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Introduction: MEVEC 2.1 is a novel 3D mapping software dedicated to the evaluation of the venous vascular three of the lower
limbs. It has already proven as a sensitive, specific, and accurate technique able to provide better morphologic and functional details of
the lower limb venous system than standard reports. The aim of this study was to identify specific morpho-functional graphic
phenotypes in lower limb venous diseases by means of MEVEC 2.1.

Materials: Three-hundred eleven consecutive outpatients underwent lower limb Doppler ultrasound examination by means of the
MEVEC 2.1 technique. All of them showed at least one among these pathological findings: venous insufficiency, thrombosis,
incompressibility, and/or incompetent.

Results: We tried to evaluate possible clusters among the different morpho-functional findings from the venous maps in order to
outline reproducible phenotypes. Correlation indexes allowed us to provide a classification in morpho-functional phenotypes in order
to standardize the data from examinations performed by different physicians. Twelve phenotypes had been proposed.

Conclusion: The study showed that the MEVEC 2.1 technique provides a standardized classification that allows physicians
identifying phenotypes yielded by 3D mapping of the veins of the lower limbs.
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Introduction

Chronic lower limb venous insufficiency is one of the most widespread diseases in industrialized countries, mainly
affecting female gender (5:1 ratio compared to male).' Doppler ultrasound approach remains the best approach for the
diagnosis of lower limb venous diseases, far away replacing phlebography for the final evaluation of venous, peripheral
districts.*”

Venous Doppler ultra-sound performed with the use of MEVEC 2.1 software moves forward the ancient
B-dimensional approach to lower limb diseases by performing a full evaluation of lower limb venous system by
reporting the Venous Hemodynamic Map, an extremely complex and accurate examination.®’ The reproducibility of
the standard venous mapping is challenging.®'* Independently from the CEAP classification, venous mapping of the
lower limbs may carry out false-positive examinations.'' Labropoulos and Leon'* outlined the difficulties in correctly
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identifying the hemodynamic features of the venous drainage, as well as the representation of the anatomic variations of
the whole venous tree of the lower limbs. Malgor and Labropoulos'? rightly outlined one of the most important limitation
of the ultrasound evaluation of the venous drainage of the lower limbs: the poor training course of physicians who often
try to perform the examinations.

Different methods had been created in order to overcome the limitations of the Doppler ultrasound. For instance,
invasive assessment of venous vascular tree had been proposed with the application of Intravascular ultrasound (IVUS)."”
IVUS was considered during some peripheral venous interventions to better address the surgeon. Nevertheless, IVUS
was not superior than venography but rather seemed to underestimate venous stenosis.'> For instance, IVUS is an
invasive method and could not generally be applied in daily outpatient activities. Contrast imaging techniques might
provide more reproducible approaches to venous disorders. Computed tomography (CT) venogram has been introduced
for the evaluation of venous disorders.'®!” Lee et al'” identified a sensitivity of 98.2% and a specificity of 83.3% in the
evaluation of great saphenous vein insufficiency by CT venogram as compared to duplex ultrasound. Indeed, the use of
CT requires local expertise, increases the costs of national health system, prolongs waiting-list duration, and need
contrast-agents which may impact on the overall health of patients. Recently, venous magnetic resonance imaging (MRI)
has been applied for the ed (TRANCE) MRI, which is the best evolution of MRI as applied to venous diseases as it
allows reassessment of venous disorders.'®2° The adoption of triggered angiography non-contrast enhances the pro-
ductivity of the technique and reduces the need for higher operator skills.'®!'" As per CT imaging, contrast and
TRANCE-MRI still represent a health system problem: apart from local expertise, the need for identifying dedicated
centres and devices, the use of CT/MRI for several diagnostic aims other than venous disorders, and the related waiting
list might reduce the daily use of such techniques.

The MEVEC 2.1 software allows carrying out a 3D venous map built from Doppler ultra-sound examination, whose
results are easily performed by any physician who has basic knowledge of venous diseases and venous hemodynamics as
previously demonstrated by our group (Supplementary Figures 1 and g).” The final image is a 3D venous map able to

clearly display the anatomy and pathology of the lower limb veins, thus providing novel approach to further treatments of
the venous disorder.

The lack of standardized examination protocols'? and the difficulties in the evaluation of any anatomic variation in
venous tree'® forced us to try to develop a new classification of the main features of the venous diseases of the lower
limbs by means of the MEVEC 2.1 software. Specifically, we tried to identify possible correlations among alterations in
different venous districts of the lower limbs by means of MEVEC 2.1. The aim of this paper was to evaluate the presence
of specific phenotype and recurrences of venous abnormalities by means of MEVEC 2.1 in order to develop a new 3D
classification of venous disorders of the lower limbs.

Materials and Methods

Three-hundred eleven (227 [73%] females) outpatient individuals followed-up from Angiology Section of the
Cardiovascular Diseases Department of University of Bari, Bari, Italy, were enrolled. Inclusion criteria were the presence
of lower limbs’ chronic venous diseases symptoms (stage C0-C6, CEAP classification) and age >18 years old. Exclusion
criteria were: peripheral arterial diseases, ischemic heart disease, previous stroke, severe chronic inflammatory diseases,
severe obesity (body mass index [BMI] >25).

The study had been approved by the Ethics Committee in agreement with Helsinki declaration. All patients expressed
written informed consent to participate in the study.

All of the patients underwent a complete Doppler ultrasound evaluation of the lower limb venous system. An expert
physician in venous mapping performed all of the examinations in order to reduce possible variation in technique. In fact,
in order to reduce bias, only one experienced physician performed ultrasound evaluations. Repeated measurements were
performed in order to calculate intraclass correlation coefficient (ICC, good if >0.80) for the evaluation of intraobserver
variability.”! We obtained a good reproducibility of the MEVEC 2.1 as the analysis revealed an ICC of 0.90.

Patients were examined in a warm room with temperature ranging from 18°C to 22°C. Physicians adopted the
MEVEC 2.1 protocol to specifically perform the examinations.®’ In particular, the patient was in orthostatic position.
The limb was usually divided into four parts, and the veins of each part are listed in standard order. Then, the morpho-
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functional characteristics of the veins — insufficiency, thrombosis, incontinence, etc — are represented by pre-specified
symbols, which are automatically included by the software on the vessel representation.®’” The report is automatically
generated and data sent to the Core laboratory.®” The 3D image will allow the possibility for a better identification of the
main features of the venous disorder of the lower limbs, while providing a reproducible evaluation of the maps from both
expert and non-expert physicians as previously demonstrated by our group.®’

All of the patients underwent the following maneuvers during the study: the Valsalva maneuver, which elicits reflux in
pathological conditions; proximal and distal manual compression: venous reflux is detected after the release of the
compression.

We considered 500 milliseconds as the cutoff value for reflux in the superficial veins, deep femoral veins, and deep
calf veins; 1000 milliseconds as the reflux cutoff value for the femoropopliteal veins, while the outward flow in the
perforating veins was considered abnormal at 350 milliseconds.?

The overall duration of the examination was about half — an — hour, while the transmission of the information to the
Core Lab software was immediate as well as the generation of the report.

The MEVEC version 2.1 software (Tecno Medical Innovation srl — Treviso) has already been tested at the Unit of
Technological Medical Research of the Parco Scientifico-Tecnologico of the University of Bari “A. Moro”.%’

Statistical Analysis
The data were computed in the form of descriptive values to identify the most frequent hemodynamic characteristics of
veins of the lower limbs of the patients, which were found in each analyzed section of the legs.

Inferential statistics was adopted for calculating the correlations among phenotypes and sections. We tried to evaluate
any potential correlation among different phenotypes in different areas of the leg by transforming data in order to report
the presence or absence of a specific phenotype in each analyzed section. The resulting data were therefore correlated
between them and hierarchically clustered, calculating the correlation with the Ward method.?* The analysis of clustering
was performed in relation to gender type. We therefore obtained a correlation score ranging from —1 to 1: positive values
represent two elements often coexistent in the same patient, while negative values show phenotypes which did not
coexist.

Results
Twenty-nine sections were analyzed and descriptive statistics showed that the most frequent phenotypes in the two
datasets (right and left) are flow and reflux (Figure 1).

The application of inferential statistics for the identification of clustered correlations among phenotypes and leg
sections outlined the presence of 26 correlations of potential interest (Table 1).

Total value counts - Dataset Dx Total value counts - Dataset Sx

1000 2000 3000 4000 5000 00 1000 2000 3000 %000 5000 000
uuuuuuuuuu

Figure | Phenotypes of lower limbs vascular venous alterations of both right and left legs as outlined by means of MEVEC 3D technique.
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Table | Clustered Correlations Among Phenotypes and Leg Sections

Venous Hemodynamic Alterations Correlation Correlation Coefficient (R)
2nd tract, lll quartile: reflux from the lateral-collateral vein vs 2nd tract | quartile: reflux from the lateral-collateral vein 0.71
3rd tract | quartile: reflux from the medial-collateral vein vs 2nd tract Il quartile: reflux from the lateral-collateral vein 0.5
3rd tract lll quartile: reflux from the lateral-collateral vein vs Ist tract Il quartile: reflux from the lateral-collateral vein 0.5
Ist tract IV quartile: reflux from the perforating vein vs Ist tract | quartile: exeresis 0.58
Ist tract | quartile: reflux vs 2nd tract | quartile: reflux from the lateral-collateral vein 0.5
Ist tract | quartile: reflux vs 2nd tract Ill quartile: reflux from the lateral-collateral vein 0.71
3rd tract | quartile: reflux vs 2nd tract | quartile: reflux from the lateral-collateral 0.53
Ist tract IV quartile: reflux from the lateral-collateral vein vs 3rd tract | quartile: reflux from the lateral-collateral vein 0.5
2nd tract | quartile: reflux from the medial-collateral vein vs 2nd tract IV quartile: reflux from the perforating vein 0.5
3rd tract lll quartile: reflux from the lateral-collateral vein vs 2nd tract | quartile: reflux from the lateral-collateral vein 0.5
Ist tract lll quartile: reflux from the medial-collateral vein vs 2nd tract Ill quartile: reflux from the lateral-collateral vein 0.58
3rd tract IV quartile: reflux from the medial-collateral vein vs 2nd tract IV quartile: reflux from the lateral-collateral vein 0.71
Ist tract | quartile: reflux from the medial-collateral vein vs 2nd tract Ill quartile: reflux from the lateral-collateral vein 0.71
3rd tract | quartile: deflux vs 2nd tract | quartile: reflux from the lateral-collateral vein 0.58
3rd tract | quartile: deflux vs 2nd tract | quartile: reflux from the medial-collateral vein 0.58
Ist tract IV quartile: reflux from the lateral-collateral vein vs 3rd tract | quartile: reflux from the lateral-collateral vein 0.5
Ist tract IV quartile: reflux from the medial-collateral vein vs 3rd tract lll quartile: reflux 0.5
2nd tract IV quartile: reflux from the perforating vein vs Ist tract IV quartile: reflux 0.58
2nd tract IV quartile: reflux from the medial-collateral vein vs 3rd tract Ill quartile: reflux from the medial-collateral vein 0.58
2nd tract lll quartile: reflux from the medial-collateral vein vs 3rd tract Il quartile: reflux from the perforating vein 0.58
2nd tract Il quartile: reflux vs 2nd tract IV quartile: deflux 0.53
Ist tract IV quartile: reflux vs 2nd tract IV quartile: reflux from the medial-collateral vein 0.71
Ist tract IV quartile: reflux from the lateral-collateral vein vs 2nd tract IV quartile: reflux 0.65
Ist tract IV quartile: reflux from the medial-collateral vein vs 2nd tract IV quartile: reflux from the perforating vein 0.71
Ist tract IV quartile: reflux from the perforating vein vs 2nd tract IV quartile: reflux from the lateral-collateral vein 0.71
Ist tract IV quartile: reflux from the lateral-collateral vein vs 2nd tract Il quartile: reflux from the perforating vein 0.5

According to these correlations, we derived 7 main different phenotypes subdivided into different subtypes (Figure 2).
We named “phenotypes” cluster of venous disorders which were related each other after statistical inferences. The
phenotypes are characterized by several alterations in the venous tree of the lower limbs taken together after statistical
analysis in order to derive a reproducible predictive model of the venous tree of the lower limb.

A simplified flow chart (Figure 3) had been created in order to better delineate a possible use of the different
phenotypes in clinical practice in order to better drive the decisions on the therapies for venous diseases.

Discussion

The standardization of Doppler ultrasound technique in evaluating venous vascular diseases is still a matter of debate.® '
The introduction of MEVEC 2.1 and its validation improved the assessment of venous diseases in daily clinical practice
by translating the ancient written data report on a 3D map able to better clarify the anatomic and physiopathological
issues related to the assessment of venous diseases.®’

Indeed, the need for further simplification of the venous mapping technique forced our group to identify possible
correlations among different phenotypes of vascular diseases. Therefore, we tried to demonstrate possible correlations
among pathological venous characteristics of different regions of the inferior legs in order to identify phenotypes easy to
be found during daily clinical practice.

Galeandro et al already observed that the 3D venous mapping by means of MEVEC 2.1 software was more reliable
than the common written reports in evaluating patients with venous diseases.’

The study of the hemodynamics of the lower limb venous tree is hard to be performed, while the reproducibility of the
several methods is a matter of debate.

The use of Doppler ultrasound for the assessment of venous hemodynamics is simplistic if not associated with the
identification of the blood movement and the alterations in its flow.>* Difficulties emerge when physicians try to translate
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Figure 2 Classification of the main seven different phenotypes of vascular venous pattern in lower limbs and their subtypes.
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tract

Abbreviations: ES, external saphenous vein; IS, internal saphenous vein; Q, quartile.

their study on lower limbs hemodynamics on a biplane paper. The introduction of MEVEC 2.1 is rather able to overcome
the impasse due to ancient technique and provide a 3D graphic scheme, which is useful for better understanding the
anatomy and physiopathology of venous vascular system of the lower limbs.%’
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| Executive flow chart: reflux at the level of the internal veinand

Venous Mapping by means of MEVEC software

SFJ reflux No SFJ reflux

(phenotypes 1a,1b,1c,1d,2a,2b,6,7a,7¢c) (phenotypes 3a,3b,4a,4b,4c,4d,4e,5a,5b, 7b)
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(phenotype 6,7a,7c) (phenotype 1a,1b,1c,2a,2b) (phenotype 4e) (phenotype 3a,3b) (Phenotype 4°,4b,4c,7b) (phenotype 4d)
Crossectomy, Sclerotherapy, Stripping, laser Binding/sclerotherapy Sclerotherapy/binding Laser, sclerotherapy Laser, sclerotherapy
Collateral branchestie collateral branches collateral branches

Figure 3 Simplified flow chart to better delineate a possible use of the different phenotypes in clinical practice in order to better drive the decisions on the therapies for
venous diseases.

The MEVEC 2.1 software is effectively able to create a specific graphic scheme of the lower limb venous system
(called 3D venous imaging) by which spatial proportions are preserved among the three subsystems (superficial, deep and
perforating veins).

The aim of the present study is to further develop the skills and the performances of the MEVEC 2.1. In particular,
this study demonstrated correlations among patterns of alterations in hemodynamics of different venous vascular regions
of the lower limbs in order to fasten the performance of venous mapping. We found 26 possible correlations among
venous abnormalities within the four parts of the leg. Taking together and clinically summarizing those correlations
which demonstrated the highest relationship, we derived 7 phenotypes and further subtypes (Figure 2).

The identification of these phenotypes can fasten the performance of venous mapping of the lower limbs: physicians
might derive specific alterations in different regions of the venous vascular tree of the lower limbs after the identification
of the first alteration into a dedicated district.

Therefore, physician involved in the reconstruction pathway of the venous map may use these phenotypes to directly
predict alterations in venous hemodynamics of the lower limbs.

This is the first study attempting to identify a technique able to improve the visualization of the venous vascular tree
of the lower limbs in healthy and pathological conditions, to provide a 3D map able to impact on a comprehensive
evaluation of the venous diseases by considering both anatomy of the veins and their hemodynamics, and to increase the
readability of the text even from physicians not expert in venous disorders.

The success in widening the comprehension of the venous maps to a wide range of physicians and the simplification
in the report as outlined by the 3D reconstruction derived from MEVEC 2.1 include implications in terms of therapeutic
management. In fact, the easy detection of venous disorders will improve the application of dedicated therapeutic
protocols in order to prevent the progress of the venous disorders. Furthermore, the fast reproducibility of the technique
will promote the reduction in waiting list for the comprehensive evaluation of the venous disorders.

Indeed, further and comprehensive clinical studies are needed in order to better validate MEVEC 2.1 and to definitely
substitute the ancient and obsolete written report.

Conclusions

The MEVEC 2.1 software is a reliable tool able to provide 3D maps of the venous vascular tree of the lower limbs. The
identification of 7 characteristic phenotypes can fasten the evaluation of the hemodynamics of the venous vascular
system in lower limbs as they allowed the easy recognition of recurrent patterns of venous disorders.

Ethics Approval and Consent to Participate
The study protocol was approved by the ethic committee of University of Bari and was in agreement with the Helsinki
Declaration. Informed consent was obtained from the patients and from the enrolled subjects.
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