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Abstract

:

Background: The aim of this study was to assess the role of cardiac and vascular parameters as all-cause mortality determinants in patients suffering from gynecological cancers. Methods: This was an observational, prospective, non-randomized, and non-controlled study. Forty-seven consecutive patients (mean age: 58 ± 13 years) were enrolled after cancer staging. All patients underwent evaluation of vascular (common carotid intima-media thickness (mean C-IMT), flow-mediated dilation of the brachial artery (FMD), and antero-posterior diameter of the infrarenal abdominal aorta (APAO)) and cardiac function and morphology before cancer-related interventions. A 6-year follow-up was carried out to assess the overall survival of the whole population. Results: Twenty patients (42%) died by the time of the 6-year follow-up. The brachial artery FMD values were higher in the survivors than the non-survivors (9.71 ± 3.53% vs. 6.13 ± 2.62%, p < 0.001), as well as the LVEF (60.8 ± 3.0% vs. 57.8 ± 4.4%, p = 0.009). There were no differences in the mean C-IMT, APAO, and other echocardiographic parameters. ROC curve analysis identified a baseline LVEF < 57% and FMD value < 5.8% as the best cut-offs. Kaplan–Meier evaluation showed that the LVEF, tricuspid annular plane systolic excursion, and FMD were the best predictors of all-cause mortality, although only the LVEF and FMD were confirmed in multivariate Cox regression analysis. Conclusions: The LVEF and brachial artery FMD are independent prognostic determinants in patients with gynecological cancers.
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1. Introduction


The worldwide incidence of cancer is steadily growing. In 2008, 12.7 million patients experienced cancer, and 7.6 million died [1]. Gynecological cancers represent about 11% of female cancers (nearly 183,000 cases in Italy in 2010) and are responsible for 9.4% deaths (6100 deaths/year in Italy) [2].



Early detection and advances in chemotherapy and targeted therapy have improved the prognoses of many types of cancer in terms of reduction in the mortality rate and an increase in the life expectancy [3,4]. Specifically, the adoption of dedicated chemotherapeutical protocols combined with improvement in surgical therapy can improve the overall survival of patients suffering from gynecological cancers [5,6,7]. Nevertheless, anti-tumor drugs may be associated with significant cardiovascular toxicity. About 30% of patients treated with chemotherapy develop abnormal heart functioning, which is classified as “relevant” in 15% and “serious” (risk of fatal heart failure) in 1% of cases [8]. Cardiovascular toxicity worsens the prognoses of these patients and limits the choice of the chemotherapeutical regimen, the dose intensity, and the potential anti-tumor efficacy of the therapy.



Parallel to that, there is growing evidence for possible crosstalk between the heart and cancer, which can deeply impact the prognoses of patients independent from the natural history of the neoplasm [9,10]. It has been recognized that heart failure can promote tumor growth by itself by means of the excretion of specific cardiac factors [11]. Such a relationship seems to be independent from the alterations in hemodynamics related to heart dysfunction [11].



The reciprocal linkage between the heart and cancer and the possible impact on patients’ survival force evaluators to perform a comprehensive evaluation of patients suffering with neoplasms in order to detect early signs that might increase their risk for adverse events [9].



The literature offers scant data about the identification of specific cardiac determinants able to predict the prognoses of patients with cancers independent from the specific antiblastic treatment [12].



The aim of this study was to assess the impact of baseline cardiac and vascular parameters on the prognoses of women suffering with major gynecological cancers (uterine corpus, cervical, and ovarian).




2. Materials and Methods


This was an observational, prospective, non-randomized, and non-controlled study. From February 2015 to April 2016, we included 47 consecutive patients aged between 30 and 92 years (mean age 58 ± 13 years) after completing the diagnostic procedure and staging of the tumor.



The exclusion criteria were patients suffering from coagulopathies, systemic inflammatory disorders, and infective processes.



We gathered the main anthropometric, clinical, and laboratory data of the enrolled patients during the first visit at the outpatient clinic of the Gynecologic Oncology Unit at the University of Bari, Italy. The cardiovascular risk profile was assessed, including the medical history and cardiovascular risk factors such as hypertension, smoking, diabetes mellitus, dyslipidemia, a family history of ischemic heart disease, vascular disease, a history of arrhythmias, and stroke or transient ischemic attack.



At this stage, all patients were assessed for vascular and cardiac function and morphology. Specifically, common carotid intima-media thickness, flow- mediated dilation of the brachial artery, antero-posterior diameter of the infrarenal abdominal aorta, and echocardiographic evaluations were performed during first access to the researchers’ attention [13,14].



After completing the first outpatient medical examination, the patients were scheduled for surgery or antineoplastic chemotherapy for their gynecological malignancy according to standard national protocols.



All the patients underwent a 6-year follow-up by means of phone call investigation or examination of regional databases in order to assess the overall survival rate of the whole population.



This study was approved by the local ethics committee of the Policlinic of Bari, Italy. It was performed in accordance with the ethical standards laid out in the 1964 Declaration of Helsinki and its later amendments.



All of the patients gave their informed consent prior to their inclusion in the study. Details that might disclose the identity of the subjects have been omitted.



2.1. Flow-Mediated Dilation Measurement


Patients underwent flow-mediated dilation evaluation. An ultrasound scanner with a linear probe from 7.5 MHz to 10 MHz was used. After fasting for at least 8–12 h and a rest period of about 10 min, the brachial artery of the right arm was studied in longitudinal scans, with the probe placed over the elbow [13]. Measurement of the average diameter of the brachial artery at rest was performed. A sphygmomanometer was placed 3–5 cm below the bend of the elbow and inflated to a pressure of 50 mmHg higher than the systolic blood pressure for 5 min [13]. After fast deflation, the flow-mediated dilation percentage was the maximum variation of the arterial diameter from baseline, calculated as the percentage difference between the maximum post-ischemic diameter and the average basal diameter. Our study protocol used an image analysis system certified by the CNR of Pisa (MVE II).




2.2. Carotid Intima-Media Thickness Measurement


The examination was performed with a high-frequency ultrasound probe (7.5 MHz). Each patient was in a supine position, with the neck slightly hyperextended (45°) and laterally rotated in the opposite direction of the probe. The intima-media thickness was measured at the posterior wall of the common carotid artery at the end of diastole. The carotid intima-media thickness was obtained as the average from the left and right carotid intima-media thickness at three different carotid levels [13]: the proximal area, about 2 cm below the carotid bifurcation; the distal area, about 0.5 cm below the carotid bifurcation; and the intermediate zone. The same operator carried out all of the measurements in order to reduce bias.




2.3. Infrarenal Abdominal Aorta Diameter Measurement


An infrarenal abdominal aorta measurement was performed in each patient. The patient was supine. A high-resolution sector probe (frequency: 3.5 MHz) positioned 1 cm to the left of the navel was used. The infrarenal abdominal aorta diameter was defined as the maximum distance between the anterior and posterior abdominal aortic walls in a cross-section (short axis projection) [15]. The measurements were carried out at 0.5 cm, 1 cm, and 2 cm above the belly button. For better image quality, it was required for the patient to fast for at least six hours before the exam and possibly following a 2-day high fiber diet. The same operator performed each study.




2.4. Evaluation of Cardiac Function


The patients underwent two-dimensional color doppler transthoracic echocardiography with a Philips Sonos 5500 ultrasound system. Mono- and bidimensional evaluation of the cardiac chambers was performed according to international guidelines [14].



The LV diastolic function indexes were assessed by pulsed wave doppler and tissue doppler imaging. The left ventricle ejection fraction (LVEF) was calculated by means of the biplane Simpson method. The right ventricle systolic and diastolic function indexes (E/A ratio, E/E’ ratio, and tricuspid annular plane systolic excursion (assessed by M-mode)) and left and right Tei indexes were also measured [16].




2.5. Statistical Analysis


The analyses were made using the Statistical Package for Social Science (SPSS) software, version 25.0 (SPSS Inc., Chicago, IL, USA). Data were expressed as the mean ± standard deviation, and the categorical variables were expressed as numbers and percentages. The Kolmogorov–Smirnov test was applied in order to evaluate the distribution of the variables. Parameters with normal distribution were compared by means of a t-test for independent samples, while the Mann–Whitney test was adopted for parameters whose distributions were not normal.



We performed receiver operating characteristic (ROC) curve analysis in order to calculate the area under the curve (AUC) of the parameters, while the optimal cut-off values related to the survival rate were obtained by means of a Youden index. We calculated the Kaplan–Meier curves with the log-rank test. Uni- and multivariate analyses were performed with the Cox regression in order to evaluate the main predictors of all-cause mortality. The results were considered significant for p < 0.05. The intra-observer variability of the ultrasound measurements was assessed by the intraclass correlation coefficient (good if >0.80 [17]). In particular, the evaluation of the carotid intima-media thickness showed excellent reproducibility (0.97), as well as the flow-mediated dilation and infrarenal abdominal aorta (intraclass correlation coefficient: 0.96 and 0.98, respectively).





3. Results


Table 1 summarizes the clinical and laboratory characteristics of the study population. We divided patients into two groups: survivor and non-survivor patients at a long-term (6-year) follow-up.



Twenty patients (42%) died by the time of the 6-year follow-up. Both groups were similar according to the common cardiovascular risk factors. The non-survivors were older than the survivors, underwent chemotherapy more often, and had less surgical intervention compared with the survivors. The mean duration of the follow-up period was longer in the survivors than the non-survivors (1870.5 ± 120.1 days vs. 680.9 ± 480.1 days, p < 0.0001).



Table 2 includes the comparisons between the two groups according to the echocardiographic and vascular parameters. The values of the brachial artery FMD were better in the survivors than the non-survivors (9.71 ± 3.53% vs. 6.13 ± 2.62%, p < 0.001), while no differences were found in terms of the mean C-IMT and APAO values between the groups (p = 0.48 and p = 0.45, respectively). According to the echocardiographic parameters, the LVEF was higher in the survivors than the non-survivors (60.8 ± 3.0% vs. 57.8 ± 4.4%, p = 0.009). The non-survivors showed increased end-diastolic and end-systolic diameters of the left ventricle as well as the aortic root diameter. A higher left E/A ratio was also detected. There were no differences according to tissue doppler imaging analysis. In particular, both the left and right TEI indexes were similar between the two groups.



Indeed, the adoption of Kaplan–Meier evaluation allowed us to observe a significant increase in the all-cause mortality rate when the LVEF, TAPSE, and FMD were lower than their calculated cut-offs (Figure 1).



ROC curve analysis was used in order to identify the cut-offs of the echocardiographic and vascular parameters that were able to predict mortality. Table 3 gathers the main findings from the analysis, where the baseline LVEF ≤ 57% and baseline FMD value ≤ 5.8% represent the significant cut-offs retrieved from the analysis.



Nevertheless, in the multivariate Cox regression analysis, only the LVEF, FMD, and E/A ratio demonstrated that they acted as independent predictors of all-cause mortality in patients suffering from gynecological cancers (Table 4).




4. Discussion


The present study demonstrated that baseline evaluation of the cardiac and vascular parameters might improve the evaluation of the prognoses of women suffering from major gynecological cancers (uterine corpus, cervical, and ovarian). In particular, the endothelial function (brachial artery FMD ≤ 5.8%) and left ventricle contractility (LVEF ≤ 57%) demonstrated that they were independently related to the mortality of patients with gynecological cancers.



The prognoses of patients suffering with cancer is worse despite the improvements in therapy and advances in early diagnosis [1,2,3]. The rare prevalence of gynecological cancers and the difficulties in early diagnosis are responsible for the poor survival rate of patients [18].



The identification of early signs of poor prognoses in cancer patients—and gynecological ones in particular—is a fundamental step when evaluating such individuals in order to better stratify their risk of adverse events beyond the evolution of the cancer itself.



Echocardiography and vascular ultrasound examinations may represent good tools to be included in the general evaluation of patients with cancer before chemo- or radiotherapy and surgery in order to better evaluate their baseline cardiovascular risk and intensify treatments for preventing adverse events.



The prognostic values of the LVEF in cancer patients who underwent chemotherapy were established [19,20]. All forms of chemotherapy are known to promote cardiac dysfunction in a reversible or irreversible manner [14]. Even patients without significant cardiovascular risk factors may experience cardiac toxicity from chemo- or radiotherapy upon a long-term follow-up [21,22,23]. The mechanisms by which heart can be deeply affected by these drugs are different: apoptosis of cardiomyocytes, deregulation of mitochondrial biochemical pathways, and increasing the production of oxygen free radicals [24,25].



Indeed, no study evaluated the impact of baseline evaluation of the LVEF on the prognoses of patients with cancer. Our study is the first one dealing with the long-term (6 years) impact of left ventricle function on the prognoses of patients with gynecological cancers. We demonstrated that an LVEF ≤ 57% was able to detect patients’ mortality with a sensibility of 50%, specificity of 88.9%, and AUC of 0.740. Multivariate Cox regression analysis confirmed the independent role of the LVEF as an all-cause mortality predictor. Parallel to that, right ventricle function, evaluated by means of TAPSE, seemed to be able to predict mortality in gynecological cancers.



The consequences of this study are mainly related to the additional need for a comprehensive baseline evaluation of patients with gynecological cancers by means of echocardiography. Abu-Khalaf et al. [26] demonstrated the cost-effectiveness of baseline evaluation of left ventricle function in patients with cancer who would undergo chemotherapy. The echocardiographic screening allows for the opportunity to detect cardiac impairment before the beginning of the anti-proliferative therapy and, in parallel, to ideally identify those individuals with apparently normal LVEFs, but who are prone to suffer reduced survival in the long term after treatment of their cancer. A retrospective study on 482 patients with breast cancer who underwent LVEF evaluation before anthracycline-based chemotherapy administration demonstrated the change in chemotherapy regimen in relation to their baseline LVEF values [27]. Truong et al. [28] pointed out that most patients with breast cancer who developed cardiac events did not undergo baseline evaluation of their LVEFs before chemotherapy administration. Nevertheless, a recent meta-analysis from O’Brien et al. [29] reduced the value of the baseline evaluation of echocardiography and the LVEF in the management of patients with breast cancer, although further structured trials should be planned.



Endothelial dysfunction is related to adverse cardiovascular event mortality [30,31]. It is mainly related to cardiovascular risk factors and can be considered an early sign of atherosclerotic disease [13]. Patients with cancer may demonstrate endothelial dysfunction as the main cause of chemo- or radiotherapy, as these effectively inhibit nitric oxide production, promote endothelial cell proliferation, and increase the release of chemokines and adhesion molecules [32,33,34]. Nevertheless, the literature is scant in relation to data about the impact of baseline endothelial function evaluation on the prognoses of patients with cancer and gynecological cancers in particular. Most studies focused on the impact of chemo- and radiotherapy on endothelial function in patients with cancer [35,36,37]. Our study demonstrated that the baseline evaluation of endothelial function in patients with gynecological cancers is an independent predictor of mortality. In particular, the brachial artery’s FMD being ≤5.8% showed a sensibility of 45%, specificity of 96.3, and AUC of 0.756 (Table 3). The reason for the correlation between endothelial function and mortality in patients with cancer is still a matter of debate. Endothelial dysfunction is related to heart failure [38], and thus lower FMD values might predispose a person to cardiac dysfunction after chemotherapy. Alterations in the endothelium can promote coronary and cerebrovascular diseases which, in turn, might negatively impact the prognoses of the patients [39,40].



Finally, deregulation in the autocrine and paracrine function of the endothelial layer might be involved in the occurrence of neoangiogenesis within carcinomatous mass and the development of metastases [41]. Taken all together, these results can largely explain the influence of endothelial function on the prognoses of patients with cancer, namely those with gynecological cancers. Further studies are needed in order to validate such hypotheses.




5. Conclusions


The LVEF and brachial artery FMD are independent prognostic determinants in patients with gynecological cancer. Baseline evaluation of the cardiac and vascular function in patients with cancer—gynecological neoplasms in particular—should be carefully considered in order to better stratify the overall risk for these patients.
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Figure 1. Survival curves for all-cause mortality according to the vascular and echocardiographic parameters dichotomized by their optimal cut-off. FMD: flow-mediated vasodilatation of the branchial artery; LVEF: left ventricle ejection fraction; TAPSE: tricuspid annular plane systolic excursion. 
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Table 1. Baseline characteristics of the overall study population of surviving and non-surviving patients.
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	Characteristics
	All Patients
	Survivors
	Non-Survivors
	p-Values





	Total number of patients (n, %)
	47 (100)
	27 (100)
	20 (100)
	



	Mean age (years)
	58.6 ± 13.1
	55.3 ± 11.3
	62.9 ± 14.4
	0.048



	Hypertension (n, %)
	21 (44.7)
	13 (48.1)
	8 (40)
	0.59



	Diabetes (n, %)
	2 (4.3)
	1 (3.7)
	1 (5)
	0.83



	Dyslipidemia (n, %)
	6 (12.8)
	5 (18.5)
	1 (5)
	0.18



	Ischemic heart disease (n, %)
	2 (4.3)
	1 (3.7)
	1 (5)
	0.83



	Peripheral artery disease (n, %)
	2 (4.3)
	0 (0)
	2 (10)
	0.10



	Previous stroke or TIA (n, %)
	2 (4.3)
	0 (0)
	2 (10)
	0.10



	Family history CVD (n, %)
	19 (40.4)
	13 (48.1)
	6 (30)
	0.22



	Smoking (n, %)
	3 (6.4)
	1 (3.7)
	2 (10)
	0.39



	Chemotherapy (n, %)
	32 (68.1)
	15 (55.5)
	17 (85)
	0.03



	Type of chemotherapy
	
	
	
	



	Doxorubicin alone (n, %)
	1 (2.1)
	0 (0)
	1 (5)
	0.25



	Paclitaxel alone (n, %)
	1 (2.1)
	1 (3.7)
	0 (0)
	0.39



	Carboplatin + paclitaxel (n, %)
	21 (44.7)
	13 (48.1)
	8 (40)
	0.59



	Carboplatin + paclitaxel + bevacizumab (n, %)
	9 (19.1)
	7 (25.9)
	2 (10)
	0.17



	Surgical intervention (n, %)
	18 (38.3)
	14 (51.8)
	4 (20)
	0.03



	Type of cancer
	
	
	
	



	Ovarian cancer diagnosis (n, %)
	25 (53.2)
	14 (51.8)
	11 (55)
	



	Endometrial cancer diagnosis (n, %)
	13 (27.7)
	8 (29.6)
	5 (25)
	



	Uterine cervix cancer diagnosis (n, %)
	7 (14.9)
	5(18.5)
	2 (10)
	



	Vulvar cancer diagnosis (n, %)
	2 (4.3)
	0 (0)
	2 (10)
	



	Follow-up duration (days)
	1364.3 ± 676.1
	1870.5 ± 120.1
	680.9 ± 480.1
	<0.0001



	Laboratory evaluation
	
	
	
	



	RBC (×106/mm3)
	4.21 ± 0.37
	4.25 ± 0.32
	4.15 ± 0.43
	0.39



	WBC (×103/mm3)
	6.39 ± 2.24
	6.58 ± 2.31
	6.14 ± 2.18
	0.51



	Hb (g/dL)
	12.0 ± 1.2
	11.9 ± 1.2
	12.1 ± 1.2
	0.61



	HCT (%)
	36.2 ± 3.4
	35.7 ± 2.9
	37.0 ± 3.8
	0.20



	MCH (µg/mL)
	28.6 ± 2.7
	28.0 ± 2.6
	29.5 ± 2.6
	0.06



	MCHC (µg/mL)
	33.2 ± 1.5
	33.4 ± 1.4
	32.9 ± 1.6
	0.32



	MCV (fL)
	86.4 ± 6.8
	84.0 ± 5.9
	89.5 ± 6.9
	0.006



	PLT (×103/mm3)
	268.1 ± 92.2
	253.6 ± 79.1
	287.5 ± 106.4
	0.22



	Total cholesterol (mg/dL)
	179.2 ± 28.4
	179.1 ± 31.4
	179.3 ± 24.6
	0.98



	TG (mg/dL)
	109.4 ± 28.4
	109.6 ± 31.1
	109.0 ± 26.4
	0.94



	HDL-C (mg/dL)
	48.9 ± 8.8
	49.0 ± 7.7
	48.7 ± 10.4
	0.93



	LDL-C (mg/dL)
	108.5 ± 29.1
	108.2 ± 30.7
	108.8 ± 27.6
	0.95



	Fasting glycemia (mg/dL)
	96.9 ± 27.1
	97.5 ± 32.3
	96.2 ± 18.7
	0.88



	Creatinine (mg/dL)
	0.71 ± 0.21
	0.71 ± 0.18
	0.71 ± 0.24
	0.97







Numbers are expressed as the mean ± standard deviation or number and percentages. Abbreviations: CVD: cardiovascular diseases; Hb: hemoglobin; HCT: hematocrit; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; MCH: mean corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin concentration; MCV: mean corpuscular volume; PLT: platelets; RBC: red blood cells; TG: triglycerides; TIA: transient ischemic attack; WBC: white blood cells.
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Table 2. Echocardiographic and vascular parameters showing comparisons between surviving and non-surviving patients.
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	Characteristics
	All Patients (n = 47)
	Survivors (n = 27)
	Non-Survivors (n = 20)
	p-Values





	FMD (%)
	8.2 ± 3.6
	9.71 ± 3.53
	6.13 ± 2.62
	<0.001



	Mean C-IMT (mm)
	0.69 ± 0.15
	0.68 ± 0.13
	0.71 ± 0.17
	0.48



	APAO (cm)
	1.58 ± 0.27
	1.61 ± 0.29
	1.54 ± 0.23
	0.45



	LV EDD (mm)
	43.0 ± 8.9
	40.76 ± 3.71
	46.07 ± 12.56
	0.043



	LVESD (mm)
	28.2 ± 5.0
	26.30 ± 4.03
	30.79 ± 5.02
	0.0014



	IVS (mm)
	11.1 ± 1.8
	10.9 ± 1.7
	11.3 ± 1.8
	0.42



	LA APD (mm)
	36.7 ± 5.2
	36.0 ± 5.8
	37.7 ± 4.3
	0.30



	AoR (mm)
	29.5 ± 3.2
	28.6 ± 3.0
	30.7 ± 3.2
	0.03



	LVEF (%)
	59.5 ± 3.9
	60.8 ± 3.0
	57.8 ± 4.4
	0.009



	Left E (cm/s)
	67.96 ± 22.29
	61.41 ± 13.68
	76.8 ± 28.36
	0.02



	Left A (cm/s)
	76.04 ± 20.99
	79.98 ± 18.98
	70.71 ± 22.84
	0.14



	Left E/A ratio
	1.00 ± 0.62
	0.79 ± 0.19
	1.29 ± 0.85
	0.0048



	Left e’ (cm/s)
	7.39 ± 2.32
	7.24 ± 2.75
	7.60 ± 1.64
	0.60



	Left a’ (cm/s)
	9.37 ± 3.14
	9.37 ± 2.41
	9.38 ± 3.98
	0.99



	Left s’ (cm/s)
	7.11 ± 1.75
	7.25 ± 1.68
	6.92 ± 1.87
	0.53



	Left IVRT (ms)
	71.49 ± 19.75
	71.48 ± 20.13
	71.50 ± 10.74
	0.99



	Left ET(ms)
	282.77 ± 39.31
	284.07 ± 34.67
	281.00 ± 45.73
	0.79



	Left IVCT (ms)
	60.32 ± 17.52
	57.78 ± 16.25
	63.75 ± 18.98
	0.25



	Left Tei index
	0.47 ± 0.12
	0.46 ± 0.12
	0.49 ± 0.13
	0.45



	Left E/e’ ratio
	10.05 ± 4.73
	9.55 ± 4.11
	10.72 ± 5.50
	0.41



	TAPSE (mm)
	22.7 ± 4.1
	23.1 ± 4.1
	22.3 ± 4.1
	0.52



	Right E (cm/s)
	50.26 ± 10.73
	50.10 ± 10.21
	50.47 ± 11.66
	0.91



	Right A (cm/s)
	51.40 ± 14.33
	52.60 ± 12.37
	49.78 ± 16.83
	0.51



	Right E/A ratio
	1.04 ± 0.36
	0.99 ± 0.27
	1.12 ± 0.45
	0.23



	Right e’ (cm/s)
	11.56 ± 3.71
	10.98 ± 2.90
	12.36 ± 4.55
	0.21



	Right a’ (cm/s)
	15.96 ± 5.00
	16.25 ± 4.50
	15.57 ± 5.69
	0.65



	Right s’ (cm/s)
	12.91 ± 3.23
	12.94 ± 3.13
	12.88 ± 3.45
	0.95



	Right IVRT (ms)
	63.08 ± 18.75
	62.59 ± 21.05
	63.75 ± 15.63
	0.84



	Right ET (ms)
	284.04 ± 46.28
	281.11 ± 42.55
	288.00 ± 51.77
	0.62



	Right IVCT (ms)
	57.77 ± 15.94
	56.30 ± 16.67
	59.75 ± 15.08
	0.47



	Right Tei index
	0.44 ± 0.12
	0.43 ± 0.14
	0.44 ± 0.10
	0.85



	Right E/e’ ratio
	4.65 ± 1.50
	4.84 ± 1.58
	4.40 ± 1.38
	0.32







Numbers are expressed as the mean ± standard deviation. Abbreviations: AoR: aortic root diameter; APAO: antero-posterior diameter of the infrarenal abdominal aorta; FMD: flow-mediated vasodilatation; ET: ejection time; IVCT: isovolumic contraction time; IVRT: isovolumic relaxation time; IVS: interventricular septum; LA-APD: left atrial–antero-posterior diameter; LVEDD: left ventricle end-diastolic diameter; LVEF: left ventricle ejection fraction; LVESD: left ventricle end-systolic diameter; mean C-IMT: mean common carotid intima-media thickness; TAPSE: tricuspid annular plane systolic excursion.
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Table 3. Echocardiographic and vascular predictors of all-cause mortality.
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	Parameter
	Survivors

(n = 27)
	Non-Survivors

(n = 20)
	Cut-off
	Sensibility

(%)
	Specificity

(%)
	AUC
	p





	LVEF (%)
	60.81 ± 3.03
	57.85 ± 4.45
	≤57
	50
	88.9
	0.740
	0.0014



	Left E/A ratio
	0.79 ± 0.19
	1.29 ± 0.85
	>1.16
	45
	96.3
	0.661
	0.07



	Left E/e’ ratio
	9.55 ± 4.11
	10.72 ± 5.50
	>7.87
	70
	51.8
	0.589
	029



	Left TEI index
	0.46 ± 0.12
	0.49 ± 0.13
	>0.42
	65
	55.6
	0.562
	0.47



	TAPSE (mm)
	23.08 ± 4.11
	22.29 ± 4.12
	≤18
	20
	96.3
	0.534
	0.69



	Right E/A ratio
	0.99 ± 0.27
	1.12 ± 0.45
	>0.91
	60
	66.7
	0.561
	0.50



	Right E/e’ ratio
	4.84 ± 1.58
	4.40 ± 1.38
	≤4.52
	70
	59.3
	0.600
	0.24



	Right TEI index
	0.43 ± 0.14
	0.44 ± 0.10
	>0.44
	55
	63
	0.547
	0.58



	FMD (%)
	9.71 ± 3.53
	6.13 ± 2.62
	≤5.8
	45
	96.3
	0.756
	0.0003



	APAO (mm)
	1.61 ± 0.29
	1.54 ± 0.23
	≤1.59
	70
	55.6
	0.570
	0.40



	Mean C-IMT (mm)
	0.68 ± 0.13
	0.71 ± 0.17
	>0.83
	25
	92.6
	0.533
	0.70







Abbreviations: APAO: antero-posterior diameter of the infrarenal abdominal aorta; AUC: area under the curve; FMD: flow-mediated vasodilatation; LVEF: left ventricle ejection fraction; mean C-IMT: mean common carotid intima-media thickness; TAPSE: tricuspid annular plane systolic excursion.
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Table 4. Univariate and multivariate Cox regression analysis with independent all-cause mortality predictors.
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Univariate Analysis

	
Multivariate Analysis




	
Parameter

	
β ± SE

	
p-Value

	
β ± SE

	
Wald

	
p-Value






	
LVEF

	
−0.228 ± 0.068

	
0.0009

	
−0.225 ± 0.089

	
6.379

	
0.0115




	
FMD

	
−0.213 ± 0.073

	
0.0037

	
−0.249 ± 0.106

	
5.497

	
0.0190




	
Left E/A ratio

	
1.123 ± 0.299

	
0.0002

	
0.714 ± 0.353

	
4.084

	
0.0433




	
TAPSE

	
−0.061 ± 0.063

	
0.3302

	

	

	




	
Age

	
0.044 ± 0.018

	
0.0163

	

	

	




	
Peripheral artery diseases

	
1.703 ± 0.779

	
0.0288

	

	

	




	
Chemotherapy

	
−1.212 ± 0.627

	
0.0532

	

	

	




	
Surgical intervention

	
1.088 ± 0.560

	
0.0522

	

	

	








Abbreviations: FMD: flow-mediated vasodilatation; LVEF: left ventricle ejection fraction; SE: standard error.
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