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To retrospectivly investigate the short-term clinical outcomes of one-stop and two-staged endovenous 
laser ablation (EVLA) procedures for treatment of varicose veins (VVs) and iliac vein compression 
syndrome (IVCS). In this study, 424 patients were treated for VVs and IVCS from June 2017 to June 
2020, 91 underwent one-stop stent angioplasty (SA) and EVLA, 132 underwent two-staged SA and 
EVLA, 104 underwent one-stop balloon angioplasty (BA) and EVLA, and 97 underwent two-staged BA 
and EVLA. Clinical outcomes and complications were recorded at 3 and 12 months post-intervention. 
Quality of life (QoL) was assessed with the venous clinical severity score (VCSS) and Villalta scale. 
Patients in the SA groups were older (p < 0.05) with higher BMI values (p < 0.05). The incidences of iliac 
vein stenosis (p < 0.001) and recurrent VVs (p < 0.01) were lower in the one-stop SA group. The VCSS 
was significantly improved (p < 0.05) at 12 months after the one-stop SA procedure. The one-stop SA 
procedure effectively relieved symptoms, decreased symptom recurrence, and improved the QoL of 
patients with VVs and severe IVCS. The two-staged BA procedure is recommended for patients with 
longer life expectancy.
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Varicose veins (VVs) of the lower extremities is commonly encountered by vascular surgeons. Most patients 
present with complaints of limb soreness, swelling, pigmentation, and ulceration as the main clinical 
manifestations, which severely diminish quality of life (QoL)1. As an alternative to high ligation and stripping 
of the great saphenous vein, endovenous laser ablation (EVLA) is recommended as the first-line treatment in 
patients with great saphenous vein (GSV)- small saphenous vein (SSV) insufficiency owning to good efficacy, 
minimal invasiveness, and an excellent safety profile2–4.

Iliac vein compression syndrome (IVCS), also known as May–Turner syndrome, is caused by compression of 
the iliac vein due to abnormal anatomy of the iliac artery or pelvic cavity. Once it affects the lower extremity and 
deep vein valves, symptoms similar to primary deep vein insufficiency will appear, including varicose veins of 
the lower limb, edema of the lower limb, and pigmentation. When the disease worsens, there may be symptoms 
of severe deep vein valve insufficiency, such as leg ulcers, or secondary thrombosis in the iliofemoral vein.In 
clinical, VVs are often accompanied by different degrees of IVCS and restoration of iliac vein blood flow by 
balloon angioplasty (BA) or stent angioplasty (SA) significantly improves QoL. Previous studies5,6 showed that 
the combination of high ligation /EVLT performed after stent placement during the same hospitalization period 
is an effective therapeutic strategy for patients with IVCS and VVs during short-term follow-up. However, the 
choice of either the one-stop or two-staged procedure for treatment of both IVCS and VVs is difficult because 
of the lack of relevant research.

Methods
Study approval
The study protocol was approved by the Ethics Committee of Nanjing Drum Tower Hospital (No. 2021 − 353) 
and the second hospital of Anhui Medical University (No. YX2023-86) and conducted in accordance with the 
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ethical principles for medical research involving human subjects described in the Declaration of Helsinki. All 
patients voluntarily consented to the interventions after thorough clarification of each treatment option. Prior to 
inclusion in this study, written informed consent was obtained from all subjects.

Patients
The cohort of this multicenter retrospective study included 424 patients (187 males and 235 females) diagnosed 
with VVs and IVCS by ultrasonography or digital subtraction angiography from June 2017 to June 2020 at one of 
2 participating hospitals: 227 patients at Nanjing Drum Tower Hospital (Nanjing, China), and 197 at the Second 
Hospital of Anhui Medical University (Hefei, China).

Individuals fulfilling the selection criteria were assigned to one of four treatment groups: (i) one-stop SA 
(oSA group; 91 patients; SA and EVLA; one hospitalization); (ii) two-staged SA (tSA group; 132 patients; SA and 
EVLA; two-staged hospitalization; (iii) one-stop BA (oBA group; 104 patients; BA and EVLA; one hospitalization; 
or (iv) two-staged BA (tBA group; 97 patients; BA and EVLA; two-staged hospitalization).

The clinical symptoms (i.e., degree of twisting, enlargement of superficial veins, pigmentation, dermatitis, 
and chronic ulcer) of all patients were graded in accordance with the CEAP (Clinical-Etiology-Anatomy-
Pathophysiology) classification system. All analyses of the clinical data adhered to the Strengthening The 
Reporting Of Cohort Studies in Surgery (STROCSS) 2021 guidelines7.

Inclusion and exclusion criteria
The inclusion criteria were: (1) symptomatic VVs (pigmentation, dermatitis, and/or chronic ulcers); (2) 
CEAP classification ≥ C2; (3) non-thrombotic iliac vein stenosis ≥ 50%; (4) age, 18–85 years; (5) no history of 
anticoagulation or antiplatelet therapy; (6) no surgical contraindication; (7) GSV and sapheno-femoral junction 
(SFJ) incompetence defined as reflux > 0.5 s seen on DUS imaging with an intrafascial length of at least 15 cm 
measured from the SFJ downwards; (8) GSV diameter between 0.3 and 1.5 cm6. The exclusion criteria were: (1) 
history of acute cardiovascular and/or cerebrovascular disease; (2) history of malignancy; (3) history of immune 
system disease; (4) pelvic congestion syndrome; (5) obstruction of the inferior vena cava; (6) patient refusal; and 
(7) incomplete baseline demographic/characteristic data.

Diagnosis and treatment
The diagnoses of all patients were confirmed by ascending phlebography of the lower limbs or ultrasonography. 
Indications for surgery included reduction of the iliac vein diameter of > 70% and involvement of > 2 pelvic 
collateral vessels. The diagnostic criteria for IVCS were: (1) detection of flow reversal in the ipsilateral internal 
iliac vein; (2) identification of multiple pelvic collaterals; and (3) enlargement of the ascending lumbar vein 
secondary to chronic venous hypertension, with pressure gradients across the compression exceeding 2 mmHg 
(2.66 cmH2O)8. The possibility of post-thrombotic syndrome-induced or thrombotic IVCS was excluded in all 
patients.

All endovenous procedures were conducted under local anesthesia with 10 mL of 1% lidocaine. Access to 
the ipsilateral femoral vein was achieved using the Seldinger technique. Prior to selective catheterization of 
the femoral vein, intravenous heparin (70 U/kg) was routinely administered. Stenosis of the iliac vein was re-
assessed and measured by comparison to an adjacent non-stenotic vein segment using multi-angle venography. 
If the diameter reduction exceeded 50%, the stenotic lesion was managed with an appropriate balloon or stent. 
Subsequent to placement of the guidewire through the stenotic lesion, BA was performed utilizing a standard 
balloon dilation catheter (Mustang™, Boston Scientific, Marlborough, MA, USA; Atlas™, C.R. Bard Inc., 
Covington, GA, USA; or Armada™, Abbott Cardiovascular, Plymouth, MN, USA). The balloon diameter was 
6–14 mm, the dilation time was 30–60 s, and the filling pressure was 3–6 atm. The therapeutic effect of balloon 
dilation was assessed by angiography and the proximal and distal iliac vein pressures were measured using a 
catheter.

Stenting of the iliac vein was conducted in roadmap mode utilizing a Nitinol stent (E-Luminex™, C.R. Bard Inc.; 
S.M.A.R.T. CONTROL™, Cordis, Santa Clara, CA, USA; or WALLSTENT™ Endoprosthesis, Boston Scientific). 
The proximal end of the stent was positioned within 3–5  mm of the iliac-vena cava junction. Inadequately 
expanded stents were post-dilated with a balloon post-deployment. Following the stenting procedure, a residual 
stenosis of < 20% was considered a procedural success. Additionally, the proximal and distal iliac vein pressures 
were measured (Fig. 1).

Patients who received the one-stop procedure underwent EVLA for VVs within 48 h after interventional 
surgery. Depending on the paitents’ general conditions or their own unwillingness, all others were readmitted 
for EVLA after 30 days as the second stage. For endovenous laser ablation (EVLA), Duplex ultrasound (DUS)-
guided percutaneous access to the GSV around the knee was first obtained. After introducing the bare fiber, the 
tip was positioned approximately 2 cm below the SFJ. A 980-nm diode laser equipment (Eufoton) was used to 
ablate the GSV with 10 W in continuous mode, while the limb was compressed along the GSV for 5 min.

Outcome assessment
Patient outcomes were evaluated bimonthly following the procedures. The assessors responsible for determining 
efficacy outcomes and the evaluators of safety and efficacy outcomes were blinded to the treatment allocations. 
The Venous Clinical Severity Score (VCSS) and Villalta scale were utilized to assess changes in clinical symptoms 
before the procedure and at 1 and 12 months afterward. Safety outcomes included bleeding events, recurrent 
venous thromboembolism, and mortality, which were monitored throughout the follow-up period and 
summarized at 10 days and 24 months. Clinically overt bleeding was categorized as “major” if the event resulted 
in a decrease in hemoglobin levels ≥ 2.0 g/dl, transfusion ≥ 2 U of red blood cells, or involvement of critical sites, 
while less severe clinically overt bleeding was classified as “minor.”
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Statistical analysis
Data are presented as mean ± standard deviation. Continuous variables were analyzed with analysis of variance 
(ANOVA) and categoric variables using the χ2 test. A value of P < 0 0.05 was considered statistically significant. 
R-4.3.1 was used for data analysis and graphing.

Results
Baseline and demographic characteristics
There were no significant differences in baseline and demographic characteristics among the four groups. As 
compared to the BA groups, individuals in the SA groups were older before the procedures (mean age, 50.67 
vs. 51.54 years, respectively) with greater body mass index values (p = 0.002). Additionally, the prevalence of 
hypertension was higher in the tSA group than the other three groups (p = 0.047) (Table 1).

Procedure-related parameters
The procedure-related parameters of all four groups are shown in Table 2. There were no significant differences 
in the degree of iliac vein stenosis among the four groups. BA of the compressed common iliac vein was initially 

Mean ± SD or N (%) oSA (n = 91) tSA (n = 132) oBA (n = 104) tBA (n = 97) P value

Gender (Male) 43(47.2) 54(40.9) 46(44.2) 44(45.4) 0.126

Age(years) 63.53±9.37 64.55±9.79 50.67±12.25 51.54±11.17 0.031

BMI (kg/m2) 23.78±2.94 23.55±2.55 22.56±2.67 22.73±2.81 0.002

Lesions of limb (left) 80(87.9) 118(89.4) 92(88.5) 90(92.8) 0.366

Hypertension 12(13.2) 27(20.4) (12)11.5 12(12.4) 0.047

DM 11(12.1) 9(6.82) 8(7.69) 9(9.28) 0.540

Kidney dysfunction 1(1.10) 2(1.52) 1(0.962) 0(0) 0.454

Smoking 13(14.3) 25(15.4) 19(18.3) 18(18.6) 0.149

Cancer 5(5.49) 8(6.06) 0(0) 1(1.03) 0.372

CEAP

0.285

C2 0 0 9(8.65) 7(7.22)

C3 30(33.0) 27(20.4) 33(31.7) 27(27.8)

C4 39(42.9) 65(49.2) 40(38.5) 37(38.1)

C5 15(16.5) 19(14.0) 13(12.5) 16(16.5)

C6 7(7.69) 21(15.9) 9(8.65) 10(10.3)

Table 1.  Baseline and demographic characteristics of the four groups. The p values were calculated by 
comparisons among all four treatment groups. Abbreviations: CEAP, clinical, etiological, anatomical, and 
pathophysiological; M, male; n, number; nBA, two-staged BA; oBA, one-stop BA; oSA, one-stop SA; SD, 
standard deviation; tSA, two-staged SA.

 

Fig. 1.  Iliac vein stenting for SA. (A) Pre-venography. (B) Pre-dilation. (C) Final venography.
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performed (diameter, 6–14 mm; dilation time, 30–60 s; filling pressure, 3–6 atm; cycles, 2–3). The therapeutic 
effect of balloon dilation was assessed by angiography and the proximal and distal common iliac vein pressures 
were measured with a catheter. After balloon dilation, 223 patients in the oSA and tSA groups who achieved 
stenosis of > 50% or iliac vein pressure change > 2 mmH2O (mean pressures, 2.23 and 2.22 mmH2O, respectively) 
underwent SA. Of these patients, 84.8% and 15.2% were implanted with one and two stents, respectively (41.7%, 
34.5%, and 23.8% with the S.M.A.R.T. CONTROL™, E-Luminex™, and WALLSTENT™ Endoprosthesis stents, 
respectively). The mean stent diameter was 14.12 (range, 12–16) mm.

Follow-up
Baseline and demographic data were collected. All patients were monitored by a qualified chief physician from 
the research team. The VCSS was employed to assess changes in clinical symptoms and QoL before the procedure 
and at 3 and 12 months afterward. All 424 patients completed the follow-up examinations in the Outpatient 
Department with none lost to follow-up at 3 months. However, 52 patients were lost to follow-up at 12 months 
(13, 14, 15, and 10 patients in the oSA, tSA, oBA, and tBA groups, respectively) (Fig. 2).

During the follow-up period, 5 and 14 patients were diagnosed with deep vein thrombosis (DVT) at 3 and 12 
months, respectively. Following BA alone, re-stenosis of the iliac vein was diagnosed in almost 90% of patients. 
The recurrence rate of VVs was significantly higher in the oBA and tBA groups than the oSA and tSA groups 
(14/104 and 11/97 vs. 3/91 and 5/132, respectively, p = 0.008). Moreover, the incidence of re-intervention was 
significantly higher in the oBA and tBA groups than the oSA and tSA groups (22/104 and 16/97 vs. 5/91 and 
11/132, respectively, p = 0.008) (Table 3).

QoL assessment
QoL was assessed using the Villalta scale and VCSS at baseline and at 3 and 12 months after the procedure 
(Table 4). As compared to baseline, the Villalta scale and VCSS values were significantly decreased at 3 and 
12 months. At 3 months after the procedure, there were significant differences in the Villalta scale, but not the 
VCSS, values among the four procedures. At 12 months, the Villalta scales and VCSS values were significantly 
decreased (p < 0.05) in the oSA group, indicating that patients in this group experienced the most benefits 
(Fig. 3).

Discussion
In 1957, May et al.9 proposed that pelvic vein thrombosis mainly occurs on the left side because a lumen lesion 
of the left common iliac vein is closely related to anterior and posterior compression of the right common iliac 
artery and the lumbosacral vertebra. Later, Cockett et al.10 introduced the term iliac vein compression syndrome. 
Venous hypertension of the lower extremities, usually induced by VVs and/or IVCS, results in ulceration, deep 
vein thrombosis, and/or other serious pathological manifestations. Thus, improved procedures are urgently 
needed for treatment of VVs and IVCS.

EVLA is safe and effective for treatment of VVs11. However, EVLA alone is associated with a high recurrence 
rate of VVs with IVCS12. The results of the present study demonstrated that EVLA after SA or BA significantly 

Mean ± SD or N oSA (n = 91) tSA (n = 132) oBA (n = 104) tBA (n = 97) P value *

Stenosis of iliac vein

0.59350–70% 36 42 40 37

>70% 55 90 64 60

Difference of pressure after balloon angioplasty(cmH2O) 2.230±0.174 2.22±0.180 0.952±0.244 0.920±0.231 <0.01

Difference of pressure after stent angioplasty(cmH2O) 0.806±0.241 0.839±0.282 - - 0.414

Post-dilation 56 81 - - 0.979

Type of stent

0.846
SMART Control 36 57 - -

E-luminexx 32 45 - -

Wallstent 23 30 - -

Number of stents

0.2761 80 109 - -

2 11 23 - -

Diameter of stent(mm)

0.939
12 7 12 - -

14 72 104 - -

16 12 17 - -

Diameter of GSV(mm) 0.603

8.311±2.916 8.022±3.113 8.269±2.856 8.484±3.090

Table 2.  Procedure-related parameters of all four treatment groups. *The p values were calculated by 
comparisons among all four treatment groups. Abbreviations: BA, balloon angioplasty; n, number; SA, stenting 
angioplasty; SD, standard deviation; GSV, great saphenous vein.
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improved the QoL of patients with VVs and IVCS. The VCSS values of the oSA and tSA groups were positively 
associated with those of the oBA and tBA groups, consistent with the findings of previous studies12,13. Following 
administration of the systemic oral anticoagulant rivaroxaban, venous stents can effectively and reliably relieve 
compression. Notably, there was no significant difference in stent patency between the oSA and tSA groups. 
Hypertension of lower extremities was eliminated over a relatively short period, which showed a tendency 
toward less DVT in the oSA group (p = 0.534). Post-intervention QoL was superior for patients in the oSA group 
as compared to the tSA group. Therefore, the one-stop procedure should be considered for treatment of VVs 
and IVCS.

Even though BA temporarily restored venous return and shortened the surgical duration, as compared 
to SA, complications of elastic recoil and intima injury remain problematic. Even if venous hypertension of 

N oSA (n = 91) tSA (n = 132) oBA (n = 104) tBA (n = 97) P value

DVT

3 months 1 2 2 0 0.618

12 months 2 6 5 1 0.361

Death 0 0 0 0 -

Ecchymoma 9 12 8 9 0.446

Induration 8 9 7 7 0.885

Incision infection 0 0 0 0 -

Restenosis 2 3 92 86 <0.001

Recurrence of VVs 3 5 14 11 0.008

Re-intervention 5(3 dvt) 11(8 dvt) 22(7 dvt) 16(1 dvt) 0.002

Table 3.  Post-operative complications and clinical outcomes of angioplasty and EVLA among all four 
treatment groups. *The p values were calculated by comparisons among all four treatment groups. 
Abbreviations: DVT, deep vein thrombosis; nBA, two-staged BA; oBA, one-stop BA; oSA, one-stop SA; tSA, 
two-staged SA.

 

Fig. 2.  Kaplan–Meier curves of the four treatment groups.
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the lower extremities is temporarily relieved, recurrent VVs is unavoidable. The restenosis rate was higher in 
the BA groups than the SA groups. Therefore, stent implantation is strongly recommended for treatment of 
symptomatic VVs and IVCS. Long-term follow-ups of up to 5 years have shown promising patency rates of 
venous stenting of 79.7–94% for IVCS14,15. In this study, three different types of bare-metal stents were applied 
and stent grafting was recommended only for co-existence of an arteriovenous fistula. Accordingly, to avoid 
complications associated with metal implants, BA is recommended for patients with longer life expectancy. The 
cohort of the present study included 16 relatively young patients (mean age, 36.88 years; CEAP classification, C2) 
who underwent BA for cosmetic reasons.

Notably, post-intervention QoL was superior in the tBA group than the oBA group. More than 30% of the 
IVCS patients in the tBA group were diagnosed recurrent IVCS during the second hospitalization and, therefore, 
were excluded from the tBA group. Thus, BA might not be particularly appropriate for all IVCS patients.

EVLA with the one-stop procedure was the most effective regimen. The use of stents was found to effectively 
alleviate iliac vein stenosis and hemodynamic instability, while reducing symptom recurrence. These findings 
suggest that a combined approach of iliac stent placement and EVLA is appropriate for patients with severe IVCS 
and VVs. However, further comprehensive evidence is needed to strengthen the validity of the one-stop vein 
stenting and EVLA procedure for patients presenting with symptomatic VVs and IVCS.

There were several limitations to this study that should be addressed. First, this was a multi-center retrospective 
non-randomized controlled trial. Thus, additional data are needed to further confirm the conclusions. Second, 
since the follow-up duration was relatively short, the long-term outcomes should be investigated to clarify the 
efficacy of the different procedures. Third, the effectiveness of radiofrequency ablation vs. EVLA for treatment 
of VVs was not assessed. Lastly, the long-term efficacy of EVLA with SA or BA on iliac vein function was not 
assessed, indicating the necessity for more comprehensive explorations from multiple perspectives to strengthen 
these conclusions.

Conclusions
EVLA with SA or BA relieved venous hypertension of the lower extremities. When performed concurrently, 
stent implantation and EVLA is an effective strategy for treatment of symptomatic VVs and IVCS. For patients 
with longer life expectancy, BA and EVLA should be performed sequentially.

Fig. 3.  Villalta scale and VCSS before and after the procedure.

 

Villalta scales VCSS scores

0 month 3 months 12 months 0 month 3 months 12 months

oSA 11.37±3.79 5.61±1.57 3.79±1.43 10.25±3.22 5.92±1.78 3.81±1.60

tSA 11.85±3.36 6.09±1.83 3.98±2.04 10.32±3.04 5.97±1.74 3.91±1.59

oBA 11.64±3.75 6.21±1.66 4.04±1.64 10.03±2.36 6.05±1.53 4.15±1.64

tBA 11.47±3.38 6.31±1.63 4.51±1.52 10.24±2.39 6.13±1.52 4.23±1.48

P value >0.05 <0.05 <0.05 >0.05 >0.05 <0.05

Table 4.  Villalta scales and VCSS values of the oSA, tSA, oBA, and nBA groups at baseline and 3 and 12 
months after the procedures. The data are presented as the mean ± standard deviation. *p < 0.05 indicates 
significant differences. Abbreviations: nBA, two-staged BA; oBA, one-stop BA; oSA, one-stop SA; tSA, two-
staged SA.

 

Scientific Reports |         (2025) 15:1313 6| https://doi.org/10.1038/s41598-025-85306-6

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Data availability
The datasets used and/or analyzed during the current study available from the corresponding author on reason-
able request.
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