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Abstract

Evaluation of Peripheral Calcium Score as a Measure of Peripheral Arterial Disease Burden and
Amputation Risk

By Sujin Lee

Peripheral arterial disease (PAD) is a global atherosclerotic pandemic characterized by chronic
occlusive arterial disease of the lower extremities. The ankle-brachial pressure index (ABI) and
toe-brachial pressure index (TBI) are non-invasive tools used to diagnose PAD by measuring
blood pressures at the ankle or toe compared to the arm at a pressure where no flow is detected
by ultrasound. The ABI and TBI are flawed because they do not adequately represent arterial
flow in calcified vessels. The purpose of this research is to evaluate whether a comprehensive
peripheral calcium scoring (PCS) system would complement ABI and TBI to achieve a superior
prognostic measure of PAD. We conducted a retrospective cohort of 50 patients, who reported
to vascular surgery clinics from 2004 to 2014, to compare their distributions of ABI, TBI, and
PCS, and to assess how well these prognostic indicators predicted the dichotomous outcome of
an amputation of a lower limb. The particular interest was to evaluate how well PCS improved
the prediction of amputation after controlling for ABI and TBI levels. We measured the calcium
burden in peripheral vessels by applying the coronary calcium scoring module to non-contrast
CT scans of the infra-renal aorta and lower extremity runoff. We built a predictive model using a
dichotomized PCS variable as a predictor at an a priori cutoff value of 1000. Using multivariate
logistic regression, the odds ratio for the association between tibial PCS and amputation was
estimated at 6.61 (3.77-11.59, p<0.001, controlling for ABI and TBI, suggesting that PCS can be
a useful prognostic indicator for PAD patients beyond ABI and TBI. We also built models using
ABI, TBI, and continuous PCS separately and in combination to predict amputation. The best
fitting model included ABI, TBI, and tibial PCS (AUC=0.87, p<0.001). This study underscores
the importance of tibial PCS as an individual prognostic tool, as well as a significant
supplemental tool, to improve the prognostication of patients with PAD.
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INTRODUCTION

Peripheral arterial disease (PAD) is a global atherosclerotic pandemic affecting 200
million people in the world and 8-12 million people in the US.? It is defined as chronic occlusive
arterial disease of the lower extremities characterized by atherosclerotic and calcific processes.
The most common presentation of PAD is claudication, which is lower extremity (LE) pain with
walking due to decreased muscular perfusion.? Patients with PAD tend to be older with comorbid
diabetes, hypertension, hyperlipidemia, and history of smoking. If left untreated, PAD can
progress to rest pain, non-healing ulcers, lower limb amputations, and death.® Amputations pose
high morbidity on functional status with detrimental effects.* Therefore, a major clinical goal for
PAD patients is limb preservation.

The diagnostic gold standards of PAD are the ankle-brachial pressure index (ABI) and
toe-brachial pressure index (TBI). These are ratios of blood pressures measured non-invasively
at the ankle or toe compared to the arm at a pressure where no flow is detected by ultrasound.
ABI and TBI can be categorized based on the clinical severity of PAD. However, the diagnosis
and prognosis of PAD are complicated by vascular calcification, which is a biologic
phenomenon attributed to aging vessels and metabolic disorders, including diabetes mellitus
(DM) and chronic kidney disease (CKD).>" In this study, we aimed to provide further evidence
that a comprehensive peripheral calcium scoring system used to quantify vascular calcification in
the peripheral vasculature would complement ABI and TBI in achieving a prognostic measure of

PAD and a generalizable measurement of its severity.



BACKGROUND

In an increasingly aging world population, peripheral arterial disease (PAD) has been
recognized as a global burden with high morbidity and mortality. Patients with leg symptoms are
at three-fold increased risk of mortality and major cardiovascular events, such as heart attack and
stroke, compared with those without PAD.'® In addition to increased cardiovascular morbidity
and death, patients with symptomatic PAD, which is defined as ABI < 0.9, have impaired lower
extremity functioning and quality of life.2 Having an accurate identification of PAD is essential
to improving the prediction of cardiovascular risk and prevention of major cardiovascular and
cerebrovascular events.

Due to the limitations of assessing lower extremity pain attributed to PAD, ankle brachial
pressure index (ABI) has historically been used as an objective clinical measure of PAD.
Although the specificity of ABI has been reported to be approximately 97%, the sensitivity is
lower at 80%, in part due to the presence of stiff arteries with underlying medial calcification
that falsely elevates the ABI. ®!! The toe —brachial pressure index (TBI) is thought to be useful
when obtained in conjunction with ABI in patients with non-compressible disease who have
falsely elevated ABI because toe vessels are theoretically spared from medial arterial
calcification, which can cause false pressure elevation.'?>* However, TBI has a significant
margin of error and is unreliable in identifying patients with PAD and comorbidities. In addition,
studies have shown that TBI has limited prognostic utility, undergoing no significant change to
reflect PAD progression when compared to ABI and other measures of distal perfusion,
including posterior tibial peak forward velocity.'>® A new adjunctive measure for PAD
identification is needed to better account for stiff vessels in the lower extremities attributed to

medial artery calcification.



Arterial calcification can occur in nearly all vascular beds. Coronary calcification has been
comprehensively studied due to its association with cardiovascular events and the availability of
CT-based imaging modalities. The coronary artery calcium score is routinely used to assess the
presence and extent of atherosclerosis in patients at risk for coronary heart disease.'” The
measurement of coronary artery calcium has been essential to improving risk stratification and
determining the intensity of treatment.'® Furthermore, calcification in different locations,
including carotid artery, breast artery, thoracic aorta, abdominal aorta, and renal artery, has been
investigated in a limited number of studies, which have demonstrated associations between
calcification and mortality that vary in different vascular beds.'%?° The sum of knowledge
supports that vascular calcification is a subcomponent of atheroma and effectively identifies at-
risk patients. Therefore, vascular calcification must be further examined in different locations to
provide unique information for risk of mortality from the underlying disease process.?
Additional benefit is that calcification in a vascular bed is easily measured and is repeatable in
terms of the density and volume of calcified plaque.

Like coronary artery disease, peripheral artery disease is a cardiac risk equivalent that can
be assessed with CT imaging. Vascular calcification in PAD has been attributed to aging vessels,
where the process is accelerated in metabolic disorders, including diabetes mellitus and chronic
kidney disease.?? Studies in small cohorts have demonstrated the association between lower
extremity calcium score and the severity of PAD. For instance, when lower extremity arterial
calcifications were analyzed on multi-detector computed tomography (MDCT) in patients with
diabetes and end-stage renal disease, lower extremity calcium scores were higher in patients with
PAD and correlated with severity of PAD.?2* Emerging literature has also demonstrated this

relationship between lower extremity calcium score and its ability to predict outcome in patients



with symptomatic PAD and other cardiovascular risk factors.?* The development of a peripheral
calcium scoring system would complement ABIs and TBIs in achieving an accurate diagnosis of
PAD and measurement of its severity. A proper assessment of the severity of PAD would
provide vital information to prescribe an appropriate treatment modality, including medical and
surgical management for PAD.?>26

Currently, there is no such standardized system for measuring calcification in the
peripheral vasculature. To date, no studies have compared the prognostic value of peripheral
calcium score (PCS) with that of the ABI and TBI in a general population with PAD. To improve
the prognostic characterization of PAD patients using non-invasive tools, we assessed peripheral
calcium score (PCS) on CT scans to obtain an anatomic measurement of calcium burden in the

peripheral vasculature.

In this study, we measured the calcium burden in peripheral vessels by applying the
coronary calcium scoring module to non-contrast CT scans of the infra-renal aorta and lower
extremity runoff. After determining the relationship among ABI, TBI, and PCS, we compared
the ability of ABI, TBI, and PCS to predict the primary outcome of amputation as individual and
additive measures. We also designated an a priori cutoff value for PCS to determine whether
higher values of PCS better predict amputation rate while controlling for ABI and TBI. This
study underscores the movement towards a more consistent evaluation of PAD and an efficient

integration of clinical definitions into practice guidelines.



METHODS
A retrospective cohort of 50 PAD patients was undertaken to compare the distributions of ABI,
TBI, and PCS, and to assess how well these prognostic indicators predicted amputation of a

lower limb.

Aim 1. Define 4 levels of PAD severity using ABI and compare the distribution of PCS within

ABI categories among patients referred to vascular surgery clinics

Aim 2. Define 3 levels of PAD severity using TBI and compare the distribution of PCS within

TBI categories among patients referred to vascular surgery clinics

Aim 3. Evaluate PCS as a predictor of amputation of a lower limb, accounting for ABI and TBI

values among patients referred to vascular surgery clinics.

Hypothesis: Supplementing ABI and TBI with PCS will improve the prediction of having a lower

limb amputation rather than using ABI and TBI alone.

Study population and data sources. In a retrospective cohort study, we used the Emory
University Corporate Data Warehouse to identify patients who reported to vascular surgery
clinics and/or received vascular noninvasive lab measurements, between January 1, 2004 and
March 1, 2014 (Figure 2). We found 50 patients (100 lower limbs) with non-contrast CT scans of
the infra-renal aorta and lower extremity and noninvasive measurements of ABI available for
analysis. Inclusion criteria included availability of ABIs and CTs prior to any vascular
procedures (grafts, stents, below-knee amputation, and above-knee amputation) with ABI
obtained within 3 months of the CT. Exclusion criteria included patients with muscular
dystrophies, familial hypercholesterolemia, hypercalcemia disorders, and abdominal aortic

aneurysm greater than 5.5cm in diameter.



Study variables. Retrospective chart review was conducted to obtain patient variables, such as
age, race, smoking status, history of hypertension, hyperlipidemia, type Il diabetes, and chronic
kidney disease. The primary outcome variable was below-knee or above-knee amputation, which
was chosen as the primary leg-specific endpoint due to its detrimental effects on mobility,
functional performance, and quality of life. The predictor of interest was total and segmental
PCS, which was computed from pre-operative CT images as detailed below. The primary control
variables were ABI and TBI measurements, which were obtained from the patients’ charts.
Patients were also categorized into 4 ABI groups and 3 TBI groups based on PAD severity
(Table 1). Other demographic control variables included age, gender, race, and insurance status.
Comorbidities including hypertension, hyperlipidemia, type 1l diabetes, and chronic kidney
disease were not included in the regression models because they are part of the causal pathway
that contribute to PAD progression.

Peripheral artery calcium scoring. Peripheral calcium scoring was performed using standardized
calcium scoring software by two independent investigators who were blinded to the ABI values
and baseline patient characteristics. The anonymized images of the patients were loaded into
TeraRecon software, 3D reconstruction of the vessels was performed, and the calcium score was
measured through the entire 3D reconstruction using a density-based contrast difference
segmentation method. The calcium scores (CS) of the lower extremity were composed of 3
segments: the aorto-iliac (Al) segment, the femoro-popliteal (FP) segment, and the tibial segment
(Figure 3). The Al segment included the infrarenal aorta, common iliac, and external iliac arteries.
The FP segment included the common femoral, superficial femoral, and popliteal arteries. The
tibial segment included the anterior tibial, posterior tibial, and peroneal arteries. A global and

regional calcium score index was also developed. On cross-sectional images through the lower



extremities, total calcium score of plaques with density >130 HU and area >1mm? from infrarenal
abdominal aorta to the foot was identified and scored. The PCS for each segment of interest was
determined and expressed as an Agatston score according to the method described by Agatston et
al.?” Plaque density (in HU) and plaque volume measurements were recorded as both have been

shown to contribute to risk assessment.28

Statistical Analysis. Using SAS statistical software, we obtained baseline characteristics of
patients based on their ABI category and obtained the mean TBI in each ABI category (Table 2).
For aim 1, we performed Spearman’s rank order correlation between ABI and normalized PCS to
assess their relationship as continuous measures. Then, we obtained distribution of PCS within
categories of ABI. We also performed analysis of covariance (ANCOVA) adjusting for age, gender,
and insurance status. For aim 2, we performed Spearman’s rank order correlation between TBI
and normalized PCS to assess their relationship as continuous measures. We then obtained
distribution of PCS within categories of TBI. We also performed ANCOVA adjusting for age,
gender, and insurance status. For aim3, we performed logistic regression to compare 3 models that
included ABI, ABI +TBI, and ABI +TBI +PCS with amputation as the outcome. We obtained an
odds ratio by dichotomizing PCS above a threshold and by controlling for ABI and TBI. We used

the following model for the logistic regression:

logit P(amputation) = o + B1PCS + B2ABI1+ B3ABI2 + BsABI4+ BsTBI1 + BsTBI2 + Brage +
Bsgender + Boracel + Biorace2 + Baiinsurance.

ABI1, ABI2, and ABI4 were indicator variables representing four levels of ABI with the third

level as the reference level. TBI1 and TBI2 were indicator variables representing three levels of

TBI with the third level as the reference. Racel and race2 represented three racial groups: black,

white, and Hispanic.



For missing TBI values, we performed multiple imputation to replace missing data with 10
different imputed values based on the normalized dataset.?® We averaged the 10 imputed values
and accounted for their standard errors by fitting a model that included age, gender, race,
insurance status as predictors of TBI. We also calculated the coefficient of concordance to obtain
the distribution of calcium score obtained by 2 readers who scored 5 of the same legs and to

assess the reliability of the PCS measure.



RESULTS
Baseline characteristics. We obtained baseline characteristics according to ABI categories
(Table 2). Patients with normal ABI were more likely to be younger, less likely to have Type 2
diabetes and chronic kidney disease. They were also less likely to have critical limb ischemia and
less likely to undergo amputation compared to patients in abnormal ABI categories. Patients with
ABI >1.3 were more likely to be older with comorbid diabetes and chronic kidney disease. They
were more likely to have critical limb ischemia and a higher amputation rate compared to
patients in other ABI categories. We also obtained a high coefficient of concordance between the
two readers of PCS (Intra class correlation 99%).
Relationship between PCS and ABI. On spearman’s rank order correlation, normalized PCS
was not correlated with ABI (rs= -0.156, p=0.121). The relationship between the four levels of
ABI and PCS was non-linear as the PCS levels were moderately high in the first (<0.5) and
second (0.5-0.9) category of ABI, lowest in the third category (0.9-1.3), and highest in the fourth
(>1.3). We found significantly lower PCS in the total, Al, FP, and tibial segments in the normal
ABI group (third category) compared to the abnormal ABI groups (first, second, and fourth
categories) using ANCOVA (Figure 5). When compared to patients with normal ABI (0.9-1.3),
patients with ABI <0.5 had significantly higher Al PCS and higher total and FP PCS that trended
towards significance (p=0.06). Patients with ABI between 0.5 and 0.9 had significantly higher
total, Al, FP, and tibial PCS. Those with ABI>1.3 had significantly higher total and tibial PCS
compared to patients with normal ABI. We found no significant difference in percent PCS when
comparing the normal ABI group to other ABI categories. However, we found significant
differences in percent FP and percent tibial PCS when comparing patients with ABI>1.3 to other

ABI categories.



Relationship between PCS and TBI. Normalized PCS had a weak negative correlation with
TBI (rs=-0.261, p=0.017) and ABI had a moderately positive correlation with TBI (rs= 0.544,
p=<0.001) (Table 3). In the abnormal TBI group, we found significantly higher PCS in the Al
segment when compared to the normal TBI group (Figure 6). When compared to patients with
normal TBI, those with TBI<0.4 had significantly higher total, Al, and tibial PCS. Patients with
TBI between 0.4 and 0.7 had significantly higher FP and tibial PCS compared to those with
normal TBI. Furthermore, patients in abnormal TBI categories had significantly higher percent
Al and percent tibial PCS compared to those in the normal TBI group. Based on this data, we
included tibial PCS as the best measure of calcium burden in the peripheral vasculature when
performing logistic regression analyses.

Amputation as primary outcome. To compare the ability of ABI, TBI, and tibial PCS to
predict the risk of amputation, we used logistic regression to build predictive models using
dichotomized and continuous PCS variables as predictors. To dichotomize the PCS variable, we
used a cutoff value of 1000, which was chosen a priori to avoid data fishing. 1000 Agatston
score was 75" percentile of the tibial PCS values. The odds ratio was estimated at 6.61 (95% CI:
3.77-11.59, p<0.001) for the association between tibial PCS and amputation, controlling for ABI
and TBI, which suggests that PCS is a strong predictor for amputation holding ABI and TBI
levels constant. We also estimated an odds ratio of 3.81 (95% ClI: 2.04-7.12) comparing the

amputation rate of African Americans and Caucasians (Table 4).

10

For continuous PCS variables, we obtained the area under the ROC curve (AUC) for each

individual measure and performed an ROC contrast test between ABI, TBI, and tibial PCS

(Figure 7). Tibial PCS (AUC=0.80, p=0.001) and ABI (AUC=0.76, p<0.001) had significantly

larger AUC than TBI (AUC=0.67), although there was no significant difference in AUC between



tibial PCS and ABI (p=0.35). The area under the ROC curve for models that included 1) only
ABI, 2) ABI and TBI, and 3) ABI, TBI, and tibial PCS were compared (Figure 8). The model
containing all three indices had significantly larger AUC (0.87, p<0.001) compared to the other

two models: ABI (AUC=0.76) and ABI+TBI (AUC=0.81).

11
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DISCUSSION/CONCLUSIONS

In the current study, we demonstrate the utility of calculating PCS from non-contrast CT
scans of patients with PAD to better evaluate the severity of calcification in peripheral vessels
and measure the progression of disease. We determined that ABI and TBI have a positive
correlation, which we anticipated from the increasing severity of disease as the measures
increase from 0 to 1. We also found that TBI and total PCS have a negative correlation, meaning
that increased severity of PAD, which is represented by lower TBI values, is characterized by
higher PCS values.

The extent of calcification reflected by total, Al, FP, and tibial PCS was significantly
higher in abnormal ABI categories, whereas tibial and percent tibial PCS were significantly
higher in abnormal TBI categories. Guzman et al. echoed the clinical significance of tibial PCS
by demonstrating that tibial artery calcification was a better marker of PAD severity and
amputation risk compared to traditional risk factors and abnormal ABI.%° Other studies have also
suggested an association between distal calcification and amputation, especially in patients with
diabetes and chronic kidney disease.3*23 We did not control for these comorbidities because they
are known causes of medial artery calcification and part of the causal pathway for PAD
progression. Furthermore, tibial artery disease alone has been shown to lead to amputation.3*

An important goal for treating PAD patients is to prevent the need for major lower limb
amputation. We performed a logistic regression with amputation of a lower limb as the outcome
of interest. Our hypothesis was that a patient’s PCS level improves the prediction of an
amputation after accounting for the commonly used diagnostic indices of ABl and TBI. To
obtain an odds ratio, we dichotomized tibial PCS above 1000 versus below 1000 Agatston score.

This was an a priori cutoff that represented approximately the 75th percentile of PCS in our data.
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We selected our cutoff point a priori to avoid the issue of multiple comparisons. That is, we did
not want to select our cutoff based on trial and error with the goal of finding the strongest effect
(i.e., data fishing). Using logistic regression, we found that tibial PCS increased the odds of
amputation by a factor of 6.61 while controlling for ABI and TBI. This was a significant finding
that highlighted the utility of tibial PCS as a prognostic indicator beyond the information
provided by ABI and TBI regarding amputation.

When comparing the models that combined ABI, TBI, and PCS, we found that the area
under the curve (AUC) increased progressively as TBI was added to ABI and as tibial PCS was
added to both ABI and TBI. Therefore, the AUC of the predictive model for amputation was
maximized by combining ABI, TBI, and tibial PCS as diagnostic measures. We provide evidence
that tibial PCS is a valid measure of PAD severity, and we contribute to existing data that PCS
may be used as a prognostic tool to stratify patients based on amputation rate.

To date, no studies have compared PCS with ABI and TBI in characterizing amputation
rate. Recent investigations have compared differing calcium scoring systems, including the lower
limb arterial calcification (LLAC) scores and Bollinger scores, which characterize the severity of
stenoses visualized on angiography, have been used to differentiate between above knee and
below knee disease.3>% They demonstrate the association between PCS classification systems
and increased cardiovascular mortality and morbidity.®? However, expanding the investigation to
compare PCS with the ubiquitous diagnostic measures of ABI and TBI is essential to improving
risk stratification of PAD patients. There is an unmet need for further investigations to better
characterize PAD progression and to translate prognostic classification into clinical practice.

The benefits of PCS align with those of the coronary artery calcium score, which include

a greater area under the ROC curve than other risk factor-based prognostic paradigms.
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Compared to ABI and TBI, PCS accounts for the location of the plaque within different anatomic
segments of the peripheral vasculature, which allows for the prediction of potentially disastrous
outcomes involving proximal plaques that are more prone to rupture and more likely to undergo
thrombotic occlusion.?®3%32 |n our study, we also account for the distribution of calcification by
calculating the percentage of calcium in the tibial arteries compared to the total calcium present
from the infra-renal aorta to the foot. This method underscores the idea that vessel-specific
calcium scoring standardized to the individual’s vasculature may be more informative than

calcium scoring based solely on absolute total values.

Follow-up measurements are vital in tracking disease progression that may be masked by
peripheral neuropathy in patients with diabetes and chronic kidney disease,.5"3738 These patients
are also shown to have a higher baseline risk of ulceration, infection, critical limb ischemia, and
amputation.31:333940 Dye to the inability of the ABI and TBI to fully capture the progression of
vessel calcification, current PAD screening recommendations for patients with diabetes and
chronic kidney disease may be inadequate.'>*! Therefore, PCS may help characterize PAD in
patients with subclinical disease and aid in early intervention to decrease amputation risk.

We also highlight the feasibility of obtaining PCS using non-contrast CT scans of the
lower extremity vessels.*>#3 Our readers obtained a very high coefficient of concordance by
using a simple, semi-automated approach and applying the coronary calcium scoring module to
peripheral vessels. The low interrater variability indicates that PCS can be accurately and reliably
determined on non-contrast CT. In addition, the technique applied to the scans is standardized on
the imaging software and does not require any additional reconstruction. PCS assessment can be
done by obtaining the scan prior to contrast injection, which helps directly visualize and evaluate

the peripheral vasculature. Therefore, PCS may be easily applicable in daily clinical practice.
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A key limitation of our study was a small sample size, with each limb counting as a unit of
analysis. The small sample size limited our ability to conduct sub-analyses of the groups
categorized by PAD severity. Having a larger number of patients in the non-compressible ABI
group could reveal important information in high-risk PAD patients. In addition, the data from
this study was collected retrospectively, which limits the deduction of causal associations
between vascular calcification and PAD outcomes. Larger trials are needed to clarify the role of
PCS in accurately capturing the extent of disease progression in PAD patients.

To the best of our knowledge, this study is the first of its kind to determine the
relationship among ABI, TBI, and PCS and demonstrate the significance of tibial PCS in
predicting amputation with an estimated OR of 6.61 while controlling for ABI and TBI. We also
achieve a reliable measurement of PAD severity through a simple and generalizable scoring
method. We believe that this is an essential step in developing and validating a peripheral
calcium scoring system. Overall, our study demonstrates the utility of a comprehensive PCS
system to diagnose and evaluate PAD severity, particularly in high-risk subpopulations where

non-invasive studies may be unreliable.
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TABLES/FIGURES

Table 1. Categories of ankle-brachial index (ABI) and toe-brachial index (TBI) by
severity of peripheral artery disease (PAD)

PAD severity Severe Moderate Normal Non-compressible
ABI <0.5 0.5-0.9 0.9-1.3 >1.3
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Table 2. Baseline Cohort Characteristics Stratified by ABI Category

20

Categories of ABI by PAD Severity

ABI<0.5 0.5<ABI<0.9 0.9<ABI<1.3 ABI>1.3 Cohort
N=19 N=37 N=36 N=8 N=100
Age, y 64.6+11 69.1+11 59.0£13 67.0£11 64.5£12
Male, sex, n (%) 12 (63) 18 (49) 17 (47) 7 (88) 54 (54)
Insured, n (%) 15 (79) 34 (92) 33 (92) 8 (100) 90 (90)
Ethnicity, n (%)
Caucasian 12 (63) 24 (65) 29 (81) 3(38) 68 (68)
African American 7 (37) 13 (35) 7 (19) 5 (63) 32 (32)
Clinical characteristics
Diabetes Mellitus, n (%) 7 (37) 17 (46) 12 (33) 8 (100) 44 (44)
Chronic Kidney Disease, n (%) 3 (16) 8 (22) 2 (6) 5(63) 18 (18)
Hypertension, n (%) 15 (79) 36 (97) 29 (81) 8 (100) 88 (88)
Hyperlipidemia, n (%) 10 (53) 32 (86) 20 (56) 2 (25) 64 (64)
Ever smoking, n (%) 13 (68) 26 (70) 26 (72) 5(63) 70 (70)
Mean TBI, y 0.31+£0.19 0.62+0.16 0.76+0.20 0.24+0.23 0.52+0.28
Critical limb ischemia, n (%) 4 (14) 2(7) 2 (5) 3(38) 11.(11)
Scores
Aorto-iliac Agatston 5167 5639 2022 6802 4543
(1825-10765) (2696-10170) (97-7818) (1268-13885) (1461-9678)
Femoral-popliteal Agatston 362 3371 191 455 1058
(56-7981) (1033-5949) (3-1970) (33-6949) (565-4213)
Tibial Agatston 84 433 100 1621 170
(24-1862) (18-1783) (0-513) (83-16639) (11-932)
Total Agatston 5496 11269 2437 13177 6677
(1965-22763) (4108-16973) (366-11910) (2920-31343) (1901-14061)
Aorto-iliac percent calcium 82 (52-94) 61 (44-79) 73 (54-92) 45 (34-96) 66 (45-91)
Femoral-popliteal percent calcium | 14 (3-38) 33 (19-41) 11 (4-28) 3 (2-14) 20 (4-37)
Tibial percent calcium 4 (0.6-8) 5(0.3-14) 4 (0-12) 38 (0.6-54) 4 (0.3-14)
Event
Amputation (%) 3(16) 4 (11) 2 (6) 4 (50) 13 (13)




Table 3. Spearman’s rank order correlation coefficients comparing the distribution
of ABI, TBI, and normalized PCS

Comparisons of ABIl v TBI ABI v normalized | TBI v normalized
diagnostic measures PCS PCS
Coefficient 0.544 -0.156 -0.261
P-value <0.001 0.121 0.017
n 83 100 83
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Table 4. Odds ratio estimates for predictors of logistic regression model with

amputation as outcome

Variable Comparisons Odds Ratio 95% CI
Gender Female vs Male 0.28 0.13-0.63
Race African American vs 3.81 2.04-7.12

Caucasian

Hispanic vs Caucasian 0.95 0.38-2.37
Insurance status | Not insured vs Insured 1.20 0.49-2.91
ABI 0-0.5vs 0.9-1.3 0.64 0.29-1.4
0.5-09vs 0.9-1.3 0.41 0.17-1.0
>1.3vs 0.9-1.3 1.06 0.39-2.87
TBI 0-0.5vs >0.7 2.03 0.72-5.76
0.5-0.7 vs >0.7 0.52 0.20-1.36
Tibial PCS >1000 vs 0-1000 6.61 3.77-11.6
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Figure 1. Measurement of ankle-brachial index (ABI)
by calculating the ratio of the ankle pressure and the
arm pressure at which no flow is detected by
ultrasound.
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Figure 2. Schema for Study Population

Patients in Emory Corporate
Data Warehouse who reported
to vascular surgery clinics and/or
received vascular noninvasive
lab measurements between
January 2004 and March 2014

(N=737)

250 patients with CTs and

Excluded patients with
muscular dystrophies, familial
hypercholesterolemia, and
hypercalcemia disorders

ABIs obtained within 3
months of the CTs prior to
undergoing vascular any
procedures

Excluded patients with
contrast CTs

50 patients with
non-contrast CTs
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(b)
Figure 3. Coronary calcium scoring applied to peripheral vessels on
TeraRecon. (a)TeraRecon calcium scoring. Plaques with density >130
Hounsfield units and area >1 mm? highlighted in yellow. (b) Axial view
of calcified tibial vessels on non-contrast CT.
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Figure 4. Vessel Segmentation from Infra-renal Aorta to the Feet
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Figure 5. Comparing PCS and Percent PCS Between Categories of ABI
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Figure 6. Comparing PCS and Percent PCS Between Categories of TBI
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Figure 7. Comparing ABI, TBI, and Tibial PCS in Individually Predicting Amputation
Rate using ROC Plot
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Sensitivity

Figure 8. Comparing Additive Effects of ABI, TBI, and Tibial PCS in Predicting

Amputation Rate using ROC Plot
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