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ABSTRACT 

 

Introduction: The Canadian Anatomic 

Kidney Score (CAKS) is a quantitative 

score used to assess donor kidneys, which 

has been shown to predict transplant 

outcomes. We hypothesized that the 

quantification of this score is highly 

reproducible across surgeons with varying levels of experience. 

Methods: An anonymous survey was distributed to surgical attendings, fellows, and residents at 

teaching centers across Canada. The survey included photographs of six distinct kidneys (two 

images for each) taken during intraoperative back-table dissection. Participants evaluated the 

kidneys based on vascular features, anatomy, and sticky fat. Scores ranged from 0−2 points for 

each category. Comparisons of mean scores among residents, fellows, and staff were made using 

one-way ANOVA, and the intraclass correlation coefficient (ICC) was calculated for each 

scoring factor and overall. 

Results: Among the 35 respondents, 570 sets of evaluations were performed, with a mean 

evaluation time of one minute 37 seconds per kidney. Across the 18 survey questions, there was 

KEY MESSAGES 

• Current renal transplantation cost and availability is 

limited by pre-implantation graft assessment 

techniques. 

• The Canadian Anatomic Kidney Score (CAKS) is a 

rapid, reproducible renal graft assessment system.  

• Further evaluation is required to determine its role in 
high KDPI donors and its combinatorial value with 

other clinically available data. 

 



CUAJ – Original Research                            Luke et al   

                                                                                   Evaluating the reproducibility of CAKS 
 

 

2 

Ó 2026 Canadian Urological Association 

no significant difference in scoring among fellows, residents, and attendings, except for two of 

the six "sticky fat" image sets. The ICC for the CAKS overall was 0.78 when evaluated against a 

gold standard, and 0.80 when compared between raters, indicating excellent agreement between 

groups. 

Conclusions: CAKS is reproducible by surgeons across different levels of training and various 

centers in Canada. This scoring system provides a reliable means to convey quantitative 

anatomic information between transplant professionals.  

 

INTRODUCTION 

Over the past decades, the gap between donor organ availability and recipient needs continues to 

widen.1 To prevent the discard of viable grafts, optimal, multifactorial assessments are essential. 

Currently, donor suitability assessments include scores predicting transplant outcomes. One such 

score is the Kidney Donor Profile Index (KDPI), a quantitative measure designed to provide a 

cumulative risk of graft failure, validated within the North American population.2–4 The KDPI 

utilizes 10 donor history criteria associated with transplant outcomes,  but has limited predictive 

ability.4,5 Notably, the KDPI does not account for physical and microscopic evaluations of the 

graft. Pre-implantation renal biopsy is another common assessment practice. But the various 

available scoring systems are limited by lack of accurate correlation with graft function and 

survival.6–9 Renal biopsies also introduce delays of 2–8 hours in cold ischemic time and incur 

personnel costs for processing samples at various stages. 

Intraoperative organ assessment, often used as a subjective adjunctive tool, has also been 

linked to organ discard rates despite the absence of standardized evaluation methods or strong 

supporting evidence.10 To address these challenges, our group developed the Canadian Anatomic 

Kidney Score (CAKS)—a quantitative, multifactorial system shown to correlate with graft 

outcomes independent of KDPI or pathological scoring systems.11 The CAKS evaluates 

macroscopic features such as adherent fat, atherosclerosis, and cysts/scars. Each of these factors 

independently has previously been shown to be associated with  kidney disease. Adherent fat has 

been associated with chronic kidney disease progression in diabetic patients and operative 

difficulty during partial nephrectomy.12,13 Macroscopic renal artery atherosclerosis is associated 

with graft discard and primary non-function.10,14 Renal cysts/scars may be associated with 

glomerular sclerosis and worsened long-term function in grafts from living donors.15 Our 

previous study demonstrated association between the CAKS and 1-year eGFR without 

adjustment for KDPI or Remuzzi Score. This association was further augmented when adjusting 

for KDPI and Remuzzi Score.11 

As the CAKS represents an expense-free, validated assessment tool to accompany KDPI 

assessment, we further assess the reproducibility of the test among surgeons. We hypothesize 
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that this system is reproducible across surgeons with variable levels of experience, facilitating its 

implementation across institutions. If so, this system could improve the consistency and 

granularity of graft evaluations and enable improved communication between donor and 

recipient teams. 

METHODS 

This study received ethical approval from the institutional review board (REB-120254). An 

anonymous survey and scoring catalogue were distributed to attending kidney transplant 

surgeons (identified through the Canadian Society of Transplantation), surgical kidney transplant 

fellows, and a group of urology residents at teaching centres across Canada. Survey responses 

were collected using the Survey MonkeyÒ platform over a six-month period. Data was collected 

regarding participant surgical specialty, demographics, centre transplant volume, and 

perceived CAKS for each renal unit. Time per evaluation was calculated by comparing survey 

start and end timestamps. The surveys included a description of the visual component of the 

CAKS (Table 1) and six separate kidneys (two photos each) taken at the time of intra-operative 

back table dissection within the past year. An example is provided in Figure 1. The six donor 

kidneys were selected to provide a range of CAKS values to assess the reproducibility of the 

system. Gold standard scores were collected based on an agreement between the developers (PL, 

attending; JO, fellow) before the distribution of the surveys. The developers' assessments for 

each kidney are described in Table 2.  

The difference between these values was evaluated in subgroups of residents, fellows and 

staff using a Kruskal-Wallis non-parametric one-way ANOVA of ranks for each question and for 

each CAKS factor.  

We performed inter-rater reliability analyses to investigate the degree of consistency 

between the scores assigned by the individual rates and a predefined gold standard. To evaluate 

the agreement between raters and the gold standard, we calculated the Intraclass Correlation 

Coefficient (ICC) using the “psych” package in R version 4.3.2.16 Reliability is categorized as 

poor, moderate, good, and excellent corresponding to values of <0.25, 0.25-0.50, 0.50-0.75, and 

>0.75, respectively.17 We fit a two-way mixed-effects model tailored for a single measurement 

aimed at capturing consistency. This process was repeated for each rater. We calculated the mean 

ICC and its 95% confidence interval (CI). Raters with missing data were excluded when 

computing the ICC. 

We then examined the level of agreement between raters. We calculated ICCs using a 

two-way mixed-effects model tailored for a single measurement aimed at capturing absolute 

agreement. We excluded from this analysis raters with missing responses and those who rated 

fewer than 3 images. 

RESULTS 

Out of 72 surgeons and surgical trainees invited to participate in the survey, 35 (49%) completed 

at least the demographic portion of the survey (Table 3). The median time required to complete 
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the survey was 9 minutes and 30 seconds, resulting in a mean of 1 minute 37 seconds per kidney 

evaluated. Of the participants, 23 had training in urology, 10 in general surgery, and two in 

vascular surgery. Sixty percent were attending physicians, 14% were fellows, and 26% were 

residents. Nearly half of centres perform 100-149 transplants per year, but there was a  wide 

range of reported transplant volumes.  

Overall, 570/620 (92%) of evaluations were completed by the respondents. Across 16/18 

sets of images, the Kruskal-Wallis test revealed no significant differences in assessments 

between developers and respondents. However, in two sets of images (sticky fat evaluations) 

significant differences were observed. In both question sets, the less experienced trainees rated 

renal units less favourably than developers (median resident:fellow:staff:developer score; 

0.5:0:0:0, p = 0.011 – 1.0:0.5:0.5:0, p = 0.020). 

The ICC analyses (assessing the degree of consistency compared to the gold standard) revealed 

excellent consistency across the CAKS evaluation overall, with individual components 

demonstrating good reliability (Table 4). The ICC analyses evaluating the degree of absolute 

agreement among raters across the CAKS overall, also revealed excellent correlation (Table 5). 

DISCUSSION 

This study demonstrates that the CAKS is a reproducible scoring system, applicable across 

various levels of expertise through visual inspection of photographs.18 The Banff working group 

on pre-implantation biopsy evaluated the ICC of 12 (median ICC = 0.46 - moderate) commonly 

reported histopathologic features. They found eight demonstrated moderate or worse reliability, 

with only the total number of glomeruli demonstrating excellent reliability.17 The CAKS 

intraclass correlation coefficients demonstrated excellent reliability overall, both between raters 

and in comparison to the gold standard score (ICC=0.783, ICC=0.800 respectively). Our data 

lends credence to its use as a standardized tool for macroscopic donor kidney assessment, 

notably histologic assessment by transplant pathologists demonstrates poor agreement when 

compared with CAKS trainee-experts, thus CAKS likely has superior reproducibility to current 

pre-implantation biopsy criteria.  

The low percentage of unanswered questions highlights this tool's ease of use and 

consistency, even among first time users. Despite relying solely on visual representation without 

tactile cues, raters scored in consistent patterns. Residents had more difficulty accurately 

assessing the degree of sticky fat compared to the gold standard assessors, likely due to the 

absence of tactile feedback. In clinical settings, where tactile evaluation is possible, junior 

surgeons may be able to apply CAKS even more reliably as indicated by this study. 

The mean survey time of 9 minutes and 30 seconds minutes (1 minute and 37 seconds per 

renal unit) likely overestimates the time required for CAKS assessment in a real-world clinical 

setting. In clinical practice, scoring is typically performed during initial procurement or the back-

table procedure, where experienced surgeons can complete the evaluation in seconds. By 

contrast, histologic assessment requires tissue sampling, pathologist review, and introduces 

delays of several hours, factors that can contribute to increased cold ischemic time and resource 
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use.19 CAKS thus offers a rapid, cost-free alternative that can be integrated seamlessly into 

routine workflow. 

This study complements previous work demonstrating that CAKS is independently 

associated with graft function, including 1-year estimated GFR, even after adjustment for KDPI 

and biopsy findings.16 Taken together, these findings support the use of CAKS not only as a 

reproducible assessment tool, but also as a means of improving communication between 

members of the transplant team. Ideally, CAKS would be determined at the time of procurement 

and related alongside other donor information such as number of vessels, ureteral conditions 

(number and injury), perfusion pump parameters, and flush conditions. Whether CAKS alone or 

in combination with KDPI and other indicators can help optimize use of marginal kidneys 

remains an important area for future research.  

This study has several limitations. First, exclusion of participants with incomplete survey 

data may have biased the ICC estimates towards a more favorable outcome, as less confident 

raters were excluded from the analysis. Second, this study may be limited by exposure bias. 

Respondents were shown standardized photographs that captured only a portion of the renal 

surface, which is not representative of real-world practice. In clinical settings, surgeons have full 

visual and tactile access to the graft, which may improve accuracy, particularly for evaluating 

sticky fat and vascular calcifications.  

CONCLUSIONS 

CAKS is a quantitative scoring system for donor kidneys designed to improve communication 

between surgeons and physicians in a cost- and time-efficient manner. This study demonstrates 

that the visual component of CAKS is reproducible across levels of surgical training and 

provides consistent assessments of donor kidney anatomy. 

Future work will evaluate the utility of CAKS in predicting early graft failure among high 

KDPI kidneys and explore the performance of a composite score that integrates CAKS with 

KDPI, perfusion pump parameters, and biopsy findings to better inform transplant decision-

making. 
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FIGURES AND TABLES 
 

Figure 1. Example of back table images presented for respondent scoring.  
 

 
 

Table 1. The CAKS component definitions and scoring criteria 

Score Vasculature† Sticky fat Anatomy 

Definition Arteriopathy Adipose tissue 

adherent to renal 

capsule that cannot be 

removed without 

damage 

Cysts or other 

significant anomaly 

reported 

0 No calcifications in the 

renal artery or aorta 

 

No sticky fat remains 

after dissection 

No cysts 

0.5 Few calcified plaques 

in the aorta 

Almost all sticky fat 

removed 

<3 cysts <0.3 cm 

1.0 Significant calcified or 

ulcerated plaques in 

the aorta, but the renal 

artery is clear 

 

Sticky fat removed, 

but there remain areas 

of intense fibrosis 

3-6 cysts <0.3 cm  

OR 

1 cyst 0.3−1 cm  

1.5 Calcified plaque on the 

ostium of the renal 

artery 

Majority of the fat 

was intensively 

adhered and cannot 

be removed without 

damage 

Between 7−9 cysts  

OR  

1 cyst 1−2 cm 
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2.0 Calcified plaque in the 

renal artery or any 

branch 

Intense adherent fat, 

which is impossible 

to remove 

 

>9 cysts  

OR  

1 cyst >2 cm 

The Canadian Anatomic Kidney Score (CAKS) is scored out of 6 points and is defined by the 

vasculature, anatomy, and sticky fat content of each kidney. Scores were assigned during the 

back-table dissection prior to implantation. †Angiodysplasia: The presence of angiodysplasia or 

aneurysm should add a score of 0.5 in addition to your vasculature score (with a max score of 

2.0). 

 

  

TABLE 2. Gold-standard developer scores of the six image sets distributed to survey 

respondents 

Survey question CAKS Total Vascular Sticky fat Anatomic 

1 3.0 1.5 1.0 0.5 

2 2.0 2.0 0 0 

3 0 0 0 0 

4 0.5 0 0 0.5 

5 0 0 0 0 

6 3.0 1.5 1.0 0.5 

 

 

Table 3. Characteristics of survey respondents  

Baseline characteristics Summary 

Total participants N=35 

Median age (IQR), years  40.0 (32.25, 49.0)  

Median years of practice (IQR), years* 4.5 (1.0, 13.75) 

Focus of surgical practice (n, %) 

   Urology  

   General surgery  

   Vascular surgery 

 

23 (65.7) 

10 (28.6) 

2 (5.7) 

Level of training (n, %) 

   Staff  

   Transplant fellow  

   Resident  

 

21 (60.0) 

5 (14.3) 

9 (25.7) 

Number of kidney transplants at local center per year (%) 

   30−50  

   50−100 

   100−150  

   >150 

 

4 (11.4) 

12 (34.3) 

15 (42.9) 

4 (11.4) 

IQR: interquartile range.  
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Table 4. Inter-rater reliability analyses: degree of consistency between respondent and 

gold-standard score 

 

Factor (No. of raters) ICC 95% CI 

CAKS overall (34) 0.783 0.728−0.838 

Sticky fat (35) 0.656 0.577−0.735 

Vasculature (34) 0.727 0.660−0.793 

Anatomy (35) 0.552 0.470−0.633 

Reliability is categorized as poor, moderate, good, and excellent, corresponding to values of 

<0.25, 0.25−0.5, 0.5−0.75, and >0.75, respectively. CAKS: Canadian Anatomic Kidney Score; 

CI: confidence interval; ICC: intraclass correlation coefficient. 

 

 

Table 5. Inter-rater reliability analyses: Degree of absolute agreement between 

individual respondents on a per-question basis 

Factor (No. of raters) ICC 95% CI 

CAKS overall (23) 0.800 0.599−0.961 

Sticky fat (33) 0.669 0.427−0.925 

Vasculature (25) 0.656 0.413−0.921 

Anatomy (28) 0.584 0.339−0.896 

Footnote: Reliability is categorized as poor, moderate, good, and excellent, corresponding to 

values of <0.25, 0.25−0.5, 0.5−0.75, and >0.75, respectively. CAKS: Canadian Anatomic Kidney 

Score; CI: confidence interval; ICC: intraclass correlation coefficient. 

 

 

 

 

 


