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Abstract: Background: Saphenous vein degeneration is associated with significant morphological changes. This
study compares the clinical and morpho-anatomical characteristics between patients with aneurysmal and
non-aneurysmal insufficient great saphenous vein (GSV). Methods: A retrospective observational analysis was
conducted on 75 patients with chronic venous disease. Patients were divided into Group A (n=17, GSV
diameter 1.2 cm) and Group B (n=58, GSV diameter 0.6-1.2 cm). Clinical data and morpho-anatomical features
were assessed using ultrasonography and histopathological examination. Results: Group A specimens
presented significantly thicker walls (0.4 + 0.1 cm vs. 0.2 + 0.1 cm, p < 0.001). Elastic fiber fragmentation was
more severe in Group A (55% vs. 29%, p < 0.01). Group A also had a higher mean BMI (31.4 + 4.5 kg/m? vs. 27.4
+ 4.0 kg/m?, p = 0.007) and longer hospitalization (2.1 + 0.6 days vs. 1.5 + 0.6 days, p = 0.0023). Conclusions:
Aneurysmal degeneration is linked to more severe clinical and morphoanatomical changes, indicating a need
for closer monitoring and more aggressive treatment strategies.

Keywords: saphenous vein degeneration; vein insufficiency; morphoanatomical features;
vascular pathology

1. Introduction

Chronic venous disease (CVD) is a globally prevalent condition, with risk factors including
genetic predisposition, incompetent valves, obesity, and prolonged standing. The condition's
progression involves venous reflux in the lower extremities, leading to a range of clinical
manifestations [1,2]. CVD is a highly prevalent, globally widespread disease, affecting 60-70% of the
population, with higher prevalence in Western countries [3]. The exact pathophysiology is debated,
but it involves genetic predisposition, incompetent valves, weakened vascular walls, and increased
intravenous pressure [4]. Risk factors include a family history of venous disease, female sex, older
age, body mass index (BMI) >30 kg/m?, chronically increased intra-abdominal pressure due to
obesity, pregnancy, chronic constipation, or a tumor, hypothyroidism, and other hormonal factors
[5,6], as well as a history of deep vein thrombosis (DVT) and prolonged standing [7]. Depending on
the topography of the venous reflux and the stage of the disease, clinical manifestations of CVD can
range from mild to severe, including telangiectasia, varicose veins, thrombosis, dull aching, cramping
or heavy feeling in the legs, tingling sensation in the legs, edema, and pain, which worsens in an
orthostatic posture and improves in a clinostatic position, especially when the legs are slightly
elevated [8]. Without proper treatment, CVD progresses to skin changes such as
lipodermatosclerosis, with subsequent venous leg ulceration invariably occurring, leading to a
significant negative impact on patients' quality of life [9]. Venous aneurysms, although less common
than arterial aneurysms, represent a significant clinical concern due to their potential to cause
thromboembolic events. The prevalence of venous aneurysms in patients with chronic venous
insufficiency varies, with studies reporting rates between 0.1% to 0.5%. Their impact on patient
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outcomes, including increased risk of thrombosis and more severe clinical presentations, highlights
the importance of early identification and management [4,10].

Valvular insufficiency leads to venous reflux in the lower extremities, which is a manifestation
of a degenerative process in the venous wall and supporting fascial structures that progressively
dilate over time after exposure to high physiological pressures [10,11]. As venous reflux progresses,
varicose dilatations of the veins occur. The diameter of a healthy great saphenous vein (GSV) usually
ranges from 2.5 to 6 mm [12], depending on factors such as gender, age, height, weight, daily
activities, and work. When the venous valves become insufficient, the diameter of the vein slowly
increases. An aneurysm can be defined as a focal dilation that is at least two or three times larger than
the diameter of the venous trunk. Primary venous aneurysms are focal dilations that are not
contained within a varicose vein, making them a relatively rare abnormality [13]. On the other hand,
fusiform dilatations that can appear along the trajectory of a varicose vein are more frequent [14]. In
clinical practice, these morphological peculiarities resulting from GSV degeneration are also
considered superficial venous system aneurysms.

Treatment of venous reflux in the lower extremities ranges from conservative methods to
interventional procedures, with ablation therapies being central to curative treatment. Conservative
treatment options include external compression, lifestyle modifications such as avoiding prolonged
standing and straining, exercising, wearing non-restrictive clothing, modifying cardiovascular risk
factors, and interventions to reduce peripheral edema; elevating the affected leg; weight loss; and
medication, with diosmin being the most commonly used phlebotonic worldwide [4,15]. However,
curative treatment necessarily involves venous reflux ablation [16]. Interventional treatments include
external laser thermal ablation, endovenous thermal ablation (endovenous laser or radiofrequency
ablation), microwave or mechano-chemical ablation, VenaSeal (cyanoacrylate adhesive closure),
foam sclerotherapy, and surgery [17-20]. Although surgery was once the standard of care, it has
largely been replaced by endo-venous thermal ablation, which can be performed under local
anesthesia and may offer better outcomes and fewer complications than other treatments. However,
a large diameter of the GSV and/or the presence of aneurysms may be difficult to completely close
through endovenous procedures [21], especially considering the degenerative changes that occur in
the venous wall in such cases. A targeted therapeutic approach based on the diameter of the
insufficient vein is recommended [22].

This article aims to compare the morphological changes associated with aneurysmal
degeneration of the GSV and to correlate these changes with the clinical manifestations. By
identifying key differences in the morphoanatomical characteristics between patients with and
without venous aneurysms, this study seeks to enhance our understanding of how these changes
influence disease progression and treatment outcomes, ultimately guiding more effective clinical
management strategies.

2. Materials and Methods

2.1. Study Design and Patients

This study is a retrospective observational analysis focused on the morphological changes
occurring in the incompetent great saphenous vein (GSV) and their comparison with clinical features,
both with and without aneurysmal degeneration. The study was conducted at the Timis County
Emergency Clinical Hospital, Romania, between January 2020 and July 2024. Patients diagnosed with
chronic venous disease (CVD) during this period were considered for inclusion. The study cohort
was divided into two groups:

e  Group A: This group consisted of 17 patients with GSV aneurysms, defined as a focal G5V
dilation with a diameter > 1.2 cm [13]. No diffuse vein enlargement specimens were included.
The threshold for defining venous aneurysms was selected based on clinical guidelines and
existing literature, where a GSV localized dilation > 1.2 cm or greater is commonly considered
aneurysmal degeneration [2,12,13,23]. Despite the fact that insufficient veins diameter can be
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larger than even 1.5cm, a diffuse dilation contained in a varicose vein is not considered to be an
aneurysm.

The value of >1.2cm has been used in multiple studies as a marker for clinically significant
venous dilation, distinguishing it from simple varicose veins. Although variations exist in the
literature, ranging from 1.0 cm to 1.5 cm depending on the study population and methodology [24],
the chosen threshold of 1.2 cm reflects a balance between sensitivity and specificity for detecting
aneurysmal changes in the GSV.

e  Group B: This control group included 58 patients with saphenous vein degeneration but without
aneurysms, characterized by a GSV diameter between 0.6 cm and 1.2 cm. This range was chosen
to represent significant venous insufficiency without aneurysmal change, as these values are
typical in cases of saphenous vein reflux without aneurysm formation.

A total of 75 patients were enrolled in the study after applying the inclusion and exclusion
criteria. Inclusion Criteria:

¢  (Clinical Diagnosis: They had a clinical diagnosis of chronic venous insufficiency (CVI) confirmed
by duplex ultrasound examination, which demonstrated significant venous reflux or saphenous
vein dilation.

e  Surgical Treatment: They underwent open surgical treatment, such as conventional stripping or
cryostripping, for saphenous vein insufficiency due to failure of conservative treatments like
compression therapy or venotonics. This selection ensured that the study included patients with
more advanced stages of CVI, warranting surgical intervention.

e Informed Consent: Patients provided informed consent for the use of their clinical and
pathological data, ensuring ethical compliance and patient willingness to participate in the
study.

Exclusion Criteria: Patients were excluded if they presented any of the following conditions:

e  Previous Venous Surgery: A history of prior venous surgery on the affected leg, which could
alter the anatomical and pathological findings and potentially confound the study results.

e  Non-compliance: Demonstrated non-compliance with follow-up visits, which could lead to
incomplete data collection and impact the reliability of the findings.

e Severe Systemic Diseases: Concurrent severe systemic diseases that could independently
influence venous pathology: Advanced Heart Failure (NYHA Class III-IV); Chronic Kidney
Disease (Stage 4-5), Active Malignancies (especially those in the pelvic or abdominal regions,
can compress or invade venous structures, leading to secondary venous insufficiency or
obstruction), Severe Peripheral Arterial Disease (PAD); Diabetes Mellitus with poor glycemic
control; Severe Liver Disease (Cirrhosis with Portal Hypertension); Chronic Inflammatory
Diseases (e.g., Rheumatoid Arthritis, Systemic Lupus Erythematosus); Severe Obesity (BMI > 40
kg/m?).

e  Alternative Treatments: Patients who were treated exclusively with less invasive methods, such
as phlebectomies, endovenous laser therapy, or other conservative approaches, as these
treatments might not provide comparable histopathological samples or data.

The small sample size of Group A (n=17) limits the statistical power of the study and may affect
the reliability of the results. Larger sample sizes are needed to confirm these findings in future
studies. The sample size was constrained by the strict inclusion criteria and the relatively low
incidence of aneurysmal degeneration in the studied population. Future studies with larger cohorts
are required to validate these results and to provide more robust conclusions regarding the clinical
implications of aneurysmal degeneration in saphenous vein insufficiency.

2.2. Clinical and Ultrasound Evaluation

All patients underwent a comprehensive clinical evaluation, including the assessment of venous
reflux using Doppler ultrasonography. The examinations were performed using a GE Healthcare
Venue40 Doppler ultrasound with a 12L-SC transducer. Reflux was confirmed at the saphenofemoral
junction using the Valsalva maneuver in an orthostatic position. The ultrasound evaluations,
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conducted by the same experienced physician, documented the saphenous vein diameter, wall
thickness, and the presence of intraluminal thrombus.

2.3. Histopathological Examination

A total of 75 great saphenous veins (GSV) were analyzed in the Pathology Department. The
specimens were fixed in a 10% buffered formalin solution and processed in the Pathology Laboratory.
For each specimen, 2-3 cross-sections were taken from areas showing maximum wall thickness,
including any existing thrombus. The specimens were manually processed through dehydration in
alcoholic solutions, clearing, paraffin embedding, and sectioning at a thickness of 4 micrometers. Two
consecutive sections were obtained for each case. These sections were stained using standard
protocols with Hematoxylin-Eosin and Masson’s trichrome stains [25]. Histopathological analysis of
the specimens was performed using standardized grading systems to assess intimal hyperplasia,
medial fibrosis, disorganization of muscle bundles, and elastic fiber fragmentation [26]. Each
parameter was evaluated with a score from 0 to 3, where 0 indicated no pathologic changes, 1
represented mild changes, 2 moderate changes, and 3 severe changes.

Evaluation of Elastic Fiber Fragmentation:

Elastic fiber fragmentation was quantified as the percentage of discontinuity in the tunica media
observed in at least three high-power fields. A semiquantitative scoring system was used, where:

0: No fragmentation or minimal fragmentation (< 10% of the fiber length).

1: Mild fragmentation (10-25% of the fiber length).

2: Moderate fragmentation (25-50% of the fiber length).

3: Severe fragmentation (> 50% of the fiber length).

Evaluation of Disorganized Muscle Bundles:

Disorganization of muscle bundles was evaluated based on the percentage of disorganized areas
relative to the total visual field in at least three high-power fields:

0: No disorganization (< 10% of visual fields examined).

1: Mild disorganization (10-25% of visual fields examined).

2: Moderate disorganization (25-50% of visual fields examined).

3: Severe disorganization (> 50% of visual fields examined).

Two independent pathologists, blinded to the clinical data and group allocation, reviewed all
histopathological slides. In cases of disagreement, a consensus was reached through joint re-
evaluation. This approach ensured objective and unbiased interpretation of the histological findings.
The grading of intimal hyperplasia and medial fibrosis was performed based on established criteria
[13], while elastic fiber fragmentation and disorganization of muscle bundles were quantified as
described above.

For the purpose of this study, only scores of 2 and 3 were considered significant and included in
the final analysis to highlight moderate to severe pathologic alterations. This approach was chosen
to emphasize clinically relevant alterations that are more likely to affect the structural integrity and
function of the great saphenous vein. By focusing on these higher scores, the study aims to provide a
clearer distinction between normal venous structures and those with more pronounced degenerative
changes, which may have greater clinical implications.

Data Collection. The collected data included demographic and clinical characteristics (age,
gender, BMI, CVD stage based on the CEAP classification [27]), as well as morphological details
(lumen status, maximum venous diameter, wall thickness, inti-mal and medial thickening, muscle
bundle disorganization, and elastic fiber fragmentation).

2.4. Statistical Analysis

Statistical analysis was conducted using MedCalc® Statistical Software version 20.118 (MedCalc
Software Ltd, Ostend, Belgium; https://www.medcalc.org; 2022). For continuous variables,
independent t-tests were applied with adjustments for unequal variances when necessary. If
assumptions for the t-test were not met, the Mann-Whitney U test was used as a non-parametric
alternative. For categorical variables, chi-square tests were used when cell frequencies allowed;


https://doi.org/10.20944/preprints202410.0962.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 October 2024 d0i:10.20944/preprints202410.0962.v1

otherwise, Fisher's ex-act test was employed. A p-value of less than 0.05 was considered statistically
significant.

3. Results

3.1. Patient Demographics and Clinical Characteristics

The study included a total of 75 patients diagnosed with chronic venous disease (CVD),
subdivided into two groups: 17 patients with saphenous vein degeneration and venous aneurysms
(Group A) and 58 patients with saphenous vein degeneration but without aneurysms (Group B). The
mean age of the patients was 53.8 + 8.1 years in Group A and 55.3 + 8.4 years in Group B, with no
significant difference between the groups (p = 0.526). Gender distribution was similar in both groups,
with a slight predominance of females in both (Group A: 59% female, Group B: 61% female, p =0.280).
The mean body mass index (BMI) was significantly higher in Group A (31.4 + 4.5 kg/m?) compared
to Group B (27.4 + 4.0 kg/m?), with a statistically significant difference between the groups (p =0.007).
The t-test was used to compare continuous variables (age and BMI), while the chi-square test was
used for categorical variables (gender).

3.2. Ultrasound Findings

Ultrasound examination revealed significant differences between the two groups in terms of
saphenous vein diameter, wall thickness, and the presence of intraluminal thrombus. The mean
saphenous vein diameter in Group A was 1.4 + 0.2 cm, significantly larger than in Group B, where
the mean diameter was 0.7 + 0.1 cm (p < 0.001). Similarly, the wall thickness was greater in Group A
(0.4 £ 0.1 cm) compared to Group B (0.2 £ 0.1 cm), with a significant difference (p < 0.001). The
presence of intraluminal thrombus was observed in 65% of patients in Group A compared to 22% in
Group B. However, with a p-value of 0.808, this difference is not statistically significant, indicating
that it may be due to random variability. The presence of venous reflux, confirmed by Doppler
ultrasound, was observed in 88% of Group A and 84% of Group B, with no significant difference
between the groups (p > 0.05). While venous reflux is a common feature in both groups, its presence
without significant diameter increase suggests that reflux alone is not sufficient for aneurysm
formation, but rather a combination of factors, including venous wall degeneration and structural
changes, is required.

To further illustrate the differences between Group A and Group B in terms of saphenous vein
diameter and wall thickness, a violin plot combined with a box plot has been generated (Figure 1).
This graph visually represents the distribution of values within each group, allowing for a detailed
comparison of central tendencies and variability. Group A shows a higher median and broader
distribution for saphenous vein diameter compared to Group B, reflecting the larger average vein
diameter observed in this group (1.4 + 0.2 cm vs. 0.7 £ 0.1 cm). The increased wall thickness in Group
A is also reflected in the graph, with a higher median and greater variability compared to Group B,
aligning with the association between larger vein diameters, greater wall thickness, and more
advanced venous disease.
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Figure 1. Comparison of saphenous vein diameter and wall thickness between Group A and Group
B using a violin plot combined with a box plot. The violin plot displays the distribution and density
of the data points for both groups. The box plot inside the violin plot shows the interquartile range
(IQR), the median (thick black line), and the range of values (whiskers). Group A (left) shows a larger
median saphenous vein diameter and increased wall thickness compared to Group B (right), with
broader distribution in the data for Group A, indicating greater variability.

3.3. Histopathological Findings

Histopathological analysis revealed significant structural differences between Group A and
Group B (Table 1). The histopathological analysis showed that patients with larger saphenous vein
diameters (Group A) exhibited significantly more severe morpho-anatomical disruptions than those
with smaller diameters (Group B). Notably, 55% of Group A presented with severe elastic fiber
fragmentation compared to 29% in Group B (p < 0.01). Disorganized muscle bundles were also more
prominent in Group A (55%) compared to Group B (42%, p < 0.0001). These findings indicate that
while it might be expected for more dilated veins to show some degree of structural disruption, the
degree and nature of these disruptions, such as pronounced elastic fiber fragmentation and severe
disorganization of muscle bundles, suggest a distinct and more advanced pathophysiological process
in aneurysmal veins. This indicates a higher degree of structural disruption in the venous wall in
Group A, suggesting a more advanced degenerative process in patients with venous aneurysms.
Fragmentation of elastic fibers in the tunica media was markedly more severe in Group A, with 55%
of cases showing this feature, compared to 29% in Group B (p < 0.01). This fragmentation highlights
the loss of elasticity and structural support in the venous wall, contributing to aneurysm formation
in Group A.

3.4. Clinical Outcomes

Patients in Group A exhibited more severe clinical outcomes as reflected by a longer duration of
hospitalization and higher complication rates. The mean duration of hospitalization was significantly
longer in Group A, averaging 2.1 + 0.6 days, com-pared to 1.5 + 0.6 days in Group B (p = 0.0023). This
suggests that the presence of venous aneurysms is associated with a more complex and severe disease
course, necessitating extended medical care and monitoring. Complications such as hematoma and
ecchymosis were more frequently observed in Group A, with hematoma occurring in 18% of patients
and ecchymosis in 24%, compared to 8% and 10%, respectively, in Group B. Although these
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differences in complication rates were not statistically significant (p > 0.05), the trend suggests a
greater clinical burden in patients with venous aneurysms.

Table 1. Comparative analysis of demographic, clinical, ultrasound, and histopathological
characteristics between patients with and without venous aneurysms. The table presents the mean
values and percentages for each characteristic, along with their corresponding p-values and statistical
tests. Group A includes patients with venous aneurysms, while Group B includes patients without

aneurysms.
Characteristic Group A (n=17) Group B (n=58) p-value Statistical Test
Demographics
Mean Age (years) 53.8+8.1 553+ 8.4 0.526  Independent t-test
Female Gender (%) 59% (10/17) 61% (35/58) 0.280 Chi-square test
Mean BMI (kg/m?) 314+45 274+4 0.007
Clinical Outcomes
i Ind dent t-test
Mean Duration of 2106 15+ 0.6 0.0023 Ccpendenties
Hospitalization (days)
Complication Rate (%) 41% (7/17) 19% (11/58) 1.0000
Hematoma (%) 18% (3/17) 8% (5/58) 0.986 Chi-square test
Echymosis (%) 24% (4/17) 10% (6/58) 0.804
Ultrasound Findings
Mean Saphenous Vein 14402 0.7+0.1 <0.001 Independent t-test
Diameter (cm)
Mean Wall Thickness (cm) 04+0.1 02+0.1 <0.001
Presence of Intraluminal
% (11/17 22% (1 .
Thrombus (%) 65% (11/17) % (13/58) 0.808

Histopathological Findings

Intimal Hyperplasia and
Medial Fibrosis- (%)
Disorganized Muscle

75% (13/17) 71% (41/58) 1.000

Bundles (%) 55% (9/17) 42% (24/58) <0.0001
Fragmentation of Elastic o o
Fibers (%) 55% (9/17) 29% (17/58) <0.01
CEAP Classification
C2 (%) 29% (5/17) 52% (30/58) 0.3308
C3 (%) 53% (9/17) 43% (25/58) 0.5600  Fisher's exact test
C4 (%) 18% (3/17) 5% (3/58) 0.2404

Although the comparison of CEAP categories using Fisher’s exact test did not yield statistically
significant results (p-values > 0.24), a trend toward higher CEAP values was observed in patients
with larger saphenous veins, particularly with a higher proportion of C3 cases in Group A (53%) and
fewer C4 cases compared to C2. The relatively lower number of C4 cases likely contributed to the
lack of statistical significance. Nonetheless, this trend aligns with the hypothesis that patients with
larger saphenous veins tend to present with more advanced stages of chronic venous disease. This
underscores the need for further studies with larger sample sizes to confirm this potential
relationship and its clinical implications.

4. Discussion

This study highlights significant differences in morpho-anatomic features and clinical outcomes
between patients with saphenous vein degeneration with and with-out venous aneurysms. The
findings suggest that the presence of venous aneurysms is associated with more severe structural
degeneration and poorer clinical outcomes, re-quiring a more tailored therapeutic approach [28].
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Although it could be assumed that more dilated veins would naturally exhibit disrupted
morphology, our study provides histopathological evidence that highlights the advanced stage of
venous wall degeneration in patients with larger saphenous vein diameters. Specifically, the
fragmentation of elastic fibers and disorganization of muscle bundles seen in these patients is not
merely an extension of venous insufficiency but represents a distinct progression toward aneurysmal
degeneration. This finding underscores the importance of recognizing these advanced structural
changes, as they may require more aggressive therapeutic approaches. The detailed nature of these
morpho-anatomical disruptions—such as the degree of elastic fiber fragmentation and the severity
of muscle disorganization—adds a new layer of understanding to the management of patients with
venous aneurysms, emphasizing the need for targeted treatment strategies [29].

The morphoanatomical changes observed in the group with venous aneurysms are likely driven
by a combination of hemodynamic stress and structural remodeling of the venous wall. Several
studies have highlighted the role of increased wall tension and mechanical stress in the progression
of venous dilation and aneurysm formation. For instance, it has been well-documented that the
degradation of extracellular matrix components, particularly elastin and collagen, plays an important
role in weakening the venous wall structure. This degradation is largely mediated by the
overexpression of matrix metalloproteinases (MMPs), particularly MMP-2 and MMP-9, which are
known to degrade elastin and other structural proteins within the venous wall [30].

The study has shown that venous aneurysms, especially in the great saphenous vein, are
characterized by severe degeneration of the venous wall, which is an essential factor in their
formation. For example, Aggarwal V. emphasizes the role of reduced elastin and increased fibrosis
in the progression of venous aneurysms [31]. This study emphasizes the molecular basis of venous
wall degeneration, highlighting in particular the disruption of the balance between MMPs and their
inhibitors, which contribute to the weakening of the venous structure [32,33]. In addition, another
publication discusses how venous aneurysms are not simply passive vein widenings but are active
pathologic entities involving complex cellular and molecular changes that lead to significant
structural damage, making these veins prone to further complications and requiring more aggressive
clinical interventions [34].These structural changes not only underscore the need for personalized
treatment strategies, but also suggest that patients with such advanced morphological changes are at
higher risk of poor clinical outcomes. Consequently, these findings advocate for a more aggressive
therapeutic approach in the management of patients with venous aneurysms, which may involve
earlier surgical intervention and closer postoperative monitoring to prevent complications associated
with these severe changes in the venous wall. Detailed understanding of these mechanisms may
provide better treatment protocols and improve the prognosis of patients with saphenous vein
aneurysms [35].

The significant differences in saphenous vein diameter and wall thickness between the two
groups, as detected by ultrasound, further emphasize the utility of imaging in identifying patients at
higher risk of complications. The correlation between these imaging findings and histopathological
changes reinforces the importance of a multi-modal assessment in the management of chronic venous
disease (CVD). The presence of intraluminal thrombus in a higher percentage of patients with
aneurysms also underscores the thrombogenic potential of aneurysmal veins. This finding is
consistent with existing studies that suggest an increased risk of thromboembolic events in patients
with venous aneurysms due to altered blood flow dynamics and stasis within the dilated segments
of the vein [36].

The more severe clinical outcomes observed in patients with venous aneurysms (Group A),
including prolonged hospitalization and increased complication rates, underscore the substantial
clinical burden these patients bear. Although the differences in complication rates between Group A
and Group B were not statistically significant, the trend suggests that venous aneurysms contribute
to a more complex and severe clinical course, necessitating more intensive postoperative care and
closer monitoring to pre-vent complications. Although the CEAP classification comparison did not
reach statistical significance (p-values > 0.24), a noticeable trend was observed, with Group A
(patients with larger saphenous veins) showing more advanced CEAP stages, particularly C3. The


https://doi.org/10.20944/preprints202410.0962.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 October 2024 d0i:10.20944/preprints202410.0962.v1

lower number of C4 cases in both groups likely contributed to the lack of statistical significance.
Nevertheless, the observed correlation between increased saphenous vein diameter and more
advanced disease stages is clinically relevant. This trend, consistent with prior research, emphasizes
the need for further investigation with larger cohorts to validate these findings and explore their
potential clinical implications [37]. The presence of venous aneurysms, as an indicator of severe
structural degeneration, suggests that these patients may experience faster disease progression and
a greater risk of complications if not managed appropriately [38].

Given these findings, there is a clear need for personalized treatment strategies in patients with
significant venous wall degeneration. Less invasive procedures, such as endovenous laser ablation
(EVLA) and radiofrequency ablation (RFA), may be less effective in patients with large aneurysmal
veins due to the difficulty in achieving complete closure. In such cases, open surgical approaches may
be more effective in reducing the risk of complications and preventing disease recurrence. The
success of these treatments is closely related to the diameter and condition of the vein, with larger
and more degenerative veins presenting a higher risk of recanalization and treatment failure [39,40].

The clinical implications of these findings are significant. Patients with venous aneurysms not
only exhibit greater structural damage in the venous wall but also pre-sent with more severe clinical
outcomes, such as increased body mass index (BMI) and longer hospital stays. This suggests that the
presence of venous aneurysms could be an indicator of more advanced disease, requiring closer
monitoring and potentially more aggressive therapeutic interventions. The association between
venous aneurysms and higher rates of complications, such as thrombosis, highlights the need for
early detection and tailored treatment strategies to prevent further progression of the disease and
improve patient outcomes.

Finally, while this study provides important insights, several limitations should be
acknowledged. The retrospective design limits the ability to establish causality, and the relatively
small sample size may restrict the generalizability of the findings. Additionally, the lack of long-term
follow-up data precludes the assessment of the durability of treatment outcomes. Future research
should focus on prospective studies with larger cohorts and longer follow-up periods to validate
these findings and refine the management strategies for patients with venous aneurysms. Further
investigation into the molecular mechanisms driving elastic fiber fragmentation and other
degenerative changes in the venous wall could also lead to the development of targeted therapies
aimed at preventing or slowing the progression of venous aneurysms in CVD patients [41].

In conclusion, the results of this study underscore the need for a nuanced approach to the
management of CVD, particularly in patients with advanced structural degeneration of the
saphenous vein. By better understanding the morphological and clinical differences between patients
with and without venous aneurysms, clinicians can improve patient outcomes through more tailored
and effective treatment strategies.

5. Conclusions

The findings from this study suggest that saphenous vein degeneration with associated venous
aneurysms may lead to more pronounced morphoanatomical changes and more severe clinical
outcomes. These observations indicate that patients with such conditions could benefit from closer
monitoring and potentially more aggressive treatment approaches. However, given the small sample
size and the retrospective nature of this study, these conclusions should be viewed as preliminary.
Further research with larger, prospective studies is necessary to validate these findings and to
develop more definitive clinical management guidelines for patients with saphenous vein
degeneration and venous aneurysms.
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