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Introduction
Upper extremity deep venous thrombosis (UEDVT) accounts for 

4% to 10% of all deep venous thrombosis [1]. The natural history of 
UEDVT is not a benign one as it increases the risk for post-thrombotic 
complications and pulmonary embolism (PE) [1-4]. It has being 
reported that PE complicates UEDVT in 2% to 36% of patients and 
may occur as the initial clinical presentation of this disorder [5-8]. 
Increased use of peripherally inserted central catheters (PICCs) is 
associated with an elevated risk of UEDVT, particularly in critically 
ill patients and those with malignancy or receiving chemotherapy 
[1,4,9-12]. The occurrence of symptomatic PICC-associated UEDVT 
is small, but due to the large number of PICCs placed each year, they 
account for up to 35% of all diagnosed UEDVTs [13]. Roughly 1% to 
7% of hospitalized patients who undergo PICC placement will develop 
venous thrombosis; and, the majority of these events will occur after 
the 14th day post placement [10,14-20]. 

Prophylaxis with anticoagulation may not lower the risk of 
PICC-associated DVT; however, anticoagulation treatment allows 
an indwelling line to remain patent and with less recurrence and or 
extension of UEDVT [21-23]. Inconsistent use of anticoagulation 
treatment for UEDVT is associated with a moderate risk of PE [24]. In 
order to prevent thrombus progression and PE, anticoagulant treatment 
with low molecular weight heparin (LMWH) or unfractionated heparin 
(UFH) and vitamin K antagonists (VKA) is recommended [25]. 

The optimal approach to managing PICC-associated UEDVT is 

unclear. Few studies report outcomes after catheter removal for PICC-
associated UEDVT and the safety of this approach in the setting of 
anticoagulation [15].

This retrospective study sought to determine the association 
between different treatment strategies for PICC-associated UEDVT, 
including catheter removal and/or anticoagulation and subsequent 
pulmonary embolism.

Methods 
This retrospective study was performed by an electronic chart review 

of patients who received a PICC while hospitalized between January 1, 
2011 and December 31, 2011 at OU Medical Center (OUMC), a 400 
bed urban academic institution, in Oklahoma City, OK. Patients were 
identified through the use of a PICC database and the non-invasive 
diagnostic vascular laboratory. The data collected was through review 

Abstract
Background: To date, there are no recommendations regarding the timing of removal of peripherally inserted 

central catheters (PICC) in the presence of confirmed upper extremity deep vein thrombosis (UEDVT). 

Objective: We aimed to determine the incidence of symptomatic pulmonary embolism (PE) post line removal in 
patients with PICC-associated UEDVT according to treatment strategy.

Patients/Methods: We conducted a retrospective study in adult patients who received a PICC with documented 
UEDVT or superficial thrombosis (UESVT) by vascular ultrasound. Patients’ demographic characteristics, co-morbid 
diseases, medications, ultrasound findings, treatment strategy for UEDVT/SVT and occurrence of symptomatic PE 
after PICC removal was documented.

Results: 124 patients had PICC-associated UEDVT or UESVT; 69 males and 55 females with mean age 
52.2 years. Of 81 patients meeting study criteria, 57 patients had UEDVT and 24 patients UESVT. No episodes of 
symptomatic PE after PICC removal were documented. Regarding timing of removal, 20 patients had their PICC 
removed within 24 hours after UEDVT diagnosis, 15 within 1 week, 7 within 2 weeks, 11 within 1 month and 4 at 
more than a month after diagnosis of UEDVT. No patients had objectively confirmed PE during the follow up period.

Conclusion: This retrospective analysis revealed no symptomatic PE with removal of PICC in the presence of 
UEDVT or UESVT if performed within 24 hours, and an overall low rate of PE events regardless of treatment strategy 
and duration of PICC insertion. These findings are hypothesis generating and should be confirmed in a prospective 
trial.
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of the medical record and included patient’s demographics, the date 
of PICC placement, anticoagulation previous to venous thrombosis, 
date of venous thrombotic event associated to PICC, date of removal 
of PICC, pharmacologic treatment strategy previous to removal of 
PICC, the vein assessed and the reason for PICC placement. Data were 
extracted by physicians and clinical pharmacists. The institutional 
review board approved the study protocol prior to data extraction.

Patients older than 18 years of age who had a PICC inserted 
during the study period and who did not have an UEDVT or upper 
extremity superficial vein thrombosis (UESVT) or PE at the time of 
PICC insertion but developed a PICC-related UEDVT or UESVT 
during hospitalization were included in the study. UEDVT included 
thrombosis of the internal jugular, brachiocephalic, subclavian, 
axillary, brachial, radial or ulnar veins. UESVT included thrombosis of 
the cephalic or basilic veins.

Patients younger than 18 years of age were excluded from this 
study. Patients who had incomplete electronic medical records, not 
hospitalized at the time of PICC placement, had UEDVT or UESVT 
associated with indwelling venous catheter other than a PICC or 
previous PICC-related thrombosis, UEDVT or UESVT that was not 
associated with PICC line, or removal of PICC line prior to UEDVT or 
UESVT of more than 24 hours where excluded from this study.

PICCs were placed as per institutional protocol using a modified 
Seldinger technique at the bedside with a portable ultrasound. 
Confirmation of catheter tip placement was done with chest X-ray prior 
to use the PICC as per institutional protocol. The PICC manufacturer 
was Bard Access Systems, Inc.

An upper extremity deep vein thrombosis/superficial vein 
thrombosis (UEDVT/UESVT) was defined as a symptomatic event in 
the ipsilateral extremity of PICC placement leading to the performance 
of duplex ultrasound, confirming the diagnosis of UEDVT/UESVT. 
Sonographic diagnosis of venous thrombosis was based on non-
compressibility of a venous segment of the upper arm or the internal 
jugular, or the presence of echogenic material compatible with 
thrombosis in the arm or central venous vasculature with disruption in 
real-time imaging with the use of color Doppler flow.

Pulmonary embolism (PE) was defined as a symptomatic event 
that prompted the performance of an imaging study confirming the 
diagnosis of pulmonary embolism. Radiological diagnosis of PE was 
based on intraluminal and filling defect of a lobar artery or more 
proximal pulmonary arterial vasculature on computed tomography 
angiography or an abnormal ventilation perfusion scan with a high 
clinical suspicion for pulmonary embolism according to report. Deaths 
were adjudicated by a physician not related to care of the patient by 
review of medical record and death certificate if available. Pulmonary 
embolism and related death was confirmed if objective imaging 
evidence confirming PE was available. The primary outcome measure 
was objectively confirmed PE at the predetermined endpoints: within 
24 hours, and within 1 week, 2 weeks and 1 month of PICC-related 
UEDVT/UESVT diagnosis. Anticoagulation regimens administered 
after confirmed diagnosis of PICC-related UEDVT or UESVT 
included: prophylactic anticoagulation=enoxaparin 30 mg daily, 
enoxaparin 40 mg daily, heparin 500 units bid or tid and therapeutic 
anticoagulation=enoxaparin 1 mg/kg twice daily or 1.5 mg/kg daily, 
fondaparinux 7.5 mg daily, heparin intravenous infusion adjusted 
to therapeutic PTT, warfarin INR 2 to 3. The exact 95% confidence 
intervals for the true incidence of PE occurring during the follow-up 
period were calculated from the binomial distribution.

Results 
From January 1, 2011 to December 31, 2011, 2261 PICCs were 

inserted; of those 124 had associated venous thrombosis. After exclusion 
criteria, these totaled 81 patients who had removal of PICC with the 
documented primary outcome of interest: 57 with upper extremity 
deep venous thrombosis and 24 with upper extremity superficial 
venous thrombosis events associated with PICC. Demographics and 
baseline characteristics of the 81 patients are given in Table 1. The 
patient flow diagram is given in Figure 1.

Twenty-six percent of patients had active cancer and/or were being 
treated for malignancy. A history of cancer was present in 32.1% of 
patients. A history of deep vein thrombosis was present in 27.2% of 
patients. The most common indication for PICC insertion was poor 
peripheral intravenous access in 38.3% of PICCs placed. The basilic vein 
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Figure 1: Patient Flow Diagram and Outcomes.
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was accessed 65.5% of the time. The average dwell time of PICCs was 32 
days. Forty-nine percent did not receive anticoagulation prophylaxis 
prior to the diagnosis of PICC line related venous thrombosis.

The most common location for upper extremity deep vein 
thrombosis was the right axillary vein and the most common location 
for upper extremity superficial vein thrombosis was the right basilic 
vein with 19.2% and 75.0%, respectively.

After diagnosis of UEDVT/UESVT associated with PICCs, the 
mean dwell time of catheter before removal was 10.38 days. The 
most common treatment strategy was administration of therapeutic 
anticoagulation followed by pharmacological prophylaxis and PICC 
removal. PE after catheter removal was evaluated within 24 h, one 
week, two weeks, one month and after one month. No symptomatic 

pulmonary embolism was identified at any of the time points or after 
any of the treatment strategies following diagnosis of UEDVT/UESVT 
associated with PICCs (Tables 2 and 3). Six patients diagnosed with 
UEDVT and 4 patients with UESVT died during the follow-up period 
(Tables 4 and 5). Medical record review excluded pulmonary embolism 
related to the cause of death.

Discussion
To our knowledge, our study is the first to examine the association 

between PICC associated UEDVT/UESVT and different treatment 
strategies to prevent adverse venous thromboembolic events. No 
symptomatic pulmonary embolism was reported regardless of timing 
of removal of the PICC line and duration of anticoagulation treatment. 

n=81 Percent
Age, mean (range) 53 (18-83)

Gender Female 36 44.4%
Male 45 55.6%

Race African American 10 12.4%
Asian 3 3.7%

Caucasian 64 79.0%
Native American 3 3.7%

Other 1 1.2%
Ethnicity Hispanic/Latino 3 3.7%

Not Hispanic or Latino 78 96.2%
Weight (kg), mean 84
History Cancer 26 32.1%
Active Cancer 21 25.9%
History DVT 22 27.2%
PICC location Left basilic 19 23.5%

Left brachial 6 7.4%
Left cephalic 2 2.5%
Right basilic 34 42.0%

Right brachial 16 19.8%
Right cephalic

Unknown
1
3

1.2%
3.7%

Reason for PICC Antibiotics 20 24.7%
Access 31 38.3%

Chemotherapy 13 16.0%
Total Parenteral Nutrition 9 11.1%

Other 8 9.9%
Days with PICC line, mean (range) 32 (0-269)
Treatment Strategy Previous to UE Thrombosis No anticoagulation 40 49.4%

Prophylactic 31 38.3%
Therapeutic 10 14.3%

Table 1: Baseline Characteristics of Patients after Exclusion Criteria.

  Management Strategy Post UE Venous 
Thrombosis (DVT)

Symptomatic 
Pulmonary Embolism 

after PICC line removal

Deaths

No AC Prophylactic Therapeutic n (95% CI) No AC Prophylactic Therapeutic
PICC line removed within 24 h 0 6 14 0/20  (0, 16.8) 0 1 2
PICC line removed within 1 week 4 3 8 0/15  (0, 21.8) 0 1 0
PICC line removed within 2 weeks 0 2 5 0/7  (0, 40.9) 0 0 1
PICC line removed within 1 month 2 2 7 0/11  (0, 28.5) 1 0 1
PICC line removed after 1 month 1 0 3 0/4  (0, 60.2) 0 0 0
Symptomatic PE after PICC line removed 0/7 0/13 0/37 0/57  (0, 6.2) 0/1 0/2 0/3

Prophylactic anticoagulation: enoxaparin 30mg daily, enoxaparin 40 mg daily, heparin 500 units bid or tid. Therapeutic anticoagulation: enoxaparin 1mg/kg twice daily or 
1.5 mg/kg daily, fondaparinux 7.5 mg daily, heparin intravenous infusion adjusted to therapeutic PTT, warfarin INR 2 to 3.
No AC: No anticoagulation given

Table 2: Management Strategy Post UE Deep Vein Thrombosis and Symptomatic PE.
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Removal of the PICC line within 24 hours of diagnosis of UEDVT or 
UESVT appeared safe.

The incidence of symptomatic PE as a complication of UEDVT 
is approximately 9 to 12%, of which less than one percent results in 
fatal PE [26-28]. The overall incidence of PICC associated UEDV has 
been reported to be from 0 to 56% due to the heterogeneity of study 
conditions [26]. However, the overall incidence of PICC associated 
symptomatic venous thrombosis is most commonly reported at 2 to 
7% [24].

The 2012 (without changes from the 2016 update) American College 
of Chest Physicians guidelines suggest that for patients with UEDVT 
associated with an indwelling central venous catheter, the catheter 
should not be removed if it is functional and there is an ongoing need 
for the catheter [25]. In this case, anticoagulation is recommended as 
long as the catheter remains in place [25]. If the catheter is removed, 
the recommended duration of anticoagulation treatment after removal 
is 3 months over a shorter period [25]. 

Another common strategy is to prescribe anticoagulation to 
patients prior to catheter removal after the diagnosis of PICC-
associated UEDVT. However, the common recommendation for 
removal of central catheters with confirmed thrombosis after 3 to 5 
days of anticoagulation treatment is based on observational data in 
the neonatal population due to high incidence of patent foramen ovale 
[29,30].

It is important to note that the recommendations by the American 
College of Chest Physicians are based on moderate to low quality of 
evidence and further research is likely to have an important impact on 
the confidence of recommendations.

Our study has several limitations. First, the low incidence of PE 
after PICC line removal might be explained by the low incidence 
of patients with active cancer, 25.9% in our study group; as the 

estimated incidence of symptomatic PE is likely between 15 to 25% 
in this population. Another interesting finding is that more than half 
of the patients within our study had either prophylactic therapy or 
treatment with anticoagulants before the diagnosis of PICC associated 
venous thrombosis, however, in this study we did not account for the 
duration of pharmacologic prophylaxis or treatment previous to PICC 
placement. Our primary outcome was limited to symptomatic PE after 
PICC diagnosis and removal.

Unfortunately, the sample size of this single institutional 
retrospective study provides inadequate power for definitive 
conclusions. No attempt to control for confounding variables using 
multivariable analysis was possible. The small sample size raises the 
possibility of study patient and treatment selection biases. However, 
through recent search of the literature, we have found no previously 
published studies that address this very common and important clinical 
dilemma. Our preliminary study may inform larger more definitive 
trials going forward.

In summary, because no symptomatic pulmonary embolism event 
was identified regardless of timing of line removal or treatment strategy 
following diagnosis of PICC-associated DVT; this finding is hypothesis 
generating for immediate PICC line removal following diagnosis 
without specific prescription of anticoagulation. The optimal approach 
to timing of the removal of the line in the setting of PICC associated 
venous thrombosis should be evaluated in a prospective study.
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  Management Strategy Post UE Venous 
Thrombosis (DVT)

Symptomatic 
Pulmonary Embolism 

after PICC line removal

Deaths

No AC Prophylactic Therapeutic n (95% CI) No AC Prophylactic Therapeutic
PICC line removed within 24 h 3 3 4 0/10  (0, 30.8) 1 1 1
PICC line removed within 1 week 1 1 2 0/4  (0, 60.2) 1 0 0
PICC line removed within 2 weeks 1 0 0 0/1  (0, 97.5) 0 0 0
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PICC line removed after 1 month 0 1 2 0/3 (0, 70.8) 0 0 0
Symptomatic PE after PICC line removed 0/5 0/6 0/13 0/24  (0, 14.2) 0/2 0/1 0/1

Table 3: Management Strategy Post UE Superficial Vein Thrombosis & Symptomatic PE.

PICC Removed Days treated Anticoagulation Cause of death
24 h 11 Prophylactic Nasopharyngeal carcinoma of head and neck with extensive intracranial extension

22 Therapeutic MRSA bacteremia
137 Therapeutic Pneumonia, stroke

1 week 9 Prophylactic Lymphoma, sepsis, 
2 weeks 9 Therapeutic Acute myeloid leukemia
1 month no treatment no treatment Septicemia

Table 4: Adjudication of Deaths in patients with PICC-related UEDVT. 

PICC Removed Days treated Anticoagulation Cause of death
24 hours 11 Prophylactic Subarachnoid hemorrhage
24 hours
1 week

3 Therapeutic Full cardiac arrest
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no treatment no treatment End stage liver disease/cirrhosis, GI bleed, sepsis, acidosis,

Table 5: Adjudication of Deaths in patients with PICC-related SVT.
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