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Abstract

Objective: Effective treatment options are available for chronic venous insufficiency associated
with superficial venous reflux. Although many patients with C2 and C3 disease based on the
CEAP (Clinical-Etiological-Anatomical-Pathophysiological) classification have combined great
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saphenous vein (GSV) and saphenofemoral junction (SFJ) reflux, some may not have concomitant
SFJ reflux. Several payors have determined that symptom severity in patients without SFJ reflux
does not warrant treatment. In patients planned for venous ablation, we tested whether Venous
Clinical Severity Scores (VCSS) are equivalent in those with GSV reflux alone compared with
those with both GSV and SFJ reflux.

Methods: This cross-sectional study was conducted at 10 centers. Inclusion criteria were:
candidate for endovenous ablation as determined by treating physician; 18 to 80 years of age; GSV
reflux with or without SFJ reflux on ultrasound; and C2 or C3 disease. Exclusion criteria were
prior deep vein thrombosis; prior vein ablation on the index limb; ilio-caval obstruction; and renal,
hepatic, or heart failure requiring prior hospitalization. An a priori sample size was calculated.

We used multiple linear regression (adjusted for patient characteristics) to compare differences in
V/CSS scores of the two groups at baseline, and to test whether scores were equivalent using a
priori equivalence boundaries of +1 and —1. In secondary analyses, we tested differences in VCSS
scores in patients with C2 and C3 disease separately.

Results: A total of 352 patients were enrolled; 64.2% (n = 226) had SFJ reflux, and 35.8% (n

= 126) did not. The two groups did not differ by major clinical characteristics. The mean age of
the cohort was 53.9 * 14.3 years; women comprised 74.2%; White patients 85.8%; and body mass
index was 27.8 6 6.1 kg/m2. The VCSS scores in patients with and without SFJ reflux were found
to be equivalent; SFJ reflux was not a significant predictor of VCSS score; and mean VCSS scores
did not differ significantly (6.4 vs 6.6, respectively, Z=.40). In secondary subset analyses, VCSS
scores were equivalent between C2 patients with and without SFJ reflux, and VCSS scores of C3
patients with SFJ reflux were lower than those without SFJ reflux.

Conclusions: Symptom severity is equivalent in patients with GSV reflux with or without SFJ
reflux. The absence of SFJ reflux alone should not determine the treatment paradigm in patients
with symptomatic chronic venous insufficiency. Patients with GSV reflux who meet clinical
criteria for treatment should have equivalent treatment regardless of whether or not they have SFJ
reflux.
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Chronic venous insufficiency (CVI1) affects more than 25 million people in the United States
(U.S.), and approximately 6 million present with advanced disease including ulcerations.
CVI has a significant impact on quality of life and on health care costs, with an estimated $3
billion spent in the U.S. per year.1

Safe and effective treatment options are currently available for CV1 associated with
superficial venous reflux. Venous ablation is indicated in patients with severe disease or

in those with persistent symptoms after a course of conservative therapy, the duration of
which is typically set by each state or region’s insurance carriers. Although many patients
with symptomatic C2 and C3 disease based on the CEAP (Clinical-Etiological-Anatomical-
Pathophysiological) classification have great saphenous vein (GSV) reflux with involvement
of the saphenofemoral junction (SFJ), some patients may, in fact, not have concomitant

SFJ reflux. Although GSV reflux has been an inclusion criterion in most clinical trials
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that examine the efficacy of venous ablation, concomitant SFJ reflux was not typically a
prerequisite for enrollment and was not recorded routinely. Therefore, information is limited
on symptom severity in this subset of patients with GSV but without SFJ reflux. As a result,
several insurance agencies have determined that the symptom severity of patients without
SFJ reflux does not rise to the level of requiring or receiving treatment.®

The historical belief that SFJ reflux is the cause of CVI is based on the antegrade theory
of venous reflux. The theory presumes that loss of valve function at the SFJ creates venous
hypertension that is transmitted to valves below the junction, which in turn, causes further
progressively distal valve dysfunction.® This theory has been challenged by numerous
investigations. Labropoulos et al have demonstrated that the most common location for
the development of GSV reflux is in the below-the-knee segment of the GSV.” Additional
research has found that superficial venous disease is secondary to degradative vein wall
processes, resulting in valvular dysfunction and not secondary to venous hypertension-
induced valvular reflux.# Therefore, provided the patient has severe enough CVI, the
requirement of SFJ reflux as a pre-requisite for GSV ablation is not based on current
physiologic evidence.

The aim of our study was to test whether the scores obtained from a metric of the signs and
symptoms of CVI, the modified Venous Clinical Severity Score (VCSS),8 are equivalent in
patients who have GSV reflux alone, compared with patients who have both GSV and SFJ

reflux.

METHODS
Study design and setting.

We performed a cross-sectional study of patients undergoing GSV ablation at 10
participating centers (Englewood Medical Center, NJ; Center for Vein Restoration, NJ;
New York University Langone Health, NY; Mount Sinai, NY; Stony Brook Medicine,

NY; University of Michigan, MI; Lake Washington Vascular, Bellevue, WA; Northwell
Health, NY; McLaren Health, MI; and Washington University, MO). This manuscript was
prepared based on STrengthening the Reporting of OBservational studies in Epidemiology
(STROBE) reporting standards.® Sponsors did not have access to the data, and all analyses
were performed independently at the Center for Vascular Research of the University of
Maryland. Our study was approved by the Institutional Review Boards of the University of
Maryland and of the participating clinical centers.

Participants.

To be eligible for the study, patients had to meet 4 inclusion criteria: (1) being 18 to 80
years of age; (2) having reflux (=0.5 seconds) in the GSV (demonstrated by ultrasound

in at least two contiguous segments above the knee) with or without reflux at the SFJ
(demonstrated by ultrasound); (3) being considered candidates for endovascular treatment
of the GSV by the treating physician; and (4) having varicose veins or edema (defined as a
C2 or C3 classification on the CEAP clinical scoring system). Exclusion criteria were: (1)
history of, or stigmata on ultrasound of, deep vein thrombosis (DVT); (2) prior vein ablation
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on the index lower extremity; (3) concomitant obstruction of the ilio-caval system; and (4)
known end-stage renal disease, or hepatic disease, or congestive heart failure requiring prior
hospitalization. A web-based data capture system was used by the centers to enter study
data directly into electronic case report forms. In patients with bilateral disease, the leg
being evaluated for potential treatment was enrolled, and if both were being evaluated for
treatment, only one leg with the more severe C class was enrolled.

Our primary outcome measure was the difference in modified VCSS scores between the two
groups of patients—those with GSV and SFJ reflux vs those with GSV reflux alone—after
adjusting for potential confounders. The modified VCSS evaluates 10 hallmarks of chronic
venous disease, each on a scale of 0 to 3: pain (none, occasional, daily, daily limiting);
varicose veins (none, few, calf or thigh, calf and thigh); venous edema (none, foot and ankle,
above ankle below knee, to the knee or above); skin hyperpigmentation (none, perimalleolar,
diffuse lower 1/3 of calf, wider above lower 1/3 of calf); inflammation (none, perimalleolar,
diffuse, lower 1/3 or calf, wider above lower 1/3 of calf); induration; number of ulcers (none,
1 ulcer, 2, 3); size of ulcers (not applicable = 0, diameter less than 2 centimeter = 1, diameter
2 to 6 centimeter = 2, diameter greater than 6 centimeter = 3); durations of ulcers (not
applicable = 0, less than 3 months = 1, greater than 3 months but less than 1 year = 2,

Not healed for greater than 1 year = 3); and compliance with compression therapy (none,
intermittent, most days, fully compliant). Possible VCSS scores range from 0 to 30.8

Other data collected included age (in years), sex, race (American Indian or Alaska Native,
Asian, Black or African American, Native Hawaiian or Other Pacific Islander, White, and
multiracial), ethnicity (Hispanic or Latino and not Hispanic or Latino), body mass index
(BMI, kg/m?), largest GSV vein diameter (mm), and Chronic Venous Insufficiency Quality
of Life Questionnaire (CIVIQ) score.

Sample size estimations.

We performed an a priori sample size calculation before any data were collected. We
calculated sample size for a two-sample equivalence test of VCSS scores using the Two-
One-Sided #Tests (TOST) procedure with an equivalence margin of +1 or —1, 80% power,
and 95% significance. Passman et al reported a mean total VCSS score of 2.83 (standard
deviation [SD], 0.47) among 2907 patients.1® To be conservative, we used SD = 1 in our
sample size estimates. The estimated sample size was 300 patients. After enrolling 100
patients, we calculated the mean VCSS score and its SDs in our cohort (without unblinding
the statisticians to group identity) and recalculated sample sizes. Based on the new sample
size estimates, we adjusted our target enrollment to 340.

Statistical methods.

Comparison of characteristics of the two groups was performed using the Pearson XZ or the
Fisher exact test for categorical data, and the Student #tests or Wilcoxon Rank Sum tests
for continuous data. Comparisons of mean scores of individual components of the VCSS
between the two groups are presented as histograms.
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We first computed crude differences in VCSS scores between the two groups (those with
SFJ reflux vs those without SFJ reflux). We next used multiple linear regression (adjusted
for group, age, sex, race [non-white vs white], ethnicity [Hispanic vs non-Hispanic], and
BMI) to generate adjusted difference of VCSS scores in our two groups. Graphical displays
of the estimates of the difference between the two groups and their 95% confidence intervals
were used to determine if the differences in mean VCSS scores were equivalent. VCSS
scores from patients with and without SFJ reflux were considered equivalent if the 95%
confidence limit of the primary outcome (the difference in VCSS score in patients with vs
without SFJ reflux) did not include the a priori equivalence boundaries of +1 and —1. In two
separate secondary analyses, we computed crude and adjusted differences in VCSS scores
between patients with vs without SFJ reflux in those with C2 disease and in those with C3
disease.

All statistical analyses were two-tailed. A P-value of < .05 was used to denote significance.
Statistical analyses were performed using SAS version 9.4 (SAS Institute Inc) and were
repeated in R version 4.2.2 (R Core Team [2023]) by two distinct statisticians. Results were
compared to ensure reliability and reproducibility of the results.

RESULTS

Participants.

A total of 352 patients were enrolled in the study. Their ablation procedures were performed
between January 1, 2015, and December 31, 2022. The number of patients enrolled by site
was: Center for Vein Restoration, n = 56; NYU Langone Health, n = 49; Mount Sinai, n
=11, Stony Brook Medicine, n = 42; University of Michigan, n = 28; Lake Washington
Vascular, n = 115; Northwell Health, n = 41; and McLaren Health, n = 10. Within the cohort,
64.2% (n = 226) had SFJ reflux, and 35.8% (n = 126) did not have SFJ reflux.

Descriptive data.

Clinical characteristics of the cohort, and by group, are presented in Table I. The mean

age of the patients was 53.9 + 14.3 years. There was no difference in age between the two
groups (P=.18). The population was composed largely of women (74.2%; n = 262). The sex
distribution did not differ by group (P = .84). White patients comprised 85.8% (h = 302) of
the cohort. Distribution by race did not differ by reflux group (P = .55). Among the patients
with SFJ reflux, 93.3% (n = 209) were not Hispanic or Latino compared with 75.6% (n %4
93) patients without SFJ reflux (P < .001). There was no difference in BMI between the
groups, (28.1 vs 27.9 kg/m?; P< .10). The mean VCSS scores of patients with vs without
SFJ reflux also did not differ significantly (6.4 vs 6.6, respectively; P=.40). The scores for
individual VCSS questions were generally similarly distributed between groups or followed
no specific pattern of distribution (Fig 1). The two exceptions were: a larger proportion of
patients with SFJ reflux scored higher for varicose veins, whereas a larger proportion of
patients without SFJ reflux scored higher for pain.
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Primary outcome.

In the entire cohort, SFJ reflux was not a significant predictor of VCSS score in crude
unadjusted analyses (B + SE, -0.21 £ 0.26; P=.42) or in analyses adjusted for age, sex,
race, ethnicity, and BMI (0.35 + 0.28; P=.20) (Table II). In crude and adjusted analyses,
using -1 and +1 as equivalence boundaries, the VCSS scores in patients with and without
SFJ reflux were found to be equivalent (Fig 2).

Secondary analyses.

In subset analyses of our cohort, the mean VVCSS score in patients with C2 disease was
5.57 £ 2.11 (no SFJ reflux, 5.77 £ 2.43 and with SFJ reflux, 5.41 + 1.78). SFJ reflux was
not a significant predictor of VCSS score (-0.55 £ 0.33; £=.10). After adjusting for age,
sex, race, ethnicity, and BMI, and using the same -1 and +1 as equivalence boundaries, the
VCSS scores were equivalent between C2 patients with and without SFJ reflux.

In another subset analysis, the mean VCSS score in patients with C3 disease was 7.50 + 2.24
(no SFJ reflux, 8.43 + 2.44 and with SFJ reflux, 7.20 + 2.09). SFJ reflux was a predictor of
VCSS score in patients with C3 disease (-1.27 £ 0.40; £<.002). In an adjusted analysis,
using —1 and +1 as equivalence boundaries, the VCSS scores of C3 patients with SFJ reflux
were not equivalent to those without reflux, and were, in fact lower than those without SFJ
reflux.

DISCUSSION

The JURY (Effect of JUnctional Reflux on the Venous Clinical SeveritY Score) study found
that in patients with GSV reflux selected for vein ablation procedures, VCSS scores were
equivalent between those with and those without accompanying SFJ reflux. A partnership
with the American Venous Forum ensured the participation of a broad variety of high-
volume, high-quality, clinical centers in this effort. This approach permitted the efficient
collection of essential data such as the CEAP scores, VCSS, and detailed ultrasound study
reports in a real-world setting to achieve appropriate sample size and power. Therefore,
patients with C2 or C3 CVI (with GSV reflux with or without SFJ reflux) have similar
disease severity, and one group (those without SFJ reflux) must not be denied consideration
for ablative treatment based solely on this difference.

The characteristics of the 352 patients enrolled in our study were consistent with patients
typically seen in high-volume venous practices, and included an overall mean age of 53.9
years, 74.2% females, 85.8% Caucasian, and a mean BMI of 27.8 kg/m2. The enrolled
patient population was consistent with other large studies evaluating early CEAP-stage CVI
and venous ablation procedures. In one representative study, the mean age of participants
was 52.4 years, 75.6% were female, >90% were Caucasian, and mean BMI was 27.7 kg/
m2.11 In our study, a comparison of the 126 patients without SFJ reflux and 226 patients
with SFJ reflux showed that the mean VCSS score of patients without SFJ reflux was 6.6

+ 2.7 and not significantly different from those with SFJ reflux (6.4 £ 2.1; P=.40). Our
VCSS scores were also consistent with pre-procedural scores of patients with early stage
CVI planned for endovenous ablation in other studies. Brown et al reported a median VCSS
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score of 7 (interquartile range [IQR], 6-10)!!; Shaidakov et al reported a median of 5.94
(IQR, 6.25)12; and Conway et al reported a mean of 5.38 (SD, 2.04).13

Our findings are reliable. Previous studies have found no statistical difference in VCSS
scores between patients with and without SFJ reflux. However, the absence of a statistical
difference alone does not confirm the absence of a difference, because the finding may

also be a function of an inadequate sample size and power (type |1 error). We therefore
determined our sample size a priori to ensure that our analyses had appropriate power. Our
results are clinically relevant. We used an equivalence analysis guided by clinically informed
yet stringent VCSS score boundaries. This ensured that our results identify as equivalent
patients that are viewed as having equivalent disease severity in clinical practice. Our
results are generalizable. We recruited from multiple clinical centers, located in different
geographical locations within the U.S., and receiving treatment at a mixture of academic-
and community-based venous practices. Our sample size and analysis accommodated the
variance expected from observations made at multiple clinical centers as opposed to reports
from single-center experiences. Finally, our results have a reduced probability of being
confounded by differences in patient characteristics among groups. We planned our sample
size to permit analyses adjusted for common sources of confounding such as age, sex, BMI,
and race/ethnicity; and excluded patients with prior DVT, severe medical comorbidities, or
venous ablation in the index limb.

The correlation between VCSS scores and the CEAP classification has been reported to

be modest at best. In one of the largest epidemiologic studies conducted to evaluate this
relationship, 5814 limbs in 2907 screening participants demonstrated a mean VVCSS score of
2.83 (SD, 0.47) and mean C score of 1.4 (SD, 1.2) with only moderate correlation between
them (rs = 0.49). Venous reflux has been found to occur in fewer segments in patients with
early C stage, compared with higher C stage, CVI. In one report segmental reflux was more
common in C0-3 disease, whereas SFJ and more proximal reflux was more common in
C4-6 disease.1* In our study, VVCSS scores in C2 patients were numerically lower, and in C3
patients were statistically lower in those with SFJ reflux compared with those without SFJ
reflux. Our results confirm that disease severity is not necessarily driven by the presence or
absence of SFJ reflux.

Multi-society appropriate use criteria recommend venous ablation in patients with
symptomatic CVI and truncal incompetence to improve their symptoms and quality of life
without consideration for the presence or absence of SFJ reflux as a requirement.1> The
results of our study provide real-world evidence to support that recommendation. Payor
restrictions on treatment coverage contingent on inappropriate anatomic criteria are barriers
to access to appropriate care in symptomatic patients. These restrictions are without merit
and are not based on clinical evidence. In a study of 1882 limbs with varicose veins, 29.4%
of limbs with GSV reflux had a competent terminal valve.1® Therefore, such restrictions are
potentially preventing almost one-third of patients with CVI from receiving appropriate care.
The results of this investigation negate the erroneous presumption that treatment must be
guided by the presence or absence of SFJ reflux. The results of this work must encourage
changes in coverage policies that allow more equitable care for patients with venous disease.
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The JURY study demonstrates how an involved academic society can engage with its
membership to form an effective team to address the needs of the patients they serve

in a real-world setting. Members of major academic societies offer expertise, knowledge,
and access to patients through their active clinics. Academic societies have the ability

to empower their membership by providing the requisite infrastructure to initiate and
accomplish clinical investigations in real-world settings. This study may provide a roadmap
for future larger collaborative intra- and inter-societal endeavors to create high-quality data
that will inform and support best practices in the care of patients with venous disease.

The study recruited some patients through a retrospective chart review and some
prospectively. Therefore, the data are subject to a selection bias. This bias was minimized
by systematically collecting information on all consecutive patients for whom complete
information was available on their clinical features, inclusion-exclusion criteria, C score,
and VCSS scores. The diagnosis of the location of reflux was made based on ultrasound
testing performed at individual clinical sites and could be subject to interoperator variability.
However, the goal of the study was to analyze real-world data, and hence, it reflects actual
clinical practices in busy venous clinics. The determination of the modified VCSS score
can be rater-dependent. However, the variance of our scores was not different, and certainly
not larger than those reported from single centers or from large clinical trials. A majority

of patients had C2 disease, and few clinical comorbidities were noted in our cohort. This,
again, is a reflection of the relatively lower age of patients presenting with venous disease
as compared with arterial disease in general clinical practices. A more focused evaluation in
patients with more advanced venous disease and/or those with significant comorbidities may
help to characterize the importance of SFJ reflux in this smaller group of patients. Other
limitations may be that we did not require the specific reflux time to be recorded. We did
require it to be >500 ms, based on data showing no correlation between reflux time and the
VCSS.17 Further, because we did not require vein diameter to be entered, we do not have
complete data to be able to perform a reliable statistical analysis. We think these data could
be important when considering treatment effect, although literature suggests there is not a
strong correlation between size and VCSS.18 A difference in mean GSV diameter has been
shown in those patients with and without reflux,19 but as all our patients had reflux, we did
not require those data for this study. Finally, the study was designed to assess differences

in clinical presentation by VCSS. Another study is being planned with post-procedural
mid- and long-term follow-up, which will help assess treatment efficacy in both groups of
patients.

CONCLUSIONS

This multi-center study confirms that symptom severity is equivalent in patients with GSV
reflux with or without SFJ reflux. VCSS scores were equivalent in both crude and adjusted
analyses of the entire cohort and in patients with C2 disease. Interestingly, in patients with
C3 disease, VCSS scores of patients with SFJ reflux were significantly lower than those
without SFJ reflux. The absence of SFJ reflux alone should not determine the treatment
paradigm in patients with symptomatic CVI. Patients with GSV reflux who meet clinical
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criteria for treatment should have equivalent treatment coverage regardless of whether or not
they have SFJ reflux.
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ARTICLE HIGHLIGHTS
Type of Research: Multicenter cohort study

Key Findings: The study found that there was no significant difference in
Venous Clinical Severity Scores (VCSS) between patients with and without
saphenofemoral junction (SFJ) reflux. SFJ reflux did not predict VCSS
scores, and the mean VVCSS scores were comparable in both groups (6.4 vs
6.6; P=.40).

Take Home Message: The presence or absence of SFJ reflux should not

be a decisive factor in determining the treatment approach for patients with
chronic venous insufficiency and great saphenous vein reflux. Patients with
great saphenous vein reflux who meet clinical criteria for treatment should
have equivalent treatment regardless of whether or not they have SFJ reflux.
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Fig 1.

Distribution of scores obtained on individual components of the venous clinical severity
score (V/CSS) among patients undergoing venous ablation with isolated reflux in the great
saphenous vein (GSV) vs those with combined reflux in the GSV and the saphenofemoral
junction (SFJ). A, Pain; B, varicose veins; C, edema; D, pigmentation; E, inflammation; and
F, induration scores. Note: The scores for pain, varicose veins, edema, pigmentation, and
inflammation range from 0 to 3, while the scores for induration range from 0 to 2.
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Fig 2.

Page 13

Difference in venous clinical severity scores (VCSS) between patients with combined reflux
in the great saphenous vein (GSV) and the saphenofemoral junction (SFJ) vs those with
isolated reflux in the GSV. The boxes are the mean scores; the lines delimit the 95%
confidence interval around the mean scores. Note: adjusted analysis included adjustments
for age, sex, race, ethnicity, and body mass index (BM/).
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