Risk factors and classification of reintervention following deep
venous stenting for acute iliofemoral deep vein thrombosis
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ABSTRACT

Background: Acute iliofemoral deep vein thrombosis (DVT) is associated with the development of post-thrombotic
syndrome (PTS). Thrombolysis and deep venous stenting can restore vessel outflow and can reduce the incidence of
PTS. However, for a proportion of patients, subsequent stenosis or reocclusion will necessitate further intervention. In the
present study, we aimed to identify the risk factors, examine the outcomes (reintervention success and PTS), and develop
a classification system for reintervention.

Methods: A retrospective single-center cohort study of patients who had undergone successful lysis for iliofemoral DVT
from 2013 to 2017. The patients’ records and imaging studies were examined for demographics, risk factors, extent of
thrombus and vessel clearance, stenting, flow, reintervention, anticoagulation compliance, Villalta score, and secondary
patency. From our findings, a system of classification for patients for whom procedures have failed was developed,
constituting technical, hematologic, flow related, or multiple factors.

Results: Of 143 limbs (133 patients), 48 (33.6%) had required reintervention, of which 25 had presented with reoc-
clusion (17.4%). The median time to reintervention was 45 days. The need for reintervention was associated with
inferior vena cava thrombus (risk ratio [RR], 2.16; P < .01), stenting across the inguinal ligament (RR, 2.08; P < .01), and
anticoagulation noncompliance (RR, 7.09; P < .01). Successful reintervention was achieved in 31 limbs (64.6%): 23 of 23
(100%) treated before occlusion vs 8 of 25 (36.4%) treated after occlusion (RR, 32.31; P < .01). A greater incidence of
any PTS was observed for patients requiring reintervention (median Villalta score, 3 [interquartile range, 1-5]; vs 1
[interquartile range, 1-4]; RR, 2.28; P = .029). Cases without complete vessel occlusion (reintervention and control)
had a lower rate of any PTS (14.0% vs 42.9%; RR, 3.06; P < .01) and moderate to severe PTS (3.0% vs 14.3%; RR, 4.76;
P = .046) Technical issues were observed in 542% of reintervention cases and 63% of cases not requiring
reintervention (P < .01). Hematologic issues were identified in 33.3% of reintervention cases and 11% of cases not
requiring reintervention (P < .01). Flow-related issues were observed in 43.8% of the reintervention cases and no cases
not requiring reintervention (P < .01). Of the reintervention cases, 27.1% were multifactorial and were associated with
a lower rate of vessel salvage; however, this did not translate into a significant difference in secondary patency on
survival analysis (RR, 1.70; P = .429).

Conclusions: A large proportion of patients required reintervention because of potentially preventable factors. Anti-
coagulation compliance, thrombus burden, and poor flow are important risk factors to consider in patient selection.
Reintervention increased the risk of PTS and was more often successful when achieved before vessel occlusion. (J Vasc
Surg Venous Lymphat Disord 2022;m:1-8.)
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Post-thrombotic syndrome (PTS) causes disability and
impaired quality of life, with chronic pain, limb swelling,
and ulceration.! PTS will develop in =50% of patients af-
ter iliofemoral deep vein thrombosis (DVT) if treated with
anticoagulation and compression stockings alone, and
15% will develop ulceration.?® Post-thrombotic morbidity
is related to the extent of residual thrombus, and lower
quality of life scores have been demonstrated for

patients who have developed reflux or chronic occlu-
sion.*® Studies have shown that early clot clearance
with percutaneous thrombolytic strategies can restore
venous patency and potentially reduce PTS severity in
those with iliofemoral DVT.®

A high rate of stenting following percutaneous throm-
bolysis is to be expected, with a degree of extrinsic
compression demonstrated for ~80% of iliofemoral
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DVT cases.'® Results from the National Venous Registry
have demonstrated that iliac patency at 1year was signif-
icantly better in limbs stented (for treatment of narrow-
ing or residual obstruction) compared with limbs
treated with lysis alone (74% vs 53%; P < .001)." However,
for a proportion of patients (13%-21%), reocclusion or ste-
nosis will occur, and further intervention will be
required.'”"™ Reintervention has been shown to be asso-
ciated with a higher risk of PTS and has been postulated
as one of the factors that reduces the efficacy of treat-
ment in the large randomized controlled trials reported
in this field.>”™

Various factors have been purported to increase the risk
of reintervention, including suboptimal thrombolysis and
poor inflow or outflow.'>’> Current evidence supports the
use of large-diameter, self-expanding stents, extending
distally or proximal, as needed, to ensure coverage of re-
sidual disease with sufficient inflow and outflow.'%'?
However, our understanding of the key technical aspects
and our ability to predict failure is still evolving. In the
present retrospective study, we evaluated the causes of
reocclusion and stenosis after deep venous interventions
for acute iliofemoral DVT and developed a classification
system to standardize analysis of the technical treatment
outcomes for use in clinical practice and further research.

METHODS

Patient selection. Patients presenting to a tertiary
vascular center between November 2013 and 2017 with
symptomatic acute or subacute iliofemoral DVT of
=28 days' duration were identified from a prospectively
collected database, with a minimum follow-up of
12 months, for which treatment in the acute setting was
previously described.? All the patients who had under-
gone successful lytic treatment (>50% clot clearance)
were selected. Patients for whom thrombolysis was
contraindicated, those for whom successful lysis was not
achieved, and those for whom a congenital inferior vena
cava (IVC) abnormality was identified were excluded
from the present study (Supplementary Fig 1, online
only). All the patients provided written informed consent
before they underwent treatment. Institutional review
board or ethics approval and patient consent are not
required at our institution for retrospective data reviews.

Reintervention: threshold and technical approach.
Reinterventions were performed for patients with symp-
tom recurrence correlating with a >50% reduction in the
in stent diameter and for those perceived to have a
threatened stent (ie, worsening stenosis on sequential
imaging studies), a correctable anatomic issue such as
poor inflow or after stent occlusion. Reintervention was
also performed for those with an identified mechanical
problem (eg, stent fracture or compression) in the pres-
ence of symptoms. Percentage of reduction of the in
stent diameter was assessed using B-mode ultrasound
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ARTICLE HIGHLIGHTS

- Type of Research: A single-center, retrospective
cohort study

Key Findings: Reintervention for stenosis/occlusion
following iliofemoral deep venous thrombolysis was
required for in 48 of 143 limbs and was associated
with technical (54.2%), flow-related (43.8%), and he-
matologic (33%) issues, inferior vena cava thrombus
(risk ratio, 2.16), and stenting across the inguinal liga-
ment (risk ratio, 2.08). Reocclusion reduced reinter-
vention success (36.4% vs 100%) and increased the
risk of post-thrombotic syndrome.

Take Home Message: A large proportion of patients
required reintervention because of potentially pre-
ventable factors. Anticoagulation compliance,
thrombus burden, and poor flow are important risk
factors to consider in patient selection. Vessel reoc-
clusion increased the risk of post-thrombotic syn-
drome. Reintervention was more often successful
when performed before complete vessel occlusion.

by comparing the patent nonstenosed stent diameter
and the diameter of the stenosed segment.

Reinterventions consisted of one or a combination of
the following: venoplasty, acute clot removal (thromboly-
sis), crossing of chronic occlusions, correction of mechan-
ical stent issues, extension of stenting to cover residual
disease, and measures to improve inflow. Stent place-
ment and need for additional stenting were evaluated
with intravascular ultrasound (Philip Volcano Corp,
Amsterdam, Netherlands). We used standard methods
for venoplasty and stent placement.'® Intermittent pneu-
matic compression was begun from the start of treat-
ment, which is routine for all deep venous interventions
at our institution.'”'®

During the procedure, a loading dose of unfractionated
heparin was administered before predilation or veno-
plasty. After completion of the procedure, the activated
coagulation time was monitored, and therapeutic low-
molecular-weight heparin was administered within
1 hour. This was continued until the transition to oral anti-
coagulation therapy after a surveillance duplex ultra-
sound at 2 weeks. Further decisions regarding
alterations to the anticoagulation regimen or the dura-
tion of anticoagulation were made in conjunction with
the hematology department.

After the procedure, duplex ultrasound surveillance
was performed on day 1, at 2, 6, 12, and 26 weeks, and
then annually. Primary patency was defined as ongoing
vessel patency without reintervention. Primary-assisted
patency was defined as ongoing vessel patency after
reintervention without occlusion, and secondary
patency as ongoing patency after reintervention for
vessel occlusion.
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Table I. Classification of etiology of restenosis or occlusion
after lysis and stenting for iliofemoral deep vein throm-
bosis (DVT)

Type 1, technical

1a, No stent Residual disease

1b, Missed inflow Inadequate stenting of existing
venous lesions; stent not

extended distally

1c, Missed outflow Inadequate stenting of existing
venous lesions; stent not

extended proximally

Stent failure can be
subcategorized as F, C, or M

1d, Device failure:
fracture (F),
compression (C), or
migration (M)

Type 2, flow Scarring or occlusion of vessels
not amenable to
stenting—femoral, profunda,

or popliteal vein
Type 3, hematologic

3a, dose-related Noncompliance or
subtherapeutic

anticoagulation
3b, non—dose-related Thrombosis despite

anticoagulation

Type 4, multifactorial Mixed etiology

Assessment of risk factors, reintervention etiology, and
outcomes. Retrospective data were analyzed for patient
demographics, risk factors, extent of initial and residual
thrombus, stent insertion, anatomic coverage, time to
reintervention and in stent stenosis, reintervention per-
formed, and procedural success. The hematologic re-
cords and biochemical results were examined for the
presence of thrombophilia and issues with
anticoagulation.

Postprocedural outcomes were measured using the Vil-
lalta score for the severity of PTS and surveillance duplex
ultrasound scans for assessment of vessel patency. Two
independent consultant experts performed a retrospec-
tive assessment of the intraprocedural venographic im-
aging to establish vessel patency (profunda covered or
occluded, femoral and popliteal veins occluded or
diseased), quality of inflow and outflow, persistence of
collateral flow, and the presence of stent issues (fracture
or compression).

Failure classification. Following an analysis of the liter-
ature and our tertiary center experience, we developed a
system for the classification of failure (restenosis or occlu-
sion requiring reintervention) as follows (Table I).

A technical error was classified as a type 1 and included
type 1a, inadequate stenting, defined as failure to stent in
the presence of residual disease'?'”; type 1b, missed
inflow, defined as failure to extend the stent distally
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across residual disease; type 1c, missed outflow, defined
as failure to extend the stent proximally across residual
disease'®; and type 1d, defined as device failure second-
ary to stent fracture, compression, or migration.'” Type
2 was defined as flow-related, referring to scarring or oc-
clusion of the femoral, profunda, or popliteal veins, which
are not amenable to stenting and, thus, limit inflow.?®
Type 3 was defined as hematologic and includes type
3a, dose-related, defined as honcompliance, inadequate
dosing, or poor international normalized ratio control;
and type 3b, failure of anticoagulation, defined as throm-
bosis despite anticoagulation.?'?* Cases for which more
than one cause of failure were identified were classified
as type 4, multifactorial.

Statistical analysis. The data are presented as the me-
dian and range for nonparametric continuous variables
and as percentages for categorical data. To assess the
significance of the differences between continuous
nonparametric variables, the Mann-Whitney U or
Kruskal-Wallis test was used. The y? test or the Fisher
exact test (for counts of <5) were used for categorical
data, with the risk ratios (RRs) and 95% confidence in-
tervals (Cls) presented for significant variables. No ad-
justments were made for multiple significance testing
and P < .05 was deemed statistically significant. Binary
logistic regression was conducted to determine the
relationship between the need for reintervention and
significant variables, using the finalfit and glm R pack-
ages (available at: https;//finalfitorg) in RStudio,?* with
conversion to RRs using the Orsk package, as previously
described by Zhang and Yu.?® Assessment of missing
data, collinearity, and model fit were performed using
the Akaike information criterion, C-statistic, and Hosmer-
Lemeshow test.?® The duration of vessel patency was
assessed using Kaplan-Meier survival analysis and the
log-rank Mantel-Cox test with Prism, version 9.0.0
(GraphPad, San Diego, CA).

RESULTS

A total of 152 limbs were identified, of which 7 were
excluded because of unsuccessful lysis and 2 because
of an untreated congenital IVC occlusion. Of the remain-
ing 143 limbs (133 patients), 95 (66.4%; 88 patients)
remained patent and required no further intervention
(Fig 1) and 48 limbs (33.6%,; 45 patients) had required rein-
tervention. Of these 48 limbs, 25 (17.4%) had presented
with reocclusion, 6 of which were deemed unsuitable
for further endovascular treatment. Overall, the median
time to reintervention was 45 days (range 5-773 days):
66 days (range, 5-418 days) for reintervention before oc-
clusion and 19 days (range, 6-773 days) for reintervention
after occlusion, with 45.2% of the reinterventions occur-
ring in the first 6 weeks.

Analysis of risk factors. Analysis of the patient risk fac-
tors revealed that a younger patient age was associated
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Fig 1. An example of a good result without stenting to the
common femoral vein.

with the need for reintervention (32 vs 46 years; P < .01),
with no other systemic risk factors significant. A strong
association between the extent of thrombosis at the in-
dex treatment, signified by IVC involvement (RR, 2.16;
95% ClI, 1.40-331; P < .01), profunda occlusion (RR, 2.78;
95% ClI, 1.87-4.11; P < .01), or femoral vein occlusion (RR,
3.11; 95% Cl, 2.44-3.96; P = .036) and need for reinterven-
tion was found. The presence of nonocclusive disease
in an otherwise patent femoral or popliteal vessel was
not found to have a significant effect (P = NS). A greater
reintervention rate was observed for cases requiring a
stent across the inguinal ligament (RR, 2.08; 95% CI,
135-321; P < .01), with stent fracture or compression
occurring in 4 of 32 cases (12.5%). After the procedure,
noncompliance with anticoagulation therapy was also
associated with reocclusion (RR, 7.09; 95% ClI, 2.18-23.04;
P < .01; Table II). Among the reintervention cohort, no
significant differences were found in the risk factors be-
tween the cases treated before and after occlusion.
Binary logistic regression was conducted to determine
the relationship between the need for reintervention
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and significant variables (ie, age, IVC involvement, stent
across the inguinal ligament, profunda vein occlusion,
femoral vein occlusion, and anticoagulation compliance;
Supplementary Table, online only). The model was sta-
tistically significant [x*> (6) = 1550; P = .05] and
explained 46.4% of the variance in reintervention and
correctly classified 83.8% of cases. The need for a stent
across the inguinal ligament (RR, 2.65; 95% CI, 1.74-3.27;
P < .01) and IVC involvement (RR, 2.37; 95% CI, 1.43-
3.09; P < .01) significantly increased the likelihood of
reintervention. Anticoagulation noncompliance was
also shown to significantly increase the odds of reinter-
vention (RR, 3.26; 95% ClI, 2.40-3.46; P < .01). An increase
in age was associated with a small decrease in the risk
of reintervention per year (RR, 0.97; 95% CI, 0.94-1.00;
P = .046). Although occlusion of the profunda or
femoral vein was strongly associated with the need for
reintervention, such occlusion did not significantly
contribute to the model.

Reintervention: technical success and patient
outcome. Overall, 38 of 48 reintervention cases (79.2%)
had received venoplasty, with 22 (45.8%) requiring
further stenting and 16 (33.3%) requiring further throm-
bolysis. Successful reintervention was achieved in 31 of
48 cases (64.6%). This was achieved for all cases
managed before complete vessel occlusion (before oc-
clusion) but for only 8 of 25 cases (36.4%) after occlusion
(RR, 32.31; 95% Cl, 2.05-508.36; P < .01). A significant differ-
ence in secondary patency at 3 years was observed be-
tween reintervention before occlusion (100%) and
reintervention after occlusion (19%; P < .001; Fig 2, a).

A greater incidence of any PTS at 1 year was observed
among patients requiring reintervention (reintervention:
median Villalta score, 3 [interquartile range, 1-5] vs no
reintervention: median Villalta score, 1 [interquartile
range, 1-4]; RR, 2.28; 95% CI, 1.00-4.75; P = .029; Fig 3).
However, this did not translate into a significant increase
in moderate to severe PTS (P = .48). In addition, cases
with maintained vessel patency (reintervention before
occlusion and controls) had had a lower rate of any PTS
(14.0% vs 42.9%:; RR, 3.06; 95% CI, 1.53-6.12; P < .01) and
moderate to severe PTS (3.0% vs 14.3%; RR, 4.76; 95% Cl,
1.03-21.98; P=.049) than those receiving reintervention af-
ter occlusion.

Validation of classification system. Technical issues
were observed in 542% of the reintervention cases
compared with 6.3% of the cases not requiring reinter-
vention (P < .01; Supplementary Fig 2, online only). Of
these, device failure contributed to only four cases
(three open cell stents and one closed cell stent), all
within earlier years of the study and with recurrence of
patient symptoms. Hematologic issues were identified
in 333% of the reintervention cases, of which 13 of 16
(819%) were dose related compared with 11% of cases
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Table Il. Demographics, risk factors, anticoagulation

compliance, thrombus extent, and procedural factors

Patients 88 (100) 45 (100) NA
Age, years 46 (14-80) 32 (16-77) .003°
Symptoms, days 5 (1-28) 5 (1-21) 743
Male sex 42 (47.7) 20 (44.4) .720
Predisposing factors
Smoker 22 (25.0) 1 (24.4) 944
Cancer 7 (7.95) 1(2.2) .265
Thrombophilia 25 (28.4) 15 (33.3) .560
Anticoagulation
factors
Noncompliance 1(114) 9 (20.0) <.0071°
Extent of thrombus n =95 limbs n = 48 limbs
Left side DVT 70 (73.7) 37 (77.1) .69
Bilateral DVT 10 (10.5) 6 (12.5) .781
IVC 12 (12.6) 17 (35.4) .002°
Popliteal 54 (56.8) 29 (60.4) 722
Inflow factors
Profunda covered 1(11) 6 (12.5) 006"
or occluded
Femoral vein 0 (0) 3 (6.25) .036°
occluded
Popliteal vein 0 (0) 2 (42) m
occluded
Stent across 14 (14.7) 18 (37.5) .003°
inguinal
ligament

DVT, Deep vein thrombosis, IVC, inferior vena cava; NA, not applicable.
Data presented as number (%) or median (range).

2P < .0l

bp < 05.

not requiring reintervention (a single dose-related case;
P < .01). Flow-related issues were observed in 43.8%% of
the reintervention cases and none of the controls
(P < .01; Supplementary Fig 3, online only). Overall, 27.1%
of the reintervention cases were multifactorial (Table Ill).
Cases classified as multifactorial in etiology were asso-
ciated with a lower rate of vessel savage. However, this
did not translate into a statistically significant difference
in secondary patency on survival analysis (P = .429;
Fig 2, b).

Temporal analysis of the proportion of cases with tech-
nical errors and those requiring reintervention revealed a
learning curve. Although an initial increase in technical
errors and reinterventions after service expansion was
observed for patients treated between 2014 and 2015,
this was followed by a consistent decrease in both the
proportion of reintervention cases (—6.96%) and tech-
nical errors (—21.47%) for patients treated between 2015
and 2017 (Supplementary Fig 4, online only).
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DISCUSSION

In the present study, we have reported the etiology and
outcomes of reintervention after interventional treat-
ment of acute iliofemoral DVT. Reintervention was
required for 33.5% of cases (48 of 143 limbs). Reinterven-
tion was successful in all cases managed before com-
plete vessel occlusion had developed, with subsequent
maintenance of secondary patency over 3 years and a
low incidence of PTS. Comparatively, patients with com-
plete vessel reocclusion (17.49%) were observed to have
worse outcomes, with successful reintervention for only
36.4% and a greater incidence and severity of PTS (any
PTS, 42.9% vs 14.0% [P < .01]; moderate to severe PTS,
143% vs 3.0% [P = .046]). These adverse patient out-
comes were likely related to a lack of inflow and
increased severity of deep venous fibrosis after multiple
episodes of thrombosis.*> Because no significant differ-
ences in the risk factors or the extent of thrombus be-
tween patients who had undergone reintervention
before and after occlusion were identified, it is possible
that these cases might have been preventable with
earlier intervention. This highlights the importance of
careful duplex ultrasound surveillance.

The classification system proposed and validated in our
report—categorizing failure into technical, flow-related,
and hematologic issues (Table |)—presents a paradigm
for standardized assessment of treatment failure. This
system can be used to enable comparable outcome
reporting, develop targeted treatment improvement
strategies, mitigate operator learning curves, and opti-
mize patient selection and treatment pathways.?’ The
classification of reintervention cases in the present study
revealed that most had resulted from potentially pre-
ventable causes, with technical issues observed in
54.2%. This highlights the need for multidisciplinary re-
view, audit, and training during acquisition of technical
expertise. Within our center, a learning curve was
observed, with a 6.96% decrease in the overall reinterven-
tion requirement since 2015 and a 21.47% decrease in
technical errors. The reduction in technical errors might
have been secondary to an increased use of intravascular
ultrasound, enabling greater precision in the assessment
of stenosis and stent placement compared with venog-
raphy: however, clearly, learning plays a role®® This
finding is important in the context of interpreting data
from large randomized controlled trials in which the
experience of the treating interventionalist could have
a bearing on the outcomes.

Within the present study, flow-related issues were
observed in 43.8% of the reintervention cases and in
none of the controls (P = .0001). The risk factors for rein-
tervention included IVC involvement and stenting across
the inguinal ligament—markers of thrombus burden
and inflow. Inflow issues have previously been reported
as a key factor contributing to stent reocclusion after
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No reintervention 92 | 83 82 78 72 62 Technical 20 15 14 14 14 13
Reintervention pre- occlusion | 23 | 23 23 23 23 20 Flow 10 9 8 8 8 7
Reintervention post-occlusion | 25 | 14 11 9 9 5 Haematological 11 11 10 9 8 4

Multifactorial 14 10 9 9 8 6

Fig 2. Comparison of secondary patency survival of no reintervention vs reintervention before occlusion vs rein-
tervention after occlusion (@) and reintervention cases classified by etiology (technical, flow-related, hematologic,

and multifactorial; b).

intervention for the treatment of PTS.?%°° These results
corroborate the importance of the assessment of flow
to enable selection of an appropriate treatment strat-
egy.*° This includes dynamic duplex ultrasound assess-
ment of flow before intervention and venographic
assessment of flow at the beginning and end of the pro-
cedure. In addition, owing to the improvement in the
range of dedicated venous stents, with greater radial
force and flexibility, it has become more advantageous
to stent below the inguinal ligament rather than sacrifice
the optimization of inflow.'”'? In the present study, de-
vice failure contributed to only four cases (three open-
cell and one closed-cell stent), all within earlier years of
the study and with recurrence of patient symptoms.
Appropriate anticoagulation prescription and compli-
ance is essential for maintenance of vessel patency.”® In
the setting of acute iliofemoral DVT, this represents a
unique challenge owing to heterogeneity in patient
age and the etiology of DVT in a cohort of patients
most often naive to anticoagulant therapy.® In the

a 100+
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% 80 Il No Reintervention
o [ Reintervention
5 60+
S
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o

present study, noncompliance with anticoagulation
was associated with an increased risk of stenosis or reoc-
clusion (RR, 3.26), and 33.3% of reintervention cases were
classified as having hematologic issues. This is concor-
dant with literature reporting that >30% of patients
were nonadherent with prophylactic anticoagulant
therapy.® Improvement in treatment acceptability and,
therefore, compliance might be achievable with the pre-
scription of direct oral anticoagulant agents. However, a
multidisciplinary team approach with hematologic
assessment and consideration of underlying thrombo-
philia is crucial given the increased risk of rethrombosis
associated with direct oral anticoagulant agents in the
presence of antiphospholipid syndrome.

The present study was limited by its retrospective, non-
randomized design, with a degree of heterogeneity
owing to the variation in techniques (ie, catheter-
directed thrombolysis, AngioJet), stents used (ie, open
cell vs closed cell), and the learning curves for operator
expertise. At present, no threshold has been universally
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Fig 3. Proportion of patients with post-thrombotic syndrome (PTS; classified using the Villalta score) at 1 year for
no reintervention vs reintervention cohorts (a) and complete reocclusion vs maintained patency (including

reintervention and no-reintervention cases; b).
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Table Ill. Number and proportion of patient limbs stratified
by reintervention and failure classification type®

Hematologic 1/95 (1.10) 16/48 (33.3) .0001

Multifactorial 0/95 (0.0) 13/48 (27.1) .0001

No stent 0/95 (0.0) 3/48 (6.3) .0362

Outflow 3/95 (3.2) 6/48 (12.5) .0608

accepted for reintervention. The standard practice within
our institution has been to reintervene for patients with
symptom recurrence correlating with a reduction in
vessel diameter of >50%, which might represent a
more aggressive surveillance approach than practiced
elsewhere.

At present, controversy remains regarding the efficacy
and cost-effectiveness of thrombolysis and stenting for
iliofemoral DVT.*>> Reintervention, or the need thereof,
can affect both the clinical outcomes and the long-
term cost-effectiveness. Our findings highlight that
work should continue to ensure optimization of patient
selection, technical accuracy, and postoperative care,
with standardized postoperative surveillance protocols
and reporting to enable us to accurately assess interven-
tional merit by ensuring we compare effective surgical
treatment to effective medical treatment.

CONCLUSIONS

A large proportion of patients required reintervention
because of potentially preventable factors. In the pre-
sent study, we have described and validated a classifi-
cation system for the assessment of reintervention
after deep venous stenting for acute iliofemoral DVT.
Understanding and mitigating the learning curve for
deep venous intervention could help reduce the
reinterventions required as a result of technical con-
cerns, as demonstrated in our study. Anticoagulation
compliance, thrombus burden, and poor flow are
important risk factors to consider in patient selection
and treatment. The need for reintervention and vessel
reocclusion increased the risk of PTS, and
reintervention was more often successful when per-
formed before complete vessel occlusion. Our results
have emphasized the need for three factors to opti-
mize patient outcomes: precision in stenting tech-
nique, postprocedural surveillance, and adherence to
anticoagulation therapy.
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Supplementary Fig 1 (online only). CONSORT (consoli-
dated standards of reporting trials) diagram. DVT, Deep
vein thrombosis; IVC, inferior vena cava.

- 1 Emigrated

Supplementary Fig 2 (online only). An example of technical failure classification, type 1c, missed outflow. a,
Image showing stent not extended proximally to cover May-Thurner lesion. b, Image showing corrective stent
extension. Note, crossing of the midline (red line) can be used as an indication of appropriate stent extension.
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Supplementary Fig 3 (online only). An example of failure
classification type 2, poor flow. a, Image before initial
placement of iliac stent showing the femoral vein, which
looks featureless and has no working valves, with the
profunda occluded. The inserted stents became occluded
shortly afterward owing to lack of inflow. b, Image after
thrombolysis showing the profunda vein origin that was
open after angioplasty open, with stents now patent for
>15 months.
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Supplementary Fig 4 (online only). Change in proportion
of overall cases requiring reintervention and with identi-
fied technical errors over time. A learning curve was
demonstrated, with a marked reduction in technical er-
rors after an initial increase associated with service
expansion in 2014.
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