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Abstract

Objective: Few studies have investigated outcomes after truncal endovenous ablation in patients
with combined deep and superficial reflux and no studies have evaluated patient-reported
outcomes.

Methods: We investigated the short- and long-term clinical and patient-reported outcomes among
patients with and without deep venous reflux undergoing truncal endovenous ablation from 2015
to 2019 in the Vascular Quality Initiative. Preprocedural and postprocedural comparisons were
performed using the £test, /1/2, or their nonparametric counterpart when appropriate. Multivariable
logistic regression models were used to assess for confounding.

Results: A total of 4881 patients were included, of which 2254 (46.2%) had combined deep and
superficial reflux. The median follow-up was 336.5 days. Patients with deep reflux were less likely
to be female (65.9% vs 69.9%; P =.003), more likely to be Caucasian (90.2% vs 86.5%; P =.003)
and had no difference in BMI (30.6 £ 7.5 vs 30.6 6 7.2; £=.904). Additionally, no difference was
seen in rates of prior varicose vein treatments, number of pregnancies, or history of deep venous
thrombosis; however, patients without deep reflux were more likely to be on anticoagulation at the
time of the procedure (10.9% vs 8.1%; P < .001). Patients without deep reflux had slightly higher
median preprocedural Venous Clinical Severity Score (VCSS) scores (8 [interquartile range (IQR),
6-10]) vs 7 [IQR, 6-10]; £=.005) as well as postprocedural VCSS scores (5 [IQR, 3-7] vs 4
[IQR, 2-6]; < .001). The median change in VCSS from before to after the procedure was lower
for patients without deep reflux (3 [IQR, 1.0-5.5] vs 3.5 [IQR, 1-6]; £=.006). Total symptom
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score was higher for patients without deep reflux both before (median, 14 [IQR, 10-19] vs
median, 13.5 [IQR, 9.5-18]; £=.005) and postprocedurally (median, 4 [IQR, 1-9] vs median,
3.25[IQR, 1-7]; £<.001), but no difference was seen in change in symptom score (median, 8
[IQR, 4-13] vs median, 9 [IQR, 4-13]; P=.172). Patients with deep reflux had substantially
higher rates of complications (10.4% vs 3.0%; P < .001), with a particular increase in proximal
thrombus extension (3.1% vs 1.1%; P< .001). After controlling for confounding, this estimate of
effect size for any complication increased (odds ratio, 5.72; 95% confidence interval, 2.21-14.81;
P <.001).

Conclusions: No significant difference is seen in total symptom improvement when patients
undergo truncal endovenous ablation with concomitant deep venous reflux, although a greater
improvement was seen in VCSS score in these patients. Patients with deep venous reflux had a
significantly increased rate of complications, independent of confounding variables, and should be
counseled appropriately before the decision for treatment.

Keywords

Chronic venous insufficiency; Deep venous reflux; Endovenous ablation

Disease of the superficial venous system of the lower extremities is common, with current
estimates of prevalence as high as 30%.1 Superficial venous insufficiency has multiple
important long-term health effects, including venous stasis ulceration, which effects up to
1% of the population, as well as pain, skin changes, and swelling, which can have important
effects on patient’s quality of life.2 In addition, lower extremity superficial venous
insufficiency represents an important economic entity, leading to direct medical expenditures
on the order of $1 billion annually in the United States alone.3

Concomitant reflux of the deep and superficial venous system is common in this population,
with recent estimates as high as 48% in a subgroup of patients with venous ulceration.> Prior
studies have suggested that superficial venous reflux may lead to deep venous reflux and that
patients with deep venous reflux tend to have worse superficial venous disease.6-8
Additionally, ablation of the superficial venous system has been shown to improve reflux in
the deep venous system.5° However, the effect of this combination of venous incompetence
on patient symptoms, their response to endovenous truncal ablation, as well as postoperative
complications has not been well-studied, with prior work being limited to small patient
series and short-term assessment of outcomes. 10

Our hypothesis was that patients undergoing superficial endovenous ablation of the truncal
veins in the Vascular Quality Initiative (VQI) Varicose Vein Registry (VVR) who had
concomitant deep vein reflux would have worse patient reported outcomes compared with
those with isolated superficial venous reflux. Additionally, we hypothesized that patients
with concomitant deep and superficial venous reflux would suffer from complications at
higher rates compared to those undergoing truncal endovenous ablation for isolated
superficial venous reflux.
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Study design.

The VQI consists of 12 major vascular procedural registries, one of which is the VVR,
which is prospectively collected and was retrospectively reviewed for this study.11-13 The
VQI VVR tracks data on superficial venous procedures. Inclusion criteria include patients
who underwent procedures to ablate truncal veins using radiofrequency or laser in the lower
extremity between 2015 and 2019. Patients who underwent procedures from 2014 were
excluded because these data were entered into the registry retrospectively. Patients who
underwent concomitant sclerotherapy or phlebectomy or who underwent treatment of
nontruncal veins were also excluded from this analysis to minimize confounding. However,
as a sensitivity analysis, we repeated the analysis without excluding patients who underwent
concurrent sclerotherapy and/or phlebectomy. These results are shown in the Supplemental
Figures. Cases are entered, and follow-up includes one early follow-up (0-3 months) and
one late follow-up (>3 months after the procedure). At initial reporting, Clinical, Etiologic,
Anatomic, and Physiologic (CEAP) class and Venous Clinical Severity Score (VCSS) are
recorded for both legs.1#15 Follow-up reporting includes the treated leg’s CEAP class and
VCSS along with outcomes. Data regarding the occurrence of specific postoperative
complications are included in the VQI VVR data entry process. The presence of deep
venous reflux is collected and separately recorded for each leg. Deep reflux for each leg in
the VVR is defined as reflux for more than 1.0 seconds in the deep veins of that lower
extremity. Superficial venous reflux is defined in the VVR as more than 0.5 seconds.

Patients also complete a quality-of-life survey before the procedure and then at follow-up.
This survey defines seven different parameters, including leg heaviness, achiness, swelling,
throbbing, itching, appearance, and work impact, and asks the participant to grade each
parameter on an ordinal scale (from 0 [none of the time] to 5 [all of the time]).

Each patient-reported outcome was rated on a scale of 0 to 4 or 5, depending on the specific
outcome. For heaviness, achiness, swelling, throbbing, and itching, the scale was as follows:
0, none of the time; 1, a little of the time; 2, some of the time; 3, a good bit of the time; 4,
most of the time; and 5, all of the time. For appearance, the scale was as follows: 0, not at all
noticeable; 1, slightly noticeable; 2, moderately noticeable; 3, very noticeable; and 4,
extremely noticeable. For impact on work/activity, the scale was as follows: 0, none; 1,
symptoms but full work/activity; 2, mildly reduced work/activity; 3, moderately reduced
work/activity; 4, severely reduced work/activity; and 5, unable to do work/activity. The total
possible scores range from 0 to 34.

This patient-reported outcomes assessment instrument resembles the HASTI instrument,
which has been validated previously, with the addition of the impact on work/activity
questions.16 Prior studies detail the usefulness of this instrument in the assessment of
disease-specific quality of life for patients with chronic venous insufficiency.11-13

Patient demographic, diagnostic, preoperative, intraoperative, and postoperative data were
collected prospectively by trained support staff at each center. Patients were included who
underwent procedures from 2015 to 2019. There are webinars to train data managers, online
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support staff to field questions about all the variables, and strong data definitions. Entry of
consecutive procedures by each participating center is ensured by annual audit against
hospital claims data submitted by each center. VQI data forms contain error tracking
software to prevent erroneous entry. Data that are entered are periodically checked for
statistical aberration. Data that seem to be in error are then audited within centers to ensure
accuracy and completeness. The University of Michigan Institutional Review Board waived
the need for review, and informed consent of the patient was waived for this exempt
analysis.

Statistical analysis.

Patient demographics as well as procedural and clinical characteristics are described using
summary statistics. Categorical variables are presented as frequency counts with percentages
and continuous variables are presented as mean + standard deviation or median with
interquartile range. Student’s £tests and 12 tests, or their nonparametric counterparts when
the underlying distribution was non-normal as determined by Q-Q plot assessment, were
used to compare continuous and categorical variables, respectively. For the multivariable
models, covariates significant at a 2 value of less than .30 in the univariate analysis were
included in a multivariable logistic regression model. Statistical significance was established
at an alpha level of 0.05 throughout with Bonferroni adjusted P values reported for the
univariate tests to adjust for multiple comparisons. Stata version 16 (StataCorp LP, College
Station, Tex) was used for all analyses.

RESULTS

Characteristics of patients undergoing endovenous ablation.

A total of 4881 patients were included in the analysis, of which 2254 (46.2%) were
identified as having concomitant deep venous reflux. Follow-up was longer in the group
without deep reflux, with a median of 319 days, compared with the group with deep reflux,
with a median of 182 days (P = .018) Patients with deep reflux were less likely to be female
(65.9% vs 69.9%; £=.003), more likely to be white (90.2% vs 86.5%; P < .001), and less
likely to be receiving anticoagulation (8.1% vs 10.9%; P < .001). Additionally, patients with
deep reflux were less likely to routinely use compression therapy (£ < .001) (Table I) and
had a flatter distribution of CEAP classification (P < .001) (Fig 1). No significant differences
were seen among patients included with respect to age, body mass index, history of varicose
vein treatment, history of deep venous thrombasis, or number of prior pregnancies. Similar
results were found during a sensitivity analysis including patients who also underwent
sclerotherapy and/or (Supplementary Table I, online only).

Procedural and patient-reported outcomes.

The comparison of distribution of CEAP postprocedurally followed a similar pattern to the
preprocedural distribution, whereby patients with deep venous reflux were more likely to be
at the extremes of the classification (shown specifically in Fig 1; £<.001). The inclusion of
patients who underwent sclerotherapy and/or phlebectomy increased the relative proportion
of patients in the C2 and C3 categories seen in Supplementary Fig 2 (online only).
Preprocedural VCSS was lower among patients with concomitant deep venous reflux
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(median, 7 [IQR, 6-10] vs median, 8 [IQR, 6-10]; P =.005) as was the postprocedural
VCSS (median, 4 [IQR, 2-6] vs median, 5 [IQR, 3-7]; £<.001). This was accompanied by
a significantly greater improvement in VCSS score among patients with deep venous reflux
(median, 3.5 [IQR, 1-6] vs median, 3 [IQR, 1.0-5.5]; £=.006).

The total symptom score was significantly lower among patients with deep venous reflux
(median, 13.5; IQR, 9.5-18) compared with patients without deep venous reflux (median,
14; IQR, 10-19; P=.005). Significant improvement was seen for both groups after
treatment, with postprocedural total symptom scores significantly lower in the deep reflux
group compared with the group without deep venous reflux (median, 3.25 [IQR, 1-7] vs
median, 4 [IQR, 1-9]; £<.001). When investigating improvement in total symptoms, no
difference was seen between groups (median, 9 [IQR, 4-13] for patients with deep venous
reflux vs median, 8 [IQR, 4-13] for patients without deep venous reflux; £=.172). These
data are shown graphically in Fig 2.

A multivariable logistic regression model was built to investigate potential for confounding
of the relationship between deep reflux and improvement in VCSS. Table Il includes a
summary of the results from this model. Patients who underwent procedures in 2019 were
significantly less likely to report improvement in VCSS (odds ratio [OR], 0.21; 95%
confidence interval [C1], 0.068-0.28; P< .001), as were patients with more severe disease by
CEAP classification (OR, 0.51; 95% ClI, 1.29-80.69, for patients with C6 disease compared
with the reference category C2 disease; £ < .001). Supplementary Fig 1 (online only) shows
the predicted probabilities for any complication stratified by presence or absence of deep
reflux across the different C classifications. As is shown, patients with deep reflux had a
significantly higher predicted probability of complication across all levels of C
classification. Interestingly, the odds of improvement in VCSS were less likely for
increasing compliance with compression therapy (intermittent OR, 0.29 [95% CI, 0.15-0.59;
P =.001]; most days OR, 0.09 [95% CI, 0.04-0.18; P< .001]; and every day OR, 0.05 [95%
Cl, 0.03-0.10; P< .001]). After controlling for these confounding variables, the presence of
concomitant deep venous reflux was not associated with improvement in VCSS (OR, 1.09;
95% Cl, 0.79-1.49; P=.602). Supplementary Table Il (online only) shows the results of the
multivariable analysis including patients who underwent phlebectomy and/or sclerotherapy
with ablation. The results were similar to the previous analysis.

Systemic and procedure-specific complications.

Major complications such as allergic reactions, pulmonary embolism, systemic infections,
cerebrovascular accidents, migraines, visual disturbances, couch/chest tightness, transient
ischemic attacks, and death were extremely uncommon (n = 6 for the entire cohort), and as
such no statistical comparisons could be made for this outcome. On univariate analysis,
patients with concomitant deep venous reflux had a significantly higher rate of procedure-
specific complications (10.4%) compared with patients without deep venous reflux (3.0%; P
<.001). When investigated individually, no difference was seen in the rates of deep venous
thrombosis, bleeding requiring intervention, skin blistering, or hematoma. However, patients
with deep venous reflux were more likely to suffer from paresthesias (2.5% vs 0.7%; P
<.001), skin pigmentation (1.2% vs 0.4%; P=.023), superficial phlebitis (2.0% vs 0.9%; P
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=.018), wound infection (0.8% vs 0.2%; P=.040), and proximal thrombus extension (3.1%
vs 1.1%; P<.001) (Fig 3).

Results from a multivariable logistic regression model to assess the effect of deep reflux on
the rate of total complications after controlling for confounding factors is shown in Table Il1.
An increasing number of pregnancies was associated with a higher OR for complications,
although patients with a history of 4 four pregnancies were the only group to reach statistical
significance compared with the reference range of 0 (OR, 10.26; 95% CI, 1.07-98.50; P
=.044). All other factors investigated were not predictive of complications, except for the
presence of deep venous reflux, which had an OR of 5.72 (95% Cl, 2.21-14.81; P<.001).

DISCUSSION

The effect of concomitant reflux of the deep venous system in patients with lower extremity
superficial venous insufficiency has not been studied well previously, but the results from
our study show a significantly increased rate of complications among these patients relative
to patients without reflux of the deep venous system. Importantly, this association remained
even after controlling for potentially confounding variables such as age, number of
pregnancies, and compliance with compression therapy, among others. Specifically,
increased rates of paresthesia, superficial phlebitis, wound infections, and proximal
thrombus extension were seen among patients with concomitant deep venous reflux. One
seemingly likely explanation is that venous stasis and increased swelling of the lower
extremity leads to simultaneous lymphatic insufficiency, commonly referred to as
phlebolymphedema, predisposing patients to superficial phlebitis as well as superficial
wound infections.1”18 Additionally, stasis of the deep venous system likely predisposes
these patients to proximal thrombus extension after ablation of the truncal veins. Increased
risk of thrombus extension represents a potentially preventable outcome and has substantial
implications for competing risk assessment in these patients. Given the substantially higher
rate of thrombus extension, we suggest having a careful discussion regarding these risks with
individual patients and use these data to weight alternative nonablative procedures for the
treatment of superficial venous ablation in patients with concomitant deep venous reflux. We
found a high proportion of concomitant deep venous reflux among patients included in this
study, which may be representative of the highly specialized centers that participate in the
VVR and not representative of the wider population of patients suffering from superficial
venous reflux. Although this factor may result in an over-estimate of prevalence, it allows
this cohort to serve as an enriched population to detect the effect of concomitant deep
venous reflux on outcomes after truncal ablation.

Compliance with compression therapy was associated with a decreased odds of
improvement in the VCSS. Although significant overlap exists in the CI for increasing time
of compression therapy, there does seem to be a dose-response relationship. Overlap may
exist in the potential treatment effect of compression stockings and ablation, such that those
who would benefit from ablation would also benefit from compression therapy, but with
exclusive mechanisms of improvement. In this way, ablation may serve as an alternative
therapy for superficial reflux in patients who are noncompliant with compression therapy but
add little effect to those who routinely use compression therapy. The results of our
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multivariable model suggest that this effect is consistent across groups with or without
concomitant deep venous reflux.

Contrary to our hypothesis, no difference was seen in the magnitude of improvement in
patient-reported outcomes between those with and without deep venous reflux. We found
differences in preprocedural scores between the two groups, but the absolute magnitude of
the differences were below a single point on the 34-point scale used in the VVVR and likely
represent statistically but not clinically significant differences between the two groups. The
explanation for the lack of effect of concomitant reflux on patient-reported outcomes
requires further characterization of the relative contribution of severity of reflux in the deep
and superficial venous systems to development of the various symptoms tested in this study,
but it may be that reflux of the deep venous system contributes to the complications, as
described elsewhere in this article, while simultaneously having little impact on the
symptoms that develop superficially.

Limitations to this study include those inherent to the VVQI registry. The VVR is an
extremely detailed database that captures a significant breadth of clinically important
factors, but unmeasured variables may still exist that explain the associations seen here. We
also were unable to study the effect of tributaries and their treatment on the outcomes in this
study as these are not captured in the VVR.

The VVR collects information regarding the presence or absence of reflux within the deep
venous system, but unfortunately does not contain information regarding the location of
reflux if it is present. In this way, we cannot assess the effect that the presence of reflux at
different anatomic locations may have on the outcomes included in this study. In the event
that the presence of deep reflux at only specific locations confers the effects seen in this
study, our results would only be biased toward the null rather than over-estimating the effect
size.

Prior results suggest that ablation of the superficial venous system can result in resolution of
reflux in the deep venous system in a substantial portion of patients.®® The VVR does not
capture postoperative ultrasound data, and we are therefore unable to calculate rates of deep
venous reflux resolution in this cohort. Without these data, we are unable to estimate the
effect of deep venous reflux resolution on the outcomes assessed in this study, including its
relationship with development of proximal thrombus extension, patient-reported outcomes,
as well as the other complications captured in this registry. In the event that the resolution of
reflux in the deep venous system results in no difference in outcomes, our estimates would
be biased toward the null rather than inflated in their magnitude. We conclude that
concomitant deep venous reflux results in at least a five-fold increased odds of complication
compared with patients without deep reflux, but that this effect may in actuality be greater
depending on the rate and effect of deep reflux resolution on complication rates.

Additionally, because the VVR is a procedural database, there may be a selection bias
against patients who were not offered surgery for the treatment of their lower extremity
venous disease. Finally, we excluded patients who underwent sclerotherapy or phlebectomy;,
as well as those who underwent only treatment of nontruncal veins, which may limit the
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generalizability of these results. We performed a sensitivity analysis to determine the effect
of including patients with sclerotherapy and phlebectomy in the cohort as seen in the
Supplementary Figures (online only), and we found significant differences in the results of
the univariate proportions or point estimates for the multivariable model of improvement in
VCSS, including the effect of disease severity, despite the fact that including these patients
increased the proportion of the overall cohort with C2 disease. This finding suggests that the
effects seen in this analysis are present for those patients independent of preoperative C
classification.

Our results underscore the importance of identifying concomitant deep venous reflux among
patients undergoing truncal endovenous ablation, primarily to inform the patient of increased
risks and to attempt to mitigate them. Given the significant increase in postoperative
complications identified in this study, further research should focus on elucidating the
mechanisms involved and working toward strategies of mitigation. Additional work is
required to understand the contribution of deep venous reflux to complications, the impact of
anatomic location of deep reflux on outcomes, the effect of deep venous reflux resolution
after ablation, and whether patients in this group should undergo treatment of the deep or
superficial venous system or whether different options may better serve this group at clearly
significant risk of postoperative complication.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ARTICLE HIGHLIGHTS

Type of Research: Retrospective analysis of prospectively collected registry
data (Vascular Quality Initiative)

Key Findings: Concomitant deep and superficial venous reflux is common,
present in 46% of all patients undergoing truncal endovenous ablation.
Patients with concomitant reflux have worse patient-reported outcomes, but
similar improvements after treatment. Complications were significantly more
common among those with concomitant reflux compared with those with
superficial venous reflux alone (10.4% vs 3.0%).

Take Home Message: Patients with combined reflux in the deep and
superficial venous systems have substantial improvement after truncal
endovenous ablation, but suffer significantly higher rates of complications.
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cohort as a percentage. P values of less than .05 are noted with an asterisk.

J Vasc Surg Venous Lymphat Disord. Author manuscript; available in PMC 2022 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Brown et al. Page 12
A Total Symptom Score B VCSS
20 = 15—
o
O 154 I X Il No Deep Reflux
O
(7] g 10 3 Deep Reflux
g 10- * § * ) * p<0.05
B 5o ]
: -
(/2]
0_ I 1 0— T T .
A » e Pre Post Change
&S °
# o oy
€
& &
Q Q°
Fig 2.

Comparison of total symptom score as well as Venous Clinical Severity Score (VCSS)
among patients with and without deep reflux. A, Total symptom score and (B) VCSS in the
preprocedural and postprocedural periods as well as the difference of the two, displayed here
as change. Pvalues of less than .05 are noted with an asterisk.
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Fig 3.

Comparison of complication rates among patients with and without deep reflux. A,

Page 13

Il No Deep Reflux
O Deep Reflux
* p<0.05

Individual procedure specific complication rates and (B) overall procedure-specific
complication rates. Pvalues of less than .05 are noted with an asterisk. DV7, Deep vein

thrombosis.
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Multivariable analysis for predictors of improvement in Venous Clinical Severity Score (VCSS) among

patients with and without deep reflux

Characteristics OR 95% CI P value
Deep vein reflux 1.09 0.79-1.49 .602
Year of surgery
2016 0.68 0.47-1.16 121
2017 0.97 0.57-1.39 .899
2018 0.67  0.38-0.95 .099
2019 0.21 0.068-0.28  <.001
Age (per year) 099 0.99-1.01 .310
BMI (per point) 0.97  0.96-1.00 .010
No. of pregnancies
0 REF REF REF
1 140 0.68-1.93 .257
2 112 0.64-1.53 .641
3 0.97 0.48-1.22 .903
4 0.71  0.32-1.01 .284
5 0.77  0.36-1.75 54
6 222 0.60-3.56 112
Non-white race 132 0.59-1.45 .256
Prior varicose vein procedure 0.71  0.49-1.01 .058
History of DVT 112 0.55-2.31 754
Preoperative VCSS (per point)  1.83  1.44-1.70 <.001
Preoperative CEAP
2 REF REF
3 0.6 3.42-41.24 .012
4 0.26 2.22-23.08  <.001
5 0.75 1.34-13.77 .789
6 051 1.29-80.69  <.001
Compression compliance
Never REF REF
Intermittent 0.29  0.15-0.59 .001
Most days 0.09 0.04-0.18 <.001
Every day 0.05 0.03-0.10 <.001

Table Il.
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BMI, Body mass index; C/, confidence interval, CEAP, Clinical, Etiologic, Anatomic, and Physiologic; DV, deep venous thrombosis; OR, odds

ratio.
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Multivariable analysis for predictors of any complication among patients with and without deep reflux

Table lll.

Characteristics OR 95% ClI P value
Deep vein reflux 5.72 2.21-14.81 <.001
Year of surgery
2016 0.35 0.08-1.48 154
2017 0.83 0.28-2.49 743
2018 0.34 0.11-1.09 .069
2019 0.64 0.15-2.72 .545
Age (per year) 0.98 0.94-1.01 144
BMI (per point) 1.06 1.00-1.12 .040
No. of pregnancies
0 REF REF REF
1 3.95 0.38-41.01 .250
2 4.29 0.51-36.17 .180
3 6.09 0.70-53.37 .103
4 10.26  1.07-98.50 .044
5 526 0.27-101.53 272
6 13.64 0.99-187.49 .051
Non-white race 131 0.46-3.73 .609
Prior varicose vein procedure 1.27 0.49-3.28 617
History of DVT 0.93 0.17-5.22 .934
Anticoagulation 0.78 0.09-6.99 .822
Preoperative VCSS (per point) ~ 0.92 0.74-1.13 422
Preoperative CEAP
2 REF REF REF
3 0.43 0.16-1.13 .087
4 0.67 0.15-3.04 .599
5 — — —
6 115  0.07-20.02 923
Compression compliance
Never REF REF
Intermittent 0.41 0.05-2.82 .363
Most days 2.49 0.52-11.92 .252
Every day 1.17 0.30-4.55 .822

Page 16

BMI, Body mass index; CEAP, Clinical, Etiologic, Anatomic, and Physiologic; C/, confidence interval; DVT, deep venous thrombosis; OR, odds
ratio; VCSS, \enous Clinical Severity Score.
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