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Abstract
Objective: To estimate the incidence of Peripherally Inserted Central Catheter (PICC)-Related 
Venous Thromboembolism (VTE) and to evaluate the possible related risk factors.

Design: A retrospective cohort study.

Settings: King Khalid University Hospital, Riyadh, Saudi Arabia.

Subjects: All patients with PICC line inserted from 2015 until 2018.

Main outcomes: Incidence of VTE, mechanical, and clinical risk factors.

Results: Among 583 patients with PICC line, 72 of them (12.3%) found to have DVT. While 
pulmonary embolism incidence rate was 0%. Our results suggest that clinical risk factors associated 
with the development of PICC-related VTE are renal failure, hematological disease, cancer, receipt 
of chemotherapy, and a prior VTE. However, use of anticoagulants did not appear to decrease the 
risk of VTE.

Conclusion: Our findings have relevant implications for clinical practice. To avoid serious 
complications, awareness of the risks and benefits of different vascular access devices should be 
considered when determining their usage in patient care.
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Introduction
During the past couple decades, Peripherally-Inserted Central Catheters (PICCs) have become 

widely used for temporary long-term central vascular access, especially in patients receiving 
chemotherapy, long-term antibiotics, or Total Parenteral Nutrition (TPN) [1-5]. They are a simple 
and cost-effective bedside method to facilitate the administration of multiple drugs and repeated 
removal of blood samples [4]. Despite these benefits, PICCs are associated with many complications, 
including catheter occlusion, breakage, and failure. More serious complications include catheter-
associated bloodstream infections and catheter-related Venous Thromboembolism (VTE) [6-10], 
which can lead to Pulmonary Embolism (PE) and death [11]. Given the increased universal use of 
PICCs and the lack of studies conducted in our country estimating the frequency or possible risk 
factors of VTE related to PICC, objectives of this study were to estimate the incidence of PICC-
related VTEs and to identify factors associated with an increased risk of this complication.

Materials and Methods
This retrospective cohort study was conducted at Vascular Surgery Department, King Saud 

University, Riyadh, Saudi Arabia. After obtaining patients consent and ethics approval (E-19-
3863) from our institutional reviews board. We reviewed medical records of all 583 patients who 
underwent PICC insertion between August 9th, 2015, and September 18th, 2018 in the Angiography 
suite. VTE diagnosis was based on clinical suspicion of the primary team and subsequent 
confirmation by duplex scan. We manually reviewed patients’ files and hospital’s electronic 
medical record system to determine the incidence of Deep Venous Thrombosis (DVT) for both the 
upper and lower extremities, and the incidence of PE events. Subsequently, secondary data were 
obtained from electronic medical records to identify risk factors contributing to VTE. For each 
patient, we extracted information regarding demographics, clinical risk factors related to patient’s 
comorbidities, indications for PICC insertion and mechanical risk factors related to PICC itself.
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Statistical analysis
IBM SPSS Statistics for Windows, version 26, was used to analyze 

the data. Descriptive analysis was used to calculate frequencies and 
percentages. Chi-square test of independence was used as the main 
mode of analysis for risk factors. Independent variables were analyzed 
in three groups: demographic factors, patient clinical factors, and 
PICC mechanical factors. P-values <0.05 were considered statistically 
significant.

Results
Incidence of venous thromboembolism

Among 583 patients with PICC lines, VTE was observed in 72, 
for a cumulative VTE incidence rate of 12.3%. Upper limb DVT and 
lower limb DVT was found in 36 patients (6.2%) and 33 patients 
(5.7%) respectively. Three patients (0.5%) developed both upper and 
lower limb DVTs, one of whom had a DVT in all four extremities. No 
patient developed a PE.

Demographic risk factors
Of 583 patients in the study, 301 (51.6%) were male and 282 

(48.4%) were female (Table 1). Incidence of VTE was similar in 
males (11.6%) and females (13.1%) (Table 1). Using chi-square test 
of independence, sex was not associated with the incidence of VTE 
(χ2(1)=0.30, p=0.584). The incidence of VTE was highest in elderly 
patients (18.9%) and individuals with a normal Body Mass Index 
(BMI) (17.7%). Age was significantly associated with VTE incidence 
(χ2(3)=15.25, p=0.002); although, the effect size was small (Cramer’s 
V=0.16) (Figure 1). Similarly, a significant relationship was found 
between BMI and incidence of VTE (χ2(4)=12.77, p=0.012), with a 
medium effect size (Cramer’s V=0.15).

Clinical risk factors
The highest rates of VTE were observed in patients with a prior 

VTE (50.6%), Chronic Obstructive Pulmonary Disease (COPD) 
(25%), renal failure (22%), and hypothyroidism (20.5%) (Table 2). 
The following risk factors were significantly associated with VTE 
incidence: renal failure (χ2(1)=5.69, p=0.017, φ=0.10), hematological 

disease (χ2(1)=5.54, p=0.019, φ=0.10), cancer (χ2(1)=8.39, p=0.004, 
φ=0.12), anticoagulant therapy (χ2(1)=13.16, p<0.001, φ=0.15), and 
chemotherapy (χ2(1)=9.89, p=0.002, φ=0.13) (Table 2). All of these 
φ values reflected a small effect size. Moreover, a prior VTE was also 
significantly associated with the incidence of VTE (χ2(1)=120.22, 
p<0.001, φ=0.45), with a medium effect size.

The indications for PICC line insertion varied among the study 
population. Nearly half of the patients received multiple infusates 
(49.2%) (Table 3). None of the PICC indications were significantly 
associated with VTE incidence (χ2(6)=4.22, p=0.646) (Table 3).

Mechanical risk factors
In 511 patients (87.7%), PICC was inserted on the right side (Table 

4). Basilic vein was the most common site of placement followed by 
the brachial vein, with a frequency of 54.7% and 35.2% respectively. 
VTE incidence was highest in patients with PICCs inserted on both 
sides, PICC malfunction, or more than one PICC site during their 
life, with rates of 27.3%, 26.9%, and 20.8% respectively (Table 4). The 
following factors were significantly associated with the incidence 
of VTE: Previous PICC insertion (χ2(1)=5.69, p=0.017, φ=0.10), 
size of lumen (χ2(2)=10.54, p=0.005, Cramer’s V=0.13), and PICC 
malfunction (χ2(1)=5.34, p=0.021, φ=0.10). All φ and Cramer’s values 
reflected a small effect size.

Sex

Group n (%) Incidence of VTE, n (%) p-value*

Male 301 (51.6) 35 (11.6)
0.584

Female 282 (48.4) 37 (13.1)

BMI categories

Group n (%) Incidence of VTE, n (%) p-value*

Underweight (<18.5) 125 (21.4) 8 (6.4)

0.012

Normal (18.5–24.9) 164 (28.1) 29 (17.7)

Overweight (25.0–29.9) 139 (23.8) 22 (15.8)

Obese (30.0–39.9) 101 (17.3) 7 (6.9)

Extremely obese (>= 40) 54 (9.3) 6 (11.1)

Age categories

Group n (%) Incidence of VTE, n (%) p-value*

Children (0–14 y) 90 (15.4) 2 (2.2)

0.002
Youth (15–24 y) 58 (9.9) 5 (8.6)

Adult (25–64 y) 287 (49.2) 37 (12.9)

Elderly (>64 y) 148 (25.4) 28 (18.9)

Table 1: Demographic factors.

*Chi-square test; BMI: Body Mass Index; VTE: Venous Thromboembolism

Figure 1: Age categories and Venous Thromboembolism (VTE) incidence.
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Discussion 
Incidence of PICC-related venous thromboembolism

VTE is a common complication of PICC insertion, and in this 
study, the cumulative incidence of VTE was 12.3%. As no PE was 
observed, this was also our DVT incidence rate. Our finding was 
consistent with those of two studies conducted in USA, which 
reported VTE incidence rates of 15% and 23.3% [12,13]. Although 
our rate is higher than those reported by six other studies from the 
USA (with incidence rates of 2% to 8.4% [2,6,14-17]), it is clearly 
lower than the rates noted in studies conducted in Australia (44.7%) 
and Malaysia (38.5%) [3,18]. Furthermore, six previous studies from 
China reported VTE incidence rates from 5.2% to 51.4% [4,7,10,19-
21]. With regards to PE, our rate of PE was 0%. A previous systematic 
review reported that the rate was 0.5%, which represented 13.4% of 
all VTE events [1].

Risk factors for VTE 
Clinical predictors: In our study, both age and BMI were 

significantly associated with VTE incidence. Interestingly, we found 
that patients with a normal BMI had the highest incidence of VTE 
(17.7%) of all BMI groups. This differs from results of most previous 
studies, which have identified overweight and obesity as risk factors for 
VTE [7,11]. The 18.9% incidence of VTE in the oldest patients in our 
study (aged >65 y) emphasizes the role of older age in the development 
of catheter-related VTE, as has been previously reported. Renal 
failure was previously identified as an important clinical risk factor 
for VTE [22], and it was also significantly associated with VTE in our 
study. Almost half of PICC-related VTEs occurred in cancer patients, 
which was consistent with results of previous studies [11,12,14,15]. 

This association can be attributed to the hypercoagulable status 
of patients with cancer, as well as their need for multiple PICC 
insertions for chemotherapy administration, triggering thrombus 
formation. Hematological disease and anticoagulant treatment were 
also significantly associated with PICC-related VTE incidence. Not 
surprisingly, half of those patients with a prior VTE developed a 
PICC-related VTE.

Mechanical predictors: Many mechanical risk factors have been 
reported to increase the likelihood of developing PICC-related VTE 
[2,6,11,16], including those related to the procedural technique, 
catheter, and infusate characteristics [3,7,9,14,15,22]. In our study, 
multiple PICC insertions were associated with a higher VTE incidence. 
Lumen size was also significantly related to VTE incidence, with an 
incidence rate of 14% in patients with a large diameter (5-French) 
PICC. This is consistent with results of a previous study reporting 
a higher risk of PICC-related VTE with 5-French or 6-French 
PICCs [7,9,15]. In addition, our VTE incidence rates with different 
lumen and diameter sizes were higher than previously published 
rates [16,23]. PICC malfunction, necessitating removal because of 
complete or partial occlusion, was also significantly associated with 
DVT incidence.

Limitations
This study has some limitations. As a retrospective study, there 

Factor n (%) Incidence of VTE, n (%) p-value*

Smoking 31 (5.3) 4 (12.9) 0.923

Diabetes mellitus 184 (31.6) 28 (15.2) 0.153

Hypertension 180 (30.9) 27 (15.0) 0.194

Coronary artery disease 53 (9.1) 5 (9.4) 0.499

Congestive heart failure 65 (11.1) 10 (15.4) 0.430

COPD 8 (1.4) 2 (25.0) 0.273

Renal failure 59 (10.1) 13 (22.0) 0.017

Hematological disease 104 (17.8) 20 (19.2) 0.019

Cancer 181 (31) 33 (18.2) 0.004

Hypothyroidism 39 (6.7) 8 (20.5) 0.109

Asthma 35 (6.0) 4 (11.4) 0.864

Inflammatory bowel disease 32 (5.5) 1 (3.1) 0.103

Dyslipidemia 35 (6.0) 5 (14.3) 0.720

Anticoagulant therapy 412 (70.7) 64 (15.5) <0.001

Antiplatelet therapy 109 (18.7) 15 (13.8) 0.619

Chemotherapy 147 (25.2) 29 (19.7) 0.002

Operation 377 (64.7) 47 (12.5) 0.908

ICU admission 310 (53.2) 44 (14.2) 0.149

Trauma 49 (8.4) 3 (6.1) 0.166

Immobility 231 (39.6) 32 (13.9) 0.372

Prior VTE 77 (13.2) 39 (50.6) <0.001

Table 2: Patient clinical factors.

*Chi-square test; COPD: Chronic Obstructive Pulmonary Disease; ICU: 
Intensive Care Unit; PICC: Peripherally-Inserted Central Catheter; VTE: Venous 
Thromboembolism

Indication/infusate n (%) Incidence of VTE, n (%) p-value*

Fluids 105 (18) 10 (9.5)

0.646

Antibiotics 74 (12.7) 8 (10.8)

Chemotherapy 37 (6.3) 6 (16.2)

TPN 55 (9.4) 5 (9.1)

Analgesia 8 (1.4) 0 (0)

Multiple infusates 287 (49.2) 40 (14)

Others 17 (2.9) 3 (17.6)

Table 3: Peripherally-inserted central catheter indications/infusates.

*Chi-square test; TPN: Total Parenteral Nutrition; VTE: Venous Thromboembolism

Factor n (%) Incidence of VTE, n (%) p-value*

Previous PICC insertion 110 (18.9) 21 (19.1) 0.017

PICC side

Right 511 (87.7) 58 (11.4)

0.060Left 50 (8.6) 8 (16.0)

Both sides 22 (3.8) 6 (27.3)

PICC site

Basilic 319 (54.7) 35 (11.0)

0.376

Cephalic 10 (1.7) 1 (10.0)

Brachial 205 (35.2) 26 (12.7)

Axillary 1 (0.2) 0 (0)

Different sites 48 (8.1) 10 (20.8)

PICC lumen size 

5-French (double-lumen) 499 (85.6) 70 (14.0)

0.0053-French (single-lumen) 79 (13.6) 1 (1.3)

4-French (double-lumen) 5 (0.9) 1 (20.0)

PICC malfunction 26 (4.5) 7 (26.9) 0.021

Table 4: Mechanical factors related to peripherally-inserted central catheter.

*Chi-square test; PICC: Peripherally-Inserted Central Catheter; VTE: Venous 
Thromboembolism
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may have been confounding factors that influenced the results. As 
a medical records review, the accuracy of our data depends on the 
accuracy of information in these records. Study design also does not 
allow us to make conclusions about causation. Although we included 
every patient who received a PICC over a more than 3-year period, 
the number of patients is relatively small. This prevented us from 
detecting any PE and may have reduced our ability to achieve statistical 
significance for some potential DVT risk factors. Additionally, this is 
a single-center study, which may limit its generalizability. However, it 
provides objective data about an important clinical issue that has not 
been previously reported in our country.

Conclusion
In conclusion, our findings have relevant implications for clinical 

practice. To avoid serious complications, awareness of the risks and 
benefits of different vascular access devices should be considered 
when determining their usage in patient care. Our results suggest 
that clinical risk factors associated with the development of PICC-
related VTE are renal failure, hematological disease, cancer, receipt 
of chemotherapy, and a prior VTE. However, use of anticoagulants 
did not appear to decrease the risk of VTE. The side and site of PICC 
insertion were also not associated with VTE incidence. Patients with 
multiple PICC insertions during their lifetime also had a higher 
incidence of PICC-related VTE.
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