
Golan et al. Cardio-Oncology           (2024) 10:60  
https://doi.org/10.1186/s40959-024-00262-w

RESEARCH Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if 
you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or 
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To 
view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.

Cardio-Oncology

Routine Ankle-Brachial Index (ABI) 
measurement: a window into atherosclerosis 
and early left ventricular dysfunction in patients 
diagnosed with cancer
Netanel Golan1,3, Rafael Y. Brzezinski1,2, Moaad Slieman1,2, Shafik Khoury1,2, Ofer Havakuk1,2, Yan Topilsky1,2, 
Shmuel Banai1,2 and Michal Laufer-Perl1,2* 

Abstract 

Background Cancer therapy is considered to cause accelerated ischemia. Ankle-Brachial Index (ABI) measurement 
is an inexpensive, simple, available test for the early diagnosis of peripheral artery disease (PAD); however, it is not per-
formed routinely. We aimed to evaluate the role of routine ABI measurement for the diagnosis of PAD among patients 
diagnosed with cancer and whether it correlates with left ventricular (LV) dysfunction.

Methods A retrospective, single-center study including patients diagnosed with cancer at Tel Aviv Sourasky Medical 
Center. The cohort included patients performing routine ABI and LV global longitudinal strain (GLS) echocardiogra-
phy. The primary endpoint was the prevalence of PAD and whether it correlates with LV dysfunction, defined by LV 
GLS absolute value < 19%. The secondary composite endpoint evaluated the association between reduced ABI to LV 
dysfunction and all-cause mortality.

Results Among 226 patients, PAD was diagnosed in 14 patients (6%). We revealed a positive correlation between ABI 
and LV GLS (r = 0.22, p < 0.01) with a reduced mean ABI score among patients with reduced LV GLS. A reduced mean 
ABI was observed among the positive composite endpoint group; however, it was not statistically significant (p = 0.35).

Conclusions We report, for the first time to our knowledge, the routine use of ABI testing among patients diagnosed 
with cancer. ABI showed a significant correlation to LV GLS, implying a potential tool in the early diagnosis of athero-
sclerosis and cardiotoxicity. Considering its low cost and availability, future prospective trials are needed to integrate 
its role in routine assessment.
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Introduction
Cancer therapy, including chemotherapy, radiation, and 
biologic therapy, can lead to cardiac injury [1], primar-
ily characterized by left ventricular (LV) dysfunction, 
and may manifest as transient subclinical damage or pro-
gress to full-blown heart failure (HF) [2]. To prevent car-
diac injury, defined as cardiotoxicity, the search for early 
subclinical markers is emerging. Currently, the primary 
diagnostic tool for identifying cardiotoxicity relies on 
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two-dimensional (2D) echocardiography, which predomi-
nantly assesses the left ventricular ejection fraction (LVEF) 
[3]. However, since a decline in LVEF becomes apparent 
only in the presence of substantial cardiac damage [4], the 
innovative 2D speckle tracking echocardiography (2D-
STE), with a specific focus on LV global longitudinal strain 
(LV GLS), is considered the optimal tool for early detection 
of LV dysfunction in patients diagnosed with cancer [3, 5]. 
Recent studies have demonstrated that LV GLS measure-
ments exhibit higher replicability [6] and greater sensitivity 
[7] than LVEF measurements. Furthermore, early alter-
nations in LV GLS serve as a predictive indicator for the 
onset of cardiotoxicity [8, 9] and mortality [10]. While can-
cer therapy is considered cardiotoxic directly to the myo-
cardium, causing LV dysfunction, it is also known to cause 
accelerated atherosclerosis and ischemia, mainly in the 
coronary arteries [11]. Recently, several studies revealed 
structural arterial remodeling, increased arterial stiffness, 
and endothelial dysfunction after anthracycline therapy 
[12]. While arterial stiffness is an independent risk fac-
tor for future cardiovascular (CV) diseases in the general 
population [13], limited data is available regarding its role 
in patients diagnosed with cancer. Furthermore, acknowl-
edging that atherosclerosis is a poly-vascular disease, it 
has been reported that 25% of the patients diagnosed with 
coronary artery disease (CAD) had concomitant disease in 
other vascular beds, including cerebrovascular and periph-
eral arterial disease (PAD). While the estimated prevalence 
of PAD in the developed world is approximately 9–11% 
[14], the occurrence among females is lower, estimated at 
around 4% [15]. Additionally, PAD is often deemed under-
diagnosed due to the absence of classic symptoms, such 
as peripheral claudication, in the majority of patients [16]. 
Ankle-Brachial Index (ABI) testing is an inexpensive, sim-
ple, available test for the early diagnosis of PAD [17]. How-
ever, it is not performed routinely, neither in the general 
population nor in patients diagnosed with cancer. While 
PAD has been associated with unfavorable prognosis in 
HF patients [18], its role as a marker for the early diagnosis 
of cardiotoxicity in patients diagnosed with cancer is still 
unknown.

Our study aimed to evaluate the role of routine ABI 
measurement for early diagnosis of PAD in patients diag-
nosed with cancer and further investigate its correlation 
with LV dysfunction, assessed by LV GLS.

Methods
Study population
We conducted a retrospective, single-center, observa-
tional study at Tel Aviv Sourasky Medical Center, a ter-
tiary cancer center in Israel. The study was approved by 
the local ethics Tel Aviv Sourasky committee (Identifier: 

0228–16-TLV). ABI measurement is not performed 
routinely in our cardio-oncology clinic. Still, it was per-
formed as part of a grant given to us by Bayer Israel Ltd 
to identify PAD in patients with ischemic heart disease 
(IHD). To assess potential benefits, we incorporated rou-
tine ABI measurement as a key exploratory process over 
three months. The cohort included adult patients who 
performed routine ABI and LV GLS assessments within 
one month. Exclusion criteria included age < 18 years, 
absence of ABI or LV GLS assessment, or an interval 
greater than one month between the two tests.

Data collection
Baseline medical history, treatment, cancer type, and 
cancer therapy were reviewed via electronic medical 
charts. Cardiac risk factors included diabetes mellitus 
(DM), hypertension (HTN), hyperlipidemia, and chronic 
kidney disease (CKD), as defined by the 2022 ESC guide-
lines [19], and were diagnosed by the treating physician 
and updated in the medical chart. CV diseases were 
determined by the treating cardio-oncologist (M.L.P).

ABI measurement, using the MESI (ABPIMDACFFSL) 
device, was performed routinely as part of the cardio-
oncology clinic evaluation  for an explarotory period 
of three months. ABI score < 0.9 was considered diagnos-
tic for PAD, according to the accepted literature [20]. 

Echocardiography
Three standard apical views (4-chamber, 2-chamber, and 
apical long-axis) were recorded using a General Elec-
tric system, model Vivid S70 echocardiogram, and per-
formed by the same vendor, technician and interpreting 
cardiologist to prevent inter-vendor variability. Images 
were acquired using a high frame rate (> 50 frames/s) and 
stored digitally for offline analysis. LV GLS was measured 
using STE software and tracking within an approximately 
5 mm wide region of interest. A mid-systolic frame was 
used to initialize LV boundaries, automatically tracked 
throughout the cardiac cycle. Manual corrections were 
performed to optimize boundary tracking as needed. 
Optimization of images for endocardial visualization 
through adjustment of gain, compress, and time-gain 
compensation controls was done before acquisition.

Study endpoints
Our primary endpoint was to evaluate the prevalence of 
PAD among patients diagnosed with cancer and whether 
there is a correlation between reduced ABI and LV dys-
function, defined by LV GLS absolute value < 19%, as 
accepted by the literature [3].

Our secondary composite endpoint evaluated whether 
reduced ABI is associated with the development of LV 
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dysfunction (defined as relative LV GLS decrease of 15% 
or absolute LVEF decrease of 10% between consecutive 
follow-up visits) [3] and all-cause mortality.

Statistical analysis
Categorical variables were expressed as frequency and 
percentages. The distribution of continuous variables was 
assessed using a histogram and Q-Q plot. Normally dis-
tributed continuous variables were described using mean 
and standard deviation (SD), and non-normally distrib-
uted continuous variables using median and interquartile 
range (IQR). A Chi-square test was used to evaluate the 
association between categorical variables.  Continuous 
variables were compared using the independent sample 
t-test or the Mann–Whitney U test, depending on the 
distribution.  The correlation between continuous vari-
ables was evaluated using Spearman’s correlation coef-
ficient.  The relationship between ABI and LV GLS was 
assessed as two continuous variables using Pearson’s cor-
relation. The difference in ABI values between visits was 
assessed using a mixed-effects model with Tukey’s test 
for multiple comparisons. A 2-tailed p-value of < 0.05 was 
considered significant for all analyses. All analyses were 
performed using the SPSS software V.29 (SPSS Inc., Chi-
cago, IL).

Results
From November 2020 to January 2021, 226 patients diag-
nosed with cancer who had performed ABI and LV GLS 
assessments were included. Baseline clinical character-
istics are summarized in Tables  1, 2, 3, 4. Our cohort’s 
mean age was 64 ± 14 years, with a female predominantly 
(67%). The most prevalent cancer diagnosis was Breast 
(44%), followed by Multiple Myeloma (12%). The primary 
cancer therapy administered included doxorubicin (47%), 
cyclophosphamide (48%), paclitaxel (37%), and radiation 
(27%).

Cardiac risk factors were relatively common, as 
expected, among this elderly population and included 
HTN (42%), hyperlipidemia (29%), and DM (18%). 
Overall, 20% and 4% of the patients had a baseline diag-
nosis of IHD and cerebrovascular accident (CVA), respec-
tively. A total of 16%, 31%, 31%, and 21% of the patients 

were treated with Renin–angiotensin–aldosterone sys-
tem (RAASi), beta-blockers (BB), statins, and aspirin, 
respectively.

Baseline LVEF was 57 ± 6%, and absolute LV GLS was 
19 ± 4%. Diastolic dysfunction grade 1 and 2 was observed 
in 38% and 13% of the patients, respectively. Diastolic 
parameters included mean e’ lateral 7.75 ± 2.53m/s, mean 
E/e’ lateral 8.94 ± 3.12, mean left atrial volume index 
(LAVI) 16.96 ± 22.13ml/m2, and mean systolic pulmonary 
artery pressure (SPAP) 34 ± 8mmHg (Table 4).

The mean ABI score was 1.10 ± 0.4, and PAD was 
diagnosed in 14 patients (6%). Four patients pre-
sented with ABI 0.5. Due to the small number, we do 
not believe it affects the final results. Using the same 
ABI methodology, we evaluated the prevalence of PAD 
among a non-cancer population in our clinic. We found 

Table 1 Baseline characteristics

n Number, SD Standard deviation

Demographics Characteristics N = 226

Age, years, mean (SD) 64 (14)

Female (sex, assigned at birth), n (%) 153 (67)

Height, Cm, mean (SD) 166 (8) (N = 155)

Weight, Kg, mean (SD) 69.65 (14.91) (N = 195)

BMI, Kg/m2, mean (SD) 25.44 (4.59) (N = 155)

Table 2 Baseline cancer characteristics

n Number, SD Standard deviation

Cancer type, n (%) Cancer therapy, n (%)

Doxorubicin 106 (47)

Breast cancer 99 (44) Cyclophosphamide 109 (48)

Multiple Myeloma 28 (12) Docetaxel 14 (6)

Lymphoma 20 (9) Carboplatin 30 (13)

Lung cancer 7 (3) Trastuzumab 34 (15)

Prostate cancer 7 (3) Pertuzumab 28 (12)

Colorectal cancer 8 (4) Paclitaxel 84 (37)

Osteosarcoma 14 (6) Flourouracil 14 (6)

Leukemia 3 (1) Bevacizumab 8 (4)

Other 35 (15) Radiation 60 (27)

Table 3 Baseline medical characteristics

n Number, SD Standard deviation, RAASi Renin–angiotensin–aldosterone system 
inhibitors, MRA Aldosterone receptor antagonist

Medical History, n (%)
 Hypertension 94 (42)

 Diabetes Meletus 40 (18)

 Hyperlipidemia 65 (29)

 Ischemic Heart disease 45 (20)

 Congestive heart failure 42 (19)

 Atrial fibrillation 26 (11)

 Cerebrovascular accident 10 (4)

Cardiac Specific Medications, n (%)
 Beta blocker 70 (31)

 Statin 70 (31)

 RAASi 36 (16)

 Furosemide 26 (12)

 MRA 16 (7)

 Aspirin 47 (21)
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a prevalence of 21 (9%) patients, with no significant dif-
ferences in PAD prevalence and mean ABI following 
adjustment to age and sex.

Evaluating the correlation between ABI and LV GLS at 
1st visit, we revealed a Pearson correlation coefficient (r) 
of 0.22, indicating a positive (p < 0.01) linear relationship 

between the two variables. Furthermore, we assessed the 
correlation of ABI at 1st visit with LV GLS at 2nd visit, 
finding a Pearson correlation coefficient (r) of 0.2 with 
p = 0.02 (Fig. 1).

Investigating the potential relationship between 
reduced ABI and cardiac damage, defined by LV 
GLS < 19%, we found a reduced mean ABI score at 1st 
visit in patients presented with LV GLS < 19% at the 1st 
visit (1.08 ± 0.15 vs. 1.13 ± 0.12, p = 0.01) (Fig.  2A), or in 
any following visit (1.07 ± 0.16 vs. 1.13 ± 0.12, p < 0.01) 
(Fig. 2B).

During a median follow-up of 7 [IQR 2–11] months, 
a total of 66 (29%)  patients presented with the sec-
ondary composite endpoints; among them, 27 (12%) 
patients died, and 42 (19%) patients developed LV dys-
function (Table  5). Evaluating the association between 
reduced ABI and the development of secondary com-
posite endpoints, we found that a reduced mean ABI was 
observed among the positive composite endpoint group 
(1.08 ± 0.17 vs. 1.11 ± 0.14); however, it was not statisti-
cally significant (p = 0.35) (Fig. 3).

Discussion
We performed a pivotal retrospective analysis of patients 
diagnosed with cancer and routinely performed ABI 
measurements. We found a 6% prevalence of PAD among 
our cohort and a close interaction between atherosclero-
sis and LV dysfunction, defined by reduced LV GLS.

As a response to the call to action expressed by both 
the American and European Cardio‐Oncology Guidelines 
[21], for the early diagnosis of cardiotoxicity, LV GLS 
emerged as the primary parameter for early subclinical 
LV dysfunction assessment among patients treated with 
cancer therapy [22]. However, since LV GLS assessment 
requires knowledge, practice, and technology and comes 
at a relatively high cost, it is still not widely available 

Table 4 Baseline echocardiography characteristics

SD Standard deviation, GLS Global Longitudinal Strain, LA left atrial, LVEDD 
Left ventricular end-diastolic dimension, LVESD Left ventricular end-systolic 
dimension, cm centimeter, IVS Interventricular septum, ms milliseconds, 
ml milliliter, TASPE Tricuspid annular plane systolic excursion, SPAP systolic 
pulmonary arterial pressure, mmHg millimetre of mercury

Echocardiographic Baseline measurements, mean (SD)

Ejection fraction, % 57 (6)

GLS, % 19 (4)

LVEDD, cm 4.74 (0.67)

LVESD, cm 2.92 (0.67)

IVS, cm 1.16 (0.33)

E/A ratio 0.80 (0.25)

Deceleration time, ms 237 (86)

E’ medial, m/s 5.95 (1.72)

E’ lateral, m/s 7.75 (2.53)

E/e medial 11.22 (3.28)

E/e lateral 8.94 (3.12)

E/e average 10.16 (3.16)

LA volume, ml 72.38 (34.45)

LA volume index, ml/m2 16.96 (22.13)

TAPSE, cm 2.26 (0.69)

SPAP, mmHg 34 (8)

Diastolic function

 Normal 104 (46)

 Grade 1 dysfunction 85 (38)

 Grade 2 dysfunction 30 (13)

 Grade 3 dysfunction 2 (1)

Fig. 1 A and B ABI and LV GLS correlation. A Correlation between ABI at visit 1 and LV GLS at visit 1 B Correlation between ABI at visit 1 and LV GLS 
at visit 2
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and is not performed routinely in all centers. Moreover, 
while LV dysfunction has been the main focus of cardio-
toxicity in recent years, lately, there has been increasing 
awareness of accelerated ischemia among patients diag-
nosed with cancer [11]. While several studies revealed 

structural arterial remodeling, increased arterial stiff-
ness, and endothelial dysfunction in patients treated with 
anthracycline therapy [12], data, among other therapies, 
is limited, and there are no recommendations for routine 
assessment for atherosclerosis among this population 
[19]. Acknowledging that atherosclerosis is a poly-vascu-
lar disease, it is reported that 61% of patients diagnosed 
with PAD had concomitant disease in other vascular 
beds [14]. Therefore, we attempted to assess, for the first 
time to our knowledge, the role of routine ABI measure-
ment as a novel screening tool for the early diagnosis 
of atherosclerosis and LV dysfunction among patients 
diagnosed with cancer. Our reasoning behind this deci-
sion leaned on previous literature suggesting that an ABI 

Fig. 2 A and B Mean ABI and LV GLS < 19%. A Mean ABI according to LV GLS under and above 19% at visit 1 (B) Mean ABI according to LV GLS 
under and above 19% at any visit during follow-up visits

Table 5 Secondary Endpoint

n Number, LV Left ventricular, GLS Global longitudinal starin

N = 226

Total LV Dysfunction, n (%) 42 (19)

10% absolute reduction in LV Ejection Fraction, n (%) 19 (8)

15% relative reduction in LV GLS, n (%) 23 (10)

All-cause mortality, n (%) 27 (12)

Fig. 3 Mean ABI according to Secondary Composite endpoints
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measurement is reliable [17] in establishing the diagnosis 
of PAD, specifically in primary care clinics. We believe a 
simple, relatively available diagnostic tool can help deter-
mine susceptible patients who will benefit from earlier 
cardioprotective therapy.

We found a prevalence of 6% of PAD among our cohort 
population, which is relatively high compared to the 
general population, considering that most of our cohort 
is females. Our efforts yielded a statistically significant 
association between ABI score and LV GLS values at the 
same evaluation time. Furthermore, this correlation per-
sisted in the follow-up visit, showing that a lower ABI 
score at baseline may indicate future cardiac toxicity 
manifested by a reduced LV GLS.

Longitudinally oriented myocardial fibers evaluated by 
LV GLS are located in the sub-endocardial space, the area 
most susceptible to ischemia, and thus, measurements of 
longitudinal motion and deformation are the most sen-
sitive markers of pathology [23, 24]. Past studies have 
shown that LV GLS may have a role in assessing coronary 
artery disease [25] and myocardial ischemia [26, 27]. Our 
study supports those findings by implying a positive asso-
ciation between PAD and reduced LV GLS.

While patients developing a secondary composite end-
point presented with a lower baseline ABI score, it did 
not reach statistical significance.

Our study has several limitations. First, it is a single-
center study, and thus, the generalization of our results 
is limited. However, since Tel Aviv Sourasky is a ter-
tiary referral cancer center in Israel, the study popula-
tion includes a variety of ethnic origins from all over the 
country. Second, this is a retrospective study. Therefore, 
our results are subject to the effects of potential con-
founders inherent to the nature of such studies. Third, 
it is important to note that using computerized patient 
charts from the Population Registry Bureau did not pro-
vide information on the cause of death. Consequently, 
we were unable to assess CV mortality. Fourth, our study 
included all patients evaluated in the cardio-oncology 
clinic. Therefore, our cohort is heterogenic and diverse, 
including different types of cancer and cancer therapy at 
a different time point of therapy. Due to the small num-
ber of patients in each group, we could not assess each 
cancer type or therapy separately; however, we believe 
that showing the positive correlation of ABI in this real-
world heterogeneous population is an advantage. Fifth, 
we acknowledge that our cohort has a high prevalence 
of baseline risk factors for atherosclerosis and baseline 
IHD. Those risk factors are known to increase the risk for 
both PAD development as well as cardiotoxicity. Due to 
the low number of patients in each group, we could not 
perform a multivariable regression assessment. How-
ever, we aimed to assess the role of ABI measurement 

as an additional early marker for cardiotoxicity and LV 
dysfunction, regardless of baseline chronic diseases. Six, 
while other imaging, such as angiography and computed 
tomography, can show the extent and degree of athero-
sclerosis and be more accurate, they are other invasive or 
have higher cost and lower availability. ABI is a simple, 
low-cost, and available test and is considered a reliable 
tool for diagnosing PAD by the ACC/AHA [26]. Last, we 
are aware that due to the low number of PAD cases, we 
cannot reliably assess its correlation to LV dysfunction 
and all-cause mortality, and a larger prospective trial with 
a more extended follow-up period is needed.

In conclusion, we report for the first time the routine 
use of ABI measurement among patients diagnosed with 
cancer. PAD was relatively high among this population, 
and the ABI score showed a significant correlation to LV 
GLS assessment, suggesting a potential tool in the early 
diagnosis of atherosclerosis and cardiotoxicity. Consider-
ing its low cost and high availability, future prospective 
trials are needed to further evaluate its role as an addi-
tional tool for early diagnosis of cardiotoxicity.
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