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Impact of inferior vena cava thrombus extension on
thrombolysis for acute iliofemoral thrombosis
Efthymios D. Avgerinos, MD, Omar El-Shazly, MD, Geetha Jeyabalan, MD, George Al-Khoury, MD,
Eric Hager, MD, Michael J. Singh, MD, Michel S. Makaroun, MD, and Rabih A. Chaer, MD, Pittsburgh, Pa
Background: Inferior vena cava (IVC) thrombosis may occur
in patients with iliofemoral deep venous thrombosis (DVT),
and its impact on thrombolysis outcomes is poorly defined.
This study compared outcomes of patients undergoing
thrombolysis for acute iliofemoral DVT with and without
IVC involvement.
Methods: Patients who underwent thrombolysis for iliofemoral
DVT between May 2007 and March 2014 were identified
from a prospectively maintained database and divided into
two groups: those with IVC involvement and those without.
End points were technical and clinical success ($50% lysis
or freedom from 30-day DVT recurrence), long-term DVT
recurrence, and post-thrombotic syndrome (PTS; Villalta
score $5). Multivariate regression models were used to
determine predictors of anatomic and clinical failures.
Results: There were 102 patients (127 limbs) treated with
various combinations of catheter-directed or pharmaco-
mechanical thrombolysis. In 46 patients, thrombus extended
into the IVC (54.3% extended up to the renal veins; 87% had
$50% luminal reduction; 50% occurred in association with an
indwelling thrombosed IVC filter). The caval group had fewer
women and more previous DVTs but otherwise was similar to
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the noncaval group. Pharmacomechanical thrombolysis was
used more frequently in the caval thrombus group (97.8% vs
82.1%; P [ .011), and iliac vein stenting was used more often
in the noncaval group (41.3% vs 62.5%; P [ .033). Clinical
success was similar between the two groups (88.7% for caval vs
89.3% for noncaval; P [ .921). All failures in the caval group
occurred in patients with an indwelling thrombosed IVC
filter. Primary patency at 2 years for the caval and noncaval
groups was 76.7% and 78.0%, respectively (P [ .787). Valve
reflux and PTS at 2 years were higher in the noncaval group
(50.8% and 34.3% vs 23.3% and 11.5% in the caval group;
P[ .013 and P [ .035). On multivariate analysis, incomplete
lysis was predictive of recurrence (hazard ratio [HR], 22.7;
P < .001) and PTS (HR, 5.59; P [ .010), whereas caval
involvement (HR, 0.22; P [ .005) was protective from PTS.
Conclusions: IVC thrombosis does not have an impact on the
technical success of thrombolysis in patients with iliofemoral
DVT; the presence of a thrombosed IVC filter, though, may
make failure more likely. Caval thrombosis may not affect
primary patency but is associated with a lower incidence of
PTS after successful lysis. (J Vasc Surg: Venous and Lym Dis
2016;-:1-7.)
Inferior vena cava (IVC) thrombosis is a common
finding in patients with proximal iliofemoral deep venous
thrombosis (DVT), estimated to occur in 22% of cases,
mainly as a result of thrombus propagation.1,2 Caval
thrombosis may otherwise occur in situ because of a
congenital anomaly or external compression or as a result
of the traditional DVT risk factors (eg, malignant disease,
hypercoagulable disorders). Quite frequently, though,
caval thrombosis is due to an indwelling IVC filter, with
a reported incidence among the last decade’s filter genera-
tion of 5% to 30%.3,4 Caval thrombosis puts the patient at a
higher risk for clinically significant pulmonary embolism,
whereas there are no clear data on its contribution to
post-thrombotic syndrome (PTS) rates.1,5,6

Catheter-directed thrombolysis (CDT) and pharmaco-
mechanical thrombolysis (PMT), alone or combined,
are increasingly used for the treatment of select patients
with acute iliofemoral DVT, targeting early thrombus
removal, maintenance of valvular competence, and post-
thrombotic morbidity reduction.7-10 CDT utilization rates
in patients with proximal DVT increased from 2.3% in
2005 to 6.4% in 2011 and continue to rise.5,7 As recently
shown in an analysis of the U.S. National Inpatient Sample,
for the same time period, the CDT utilization rates were
much higher for IVC thrombosis. During the 7 years, there
was a steady increase in CDT utilization from 16% to
34.7%.5

Caval thrombosis with or without an IVC filter indi-
cates a larger clot burden, and its impact on thrombolysis
outcomes is poorly defined. This study compared out-
comes of patients undergoing thrombolysis for acute
DVT with and without IVC involvement.

METHODS

The study protocol was approved and exempted from
informed consent by the Institutional Review Board of
the University of Pittsburgh Medical Center.
1
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Study design. Consecutive patients who underwent
CDT or PMT for iliofemoral DVT between May 2007
and March 2014 were identified from a prospectively main-
tained database. Patient records were reviewed for demo-
graphics, baseline risk factors, lower extremity venous
studies, indications, intraprocedural data, periprocedural
complications, and long-term outcomes.

Patients were divided into two groups: those with IVC
involvement and those without. End points were technical
and clinical success, long-term DVT recurrence, and PTS
(Villalta score $5).

Definitions. The indications for CDT to offer throm-
bolysis as an alternative to anticoagulation alone were
restricted to symptomatic patients with iliofemoral DVT
and without any absolute contraindication to lysis as rec-
ommended by the Society for Vascular Surgery
guidelines.11

Technical success was defined as clot lysis $50%, and
clinical success was defined as a combination of technical
success with freedom from 30-day DVT recurrence.2 The
rate of clot lysis was estimated on the basis of the amount
of residual clot on the completion venogram compared
with the pretreatment venogram as previously described.2

Briefly, thrombus score was calculated for seven venous
segments: the IVC, the common iliac vein, the external
iliac vein, the common femoral vein, the proximal and
distal portions of the femoral vein, and the popliteal vein.
The thrombus score was 0 when the venous lumen was
patent and completely free of thrombus, 1 when partially
occluded, and 2 when completely occluded. The total
thrombus score before and after lysis was then calculated
by adding the scores of the seven venous segments before
and after thrombolysis.2

The IVC was also meticulously assessed for clot burden
during baseline venography:#50% vs >50% luminal reduc-
tion at any level of the infrarenal IVC and thrombosis
confined at the distal IVC vs thrombosis extending to the
proximal infrarenal IVC. The physicians interpreting the
phlebograms (E.D.A., O.E.) were blinded to the clinical
outcomes.

PTS was assessed according to Villalta score.12 Patients
were classified as having PTS if their score was $5.

A major complication was defined as any event that
required interventional treatment, rehospitalization, or
persistent kidney function deterioration within 30 days of
the procedure.

Freedom from rethrombosis was defined as continued
patency of the iliofemoral or caval segment that was
treated, irrespective of the popliteal or distal vein segments.

Periprocedural protocol. Patients were administered
heparin intravenously before the procedure on the basis
of a DVT protocol to maintain therapeutic partial throm-
boplastin times. All patients underwent duplex ultrasound
imaging before intervention. In addition, the majority of
patients were evaluated with computed tomography
venography of the abdomen and pelvis with intravenous
administration of contrast material. All interventions were
performed by vascular surgeons in endovascular suites
equipped with fixed imaging capability (GE Healthcare,
Chalfont St Giles, United Kingdom). All patients were dis-
charged on therapeutic oral anticoagulation or low-
molecular-weight heparin, with graduated elastic
compression stockings (20-30 mm Hg). The duration of
anticoagulation was determined on the basis of the un-
derlying cause and the presence of a hypercoagulable state
as recommended in the American College of Chest
Physician guidelines, and it was generally monitored by
hematologists.13 Although the goals and recommendations
were relayed to patients on discharge and future follow-up,
anticoagulation efficiency and duration were limited by the
patient’s compliance and socioeconomic factors. Anti-
platelet therapy with aspirin was initiated in patients who
received an iliac vein stent.

Thrombolysis technique. Our technique has been
extensively described previously.14-17 All patients were
treated under conscious sedation combined with local
anesthesia. Use of temporary IVC filters was routine early
in our experience out of concern for pulmonary embolism
and based on the physician’s preference, but it has since
become more selective. Ultrasound-guided popliteal vein
access was used in the majority of patients (prone position)
regardless of whether the clot involved the popliteal or
tibial vein. Unfractionated heparin was routinely adminis-
tered intravenously (100 U/kg). Ascending venography
was performed through a 6F or 8F sheath. In patients with
thrombosis at the popliteal access site, 2 mg of tissue
plasminogen activator (tPA, Alteplase; Genentech, San
Francisco, Calif) was delivered through the sheath at the
beginning of the procedure. In patients with acute DVT
(<14 days), PMT was used with the intent of providing a
single-session treatment, if possible. PMT was performed
with either the AngioJet catheter (Boston Scientific,
Marlborough, Mass) or the Trellis device (Covidien
Vascular, Mansfield, Mass). Device use was at the discretion
of the operator. With the AngioJet catheter, the power-
pulse mode was used initially, administering 6 to 8 mg of
tPA into the thrombus. The catheter was then reactivated
in thrombectomy mode after a dwell time of 10 to 15
minutes. Similar doses of tPA were administered with the
Trellis device for each 30-cm segment treated. Catheter-
directed lysis was used sparingly, either as a primary or as
a secondary intervention with a multisidehole catheter. This
was reserved for residual thrombus after PMT, for patients
with subacute DVT (>14 days old), or for those in whom
the age of the clot was ill-defined. In addition, ultrasound-
assisted lysis with the EKOS catheter (EKOS Corporation,
Bothell, Wash) was occasionally used as an initial therapy
at the discretion of the operator. Routinely, patients
undergoing thrombolysis in multiple sessions were brought
back to the angiography suite for scheduled lysis checks
at 12- to 24-hour intervals. Iliac vein stenosis seen on
completion venography using multiplanar views or intra-
vascular ultrasound (physician’s preference) was routinely
treated with self-expanding stents (Wallstent [Boston
Scientific] or Protégé [Covidien]). The common iliac vein
was typically stented with a 14- to 16-mm-diameter stent,



Table. Baseline characteristics of the study cohort

Noncaval involvement Caval involvement P value

No. of patients 56 46
Age, years 47.3 6 15.8 50.7 6 16.2 .283
Female gender 36 (64.3) 18 (39.1) .011
Days to lysis treatment 11.8 6 9.9 9.2 6 9.3 .183
>14 days to lysis treatment 20 (35.7) 10 (21.7) .123
Left-sided DVTa 41 (73.2) 39 (54.9) .034
Bilateral DVT d 25 (54.3)
Phlegmasia 7 (12.5) 9 (19.6) .329
Hypercoagulability 17 (30.4) 19 (41.3) .250
Malignant disease 8 (14.3) 8 (17.4) .668
Previous DVT 13 (23.2) 19 (41.3) .050
Clinical PE on presentation 6 (10.7) 7 (15.2) .497
Indwelling IVC filter 3 (5.4) 28 (60.9) .000

DVT, Deep venous thrombosis; IVC, inferior vena cava; PE, pulmonary embolism.
Categorical variables are presented as number (%). Continuous variables are presented as mean 6 standard deviation.
aCalculations were made on number of limbs.
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and the external iliac vein was typically stented with a 12- to
14-mm-diameter stent. The chosen stent length was
tailored to cover the entire diseased venous segment.
All patients were continued on systemic anticoagulation
after the lysis intervention. Filter retrieval was either
performed at the completion of the lysis procedure or
scheduled for a later date on the basis of the presence of
residual thrombus.

Follow-up. Duplex ultrasound imaging was per-
formed in all follow-up visits (1, 3, 6, and 12 months
and annually thereafter) to assess for vessel patency and to
evaluate for venous reflux and valvular competence. Reflux
was determined at the femoral and popliteal levels and was
considered significant if >1 second. Additional imaging
(venography, computed tomography venography, or
magnetic resonance venography) was performed for clini-
cally suspected recurrence or in those with a nondiagnostic
duplex evaluation. Villalta scores were obtained during
follow-up visits. A hypercoagulable workup, if not done
during the index hospitalization, was completed during the
follow-up period.

Statistical analysis. Descriptive characteristics are re-
ported as mean 6 standard deviation or as number of cases
and percentages. Differences among groups were tested us-
ing the two-tailed c2 or Fisher exact test for categorical
predictors and the Student t-test for continuous predictors.
Preoperative and intraoperative data were analyzed at the
patient level; outcomes (technical and clinical success,
long-term recurrence, valve function, and PTS) were
analyzed at the limb level. Thirty-day failures were included
in the calculations of the long-term results. Survival func-
tions were estimated by the Kaplan-Meier method. Cox
regression models were used to assess the effect of baseline
predictors on long-term anatomic and clinical outcomes.
Associations were expressed as hazard ratios (HRs). The
regression models included those predictors that had sig-
nificant univariate associations with the respective out-
comes at P # .20. In each model, all predictors thus
selected were included. Effects in the final models were
considered statistically significant when P value was < .05.
Data analysis was performed using Statistical Package for
the Social Sciences, version 17 (SPSS Inc, Chicago, Ill).

RESULTS

During the study period, 102 patients (127 limbs)
were treated. The mean age was 48.9 6 16.0 years, and
54 (52.9%) were women; 71 (69.6%) were treated with a
combination of PMT and CDT, 20 (19.6%) with a single
session of PMT, and 11 (10.8%) with CDT alone. In 46
patients (45.1%), thrombus extended into the IVC (caval
thrombosis group): 91.3% associated with iliofemoral or
femoropopliteal DVT, 54.3% to the renal veins; 87%
were found to have a $50% luminal reduction, and 50%
occurred in association with an indwelling thrombosed
IVC filter. The caval group had fewer women and more
previous DVTs but otherwise was similar at baseline to
the noncaval group (Table).

PMT was used more frequently in the caval thrombus
group (97.8% vs 82.1%; P ¼ .011), and iliac vein stenting
was used more often in the noncaval group (41.3% vs
62.5%; P ¼ .033). The total tPA administered was not
significantly different between groups (24.0 6 12.5 mg
for noncaval vs 26.3 6 12.8 mg for caval thrombosis;
P ¼ .403). An IVC filter was placed with the initiation of
lysis in 44 (34.7%) patients (19 in the caval group, 25 in
the noncaval group). The filter was retrieved at the same
admission in 26 and at a later stage in 10 patients; the
remaining 8 were either not retrieved or lost in follow-up.

Technical success was achieved in 50 of 56 (89.3%)
limbs of the noncaval thrombosis group and in 63 of 71
(88.7%) limbs of the caval thrombosis group (P ¼ .921);
the 30-day recurrence was 14.3% in the noncaval group
and 11.3% in the caval group (P ¼ .611). Based on these,
clinical success (calculated on the limb level) was similar be-
tween the two groups (83.9% for noncaval vs 88.7% for
caval thrombosis; P ¼ .430). Of note, all failures in the
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caval group occurred in patients with an indwelling throm-
bosed IVC filter.

There was one major bleeding event (caval group) that
required surgery: an access site hematoma in the popliteal
fossa that required surgical evacuation with no subsequent
sequelae. Both groups had similar minor bleeding event
rates, including one minor gastrointestinal bleed, one
epistaxis, two rectus sheath hematomas, one bleed of un-
identified source, and three access site hematomas.

Two deaths occurred, both in the caval thrombosis
group. One death occurred on postprocedural day 25 in
a patient with stage IV lung cancer who was emergently
treated for phlegmasia. The other death occurred on post-
procedural day 35 (after discharge) and was due to chole-
cystitis, subsequent surgery, and progressive respiratory
failure.

Primary patency at 2 years for the caval and noncaval
groups was 76.7% 6 5.4% and 78.0% 6 7.1%, respectively
(P ¼ .787; Fig, A). On multivariate analysis, incomplete
lysis was the only independent predictor of recurrence
(HR, 22.7; P < .001). Caval thrombosis, with or without
a thrombosed IVC filter and irrespective of the clot prox-
imal extension level, did not show any prediction pattern
on DVT recurrence.

At follow-up, mean Villalta score was no different be-
tween groups; the noncaval group had a 2.8 6 2.6 score
within a follow-up of 12.4 6 8.7 months, and the caval
group had a 2.9 6 3.2 score within a follow-up of
16.0 6 8.8 months (P ¼ .934). Within this time frame,
no one developed an ulcer.

Valve reflux and PTS (Villalta score$5) at 2 years were
higher in the noncaval group (50.8% 6 9.6% and 34.3% 6
8.9% vs 23.3% 6 6.2% and 11.5% 6 4.1% in the caval
group; P ¼ .015 and P ¼ .035; Fig, B). On multivariate
analysis, incomplete lysis (HR, 5.59; P ¼ .010) was an
adverse predictor of PTS, whereas female gender (HR,
0.17; P ¼ .003) and caval involvement (HR, 0.218; P ¼
.005) were protective.

DISCUSSION

In this study, IVC thrombosis accompanying lower leg
DVTs had no significant impact on the technical success of
thrombolysis or on primary patency of the lysed venous
segments. Caval extension of the thrombus, though, para-
doxically appeared to yield better outcomes in terms of
PTS occurrence. In association with IVC filters, caval
thrombosis was less likely to respond to thrombolysis.

Left untreated, acute iliocaval thrombosis can lead to
chronic venous stasis, PTS, limb loss, pulmonary embolism,
or even death.6,18,19 Traditional treatment options
including anticoagulation, systemic thrombolytic therapy,
and open surgical thrombectomy have been shown to be
minimally effective and have gradually been replaced by
contemporary CDT, despite the lack of high-quality evi-
dence or guideline-based recommendations. CDT,
compared with anticoagulation for IVC thrombosis, has
been shown to have similar mortality but significantly
more bleeding complications and resource utilization.5
However, the anticipated benefits of symptom relief and
post-thrombotic morbidity reduction may outweigh higher
risks and cost expense, particularly in low-risk patients with
a reasonable life expectancy. In our cohort, two deaths
occurred in the caval thrombosis group. Both were a natu-
ral history of advanced cancer and sepsis and were treated
with thrombolysis for symptom relief and palliation.

Thrombolysis for symptomatic iliofemoral DVTs can
achieve relatively high rates of immediate thrombus clear-
ance with a technical success (>50% of the thrombus
load lysed with no 30-day recurrence) ranging between
80% and 95%.2,9,10,20-23 The technical success when the
caval segment is involved has not been well described in
recent literature, which mainly includes case reports.
Fifteen years ago, one of the first series of eight patients
with symptomatic IVC thrombosis demonstrated an 88%
success rate.24 A recent retrospective study of 25 patients
with acute caval thrombosis reported successful recanaliza-
tion in all patients and only one 30-day rethrombosis, ac-
counting for a 96% success rate.18 Similarly, we herein
report an 87% success rate. Not surprisingly, all our failures
occurred in IVC thromboses related to an existing IVC fil-
ter, with persistent thrombosis in the filter despite suction
thrombectomy and lytic therapy, precluding safe removal
or stenting of the filter. The presence of an IVC filter poses
an additional challenge as it causes mechanical obstruction
and blood flow alterations, especially when the thrombosis
extends into the filter or cephalad to it.18,25 Still, overall
success rates remain high and no lower than those
involving more distal iliofemoral DVT thrombolysis.
Aggressive use of combined PMT and CDT, liberal use
of stents when iliac obstructive disease is uncovered, and
targeting of maximum thrombus clearance are crucial for
successful outcomes.15,16,18,26

Reduction of post-thrombotic morbidity is the ulti-
mate target of thrombolysis. The CDT vs standard treat-
ment for acute iliofemoral DVT (CaVenT) randomized
study compared CDT vs anticoagulation for iliofemoral
DVTs and indicated an absolute risk reduction of 14.4%
in favor of CDT.27 No clear data exist regarding PTS
when the IVC is involved as in all studies patients are
grouped as proximal DVTs, the majority of which are ilio-
femoral DVTs. In patients receiving thrombolysis, post-
thrombotic morbidity has been repeatedly associated with
residual thrombus and lysis rate, referred to as the open
vein hypothesis.15,28,29 Our results confirmed that and in
addition showed an association with IVC involvement.
Caval extension of the DVT paradoxically appeared to yield
better thrombolysis outcomes. This finding may point to
the protective effect of caval thrombus clearance. It may
also indirectly indicate that the iliofemoral and popliteal
segments, which were frequently affected with DVT in
the caval group, contributed more to post-thrombotic
morbidity compared with the iliocaval segments. The
vena cava does not possess valves, and flow is based on
several physiologic factors (ie, the negative pressure of
the chest). Of relevance may also be the finding from the
U.S. venous registry analysis that patency at 1 year was



Fig. A, Survival analysis for deep venous thrombosis (DVT) recurrence. B, Survival analysis for post-thrombotic
syndrome (PTS).
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more likely to be maintained in patients with iliofemoral
than femoropopliteal DVT.2

Our results should be interpreted with caution, given
certain limitations of this retrospective study and lack of a
control anticoagulation-only group. The duplex scans
during the follow-up may have missed IVC rethrombosis
because of the difficulty of directly visualizing the iliocaval
segments. However, flow phasicity in the common femoral
vein on Doppler examination can be used reliably as an in-
dicator of iliocaval obstruction.30 It could be argued that in
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our PTS analysis, we have included patients with follow-up
of <6 months, whereas the anticipated effect may present
beyond 2 years. We attempted to eliminate this effect by
using Kaplan-Meier estimation. It has been shown that a
strong independent predictor of PTS over time is the 1-
month Villalta score, which supports our findings despite
the lack of long-term follow-up.12 In addition, we did
not have complete data regarding the intensity and length
of anticoagulation, which could potentially affect the re-
sults of the multivariate models. Nevertheless, this study re-
flects the results of contemporary thrombolysis practice for
acute caval DVTs in two relatively comparable cohorts of
patients with differences in caval involvement.

CONCLUSIONS

IVC thrombosis does not seem to have an impact on
the technical success of thrombolysis in patients with iliofe-
moral DVT; the presence of an IVC filter does make failure
more likely. Caval involvement does not have an impact on
primary patency and may be associated with a lower inci-
dence of PTS, provided successful thrombolysis can be
achieved.

AUTHOR CONTRIBUTIONS

Conception and design: EA, EH, MS
Analysis and interpretation: EA, GJ, GA, EH, MS, MM
Data collection: EA, OE, GA
Writing the article: EA, OE, GJ, GA, EH, RC
Critical revision of the article: EA, GJ, GA, EH, MS,

MM, RC
Final approval of the article: EA, OE, GJ, GA, EH, MS,

MM, RC
Statistical analysis: EA, OE
Obtained funding: Not applicable
Overall responsibility: RC

REFERENCES

1. Linnemann B, Schmidt H, Schindewolf M, Erbe M, Zgouras D,
Grossmann R, et al. Etiology and VTE risk factor distribution in
patients with inferior vena cava thrombosis. Thromb Res 2008;123:
72-8.

2. Mewissen MW, Seabrook GR, Meissner MH, Cynamon J,
Labropoulos N, Haughton SH. Catheter-directed thrombolysis for
lower extremity deep venous thrombosis: report of a national multi-
center registry. Radiology 1999;211:39-49.

3. Kinney TB. Update on inferior vena cava filters. J Vasc Interv Radiol
2003;14:425-40.

4. Patel SH, Patel R. Inferior vena cava filters for recurrent thrombosis:
current evidence. Tex Heart Inst J 2007;34:187-94.

5. Alkhouli M, Zack CJ, Zhao H, Shafi I, Bashir R. Comparative out-
comes of catheter-directed thrombolysis plus anticoagulation versus
anticoagulation alone in the treatment of inferior vena caval throm-
bosis. Circ Cardiovasc Interv 2015;8:e001882.

6. Radomski JS, Jarrell BE, Carabasi RA, Yang SL, Koolpe H. Risk of
pulmonary embolus with inferior vena cava thrombosis. Am Surg
1987;53:97-101.

7. Bashir R, Zack CJ, Zhao H, Comerota AJ, Bove AA. Comparative
outcomes of catheter-directed thrombolysis plus anticoagulation vs
anticoagulation alone to treat lower-extremity proximal deep vein
thrombosis. JAMA Intern Med 2014;174:1494-501.
8. Casey ET, Murad MH, Zumaeta-Garcia M, Elamin MB, Shi Q,
Erwin PJ, et al. Treatment of acute iliofemoral deep vein thrombosis.
J Vasc Surg 2012;55:1463-73.

9. Comerota AJ. Thrombolysis for deep venous thrombosis. J Vasc Surg
2012;55:607-11.

10. Watson L, Broderick C, Armon MP. Thrombolysis for acute deep vein
thrombosis. Cochrane Database Syst Rev 2014;1:CD002783.

11. Meissner MH, Gloviczki P, Comerota AJ, Dalsing MC, Eklof BG,
Gillespie DL, et al. Early thrombus removal strategies for acute deep
venous thrombosis: clinical practice guidelines of the Society for
Vascular Surgery and the American Venous Forum. J Vasc Surg
2012;55:1449-62.

12. Kahn SR, Shrier I, Julian JA, Ducruet T, Arsenault L, Miron MJ, et al.
Determinants and time course of the postthrombotic syndrome after
acute deep venous thrombosis. Ann Intern Med 2008;149:698-707.

13. Kearon C, Akl EA, Comerota AJ, Prandoni P, Bounameaux H,
Goldhaber SZ, et al. Antithrombotic therapy for VTE disease:
Antithrombotic Therapy and Prevention of Thrombosis, 9th ed:
American College of Chest Physicians Evidence-Based Clinical Practice
Guidelines. Chest 2012;141:e419S-494.

14. Avgerinos ED, Hager E, Jeyabalan G, Marone L, Makaroun MS,
Chaer RA. Inferior vena cava filter placement during thrombolysis for
acute iliofemoral deep venous thrombosis. J Vasc Surg Venous Lym-
phat Disord 2014;2:274-81.

15. Avgerinos ED, Hager E, Naddaf A, Dillavou E, Singh M, Chaer RA.
Outcomes and predictors of failure of thrombolysis for iliofemoral deep
venous thrombosis. J Vasc Surg Venous Lymphat Disord 2014;3:
35-41.

16. Hager ES, Yuo T, Avgerinos ED, Naddaf A, Jeyabalan G, Marone L,
et al. Anatomic and functional outcomes of pharmacomechanical and
catheter-directed thrombolysis of iliofemoral deep venous thrombosis.
J Vasc Surg Venous Lymphat Disord 2014;2:246-52.

17. Jeyabalan G, Marone L, Rhee R, Hirsch S, Makaroun MS, Cho J, et al.
Inflow thrombosis does not adversely affect thrombolysis outcomes of
symptomatic iliofemoral deep vein thrombosis. J Vasc Surg 2011;54:
448-53.

18. Nagarsheth KH, Sticco C, Aparajita R, Schor J, Singh K, Zia S, et al.
Catheter-directed therapy is safe and effective for the management
of acute inferior vena cava thrombosis. Ann Vasc Surg 2015;29:
1373-9.

19. Tarry WC, Makhoul RG, Tisnado J, Posner MP, Sobel M, Lee HM.
Catheter-directed thrombolysis following vena cava filtration for severe
deep venous thrombosis. Ann Vasc Surg 1994;8:583-90.

20. Elsharawy M, Elzayat E. Early results of thrombolysis vs anti-
coagulation in iliofemoral venous thrombosis. A randomised clinical
trial. Eur J Vasc Endovasc Surg 2002;24:209-14.

21. Baekgaard N, Broholm R, Just S, Jorgensen M, Jensen LP. Long-term
results using catheter-directed thrombolysis in 103 lower limbs with
acute iliofemoral venous thrombosis. Eur J Vasc Endovasc Surg
2010;39:112-7.

22. Haig Y, Enden T, Slagsvold CE, Sandvik L, Sandset PM, Klow NE.
Determinants of early and long-term efficacy of catheter-directed
thrombolysis in proximal deep vein thrombosis. J Vasc Interv Radiol
2013;24:17-24; quiz: 26.

23. Protack CD, Bakken AM, Patel N, Saad WE, Waldman DL,
Davies MG. Long-term outcomes of catheter directed thrombolysis
for lower extremity deep venous thrombosis without prophylactic
inferior vena cava filter placement. J Vasc Surg 2007;45:992-7;
discussion: 997.

24. Angle JF, Matsumoto AH, Al Shammari M, Hagspiel KD, Spinosa DJ,
Humphries JE. Transcatheter regional urokinase therapy in the man-
agement of inferior vena cava thrombosis. J Vasc Interv Radiol 1998;9:
917-25.

25. Vedantham S, Vesely TM, Parti N, Darcy MD, Pilgram TK, Sicard GA,
et al. Endovascular recanalization of the thrombosed filter-bearing
inferior vena cava. J Vasc Interv Radiol 2003;14:893-903.

26. Aziz F, Comerota AJ. Quantity of residual thrombus after successful
catheter-directed thrombolysis for iliofemoral deep venous throm-
bosis correlates with recurrence. Eur J Vasc Endovasc Surg 2012;44:
210-3.

http://refhub.elsevier.com/S2213-333X(16)30072-5/sref1
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref1
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref1
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref1
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref2
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref2
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref2
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref2
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref3
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref3
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref4
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref4
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref5
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref5
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref5
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref5
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref6
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref6
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref6
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref7
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref7
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref7
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref7
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref8
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref8
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref8
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref9
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref9
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref10
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref10
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref11
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref11
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref11
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref11
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref11
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref12
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref12
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref12
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref13
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref13
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref13
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref13
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref13
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref14
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref14
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref14
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref14
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref15
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref15
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref15
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref15
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref16
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref16
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref16
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref16
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref17
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref17
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref17
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref17
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref18
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref18
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref18
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref18
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref19
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref19
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref19
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref20
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref20
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref20
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref21
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref21
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref21
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref21
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref22
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref22
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref22
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref22
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref23
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref23
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref23
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref23
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref23
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref24
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref24
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref24
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref24
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref25
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref25
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref25
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref26
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref26
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref26
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref26


JOURNAL OF VASCULAR SURGERY: VENOUS AND LYMPHATIC DISORDERS
Volume -, Number - Avgerinos et al 7
27. Enden T, Haig Y, Klow NE, Slagsvold CE, Sandvik L, Ghanima W,
et al. Long-term outcome after additional catheter-directed throm-
bolysis versus standard treatment for acute iliofemoral deep vein
thrombosis (the CaVenT study): a randomised controlled trial. Lancet
2012;379:31-8.

28. Comerota AJ, Grewal N, Martinez JT, Chen JT, Disalle R, Andrews L,
et al. Postthrombotic morbidity correlates with residual thrombus
following catheter-directed thrombolysis for iliofemoral deep vein
thrombosis. J Vasc Surg 2012;55:768-73.
29. Grewal NK, Martinez JT, Andrews L, Comerota AJ. Quantity of clot
lysed after catheter-directed thrombolysis for iliofemoral deep venous
thrombosis correlates with postthrombotic morbidity. J Vasc Surg
2010;51:1209-14.

30. Kayılıo�glu SI, Köksoy C, Alaçayır I. Diagnostic value of the femoral
vein flow pattern for the detection of an iliocaval venous obstruction.
J Vasc Surg Venous Lymphat Disord 2016;4:2-8.

Submitted Mar 16, 2016; accepted May 21, 2016.

http://refhub.elsevier.com/S2213-333X(16)30072-5/sref27
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref27
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref27
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref27
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref27
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref28
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref28
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref28
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref28
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref29
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref29
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref29
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref29
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref30
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref30
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref30
http://refhub.elsevier.com/S2213-333X(16)30072-5/sref30

	Impact of inferior vena cava thrombus extension on thrombolysis for acute iliofemoral thrombosis
	Methods
	Study design
	Definitions
	Periprocedural protocol
	Thrombolysis technique
	Follow-up
	Statistical analysis

	Results
	Discussion
	Conclusions
	Author contributions
	References


