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Abbreviations

SP = Scoring person

ASI = Arteriosclerosis Index

MAPI = The Maryland Aggregate Pathology Index
VCI = Vascular Chronic Index

NEPTUNE = Nephrotic Syndrome Study Network
KA = Krippendorff’s alpha

IERV = Inter-rater variability

IARV = Intra-rater variability

SCC = Spearman’s Correlation coefficient

ICC = Intra Class Correlation coefficient



Abstract

Introduction: Arteriosclerosis is a pathological condition in the arteries which ultimately leads to
a narrowing of the arterial lumen and a decreased and disrupted blood flow. Several different
scoring systems are used by pathologists to score arteriosclerosis, but little is known about how
they compare. This study aims to improve on this knowledge through the systematic identification

of and comparison between the most relevant methods.

Materials and Methods: The first part of the study consisted of a literature search to identify
scoring systems. These systems were then used by four scoring persons of different professional
backgrounds to score a set of 60 renal arteries. The results were then compared using a number of
parameters such as inter- and intra-rater variability. The fourth scoring person used the quantitative
scoring systems. Results from scoring were then compared relative to scoring persons, scoring

systems, time, and other variables.

Results: We found 11 different scoring systems, and several indications of differences between
systems, especially in terms of their ability to score, and the associations between scores of

different scoring systems.

Conclusion: Our results indicate that some scoring systems are favorable to others, but given the
limitations of the study, most notably a lack of time and resources such as the number of scoring
persons as well as a lack of a ground truth or other parameters to compare the results to, there is
uncertainty around these findings. Future research is needed to further increase our understanding

of the differences between these scoring systems.



Sammendrag

Innledning: Arteriosklerose er en patologisk tilstand i arteriene som til slutt ferer til en innsnevring
av arteriell lumen og nedsatt og forstyrret blodstram. Flere forskjellige skaringssystemer brukes
av patologer for & skare arteriosklerose, men lite er kjent om hvor mye de ligner hverandre. Denne
studien har som mal & forbedre denne kunnskapen gjennom systematisk identifisering og
sammenligning av de mest relevante skaringsmetodene.

Materialer og metoder: Farste del av studien besto av et litteratursgk for & identifisere
poengsystemer. Disse systemene ble deretter brukt av fire skaringspersoner med ulik faglig
bakgrunn for & score et sett med 60 nyrearterier. Resultatene ble deretter sammenlignet ved hjelp
av en rekke parametere som inter- og intra-rater-variabilitet. Den fjerde skaringspersonen brukte
de kvantitative skaringssystemene. Resultatene fra skaringen ble deretter ssmmenlignet i forhold

til skaringspersoner, skaringssystemer, tid og andre variabler.

Resultater: Vi fant 11 forskjellige skaringssystemer, og flere indikasjoner pa forskjeller mellom
systemene, blant annet fant vi variasjon i skaringssystemenes terskel for & vurdere en arterie som

sklerotisk, og at noen systemer ser ut til & kreve mindre trening enn andre.

Konklusjon: Resultatene vare indikerer at noen skaringssystemer er overlegne andre, men gitt
studiens begrensninger, sarlig mangel pé tid og ressurser slik som antall skaringspersoner, samt
mangel pd en «ground truth» eller andre parametere & sammenligne resultatene med, er det
usikkerhet rundt disse funnene. Flere studier, fortrinnsvis med en «ground truth», er ngdvendige

for & ytterligere forbedre var forstelse av forskjellene mellom disse poengsystemene.



1. Introduction

Arteriosclerosis is a pathological condition of the arterial wall. The name is derived from the Greek
words “arteria” (meaning artery), “sclerosis” (meaning hardening), and “osis” (meaning diseased
condition). Itis characterized by abnormal arterial wall thickening, hardening, and loss of elasticity
(2). Everyone develops some degree of arteriosclerosis over the span of a lifetime. So-called “fatty
streaks” — plaques attaching to the inside of arterial walls — start appearing even in healthy
individuals in childhood (3). There are however a number of factors that accelerate this process,
including hypertension, hyperlipidemia, diabetes, and smoking. The pathogenesis of
arteriosclerosis involves a complex interplay of endothelial dysfunction, lipid accumulation,

inflammatory processes, and vascular smooth muscle cell proliferation (2, 3).

The artery wall consists of three main layers starting from the inside: Intima, media, and adventitia.
Each layer has its own specialized functions. For instance, most of the muscle cells that are
essential for controlling blood flow by contraction and relaxation are found in the medial layer (4).
Arteriosclerosis is the thickening and hardening of one or more of these layers, and there are three
main types, which are: Atherosclerosis, Mdonckeberg medial calcific sclerosis, and

arteriolosclerosis (2).

The most common and best-known type, atherosclerosis, involves the formation of plaques
consisting of lipids, cholesterol, calcium and blood cells within the intimal layer of arteries. Over
time, these atherosclerotic plaques can gradually accumulate and narrow the arterial lumen,
reducing the space through which blood can flow. Plaque rupture can form a thrombosis which
then gets carried away with the blood stream, potentially causing an acute vascular event like

ischemic stroke, myocardial infarction, or even sudden cardiac death (2, 3, 5).

Another type is known as Monckeberg medial calcific sclerosis. It is characterized by the
calcification of the muscular layers in small and medium-sized arteries, and especially those in the
medial layer, typically in extremities, without significant luminal narrowing or plaque formation.
It is typically seen in patients with chronic kidney disease and diabetes, and often gives no
symptoms (2, 5, 6).



A third type is known as arteriolosclerosis: This form affects smaller arteries and arterioles, and
there are two subtypes: hyaline and hyperplastic arteriolosclerosis. Hyaline arteriolosclerosis is
associated with mild to moderate hypertension and diabetes, where proteins like albumin leak into
the vessel wall, causing thickening. Hyperplastic arteriolosclerosis, often seen in malignant
hypertension, is characterized by concentric thickening of arterioles due to smooth muscle cell

proliferation and collagen deposition (2, 5).

The arteries in the kidney, however, show a different type of arteriosclerosis affecting the arcuata
and interlobular arteries. This manifestation differs from the common occurrence of
atherosclerosis or calcifications in the media. Instead, the typical finding is widening and fibrosis
of the intima, usually associated with narrowing of the lumen. The lamina elastica might become
multilayered. Additionally, the media is either hypertrophic or withering with increased amount of

fibrosis and a reduction of smooth muscle cells (7, 8).

The kidneys are well supplied with arteries, and arteriosclerosis here has been associated with
tubular atrophy and glomerulosclerosis (9). Therefore, determining degrees of arteriosclerosis has
both prognostic and predictive significance. This makes it important for nephropathologists to

accurately assess degrees of arteriosclerosis.

Arteriosclerosis is usually graded semiquantitatively in non-neoplastic kidney biopsies, and
different scoring systems are currently in use for such grading. However, research is lacking

regarding the strengths and weaknesses of each system.

This combined literature- and experimental study aims to improve on this lack of knowledge by
1) describing scoring systems for arteriosclerosis in non-neoplastic kidney diseases, 2) illustrating
their performance on randomly sampled images of arteries with various grades of sclerotic
changes, 3) listing and elaborating on the advantages and disadvantages of each system, and
finally, 4) making a recommendation of the most appropriate scoring system(s) for the assessment

of arteriosclerosis.



2 Materials and Methods

2.1 Literature search

The first part of the study consisted of a literature search in order to find all the currently available
scoring systems for assessment of arteriosclerosis in non-neoplastic cortical kidney biopsies.
Specifically, the project started with pre-existing knowledge about four such scoring systems
(Banff, Sethi, Remuzzi, ASI), and the literature search aimed to complete the list by discovering

additional scoring systems.

Search algorithm in Pubmed on March 22nd, 2023: (scoring system[Title/Abstract]) AND (kidney
biopsy[Title/Abstract] OR renal biopsy[Title/Abstract]): 58 results in total describing nine scoring
systems, three of which were excluded because they referenced older scoring systems, five were
excluded because they used the exact same scoring method as included systems, and one was
excluded because it lacked specific instructions for scoring. The five remaining systems were
divided based on whether or not they relied on semiquantitative assessment (“eyeballing”) or
quantitative assessment with precise measurement tools. Three of them relied on the former, and

two relied on the latter.

Inclusion criteria: Must have a well described method of scoring arteriosclerosis. Exclusion
criteria: Method identical to or relying on an identical concept as another already included system.
During the search, a number of scoring systems for renal quality did not involve the assessment of
arteriosclerosis. These were not considered. Figure 1 shows the literature search process, and table

1 describes the various scoring systems found, whether they were included, and why.



From personal contacts:
4 scoring systems

Pubmed search ‘Scoring
system[Title/Abstract] AND .
(kidney biopsy[Title/Abstract] OR 3 scoring systems excluded
renal biopsy[Title/Abstract])’ because they referenced older
58 articles, 10 previously scoring systems
unknown scoring systems

6 additional scoring systems
excluded because they lacked a
sufficient method description, or
the method was too similar to
already included scoring systems

5 scoring systems

Figure 1. Decision tree showing the literature search process. A total of five different scoring systems
were included in the study.



Table 1. An overview of the scoring systems that were identified and considered for the study. There were

five included systems, and six excluded systems.

Scoring system

Type

‘ Reference ‘ Notes

Included
Banff

Remuzzi et al
(Pirani)

Sethi et al
MAPI

ASI
Excluded
NEPTUNE

Tervaert et al

Joh et al

VCI

Oxford CI.
Zhang et al

Semiquantitative

Semiquantitative

Semiquantitative
Quantitative

Quantitative

Semiquantitative

Semiquantitative

Semiquantitative

Semiquantitative

Semiquantitative

Semiquantitative

(1,10-13)

(14-18)

®)
(19)
(20)

(1)

(22, 23)

(24)

(25)

(26, 27)
(28)

Leuven and Amyloid Score reference
Banff with respect to arteriosclerosis
grading, see references listed next to these
systems farther down in this table.

ISGFN  scoring  system  references
Remuzzi  (Pirani) with regard to

arteriosclerosis grading, see references

Same principle as for Sethi et al, just 3
instead of 2 grades.

Identical method to Sethi et al and Joh et
al, only slightly different scoring
thresholds

Identical method to Sethi et al and Tervaert
et al, only slightly different scoring
thresholds

Lacking sufficient method details for
implementation

Identical to Sethi
Identical to Banff
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2.2 Scoring systems

The following is a description of the five scoring systems included in this study. In the first three
described, a general principle of examining the whole artery and making a judgement based on the
overall impression applies. The scoring persons (SP) must base their score only on what they can
see without the use of any measurement tools. In the latter two scoring systems, precise

measurements are made as further described under the sections of each respective scoring system.

Semiquantitative Quantitative

Figure 2. lllustrations indicating how the same image of a cross-sectionally cut renal artery is
assessed differently using the various scoring systems. From the left to right: Banff; Remuzzi;
Sethi; MAPI; ASI.

2.2.1 Banff

The Banff scoring system is widely used to record the status of kidney transplants as well as non-
neoplastic kidney biopsies and is by many considered the gold standard (1, 10). Figure 4 details
how the Banff system works with respect to arteriosclerosis grading.
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Figure 3. Artery annotated based on the
Banff method. The green line marks the
border between intima and media, the
yellow line marks the border between
media and adventitia.

2.2.2 Remuzzi

Figure 4 Artery annotated based on the
Remuzzi method. Blue lines illustrate the
wall thickness, orange lines the lumen
diameter.

Specifically, the figure depicts a renal artery with
arteriosclerosis, as is clearly visible by the
thickening of the intimal layer. In the Banff system,
the degree of luminal narrowing is considered, and
based on this, four different grades are specified: 0,
1, 2, and 3. The grades are defined as follows (1,
10): No arterial narrowing: 0. Mild narrowing up to
25 percent: 1. Moderate narrowing up to 50 percent:
2. Severe narrowing above 50 percent: 3.

According to Remuzzi, it is the relationship between
the thickness of the arterial wall, including both media
and intima, and the diameter of the lumen that

~ determines the score. In figure 5, approximations of

~ the luminal diameter are marked in orange, while the

blue lines indicate wall thickness. As previously
described, the scoring persons do not select any
specific areas of each artery image for comparison (i.e.
select just one blue line and one orange line and
compare those), but rather consider a general
impression of the relationship between luminal
diameter and arterial wall thickness based on the

overall appearance of the vessel (i.e. compare “all”

12



possible blue and orange lines; not just the ones annotated in the illustration). Remuzzi et al. define
3 different grades (14, 15): No increased wall thickness: 0. Increased wall thickness but to a degree
that is less than the diameter of the lumen: 1. Wall thickness that is equal to or slightly greater than
the diameter of the lumen: 2. Wall thickness that far exceeds the diameter of the lumen with

extreme luminal narrowing or occlusion: 3.

223 Sethi

In the scoring system proposed by Sethi et al, the
: intimal layer thickness is compared to the medial layer
thickness. The lumen is not relevant. In figure 6, the
% blue and green lines indicate intima thickness and
media thickness, respectively. It is clear that both
media and intima thickness vary greatly within the
same image, so the scoring persons follow the same
principle here as with the Remuzzi system, forming a

general impression of the media-intima relationship

(i.e. comparing “all” possible blue lines with “all”

igure 5 artery annotated based on
the Sethi method. Blue lines indicate ~ possible green lines). Sethi et al defines 2 scores (8): A

intima thickness, green lines media
thickness.

score of 0 if the intima thickening is less than the
thickness of the media, and a score of 1 if it is equal to it
or greater.

2.2.4 Maryland aggregate pathology index (MAPI)
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’ A MAPI measures the entire thickness of the arterial wall in

two places, adds them up and then divides them by the
diameter of the lumen. There are only two possible
scores: 0 or 2.

J’_i The threshold is set to a ratio of 0.5 between the thickness
of the two arterial walls and the diameter of the lumen;
anything below yields a score of 0, and anything equal to
or above will yield 2 points. The entire wall is measured,

and not just the intimal layer (19).

Figure 6. Artery annotated based on
the MAPI method. The black lines
mark the entire wall thickness, the
orange line the lumen diameter.

2.2.5 Arteriosclerosis Index (ASI)
e » )‘ o7 ‘zﬁ" T “

This is the only system using a continuous score with no
upper limit. It measures the relationship between the
intima and media in the same fashion as Sethi, the former
’ layer being divided by the latter. To make the
* measurement more precise, the comparison is based on
two separate measurements along the wall added
together. This allows the SP to select two representative
areas of the vessel. This score is not used to grade

arteriosclerosis independently but has been used to

Figure 7 Artery annotated based on the compare relative degrees of it (20).
method of Arteriosclerosis Index.
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2.3 Acquisition and selection of raw images

Digital slides from 60 consecutive non-neoplastic kidney biopsies were retrieved and anonymized.
These 60 biopsies consisted of 15 biopsies of each grade of the AS score (0 —3). The grade of AS
was defined based on the Banff scoring system in the diagnostic setting. Only sections stained with
periodic-acid Schiff were used. The artery with the most severe degree of sclerosis was annotated
in QuPath (29). These arteries were used for evaluation in the current study. See figure 7 (p. 16)

for an illustration of the procedure for selecting the artery to be used for grading.

2.4 Scoring procedure

Each of the five scoring systems were used to assess the 60 selected arteries. The three
semiquantitative scoring systems (Banff, Remuzzi, Sethi) were used by three scoring persons
(SPs). Each SP used each scoring system twice with a washout period of two weeks, as further
described below. The two quantitative scoring systems (ASI, MAPI) were used by a fourth SP to

grade the 60 images once each.

A number of concerns were accounted for during the scoring process: In order to minimize bias,
an independent scorer used the quantitative scoring systems. The three SPs using the
semiquantitative systems came from different professional backgrounds: A non-clinician (denoted
SP1), a general pathologist (denoted SP2), and a nephropathologist (denoted SP3). This selection
of SPs was made in order to test the reliability of each system in relation to the professional
background of each scorer. For the two quantitative systems, a single measurement conducted by
one person was considered sufficient, since the scoring was quantitative and based on the use of

precise measurement tools.

15



Identify arteries in

 biopsy sections Exclucle biopsy

Choose this artery

Estimate the
seriousness of AS

— O

Choose this artery

Among the arteries
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Choose this artery 4 ;

Choose this artery

arte h acomplete cross
section and choose one

Figure 8. Procedure for selecting the artery to be used for grading.
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Since the first three scoring systems mentioned do not rely on precise measurements, we assumed
that there would be higher inter- and intra-rater variability. To investigate this variability, we set
up the study as following: 1) We used three different raters, each with different academic expertise.
2) In order to control for intra-rater bias, each round of image scoring had a washout period, each
round was conducted no less than two weeks apart to prevent memorization of prior results. 3)
Also, to control for intra-rater variability, each of the three scoring systems was used twice by each
scoring person to control for any possible random variance in the same test person. In the case of
the other two scoring systems, we operated with the assumption that they would be free of bias as
they rely on objective measurements. The scoring persons were allowed to conduct each round of
image scoring within the span of one week, and each round of scoring was estimated to take
between one and three hours. To make the scoring process easier to manage for each SP, they were
given one week to complete each scoring system. Table 1 shows the plan for image scoring that

the three SPs of the semiquantitative systems followed.

Table 2. Each test person had one week to finish each round of image scoring, and a two-week wash-out
period prior to the subsequent round. SP1-3 = Scoring persons 1-3; scoring person 1 is a non-clinician,
scoring person 2 is a general pathologist, and scoring person 3 is a nephropathologist.

Banff Remuzzi Sethi Banff Remuzzi Sethi
Round 1 Round 1 Round 1 Round 2 Round 2 Round 2

SP1 Week 1 Week 4 Week 7 Week 12 Week 15 Week 18
SP2 Week 1 Week 4 Week 7 Week 10 Week 13 Week 16
SP3 Week 1 Week 4 Week 7 Week 10 Week 13 Week 16

2.5 Evaluation of scoring results

The various systems were evaluated through a number of comparisons. Specifically, the results
from each individual system were compared relative to different SPs (inter-observer variability)
and relative to different scoring rounds (intra-observer variability). The different scoring systems

were also compared to each to each other visually using scatter plots, box-and-whisker plots, and
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contingency tables. Where relevant, Spearman’s correlation coefficient (SCC) and p-values were

also calculated.

We investigated inter-rater variability (IERV) for each of the three semiquantitative scoring
systems (Banff, Remuzzi, and Sethi). We did this by using Krippendorff’s alpha (hereby denoted
KA) (30) to measure the rate of agreement between three sets of 60 scores — one set for each SP.
Next, we investigated intra-rater variability (IARV) by having the SPs repeat the scoring process
for all three scoring systems, so that we could compare each SP’s two sets of scores for the same

system.

Further, we wanted to investigate how well the five scoring systems agreed with each other, by
directly comparing each system with the others via box-and-whisker plots and scatter plots. This
was done to give a visual presentation of the relationship between each system’s scores. For the
scatter plots, a regression line was added, with the formula for these lines added above the scatter

plots. Each comparison has the Spearman’s correlation coefficient calculated.

For both IERV and IARYV, our statistical measurement instrument of choice was Krippendorff’s
alpha (KA). This was not only because KA is considered a reliable measure of both IERV and
IARYV for a variety of different types of data sets, but also because it was especially well suited for
our study for the following reasons: Our data set is ordinal, since each value is a number
corresponding to the degree of arteriosclerosis in an artery. These numbers are ordered, that means
agrade 1 arteriosclerosis is less severe than a grade 2 arteriosclerosis. The scoring systems provide
specific instructions for assessing a score, but are also inevitably to some degree based on each
SP’s subjective judgement. KA, as opposed to other measurements such as Intra Class Correlation
(ICC), is well suited for quantifying inter-rater variability for such data sets. Additionally, KA is
ideal for handling incomplete data sets, which is beneficial in this study since each SP had the
choice of abstaining from scoring arteries that were too difficult or impossible to score (30). Our
data set therefore contains a number of arteries where no score was given. For all calculations

using KA, we set the seed to ‘2023’ and bootstraps to 10 000.

18



3 Results

3.1 Intra- and inter-rater variability (IARV and IERV)

Each SP scored the data set of 60 arteries twice with each semiquantitative system, and with a
washout period of no less than 2 weeks. We wanted to see how consistent the scoring systems
were between the first and second time. As further explained in chapter 1.5, we used KA to analyze
this. According to KA, the higher the result of the calculation — which goes from 0 to 1 —, the
stronger the agreement between the two compared sets of data. A result of 1 means a perfect
agreement, while a result of 0 indicates no agreement. A result between 0.66-0.81 is considered
“tentatively acceptable agreement”, while anything above 0.81 is considered “acceptable

agreement”) (30).

Table 3. Inter- and intra-rater variability calculated using Krippendorff’s alpha coefficient, ClI
95%, bootstraps 10k, seed 2023".

Sethi Remuzzi Banff
IARV
SP1 0.821 0.918 0.643
SP2 0.767 0.870 0.816
SP3 0.771 0.897 0.896
IERV
SP1+2 0.685 0.578 0.562
SP1+3 0.752 0.639 0.682
SP2+3 0.827 0.548 0.692
SP1+2+3 0.746 0.588 0.631

Without knowing which scoring method is superior, it was logical to assume that Sethi would have
the strongest intra- and inter-rater correlation given its binary score model. Table 3 shows that it
did have the strongest inter-rater correlation, but had a relatively weak intra-rater correlation,

below Remuzzi and similar with Banff, which is arguably a more difficult system to use. This
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indicates that Sethi is a somewhat less reliable method relative to the two other systems, especially

since the SPs had twice as many scores to choose from using the two other systems.

The results further show that Remuzzi had the lowest intra-rater variability (meaning the strongest
agreement from the first to second round) for all three SPs. With the maximum average KA value
achievable being 1.0, Remuzzi had the highest value with an average score of 0.895, with Sethi
and Banff being essentially tied at 0.786 and 0.785, respectively. For the nephropathologist (SP3),

Remuzzi and Banff were the systems with the strongest agreement.

Interestingly, SP1 — the non-clinician — had the most consistent scoring of the three SPs in Sethi
and Remuzzi, while SP3 — the nephropathologist — was most consistent with the Banff system,
followed by SP2 — the general pathologist — and then SP1. Possible reasons for this pattern are
mentioned in the discussion. Sethi had the strongest inter-rater correlation for all comparisons
between SPs. It is however as previously mentioned, a binary score system, and these results must

be interpreted with this in mind.

Beyond Sethi, the second strongest agreement was from comparing the IERV Banff scores of SP2
and SP3 at 0.692, while Remuzzi had the lowest IERV scores (highest result was 0.639 between
SP1 and SP3; see table 3). For Remuzzi, this indicates a relatively poor agreement, while Banff
once again correlated relatively high apart from between SP1 and SP2. The most accurate scoring
systems based on IARV and IERV KA measurements in combination, factoring in that one system
has a binary score while the two others have a four-point score, the result from this analysis
indicates that Remuzzi and Banff are similarly accurate with regard to IARV and IERV, while
Sethi underperforms with regard to ARV, which indicates that this method is less reliable.

Banff appears to be more reliable in terms of IERV among the pathologists (SP2 and SP3) than
with comparisons involving the non-clinician (SP1). This is likely because it is a more technically
challenging system, which in turn becomes more reliable with practice. More on this in the

discussion (chapter 4).

20



3.2 Correlations across different scoring systems

Acrteriosclerosis Index (ASI) and the Maryland Aggregate of Pathology Index (MAPI) are
interesting systems to compare to the other systems because they are based on the use of
measurement tools, see further explanations in section 1.2. We used scatter plots to visualize the
comparisons between the two quantitative scoring systems and the comparisons of the three

semiquantitative scoring systems to each of the two quantitative systems.

Additionally, Spearman’s correlation coefficient (SCC) was calculated for each comparison in
order to quantify the correlations. The SCC measures the strength and direction of two different
variables, and, unlike other correlation coefficients such as Pearson’s, it is nonparametric, meaning
it does not rely on any assumption of a distribution of normality. Different sources operate with
different threshold values for what is considered a strong correlation, but in general, scores higher
than 0.4 are widely considered to correlate (31, 32). Figure 10-11 illustrate all the ASI comparisons

with other scoring systems.
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3.2.1 Arteriosclerosis Index (ASI) compared to other systems

4,5
4 o
3,5 8
3
2,5 |
7} -]
< 3
2 pem— —
°
1,5 S
H
1 -
8
i " [ .
[ n L
0
0 2
MAPI

Figure 9. Box-and-whisker plot comparing MAPI to ASI. Horizontal line = median. Box = mid two
quartiles. Top and bottom whiskers, respectively, are the minimum and maximum values excluding outliers.
Data points outside of whiskers are outliers. P-value <0.001 (based on independent samples Welch T-test).

Assuming that ASI and MAPI measure similar properties and are both quantitative and thus likely
to be more reliable, an initial hypothesis was that both systems should produce highly comparable
scores. The box-and-whisker plot in figure 10 compares the two systems. It shows approximately
a one-quarter overlap between the two samples (those scored as 0 and those scored as 2 in MAPI),
meaning that one-quarter of arteries scored as 2 in MAPI have ASI scores that overlap with the
ASI scores of the arteries scored as 0 in MAPI. Starting from an ASI score of approximately 0.48
and upwards, no arteries were scored as 2 in MAPI with the exception of a single outlier. About

three-quarters of the arteries were in this group.

So, figure 9 shows that when the ASI score is higher than 0.48, the MAPI score is almost always

2, and when the ASI score is lower than 0.48, the MAPI score is 0 in about 75 percent of cases.
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The question then becomes: Are MAPIs scores of 2 in the below 0.48 ASI range mostly false

positives or not?

Based on the results from comparing MAPI to the other systems (see chapter 3.2.2), there are
reasons to believe that this system is highly sensitive, and therefore gives almost no false negatives,
but potentially some false positives. At the same time, the scatter plots in figure 10 comparing ASI
to the other systems strongly indicate that ASI would be a highly unspecific system, since the
spread of ASI scores is wide for almost all the scores in the other systems, and widen more for
each point increase in the other systems. Even when other systems score a 3 out of 3, ASI measures
anything from 4.02 and downward close to 0. Using the other systems as a reference for reliability,
this makes it highly likely that ASI, which lacks a defined cut-off for defining an artery as
arteriosclerotic, would give many false positives regardless of which cut-off was defined for this
system. Therefore, there are some indications to claim that MAPI might often be more reliable
than ASI, and that MAPI might be both a highly sensitive and specific system.

While what ASI measures is associated with what MAPI measures, the two systems can disagree
to an unreasonable extent. This is clear from the fact that many of the MAPI scores of 2 are given
very low ASI scores. Utilizing MAPI as a reference for reliability, if a cut-off was to be made for
ASI, it should not be lower than 0.48 since this is the point at which the highly sensitive system
MAPI begins to give scores of 0. Thus, if ASI gives a score below 0.48, the score is not reliable,

and the artery must be scored using another system.

Figure 10 contains scatter plots comparing each of the three semiquantitative scoring systems to
Avrteriosclerosis Index (ASI). These were interesting comparisons to make because ASI is a
quantitative scoring system, and the only system that uses a continuous scale as opposed to
categories. In the case of Sethi, which only has two possible scores, the p-value is directly

calculated using the independent samples Welch T-test. For Remuzzi and Banff, which have four
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possible scores, the Spearman’s correlation coefficient was calculated, and a p-value was derived

from it.
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Figure 10. Scatter plots comparing the three semiquantitative scoring systems to the ASI system. Each
column shows the scores of the same SP; each row shows the scores of the same scoring system. The
Spearman’s correlation coefficient (SCC) is calculated and included in the top left corner of the plots with
Remuzzi and Banff. The p-value is added in the top left corner of each plot for all systems. Where the SCC
is calculated, the p-value is derived from it. For Sethi, which has a binary score, the p-value is directly
calculated using the independent samples Welch T-test. Each scatter plot for Banff and Remuzzi include a
regression line, with the equation for the regression line directly above each plot. Mean values for the Sethi
plots are visualized by black-and-white oval symbols.

The scatter plots in figure 10 indicate that ASI gives many false negatives relative to the scores of
the three other systems, but not necessarily many false positives. There appears to be considerable
agreement between all three systems with ASI when the ASI scores are relatively high, but not
when the scores are below a certain threshold. Given the fact that this is also the trend when
comparing ASI to MAPI (see figure 9), it might be considered more probable that ASI tends to
give false negatives. Banff might be considered the system that most strongly agrees with ASI,

since higher ASI scores appear to better correlate with higher Banff scores, but the regression lines
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and SCC values are comparable with those of Remuzzi, so no definitive conclusions can be drawn.
The p-values, all of which are less than 0.001, indicate that the differences between the scores of
ASI and the other systems is not due to randomness.

3.2.2 MAPI and the three semiquantitative scoring systems compared to each other

The contingency tables in figure 12 display the relationships between MAPI and the three
semiquantitative scoring systems, Sethi, Remuzzi, and Banff. Heat maps are added to better
visualize the distributions of scoring combinations.
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Figure 11. Contingency tables comparing the scores of four scoring systems (MAPI, Sethi, Remuzzi, and
Banff). Each value is the percentage of the total number of combinations. Arteries that were not scored are
also included (denoted as N). The first 3x3 tables from the left compare the MAPI scores (y-axis) to the
scores of Sethi, Remuzzi, and Banff, respectively (x-axis). The rightmost column consists of tables
comparing the scores of the three semiquantitative systems (Sethi, Remuzzi, and Banff) to each other. Each
row of tables contains the scores of the same SP, except for the tables in the rightmost column, which are
only based on SP3 scores (nephropathologist). Each table has a heat map to visualize the distributions of
scoring combinations. All scores are based on the first round of scoring.

Since the systems included in this study measure arteriosclerosis using different methods and have
different numbers of possible scores (0-1 in Sethi; 0-2 in MAPI; 0-indefinite in ASI; 0-3 in
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Remuzzi and Banff), it is not a straightforward process to compare the results in figure 12. For
example, there is considerable uncertainty about what a score of 1 in Sethi constitutes in the other
two systems. Generally, though, one can assume (still, with some uncertainty) that a one-point-
increase in the score of one system should roughly correspond to the same in another system if the
numbers of possible scores are the same in both systems. This is only the case for MAPI and Sethi
(two possible scores) and Banff and Remuzzi (four possible scores). If the numbers are not the
same, this assumption cannot be made. The safest and most useful assumption we can make is that
regardless of system, a score of 0 should roughly mean the same in as in any other system (i.e no
clinically relevant arteriosclerosis) and a score above 0 should roughly mean the same (clinically

relevant arteriosclerosis).

To make the analysis more readable, the denotation (y = score 1 & x = score 2) is used when
discussing the combinations of different scoring systems. Also, all results are in percentages if

nothing else is specified.

The tables comparing MAPI to the other systems reveal a number of patterns. Although there are
some differences between the SPs, the general patterns found are largely the same. MAPI is clearly
the most sensitive of all systems, as evidenced by the fact that the top row of each table
(corresponding to a score of 2 in MAPI) is associated with relatively high percentages of scores of
0 in the other systems, compared with the relatively few percentages of a score of 2 in the other
systems found in the middle row of each table (corresponding to MAPI scores of 0). In other words,
when there is disagreement between MAPI and another system, and where one of the disagreeing
systems gives a score of 0, MAPI is in the majority of cases not the system giving a 0, so it is likely

the more sensitive system.

When comparing the disagreement with MAPI between the three semiquantitative systems, the
most useful comparisons are those involving at least one score of 0, based on the previously
described assumptions that a score of O should roughly mean the same in every system (no
clinically relevant arteriosclerosis), and a score above 0 should roughly mean the same in every

system (clinically relevant arteriosclerosis). Based on this, we can summarize the percentage of
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disagreement and compare them between the three systems. An overview of the disagreements

between systems is given in table 5.

Table 4. The sum of all disagreements between MAPI and the three semiquantitative systems (in percent),
not including mismatch due to combinations with “no score”. Combinations (y =0& x=0)and (y=2 &
x >0) are considered as agreement, others are included as disagreement. In parentheses: All
disagreement including mismatch due to combinations with “no score”.

Sethi Remuzzi Banff

MAPI disagreement, SP1 | 28.3 (38.3) | 13.4 (25.2) | 13.4 (31.8)

MAPI disagreement, SP2 | 35 (45) | 11.6 (21.6) | 16.6 (26.7)

MAPI disagreement, SP3 | 26.6 (36.6) | 15 (18.4) | 13.4 (18.5)

The same trends are evident for all three SPs, with Sethi having the highest disagreement, while
Remuzzi and Banff have more similar disagreement. When combinations including “no score” are
included, all SPs rate Sethi has having the most disagreement, followed by Banff, and then

Remuzzi.

Remuzzi is special in this context because it uses the same guiding principle for scoring as MAPI
does, the difference being that the latter uses precise measurements and a mathematical formula to
arrive at a score, while the former is based solely on “eye balling”. It is therefore no surprise that
Remuzzi has the overall lowest rates of disagreement with MAPI. With the same logic, it is also
no surprise that Sethi, which uses a very different method, has the highest rates of disagreement.
The fact that Remuzzi and Banff agree so well when directly compared, indicates that the methods
more closely correlate with each other than they do with Sethi, which is supported by their similar

rates of disagreement with MAPI.

The fact that the most associated scores between MAPI and Remuzzi is 2x1 for SP1 and SP2, and
2x2 for SP3 (as opposed to being 2x3) might simply come from the fact that Remuzzi measures
arteriosclerosis by using a different method than the two other systems. Another explanation is
that Remuzzi operates with different cut-offs for the different degrees of arteriosclerosis. This is

supported by the results of directly comparing Banff with Remuzzi, where the highest score of 3
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only occurs in 23.4 percent of Remuzzi scores, but 40 percent in Banff. The opposite trend is the
case for the score of 2, where the percentages are 33.3 vs 16.7. For scores 1 and 0, the percentages
are identical or almost identical (1: 20 vs 21.7; 0: both have 16.7), and they have the same number
of unscored arteries (both have 5). In other words, Remuzzi and Banff seem to be strongly
associated in their ability to differentiate an arteriosclerotic artery from a healthy one (going from
a score of 0 to 1), but they differ in assessing degrees of arteriosclerosis: An artery scored as a 3
in Banff will only be a 3 in Remuzzi about half the time and a 2 in the other half, but an artery

scored as a 3 in Remuzzi will almost always be scored as a 3 in Banff.

Sethi differs from the two other systems in its ability to differentiate arteries with arteriosclerosis
from healthy arteries (going from score 0 to 1). When Remuzzi and Banff give a score of 0, Sethi
always gives a 0. Opposite, when Sethi gives a score of 0, Banff and Remuzzi only give a 0 about
half the time, and a 1 or a 2 in the other half. In other words, it takes more for Sethi to define an
artery as arteriosclerotic. Whether these arteries should be considered arteriosclerotic or not, is not
entirely clear. The fact that Sethi is most associated with the ASI system, which in turn is a likely

unspecific system, implies that also Sethi might also be more unspecific.

Reviewing differences between scoring persons, we see the same general trends between all three
SPs except for in the MAPI vs Remuzzi comparison. SP1 and SP2 used Remuzzi differently than
SP3, scoring between 1/3 and % of arteries as a 1, as opposed to SP3, who only scored 1/8 of
arteries as a 1, and ¥ of arteries as a 2 or 3.

3.3 Missing values

Another measure of scoring system quality is comparing the number of arteries where an SP felt
unable to apply the scoring system, resulting in a missing score. The heat map in figure 13 offers
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a visualization of cases where arteries could not be scored by the respective scoring system. The

table displays the complete dataset and both the first and second scoring from all scoring persons.
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Figure 12. Heat map visualizing the missing values in the dataset. Each red rectangle within a column
indicates a missing value. The bottom row shows the total number of missing values per column.

The heat map reveals a clear difference between SP1 and the two other SPs, as SP1 abstained from
scoring more arteries than SP2 and SP3 in every system. This is true for both Banff, Remuzzi, and

Sethi. Across all three systems, SP1 abstained from scoring 11 percent of arteries on average, as
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opposed to 0 and 4 percent for SP2 and SP3, respectively. A likely reason for this is SP1s lack of

experience using these scoring systems, making it difficult to score the most challenging arteries.

Reasons for not scoring certain images include the following: Uncertainty about borders; only
partial artery; difficulty determining the angle at which the artery was cut; uneven wall- or wall
layer thickness. For example, there could be great variation in the intimal thickness along a stretch
of artery wall. ASI and Sethi have an advantage in that they do not rely on the lumen for scoring.
This enables them to also score partial arteries. Sethi was the clear winner as far as the ability to
score arteries is concerned, as the pathologists were able to score all 60 arteries with this system,
and the non-clinician 58 of them. With 54 scored arteries, the ASI system was more comparable
to the other systems in its number of successful scores. Since ASI relies on specific measurements
of the intimal and medial layers, it can be more challenging to know where to measure as some
arteries appear with significant variation in wall layer thickness. Identifying the basal membrane
was also challenging in some arteries, which made it difficult to know where the transition between

intima and media was.

Banff had a very high number of missing values, but only for the non-clinician (SP1) — 11 percent
vs. zero for SP2 and three percent for SP3. The two other systems, Remuzzi and MAPI, had similar
rates of scored arteries, which makes sense since these rely on the same method of scoring.
Remuzzi had the second highest rated arteries after Sethi, indicating that it is also a system with a

high ability to score arteries.

4 Discussion

This study intended to improve on the lack of knowledge of the different scoring systems used by
pathologists to score arteriosclerosis in non-neoplastic kidney biopsies. It sought to do so through
a series of four main steps starting with a literature search to identify scoring systems, selecting
and testing a suitable number of the described systems against a fixed set of randomly sampled
renal arteries, and, finally, extracting as much information as possible about the systems from the

analysis of the results of these tests.

30



Of the five systems included, all three semiquantitative systems (Sethi, Remuzzi, Banff) were used
by each of three scoring persons of different medical backgrounds, a non-clinician (SP1), a general
pathologist (SP2), and a nephropathologist (SP3). In addition, a fourth scoring person used the two
quantitative systems (ASI, MAPI). This section will go through each of the four main aims and
elaborate on why we believe we did or did not meet each aim. Also, important limitations and

prospectives are discussed.

The literature search yielded an additional ten scoring systems beyond the four we already had
knowledge of. These were categorized and described in table 1. We believe that table 1 contains a
useful overview of the different scoring systems currently in use by pathologists to score degrees
of arteriosclerosis, and thus that we reached this aim. We could have included more scoring
systems from the literature search into the experimental phase, but we decided against this
primarily for the following reasons: 1) Lack of resources: We did not have enough time and
manpower for a larger study. 2) The five included scoring systems covered all the different
methods of scoring that we discovered, so including additional scoring systems whose only
difference was the scoring range and scoring cut-offs would be of limited return value for our

resources.

The second aim, which was to execute the experimental phase, was also completed successfully.
This was the most time-consuming phase, as there were four scoring persons involved, three of
which had to score three systems — and do so twice — a total of six sessions of scoring with a

washout period of no less than two weeks between each.

The decision to include the two quantitative scoring systems was made based on the assumption
that such systems are more accurate because they allow the use of precise measurement tools, they
could therefore be used as a more (read: not entirely) objective standard, in the absence of a known
“ground truth” — a key limitation of our study. The scoring person using ASI and MAPI was,
however, not a trained pathologist. There is a question of possible implications of this, but we
believe it would not affect the scores substantially because the scoring systems in question are

based on precise measurement tools and a minimum of subjective interpretation, especially in the
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case of ASI, which uses a scaled point system. In addition, the annotations on which the

measurements were based, were also validated by an external nephropathologist.

The three other scoring persons were intentionally selected based on their professional background
in order to investigate the effect of prior training on the use of the scoring systems. We were able
to draw several conclusions about the utility of the scoring systems based on this, such as Banff
likely being a more reliable method for those with experience using the system, but a less reliable

system for those lacking prerequisite expertise.

Other potential limitations include factors such as the state of mind of the scoring person on the
particular day of scoring, the different scoring persons might have spent different amounts of time
scoring each artery, and other factors like mood and concentration can vary from day to day, and
indeed throughout the day. Such variables were not controlled for, and may or may not have had

a significant impact on each scoring person’s ability to score appropriately.

Our third aim was to elaborate on the strengths and weaknesses of each system. We are confident
that we also achieved this aim, although little can be claimed with full confidence due to factors
such as limited resources and the fundamental differences between the scoring systems which
make comparing them challenging, and the lack of a ground truth, which made evaluations of
absolute performance impossible. For Sethi and Remuzzi, it was the non-clinician (SP1) that
scored the most consistently of all. Conversely, the nephropathologist had the most consistent

scoring using Banff, while the non-clinician performed the least consistent here.

This pattern could be explained by the fact that Sethi and Remuzzi arguably involve easier
measurements than Banff: In the former two systems, scoring is based on comparing distances
(thickness of walls, wall layers, and/or luminal diameter), whereas Banff considers reduction of
luminal area, which is a less straight-forward process. Banff is, as previously mentioned, the most
widely used classification system worldwide (1), and was also used for the scoring of the arteries
in the diagnostic setting, therefore SP3 had more prior experience using this system than any other

system.
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As shown in figure 13 it could be argued that Banff uses a method that requires more training in
order to master. The luminal radius as an indication for luminal area can be deceiving because a
relatively modest reduction in luminal radius has a relatively large impact on the area. For example,
a luminal radius reduction of 29 percent may not seem substantial, but it actually corresponds to a
50 percent reduction in luminal area, which yields the highest possible score in the Banff system.
The non-clinician performed the poorest of the scoring persons using Banff, and among the scoring
systems used by the non-clinician, Banff performed the poorest. The opposite was the case for the
general pathologist and the nephropathologist. This is in line with the idea that Banff is the most

difficult system to use.

Luminal Radws Reduction Luminal Area Reduction

Intima

Figure 13. The Banff scoring method is based on determining the degree of luminal narrowing. The
illustration shows how a relatively low reduction in luminal radius has a relatively large reduction in
luminal area The figure was reproduced with permission under Creative Commons license 4.0
(CCBY) from Roufosse 2018 (1).

If an SP has a low intra-rater variability in a particular scoring system, that does not necessarily
mean that they score accurately with said system. It only means that they agree with themselves,

so even if an SP misunderstands the instructions and makes mistakes, but then repeats the same
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mistakes in the second round of scoring, they might still get a low intra-rater variability. That is
not to exclude the possibility that SP1 may have in fact scored more appropriately than the others.
Also, more experienced SPs might have had more difficulty ignoring other types of information
that they observe in the artery biopsies (e.g. changes at the cellular level that should not be
considered when scoring). SP1, who had no prior knowledge of scoring arteries, might have had
fewer “distractions” from the more or less straight-forward scoring instructions of each system. It
also makes sense, then, that when the instructions become less intuitive (e.g. Banff), a less
experienced scorer (SP1) might start to have difficulties following the instructions, while the exact
opposite trend was evident for SP2 and SP3, who performed best using Banff. A scoring system
that is easy to understand and use even for a non-clinician has a great advantage over other systems

since it can be used not only by experienced pathologists. This was the case for Sethi.

Our fourth aim was to make a recommendation of the most appropriate scoring systems included
in the study. The following are the most prominent arguments we have for making such a

recommendation.

Since all the systems involved are used in clinical practice today, our expectation was that all of
them would prove reasonably accurate and reliable, but that some systems might be somewhat
more accurate and reliable than others given that the scoring systems measure different things and
use different ways of scoring them. It would not be reasonable to assume that all these systems
would happen to be exactly as accurate and reliable when they actually measure different parts of
the artery, have different ways of measuring, different score ranges, and different cut-offs. We also
expected the quantitative methods to show a stronger correlation with each other than the

semiquantitative ones, since they involve using precise measurements.

Our first expectation proved correct: There are many differences between the scoring systems. Our
second expectation proved incorrect: MAPI and ASI did not match as well as expected if they truly
measured the same thing. Of the two, MAPI is the more favorable of the two since all the results
in combination strongly indicate that it might be a highly sensitive (giving few false negatives)
and possibly also highly specific (giving few false positives) system. ASI, on the other hand,

appears less reliable as it gives very low scores for arteries that all the other four systems score as
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moderately high or even maximally high. ASI appears to be comparably sensitive to MAPI, but
far less specific, as evidenced by the box-and-whisker plot comparing the two systems, combined
with the scatter plots comparing ASI to the semiquantitative systems. In all ASI comparisons, ASI
appears to underestimate the degrees of arteriosclerosis in many arteries relative to the other
systems. Without further evaluating the performance of this system against a ground truth, we

would therefore not recommend its use over that of the other systems.

MAPI, on the other hand, appeared reliable in every way we were able to measure it except for the
number of missing values, which was moderately high. The main question regarding this system
is how specific it is. We found no evidence to suggest that MAPI is unspecific. About one-quarter
of MAPI scores disagree with ASI. When they disagree, it is almost always the case that MAPI
has a “positive” score, and ASI a “negative” score (meaning a score in the same range as it gives
for a MAPI score of 0). In theory, a system that appears to be highly sensitive could potentially be
moderately or even minimally sensitive but appear highly sensitive because it includes many “false
positives” (low specificity) that deceive us in the analysis. If we examine the method of MAPI,
however, an issue with too low specificity is not likely. The wall of the artery is measured in two
places, the two widths added and then divided by the diameter of the lumen. In other words, MAPI
follows the same scoring principal as Remuzzi, but uses exact measurements and a formula to
arrive at a score. Since MAPIs cut-off for scoring a 0 is lower than Remuzzi, it is likely a more
sensitive system, and definitely not less sensitive. MAPI has the fewest numbers of arteries scored

as 0 of all the systems. MAPIs sensitivity is therefore likely close to optimal (100 percent).

The scatter plots comparing the three semiquantitative systems to ASI indicate that many of the
ASI scores are false negatives, so the semiquantitative systems indirectly favor MAPIs specificity
over ASI. In order to further investigate specificity, we would need other parameters to compare
our results to, such as clinical data from the patients from whom the biopsies were taken, or a

ground truth that all the systems could be compared against.

Pathologists have limited time to review arteries, and using a system with measurement tools is

time-consuming. Quantitative scoring systems such as MAPI are therefore generally less practical.
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The great advantage of the semiquantitative scoring systems is that they do not rely on such

measurements.

Of the three systems in this category, Sethi has the advantage of being able to score the most
arteries, even partial arteries without an intact luminal space. Additionally, it has the lowest
observed IERV value. However, since it is a binary system with limited room for variation, direct
comparison with other systems might potentially be biased. It had a lower IARV than the two other
systems, which indicates that the system is less concise than the other two. It has the same scoring
method as ASI (comparing intima to media), so it was no surprise that it appeared to match the
best with this system. Of all semiquantitative systems, Sethi is the one with the most scores of 0.
Given its association with ASI, which our results indicate might be less specific than the other
systems, a relevant question is whether Sethi is also less specific. MAPI, which is the only other
binary scoring system, disagrees more with Sethi than the other two semiquantitative systems
when compared using the premises outlined in chapter 3.2.2. This could mean that Sethi fails to
identify some arteries with low — yet clinically relevant — degrees of arteriosclerosis, but it could
also mean that it more appropriately identifies low degrees of arteriosclerosis as clinically

irrelevant.

Remuzzi uses the same method of scoring as MAPI, and is closely associated with it. It has the
highest IARV value despite having four different possible scores, but a low IERV value. When
reviewing the differences in scores between the scoring persons, the low IERV is explained by the
fact that SP3 scored more 2s and 3s while SP1 and SP2 scored more 1s, with a similar ratio of 0s
to above 0s. SP3 has the most experience using Banff, a system which we have showed more
frequently scores 3s than Remuzzi does, and it is possible that SP3 is impacted by this, especially
because the first round of scoring was done using Banff. We attempted to minimize the bias-effect
of this by having a washout period of no less than two weeks, but cannot rule it out. Ideally, we
should have done the Banff system in the last round to further reduce this bias effect. If there was
a bias effect, then the IERV should have been higher. Remuzzi had the second fewest missing
values after Sethi, meaning it could score most or all of the arteries regardless of scoring person.

It was relatively weakly associated with ASI.
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Banff is a truly unique system since it has a different method of scoring than all four other systems,
as discussed earlier in this chapter. It is likely a more challenging method, and therefore not an
entirely unexpected finding that the non-clinician (SP1) had a very high number of missing values
in this system. It relies on an intact lumen for scoring, which renders it useless for scoring the
subset of arteries without intact lumen. The pathologists (SP2 and SP3) therefore also had some
missing values. Its IARV was relatively low for the non-clinician, while high for the pathologists.
The IERV value was generally higher than Remuzzi but lower than Sethi. Given the potential bias
effect previously described (which could have also affected the Sethi values involving SP3, not
just Remuzzi), there is some uncertainty around the IERV values. Banff had the strongest
association with MAPI and Remuzzi, but differed from the latter in that it more often gave the

maximum score of 3. This was the case regardless of scoring person.

Remuzzi and Banff appear to be evenly reliable scoring systems despite using completely different
methods of scoring. There is a difference in how they score degrees of established arteriosclerosis
(whether an artery should be 2 or 3), but they are very similar in determining whether an artery
has any clinically relevant arteriosclerosis or not (0 or above 0). Banff appears to require more
training than Remuzzi. In summary, both of these systems can be recommended for use in clinical

practice, but Banff requires more training.

An important limitation of this study is that all the results are relative to each other because all
comparisons were between the five scoring systems, with no ground truth or clinical data to
compare the results to. Our results are therefore useful in order to say something about the
relationships between the systems, such as the fact that MAPI appeared [more sensitive hhan the
semiquantitative systems, [but we cannot say anything with certainty about whether it is overly
sensitive (i.e. scoring normal arteries as sclerosed), accurately sensitive, or even too little sensitive
(missing sclerosed arteries). Despite the lack of a ground truth, we might approximate a ground
truth by comparing many scoring systems and identifying common patterns among them. The

more scoring systems are compared, the stronger the approximation to a ground truth.

A limitation was the number of scoring persons. Due to lack of resources, we only had one scoring

person per category, which prohibits us from drawing general conclusions about the differences in
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scoring system performance between non-pathologists, general pathologists, and
nephropathologists. A suggestion for a new study would be to include three scoring persons per
group (three nephropathologists, three pathologists, and three non-clinicians), which would make
it possible to compare group averages more representable of each group. Still, many of the patterns
in our analysis are the same when comparing the different scoring persons, suggesting that a larger-

scale study would come to many of the same conclusions as in this study.

Further studies are required in order to increase our understanding of how different arteriosclerosis
scoring systems compared. Future research should seek to avoid the limitations affecting the

current study, especially with regard to the lack of a ground truth.

5 Conclusion

In conclusion, this study has reached all four of its main aims. The first aim was to collect and
describe the most commonly used scoring systems for grading arteriosclerosis in non-neoplastic
kidney biopsies. We were able to find and describe 11 different systems. Our second aim was to
use the scoring systems on a randomly sampled set of non-neoplastic kidney arteries. Of the five
scoring systems included in this study, two were quantitative (ASI and MAPI) and three were
semiquantitative (Sethi, Remuzzi, and Banff). Three scoring persons of different professional
backgrounds used each scoring system twice to score the same set of 60 arteries. A fourth scoring
person used the two quantitative systems to score the same arteries. This allowed us to compare
the scoring systems relative to professional background of the scoring person, time, other
semiquantitative scoring systems, and to quantitative scoring systems. We also examined missing
values. Among the measures to minimize bias was a washout period of no less than two weeks

between every round of scoring.

Aims three and four were to elaborate on strengths and weaknesses of the different scoring
systems, and to make a recommendation of the most favorable scoring systems. Of the two
quantitative systems, MAPI appeared as the more favorable based on the overall findings,
especially because it is likely highly sensitive, and no evidence was found to suggest that it is

unspecific. Since ASI was an outlier relative to the four other systems, usually by giving low scores
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when the other systems gave higher scores, it is possibly a sensitive, yet highly unspecific system,

and can therefore not be recommended unless it proves reliable when compared to a ground truth.

As pathologists have limited time to score arteries, semiquantitative scoring systems have a clear
advantage. Of the three systems under this category, Banff and Remuzzi appeared equally useful
and reliable. They have similar ability to score arteries, with approximately the same number of
missing scores of the sample arteries. They appear similarly consistent in scoring across time
(IARV) and between scoring persons (IERV), but Banff is less consistent when used by a non-
clinician, suggesting that it requires more training. Remuzzi and Banff score arteries as
arteriosclerotic or non-arteriosclerotic (scores 0 vs 1-3) similarly, but differ in their scoring of
degrees of arteriosclerosis (scores 2 vs 3). The implications of their difference in arteriosclerosis
degree scoring remains unknown. Based on our findings, we can generally recommend Remuzzi
and Banff for scoring arteriosclerosis, but Banff appears to require more training. It is important

to note that these recommendations might have been different if we had established a ground truth.

The main strength of the third semiquantitative scoring system, Sethi, was its ability to score
arteries. It had only two missing scores for the non-clinician, and no missing scores for the
pathologists. It had a relatively low IARV value, indicating that the system might be somewhat
difficult to use. The high IERV value could potentially be biased because Sethi only has two
possible scores, limiting the potential for variation. Otherwise, the IERV value indicates that it is
in fact consistent between different scoring persons. It uses the same scoring method as ASI, and
was somewhat associated with this system. Sethi and ASI gave relatively low scores more
frequently than the other systems. Little can be concluded with about the specificity of these
scoring systems, but there are indications that ASI might be a less specific system because it
frequently gives relatively low scores when all other systems give moderate to high scores. Sethi
is the system that most often scored arteries as non-sclerotic (score of 0), indicating that it considers
mild arteriosclerosis as clinically irrelevant. If this premise is true, Sethi would be a more favorable
system. There is considerable uncertainty surrounding these results because they are based on

relative comparisons between scoring systems.

39



This study lacked a ground truth or other parameters to compare the data to, such as clinical
information about the patients from whom the artery biopsies were taken. Further studies are
required in order to investigate the relationships between these scoring systems, especially
regarding specificity. It is unclear how a reliable ground truth can be established in this context.
One possibility is to compare the system performances with relevant clinical data connected to the
patients the artery biopsies were taken from. When comparing many scoring systems with each
other, one might be able to approximate a ground truth by identifying common patterns and

excluding outliers.

Future studies will benefit from including more scoring persons in each scoring group (non-
clinician, general pathologist, and nephropathologist), finding more ways to compare the scoring
systems, including other parameters of data to compare the scoring results to, such as clinical
information connected to the patients the biopsies were taken from, and establishing a ground truth

to measure the scoring systems up against.
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6 Appendix

Table 5 Complete data set of Sethi, Remuzzi, and Banff.
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Table 6 Complete data set of MAPI and ASI.
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