double contours 7(7,9 2 (8)

Mesangial matrix 25(28,1) 5 (20)

Interstitial fibrosis 35(39,3) 13(52)

Tubular atrophy 31(34,8) 10(40)

\Vascular intima 48(53,9) 12(48)

Polyoma virus 3(3,9 4(16) 0.040
clq 11(13,1) 1(4,6)

Double contours EM 20(26,3) 5(25)

Immune complexes EM 9(11,8) 0(0)

CNI toxicity 9(10,6) 4(16)

Subclinical rejection (Borderline) 12(13,5) 9(37,9 0.015

* Result of Fisher’s exact test significant at 0.05

Nankivell, et al., reported that the presence of
subclinical rejection at 3 months post-transplant
predicts interstitial fibrosis at 12 months post-
transplant.?? It is probable that the interstitial infiltrate
associated with tubulitis is the epiphenomenon of
alterations in the tubular basement membrane that
generate loss of matrix proteins, compromising the
glomerular adaptive process, which in the long term
will be reflected in chronic nephropathy and
reduction of glomerular filtrate.®!314 Roberts, et al.,
found a direct relationship between subclinical
rejection and the subsequent occurrence of acute
rejection with clinical expression and chronic
rejection in cases of patients who do not receive
treatment;® Rush, et al., describe that the treatment

£2500-5006

of subclinical rejection with corticosteroids can lead
to better histological and functional outcomes in re-
nal transplant recipients.!® The importance of
treatment of subclinical rejection was suggested by
a randomized study that showed that subclinical
rejection treatment in months 1, 2, and 3 was
associated with a reduction in interstitial fibrosis and
tubular atrophy in 6 months and with the preservation
of graft function at 2 years, compared with a con-
trol group in which protocol biopsies were not
performed.’

Glomerulitis is a histological marker associated

with multiple entities such as antibody-mediated
rejection, T-cell mediated cellular rejection and
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glomerular disease, with a noticeable impact in terms
of short-term and long-term graft function.&°

Our experience demonstrates that there is a
significant association of peritubular capillaritis with
renal dysfunction at one year post-transplant,
however, it can be a prognostic marker of dete-
rioration in renal function in the long term.?

Subclinical peritubular capillaritis can become
an early histological precursor of chronic rejection,
as an epiphenomenon of histological changes deve-
loped from an endothelial lesion, which together with
tissue repair mechanisms lead to progressive endo-
helial cell injury, as well as fragmentation and
multilamination of the basement membrane of the
peritubular capillaries, findings that have been
documented in follow-up biopsies at 12 months post
transplantation? and in sequential biopsy studies in
patients with acute antibody-mediated rejection.?

Hence, the impact of peritubular capillaritis
in predicting functional changes and chronic reject-
tion supports the need to incorporate a classifica-
tion system for peritubular capillaritis in
Banff’s criteria.?®

The presence of glomerulitis plus peritubular
capillaritis (¢ + ptc) constitutes a true marker of
microinflammation and correlates directly with the
deterioration of glomerular filtration at one year, as
we have evidenced in our experience, but in the
same way with the development of chronic graft
injury.?* Likewise, multiple studies have found that
along with the presence of donor-specific antibodies
they are a determinant of long-term loss of
function.20-2

The main strength of our study was to find factors
associated with renal graft loss in our population;
however, it is limited by being a retrospective cohort
with short-term follow-up, requiring studies that show
whether such findings maintain their long-term
predictive capacity.

Conclusion

The protocol biopsy is a valuable tool and it should
be part of the post-transplant follow-up standard,
since it is the objective way to systematically eviden-
ce the early histological changes that allow to imple-
ment prevention and management strategies that
impact long term outcomes. The association between
interstitial inflammation and capillaritis and its impact
on graft function can mark clues for the understan-
ding of the pathophysiological mechanisms that de-
termine the prognosis of the renal graft and the patient.

Contribution of the authors

Conflict of interest

The authors of this work have no conflict of interest.

Funding

This project was funded within the framework
of the transplant research line, translational research
group Unisanitas-Clinica Colsanitas.
Ethical responsibilities

Protection of people and animals

The authors declare that no experiments were
performed on human beings or animals for this
research.

Data confidentiality

The authors declare that they have followed the
protocols of their workplace on the publication of
patient data.

Right to privacy and informed consent

The authors declare that patient data do not
appear in this article.

Histological findings in protocol biopsy associated with reduction in renal function

£2500-5006

Revista Colombiana de Nefrologia



Rev. Colomb. Nefrol. 2019;6(2): 87-94, july-december de 2019. http://dx.doi.org/10.22265/acnef.6.2.346 http://mww.revistanefrologia.org

References

1. Ramos E, Aoun S, Harmon WE. Expanding the donor pool: effect on graft outcome. J Am Soc Nephrol. 2002;13(10):2590-9.

2. Marsden PA. Predicting outcomes after renal transplantation—new tools and old tools. N Engl J Med. 2003;349(2):182-4.
https://doi.org/10.1056/NEJMe030096

3. Ponticelli C. Renal transplantation 2004: where do we stand today? Nephrol Dial Transplant. 2004;19(12):2937-47.
https://doi.org/10.1093/ndt/gfh511

4., Hariharan S, McBride MA, Cherikh WS, Tolleris CB, Bresnahan BA, Johnson CP. Post-transplant renal function in the first year
predicts long-term kidney transplant survival. Kidney Int. 2002;62(1):311-8. https://doi.org/ 10.1046/j.1523-1755.2002.00424.x

5.  Cosio FG, Grande JP, Wadei H, Larson TS, Griffin MD, Stegall MD. Predicting subsequent decline in kidney allograft function from early
surveillance biopsies. Am J Transplant. 2005;5(10):2464-72. https://doi.org/10.1111/j.1600-6143.2005.01050.x

6. Nankivell BJ, Fenton-Lee CA, Kuypers DR, Cheung E, Allen RD, O’Connell PJ, et al. Effect of histological damage on long-term
kidney transplant outcome. Transplantation. 2001;71(4):515-23.

7. de Freitas DG, Sellarés J, Mengel M, Chang J, Hidalgo LG, Famulski KS, et al. The nature of biopsies with «borderline rejection» and
prospects for eliminating this category. Am J Transplant. 2012;12(1):191-201. https://doi.org/10.1111/j.1600-6143.2011.03784.x

8.  Nankivell BJ, Borrows RJ, Fung CL, O’Connell PJ, Allen RD, Chapman JR. Natural history, risk factors, and impact of subclinical
rejection in kidney transplantation. Transplantation. 2004;78(2):242-9.

9.  Gloor JM, Cohen AJ, Lager DJ, Grande JP, Fidler ME, Velosa JA, et al. Subclinical rejection in tacrolimus-treated renal transplant
recipients. Transplantation. 2002;73(12):1965-8.

10. Rush D, Arlen D, Boucher A, Busque S, Cockfield SM, Girardin C, et al. Lack of benefit of early protocol biopsies in renal transplant
patients receiving TAC and MMF: a randomized study. Am J Transplant. 2007;7(11):2538-45.
https://doi.org/10.1111/j.1600-6143.2007.01979.x

11. Rowshani AT, Scholten EM, Bemelman F, Eikmans M, Idu M, Roos-van Groningen MC, et al. No difference in degree of interstitial
Sirius red-stained area in serial biopsies from area under concentration-over-time curves-guided cyclosporine versus tacrolimus-treated
renal transplant recipients at one year. J Am Soc Nephrol. 2006;17(1):305-12. https://doi.org/10.1681/ASN.2005030249

12. Nankivell BJ, Borrows RJ, Fung CL, O’Connell PJ, Allen RD, Chapman JR. The natural history of chronic allograft nephropathy. N
Engl J Med. 2003;349(24):2326-33. https://doi.org/10.1056/NEJM0a020009

13. Ibern6n M, Goma M, Moreso F, Fulladosa X, Hueso M, Cruzado JM, et al. Subclinical rejection impairs glomerular adaptation after renal
transplantation. Kidney Int. 2006;70(3):557-61. https://doi.org/ https://doi.org/10.1038/sj.ki.500158214. Mengel M, Gwinner W, Schwarz
A, Bajeski R, Franz I, Brocker V, et al. Infiltrates in protocol biopsies from renal allografts. Am J Transplant. 2007;7(2):356-65.

15. Roberts IS, Reddy S, Russell C, Davies DR, Friend PJ, Handa Al, et al. Subclinical rejection and borderline changes in early protocol
biopsy specimens after renal transplantation. Transplantation. 2004;77(8):1194-8.

16. Rush D, Nickerson P, Gough J, McKenna R, Grimm P, Cheang M, et al. Beneficial effects of treatment of early subclinical rejection:

a randomized study. J Am Soc Nephrol. 1998;9(11):2129-34.

17. Rush D. Protocol transplant biopsies: an underutilized tool in kidney transplantation. Clin J Am Soc Nephrol. 2006;1(1):138-43.
https://doi.org/10.2215/CJN.00390705

18. Papadimitriou JC, Drachenberg CB, Munivenkatappa R, Ramos E, Nogueira J, Sailey C, et al. Glomerular inflammation in renal
allografts biopsies after the first year: cell types and relationship with antibody-mediated rejection and graft outcome. Transplantation.
2010;90(12):1478-85. https://doi.org/10.1097/TP.0b013e3181ff87f5

19. Batal I, Lunz JG, Aggarwal N, Zeevi A, Sasatomi E, Basu A, et al. A critical appraisal of methods to grade transplant glomerulitis in renal
allograft biopsies. Am J Transplant. 2010;10(11):2442-52. https://doi.org/10.1111/j.1600-6143.2010.03261.x

20. Gibson IW, Gwinner W, Brocker V, Sis B, Riopel J, Roberts IS, et al. Peritubular capillaritis in renal allografts: prevalence, scoring
system, reproducibility and clinicopathological correlates. Am J Transplant. 2008;8(4):819-25.
https://doi.org/10.1111/j.1600-6143.2007.02137

21. Lerut E, Naesens M, Kuypers DR, Vanrenterghem Y, Van Damme B. Subclinical peritubular capillaritis at 3 months is associated with

chronic rejection at 1 year. Transplantation. 2007;83(11):1416-22. https://doi.org/ 10.1097/01.tp.0000266676.10550.70

Montero Cetina JC, et al.

£2500-5006 Revista Colombiana de Nefrologia

93


https://doi.org/10.1056/NEJMe030096
https://doi.org/10.1093/ndt/gfh511
https://doi.org/%2010.1046/j.1523-1755.2002.00424.x
https://doi.org/10.1111/j.1600-6143.2005.01050.x
https://doi.org/10.1111/j.1600-6143.2011.03784.x
https://doi.org/10.1111/j.1600-6143.2007.01979.x
https://doi.org/10.1681/ASN.2005030249
https://doi.org/10.1056/NEJMoa020009
https://doi.org/%20https:/doi.org/10.1038/sj.ki.50015821
https://doi.org/10.2215/CJN.00390705
https://doi.org/10.1097/TP.0b013e3181ff87f5
https://doi.org/10.1111/j.1600-6143.2010.03261.x
https://doi.org/10.1111/j.1600-6143.2007.02137
https://doi.org/%2010.1097/01.tp.0000266676.10550.70

Rev. Colomb. Nefrol. 2019;6(2): 87-94, july-december de 2019. http://dx.doi.org/10.22265/acnef.6.2.346 http://mww.revistanefrologia.org
I

22. Liptak P, Kemény E, Morvay Z, Szederkényi E, Szenohradszky P, Marofka F, et al. Peritubular capillary damage in acute humoral
rejection: an ultrastructural study on human renal allografts. Am J Transplant. 2005;5(12):2870-6.

https://doi.org/10.1111/j.1600-6143.2005.01102.x

23. Loupy A, Suberbielle-Boissel C, Hill GS, Lefaucheur C, Anglicheau D, Zuber J, et al. Outcome of subclinical antibody-mediated rejection
in kidney transplant recipients with preformed donor-specific antibodies. Am J Transplant. 2009;9(11):2561-70.
https://doi.org/10.1111/j.1600-6143.2009.02813.x

24. Husain S, Sis B. Advances in the understanding of transplant glomerulopathy. Am J Kidney Dis. 2013;62(2):352-63.
https://doi.org/10.1053/j.ajkd.2012.10.026

94 Histological findings in protocol biopsy associated with reduction in renal function

£2500-5006 Revista Colombiana de Nefrologia


https://doi.org/10.1111/j.1600-6143.2005.01102.x
https://doi.org/10.1111/j.1600-6143.2009.02813.x
https://doi.org/10.1053/j.ajkd.2012.10.026

