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ABSTRACT

Background: We have recently demonstrated in a large patient cohort that the prevalence and severity of reflux will
improve in most limbs after stenting and that most limbs will not develop new-onset reflux. In the present report, we
have focused on the long-term clinical outcomes associated with untreated reflux in the same patient cohort who had
undergone iliofemoral venous stenting without correction of residual reflux.

Methods: The clinical outcomes data from 1379 limbs treated with only iliac vein stenting without correction of superficial
or deep reflux from 1997 to 2018 were analyzed (23-year follow-up period). Of the 1379 limbs, 632 (46%) had had pre-
existing reflux before stenting and 747 (54%) had did not. The reflux data (reflux segmental score, air plethysmography,
ambulatory venous pressure) for these patients have been previously reported in detail. The subsets were compared
perioperatively with each other using the following variables: grade of swelling, visual analog scale for pain score, venous
clinical severity score, venous stasis dermatitis, ulceration, and quality of life measures.

Results: Both groups demonstrated improvements in the venous clinical severity score, grade of swelling, visual analog
scale score, and quality of life. No differences were found in ulcer healing (5% vs 3% for limbs with and without prestent
reflux, respectively) and resolution of dermatitis (6% vs 5% for limbs with and without prestent reflux, respectively) be-
tween the two groups. Of the 632 limbs with preexisting reflux, 218 (34%) had had axial reflux and 414 had had nonaxial
reflux (66%). The clinical outcomes were similar between the two groups. Using a multisegment reflux score, the limbs
with prestent reflux (n = 632) were divided into two groups. A segmental score of =3 indicated severe reflux and a score
of <3 indicated moderate reflux. Of these 632 limlbs, 161 (25%) had severe reflux and 471 (75%) had moderate reflux. The
two groups demonstrated similar outcomes for most clinical parameters. The post-thrombotic limbs and honthrombotic
limlos also showed similar outcomes.

Conclusions: The long-term follow-up of patients after iliac vein stenting showed that uncorrected reflux is well tolerated
by most patients across most clinical measures. (J Vasc Surg Venous Lymphat Disord 2022;m:1-8.)
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Peripheral venous hypertension (PVH) can occur as a
consequence of obstruction, reflux, or, less often, high
arterial inflow. Many patients with chronic venous insuffi-
ciency will have a combination of obstruction and reflux.'
Obstruction appears be the dominant factor in PVH, with
reflux playing a smaller role. lliofemoral vein stenting re-
duces PVH by relieving the venous obstruction. However,
the relationship between iliofemoral venous obstruction,
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correction of such obstruction, and its effects on valvular
reflux has remained unclear.>

It has been speculated that iliofemoral venous stenting
might worsen the reflux parameters and that iliofemoral
venous obstruction might actually be protective against
reflux by acting as a “buffer.”® One prior study showed a
worsening of the reflux parameters in a small subset of
post-thrombotic limbs after iliac venous stenting.” How-
ever, our prior experience, and that of other groups, did
not show worsening of venous reflux hemodynamics af-
ter correction of iliac obstruction.2'° More recently, we
have demonstrated in a large patient cohort that the
prevalence and severity of reflux will improve in most
limbs after stenting and most limbs will not develop
new-onset reflux after stenting. The reflux had
completely resolved after stenting in 23% of the limbs
with reflux before stenting, as measured using the reflux
multisegment score.® New-onset reflux developed infre-
guently, with a median incidence of 7% for all sesgments
at risk.”

To the best of our knowledge, the long-term clinical
outcomes associated with the correction of chronic
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iliofemoral venous obstruction in the presence of uncor-
rected reflux have not been studied in detail in a larger
patient cohort for whom reflux testing data (reflux
segment score, air plethysmography and ambulatory
venous pressure) were also available. These reflux testing
data have been recently reported.® In the present report,
we have focused on the long-term clinical outcomes in a
large patient cohort who had undergone iliofemoral
venous stenting without correction of any type of reflux.

METHODS

Setting and patients. We performed a retrospective
analysis at a tertiary care venous center. The institutional
review board approved the report of de-identified data.
From 1997 to 2018 (21-year period), 3532 patients (3637
limbs) had undergone endovenous stenting for CIVO.
Patients with stent occlusion (n = 103), patients who had
undergone superficial, deep, or perforator venous inter-
vention before or after stent placement (n = 1512), and
those with missing reflux measurements (n = 635) were
excluded.® After the exclusions, 1379 limbs with objective
reflux data available, which have been previously re-
ported,® were included in the present study.

Reflux assessment. Duplex ultrasound, reflux thresh-
olds, and functional tests of reflux (air plethysmography
and ambulatory venous pressure) have been previously
described in detail ®

Patient subsets. Stratified by the presence or absence
of reflux before stenting, two groups were compared:
limbs with preexisting reflux (n = 632; 46%) and limbs
without preexisting reflux (n = 747; 54%). After stenting,
four subsets of limbs were available for comparison: (1)
limbs with complete resolution of reflux after stenting
(n =148); (2) limbs with partial resolution or improvement
of reflux after stenting (n = 131); (3) limbs without resolu-
tion of reflux or worsening of reflux after stenting
(n = 353); and (4) limbs with development of new-onset
reflux after stenting (n = 167).

lliac vein stenting. lliac vein stenting was the only pro-
cedure performed in the present patient cohort. Superfi-
cial and deep reflux were not corrected. The indications,
technique, clinical follow-up, and stent surveillance pro-
tocols have been previously described in detail.>""* Once
available, intravascular ultrasound, which is more sensi-
tive than venography, was used to guide all venous in-
terventions."*'®

Clinical variables. The subsets were compared perioper-
atively for the following clinical variables: grade of swelling
(GOS), visual analog scale (VAS) for pain, venous clinical
severity score (VCSS), venous stasis dermatitis, ulceration,
and quality of life (QOL) measures. GOS was classified as
follows: grade O, absent; grade 1, pitting but overall not
obvious; grade 2, visible ankle edema; grade 3, involving
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ARTICLE HIGHLIGHTS

- Type of Research: A single-center, retrospective
analysis of prospectively collected longitudinal study

- Key Findings: The clinical outcomes for 1379 limbs
treated with iliac vein stenting during a 23-year
follow-up period were analyzed. No significant differ-
ences were found in the clinical outcomes across
most clinical parameters between the limbs with
(n = 632) and without (n = 747) prestent reflux.

- Take Home Message: Long-term follow-up of pa-
tients after iliac vein stenting showed that uncorrec-
ted reflux is well tolerated by most patients across
most clinical measures.

the leg below the knee; and grade 4, involving the whole
limb. Pain was assessed using the VAS, with a score of O to
10, with O indicating no pain and 10 indicative of the most
severe pain. QOL was assessed using the CIVIQ (chronic
venous insufficiency questionnaire)®” An ulcer was
considered healed only if complete epithelialization
(100%) had occurred. Ulcers with any breakdown after
healing were ulcer recurrences. The distinction between
post-thrombotic and nonthrombotic lesions was deter-
mined using intravascular ultrasound.

Other variables. The reflux segment score is computed
by the presence of reflux in the vein segments, with one
point each assigned to the great saphenous vein, small
saphenous vein, perforator vein, femoral vein, deep
femoral vein, popliteal vein, and posterior tibial vein. A
score of O was indicative of no reflux and a score of 7 indi-
cated reflux in all seven segments. The grade of reflux us-
ing reflux segment scoring has been shown to correlate
with clinical severity.*®'81° A reflux multisegment score
of =3 was considered indicative of severe reflux and a
score of <3 indicative of moderate reflux.? The presence
of reflux in the great saphenous vein above and below
the knee or in the femoral vein to the popliteal vein
below the knee was considered axial reflux.®

Statistical analysis. The ¥? test and t test were used for
comparison of the proportions and continuous variables,
respectively. Analysis of variance was used as appro-
priate. Ulcer healing and dermatitis resolution were
further shown in Kaplan-Meier survival curves. All curves
were truncated when the standard error of the mean
had exceeded 10%. An event was defined as ulcer heal-
ing or dermatitis resolution. A grace period of 4 months
was allowed for ulcer healing and dermatitis resolution,
at which point, unhealed ulcers and continued derma-
titis were censored. Commercially available software,
Prism 5 (GraphPad Software Inc, San Diego, CA), was
used for statistical analyses. P < .05 was considered sig-
nificant for the associations.
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Table I. Clinical outcomes observed for various clinical parameters stratified by prestent reflux

Prestent reflux Before stenting

No (n = 747)
VCSS 5+32
GOS 2+11
VAS score 5+ 34
QOL 61 + 237
Ulcers 48 (6)
Dermatitis 77 (10)

Yes (n = 632)
VCSS 7 + 3.6
GOSs 2 *+11
VAS score 4+ 33
QOL 62 + 232
Ulcers 85 (13)
Dermatitis 94 (15)

After stenting P value
4*+3 <.0001
2*+13 <.0001
2+28 <.0001

49 + 263 <.0001
25 (3%) .005
36 (5%) .0002
5*+29 <.0001
1+11 <.0001
2+26 <.0001

52 = 26.8 .0002
32 (5%) <.0001
41 (6%) <.0001

GOS, Grade of swelling; QOL, quality of life; VAS, visual analog scale; VCSS, venous clinical severity score.

Data presented as mean * standard deviation or number (%).
Boldface P values represent statistical significance.

RESULTS

The follow-up range for the cohort was 1 to 23 years. The
median follow-up was 4 years. The demographics of the
stented limbs (n = 1379) have been previously described
in detail ®

Clinical parameters and clinical, etiologic, anatomic,
pathophysiologic clinical class. As described, stratified
by the presence of reflux before stenting, two groups
were available for comparison. Of the 632 patients with
prestent reflux, 106 patients (17%) had had CEAP (clinical,
etiologic, anatomic, pathophysiologic) class =C5. Of the
747 patients without prestent reflux, 57 (8%) had had
CEAP class =C5. Ulcers were seen more frequently at
presentation in the group with prestent reflux (n = 85;
13%) than in those without prestent reflux (n = 48; 6%;
P < .0001). Similarly, venous stasis dermatitis was more
frequently observed among the patients with prestent
reflux (n = 94; 15%) than among those without prestent
reflux (n = 77, 10%; P = .004). Within each of the two
groups, significant improvements were observed across
all clinical parameters, including the VCSS, GOS, VAS
score, QOL, ulcer healing, and resolution of stasis
dermatitis (Table I). At the baseline presentation (before
stenting), a comparison of the two groups showed some
differences (Table II). In addition to the incidence of ul-
cers and dermatitis, patients with prestent reflux had
had higher VCSSs (P < .0001) and VAS scores (P = .003)
than those without prestent reflux. However, when the
outcomes after stenting were compared between the
two groups, only the VCSS (P = .01) and GOS (P = .01)
showed statistically significant differences between the
two groups (Table IlI). The two groups had similar

outcomes in the improvements in the VAS, QOL, ulcer
healing, and dermatitis resolution.

Axial vs nonaxial reflux. Among the 632 limlbs with pre-
existing reflux, 218 (34%) had axial reflux and 414 had
nonaxial reflux (66%). At baseline (Table lll), the patients
with axial reflux had higher VCSSs (8 = 4vs 6 = 3; P <
.0001) and a greater incidence of ulcers (18% vs 11%; P =
.01) compared with those with nonaxial reflux. After
stenting, the groups were similar for most clinical out-
comes, including ulcer healing (9% vs 6%; P = .1) and
dermatitis resolution (5% vs 8%; P = .1).

Multisegment reflux score. Using the multisegment
reflux score, the 632 limbs with prestent reflux were
divided into two groups. A segmental score of =3 indi-
cated severe reflux and a score of <3 indicated moderate
reflux. Of the 632 limbs, 161 (25%) had had severe reflux
and 471 (75%) had had moderate reflux (Table V). At
baseline, the patients with severe reflux had had a
greater incidence of active ulceration (25%) compared
with those with moderate reflux (10%:; P < .0001). After
stenting, the two groups were similar for most clinical
outcomes, except for ulcer healing. The limbs with severe
reflux had more nonhealing ulcers than the moderate
reflux group (16% vs 4%; P < .0001).

Post-thrombotic vs nonthrombotic limbs. A compari-
son between the post-thrombotic limbs (n = 687; 50%)
and nonthrombotic limbs (h = 692; 50%) showed sta-
tistically significant differences (Table V) between the
two groups in the presence of ulcers at baseline (11% vs
8%; P = .02) and the subsequent healing of ulcers after
stenting (5% vs 3%; P = .03).
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Table Il. Comparison of clinical outcomes stratified by prestent reflux

Clinical parameter
VCSS

Prestent reflux

Before stenting

Yes
No 5+32
GOSs
Prestent reflux
Yes 2 *+11
No 2 +11
VAS score
Prestent reflux
Yes 4+ 34
No 5+ 34
QOL
Prestent reflux
Yes 62 *+ 232
No 61 = 237
Ulcers

Prestent reflux

Yes 85 (13)
No 48 (6)
Dermatitis

Prestent reflux
Yes 94 (15)
No 77 (10)

mmm 2022
P value After stenting P value
<.0001 .01
4 +29
4 + 3
1 .01
11
+13
.003 2
6
+28
7 1
52 = 26.8
49 + 263
<.0001 .05
32 (5)
25 (3)
.004 4
41 (6)
36 (5)

GOS, Grade of swelling: QOL, quality of life; VAS, visual analog scale; VCSS, venous clinical severity score.

Data presented as mean =+ standard deviation or number (%).
Boldface P values represent statistical significance.

Other post-stent groups. We also compared four other
groups stratified by reflux status after stenting. After
stenting, four subsets of limbs were available for compar-
ison: group 1, limbs with complete resolution of reflux af-
ter stenting (n = 148); group 2, limbs with partial
resolution or improvement of reflux after stenting
(n = 131); group 3, limbs without resolution of reflux or
worsening of reflux after stenting (n = 353); and group
4, limbs with the development of new-onset reflux after
stenting (n = 167). These groups were compared by the
clinical parameters at baseline (Supplementary Table |,
online only) and after stenting (Supplementary Table I,
online only). The clinical outcomes after stenting were
similar among the four groups.

Ulcer healing and dermatitis resolution. Overall, the
rate of ulcer healing and dermatitis resolution for the
entire cohort (patients with and without prestent reflux)
was >60%. The cumulative rates of ulcer-free limbs and
dermatitis-free limbs are shown in Supplementary Figs 1
and 2 (online only).

DISCUSSION

The results from the present study have demonstrated
that the clinical outcomes will not differ significantly be-
tween the limbs with and without reflux before stenting
across most clinical measures for most patients. As a
stand-alone procedure, stenting will produce satisfactory
clinical outcomes even in the presence of uncorrected
reflux. Therefore, in the long term, the correction of su-
perficial or deep reflux might be required less frequently.
In addition, initial stent treatment will not prohibit later
correction of reflux in the rare cases of stent failure,
including for patients with active venous ulceration
(CEAP class C6).?' The treatment of superficial reflux is
minimally invasive and low risk and can be easily under-
taken if stenting has failed to produce the desired clin-
ical outcome, which has been rare for patients who
have been appropriately and rigorously selected for
endovenous stenting. We have previously described
methods of quantifying saphenous reflux in detail.??
Detailed guidelines have been provided by the Society
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Table IlIl. Comparison of clinical outcomes for those with axial reflux (n = 218) and nonaxial reflux (n = 414)

Clinical parameter Before stenting P value After stenting P value

VCSS <.0001 3
Axial reflux 8+ 4
Nonaxial reflux 6+3 4+3

GOSs .03 .003
Axial reflux 2 +1 1+1
Nonaxial reflux 2 +1 1+1

VAS score .6 8
Axial reflux 5+3
Nonaxial reflux 4+3 2+3

QOL .6 7
Axial reflux 64 = 21 53 + 27
Nonaxial reflux 61 = 24 52 = 27

Ulcers .01 1
Axial reflux 40/218 (18) 19/218 (9)
Nonaxial reflux 45/414 (11) 26/414 (6)

Dermatitis 3 1
Axial reflux 36/218 (17) 10/218 (5)
Nonaxial reflux 59/414 (14) 32/414 (8)

GOS, Grade of swelling; QOL, quality of life; VAS, visual analog scale; VCSS, venous clinical severity score.
Data presented as mean = standard deviation or number/total (%).
Boldface P values represent statistical significance.

for Vascular Surgery/American Venous Forum regarding resolution of the reflux, and, at present, there are no
the thresholds for saphenous vein reflux treatment.? widely available and satisfactory endovenous options
Deep reflux still requires open correction for satisfactory for the correction of deep reflux. Also, a steady

Table IV. Comparison of clinical outcomes for patients with moderate (n = 471) and severe (n = 161) reflux®

Clinical parameter Before stenting P value After stenting P value

VCSS <.0001 .0007
Severe reflux 8 *4 5+3
Moderate reflux 6+3 4+3

GOS 1 4
Severe reflux 2x1 1+1
Moderate reflux + 1+1

VAS score .6 8
Severe reflux 3 12
Moderate reflux 5+3 2+3

QOL 2 8
Severe reflux 58 + 23 52 = 28
Moderate reflux 64 + 23 52 + 26

Ulcers <.0001 <.0001
Severe reflux 40/161 (25) 25/161 (16)
Moderate reflux 45/471 (10) 18/471 (4)

Dermatitis 1 .6
Severe reflux 30/161 (19) 9/161 (6)
Moderate reflux 64/471 (14) 32/471 (7)

GOS, Grade of swelling; QOL, quality of life; VAS, visual analog scale; VCSS, venous clinical severity score.
Data presented as mean = standard deviation or number/total (%).

Boldface P values represent statistical significance.

?Segmental score =3 indicated severe reflux and a score of <3 indicated moderate reflux.
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Table V. Comparison of clinical outcomes between post-thrombotic (n = 687) and nonthrombotic limbs (n = 692)

Clinical parameter Before stenting

VCSS

PTL

NTL 6+3
GOS

PTL 2 +1

NTL 2 +1
VAS score

PTL 5+3

NTL 5+ 4
QOL

PTL 66 * 22

NTL 56 = 24
Ulcers

PTL 79/687 (11)

NTL 54/692 (8)
Dermatitis

PTL 94/687 (14)

NTL 77/692 (11)

P value After stenting P value
9 .07
3 9

1*1
1x1

8 3

2+
2*3
.0002 8
51 * 27
50 = 27
.02 .03
36/687 (5)
21/692 (3)
1 .07
46/687 (7)
31/692 (4)

GOS, Grade of swelling; QOL, quality of life; VAS, visual analog scale; VCSS, venous clinical severity score.

Data presented as mean = standard deviation or number/total (%).
Boldface P values represent statistical significance.

deterioration of reflux will occur after open correction of
deep reflux?**—this has not been seen as frequently after
stenting in limbs with reflux.®

The relationship between obstruction and reflux is
probably complex. Obstruction likely produces PVH at
the macrovascular level, and reflux exerts its effects at
the microvascular level. Previous reports have shown
that for patients with concomitant deep and superficial
reflux, treatment of the saphenous vein reflux alone will
lead to resolution of the deep reflux in one third of the
patients.”> Therefore, treating one pathology in the
venous system appears to affect the hemodynamics of
the other components in the system. In most limbs,
reflux will improve after stenting.® Thus, correction of
macrovascular PVH secondary to chronic iliofemoral
venous obstruction can obviate the need for correction
of reflux. This has important clinical implications,
because it could reduce the number of procedures
most patients will need to undergo to achieve adequate
clinical outcomes.

In our prior report, reflux severity was graded using one
of three methods: (1) a reflux segmental score; (2) air
plethysmography (venous filling index); and (3) ambula-
tory venous pressure (venous filling time).® Different
venous segments exhibited different frequencies of pre-
stent reflux involvement—from a low of 7% for the deep
femoral segment to a high of 51% for the popliteal vein
segment. After stent placement, resolution of reflux
had also varied in the various venous segments. This

included 21% resolution of reflux at the femoral vein to
58% at the perforator segments. In addition, 44% of the
limbs showed improvement in reflux severity, 19%
showed worsening, and 37% had remained stable. Over-
all, complete resolution of reflux occurred in 23% of pa-
tients. The Kaplan-Meier curve showed that the
prevalence of reflux had declined from 100% to 42% of
limbs at 14 years after stenting. The improvement in
reflux was most rapid during the first year after
intervention.®

In a smaller retrospective study, the clinical outcomes
after stenting (resolution of pain and swelling) did not
differ among patients with severe reflux (reflux multiseg-
ment score, =3) and those with moderate reflux (reflux
multisegment score, <3). Also, the clinical outcomes after
stenting did not differ significantly between the limbs
with axial reflux and nonaxial reflux® Our study has
also demonstrated that these groups had similar out-
comes for most clinical measures. In smaller reports, ul-
cer healing did not differ significantly between the
patients with and without reflux after endovenous stent-
ing.?®?” In several other smaller studies, residual or uncor-
rected reflux did not affect clinical improvement or ulcer
recurrence.’®?

In one prior study, bilateral iliac vein stenting was noted
to produce a significant improvement in reflux in the
great and small saphenous veins*> However, unilateral
stenting did not produce the same result. In our cohort,
bilateral stenting was rarely performed. We have shown
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that correction of only ipsilateral obstruction with iliofe-
moral stenting will also produce symptom improvement
in the contralateral limb.>* Therefore, most patients will
not require bilateral stenting.

We have also previously described the safety and feasi-
bility of combined saphenous vein ablation and iliac
stent placement for complex severe chronic venous dis-
ease.® This has also been described by other groups.*®*”
However, given the clinical improvement with stenting
alone, correction of any type of reflux (deep or superficial)
does not appear to be necessary for many patients
(including patients with CEAP class C6), because patients
appear to clinically tolerate residual reflux well.

Several explanations for reflux improvement after stent
placement have been discussed previously.® In brief,
stenting will reduce PVH, which leads to a reduction in
the caliber of the vein and, subsequently, the valve sta-
tion distal to the stent. Also, the load on the valve station
will be less after relief of the obstructive pathology.®

CONCLUSIONS

Our long-term follow-up of limbs after iliac vein stent-
ing alone showed that stenting will produce adequate
clinical outcomes across most clinical measures in
most limbs. Uncorrected reflux will be well tolerated by
most limios.

Statistical consultation for the analysis of data was pro-
vided by Dr Jennifer Stafford, PhD, Professor, Mississippi
College, Clinton MS.
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Supplementary Table I (online only). Comparison of baseline clinical parameters for four limb groups®
Outcome Group 1 (n = 148; 11%) Group 2 (n =131; 10%) Group 3 (n = 353; 26%) Group 4 (n = 167; 12%) P value

VCSS 58=*3 77 * 43 6.4 £ 37 6 £36 .0006
GOS 24 =11 2113 2212 21x12 2
VAS 48 * 3.4 45 * 33 44+ 34 44 36 4
QOL 65 + 25 56 £ 23 63 = 23 61 = 23 5

GOS, Grade of swelling; QOL, quality of life; VAS, visual analog scale; VCSS, venous clinical severity score.

Data presented as mean =+ standard deviation.

Boldface P values represent statistical significance.

2Group 1, reflux completely resolved; group 2, reflux partially resolved or improved:; group 3, reflux worsened; and group 4, development of new-onset
reflux.
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Supplementary Table Il (online only). Comparison of clinical parameters after stenting among four groups of limbs

stratified by residual reflux status®

Outcome Group 1 (n = 148; 11%) Group 2 (n = 131; 10%)

VCSS 42 +28 45 =*32
GOs 1512 12 =11
VAS 17 28 14 =25
QOL 54 = 26 49 x 27

GOS, Grade of swelling; QOL, quality of life; VAS, visual analog scale; VCSS, venous clinical severity score.

Data presented as mean =+ standard deviation.

Group 3 (n = 353; 26%)

45=*3

14 +12
1.6 =27
52 =27

Group 4 (n =167; 12%)

42 +32
15*+13
14 =25
49 * 24

P value
5

1
.6
4

2Group 1, reflux completely resolved; group 2, reflux partially resolved or improved:; group 3, reflux worsened; and group 4, development of new-onset

reflux.
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Supplementary Fig 1 (online only). Kaplan-Meier curves
demonstrating ulcer healing in patients with and without
prestent reflux. Standard error of the mean <10%. A grace
period of 4 months for healing of active ulcers was allowed
before the limbs with unhealed ulcers were censored.

Dermatitis Curve
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Supplementary Fig 2 (online only). Kaplan-Meier curves
demonstrating resolution of dermatitis in patients with
and without prestent reflux. Standard error of the
mean <10%. A 4-month grace period was allowed for
dermatitis to heal before the limbs with continued
dermatitis were censored.
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