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Abstract

The aim of the study was to examine the predictive value of coronary computed tomographic angiography (CCTA) and
coronary artery calcium score (CACS) on |-year all-cause mortality in type 2 diabetes (T2D) patients with peripheral
artery disease (PAD) undergoing partial foot amputations (PFA).

Methods: This is a single-center prospective cohort study including 199 consecutive patients with T2D, PAD (mean age
62.3 + 7.2 years; 62.8% males), and preoperative CACS and CCTA undergoing PFA and followed-up over | year.
Results: Over a period of | year follow-up, a total of 35 (17.6%) participants died. The area under ROC curve to predict
mortality for the CACS was 0.835 (95% CI:0.769-0.900), for CCTA 0.858 (95% CI:0.788-0.927). After adjustment for
confounders, compared to no-stenosis on CCTA (reference), the risk of all-cause mortality in non-obstructive coronary
atery disease (CAD) increased (HR = 1.38, 95% CI [0.75—12.86], p = .284), |-vessel obstructive CAD (HR = 8.13, 95% ClI
[0.87-75.88], p = .066), 2-vessels (HR = 10.94, 95% CI [1.03—115.8], p = .047), and 3-vessels (HR = 45.73, 95% CI [4.6—
454.7], p = .001) respectively. Increasing levels of CACS tended to be associated with increased risk of all-cause mortality
(HR =1.002, 95% CI [1.0—1.003], p = .061). 61/95 patients with obstructive CAD underwent coronary revascularization.
Conclusions: Coronary artery calcium score and CCTA have a high predictive value for |-year all-cause mortality in T2D
patients undergoing minor amputations and may be considered for preoperative risk assessment allowing timely preventive
interventions.
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Introduction

Partial foot amputation (PFA) in patients with type 2 di-
abetes (T2D) and peripheral artery disease (PAD) carries a
high risk for cardiovascular complications,'* which might
often be underestimated by considering as a low risk
surgery.>* Partial foot amputation is often semi-urgent
because of spreading infection with septicemia. These
circumstances may be encountered more often in countries
with lower socioeconomic status where patients are less
likely to seek medical help and possibly present later with
more advanced disease stages. Under these circumstances,
coronary angiography may not be readily available and less
costly alternative procedures are used for preoperative risk
assessment. Exercise ECG testing, stress myocardial per-
fusion scintigraphy, or stress echocardiography for the
detection of obstructive coronary artery disease (CAD) are
often contraindicated in these patients because of lower
limb lesions, foot infection, requiring emergency foot
surgery.>%’

Over 50% of T2D patients die as a consequence of
CAD.® Patients with PAD have a particularly high mor-
tality rate from major adverse cardiovascular events
(MACE).”* However, atherosclerotic cardiovascular dis-
eases as CAD are largely underdiagnosed and undertreated
in patients undergoing minor limb amputations.'® It is well
known that obstructive CAD has been observed in 54%—
69% of patients with critical PAD.'""'> However, the ef-
fectiveness of preoperative evaluation of coronary arteries
in patients with non-critical PAD is unclear. Revised car-
diac risk index (RCRI) was associated with both 30-days
and l-year mortality in patients undergoing lower ex-
tremity vascular surgery.'® Taking into account that 3-years
mortality after below-knee amputations in T2D patients is
estimated to be close to 40—-60%,'* with most deaths at-
tributed to CAD, predictive value of non-invasive coronary
computed tomographic angiography (CCTA) and coronary
artery calcium score (CACS) may allow timely preventive
measures to improve long-term outcomes.

The aim of the study was to observe the severity of
coronary obstruction in patients with non-critical PAD who
undergo minor limb amputations using CCTA and CACS
and to examine their predictive value on 1-year all-cause
mortality and MACEs, respectively compared to RCRI.

Materials and methods

Design and data sources

In this prospective observational cohort study, we present a
unique cohort of 199 consecutive patients (mean age 62.3 +
7.2 years; male 62.8%) with T2D and non-critical PAD
undergoing PFA in the Republican Centre of Purulent
Surgery and Complications of Diabetes, Tashkent

Medical Academy, Tashkent, Uzbekistan and evaluate
the predictive value of CACS and CCTA for MACE and
1-year all-cause mortality. Patients were without pre-
vious history of major or minor limb amputations, had no
contraindications and were eligible to CCTA. Patients
were followed every week after discharge during the first
month, and every 1-2 months during 1-year follow-up.
Of overall 230 patients underwent CCTA, 31 of these
patients could not be contacted beyond one week after
surgery, and 199 patients had 1-year follow-up data and
included in the analysis.

Data acquisition

Baseline characteristics were retrieved on the day of the
admission to the hospital. Patient’s risk factors such as
obesity, hypertension, history of cardiovascular disease
(CVD), history of diabetes were assessed along with
socio-economic factors, lifestyle risk factors such as
self-reported smoking status, physical activity, and
nutrition. Diabetes was defined by a hemoglobin
HbAI1C > 6.5%, history of physician based diagnosis,
or use of anti-diabetic medications according to 2019
ESC Guidelines on diabetes, pre-diabetes, and car-
diovascular diseases.” Smoking was defined as current
(tobacco products used within the last month), occa-
sional or never.'> Coronary artery disease was defined
according to the 2019 ESC Guidelines for the diagnosis
and management of chronic coronary syndromes.'> In
adults (age over 18 years) obesity was defined by a
BMI > 30 kg/m.'® Blood pressure (BP) was measured
after some rest, in sitting position, at the beginning and
at the end of the healthcare providers exam in both
arms, the mean of two measurements was used.'”'®
Hypertension was defined according to guidelines of
the Eighth Joint National Committee (JNC8).!”

All patients had diagnosed T2D and also documented
non-critical PAD with an ankle-brachial index (ABI) of <
0.9 of the affected extremity which required forefoot
PFA."? Foot ulcer and/or gangrene were classified as stage
C (ischemia) or stage D (ischemia and infection), and grade
2-3 (deep and very deep) according to the Texas Wound
Classification or grade 4 and 5 according to Wagner —
Meggitt’s classification.?’ There were no previous minor or
major amputations of any extremity prior current hospi-
talization. All patients included in the analysis had creat-
inine levels within normal limits to be eligible for CCTA.

Fuster BEWAT score was calculated based on patients’
BP, weight and BMI, and history of physical activity per
week, alimentation, and tobacco smoking (current smoker
with counting cigarettes per day, occasional smoker, ex-
smoker, never smoker).”' Charlson comorbidity index was
also assessed.”
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Coronary artery calcium score and CCTA

Coronary artery calcium score-scoring (CACS) was per-
formed on the day of evaluation immediately before CCTA.
The protocol has previously been published.”** Based on
the CACS (Agatston), patients were divided into five
categories: 0, 0-99, 100-399, 400-999, > 1000.>*

Coronary artery atherosclerosis was classified as no
stenosis (no-CAD), non-obstructive stenosis with luminal
diameter narrowing < 50% (non-obstructive CAD), or
obstructive stenosis with >50% artery obstruction.*®
Single-vessel obstructive CAD was defined if there was
a stenosis > 50% in one vessel; 2-vessel disease if there was
stenosis > 50% in two major vessels, and 3-vessel ob-
structive CAD if there was stenosis > 50% in three major
coronary arteries or in the left main artery.”’

The model CCTA and CACS was compared with the
model based on the revised cardiac risk index alone. The
revised cardiac risk index (RCRI) was calculated for each
patient. The RCRI relies on the presence or absence of the
following five identifiable predictive factors: ischemic
heart disease, congestive heart failure, cerebrovascular
disease, insulin therapy with diabetes mellitus, and renal
dysfunction (serum creatinine level > 2.0 mg/dl). One point
was assigned for each of these predictors.?” The pooled risk
estimates of external validation studies of the RCRI during
past 15 years, showed risk estimates for myocardial in-
farction (MI), cardiac arrest, or death of 3.9% (95% CI,
2.8%—5.4%) for an RCRI score of 0, 6.0% (95% CI, 4.9%—
7.4%) for an RCRI score of 1, 10.1% (95% CI, 8.1%—
12.6%) for an RCRI score of 2, and 15.0% (95% CI,
11.1%-20.0%) for an RCRI score > 3.2°

Cardiovascular outcomes and all-cause mortality

Clinical end-points in this study were all-cause mor-
tality and the occurrence of MACE, which were defined
as a composite endpoint of ischemic endpoints as
cardiovascular death, nonfatal MI, stent thrombosis,
acute stroke, or unstable arrhythmia.?’ Acute stroke
was diagnosed based on clinical presentation and non-
contrast brain CT.?”*® Cardiovascular death was de-
fined as death due to MI, congestive heart failure,
stroke, or arrhythmias or any unknown causes of death
not explained by non-cardiac etiologies. Diagnosis of
MI was confirmed by two of three findings: chest pain
or equivalent symptom complex; positive cardiac
biomarkers; ECG changes typical of MI.>7-*° In patients
who had multiple cardiac events, only the first one was
counted toward MACE to create the MACE-free
Kaplan-Meyer curve. Follow-up cardiac events were
collected by scheduled appointments, chart review,
telephone interview, and confirmation by social death
certificate.

Statistical analysis

Statistical analyses were performed using SPSS software
(v27, IBM, Chicago, IL, USA). Descriptive statistics for
studied variables are presented as mean + SD (standard
deviation) for normally distributed continuous variables,
median with interquartile range for non-normally distrib-
uted continuous variables and frequency with percentage
for categorical variables. Variables were compared with
independent Student t tests for normally distributed con-
tinuous data, and Chi-square test for categorical data.
Differences between groups were determined by a one-way
analysis of variance (ANOVA), with a subsequent Tukey’s/
Dunnet C post hoc test.

Scatter and box plots were used to visualize values
calculated from the established equation in the SPSS
software, box plots over dot plots were created in the “R”
software to represent the values of the individual results as
dots with the boxplot displaying the distribution of data.
Time to event was calculated as the period between the
CCTA study and death or MACE. Unadjusted Kaplan—
Meier curves for MACE-free and all-cause mortality free
survival were created depending on CACS and CCTA
groups using the log-rank test (Mantel-Cox) along with
Breslow (Generalized Wilcoxon) and Tarone-Ware tests for
the period from the PFA during 1-year follow-up.

The association of RCRI, CACS and CCTA parameters
with the risk of all-cause mortality and incident MACE was
assessed using Cox proportional hazard models. A p-value
of < .05 was considered statistically significant. Variables
used in the analysis did not have missing data. The receiver
operating characteristic curve (ROC) and area under curve
(AUC) were used to evaluate the predictive value of the
CCTA and CACS models compared to RCRI on the risk of
all-cause mortality and incidence of MACE. DeLong’s test
was used to observe AUC differences in the models. The
Delong test was used to compare the performance among
models using MedCalc software Version 20.113—64-bit.
Reverse cardiovascular risk index have previously shown
high predictive value for 1-year all-cause mortality for PAD
patients undergoing limb vascular surgeries. "

Results

Table 1 summarizes baseline patient characteristics of 199
patients who underwent CCTA and CACS. Overall cohort
of patients undergoing minor limb amputation had un-
controlled diabetes (HbACI1, 11.4 + 2.6%). Peripheral
artery disease was non-critical. Systolic ankle pressure on
the extremity required PFA was greater 110 mmHg, and
diastolic over 60 mmHg, ankle-brachial pressure was
ranged between the lowest 0.64, and highest 0.88. Great toe
amputation was performed in 54 patients (27.1%), one toe
or a combination of 2-5 toes in 82 (41.2%), and trans
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Table |. Baseline characteristics of patients with type 2 diabetes and peripheral artery disease undergoing partial foot amputation.

Baseline characteristic

CCTA and CACS n = 199

Age (years), mean = SD
Gender, n (%)
Male
Female
Smoker status, n (%)
Smoker > |pack/day
Smoker < |pack/day
Occasional smoker
Non-smoker
BMI (kg/m?), mean % SD
Normal weight, n (%)
Overweight, n (%)
Obesity, n (%)
Aspirin before hospitalization, n (%)
Lipid-lowering drugs before hospitalization, n (%)
New diagnosed diabetes, n (%)
Blood glucose, mean + SD
HbACI, %, mean + SD
Arterial hypertension, n (%)
Clinical coronary artery disease, n (%)
Symptomatic typical
Symptomatic atypical
Asymptomatic
Previous myocardial infarction, n (%)
Reverse cardiac risk index, n (%)
Il
ln
v
Fuster-BEWAT score, mean *+ SD
Charlson comorbidity score, mean £ SD

623 +72

125 (62.8)
74 (37.2)

17 (8.5)
62 (31.2)
34 (17.1)
86 (43.2)
28.7 + 3.9
53 (13.2)
214 (53.4)
134 (33.4)
135 (67.8)
4211
Il (5.5)
122 + 43
114 %26
115 (57.8)
153 (76.9)
51 (25.6)
78 (39.2)
24 (12.1)
55 (27.6)

45 (22.6)
58 (29.1)
96 (48.2)
63 +2.1
64+ 18

BMI = body mass index, SD = standard deviation.

metatarsal amputation in 49 patients (24.6%). There was no
association observed regarding the level of foot amputation
and mortality.

Of 199 patients who underwent CCTA, 27 (13.6%) did
not have coronary stenosis, whereas 172 patients (86.4%)
had CAD, of them 77 patients (38.7%) with non-
obstructive stenosis<50%, and 95 patients (47.7%) had
obstructive CAD. Patients without coronary stenosis on
CCTA (n = 27) were younger with a mean age 46.4 + 6.5
years, 11/27 patients had newly diagnosed diabetes, and
16/27 patients had a history of diabetes of less than 2 years.

The risk of all-cause mortality

There was no in-hospital mortality and 7 days after hospital
discharge. 30-days all-cause mortality was 6/199 (3.0%), 1-
year mortality was 35/199 (17.6%). One-year all-cause
mortality-free Kaplan-Meier survival curves grouped by
the severity of CACS are shown in Figure 1(a). With

increased CACS, 1-year all-cause mortality increased from
zero in CACS = 0-99, 10% (CACS = 100-399), 29.5%
(CACS = 400-999), to 72.8% (CACS > 1000) (Figure
1(a)).

One-year all-cause mortality-free Kaplan-Meier sur-
vival curve grouped by the severity of coronary arteries
obstruction on CCTA is shown in Figure 1(b). Patients with
two- and three- vessels obstructive CAD had higher all-
cause mortality compared to no-CAD, non-obstructive
CAD, 1-vessel obstructive CAD (p < .05). There were
no statistically significant differences between no-CAD,
non-obstructive CAD, and 1-vessel obstructive CAD
groups (Figure 1(b)).

Univariable and multivariable Cox regression to ex-
amine the association between RCRI, CACS and coronary
arteries obstruction with the risk of 1-year all-cause mor-
tality in T2D patients undergoing PFA is shown in Table 2.
After adjusting for confounders, both CACS and severity
of coronary arteries obstruction (measured by CCTA) was
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(a) All-cause mortality survival curve grouped by the severity of CACS
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All-cause mortality survival curve grouped by the severity of CAD on CCTA
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Figure |. Kaplan-Meier survival curves for all-cause
mortality and incidence of major adverse cardiovascular
events (MACE) in patients with type 2 diabetes undergoing
partial foot amputation stratified by coronary artery calcium
score (CACS) and results of coronary computed
tomographic angiography (CCTA). Coronary artery disease
(CAD) on CCTA was classified as no stenosis (no-CAD),
non-obstructive CAD (luminal diameter narrowing <50%),
or |, 2, 3-vessels obstructive CAD with >50% artery
obstruction. CAD — coronary artery disease, CACS —
coronary artery calcium score, CCTA — coronary
computed tomographic angiography, MACE — major adverse
cardiovascular events, Cl — confidence interval.

associated with increased risk of all-cause mortality.
Compared to no-stenosis on CCTA (reference), the 1-year
all-cause mortality in non-obstructive CAD increased
(HR = 1.38, 95% CI [0.75-12.86], p = .284), 1-vessel
obstructive CAD (HR = 8.13, 95% CI [0.87-75.88], p =
.066), 2-vessels obstructive CAD (HR = 10.94, 95% CI
[1.03—-115.8], p = .047), and 3-vessels obstructive CAD
(HR = 45.73, 95% CI [4.6-454.7], p = .001) (Table 2).

The AUC of ROC curve analysis for CACS and mor-
tality was 0.835 (95% CI: 0.769-0.900, p < .001), for
CCTA and mortality 0.858 (95% CI: 0.788-0.927, p<
.001). The control RCRI model (score 4 and above) showed
AUC 0.641 (95% CI: 0.550-0.7323, p = .002). Delong test
showed that the RCRI model, CACS and CCTA COX
models were statistically significant. The CACS and CCTA
models markedly improved prediction performance for all-
cause mortality (p< 0.0001), adding difference of 0.2
between areas to RCRI model (Figure 2(a) and (c)).

61/95 patients with obstructive CAD underwent coro-
nary revascularization, the decrease in cardiovascular
mortality was OR = 0.03 (C195% 0.005; 0.17), p < 0.001
compared to patients without heart revascularization, after
adjustment for CCTA, CACS, baseline characteristics. Of
30 patients who had obstructive CAD and died, eight
patients underwent coronary revascularization (1/6 1-ves-
sel, 2/9 2-vessels, and 5/15 3-vessels disease). However,
three out of 8 deaths were not cardiovascular related (1 due
to gastro-intestinal bleeding, one due to massive pulmo-
nary embolism, one due to sepsis). Cox regression survival
curve log rank test (p = .001) showed significantly im-
proved survival in patients who underwent coronary re-
vascularization during 1-year follow-up when the
obstructive coronary artery disease was detected on
CCTA compared with patients without revascularization
(Figure 3).

A Cox proportional-hazard regression analysis was
performed to assess association between severity of cor-
onary obstruction detected on CCTA and 1-year mortality,
stratified by weather or not coronary revascularization was
performed during 1-year follow-up. In overall cohort (n =
199), Cox regression analysis showed that coronary re-
vascularization was associated with decreased 1-year all-
cause mortality (HR 0.4 with 95% CI 0.3-0.6, p .001) after
adjustment for baseline variables (Figure 4).

The incidence of MACE

One-year incidence of MACE was 30.2% (60/199 pa-
tients). Unadjusted 1-year MACE-free Kaplan-Meier sur-
vival curve grouped by the severity of CACS is shown in
Figure 1(c). Within 1-year follow-up, MACE was observed
in 2% of patients (CACS = 0-99), 25.8% (CACS = 100—
399), 47.1% (CACS = 400-999), to 81.9% (CACS >
1000). Unadjusted MACE-free Kaplan-Meier curve
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Table 2. Cox regression analysis to determine the association of RCRI, CACS, and CCTA with the risk of |-year all-cause mortality and
major adverse cardiovascular events, respectively, in type 2 diabetes patients undergoing partial foot amputation.

Unadjusted Adjusted

All-cause mortality HR (95% Cl) p Value HR (95% ClI) p Value
RCRI

Il I |

n 1.75 (1.05, 2.94) .032 2.26 (0.9, 5.69) .084

v 3.09 (1.95, 4.91) <.001 4.17 (0.88, 19.67) 071
CACS 1.003 (1.002, 1.004) <.001 1.002 (1.000, 1.003) 061
CCTA .001

No CAD I |

Non-obstructive 1.75 (0.2, 14.9) 611 1.38 (0.75, 12.86) .284

I-Vessel obstructive 11.9 (1.59, 89.7) 0l6 8.13 (0.87, 75.88) .066

2-Vessels obstructive 25.5 (3.39, 191.3) .002 10.94 (1.03, 115.8) .047

3-Vessels obstructive 77.5 (10.3, 585.5) <.001 45.73 (4.60, 454.7) .001
Major adverse cardiovascular events HR (95% ClI) b Value HR (95% ClI) p Value
RCRI

Il I |

i 1.82 (0.92, 3.57) .084 1.12 (0.27, 4.59) 874

v 3.66 (2.0, 6.68) <.001 0.59 (0.11, 3.08) 531
CACS 1.004 (1.003, 1.005) <.001 1.002 (1.001, 1.003) 013
CCTA <.001

No CAD I |

Non-obstructive 1.74 (0.2, 14.9) 611 1.59 (0.75, 12.77) 124

I-Vessel obstructive 11.9 (1.6, 89.9) 0lé6 5.74 (1.89, 17.38) .002

2-Vessels obstructive 242 (3.2, 182.3) .002 7.92 (2.29, 27.26) .001

3-Vessels obstructive 79.2 (10.5, 598.2) <.001 32.85 (9.77, 110.4) <.001

Adjustment to age, sex, HbACI, Fuster-BEWAT score, Charlson comorbidity, RCRI, symptomatic CAD, prior MI, prior coronary revascularization.
CAD = coronary artery disease, CACS = coronary artery calcium score, CCTA = coronary computed tomographic angiography, HR = hazard ratio,

RCRI = revised cardiac risk index.

grouped by severity of coronary artery obstruction on
CCTA is shown in Figure 1(d). There was a significant
difference between patients with no-CAD, non-obstructive
CAD, 1-vessel obstructive CAD compared to the two- and
three- vessels obstructive CAD (p < .05).

Results from univariable and multivariable Cox re-
gression analysis to examine the association between
CACS and severity of coronary artery obstruction with 1-
year incidence of MACE in T2D patients undergoing PFA
is shown in Table 2. After adjusting for age, sex, HbACI,
Fuster-BEWAT, Charlson comorbidity, RCRI, symp-
tomatic CAD, prior MI, prior coronary revascularization,
both CACS and CCTA significantly increased HR of 1-
year incidence of MACE (Table 2). There was no sta-
tistical difference in the incidence of MACE between
patients with no coronary stenosis and patients with mild
non-obstructive CAD (HR = 1.59, 95% CI[0.75, 12.77],
p =.124). Compared to no stenosis (reference), having 1-
vessel obstructive CAD increased incidence of MACE
5.74-fold (HR = 5.74, 95% CI [1.89, 17.38], p = .002),
having 2-vessels obstructive CAD approximately 8-fold

(HR=7.92,95% CI[2.29,27.26] p=.001), and having 3-
vessels obstructive CAD 32-fold (HR = 32.85, 95% CI
[9.77,110.4], p <.001) (Table 2). The AUC of ROC curve
analysis for the CACS and MACE was 0.808 (95% CI:
0.746-0.871, p <.001), for CCTA and MACE 0.866 (95%
CI: 0.810-0.922, p < .001). The control RCRI model
showed AUC 0.621 (95% CI: 0.540-0.703, p = .004).
Delong test showed that the RCRI model, CACS and
CCTA COX models were statistically significant, and the
CACS and CCTA models significantly improved pre-
diction performance for the incidence of MACE com-
pared with RCRI model (p <.0001). Coronary computed
tomographic angiography model showed statistically
significant superiority over CACS model (difference
between areas 0.0612, 95% CI 0107 to 0.112; p = .0175)
(Figure 2(b) and (d)).

Additional tests. The distribution of the CACS among pa-
tients depending on the degree of coronary artery obstruction
on CCTA is shown in the Supplement 1. The ANOVA
between groups was significant, F (4, 194) = 68.8, p <.001.
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(a) All-cause mortality (b) MACE
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Figure 2. The receiver operating characteristic curve
(ROC) and area under curve (AUC) to evaluate the
predictive value of the coronary computed tomographic
angiography (CCTA) and coronary artery calcium score
(CACS) models compare to revised cardiac risk index
(RCRI) on all-cause mortality (A) and incidence of major
adverse cardiovascular events (B) in type 2 diabetes patients
and non-critical peripheral artery disease undergoing
partial foot amputation. Pairwise comparison of ROC
curves for RCRI, CCTA and CACS models for all-cause
mortality (C) and incidence of major adverse
cardiovascular events (MACE) (D) (*DeLong et al., 1988).

There was a significant pairwise difference between the
group with no CAD as well as with non-obstructive CAD in
between all obstructive CAD groups (p < .001 for all
pairwise combinations). There was also a significant dif-
ference between 1-vessel obstructive CAD and two- and
three-vessels obstructive CAD. The mean differences were
156.5 £ 45.2 (p = .006), and 187.5 + 51.5 (p = .003), re-
spectively. However, there was no significant difference of

CACS values between 2-vessels and 3-vessels obstructive
CAD. CACS was positively related to the increase of ob-
struction of coronary arteries, r = 0.74, p < .001. The var-
iance of the CAD obstruction which can be explained by
CACS is 55.2%.

One-year mortality in patients depending on the CACS
and the severity of the coronary obstruction on CCTA and
are shown in the Supplement 2. Approximately 70% deaths
in patients with obstructive CAD were associated with
MACE.

The severity of coronary stenosis using an 18-segmental
model on CCTA is shown in the Supplement 3. Patients
undergoing PFA had more pronounced distant coronary
arteries obstruction versus proximal parts of vessels.

Discussion

The novelty of the study consists in the utilization of a
prediction model using a RCRI as a reference to show the
added value for CCTA and CACS to predict 1-year all-
cause mortality. Our results indicated that severity of CAD
shown in preoperative CACS and CCTA in patients with
T2D and non-critical PAD who undergo minor foot surgery
such as amputation of toes or trans-metatarsal, have a high
predictive value for short-term postoperative cardiovas-
cular events and all-cause mortality. The AUC of ROC
curve analysis to predict 1-year all-cause mortality for
CACS and CCTA had added value and significantly im-
proved the control model RCRI. Similar findings showed
prediction of MACE for the CACS and CCTA compared
with the control RCRI model.

Our findings underline the importance to assess CAD
preoperatively in these patients in particular in view of the
fact that the short-term risk for serious cardiovascular
complications and mortality risk may often be under-
estimated in these patients. In addition to local foot care and
eventually also to limb revascularization, coronary re-
vascularization might be indicated if extensive obstructive
CAD is present. Our findings are of particular importance
for countries with economy in transition where there is
limited access to catheterization labs and appropriate pa-
tient selection for coronary interventions is mandatory.

Preoperative evaluation of the presence and extension of
CAD and timely coronary revascularization is important to
decrease the perioperative risk and improve the postop-
erative long-term prognosis by choosing optimal treatment
strategies. Exercise ECG testing, stress myocardial per-
fusion scintigraphy, or stress echocardiography for the
detection of obstructive CAD are often contraindicated in
this type of patients because of lower limb disabilities and
limb infection requiring emergency surgery.”®’ Over one-
third of perioperative MACE occurred in patients with
negative results of such testing.’
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Figure 3. Cox regression survival curve in patients with type 2 diabetes and peripheral artery disease undergoing partial foot
amputation stratifying by coronary revascularization during |-year follow up. Log rank test (p = .001) showed significantly improved
survival in patients who underwent coronary revascularization compared with patients without revascularization.

In real world clinical practice, patients with non-
critical PAD and unhealed deep foot ulcer or toes gan-
grene which require minor foot amputation, are under care
of vascular/endovascular surgeons who are performing
endovascular intervention, and commonly only focusing
on the extremity target lesions without concerning of
CAD evaluation and management.'' In general, minor
amputations like PFA are not considered as high-risk
surgery.”* However, 3-year mortality after below-knee
amputations in T2D patients is estimated to be close to
40-60%, with most deaths attributed to CAD.'* Five-year
mortality with any amputation (major and minor com-
bined) is ranging from 53% to 100%.>" This rate did not
change over decades despite of advanced limb revascu-
larization techniques, and decreasing proportion of major
amputations. '’

It is well known that obstructive CAD has been ob-
served in 54%—69% of patients with critical PAD."""'? Up
to 20% mortality rates within 6 months have been reported
for critical PAD from diagnosis with the excess death of
50% at 5 years.” In a recently published paper, Choi and co-
authors showed, that of 674 patients with critical PAD and a
history of limb percutaneous transluminal angioplasty
underwent routine coronary angiography, 61% had ob-
structive CAD and subsequently performed coronary re-
vascularization."' Routine coronary angiography and
subsequent percutaneous interventions resulted in similar
long-term survival compared to those who did not have
coronary artery disease.'’

In our previous study in patients with T2D undergoing
transfemoral amputations, the major cause of amputation
was critical limb ischemia due to severe PAD. Coronary
computed tomographic angiography showed a high
prevalence of obstructive CAD and a very high incidence
of MACE and mortality.’>? There were more post-
operative events in patients with three- and two-vessels
compared to 1-vessel obstructive and non-obstructive CAD
(74.1% and 34.1% vs. 10.5% and 6.5%, p < .001) (p <
.001).>2% In contrast, patients with non-critical limb is-
chemia undergoing minor foot surgery are usually not
considered to be patients with a high perioperative car-
diovascular risk and therefore interventions to prevent
cardiovascular complications are usually not considered to
be of high priority. Our new finding is that patients un-
dergoing minor foot amputation are also at high risk for
MACE and all-cause mortality which is not inferior
compared to major limb amputations. This indicates a
strong need for cardiovascular interventions to improve
short-term prognosis and survival in most of these patients.

Optimal patient treatment relies on both the diagnostic
and the prognostic information provided by noninvasive
testing. Due to high costs which are associated with the use
of advanced imaging methods and limited availability of
highly sophisticated technical equipment in many coun-
tries, there has been a significant shift from focusing on test
accuracy to a broader emphasis on patient outcome.>
Diabetic patients with complications requiring PFA are
usually under surgeon’s care with a main focus on the
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Figure 4. A Cox proportional-hazard regression analysis to assess the association between the severity of coronary artery obstruction
and |-year mortality stratified by history of coronary revascularization performed during |-year follow-up, after adjustment for
baseline variables (A) no coronary revascularization performed, (B) with heart revascularization.

wound healing process and lower extremity revasculari-
zation procedures. In this context, the use of CCTA and
CACS for perioperative risk assessment may open new
windows for effective strategies to improve long-term
outcome and secondary/tertiary prevention.

Our results are in line with results of a recent ran-
domized controlled trial, where Sharma and co-authors
(2019) showed that in patients with diabetes and

suspected CAD, CCTA may be considered as the initial
diagnostic test versus functional stress testing.**
Among 1908 diabetic patientes with randomly as-
signed tests, patients who underwent CCTA had a lower
incidence of cardiovascular death/MI compared with
functional stress testing (CCTA: 1.1% [10 of 936] vs.
stress testing: 2.6% [25 of 972]; adjusted hazard ratio:
0.38).3
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The relative risk of 1-year all-cause mortality among
those who did not have coronary revascularization was
2.85 times greater than those who underwent revascular-
ization (p = .006), and 4.33 times greater to die from
cardiovascular disease (p <.001). These findings underline
again the importance of preoperative assessment for cor-
onary artery atherosclerotic lesions to allow timely coro-
nary revascularization in these patients if indicated.

In Uzbekistan, there is no mandatory insurance cov-
erage and patients have to pay out-of-pocket for the ma-
jority of medications, hospital treatment, and interventions.
The costs for diabetes treatment including in-hospital
surgery for amputations and all emergency services are
included in the Guaranteed Benefits Package and covered
by the government. However, patients had to cover costs
for cardiovascular management by themselves which
means a trade-off between high out-of-pocket costs for a
priori heart revascularization versus receiving interven-
tional treatment for free when MI already happened.
Furthermore, diabetic polyneuropathy is a cause of
asymptomatic CAD which made it hard for patients to
believe that their heart had as severe problems as the
presence of foot gangrene/infection, which is visible. So-
cial protection and sick leave for patients with disabilities
are poorly developed in Uzbekistan, meaning that limb loss
will be more likely associated with job loss and social
isolation and patients tried to focus on wound healing and
restoring walking function after minor amputation. 18 of 30
patients with obstructive CAD could either not afford
preventive coronary revascularization, decided to postpone
heart revascularization prioritizing limb wound healing, or
refused further cardiovascular interventions.

A strength of this study is that data comes from a unique
relatively large cohort of consecutive patients who suffered
from T2D, non-critical PAD and had to undergo PFA with
no loss of l-year follow-up. Our findings can help to
improve in-hospital and early post-operative patients’ care,
which is usually conducted by surgeons to control wound-
healing process but should also include coronary imaging
and assessment by a cardiologist. Such an approach has a
great potential to reduce cardiovascular complications and
to increase overall long-term survival after surgery in these
high-risk patients.

Study limitations

In this study, CCTA and CACS were performed in only
59% of patients who were eligible for CCTA. The major
reason for not undergoing CCTA was that it was not
possible for many patients to pay out of pocket for an
additional expensive test before PFA surgery, sometimes
combined with a personal negative attitude towards the
prognostic testing. However, there was no significant
difference in the baseline characteristics between the study

patients and the entire patient cohort. Patients at the
baseline had uncontrolled diabetes with a mean HbAlc of
11.4%, which indicates that the study results cannot be
generalized and transferred to patients with well-controlled
diabetes. SGLT-2i and GLP-1-RA are new to Uzbekistan
and non-affordable for the majority of patients to purchase
out-of-pocket. In the current study, none of patients used
these types of medications to control blood glucose.

Conclusion

Severity of CAD detected by CACS and CCTA have a high
predictive value for 1-year MACE and all-cause mortality
in T2D patients undergoing PFA and may be considered for
perioperative risk assessment allowing timely preventive
interventions if stress tests are not feasible and more so-
phisticated technical equipment is not available.
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