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ABSTRACT
Background: Insurancecompanieshaveadoptedvariable and inconsistent approval criteria for chronic venousdisease (CVD)
treatment. Although vein ablation (VA) is acceptedas the standardof care for venousulcers, the treatment criteria for patients
withmilder formsofCVDremaincontroversial. This studyaimsto identify factorsassociatedwitha lackofclinical improvement
(LCI) in patients with less severe CVDwithout ulceration undergoing VA to improve patient selection for treatment.

Methods: We performed a retrospective analysis of patients undergoing VA for CEAP C2 to C4 disease in the Vascular
Quality Initiative varicose veins database from 2014 to 2023. Patients who required intervention in multiple veins, had un-
dergone prior interventions, or presented with CEAP C5 to C6 disease were excluded. The difference (D) in venous clinical
severity score (VCSS; VCSS before minus after the procedure) was used to categorize the patients. Patients with a DVCSS of
#0 were defined as having LCI after VA, and patients with $1 point decrease in the VCSS after VA (DVCSS $1) as having
some benefit from the procedure and, therefore, “clinical improvement.” The characteristics of both groups were compared,
andmultivariable regression analysis was performed to identify factors independently associated with LCI. A second analysis
was performed based on the VVSymQ instrument, which measures patient-reported outcomes using five specific symp-
toms (ie, heaviness, achiness, swelling, throbbing pain, and itching). Patients with LCI showed no improvement in any of the
five symptoms, and those with clinical improvement had a decrease in severity of at least one symptom.

Results: A total of 3544 patients underwent initial treatment of CVD with a single VA. Of the 3544 patients, 2607 had
VCSSs available before and after VA, and 420 (16.1%) had LCI based on the DVCSS. Patients with LCI were more likely to be
significantly older and African American and have CEAP C2 disease compared with patients with clinical improvement.
Patients with clinical improvement weremore likely to have reported using compression stockings before treatment. The
vein diameters were not different between the two groups. The incidence of complications was overall low, with minor
differences between the two groups. However, the patients with LCI were significantly more likely to have symptoms after
intervention than those with improvement. Patients with LCI were more likely to have technical failure, defined as vein
recanalization. On multivariable regression, age (odds ratio [OR], 1.01; 95% confidence interval [CI], 1.00-1.02) and obesity
(OR, 1.47; 95% CI, 1.09-2.00) were independently associated with LCI, as was treatment of less severe disease (CEAP C2; OR,
1.82; 95% CI, 1.30-2.56) compared with more advanced disease (C4). The lack of compression therapy before intervention
was also associated with LCI (OR, 6.05; 95% CI, 4.30-8.56). The analysis based on the VVSymQ showed similar results.

Conclusions: LCI after VA is associated with treating patients with a lower CEAP class (C2 vs C4) and a lack of compression
therapy before intervention. Importantly, no significant association between vein size and clinical improvement was
observed. (J Vasc Surg Venous Lymphat Disord 2024;12:101884.)
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ARTICLE HIGHLIGHTS
d Type of Research: An analysis of the Vascular Quality
Initiative varicose veins database

d Key Findings: This study provides factors to improve
the selection of patients with mild chronic venous
disease for vein ablation (VA). Patients with milder
forms of disease (CEAP [Clinical-Etiological-
Anatomical-Pathophysiological] C2) were more
likely to experience a lack of clinical improvement
(LCI) compared with patients with more advanced
disease (CEAP C4). Furthermore, the gradual
decrease in the frequency of use of compression
therapy was associated with the incremental likeli-
hood of LCI after VA, supporting the use of compres-
sion therapy as a treatment modality for chronic
venous disease before VA and possibly as a tool to
improve the selection of patients who would benefit
from VA.

d Take Home Message: LCI after VA is associated with
treating patients with a less severe CEAP clinical clas-
sification (C2) and lack of compression therapy.
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Chronic venous disease (CVD) affects approximately 25%
of the adult population in the United States, with an
annual incidence of 2.6% in women and 1.9% in men.1

The associated economic burden is estimated to exceed
$3 billion annually.2 The effect of CVD on patients’ quality
of life has been well documented,3 and a progressive
decline in overall quality of life as the CEAP (Clinical-Etio-
logical-Anatomical-Pathophysiological) clinical class
severity increases has been described.2 Vein ablation
(VA) is accepted as the standard of care for patients
with CEAP class C5 and C6 based on level 1 evidence
with high success rates and proven cost-effectiveness.4-7

However, the criteria for selecting patients for VA for those
with less advanced CVD remain controversial, as reflected
by the inconsistencies in the coverage policies of various
insurance carriers.8 In contrast, VA is a safe procedure
that vascular and nonvascular specialists have over-
used.9-11 This exponential growth in the overall volume of
services related to CVD treatment has led to the develop-
ment of restrictive policies, which lead to delays in care
and potentially negative patient outcomes.8,12-15

Although VA is a common treatment modality for all
patients with CVD, the criteria for selecting patients
with milder forms of disease who would most benefit
from treatment remain elusive. As healthcare in the
United States has increasingly focused on the value of
care, a consensus on what constitutes “valuable” treat-
ment of CVD is needed to guide physicians and payers
in optimizing patient outcomes and allocating resources.
Notably, the standard for outcome assessment after
venous procedures relies not only on technical success
but also on disease-specific and psychometric evaluation
of patient-reported outcomes (PRO), such as the venous
clinical severity score (VCSS) and VVSymQ.16-18 To better
understand the value of VA for patients with less
advanced CVD, this study aims to identify the factors
associated with the lack of clinical improvement (LCI) af-
ter VA in a large national database.
METHODS
Database. A retrospective analysis of patients undergo-

ing VA in the Vascular Quality Initiative (VQI) varicose
veins database from 2014 to 2023 was performed. The
Society for Vascular Surgery e Patient Safety Organiza-
tion VQI is a prospective, national clinical registry collab-
oration between regional quality groups designed to
improve vascular healthcare’s quality, safety, effective-
ness, and cost.19 The database captures patient and
procedural details regarding VA and early patient follow-
up to 3 months after each procedure and then late
follow-up for visits after >3 months. The Yale University
institutional review board exempted this study, and no
patient consent was required.

Definitions and patient selection. Only patients with
CEAP class C2 to C4 disease without prior venous
treatment undergoing VA of one vein were included. Pa-
tients with missing VCSSs and VVSymQ scores before or
after intervention that prevented calculating the differ-
ence (delta [D]) in the scores to assess clinical improve-
ment were excluded from the respective analysis. The
VCSS is a validated, physician-reported outcome tool
used to measure the severity of venous disease. It con-
sists of a 30-point score based on 10 common descriptors
(ie, pain, varicose veins, edema, pigmentation, inflam-
mation, induration, number of active ulcers, ulcer dura-
tion, active ulcer size, and compression therapy) scored
from 0 to 3 for a total possible score of 30. The VCSS is a
dynamic and quantitative evaluation sensitive to treat-
ment effects. It complements the CEAP classification,
which primarily relies on descriptive and qualitative
categorization.20 A LCI was defined as a lack of decrease
in the VCSS after the procedure (VCSS before minus
VCSS after the procedure of #0).
The VVSymQ instrument, which queries for five specific

symptoms, including heaviness, achiness, swelling,
throbbing pain, and itching, was used as a PROmeasure-
ment, and the results were compared before and after
treatment. Patients with LCI were defined as those who
reported no improvement in any of the five symptoms
of the VVSymQ instrument. In contrast, patients were
classified as having clinical improvement if they reported
improvement in at least one of the symptoms (ie, heavi-
ness, achiness, swelling, throbbing pain, and itching).
Treatment failure was defined as LCI and recanalization
of the treated vein on follow-up ultrasound. Two separate
analyses were performed in this study. The first analysis
focused on patients with LCI based on the VCSS. Thus,



Fig. Percentage of patients reporting a lack of clinical improvement (LCI) during the first month after treatment
based on the venous clinical severity score (VCSS) and VVSymQ (red line represents the 2-week mark).
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patients with DVCSS of #0 were compared with patients
with DVCSS of $1. The second analysis focused on pa-
tients with LCI based on the VVSymQ PRO.

Patient characteristics. The demographic variables
included age, sex, race, and ethnicity. Race was divided
as White, African American, and other. The comorbidities
were reviewed and included prior phlebitis, prior deep
vein thrombosis (DVT), and prior pulmonary embolism.
Information related to the patients’ initial CEAP classifi-
cation, VCSS, use of compression stockings, and quality-
of-life survey (ie, heaviness, achiness, swelling,
throbbing, itching, appearance, and work impact) were
analyzed. Each parameter in the quality-of-life survey
was rated on a scale from 0 (indicating not severe) to 5
(indicating severe), except for the appearance parameter,
which used a scale from 0 (indicating not severe) to 4
(indicating severe). In the present analysis, the proportion
of patients with LCI was compared statistically with
those with clinical improvement.

Procedural characteristics. The procedural characteris-
tics included the use of general anesthesia and treat-
ment types such as radiofrequency ablation,
endovenous laser ablation, and others. The types of veins
treated were grouped as the great saphenous vein, ante-
rior accessory saphenous vein, small saphenous vein, and
others. Other characteristics, such as vein length and
diameter and deep venous reflux in the ipsilateral lower
extremity, were also compared between the two groups.

Postoperative outcomes. The postoperative outcomes
included changes in the VCSS and VVSymQ, technical
success (defined as the absence of vein recanalization),
and the occurrence of various postoperative complica-
tions, including postoperative bleeding, blistering, DVT,
hematoma, paresthesia, pigmentation, phlebitis, ulcer
formation, and thrombus extension. Furthermore, the
study analyzed compliance with compression therapy,
PRO, and symptoms, which included assessments of
heaviness, achiness, swelling, throbbing pain, itching,
perceived appearance, and the impact of these symp-
toms on work.

Statistical analysis. Descriptive statistics were calcu-
lated as frequencies for categorical variables and the
mean 6 standard deviation for continuous variables. Dif-
ferences between categorical variables were assessed us-
ing a c2 test or the Fischer exact test and the Wilcoxon
rank sum test as the nonparametric test for ordinal vari-
ables. A P value of < .05 was defined as statistically signif-
icant. Multivariable regression analysis was performed for
both groups to determine the factors independently
associated with LCI. In the analysis for LCI based on the
VCSS, the model incorporated the following variables:
age, race, body mass index, prior DVT, CEAP classification,
use of compression therapy, and general anesthesia.
Similarly, in the model for LCI based on VVSymQ, the var-
iables considered were sex, prior DVT, CEAP classification,
use of compression therapy, and the type of anesthesia
administered. R statistical software, version 4.0.4, was
used for statistical analysis.

RESULTS

Definitions and patient selection
A total of 6342 patients underwent initial VA and pre-

sented for follow-up between day 1 and 180 days after
treatment. Because the patients could still be complain-
ing of phlebitis and discomfort related to the procedure
in the early postoperative period and might need more
time to experience clinical improvement, the propor-
tions of patients with LCI during the first month after
treatment were derived. A higher proportion of LCI in
the first 2 weeks after the procedure and >20% in the
first week is demonstrated in the Fig. However, the pro-
portion of patients with LCI significantly decreases after
the first 2 weeks and remains lower #100 days of



Table I. Baseline patient characteristics stratified by clinical improvement based on venous clinical severity score (VCSS)

Characteristic

Clinical
improvement

(n ¼ 2187; 83.9%)
LCI

(n ¼ 420; 16.1%) P value

Age, years 56 (45-66) 58 (47-67) .043

Female sex 1480 (68) 286 (68) .9

Race .001

White 1720 (79) 345 (82)

African American 76 (3.5) 25 (6.0)

Other 391 (18) 50 (12)

Ethnicity (Latino) 115 (5.3) 19 (4.5) .5

BMI .004

Underweight (<18.5 kg/m2) 18 (0.8) 4 (1.0)

Normal (18.5-24.9 kg/m2) 538 (25) 87 (21)

Overweight
(25-30 kg/m2)

716 (33) 114 (27)

Obese (>30 kg/m2) 912 (42) 215 (51)

Anticoagulation 217 (9.9) 51 (12) .2

Prior phlebitis 250 (11) 41 (9.8) .3

Prior DVT 123 (5.6) 26 (6.2) 0.6

Prior PE 19 (2.7) 1 (0.9) .5

Compression therapy before
intervention

< .001

Daily 765 (35) 84 (20)

Most days 614 (28) 111 (26)

Intermittent 509 (23) 99 (24)

None 299 (14) 126 (30)

CEAP classification .005

C4 450 (21) 85 (20)

C3 1127 (52) 186 (44)

C2 610 (28) 149 (35)

Symptoms

Pain 2137 (98) 383 (91) < .001

Varicosities 2128 (97) 388 (92) < .001

Edema 1529 (70) 252 (60) < .001

Pigmentation 385 (18) 71 (17) .7

Inflammation 368 (17) 58 (14) .13

Induration 214 (9.8) 26 (6.2) .02

Quality of life

Heaviness 1479 (70) 294 (73) .2

Achiness 1892 (89) 349 (86) .13

Swelling 1744 (82) 329 (81) .7

Throbbing 1151 (54) 262 (65) < .001

Itching 919 (43) 203 (50) .01

Appearance 1972 (93) 371 (92) .5

Impact on work 1808 (85) 339 (83) .5

Any symptom 2116 (97) 401 (95) .2

VCSS before treatment 7 (6-9) 6 (4-7) < .001

BMI, Body mass index; CEAP, Clinical-Etiological-Anatomical-Pathophysiological; DVT, deep vein thrombosis; LCI, lack of clinical improvement; PE,
pulmonary embolism.
Data presented as median (interquartile range) or number (%).
Boldface P values represent statistical significance (P < .05).
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Table II. Procedural details of patients stratified by clinical
improvement based on venous clinical severity score
(VCSS)

Characteristic

Clinical
improvement
(n ¼ 2187;
83.9%)

LCI
(n ¼ 420;
16.1%)

P
valuea

Deep venous reflux 738 (34) 143 (35) .8

Type of treatment < .001

RFA 1056 (48) 247 (59)

EVLA 396 (18) 111 (26)

Other 735 (34) 62 (15)

General anesthesia 376 (17) 12 (2.9) < .001

Type of vein treated .015

GSV 1424 (89) 330 (89)

AAGSV 43 (2.7) 11 (3.0)

SSV 128 (8.0) 26 (7.0)

Other 2 (0.1) 5 (1.3)

Diameter of vein
treated, mm

7.2 6 3.5 7.3 6 3.1 .08

Length of vein treated,
mm

37 6 15 37 6 15 > .9

AAGSV, Anterior accessory saphenous vein; EVLA, endovenous laser
ablation; GSV, great saphenous vein; LCI, lack of clinical improvement;
RFA, radiofrequency ablation; SSV, small saphenous vein.
Data presented as number (%) or mean 6 standard deviation.
Boldface P values represent statistical significance (P < .05).
aP values computed using the Wilcoxon rank sum test or Pearson c2

test.
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follow-up (Supplementary Fig, online only). Thus, the
analysis was limited to patients with follow-up between
2 weeks and 6 months. After excluding patients with
follow-up only during the initial 2 weeks, a total of 3544
patients underwent initial treatment with VA. Of the
3544 patients, 2607 had complete VCSS data available
before and after treatment in the first analysis based on
the VCSSs and 2841 patients for the second analysis
based on the analyzed VVSymQ scores. Thus, 937 pa-
tients with missing VCSSs were excluded from the anal-
ysis focusing on the VCSSs and 703 patients with missing
VVSymQ scores were excluded from the analysis
focusing on the VVSymQ scores.

Analysis based on VCSS
Patient characteristics. A total of 420 patients (16.1%)

had LCI based on the VCSS. Patients with LCI were
more likely to be older (58 vs 56 years; P ¼ .04), White,
and obese (51% vs 42%; P ¼ .004; Table I). They were
also more likely to report symptoms at baseline, such as
pain, varicosities, and edema. In contrast, they were less
likely to present with certain symptoms assessed by the
VVSymQ, such as throbbing pain and itchiness. Also,
patients with LCI were more likely to have CEAP class C2
than were patients with clinical improvement. Patients
with clinical improvement were more likely to have
reported using compression stockings before treatment
(P < .001). Additionally, the median VCSS before treat-
ment was lower for patients with LCI than for those with
clinical improvement (P < .001).
Procedural characteristics. Patients who showed clin-

ical improvement based on the VCSS were more
frequently administered general anesthesia (Table II).
The two groups had no significant differences in vein
diameters, vein lengths, or the presence of deep venous
reflux. However, patients with LCI based on the VCSS
were more likely to present with isolated small saphe-
nous vein reflux.
Outcomes. After treatment, the median follow-up in

days was not significantly different between the two
groups (Table III). The median DVCSS was significantly
lower in the LCI group (0 vs 4; P < .001). The incidence of
complications was overall low, with minor differences
between the two groups. Patients with LCI based on
VCSS were more likely to present with phlebitis and to
develop ulcers. Furthermore, patients with LCI were
more likely to have technical failure, defined as vein
recanalization (1.7% vs 0.4%; P < .001), and were signifi-
cantly more likely to report symptoms after intervention
than were those with improvement.
Factors associated with LCI. The multivariable regres-

sion analysis identified several significant risk factors for
LCI after treatment (Table IV). Age was identified as a
significant risk factor for LCI after VA (odds ratio [OR], 1.01;
95% confidence interval [CI], 1.00-1.02), as was obesity
(OR, 1.47; 95% CI, 1.09-2.00). Patients with CEAP class C2
had a higher likelihood of LCI (OR, 1.82; 95% CI, 1.30-2.56)
compared with patients treated for more advanced C4
disease. In addition, the lack of compression therapy
before intervention was associated with LCI (OR, 6.05;
95% CI, 4.30-8.56). In contrast, the use of general anes-
thesia was associated with significantly lower odds of LCI
(OR, 0.07; 95% CI, 0.04-0.14).

Analysis based on VVSymQ
Patient characteristics. A total of 280 patients (9.9%)

demonstrated LCI based on the VVSymQ (Table V). No
significant differences in baseline characteristics were
noted between the two groups, except for a higher rate
of prior DVT in patients with LCI. Patients reporting clin-
ical improvement in this group were more likely to wear
compression stockings daily than were the LCI group
(P < .001). Patients with LCI were also more likely to be
treated for CEAP C2 disease than were patients with
clinical improvement. Furthermore, patients with LCI
were more symptomatic before treatment, experiencing
elevated rates of pain, edema, varicosities, inflammation,
and induration (P < .001). The median VCSS before
treatment was significantly lower for the patients with
LCI than for those with clinical improvement (P < .001).
Procedural characteristics. Patients who showed clin-

ical improvement based on the VVSymQ were more



Table III. Postoperative outcomes of patients stratified by clinical improvement based on venous clinical severity score
(VCSS)

Characteristic
Clinical improvement
(n ¼ 2187; 83.9%)

LCI
(n ¼ 420; 16.1%)

P
value

Follow-up, days 49 (42-78) 49 (39-103) .14

VCSS after treatment 2 (1-4) 6 (5-8) < .001

VCSS delta 4.00 (3.00-6.00) 0.00 (�1.00 to 0.0) < .001

LCI based on VVSymQ 137 (6.8) 89 (23) < .001

Complications

Blistering 2 (0.1) 0 (0) > .9

DVT 7 (0.4) 3 (1.0) .2

Hematoma 7 (0.4) 2 (0.7) .4

Paresthesia 24 (1.4) 4 (1.4) > .9

Pigmentation 23 (1.3) 2 (0.7) .6

Phlebitis 21 (1.2) 8 (2.7) .054

Ulcer 0 (0) 2 (0.7) .02

Wound 8 (0.5) 1 (0.3) > .9

Proximal thrombus extension 40 (2.3) 2 (0.7) .078

Any complication 128 (5.9) 23 (5.5) .8

Compression therapy after treatment < .001

Daily 397 (18) 193 (46)

Almost daily 359 (16) 117 (28)

Intermittent 604 (28) 69 (16)

None 827 (38) 41 (9.8)

Vein recanalization 9 (0.4) 7 (1.7) < .001

Quality of life

Heaviness 541 (26) 204 (52) < .001

Achiness 862 (42) 272 (69) < .001

Swelling 756 (37) 254 (64) < .001

Throbbing 357 (17) 150 (38) < .001

Itching 342 (17) 136 (34) < .001

DVT, Deep vein thrombosis; LCI, lack of clinical improvement.
Data presented as median (interquartile range) or number (%).
Boldface P values represent statistical significance (P < .05).
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likely to undergo intervention under general anesthesia
(Table VI). Both groups had no significant differences in
vein diameters, vein lengths, or deep venous reflux. Pa-
tients with LCI were more commonly treated for isolated
great saphenous vein reflux.
Outcomes. The median long-term follow-up in days

for patients evaluated with the VVSymQ was not
significantly different between the two groups
(Table VII). The median DVCSS was significantly lower in
the LCI VVSymQ group (VCSS, 2 vs 4; P < .001). No
differences between postoperative complications were
observed between the two groups, with very low rates
of complications. Patients reporting clinical improve-
ment were more likely to be noncompliant with
compression therapy after VA (32% vs 24%; P < .001).
Technical failure due to vein recanalization was signif-
icantly different between both groups and significantly
higher in the LCI group (0.5% vs 1.1%; P < .001). Patients
with LCI were more likely to be symptomatic after the
procedure for all the variables analyzed in this
database.
Factors associated with LCI. The multivariable regres-

sion analysis for patients with LCI based on the VVSymQ
revealed that female sex was associated with a greater
risk of LCI (OR, 1.37; 95% CI, 1.00-1.87), as was a history of
prior DVT (OR, 1.95; 95% CI, 1.10-3.31; Table VIII). Similar
to the first analysis, patients treated for CEAP class C2
had a higher risk of LCI after treatment (OR, 1.7; 95% CI,
1.09-2.67). There was a trend for a lack of compression
therapy before VA to result in a higher likelihood of LCI;
however, this finding did not reach statistical significance
(OR, 1.47; 95% CI, 0.95-2.24). Conversely, general anes-
thesia (OR, 0.3; 95% CI, 0.17-0.51) was associated with
clinical improvement.



Table IV. Regression analysis of factors independently
associated with lack of clinical improvement (LCI) based
on venous clinical severity score (VCSS)

Characteristic OR 95% CI P value

Age 1.01 1.00-1.02 .015

Race

White e e

African American 1.15 0.68-1.87 .593

Other 1.33 0.89-1.96 .162

BMI

Normal e e

Overweight 0.93 0.68-1.29 .680

Underweight 1.29 0.34-3.95 .674

Obese 1.47 1.09-2.00 .012

Prior DVT 1.34 0.82-2.14 .228

CEAP classification

C4 e e

C3 0.92 0.68-1.25 .571

C2 1.82 1.30-2.56 < .001

Compression therapy
before treatment

Daily e e

Almost daily 1.83 1.33-2.52 < .001

Intermittent 3.09 2.19-4.37 < .001

None 6.05 4.30-8.56 < .001

General anesthesia 0.07 0.04-0.14 < .001

BMI, Body mass index; CEAP, Clinical-Etiological-Anatomical-
Pathophysiological; CI, confidence interval; DVT, deep vein throm-
bosis; OR, odds ratio.
Boldface P values represent statistical significance (P < .05).
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DISCUSSION
This study provides factors to improve the selection of

patients for VA and highlights the challenges in studying
the value of such procedures in a population with less se-
vere CVD (CEAP class C2-C4). Patients with milder forms
of disease (CEAP class C2) were consistently more likely
to experience LCI than were patients with more
advanced disease (CEAP class C4). However, the gradual
decrease in the frequency of use of compression therapy
was associated with an incremental likelihood of LCI af-
ter VA, supporting the use of compression therapy as a
treatment modality for CVD before VA and possibly as
a tool to improve the selection of patients who would
benefit from VA. Interestingly, age, sex, obesity, and a his-
tory of DVT demonstrated some trends toward an associ-
ation with LCI, but the findings were not consistent.
Finally, failure of VA, defined in our report as LCI, in com-
bination with technical failure demonstrated by treated
vein recanalization, was extremely rare, affecting only
0.3% of all cases.
The need to quantify and measure the benefits after

vein procedures has driven the development of several
outcomes assessment instruments for evaluating CVD
severity or post-treatment clinical outcomes. However,
a clear consensus regarding the choice of psychometric
instruments for accurately evaluating treatment out-
comes is yet to be determined. The validated VCSS
consistently mirrors the severity of venous disease and
strongly correlates with treatment outcomes.21,22 Other
instruments based on PRO, such as the VVSymQ, have
been validated to capture patients’ disease experi-
ences.18 In this study, patients were more likely to show
LCI based on the evaluation of the VCSS than based on
the VVSymQ. This underscores the significance of select-
ing the appropriate assessment tool to standardize the
evaluation of these procedures. This is especially impor-
tant in the context of comparing VCSSs before and after
treatment, because compliance with compression ther-
apy, including stockings, is a major contributing factor
that can elevate the VCSS. Because patients who adhere
to compression therapy after VA might exhibit a higher
VCSS, this could potentially lead to an erroneous clinical
classification of LCI if the patient becomes more
compliant after VA. Regardless of the tool used for the
assessment of clinical outcomes, failure of VA was
extremely rare, confirming that it is safe and effective
and provides some benefit for most patients, even those
with milder forms of CVD, consistent with prior litera-
ture.23-28

The 2022 practice guidelines for managing varicose
veins recommend superficial VA over long-term
compression therapy for symptomatic patients with
axial reflux.5,11 Numerous studies, including randomized
trials, have demonstrated the superiority of VA over
compression therapy regarding health-related quality
of life.29-31 Therefore, these results underscore the
importance of not relying solely on the qualitative
CEAP classification for determining the clinical neces-
sity of VA for individuals with mild CVD. Instead, our
findings highlight the need to incorporate clinical
scoring assessments such as the VCSS or PRO instru-
ments into the evaluation process.
Alleviating venous hypertension with compression

therapy before treatment was a factor associated
with clinical improvement after VA in this analysis.
Prior studies have shown that compression therapy
has proven beneficial for decreasing inflammatory cy-
tokines and improving microcirculation and is recom-
mended to decrease symptoms.32,33 Furthermore,
prospective studies have reported an association be-
tween compliance with compression stockings and
improvements in the VCSS.34 A previous study indi-
cated that improvement with compression stockings
should not be used to withhold surgical therapy.
Instead, this improvement should serve as an indicator
for patients who will improve further with VA.31 There-
fore, compliance with preoperative compression ther-
apy seems to be an indicator of success when VA is



Table V. Baseline patient characteristics stratified by clinical improvement based on VVSymQ

Characteristic
Clinical improvement
(n ¼ 2561; 90.1%) LCI (n ¼ 280; 9.9%) P value

Age, years 56 (45-66) 59 (44-67) .11

Female sex 1772 (69) 181 (65) .12

Race .2

White 2021 (79) 233 (83)

African American 103 (4.0) 11 (3.9)

Other 437 (17) 36 (13)

Ethnicity (Latino) 120 (4.7) 13 (4.6) > .9

BMI .2

Underweight (<18.5 kg/m2) 19 (0.7) 5 (1.8)

Normal (18.5-24.9 kg/m2) 593 (23) 70 (25)

Overweight (25-30 kg/m2) 801 (31) 91 (33)

Obese (>30 kg/m2) 1144 (45) 114 (41)

Anticoagulation 304 (12) 27 (9.6) .3

Prior phlebitis 273 (11) 35 (13) .3

Prior DVT 133 (5.2) 25 (8.9) .01

Prior PE 12 (1.6) 1 (0.9) > .9

Compression therapy before intervention .029

Daily 875 (34) 72 (26)

Most days 684 (27) 91 (33)

Intermittent 566 (22) 64 (23)

None 423 (17) 51 (18)

CEAP classification .008

C4 527 (21) 44 (16)

C3 1316 (51) 134 (48)

C2 718 (28) 102 (36)

Symptoms

Pain 2472 (97) 255 (92) < .001

Varicosities 2460 (97) 258 (93) .002

Edema 1763 (69) 165 (59) < .001

Pigmentation 447 (17) 39 (14) .13

Inflammation 420 (16) 29 (10) .009

Induration 245 (9.6) 18 (6.5) .087

Quality of life

Heaviness 1901 (74) 99 (35) < .001

Achiness 2360 (92) 158 (56) < .001

Swelling 2157 (85) 137 (49) < .001

Throbbing 1513 (59) 98 (35) < .001

Itching 1189 (47) 105 (38) .005

Appearance 2392 (94) 234 (84) < .001

Impact on work 2217 (87) 173 (62) < .001

VCSS before treatment 7 (6-9) 6 (5-8) < .001

BMI, Body mass index; CEAP, Clinical-Etiological-Anatomical-Pathophysiological; DVT, deep vein thrombosis; LCI, lack of clinical improvement; PE,
pulmonary embolism.
Data presented as median (interquartile range) or number (%).
Boldface P values represent statistical significance (P < .05).
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pursued. However, definitive recommendations on the
duration of compression therapy before VA are still
lacking.
In addition, obesity was found to be a significant factor
associated with LCI. Obese individuals were 47% more
likely to experience LCI compared with patients with a



Table VI. Procedural details of patients stratified by clinical improvement based on VVSymQ

Characteristic
Clinical improvement
(n ¼ 2561; 90.1%) LCI (n ¼ 280; 9.9%) P value

Deep venous reflux 937 (37) 106 (38) .7

Type of treatment < .001

RFA 1321 (52) 154 (55)

EVLA 525 (20) 30 (11)

Other 715 (28) 96 (34)

General anesthesia 390 (15) 15 (5.4) < .001

Type of vein treated .036

GSV 1773 (89) 189 (94)

AAGSV 61 (3.1) 3 (1.5)

SSV 154 (7.7) 7 (3.5)

Other 9 (0.5) 2 (1.0)

Diameter of vein treated, mm 7.3 6 3.4 6.8 6 2.8 .2

Length of vein treated, mm 37 6 15 37 6 16 .7

AAGSV, Anterior accessory saphenous vein; EVLA, endovenous laser ablation; GSV, great saphenous vein; LCI, lack of clinical improvement; RFA,
radiofrequency ablation; SSV, small saphenous vein.
Data presented as number (%) or mean 6 standard deviation.
Boldface P values represent statistical significance (P < .05).
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normal body mass index. Prior studies have reported
changes in vein biomechanics due to venous return
obstruction secondary to increased abdominal adipose
tissue as the basis for an increased risk of CVD in pa-
tients with obesity.35,36 Furthermore, patients with
obesity often face challenges in adhering to compres-
sion therapy due to the difficulty associated with don-
ning or wearing compression stockings due to body
habitus, which might contribute to poor adherence to
compression therapy and a decreased clinical response
after VA. Moreover, the body mass index has been
shown to negatively affect the CEAP clinical category,
pain, and quality of life, independently of venous
reflux.35 The body mass index has also been shown to
be a significant factor associated with less improvement
in the revised VCSS after VA.34,37

Vein diameter has been used as a coverage criterion
for VA in approximately 50% of insurance policies in
the United States.8 Nonetheless, practice guidelines
do not include this parameter as a standalone indicator
for treatment because a high level of evidence support-
ing treatment decisions solely based on this factor is
still lacking.5 We found no association between vein
size and clinical improvement in the present study.
Prior studies have also demonstrated the great saphe-
nous vein diameter to be a poor surrogate marker for
evaluating the effects of CVD on patients’ quality of
life38 and to correlate poorly with VCSS
improvement.39,40

Furthermore, to better understand the effects of VA, it
is essential to assess patients’ symptoms and their
impact on quality of life because some treatment ef-
fects are not directly observable by clinicians. Vein
recanalization has been reported in <10% of patients af-
ter 1 year of follow-up.41 However, recanalization found
by duplex ultrasound does not necessarily lead to clin-
ical recurrence or a return of symptoms and, therefore,
is not always of clinical relevance.42 A recent study
that evaluated recanalization and the reappearance of
venous symptoms reported the discrepancy between
these two variables.43 Although the incidence of vein
recanalization was higher in patients presenting with
LCI (1.1% vs 0.4%), the rates were very low overall. As
such, its impact on assessing the clinical response after
VA appears to be minimal. In contrast, an analysis to
determine the factors associated with the failure of VA
that incorporated LCI and technical failure was not
possible due to the very low number of patients who
experienced both.

Study limitations. The limitations of this study include
those inherent to the retrospective analysis of an obser-
vational database. Specifically, there could be variations
in data entry practices and follow-up protocols across
different centers contributing to the registry, potentially
introducing biases or inconsistencies in the dataset.
Additionally, the analysis focused on patients under-
going isolated VA, excluding other concomitant pro-
cedures such as phlebectomy, which have shown
potential to enhance outcomes. Furthermore, the study
presents outcomes evaluated at discrete time points
without a cumulative assessment. Moreover, the anal-
ysis was confined to a 6-month period, without exam-
ining patient outcomes beyond this period and
without evaluating the effect of further interventions
for patients with CVD recurrence. Finally, patients with



Table VII. Postoperative outcomes of patients stratified by clinical improvement based on VVSymQ

Characteristic
Clinical improvement
(n ¼ 2561; 90.1%) LCI (n ¼ 280; 9.9%) P value

Follow-up, days 53 (42-100) 53 (42-106) 0.5

VCSS after treatment 3 (1-5) 4 (2-6) < .001

VCSS delta 4 (2-6) 2 (0-4) < .001

LCI based on VCSS 293 (13) 89 (39) < .001

Complications

Blistering 2 (0.1) 0 (0) > .9

DVT 9 (0.5) 1 (0.6) .6

Hematoma 9 (0.5) 0 (0) > .9

Paresthesia 22 (1.2) 1 (0.6) .7

Pigmentation 23 (1.3) 1 (0.6) .7

Phlebitis 22 (1.2) 3 (1.7) .5

Ulcer 2 (0.1) 0 (0) > .9

Wound 9 (0.5) 0 (0) > .9

Proximal thrombus extension 35 (1.9) 3 (1.7) > .9

Any complication 128 (5.0) 9 (3.2) .2

Compression therapy after treatment .028

Daily 599 (23) 67 (24)

Almost daily 468 (18) 62 (22)

Intermittent 668 (26) 83 (30)

None 820 (32) 66 (24)

Vein recanalization 12 (0.5) 3 (1.1) .001

Quality of life

Heaviness 754 (30) 132 (47) < .001

Achiness 1145 (45) 188 (67) < .001

Swelling 1012 (40) 159 (57) < .001

Throbbing 488 (19) 132 (47) < .001

Itching 472 (18) 109 (39) < .001

DVT, Deep vein thrombosis; LCI, lack of clinical improvement.
Data presented as median (interquartile range) or number (%).
Boldface P values represent statistical significance (P < .05).

Table VIII. Regression analysis of factors independently associated with lack of clinical improvement (LCI) based on
VVSymQ

Characteristic OR 95% CI P value

Female sex 1.37 1.00-1.87 .047

Prior DVT 1.95 1.10-3.31 .017

CEAP classification

C4 e e

C3 1.28 0.85-1.97 .240

C2 1.70 1.09-2.67 .020

Compression therapy before treatment

Daily e e

Almost daily 1.20 0.81-1.76 .364

Intermittent 1.27 0.81-1.95 .289

None 1.47 0.95-2.24 .078

General anesthesia 0.30 0.17-0.51 < .001

BMI, Body mass index; CEAP, Clinical-Etiological-Anatomical-Pathophysiological; CI, confidence interval; DVT, deep vein thrombosis; OR, odds ratio.
Boldface P values represent statistical significance (P < .05).
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CEAP class C1 disease were not included in this study
cohort, and the value of VA for these patients was not
studied.

CONCLUSIONS
LCI after VA is associated with treating patients with a

less severe CEAP clinical classification (C2) and the lack
of compression therapy. Importantly, no significant asso-
ciation between vein size and clinical improvement was
observed.
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Supplementary Fig (online only). Percentage of patients presenting with lack of clinical improvement (LCI)
during the first 100 days based on venous clinical severity score (VCSS) and VVSymQ.
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