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Abstract 

Introduction: The increasing demand for kidney transplants has led to the use of expanded 

criteria donors, which in living donors might carry some increased risk, as their prognosis are 

less established. This expansion of selection criteria renders vascular calcification an ever more 

common finding in protocoled pre-transplant imaging. The purpose of the present study was to 

explore whether a connection can be found between Agatston calcification score of the 

abdominal, common iliac and renal vessels, prior to kidney donation, and post donation renal 

function. 

Methods: This is a retrospective analysis of 156 living kidney donors who underwent living donor 

nephrectomy between January 2010 and December 2016. We analyzed donor’s multi-slice 

computed topographies and quantified the Total Calcification Score (TCaScore), by calculating 

the Agatston score for each vessel, aorta, common iliac and renal arteries. Donors were placed 

into two different groups based on their TCaScore: minimal calcification group, <100 TCaScore, 

and moderate to severe calcification group, ≥100 TCaScore. The relationship between TCaScore, 

1-year eGFR, proteinuria and risk of one measurement of decreased renal function (eGFR <60 

ml/min/1.73m2) over 5 years of follow-up were investigated. 

Results: The ≥100 TCaScore group consisted of 29 (19%) donors with a median (interquartile 

range) calcification score of 164 (117-358). This group was significantly older, 56.7 ± 6.9 vs 45.5 

± 10.6 (P <0.001), had a higher average BMI (P <0.019), a higher prevalence of comorbidities and 

a lower preoperative eGFR (P<0.014). 1-year eGFR was diminished in the ≥100 TCaScore group, 

69.9 ± 15.7mL/min/1.73m2 vs 76.3 ± 15.5mL/min/1.73m2 (P<0.048), while also having increased 

risk for a measurement of decreased renal function over the 5-year follow-up, 22% vs 48% 

(P<0.007). Multivariable analysis of either 1-year eGFR and risk of a measurement of decreased 

renal function in 5 years, did not reveal any statistically relevant differences. 

Conclusion: Our study, through univariate analyses, found that donors with >100 TCaScore were 

at risk of lower 1-year eGFR and one measurement of decreased renal function in 5 years. 

However, a higher-than-expected vascular calcification, found during the screening process, 

should not be an excluding factor in donors, although they may require closer monitoring during 

follow-up. 

 

Keywords: kidney transplantation; vascular calcification; Agatston score; donor outcomes; 

expanded criteria donors. 
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Resumo 

Introdução: A crescente necessidade de transplantes renais leva uma maior utilização de 

dadores com critérios expandidos, o que, no caso dos dadores vivos, pode comportar algum 

risco acrescido, uma vez que o seu prognóstico é menos estudado e conhecido. Esta expansão 

dos critérios de seleção torna a calcificação vascular um achado radiográfico cada vez mais 

comum na imagiologia pré-transplante. O objetivo do presente estudo foi explorar a possível 

ligação entre o score de calcificação de Agatston na aorta abdominal, ilíacas comuns e artérias 

renais, antes da nefrectomia, e a função renal pós-doação. 

Métodos: Este é um estudo retrospetivo de 156 dadores que foram submetidos a nefrectomia 

entre janeiro de 2010 e dezembro de 2016. A análise das topografias computorizadas pré 

transplante permitiu o cálculo do Score de Calcificação Total (TCaScore) através da aplicação do 

score de Agatston para cada vaso, aorta, ilíacas comuns e artérias renais. Os doadores foram 

colocados em dois grupos diferentes com base no seu TCaScore, um grupo com calcificação 

mínima, <100 TCaScore, e outro grupo com calcificação moderada a grave, ≥100 TCaScore. Foi 

investigada a relação entre TCaScore, taxa de filtração glomerular (TFG) ao 1 ano, proteinúria e 

risco de uma medição com função renal diminuída (TGF <60 ml/min/1,73m2) ao longo de 5 anos 

de seguimento.  

Resultados: O grupo com ≥100 TCaScore consistia em 29 (19%) doadores com uma valor médio 

de calcificação (intervalo interquartil) de 164 (117-358). Este grupo era significativamente mais 

idoso, 56,7 ± 6,9 vs. 45,5 ± 10,6 (P<0,001), tinha um IMC médio mais elevado (P<0,019), uma 

maior prevalência de comorbilidades e uma menor TFG pré-operatória (P<0,014). A TFG ao 1 

ano estava diminuída no grupo com ≥100 TCaScore, 69,9 ± 15,7mL/min/1,73m2 vs. 76,3 ± 

15,5mL/min/1,73m2 (P<0,048), assim como tinham um risco aumentado para uma medição 

com função renal diminuída durante o seguimento de 5 anos, 22% vs. 48% (P<0,007). A análise 

multivariável da TFG ao 1 ano e o risco de uma medição da função renal diminuída em 5 anos 

não revelou quaisquer diferenças estatisticamente relevantes. 

Conclusão: O nosso estudo, através de análise univariada, concluiu que os doadores com >100 

TCaScore correm o risco de apresentarem uma TFG inferior ao 1 ano e uma medição com 

diminuição da função renal em 5 anos. No entanto, uma calcificação vascular superior à 

esperada não deve ser um fator de exclusão nos dadores, apesar destes poderem vir a necessitar 

de um seguimento mais apertado. 

Palavras-chave: transplante renal; calcificação vascular; score de Agatston; desfechos dos 

dadores; dadores com critérios expandidos. 
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Introduction 

Studies estimate that 1 in 10 people suffer from chronic kidney disease (CKD) in highly developed 

nations. Its diagnosis and treatment, especially in the more advanced stages of the disease, can 

have a severe impact on the expectancy and quality of life. 1 This is the reality of more than 

20,000 Portuguese patients in end-stage renal disease (ESRD), where kidney transplantation has 

been proven to be the best therapy, since the average life expectancy and quality of life of those 

who undergo kidney transplantation is higher than those who remain on dialysis.2 After 

transplantation, estimates point to an increase of 10 years in overall life span, which varies 

between 3 to 17 years according to patient group, with older patients having less benefit than 

younger recipients, although they still positively gain from the procedure.3–5 

Despite the increase in the number of kidney transplants performed annually, the waiting lists 

continue to grow, with the number of patients waiting for a kidney transplant increasing all 

around the globe. This increasing demand for grafts has led to the use of expanded criteria 

donors (ECD), which can be defined as any brain-dead donor aged > 60 years or a donor aged 

>50 years with 2 of the following features: history of hypertension, death resulting from a 

cerebrovascular accident, or terminal serum creatinine level ≥ 1.5 mg/dL.4,6 These ECD kidneys 

have demonstrated to have similar short- and long-term outcomes to standard criteria donors 

for the recipients, despite a slight decrease in 1- to 15-year patient and graft survival rates after 

kidney transplantation using ECD kidneys in some multicenter and single center studies.6–8 

Although it should be highlighted that there is a clear decrease in mortality in these recipients 

when compared to patients who stayed on dialysis.5 

Parallelly, an expansion of selection criteria for living transplantation has started to occur, which 

has the potential to further diminish the number of end-stage renal disease on waiting lists.9 

Furthermore, with a society becoming progressively older and obese, with all associated health 

problems, the need to consider these donors is vital.10,11 This expansion of selection criteria, 

even though living kidney donation has been performed for the better part of 8 decades, with 

minimal short-and long-term risk to the donor, might carry some increased peril to the donors, 

as their predicted medical futures are less precise than in the past. Thus, a thorough evaluation 

of these risk factors and comorbidities is therefore essential to maintain donor safety.10,12 

One age-associated comorbidity, relevant to this population, is atherosclerosis. Atherosclerosis 

is a representative lifestyle disease, where two of the central factors of cardiovascular ageing 

are arterial calcification and its associated arterial stiffening. The acceleration of arterial 

calcification is known to be strongly related with age, loss of kidney function, smoking, glucose 
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resistance, dyslipidemia, hypertension and mineral/bone parameter disorders.13,14 In spite of 

not being as well established as the coronary artery calcification, a well-studied predictor of 

cardiovascular events, abdominal aortic calcification has been able to predict  both 

cardiovascular events and all-cause mortality in recipients, while also being associated with 

lower glomerular filtration rate (GFR) and cardiac structural changes in specific population of 

CKD patients.15–18 In donors, a seemingly healthy population, abdominal aortic calcification has 

been less researched, though Tanaka et al. claimed that aortic calcification might be an 

independent risk factor for pre-existing histopathological injuries in the allograft.19  

In order to further advance the research into donors’ selection and risk assessment parameters, 

this study aims to analyze the abdominal aortic, common iliac and renal calcification in pre-

nephrectomy living donors and its relationship with GFR, GFR trajectory and proteinuria 

development, since ESKD, cardiovascular events and mortality after donation are such rare 

outcomes for a 5-year follow-up study. The quantification of calcification in the arteries is 

calculated through the Agatston score, which is based on the size of lesions positively weighted 

by a categorical factor of the calcium density, on abdominal and pelvic CT imaging taken prior 

to kidney transplantation, which are primarily performed for surgical planning. As the imaging 

data are available, non-contrast enhanced CT-based quantification of aortic, iliac, and renal 

calcification can be used for risk stratification of patients screened for kidney transplantation, 

without the need for additional procedures 20,21 

Materials and Methods 

Subjects and Study Design 

This is a retrospective study of a single transplant centre, reviewing the clinical records of living 

kidney donors, with nephrectomies performed at Centro Hospitalar Universitário do Porto 

(CHUP) between January 2010 and December 2016. The study was approved by the Ethics 

Committee and Department for Education, Training and Research of CHUP/ICBAS, as the data 

for the study was retrieved from the patients' electronic and paper medical records, always 

maintaining their anonymity. Out of the total 169 donor nephrectomies performed in this 6-year 

timeframe, 9 patients were excluded as their CT scans were unavailable for examination and 

another 4 patients were additionally excluded due to not having evaluation of pre-operative 

eGFR or eGFR at 1-year. Thus, the remaining 156 donors defined our study cohort 

Donor characteristics regarding demographic information, anthropometric measurements, 

prior or current diagnosis or treatment for hypertension, diabetes mellitus and dyslipidemia, 

laboratory data and imaging before nephrectomy were recorded, as well as during the 5-year 



3 
 

follow-up period. The CT scans, performed according to the pre-transplant screening protocol, 

with one of two multidetector-row CT scans available at our institution (a 64-detector GE VCT 

LightSpeed®  or a 16-detector GE Brightspeed® ), were examined using the 3D Slicer software, 

version 4.11, which allows for the calculation of the calcification score of the abdominal aorta, 

from the branch of the celiac trunk to the branch of the common iliac artery, and of the common 

iliac and renal arteries, along their entire length. The calcification scores were calculated through 

the Agatston method, using a 5 mm CT slice thickness and detection threshold ≥130 Hounsfield 

units involving ≥1 mm2 area or three adjacent pixels. The individual Agatston scores were 

calculated by multiplying each area of interest by a weighted score assigned to the highest 

density of calcification (1 for 130-199 HU, 2 for 200-299 HU, 3 for 300-399 HU and 4 for >400 

HU) within the individual area. The total calcification score (TCaScore) was the cumulative sum 

of the Agatston scores of all calculated areas and vessels (CaScore).20,21  

Outcome Parameters 

The parameter of interest was the total calcification score (TCaScore) at donation. Donors were 

stratified into two different groups by their baseline TCaScore, either absent to minimal 

calcification, <100 TCaScore, and moderate to severe calcification, ≥100 TCaScore. The 

glomerular filtration rate (eGFR) was estimated employing the 2021 Chronic Kidney Disease 

Epidemiology Collaboration equation (CKD-EPI). A postdonation eGFR <60 ml/min per 1.73m2 

was considered to be decreased, and was evaluated on a yearly basis during follow-up, in 

addition to being used as a main endpoint. In terms of other relevant medical conditions, 

postdonation Diabetes Mellitus was defined as fasting glycemia ≥126 mg/dl or the use of insulin 

and/or other hypoglycemic agents. Hypertension was classified as a prescription of 

antihypertensive medications or a registered blood pressure ≥ 140/90 mmHg during visits. 

Dyslipidemia, before or after nephrectomy, was considered present when donors either used 

hypolipidemic agents, had total cholesterol >200 mg/ dL, LDL >130 mg/dL, triglycerides >150 

mg/dL or HDL <40 mg/dL. On urinary analysis, proteinuria was defined by the presence of urine 

random protein >15 mg/dl or 24-hour protein >300 mg/day.  

Statistical Analysis 

Continuous variables are reported as mean + standard deviation (SD) or median (interquartile 

range [IQR]), and categorical variables are presented as frequency and percentage. Categorical 

data including were compared using Pearson chi-square test or Fisher exact test, and continuous 

variables were compared with Student’s t test or Mann–Whitney U-test, as appropriate. 
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Correlations between eGFR values, at donation as well as at 1 year of follow-up, and total 

calcification scores (TCaScore) were assessed by Spearman’s correlation test. 

Linear prediction of eGFR at 1 year of follow-up were analysed through a univariate and 

multivariable linear regression model, and risk factors for an eGFR < 60 ml/min per 1.73m2 at 1 

year were calculated through a univariate multivariable logistic regression. In order to establish 

comparisons between covariates regarding strength of association, the increment in continuous 

variables was assessed per standard deviation. 

Recipient eGFR slope between 1 and 5 years after transplant was assessed by univariate and 

multivariable linear mixed regression model that imputed subject specific random effects 

(intercept and slope defined as eGFR at 1 year and time in years, respectively) on an 

unstructured covariance matrix. The dependent variable was all eGFR measurements, and the 

independent variables were entered as 2-way interaction terms between them and the time (in 

years) variable. All 156 donors were studied, and a median of 3 (IQR: 2–4) annual measurements 

of eGFR were available. All multivariable models were constructed by including variables with a 

univariate P-value < 0.150. 

Risk predictors of first measurement with an eGFR < 60 ml/min/1.73m2 or first proteinuria (as 

defined above) was analyzed by, using univariate and multivariate Cox regression model. 

Previous outcomes-free survival curves, between donors with TCaScore <100 and TCaScore 

≥100, were depicted by Kaplan-Meier curves and comparisons were made by log-rank test.  

Statistical analysis was performed using STATA/MP®, version 15.1 (Stata Corp, College 

Station,TX). A 2-sided P-value < 0.05 was considered as statistically significant. 

Results 

Of total 156 donors present in this cohort, 29 (19%) presented with a total calcification score 

(TCaScore) ≥100, based on their pre-transplant CT scans. The majority of donors were female 

(71%), presented with an average body mass index (BMI) at donation of 25.1 ± 3.5kg/m2, with 

Body Mass Index (BMI) between groups being 24.8 ± 3.5kg/m2 vs 26.4 ± 2.9kg/m2 in the TCaScore 

<100 and TCaScore ≥100, respectively (P <0.019). On the whole, the average donor age was 47.6 

± 10.9, the mean preoperative glomerular filtration rate (GFR) was 105.3 ± 13.6 mL/min/1.73m2 

and there were only 20 active smokers, at the time of donation.  

The median (interquartile range) total calcification score was 0 (0-50), including the TCaScore 

≥100 group with median (interquartile range) calcification of 164 (117-358). There were notary 

differences between the TCaScore groups, regarding age the TCaScore<100 group presented 
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with 45.5 ± 10.6, contrasting with the mean age of 56.7 ± 6.9 in the TCaScore ≥100 group (P 

<0.001). Dyslipidemia was more commonly found in TCaScore ≥100 donors, with 21 (75%; P < 

.027), along with a higher likelihood of hypertension history, 26 donors (17%) overall, 10 (34%) 

of which in the TCaScore ≥100 group (P <0.004). Regarding, the TCaScore ≥100 group had lower 

preoperative eGFR values, 106.6 ± 13.4mL/min/1.73m2 vs 99.7 ± 13.5mL/min/1.73m2 (P<0.014) 

(Table I). 

At the first year of postoperative follow-up the mean eGFR was 75.1 ± 15.7mL/min/1.73m2, 

although when analysing each group separately the TCaScore ≥100 group more frequently had 

delayed renal function recovery, 69.9 ± 15.7mL/min/1.73m2 vs 76.3 ± 15.5mL/min/1.73m2 

(P<0.048). The same group of donors also showed an increase in the probability of postdonation 

eGFR <60 mL/min/1.73m2 at 1 year of follow-up, with 8 donors (28%) vs 16 donors (13%; 

P<0.044) (Table II). Linear and logistic regression analysis for eGFR and eGFR <60 

mL/min/1.73m2, respectively, showed a univariate statistically significance for both, (P<0.048; 

P<0.049), although the same cannot be said when a multivariable analysis, adjusted for age, sex, 

hypertension, BMI and eGFR at donation, was performed (P<0.887; P<0.651). Estimated eGFR 

slope from 1 to 5-years of postdonation follow-up was assessed by univariate and multivariable 

linear mixed regression model but wielded no statistically significant results. 

Risk of one measurement of decreased eGFR, < 60 mL/min/1.73m2, over the course of the 5-

year of follow-up was 27% for the entire donor pool, along with 22% for the TCaScore <100 

group and 48% for the TCaScore ≥100 group (Univariate = P<0.007; Graph. I). Moreover, risk of 

proteinuria in the same time period was 33% (31% vs 38%; Univariate = P<0.433; Multivariate 

[adjusted for age, sex, hypertension, BMI, eGFR at donation] = P<0.136). 

Discussion 

In this retrospective single centre study, we analyzed the clinical implication of vascular 

calcification score, through the Agatston method, and its association with renal function. 

Regarding the presence of moderate to severe calcification (TCaScore ≥100), compared with 

minimal to absent calcification of their aorta, iliac and renal arteries (TCaScore <100), we found 

that higher degrees of vascular calcification was observed significantly more often in older 

patients, those with higher BMI, hypertension, dyslipidemia and lower eGFR at donation, 

corroborating the known relationship between these traditional risk factors and arterial 

calcification. 13,14,16 

At 1-year of follow-up, donors with TCaScore ≥100 exhibit a trend of lower mean eGFR and were 

at significant risk for decreased renal function (eGFR <60 mL/min/1.73m2); nevertheless, this 
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trend was parallelly associated with more advanced age and other comorbidities in donors. 

Thus, after correcting for age difference, sex, the presence of hypertension, BMI and eGFR at 

donation, there was no difference in predicting eGFR at 1-year or risk eGFR <60 mL/min/1.73m2 

between the 2 groups. Several previous studies have evaluated aortic calcification, but relatively 

few focused on donors and their outcomes. The only one, to our knowledge, is the study of 287 

donors by Yoon et al., which arrived at similar findings to ours, a calcification score of the 

abdominal aorta valued over 100 raised the probability of GFR <60 ml/min per 1.73m2, at 6 

months of follow-up, and was associated with histologic findings of nephrosclerosis.22  Studies 

featuring abdominal arteries calcification and graft outcomes are more common, with clear 

similarities and parallels with our findings. Ichii et al. arrived at the statistically independent 

association between lower eGFR and the quantitative degree of aortic calcification in non-

dialysis patients.17 Moreover, in 2021 Benjamens et al. demonstrated that pre-transplant aorto-

iliac calcification is associated with one-year eGFR in univariate linear regression analyses.23 

While Tatami et al. identified trends between abdominal aortic calcifications and cardiovascular 

events in asymptomatic non-dialysis patients (median eGFR, 43.2 + 17.7 mL/min/1.73 m2).24  

We further evaluated the effects of TCaScore over a longer period and identified a non-causal 

inverse association between the two calcification groups and the risk of one measurement of 

decreased eGFR, < 60 mL/min/1.73m2, over the course of the 5-year of follow-up, in univariate 

analysis. Donors lose roughly 30% of their pre-donation glomerular filtration rate after they go 

through compensatory hypertrophy and hyperfiltration, and donor nephrectomy itself does not 

appear to cause long-term loss of eGFR at a higher rate than what is seen in general 

population.25–27  Although certain pre-donation characteristics, for instance arterial calcification, 

analyzed in this study, pre-donation eGFR and even remaining kidney volume indexed to weight, 

might put donors at risk of decreased compensatory mechanisms and even future post-donation 

kidney injury. 26,28 

The screening protocol for renal donors is thorough for any cardiac or kidney disease, diabetes 

or other comorbidities that might render the transplant a higher than accepted risk for the 

donor.10 CT scans are also routinely performed, in order to evaluate the number of renal vessels, 

kidney volumes, and the presence of renal artery atheroma, which has been associated with 

graft thrombosis and even mortality.29 Stands to reason that using the same CT data to further 

evaluate calcification score of aorta, iliac and renal arteries, will only optimize donor’s pre-

donation risk assessment, especially in expanded criteria living donors, gaining further safety 

and information for an ever more common donor profile. 
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This study has a number of important limitations. Firstly, the retrospective observational nature 

of the study design, of which the selection of donors depended on the availability of a pre-

transplant CT scan, makes the study prone to selection bias and confounding, even though we 

controlled for important demographic factors, comorbidities, and baseline eGFR. Secondly, the 

quantification technique for vascular calcification, in this study, was performed by an isolated 

examiner, although the Agatston method is considered to be a reliable and reproducible 

method, with reasonable inter-scanner variability.30 Thirdly, the relative small study cohort of 

156 and follow-up period, of 5 years for nearly every donor, which despite being , to our 

knowledge, the longest of any CT-based studies on vascular calcification, lack when compared 

to larger registry studies, which are required in order to comprehend the conclusively 

implications of vascular calcification score in kidney donors outcomes. 

Conclusion 

In conclusion, this study proved that pre-transplant vascular calcification score is correlated with 

a 1-year eGFR and risk of decreased renal function in 5-years in univariate, but not in 

multivariable linear regression analyses. Increased donor age and lower pre-operative eGFR 

were found to be significant confounder for this association, not to mention sex, hypertension, 

and BMI. These results underline that living donors from expanded criteria living donors are 

safely stratified with current practices of screening, despite the increase of older, overweight, 

with comorbidities, donors. Even though, based on these findings, living donor with severe 

calcification on CT scans require close monitoring and follow-up. 
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Appendix 

Table I- Baseline characteristic and calcification scores. 

 
Total 

N=156 

TCaScore <100 
N=127 (81%) 

TCaScore ≥100 
N=29 (19%) 

P 

Age at donation, mean ± SD 47.6±10.9 45.5±10.6 56.7±6.9 <0.001 

Female donor, n (%) 111 (71) 94 (74) 17 (59) 0.099 

BMI at donation, mean ± SD 25.1±3.5 24.8±3.5 26.4±2.9 0.019 

Hypertension at donation, n (%) 26 (17) 16 (13) 10 (34) 0.004 

Smoker, n (%) 20 (13) 16 (13) 4 (14) 0.768 

Dyslipidemia at donation, n (%) 
Missing=3 

86 (56) 65 (52) 21 (75) 0.027 

eGFR at donation, mean ± SD 105.3±13.6 106.6±13.4 99.7±13.5 0.014 

TCaScore, median  

(P25-P75) [P10-P90] 

0 (0-50)  

[0-262] 
0 (0-0) [0-35] 

269 (182-564) 
[125-1276] 

<0.001 

CaScore Abdominal Aorta, 
median (P25-P75) [P10-P90] 

0 (0-10) [0-151] 0 (0-0) [0-12] 
164 (117-358)  

[5-815] 
<0.001 

CaScore Renal Artery, median 
(P25-P75) [P10-P90] 

0 (0-0) [0-0] 0 (0-0) [0-0] 0 (0-0) [0-7] <0.001 

CaScore Common Iliac Artery, 
median (P25-P75) [P10-P90] 

0 (0-0) [0-84] 0 (0-0) [0-9] 
99 (18-247)  

[0-610] 
<0.001 

SD, standard deviation; BMI, body mass index, expressed in kg/m2; eGFR, estimated glomerular filtration rate, 
expressed in ml/min/1.73m2; TCaScore, Total Calcification Score; CaScore, Calcidication Score. 
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Table II- Outcomes 1-year postdonation follow-up. 

SD, standard deviation; eGFR, estimated glomerular filtration rate, expressed in ml/min/1.73m2; TCaScore, Total 
Calcification Score. 

  

 Total 

N=156 

TCaScore <100 

N=127 (81%) 

TCaScore ≥100 

N=29 (19%) 
P 

eGFR, mean ± SD 75.1±15.7 76.3±15.5 69.9±15.7 0.048 

eGFR <60, n (%) 24 (15) 16 (13) 8 (28) 0.044 

Proteinuria, n (%) 

Missing=25 
24 (18) 17 (17) 7 (25) 0.303 

Dyslipidemia, n (%) 

Missing=12 
89 (62) 69 (59) 20 (71) 0.243 
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Graph I- Risk of one measurement of decreased eGFR, < 60 ml/min/1.73m2, over the course of 
the 5-year of follow-up in donors with and without moderate to severe abdominal aortic, iliac 
and renal calcification. 

 

 Hazard Ratio 95% CI P 

Univariate 

Score Agatston≥100 2.433 1.280; 4.628 0.007 

Multivariable* 

Score Agatston≥100 1.267 0.617; 2.604 0.520 

* Adjusted for Age, Sex, Hypertension, BMI, eGFR at donation 

 

 

  



11 
 

References 

1.  Webster AC, Nagler E v., Morton RL, Masson P. Chronic Kidney Disease. The Lancet. 
2017;389(10075):1238-1252. doi:10.1016/S0140-6736(16)32064-5 

2.  Sociedade Portuguesa de Nefrologia. DIA MUNDIAL DO RIM 2021. Published 2021. 
Accessed April 10, 2022. 
https://www.spnefro.pt/dia_mundial_do_rim/dia_mundial_do_rim_2021 

3.  Obert R, Olfe AW, Alarie V, et al. Comparison of Mortality in All Patients on Dialysis, 
Patients on Dialysis Awaiting Transplantation, and Recipients of a First Cadaveric 
Transplant. The New England Journal of Medicine. 1999;341. 

4.  Gill J, Bunnapradist S, Danovitch GM, Gjertson D, Gill JS, Cecka M. Outcomes of Kidney 
Transplantation From Older Living Donors to Older Recipients. American Journal of 
Kidney Diseases. 2008;52(3):541-552. doi:10.1053/j.ajkd.2008.05.017 

5.  Merion RM, Ashby VB, Robert Wolfe MA, et al. Deceased-Donor Characteristics and the 
Survival Benefit of Kidney Transplantation. JAMA. Published online 2005. 
http://jama.jamanetwork.com/ 

6.  Pascual J, Zamora J, Pirsch JD. A Systematic Review of Kidney Transplantation From 
Expanded Criteria Donors. American Journal of Kidney Diseases. 2008;52(3):553-586. 
doi:10.1053/j.ajkd.2008.06.005 

7.  Fabrizii V, Kovarik J, Bodingbauer M, Kramar R, Hörl WH, Winkelmayer WC. Long-term 
patient and graft survival in the Eurotransplant Senior Program: A single-center 
experience. Transplantation. 2005;80(5):582-589. 
doi:10.1097/01.tp.0000168340.05714.99 

8.  Querard AH, Foucher Y, Combescure C, et al. Comparison of survival outcomes between 
Expanded Criteria Donor and Standard Criteria Donor kidney transplant recipients: A 
systematic review and meta-analysis. Transplant International. 2016;29(4):403-415. 
doi:10.1111/tri.12736 

9.  Lim HJ, Jambaldorj E, Lee Y, et al. Increasing Use of the Expanded Criteria for Living Kidney 
Donation and Good Outcomes of Living Kidney Donors in Korea. Transplantation 
Proceedings. 2016;48(7):2407-2411. doi:10.1016/j.transproceed.2016.02.091 

10.  Davis CL, Delmonico FL. Living-donor kidney transplantation: A review of the current 
practices for the live donor. Journal of the American Society of Nephrology. 
2005;16(7):2098-2110. doi:10.1681/ASN.2004100824 

11.  Naik AS, Cibrik DM, Sakhuja A, et al. Temporal trends, center-level variation, and the 
impact of prevalent state obesity rates on acceptance of obese living kidney donors. 
American Journal of Transplantation. 2018;18(3):642-649. doi:10.1111/ajt.14519 

12.  Plage H, Pielka P, Liefeldt L, et al. Extended criteria donors in living kidney transplantation 
including donor age, smoking, hypertension and BMI. Therapeutics and Clinical Risk 
Management. 2020;16:787-793. doi:10.2147/TCRM.S256962 

13.  Goldsmith D, Ritz E, Covic A. PERSPECTIVES IN RENAL MEDICINE Vascular Calcification: A 
Stiff Challenge for the Nephrologist Does Preventing Bone Disease Cause Arterial Disease? 
Vol 66.; 2004. 

14.  Golledge J. Abdominal Aortic Calcification: Clinical Significance, Mechanisms and 
Therapies. Vol 20.; 2014. 



12 
 

15.  Gibson AO, Blaha MJ, Arnan MK, et al. Coronary artery calcium and incident 
cerebrovascular events in an asymptomatic cohort the MESA study. JACC: Cardiovascular 
Imaging. 2014;7(11):1108-1115. doi:10.1016/j.jcmg.2014.07.009 

16.  Zhou Y, Hellberg M, Kouidi E, Deligiannis A, Höglund P, Clyne N. Relationships between 
abdominal aortic calcification, glomerular filtration rate, and cardiovascular risk factors 
in patients with non-dialysis dependent chronic kidney disease. Clin Nephrol. 
2018;90(6):380-389. doi:10.5414/CN109441 

17.  Ichii M, Ishimura E, Shima H, et al. Quantitative analysis of abdominal aortic calcification 
in CKD patients without dialysis therapy by use of the agatston score. Kidney and Blood 
Pressure Research. 2014;38(2-3):196-204. doi:10.1159/000355768 

18.  Deloach SS, Joffe MM, Mai X, Goral S, Rosas SE. Aortic calcification predicts 
cardiovascular events and all-cause mortality in renal transplantation. Nephrology 
Dialysis Transplantation. 2009;24(4):1314-1319. doi:10.1093/ndt/gfn753 

19.  Tanaka K, Yamanaga S, Hidaka Y, et al. Hba1c and aortic calcification index as noninvasive 
predictors of pre-existing histopathological damages in living donor kidney 
transplantation. Journal of Clinical Medicine. 2020;9(10):1-12. doi:10.3390/jcm9103266 

20.  Neves PO, Andrade J, Monção H. Escore de cálcio coronariano: Estado atual. Radiologia 
Brasileira. 2017;50(3):182-189. doi:10.1590/0100-3984.2015.0235 

21.  Hecht HS, Cronin P, Blaha MJ, et al. 2016 SCCT/STR guidelines for coronary artery calcium 
scoring of noncontrast noncardiac chest CT scans: A report of the Society of 
Cardiovascular Computed Tomography and Society of Thoracic Radiology. Journal of 
Cardiovascular Computed Tomography. 2017;11(1):74-84. 
doi:10.1016/j.jcct.2016.11.003 

22.  Yoon YE, Han WK, Lee HH, et al. Abdominal Aortic Calcification in Living Kidney Donors. 
Transplantation Proceedings. 2016;48(3):720-724. 
doi:10.1016/j.transproceed.2016.02.037 

23.  Benjamens S, Alghamdi SZ, Rijkse E, et al. Aorto-iliac artery calcification and graft 
outcomes in kidney transplant recipients. Journal of Clinical Medicine. 2021;10(2):1-14. 
doi:10.3390/jcm10020325 

24.  Tatami Y, Yasuda Y, Suzuki S, et al. Impact of abdominal aortic calcification on long-term 
cardiovascular outcomes in patients with chronic kidney disease. Atherosclerosis. 
2015;243(2):349-355. doi:10.1016/j.atherosclerosis.2015.10.016 

25.  Blantz RC, Steiner RW. Benign hyperfiltration after living kidney donation. Journal of 
Clinical Investigation. 2015;125(3):972-974. doi:10.1172/JCI80818 

26.  Chen KW, Wu MWF, Chen Z, et al. Compensatory Hypertrophy after Living Donor 
Nephrectomy. Transplantation Proceedings. 2016;48(3):716-719. 
doi:10.1016/j.transproceed.2015.12.082 

27.  Rook M, Hofker HS, van Son WJ, Homan Van Der Heide JJ, Ploeg RJ, Navis GJ. Predictive 
capacity of pre-donation GFR and renal reserve capacity for donor renal function after 
living kidney donation. American Journal of Transplantation. 2006;6(7):1653-1659. 
doi:10.1111/j.1600-6143.2006.01359.x 

28.  Nunes-Carneiro D, Madanelo M, Silva F, et al. Remaining kidney volume indexed to 
weight as a strong predictor of estimated glomerular filtration rate at 1 year and mid-



13 
 

term renal function after living-donor nephrectomy - a retrospective observational study. 
Transplant International. 2020;33(10):1262-1273. doi:10.1111/tri.13683 

29.  Sanni A, Wilson CH, Wyrley-Birch H, et al. Donor Risk Factors for Renal Graft Thrombosis. 
Transplantation Proceedings. 2007;39(1):138-139. 
doi:10.1016/j.transproceed.2006.10.228 

30.  Ghadri JR, Goetti R, Fiechter M, et al. Inter-scan variability of coronary artery calcium 
scoring assessed on 64-multidetector computed tomography vs. dual-source computed 
tomography: A head-to-head comparison. European Heart Journal. 2011;32(15):1865-
1874. doi:10.1093/eurheartj/ehr157 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

IN
ST

IT
U

T
O

 D
E
 C

IÊ
N

C
IA

S
 B

IO
M

É
D

IC
A

S
 A

B
E

L
 S

A
L

A
Z

A
R

 

 


