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Abstract
Background: Inferior vena cava (IVC) thrombosis is a rare form of venous thromboem-
bolism (VTE). The optimal treatment strategies and outcomes are unclear in patients 
with this presentation.
Objective: We aimed to compare baseline characteristics, treatment patterns and 24- 
month outcomes in IVC thrombosis patients (n = 100) with lower extremity deep vein 
thrombosis (LEDVT) patients (n = 7629).
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1  |  INTRODUC TION

Venous thromboembolism (VTE) is a common and major public 
health problem, associated with significant morbidity, mortality, and 
healthcare costs.1 While reported incidence rates for pulmonary 
embolism (PE) and deep vein thrombosis of the lower extremity 
(LEDVT) range from 29 to 78 and 45 to 117 per 100 000 person- 
years, respectively,1- 3 thrombosis of the inferior vena cava (IVC) re-
mains an under- recognized entity.4

In a population- based study, the reported incidence of IVC thrombo-
sis was 2.82% of all LEDVT.5 IVC thrombosis occurs most commonly with 
proximal extension of LEDVT, but it may occur in isolation in patients with 
cancer or in those with IVC atresia or other IVC abnormalities. Heritable 
or acquired hypercoagulable states increase the risk of IVC thrombosis.6,7

The optimal treatment and outcomes of IVC thrombosis are uncer-
tain as there are currently no specific guidelines or recommendations 
for treating these patients. Data from randomized controlled trials are 
limited because IVC thrombosis was not classified as a distinct entity. 
Anticoagulation is the mainstay of treatment for IVC thrombosis; catheter- 
directed thrombolysis or pharmaco- mechanical catheter- directed 
thrombolysis should be considered in selected patients.6- 11 Long- term 
outcomes of patients with IVC thrombosis have not been reported.

To address these gaps in knowledge, we used data from the Global 
Anticoagulant Registry in the FIELD (GARFIELD)- VTE (ClinicalTrials.
gov identifier: NCT02155491); a prospective, non- interventional ob-
servational study of 10 868 patients with objectively diagnosed VTE 
from 415 sites in 28 countries.12 We compared baseline characteris-
tics, treatment patterns and 24- month outcomes in patients with IVC 

thrombosis with or without associated pulmonary embolism (PE) with 
those in patients with LEDVT alone with or without associated PE.

2  |  METHODS

2.1  |  Study design and participants

The rationale and design of the GARFIELD- VTE registry has been pre-
viously reported.12 Patients were prospectively and consecutively en-
rolled over 3 years into two separate cohorts. Men and women aged 
≥18 years with an objectively confirmed diagnosis of symptomatic VTE 

for the Kantor- Kakkar Global Centre for 
Thrombosis Science. Methods: GARFIELD– VTE is a prospective, observational registry of 10 868 patients 

with objectively diagnosed VTE from 415 sites in 28 countries.
Results: IVC thrombosis patients were younger (51.9 vs. 59.8 years), more frequently 
had active cancer (26.0% vs. 8.9%) or history of cancer (21.0% vs. 12.2%), and less fre-
quently had recent trauma or surgery than LEDVT patients. IVC thrombosis was more 
frequently treated with parenteral anticoagulants alone (35.1% vs. 15.9%), whereas pa-
tients with LEDVT more commonly received vitamin K antagonists (32.0% vs. 25.8%) or 
direct oral anticoagulants (49.0% vs. 35.1%). Thrombolysis (11.0% vs. 3.6%) and surgi-
cal/mechanical interventions (4.0% vs. 1.4%) were more frequent in IVC thrombosis. 
At 24- months, the rate per 100 person- years (95% confidence interval) of all- cause 
mortality was higher in patients with IVC thrombosis than LEDVT (13.28 [8.57– 20.58] 
vs. 4.91 [4.55– 5.3]); the incidence of cancer- associated mortality was comparable as 
was the incidence of VTE recurrence (4.11 [1.85– 9.15] vs. 4.18 [3.84– 4.55]). Major 
bleeding was slightly higher in IVC thrombosis (2.03 [0.66– 6.31] vs. 1.66 [1.45– 1.89]).
Conclusion: In summary, IVC thrombosis patients have higher all- cause mortality 
rates than those with LEDVT, a finding only partly attributable to malignancy.
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Essentials

• IVC thrombosis is rare and thus optimal treatment strat-
egies and outcomes are unclear.

• We investigated treatment patterns and 2- year out-
comes in patients with IVC thrombosis compared to 
LEDVT.

• IVC thrombosis patients are typically treated according 
to current international guidelines and recommenda-
tions for VTE management.

• IVC thrombosis patients have an increased risk of mor-
tality in comparison to patients with LEDVT, only partly 
attributable to malignancy.
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within 30 days of entry into the registry were eligible for inclusion in 
this study. The study excluded patients with superficial vein thrombo-
sis, those participating in an interventional study that dictates treat-
ments, or those for whom long- term follow up was not possible. The 
aim of the registry is to record standard local practices. Therefore, no 
specific treatments, tests or procedures are mandated by the protocol. 
Decisions to initiate, continue, or change treatment were solely at the 
discretion of the treating physicians and their patients. Individual par-
ticipant data collected for the study are not available to others.

2.2  |  Selection of study sites

The national coordinating investigators identified the care settings 
they believed most accurately represented the management of VTE 
patients in their country. The contract research organization provided 
a list of sites that reflected these care settings, from which study sites 
were computationally selected at random. Sites that agreed to par-
ticipate were recruited after a qualification telephone call, and all in-
vestigators completed an educational program providing guidance on 
patient screening, enrolment, and follow- up in the registry.

2.3  |  Data collection

Data were collected by treating physicians by means of an elec-
tronic case report form (eCRF) designed by eClinicalHealth Services 
(Stirling, UK) and submitted electronically via a secure website to the 
registry coordinating center at the Thrombosis Research Institute, 
which was responsible for checking the completeness and accuracy 
of data collected from medical records. Patients were assigned a 
unique identifier and identifiable data were removed at the hospital 
source to ensure confidentiality. The GARFIELD- VTE protocol man-
dates (a) centralized auditing of 10% of all eCRFs by comparison with 
source documentation, (b) provision of electronic audit trails for all 
data modifications, and (c) subjecting critical variables to additional 
audit. This study reports prospectively collected data from patients 
enrolled from 12 May 2014 to 4 January 2017. The data were ex-
tracted from the study database in October 2020.

2.4  |  Clinical outcomes

Outcomes were recorded in standardized eCRFs. The primary clinical 
outcomes were all- cause mortality, recurrent VTE, and major bleed-
ing. Major bleeding was defined as clinically overt bleeding associated 
with a critical site (e.g., intracranial, intraspinal, intraocular), decrease 
in hemoglobin of ≥2 g/dl, transfusion of ≥2 units of packed red blood 
cells, or a fatal outcome.13 Non- major bleeding was defined as any 
episode of overt bleeding not meeting the criteria for major bleed-
ing.14 Recurrent VTE was characterized as any new VTE following the 
initial VTE diagnosis, and patients with recurrent VTE must have com-
pleted treatment for the previous event. The rates of hospitalization, 

bleeding, cancer, stroke/transient ischemic attack, and myocardial in-
farction were also recorded. Additionally, information was collected 
regarding the cause of death and nature of bleeding. Cancer that was 
diagnosed more than 30 days after the VTE diagnosis date was consid-
ered as a cancer endpoint. Patients were characterized as having ac-
tive cancer if they were diagnosed and/or receiving treatment for their 
cancer during the window of ≤90 days before VTE diagnosis and up to 
30 days after VTE diagnosis. Patients were defined as having a history 
of cancer if the cancer went into remission and the patient was not re-
ceiving any cancer treatment >90 days before the diagnosis of VTE.15 
For all other outcomes, events that occurred from the day of diagnosis 
onward were considered outcomes. Only the first occurrence of each 
event type was considered. Outcomes were not centrally adjudicated.

2.5  |  Ethics statement

The registry is conducted in accordance with the Declaration of 
Helsinki and guidelines from the International Conference on 
Harmonization on Good Clinical Practice and Good Pharmaco- 
epidemiological Practice and adheres to all applicable national laws 
and regulations. Independent ethics committees for each partici-
pating country and the hospital- based institutional review boards 
approved the design of the registry. All patients provided written 
informed consent to participate. Confidentiality and anonymity of 
patients recruited into this registry are maintained.

2.6  |  Statistical analyses

This study focused on post- hoc analysis of patients with a con-
firmed diagnosis of IVC thrombosis with or without concurrent PE. 
These patients were descriptively compared with patients with a 
confirmed diagnosis of LEDVT with or without PE. Patients with-
out an objectively confirmed diagnosis of VTE, patients with upper 
extremity DVT, superior vena cava thrombosis or other unusual sites 
of DVT were excluded from the analysis. Continuous variables are 
summarized as means (standard deviation), and categorical variables 
are presented as frequency and percentage. Unadjusted event rates 
and the associated 95% confidence interval (CI) were estimated 
using Poisson regression and are expressed per 100- person years. 
Patients with missing values were not removed from the study 
(available case analysis). Statistical analyses were conducted using 
R statistical software version 3.6.1 (R Development Core Team) and 
SAS statistical software version 9.4 (SAS Institute Inc., Cary, NC, 
USA). In all cases, the threshold for assessing statistical significance 
for two- sided tests was set at level α = .05.

2.7  |  Data sharing

For original data, please contact Dr. Saverio Virdone (SVirdone@tri-
london.ac.uk).

mailto:SVirdone@tri-london.ac.uk
mailto:SVirdone@tri-london.ac.uk
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3  |  RESULTS

3.1  |  Baseline demographics & diagnosis

Of the total 10 868 available patients, 7729 patients were eligible 
for analysis. Of these, 100 patients (1.3%) were classified as having 
IVC thrombosis (with or without PE), and 7629 (98.7%) were classi-
fied as having LEDVT (with or without PE) (Figure 1). Among patients 
with LEDVT, 6071 (79.6%) had LEDVT alone and 1558 (20.4%) had 
both LEDVT and concurrent PE. Of the 100 patients with IVC throm-
bosis, 12 (12.0%) were diagnosed with concurrent PE. Compression 
ultrasonography was used to confirm the diagnosis in 66.0% of pa-
tients with IVC thrombosis and in 96.2% of patients with LEDVT. 
Computed tomography (CT) venography or contrast venography 
was used more commonly to establish the diagnosis in patients with 
IVC thrombosis than in those with LEDVT (48.0% and 4.3%, respec-
tively vs. 10.0% and 1.3%, respectively) (Table S1).

The median age of patients with IVC thrombosis was lower than 
that of patients with LEDVT (median age 51.9 years vs. 59.8 years) 
(Table 1). Of patients with IVC thrombosis, 45.0% were <50 years 
old compared with 31.9% of patients with LEDVT. Gender distribu-
tion was comparable between the two groups (47.0% vs 50.9% male, 
respectively). Median follow up times are shown in Table S2.

Active cancer and history of cancer were more frequently re-
ported in patients with IVC thrombosis (26.0% and 21.0%, respec-
tively) than in those with LEDVT (8.9% and 12.2%, respectively). A 
higher proportion of patients with IVC thrombosis had a history of 
recent hospitalization (15.0% vs. 11.2%, respectively), whereas a 
higher proportion of patients with LEDVT had a history of recent 

trauma of the lower limbs (9.4% vs. 2.0%), surgery (12.1% vs. 8.0%), 
a prior episode of VTE (16.2% vs. 10.0%) or a family history of VTE 
(6.3% vs. 2.0%, respectively). A comparison of provoking and predis-
posing risk factors is provided in Table 2.

3.2  |  Treatment

Thrombolytic therapy was administered to 11.0% of patients with 
IVC thrombosis and to 3.6% of those with LEDVT. Surgical/me-
chanical interventions were also more common in patients with IVC 
thrombosis (4.0% vs. 1.4%, respectively).

After diagnosis, 98.1% of patients with IVC thrombosis and 
97.9% of those with LEDVT were initiated on anticoagulant treat-
ment (Figure 2). Patients with IVC thrombosis were more likely to re-
ceive parenteral anticoagulants alone (35.1% vs. 15.9%). In contrast, 
patients with LEDVT were more likely to receive parenteral therapy 
in combination with a VKA than patients with IVC thrombosis (26.1% 
vs. 18.6%) or to be given a direct oral anticoagulant (DOAC) alone 
(34.2% vs. 22.7%).

Patients with LEDVT and IVC thrombosis with concurrent can-
cer were most likely to receive parenteral anticoagulants (55.4% and 
79.2%, respectively), however VKA and DOAC usage was higher in 
LEDVT patients with concurrent cancer (17.8% and 26.8%) than in 
IVC thrombosis patients with concurrent cancer (12.5% and 8.3%).

At 3- , 6- , 12, and 24- months, the proportions of patients with 
IVC thrombosis still receiving anticoagulant treatment were 81.4%, 
69.1%, 46.3%, and 38.2% respectively, compared with 87.1%, 72.0%, 
53.4%, and 45.2% of patients with LEDVT (Figure 2).

F I G U R E  1  Study population flowchart. DVT, deep vein thrombosis; IVC, inferior vena cava; LEDVT, lower extremity deep vein 
thrombosis; PE, pulmonary embolism; VTE, venous thromboembolism 
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3.3  |  Clinical outcomes

At 24- months after VTE diagnosis, the unadjusted rate of all- cause 
mortality was higher in patients with IVC thrombosis than in those 
with LEDVT; 13.28 (95% CI, 8.57– 20.58) vs. 4.91 (95% CI, 4.55– 5.3) 
per 100 person- years, respectively (Table 3). The Kaplan- Meier sur-
vival curves are presented in Figure 3. Mortality was attributed to 
cancer in 57.1% of patients with IVC thrombosis and in 51.0% of 
those with LEDVT (Table S3). The incidence rates of VTE recurrence 
in patients with IVC thrombosis or LEDVT were comparable; 4.11 
(95% CI, 1.85– 9.15) vs. 4.18 (95% CI, 3.84– 4.55) per 100 person- 
years, respectively. The incidence rate of major bleeding was slightly 
higher in IVC thrombosis compared to LEDVT; 2.03 (95%CI, 0.66– 
6.31) vs. 1.66 (95%CI, 1.45– 1.89) per 100 person- years, respectively 
(Table 3). IVC thrombosis patients with active cancer had higher 
mortality, VTE recurrence and bleeding rates than IVC thrombosis 
patients without active cancer (Tables S4). IVC thrombosis patients 
with active cancer appear to have higher mortality than LEDVT pa-
tients with active cancer (Tables S5), however, the small number of 
events does not allow for further statistical analysis.

4  |  DISCUSSION

This prospective, observational study investigated clinical character-
istics, management strategies, and 24- month outcomes in a cohort 
of patients with IVC thrombosis captured in the global GARFIELD- 
VTE registry and compared them with those of patients with LEDVT 
without IVC thrombosis.

Patients with IVC thrombosis were younger than those with 
LEDVT, perhaps explained by the possible existence of vascular 
anomalies in those with IVC thrombosis which led to VTE at an ear-
lier age. Congenital IVC anomalies are rare with a prevalence of 0.6% 
in individuals with congenital heart disease and 0.3% in healthy indi-
viduals.16,17 Nevertheless, they are associated with an increased risk 
of VTE with a rate of over 60%.18,19 These anomalies have a male 
predominance, and usually present in the third or fourth decade of 
life.20- 22 The May- Thurner Syndrome (MTS) is another anatomical 

TA B L E  1  Baseline characteristics and care settings

Variable
LEDVT 
(n = 7629)

IVC thrombosis 
(n = 100)

Male, n (%) 3881 (50.9) 47 (47.0)

Age, median years (IQR) 59.8 (45.9– 71.2) 51.9 (39.1– 67.6)

Age groups, n (%)

<50 2436 (31.9) 45 (45.0)

50– 65 2279 (29.9) 24 (24.0)

65– 75 1581 (20.7) 19 (19.0)

75– 85 1052 (13.8) 10 (10.0)

>85 281 (3.7) 2 (2.0)

BMI, kg/m2, median (IQR) 27.3 (24.1– 31.2) 26.5 
(22.5– 30.5)

Min– Max 12.5– 80.0 15.9– 46.2

Missing data 753 6

Care setting, n (%)

Hospital 5332 (69.9) 82 (82.0%)

Outpatient setting 2297 (30.1) 18 (18.0%)

Specialty, n (%)

Vascular medicine 4006 (52.5) 43 (43.0)

General practitioner 251 (3.3) 5 (5.0)

Internal medicine 
(Hematology and 
Intensive Care)

2799 (36.7) 38 (38.0)

Emergency medicine 181 (2.4) 1 (1.0)

Cardiology 391 (5.1) 13 (13.0)

Missing 1 0

Abbreviations: BMI, body mass index; CT, computed tomography; DVT, 
deep vein thrombosis; IQR, interquartile range; IVC, inferior vena cava; 
LEDVT, lower extremity DVT; PE, pulmonary embolism; SD, standard 
deviation; VTE, venous thromboembolism.

TA B L E  2  History of provoking risk factors within 3 months prior 
to diagnosis of VTE

LEDVT 
(n = 7629)

IVC thrombosis 
(n = 100)

Persistent provoking factors, n (%)

Active cancera 681 (8.9) 26 (26.0)

Transient provoking factors, n (%)

Acute medical illness 428 (5.6) 4 (4.0)

Hospitalization 854 (11.2) 15 (15.0)

Long- haul travelling 367 (4.8) 2 (2.0)

Surgery 926 (12.1) 8 (8.0)

Trauma of the lower limb 715 (9.4) 2 (2.0)

Hormone replacement 
therapy (females)

123 (1.6) 0 (0.0)

Oral contraception 
(females)

383 (5.0) 5 (5.0)

IVC filter inserted at 
baseline

129 (1.7) 4 (4.0)

IVC filter inserted prior to 
VTE diagnosis

6 (0.1) 2 (2.0)

Predisposing risk factors, n (%)

Chronic heart failure 202 (2.7) 3 (3.0)

Chronic immobilization 447 (5.9) 6 (6.0)

Family history of VTE 479 (6.3) 2 (2.0)

History of cancerb 932 (12.2) 21 (21.0)

Known thrombophilia 242 (3.2) 3 (3.0)

Prior VTEc 1233 (16.2) 10 (10.0)

Abbreviations: DVT, deep vein thrombosis; IVC, inferior vena cava; 
LEDVT, lower extremity DVT; PE, pulmonary embolism; VTE, venous 
thromboembolism.
aActive cancer: diagnosis and/or active cancer treatment ≤90 days 
before and up to 30 days after VTE diagnosis.
bHistory of cancer: remission of cancer or active cancer treatment >90 
days prior to VTE diagnosis.
cPrior VTE: VTE for which prior treatment had been completed.
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abnormality, where chronic compression of the left common iliac 
vein by an overlying right common iliac artery causes venous stasis, 
chronic intraluminal damage and a predisposition to DVT at a young 
age. There is no consensus on the management of MTS, however 
treatment by angioplasty with stenting is often required in addition 
to anticoagulation to prevent DVT recurrence.23- 25 Unfortunately, 
data regarding caval and iliac vein anatomy are unavailable in our 
database, however, it should be noted that in the group with IVC 
thrombosis, 45% of patients were under 50 years of age. In patients 
with IVC thrombosis, the proportion with a history of recent trauma 
to the lower limbs, or surgery, is lower than that in patients with 
LEDVT alone. This is of interest because aside from anatomical 
anomalies, risk factors for IVC thrombosis have not been previously 
described.

A few patients had IVC filter inserted either prior to or following 
VTE diagnosis. Notably, guidelines discourage routine placement of 
an IVC filter in VTE patients who are being treated with therapeutic 
anticoagulation while insertion of a retrievable IVC filter should be 
considered in selected patients with acute VTE and a contraindica-
tion to anticoagulant treatment.26,27 The small numbers of patients 
who had IVC filter placed and missing data on retrieval times pre-
clude further analysis with regards to the use of IVC filters in the 
context of IVC thrombosis.

Active cancer and history of cancer were more frequently re-
ported in patients with IVC thrombosis. Cancer leads to an aggres-
sive and extended thrombosis, and bilateral DVT at presentation 
has been consistently reported in patients with cancer.28- 31 Due to 
eCRF restrictions, data on concurrent IVC thrombosis and bilateral 

F I G U R E  2  Anticoagulation treatment patterns over 24- months follow up. AC, anticoagulation; DOAC, direct oral anticoagulant; IVCT, 
inferior vena cava thrombosis; LEDVT, lower extremity deep vein thrombosis; LTFU, lost to follow up; PE, pulmonary embolism; VKA, 
vitamin K antagonist 

Event

LEDVT (n = 7629) IVC thrombosis (n = 100)

n
Event rate (95% 
CI) n Event rate (95% CI)

All- cause mortality 652 4.91 (4.55– 5.30) 20 13.28 (8.57– 20.58)

Recurrent VTE 530 4.18 (3.84– 4.55) 6 4.11 (1.85– 9.15)

Recurrent DVT 407 3.17 (2.88– 3.50) 5 3.42 (1.42– 8.21)

Recurrent PE 151 1.15 (0.98– 1.35) 1 0.67 (0.09)

Major Bleeding 217 1.66 (1.45– 1.89) 3 2.03 (0.66– 6.31)

Any bleeding 828 6.78 (6.31– 7.23) 9 6.36 (3.31– 12.23)

MI/ACS 54 0.41 (0.31– 0.54) 1 0.67 (0.09– 4.77)

Stroke/TIA 78 0.59 (0.47– 0.74) 0 0.0 (0.0– ∞)

Abbreviations: ACS, acute coronary syndrome; CI, confidence interval; LEDVT, lower extremity 
deep vein thrombosis; MI, myocardial infarction; PE, pulmonary embolism; TIA, transient ischemic 
attack; VTE, venous thromboembolism.

TA B L E  3  Unadjusted 24- month annual 
incidence rate (per 100 person- years)
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LEDVT are unavailable, however, involvement of the IVC may pro-
vide further support of the severe hypercoagulability associated 
with malignancy.32,33

Like patients with LEDVT, most patients with IVC thrombosis 
were given anticoagulant treatment. However, patients with IVC 
thrombosis were more likely to receive parenteral therapy alone and 
less likely to receive DOACs. This may be explained by the higher 
prevalence of cancer in the IVC thrombosis group because up until 
July 2018, guidelines recommended low- molecular- weight heparin 
for the treatment of cancer- associated VTE.3 Certainly, IVC throm-
bosis patients with concurrent cancer were far more likely to receive 
parenteral therapy. Alternatively, the extent of the thrombosis and 
the limited evidence supporting the use of DOACs in the setting of 
IVC thrombosis may have prompted the preference for low molecu-
lar weight heparin over DOACs or VKAs.

Patients with IVC thrombosis had a significantly higher 24- month 
all- cause mortality rate than those with LEDVT. Analysis of causes 
of mortality suggests that this reflects only a slightly higher propor-
tion of cancer- related deaths, and notably, a higher proportion of 
VTE- related deaths. Despite the small number of patients with IVC 
thrombosis, this finding suggests a need for additional research into 
the treatment of this condition. In this study, a higher proportion 
of patients with IVC thrombosis than with LEDVT alone underwent 
thrombolysis and/or surgical/mechanical interventions. The major-
ity of patients with IVC thrombosis, however, were treated conser-
vatively with anticoagulation alone, and no differences in the risks 
of VTE recurrence were observed. Despite this, patients with IVC 
thrombosis had a slightly higher risk of major bleeding than those 
with LEDVT alone. Because of the small numbers, impact of throm-
bolysis and surgical mechanical interventions on outcomes could not 
be explored.

IVC thrombosis comprised 1.3% of VTE in this cohort (ex-
clusive of upper extremity DVT, superior vena cava thrombosis 
and other unusual sites of DVT), which is marginally lower than 
in previous reports.5,34 This may be attributable to GARFIELD- 
VTE being a registry of symptomatic patients; asymptomatic IVC 
thrombosis patients may therefore be underrepresented in this 

study. Nonetheless, IVC thrombosis is unlikely to be asymptom-
atic in many patients.

In the only previous large report dedicated to IVC thrombosis pa-
tients, Alkhouli and colleagues reported short term outcomes doc-
umented within the Nationwide Inpatient Sample database, where 
a considerably higher proportion of patients were treated with 
catheter- directed thrombolysis, balloon angioplasty and stenting. 
When compared to propensity matched patients treated with anti-
coagulation alone, patients treated with catheter- directed thrombol-
ysis had higher rates of in- hospital PE (OR 1.62, 95% CI 1.08– 2.41, 
p = .02). In- hospital mortality, however, did not significantly differ 
between the two groups (OR 1.38, 95% CI 0.55– 3.46, p = .49).35 
Longer term outcomes were not reported.

Our study has strengths and limitation. The strengths include 
the prospective design, the large size of the cohort of patients with 
objectively diagnosed VTE, and the high rate of successful follow up. 
Limitations include the lack of central adjudication of index events 
and outcomes, the small number of patients with IVC thrombosis 
relative to those with LEDVT, and the unavailability of information 
regarding thrombus burden. This is not surprising however, because 
of the rarity of IVC thrombosis. Furthermore, due to eCRF restric-
tions, reporting of the site of thrombosis precludes reporting on 
concurrent IVC thrombosis and LEDVT. Therefore, we are unable to 
ascertain the proportion of IVC thrombosis patients who had con-
current LEDVT. Finally, this study was not powered to compare var-
ious management strategies for IVC thrombosis, placement of IVC 
filters or associated congenital vascular anomalies.

In conclusion, we described current management strategies and 
clinical outcomes of patients with IVC thrombosis captured in the 
GARFIELD- VTE registry. Patients with IVC thrombosis are generally 
treated according to international practice guidelines for VTE.2,3,27 
Nevertheless, the all- cause mortality rate is higher in patients with 
IVC thrombosis than in those with LEDVT, which appears to be 
partly attributable to underlying malignancy. Future research is re-
quired to further elaborate systemic risk factors for IVC thrombosis, 
rates of post- thrombotic syndrome and the comparative effective-
ness of low molecular weight heparin and DOACs.

F I G U R E  3  A Kaplan- Meier survival 
estimator for patients with IVC 
thrombosis vs. patients with LEDVT (with 
or without PE) without IVC thrombosis. 
DVT, deep vein thrombosis; IVC, inferior 
vena cava; LEDVT, lower extremity DVT 



    |  373COHEN Et al.

ACKNOWLEDG EMENTS
The authors thank the physicians, nurses, and patients involved in 
the GARFIELD- VTE registry. Rebecca Watkin and Nick Burnley- Hall 
(Thrombosis Research Institute, London, UK) provided medical writ-
ing support. Programming support was provided by Madhusudana 
Rao and Uma Maheshwari (Thrombosis Research Institute, London, 
UK).

CONFLIC T OF INTERE S T
Omri Cohen: Research support from Pfizer. Walter Ageno: Honoraria 
from Boehringer Ingelheim, Bayer Pharma AG, Bristol Myers Squibb, 
Pfizer, Daiichi- Sankyo, Portola, Aspen, Sanofi. Alexander G. G. Turpie: 
Personal fees from Bayer Pharma AG and Janssen. Jeffrey I. Weitz: 
Research support from Canadian Institutes of Health Research, 
Heart and Stroke Foundation, and the Canadian Fund for Innovation. 
Honoraria from Bayer Pharma AG, Boehringer- Ingelheim, Bristol 
Myers Squibb, Daiichi- Sankyo, Ionis, Janssen, Merck, Portola, Pfizer, 
Servier, Novartis, Anthos, and Tetherex. Sylvia Haas: Honoraria 
from Aspen, Bayer Pharma AG, Bristol Myers Squibb, Daiichi- 
Sankyo, Pfizer, Portola, Sanofi. Shinya Goto: Research funding from 
Ono, Bristol Myers Squibb, Sanofi, and Pfizer. Personal fees from 
Thrombosis Research Institute and the American Heart Association. 
Samuel Z. Goldhaber: Research Support from Bayer Pharma AG, 
Boehringer- Ingelheim, BMS, BTG EKOS, Daiichi, Janssen, NHLBI, 
Thrombosis Research Institute. Consultancy fees from Bayer Pharma 
AG, Boehringer- Ingelheim. Harry Gibbs: declares personal fees from 
Pfizer, Bayer, Boehringer Ingelheim. Peter MacCallum: Honoraria 
from Bayer Pharma AG and Portolo. Sebastian Schellong: Speaker 
fees from Bayer Pharma AG, Boehringer- Ingelheim, Bristol Meyer 
Squibb, Daiichi- Sankyo, Sanofi Aventis and Pfizer. Consultancy 
fees from Bayer Pharma AG, Boehringer- Ingelheim, Daiichi- Sankyo, 
Sanofi Aventis, Aspen and Pfizer. Henri Bounameaux: Honoraria 
from Bayer Pharma AG. Lorenzo Mantovani: Grants from the Italian 
Ministry of Health- Ricerca Corrents-  IRCCS Multimedica during 
the conduct of the study and grants and personal fees from Bayer 
Pharma AG, Boehringer- Ingelheim and Daiichi- Sankyo and personal 
fees from Pfizer outside the study. Paolo Prandoni: Personal fees 
from Bayer Pharma AG, Pfizer, Daiichi- Sankyo and Sanofi. Professor 
Ajay K Kakkar: Research grants from Bayer Pharma AG and Sanofi. 
Personal fees from Bayer Pharma AG, Sanofi S.A., Janssen Pharma, 
Verseon, Pfizer, and Anthos Therapeutics. Alfredo Farjat, Pantep 
Angchaisuksiri, and Gloria Kayani declare that they have no conflicts 
of interest in the research.

AUTHOR CONTRIBUTIONS
W. Ageno, A. G. G. Turpie, J. I. Weitz, S. Haas, S. Goto, S. Z. Goldhaber, 
P. Angchaisuksiri, G. Kayani, S. Schellong, H. Bounameaux, L. G. 
Mantovani, P. Prandoni and A. K. Kakkar all contributed to the con-
cept, design, and conduct of the study. A. E. Farjat conducted the 
statistical analysis. All authors contributed to data interpretation. 
O. Cohen wrote the manuscript. All authors critically reviewed the 
manuscripts. A. K. Kakkar and Gloria Kayani handled funding and 
supervised the registry.

ORCID
Omri Cohen  https://orcid.org/0000-0002-8328-9748 
Walter Ageno  https://orcid.org/0000-0002-1922-8879 
Sylvia Haas  https://orcid.org/0000-0003-0837-7892 
Shinya Goto  https://orcid.org/0000-0002-6821-1504 
Pantep Angchaisuksiri  https://orcid.org/0000-0001-5607-3485 
Sebastian Schellong  https://orcid.org/0000-0001-9344-3799 
Henri Bounameaux  https://orcid.org/0000-0002-1334-5177 

R E FE R E N C E S
 1. Heit JA, Spencer FA, White RH. The epidemiology of venous 

thromboembolism. J Thromb Thrombolysis. 2016;41(1):3- 14.
 2. Kearon C, Akl EA, Comerota AJ, et al. Antithrombotic ther-

apy for VTE disease: Antithrombotic Therapy and Prevention 
of Thrombosis, 9th ed: American College of Chest Physicians 
Evidence- Based Clinical Practice Guidelines. Chest. 2012;141(2 
Suppl):e419S- e496S.

 3. Kearon C, Akl EA, Ornelas J, et al. Antithrombotic therapy for 
VTE disease: CHEST Guideline and Expert Panel Report. Chest. 
2016;149(2):315- 352.

 4. Alkhouli M, Morad M, Narins CR, Raza F, Bashir R. Inferior vena 
cava thrombosis. JACC Cardiovasc Interv. 2016;9(7):629- 643.

 5. Agnelli G, Verso M, Ageno W, et al. The MASTER registry on ve-
nous thromboembolism: description of the study cohort. Thromb 
Res. 2008;121(5):605- 610.

 6. Shi W, Dowell JD. Etiology and treatment of acute inferior vena 
cava thrombosis. Thromb Res. 2017;149:9- 16.

 7. McAree BJ, O'Donnell ME, Fitzmaurice GJ, Reid JA, Spence RA, Lee 
B. Inferior vena cava thrombosis: a review of current practice. Vasc 
Med. 2013;18(1):32- 43.

 8. Watson L, Broderick C, Armon MP. Thrombolysis for acute deep 
vein thrombosis. Cochrane Database Syst Rev. 2016;11:CD002783.

 9. Vedantham S. Catheter- directed thrombolysis to avoid late 
consequences of acute deep vein thrombosis. Thromb Res. 
2018;164:125- 128.

 10. Vedantham S, Goldhaber SZ, Julian JA, et al. Pharmacomechanical 
catheter- directed thrombolysis for deep- vein thrombosis. N Engl J 
Med. 2017;377(23):2240- 2252.

 11. Comerota AJ, Kearon C, Gu CS, et al. Endovascular thrombus re-
moval for acute iliofemoral deep vein thrombosis. Circulation. 
2019;139(9):1162- 1173.

 12. Weitz JI, Haas S, Ageno W, et al. Global anticoagulant registry in 
the field –  venous thromboembolism (GARFIELD- VTE). Rationale 
and design. Thromb Haemost. 2016;116(6):1172- 1179.

 13. Schulman S, Kearon C. Subcommittee on Control of Anticoagulation 
of the S, Standardization Committee of the International Society on 
T, Haemostasis. Definition of major bleeding in clinical investiga-
tions of antihemostatic medicinal products in non- surgical patients. 
J Thromb Haemost. 2005;3(4):692- 694.

 14. Kaatz S, Ahmad D, Spyropoulos AC, Schulman S. Subcommittee on 
Control of A. Definition of clinically relevant non- major bleeding in 
studies of anticoagulants in atrial fibrillation and venous thrombo-
embolic disease in non- surgical patients: communication from the 
SSC of the ISTH. J Thromb Haemost. 2015;13(11):2119- 2126.

 15. Weitz JI, Haas S, Ageno W, et al. Cancer associated thrombosis in 
everyday practice: perspectives from GARFIELD- VTE. J Thromb 
Thrombolysis. 2020;50(2):267- 277. 10.1007/s1123 9- 020- 02180 - x

 16. Davalos GA, Munoz CA, Cornejo FJ, Garces J, Endara SA. Abnormal 
development of the inferior vena cava and its implications on distal 
venous drainage during cardiac surgery and other clinical entities. J 
Surg Case Rep. 2019;2019(11):rjz289.

 17. Gonzalez J, Gaynor JJ, Albeniz LF, Ciancio G. Inferior vena cava sys-
tem anomalies: surgical implications. Curr Urol Rep. 2017;18(2):10.

https://orcid.org/0000-0002-8328-9748
https://orcid.org/0000-0002-8328-9748
https://orcid.org/0000-0002-1922-8879
https://orcid.org/0000-0002-1922-8879
https://orcid.org/0000-0003-0837-7892
https://orcid.org/0000-0003-0837-7892
https://orcid.org/0000-0002-6821-1504
https://orcid.org/0000-0002-6821-1504
https://orcid.org/0000-0001-5607-3485
https://orcid.org/0000-0001-5607-3485
https://orcid.org/0000-0001-9344-3799
https://orcid.org/0000-0001-9344-3799
https://orcid.org/0000-0002-1334-5177
https://orcid.org/0000-0002-1334-5177
https://doi.org/10.1007/s11239-020-02180-x


374  |    COHEN Et al.

 18. Chee YL, Culligan DJ, Watson HG. Inferior vena cava malforma-
tion as a risk factor for deep venous thrombosis in the young. Br J 
Haematol. 2001;114(4):878- 880.

 19. Gayer G, Luboshitz J, Hertz M, et al. Congenital anomalies of the 
inferior vena cava revealed on CT in patients with deep vein throm-
bosis. AJR Am J Roentgenol. 2003;180(3):729- 732.

 20. Lambert M, Marboeuf P, Midulla M, et al. Inferior vena cava agene-
sis and deep vein thrombosis: 10 patients and review of the litera-
ture. Vasc Med. 2010;15(6):451- 459.

 21. Skeik N, Wickstrom KK, Schumacher CW, Sullivan TM. Infrahepatic 
inferior vena cava agenesis with bilateral renal vein thrombosis. Ann 
Vasc Surg. 2013;27(7):973.e19- 973.e23.

 22. Obernosterer A, Aschauer M, Schnedl W, Lipp RW. Anomalies of 
the inferior vena cava in patients with iliac venous thrombosis. Ann 
Intern Med. 2002;136(1):37- 41.

 23. Montes MC, Carbonell JP, Gómez- Mesa JE. Endovascular and 
medical therapy of May- Thurner syndrome: Case series and scop-
ing literature review. J Med Vasc. 2021;46(2):80- 89. 10.1016/j.
jdmv.2021.02.004

 24. Cohen CT, Kirk S, Desai SB, Kukreja KU, Srivaths L. Diagnosis, clinical 
characteristics, and treatment modalities of adolescent may- thurner 
syndrome- associated deep venous thrombosis. J Pediatr Hematol 
Oncol. 2021;43(3):e346- e350. 10.1097/MPH.00000 00000 001968

 25. Sigua- Arce P, Mando R, Spencer L, Halalau A. Treatment of may- 
thurner's syndrome and associated complications: a multicenter 
experience. Int J Gen Med. 2021;20(14):4705- 4710. 10.2147/IJGM.
S325231

 26. Kaufman JA, Barnes GD, Chaer RA, et al. Society of Interventional 
Radiology Clinical Practice Guideline for Inferior Vena Cava 
Filters in the Treatment of Patients with Venous Thromboembolic 
Disease: Developed in collaboration with the American College 
of Cardiology, American College of Chest Physicians, American 
College of Surgeons Committee on Trauma, American Heart 
Association, Society for Vascular Surgery, and Society for Vascular 
Medicine. J Vasc Interv Radiol. 2020;31(10):1529- 1544. 10.1016/j.
jvir.2020.06.014

 27. Ortel TL, Neumann I, Ageno W, et al. American Society of 
Hematology 2020 guidelines for management of venous throm-
boembolism: treatment of deep vein thrombosis and pulmonary 
embolism. Blood Adv. 2020;4(19):4693- 4738. 10.1182/blood advan 
ces.20200 01830

 28. Imberti D, Agnelli G, Ageno W, et al. Clinical characteristics and 
management of cancer- associated acute venous thromboem-
bolism: findings from the MASTER Registry. Haematologica. 
2008;93(2):273- 278. 10.3324/haema tol.11458

 29. Rance A, Emmerich J, Guedj C, Fiessinger JN. Occult can-
cer in patients with bilateral deep- vein thrombosis. Lancet. 
1997;350(9089):1448- 1449.

 30. Bura A, Cailleux N, Bienvenu B, et al. Incidence and prognosis of 
cancer associated with bilateral venous thrombosis: a prospective 
study of 103 patients. J Thromb Haemost. 2004;2(3):441- 444.

 31. Tafur AJ, Kalsi H, Wysokinski WE, et al. The association of active 
cancer with venous thromboembolism location: a population- based 
study. Mayo Clin Proc. 2011;86(1):25- 30. 10.4065/mcp.2010.0339

 32. Eichinger S. Cancer associated thrombosis: risk factors and out-
comes. Thromb Res. 2016;140(Suppl 1):S12- S17. 10.1016/S0049 -  
3848(16)30092 - 5

 33. Falanga A, Marchetti M, Russo L. The mechanisms of cancer- 
associated thrombosis. Thromb Res. 2015;135(Suppl 1):S8- S11. 
10.1016/S0049 - 3848(15)50432 - 5

 34. Stein PD, Matta F, Yaekoub AY. Incidence of vena cava thrombosis 
in the United States. Am J Cardiol. 2008;102(7):927- 929.

 35. Alkhouli M, Zack CJ, Zhao H, Shafi I, Bashir R. Comparative out-
comes of catheter- directed thrombolysis plus anticoagulation ver-
sus anticoagulation alone in the treatment of inferior vena caval 
thrombosis. Circ Cardiovasc Interv. 2015;8(2):e001882. 10.1161/
CIRCI NTERV ENTIO NS.114.001882

SUPPORTING INFORMATION
Additional supporting information may be found in the online ver-
sion of the article at the publisher’s website.

How to cite this article: Cohen O, Ageno W, Farjat AE, et al; 
the GARFIELD- VTE investigators. Management strategies 
and clinical outcomes in patients with inferior vena cava 
thrombosis: Data from GARFIELD- VTE. J Thromb Haemost. 
2022;20:366– 374. doi:10.1111/jth.15574

https://doi.org/10.1016/j.jdmv.2021.02.004
https://doi.org/10.1016/j.jdmv.2021.02.004
https://doi.org/10.1097/MPH.0000000000001968
https://doi.org/10.2147/IJGM.S325231
https://doi.org/10.2147/IJGM.S325231
https://doi.org/10.1016/j.jvir.2020.06.014
https://doi.org/10.1016/j.jvir.2020.06.014
https://doi.org/10.1182/bloodadvances.2020001830
https://doi.org/10.1182/bloodadvances.2020001830
https://doi.org/10.3324/haematol.11458
https://doi.org/10.4065/mcp.2010.0339
https://doi.org/10.1016/S0049-3848(16)30092-5
https://doi.org/10.1016/S0049-3848(16)30092-5
https://doi.org/10.1016/S0049-3848(15)50432-5
https://doi.org/10.1161/CIRCINTERVENTIONS.114.001882
https://doi.org/10.1161/CIRCINTERVENTIONS.114.001882
https://doi.org/10.1111/jth.15574



