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A B S T R A C T

Background: Implanted vascular access devices (IVADs) have significantly improved the management of cancer
patients. These patients are at an increased risk of venous thromboembolism and IVADs are a known risk factor.
We sought to assess the incidence of IVAD-related upper extremity deep vein thrombosis (IVAD-related UEDVT)
associated with BioFlo® IVADs (Angiodynamics, Inc.).
Methods: A total of 394 cancer patients were enrolled over 12months. The primary outcome was the incidence
of IVAD-related UEDVT confirmed by diagnostic imaging. IVAD-related UEDVT was defined as symptomatic
ipsilateral upper extremity (axillary vein or proximal) deep vein thrombosis and symptomatic pulmonary em-
bolism (PE). Patients were followed until initiation of therapeutic anticoagulation, catheter removal, death, or
up to 12months.
Results: 389 patients were included in the analysis. The median age of the cohort was 58.2 years; 68% (n=273)
were females. Sixty-six percent had gastrointestional cancer (including pancreatic cancer) and 68% had me-
tastases. Eighty four percent of IVADs were right sided insertions. Ninety eight percent of catheter tip placements
were distal superior vena cava (n= 237), cavo-atrial junction (n= 67) or atrium (n= 90). Overall, 5 patients
had symptomatic IVAD-related UEDVT (1.29%, 95% CI 0.2 to 2.4%).
Conclusion: IVAD-related UEDVT is an infrequent complication in cancer patients with BioFlo® IVADs.

1. Introduction

Venous thromboembolism (VTE) is the second highest cause of
mortality in cancer patients [1]. Although the risk of deep vein
thrombosis (DVT) is a known complication in cancer patients that has
been well-described [2–6], the mechanisms are incompletely under-
stood. The use of implanted vascular access devices (IVADs) has been
instrumental in improving quality of life and satisfaction in patients
requiring chemotherapy [7]. Previous literature has estimated the risk
of an IVAD-related upper extremity deep vein thrombosis (UEDVT) in
the oncology population to range from 4% to 10% [8–10]. The occur-
rence of IVAD-related UEDVT is multifactorial, related to both mod-
ifiable factors such as catheter size, insertion side, and tip placement
and non-modifiable factors, such as the diagnosis of cancer [11].

Prevention of an IVAD-related UEDVT in the oncology population is
crucial. Some IVADs are constructed with catheter tubing composed of
a novel anti-thrombogenic polymer which has been shown in in-vitro to
reduce thrombus accumulation [12]. We sought to assess the incidence
of IVAD-related UEDVT associated with BioFlo® IVADs (Angiody-
namics, Inc.) constructed with this material.

2. Methods

2.1. Setting

We conducted a prospective cohort study of consecutive cancer
patients receiving an IVAD for the administration of chemotherapy
between August 2015 and September 2017 at The Ottawa Hospital. The
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vascular access program is led by an Advanced Practice Nurse (APN),
who is accountable for oversight of the insertion, care and maintenance
of all non-dialysis central venous catheters in both inpatient and out-
patient populations. As per institutional policies, the IVAD was flushed
with 0.9% normal saline and locked with 500 units Hepalean® (5 ml of
Heparin Sodium 100 U.S.P. units/mL) post each treatment or monthly if
the device was not used. All post IVAD insertion complications are
managed by the vascular access team as per routine practices.

This study was approved by The Ottawa Hospital Research Ethics
Board.

2.2. Inclusion and exclusion criteria

Patients were eligible for inclusion in the study if they had a diag-
nosis of active cancer requiring treatment, were 18 years and older, and
had a life expectancy of> 3months. Informed consent was obtained
from all patients enrolled in the study. Patients were excluded from the
study if they had or anticipated the presence of dialysis grafts or ipsi-
lateral intraluminal devices, had a central veno-occlusive disease or
were pregnant or lactating. Patients were also excluded if they required
therapeutic doses of anticoagulation, or had thrombocytopenia (platelet
count< 50×109 per liter) or coagulopathy (INR > 1.5).

2.3. Device insertion procedure

The IVADs were placed by interventional radiologists in accordance
with the institution's standard protocol using conscious sedation and
local anesthesia. The internal jugular vein was accessed just cephalad to
the clavicle using ultrasonography combined with a micro-puncture
approach [13]. The side of IVAD insertion was preferably right unless
the patient had a diagnosis of right-sided breast cancer and was
scheduled for breast radiation to the affected side during the expected
dwell time of the IVAD. Following placement, fluoroscopic imaging was
performed to confirm catheter tip position. Pre, intra and post proce-
dure care was provided by registered nurses affiliated with the vascular
access program. All patients received an 8 French BioFlo PORT (An-
giodynamics, Inc., Latham, NY).

2.4. Measures

Baseline patient characteristic, laboratory values, IVADs' char-
acteristics and comorbidities were collected on all included patients.
Patients were contacted every 3months for one year by a registered
nurse, who assessed IVAD status, any associated complications and
their overall satisfaction with the device. The vascular access program
also routinely captures data on all insertions, removals, complications

Assessed for eligibility (n= 501) 

Excluded (n= 107) 
§ Not approached for the study (n = 38) 
§ On anticoagulation prior to port insertion (n = 31) 
§ Non-English speaking (n = 21)  
§ Non-oncology patients (n = 4)  
§ Unable to give consent (n = 5)  
§ Declined to participate (n = 1)  
§ Outside age limits (n = 4)  
§ Removal and re-insertion of port (n = 3)  

Patients removed from the study after enrollment 
§ Therapeutic anticoagulation initiated within 48 hours of 

IVAD insertion (n = 3)  
§ Patient enrolled in an anticoagulation study (n = 1)  
§ Patient pregnant post-IVAD (n = 1)

394 patients enrolled in the study

389 patients included in the analysis

Fig. 1. Reasons for exclusion from the study.
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and interventions into a clinical database [14].
The primary outcome of this study was symptomatic IVAD-related

UEDVT defined as a symptomatic VTE in any deep vein throughout the
course of the catheter, or symptomatic pulmonary embolism (PE) as-
sociated with the IVAD-related UEDVT [15]. These include the axillary,
brachiocephalic, jugular and subclavian veins on the ipsilateral side of
the IVAD insertion. Thrombosis within the superior vena cava (SVC)
was also considered to be associated with the IVAD when there was
evidence that thrombosis had formed along the catheter pathway or
was present at the tip of the catheter and adherent to the wall of the
SVC. An ultrasound was not routinely performed in a patient with a PE
if no symptoms of UEDVT were present.

Secondary outcomes included IVAD-associated bacteremia and any
other symptomatic VTE outside of the catheter pathway that required
therapeutic anticoagulation. All outcome events were adjudicated
(MC).

Baseline patients and catheter characteristics are summarized by
reporting mean and standard deviation or median and quartiles where
appropriate for continuous variables and frequency and percentages for
categorical variables. Number and proportions of patients developed
different adverse events are reported, along with 95% confidence in-
tervals (95% CI).

All statistics are performed using SAS software, version 9.3 (SAS
Institute).

3. Results

Out of the 501 IVADs implanted, 394 were enrolled into the study.
Reasons for exclusion from the study are included in Fig. 1. Five pa-
tients were removed from the study within 48 h of IVAD insertion; 3
patients were started on therapeutic anticoagulation for asymptomatic
VTE (2 portal vein thromboses and 1 mesenteric vein thrombosis) de-
tected on staging CTs which had not been reported at the time of IVAD
insertion; one patient was inadvertently enrolled in a blinded antic-
oagulation study, and another was found to be pregnant. A total of 389
patients were included in the analysis. The baseline characteristics of
the study population are described in Table 1. A majority of patients
were female (68%) and the median age was 59 years. Thirty seven
percent of patients had a diagnosis of breast cancer, 29% colorectal
cancer and overall 68% had metastatic disease at the time of IVAD
implantation. All patients were followed until death, until therapeutic
anti-coagulation was initiated for any reason, or for a total follow-up
period of 12months. No patients were lost to follow-up.

IVADs were primarily inserted on the right side (84%) and the ca-
theter tips were most often placed in the distal superior vena cava
(17%), cavoatrial junction (59%), or atrium (23%), with 1% in the mid-
superior vena cava. There were 106,158 catheter dwell days in the
study with a median catheter dwell-time of 273 days (range
4–365 days).

Five out of three hundred and eighty-nine patients (1.29%, 95% CI
0.2 to 2.4%) had an IVAD-related UEDVT over a 12-month follow-up
period. Two patients amongst the 144 patients with breast cancer and 3
patients amongst the 111 patients with a diagnosis of colorectal cancer
developed an UEDVT. None of the 34 patients with gastric/esophageal
or pancreatic cancer had an UEDVT. None of the 63 patients who had
the IVAD inserted on the left side had an UEDVT. Three of the 5 patients
with UEDVT had metastatic disease.

All adverse effects from the one-year study period are described in
Table 2. Four patients had bloodstream infections, however none were
attributed to the device. Twenty-three patients (5.91%, 95% CI 3.6 to
8.3%) had PE over the 12-month follow-up period. Twelve patients had
incidental findings of PE on CT, and eleven patients were symptomatic
and diagnosed by CT pulmonary angiography. Of the patients pre-
senting with PE, two had a confirmed leg DVT and no patients had
UEDVT. Therapeutic anticoagulation (TA) was initiated on 26 addi-
tional patients for reasons listed in Table 3. Of the patients who

Table 1
Baseline patient demographics and catheter characteristics of 389 patients with
port insertions.

N=389 Percentage (%)

Number of patients
Gender

Female 266 68.3
Age

Median, range 59 (20–84)
Diagnosis

Breast 144 37.0
Colorectal 111 28.5
Pancreatic 30 7.7
Hem/malignancy 21 5.4
Liver/gallbladder 19 4.9
Other 17 4.4
Esophageal/gastric 14 3.6
Lung 12 3.1
Sarcoma 11 2.8
Gynecological 10 2.6

Metastatic disease
Yes 266 68.3
No 123 31.7

Number of catheters
Tip placement

Atrium 90 23.1
Cavoatrial junction 229 58.9
Distal SVC 68 17.5
Mid SVC 2 0.5

Insertion side
Right 326 83.8
Left 63 16.2

Dwell time (days)
Total 106,158
Median 273
Range 4–365

Table 2
Adverse events of 389 patients with port insertions.

Adverse event N out of 389 Percentage (%)

CRDVT 5 1.29
Filling defect on tip of IVAD 1 0.26
Brachiocephalic 3 0.77
Internal jugular 1 0.26

Pulmonary embolism from any cause 23 5.91
Colorectal 12 3.08
Breast 3 0.77
Hem/malignancy 2 0.51
Other 2 0.51
Esophageal/gastric 1 0.26
Gynecological 1 0.26
Liver/gallbladder 1 0.26
Pancreatic 1 0.26

Catheter-related bloodstream infection 0 0
100-day all-cause mortality rate 30 7.7
365-day all-cause mortality rate 85 22

Table 3
Reasons for therapeutic anticoagulation initiation during the 12-month follow-
up period.

Reason for therapeutic anticoagulation N out of 26 Percentage (%)

Leg DVT 13 50.0
Portal vein thrombosis 4 15.5
Mesenteric vein thrombosis 2 7.7
Atrial fibrillation 3 11.5
Renal vein thrombosis 1 3.8
Contralateral UEDVT 2 7.7
Post liver resection 1 3.8
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developed a PE or an IVAD-related UEDVT, a majority had a diagnosis
of colorectal cancer (52.2%). A total of 85 patients (22%) died during
the study period, of which 30 (7.7%) died within the first 100 days. No
deaths were attributable to a PE. Fifty-one patients (13%) had their
IVADs removed during the study for reasons listed in Table 4.

4. Discussion

The rate of IVAD-related UEDVT is low at 1.29% (95% CI
0.2%–2.4%) in our study. Our reported rate of IVAD-related UEDVT
seems lower than previously reported rates [8,10,16]. In a recent study
including 600 cancer patients, 5.5% had IVAD-related DVT [16]. Si-
milarly, we reported a higher rate of IVAD-related UEDVT (4.5%, 95%
CI, 2.5 to 6.3%) with a different IVAD. In both studies, the majority of
patients were diagnosed with breast cancer or colorectal cancer
[10,16]. A recently published prospective cohort study examining the
rate of IVAD related VTE in 3032 patients across France found a rate of
3.8% [15]. This rate is higher than what was found in this study, and
their population included patients who were on prophylactic and
therapeutic anticoagulation, which may have decreased the rate of
IVAD-related UEDVT.

The definition of a IVAD-related UEDVT varies significantly in the
literature, with some definitions including all PE as having a potential
association with the IVAD, and others only defining them as sympto-
matic UEDVTs on the ipsilateral side of the IVAD [8,17,18]. Given that
cancer patients are at higher risk of incident VTE complications
[19–21], it is challenging to determine if the VTE is related to the IVAD
or not. For the purposes of this study, we have not considered PE as a
IVAD-related VTE unless there was a concurrent finding of VTE on the
ipsilateral side of IVAD insertion. This is consistent with re-
commendations from the International Society on Thrombosis and
Haemostasis [22].

Our study used novel IVADs with an anti-thrombogenic polymer.
Catheter material has previously been shown to influence the risk of
thrombosis, with newer catheter materials having fewer thrombotic
complications [23,24]. Therefore, our lower reported rate of IVAD-re-
lated UEDVT might be related to the use of a device with an anti-
thrombogenic polymer instead of the classic silicone catheter [10].
Furthermore, we hypothesize that having a specialized team of RNs and
interventional radiologists inserting novel IVADs under standard pro-
tocols may also contribute to the lower rate of VTE complications.

Guidelines mention that IVADs should be inserted on the right side,
in the jugular vein, and that the distal extremity should be located at
the junction of the superior vena cava and right atrium to reduce the
risk of IVAD-related UEDVT [25]. These guidelines are largely based on
a right-sided insertion having a higher morbidity risk [26]. Previous
studies have reported a seven fold increase of thrombosis when the
catheter tip was located in the upper half of the superior vena cava and
a 5 fold increase when the catheter was placed on the left side [26].
However, in specific populations such as the breast cancer population,
the side of IVAD-insertion cannot always be optimal. A recent rando-
mized study found that the side of implantation was not a predictive
factor for IVAD-related UEDVT in patients with solid tumours [27]. Our

study shows similar results, with no association between side of IVAD
insertion and rate of IVAD-related UEDVT.

Our study has many strengths. All patients were followed pro-
spectively for 12months post IVAD insertion. The cohort in this study
included high-risk cancers, such as gastric and pancreatic cancers.
Patients receiving anticoagulation therapy for any reason were ex-
cluded from the study. Our study is also the first of its kind to report the
incidence of IVAD-related UEDVT with a specific IVAD with an anti-
thrombogenic polymer in cancer population. Despite the many
strengths of this study, there were some limitations. The study was a
single arm observational study and did not include a control group,
limiting direct comparisons between devices. It is therefore difficult to
determine whether the low risk of IVAD-related DVTs is attributable to
the safety of the procedure and IVAD itself, or to the highly trained
specialized team inserting the IVAD. This study did not censor patients
who required prophylactic anticoagulation during an admission to
hospital while their IVAD was in situ, and it is therefore difficult to
determine whether prophylaxis may have contributed to the low rate of
IVAD-related UEDVT in this population. This study did not have equal
representation of all types of malignancies, and it may be difficult to
extrapolate these findings broadly, such as to patient with hematolo-
gical, gynecological and lung cancers.

5. Conclusion

IVAD-related UEDVT is an infrequent complication in cancer pa-
tients with BioFlo® IVADs. The low rate to IVAD-related DVT is likely
due to appropriate patient selection through the use of established
device selection protocols implemented by a vascular access nurses; a
highly skilled team of interventional radiologist assisted by ultrasound
guidance for insertion of IVADs with proper tip placement and the use
of novel catheter materials resistant to thrombus accumulation.
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