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Purpose: A peripherally inserted central catheter (PICC) is associated with venous throm-
boembolism (VTE) especially in patients suffering from cancer. We analyzed the incidence, 
risk factors, and patterns of PICC-related VTE in cancer patients.
Patients and Methods: Patients with cancer who underwent PICC placement were 
evaluated retrospectively. Routine, prospective ultrasound post-PICC placement was used 
for asymptomatic and symptomatic patients to identify VTE. Multivariable logistic regres-
sion models with odds ratios (ORs) were used to examine VTE risk factors.
Results: Of 2353 PICCs placed, 165 patients (7.01%) developed PICC-related VTE with 
a median thrombosis time of 12 days. After adjustment of multivariable analysis, patients 
with PICC-related VTE were more likely to have a ratio of PICC diameter:vein diameter 
>0.35 (adjusted OR, 1.689; 95% CI, 1.023–2.789) and high level of triglycerides (1.561; 
1.096–2.223). The prevalence of A (adjusted OR, 1.680; 95% CI, 1.009–2.798), B (1.835; 
1.137–2.961), and AB (3.275; 1.840–5.829) blood group was significantly higher than that of 
the O blood group in VTE patients. Venous recanalization was observed in 44.8% (74/165) 
patients after anticoagulation therapy, and more often in patients with combined deep VTE 
than in patients with isolated superficial VTE (OR, 17.942; 95% CI, 5.427–59.316). The 
recanalization time was 20±5 (range, 10–31) days.
Conclusion: The non-O blood group, larger ratio of PICC diameter:vein diameter, and high 
level of triglycerides were significantly associated with PICC-related VTE. Almost half of 
cases of PICC-related deep VTE could be reversed by anticoagulation treatment.
Keywords: recanalization, ultrasound, venous thromboembolism

Introduction
A peripherally inserted central catheter (PICC) is essential in the treatment and 
nursing of patients requiring intensive care, or for patients suffering from cancer. 
A PICC is especially important for the chemotherapy and nutritional support of 
cancer patients. The infusion of chemotherapy drugs through a PICC not only 
reduces the risk of drug extravasation and the stimulation of peripheral blood 
vessels, it also satisfies the demand of having a catheter during the interval of 
chemotherapy in the outpatient setting.

However, studies have shown that the incidence of venous thromboembolism 
(VTE) of the upper extremity in patients with PICC is significantly higher than that 
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in patients with a central venous catheter.1 Especially for 
patients with cancer (whose blood is in hypercoagulable 
state or vascular endothelium is injured by long-term che-
motherapy), the incidence of PICC-related VTE has 
increased significantly to 5.6–12%,2,3 and has become an 
important cause of PICC obstruction. In rare cases, the 
thrombus falls off and flows in blood to the superior vena 
cava to enter the pulmonary artery, after which 
a pulmonary embolism may form to endanger life.4

Studies have revealed several risk factors for PICC- 
related VTE: previous history of deep venous thrombosis 
(DVT); large diameter of the PICC; abnormal location of 
the PICC tip; high body mass index (BMI); hyperlipide-
mia, cancer type.2,5,6 Other studies have found that the 
ABO blood group is closely related to thrombosis, but 
Haddad et al7 indicated that the non-O blood group does 
not increase the thrombosis risk after PICC placement. 
Therefore, the association between blood group and 
PICC-related VTE is not clear. PICC-related VTE 
includes superficial venous thrombosis (SVT) and DVT 
according to the extension of the affected vein.8 However, 
few studies have compared the clinical symptoms, degree 
of occlusion, and risk factors between PICC-related SVT 
and PICC-related DVT. We recruited patients who under-
went PICC in our center, and explored the incidence, risk 
factors and patterns of PICC-related VTE.

Patients and Methods
Patients, Study Outcome and Data 
Collection
This study was a retrospective analysis with data collected 
prospectively using a hospital database. Patients with can-
cer who underwent the first PICC placement between 
January 2018 to December 2019 in our hospital were 
enrolled consecutively.

Patients were included if they had 1) a documented 
active malignancy; 2) PICC placement for systemic che-
motherapy; 3) were followed up by ultrasound until PICC 
removal or VTE occurrence.

The excluded criteria were patients 1) with 
a communication disorder; 2) with contraindications to 
anticoagulation therapy; 3) suffering from hematopathy; 
4) with expected survival <1 month; 5) lost to follow-up.

The primary study outcome was time to PICC-related 
VTE and PICC removal. All patients were divided into 
a “VTE group” and “normal group” according to ultra-
sound results.

The characteristics of patients and their laboratory data 
were obtained from the electronic-medical records system 
of our hospital. These data were as follows:age; sex; BMI, 
more than one attempt at PICC placement; previous VTE; 
comorbidities of diabetes mellitus and hypertension; 
tobacco smoking; alcohol consumption; triglycerides 
(defined as “normal” [<1.7 mmol/L] and “high” [≥1.7 
mmol/L]); low-density lipoprotein cholesterol (defined as 
“normal” [<3.4 mmol/L] and “high” [≥3.4 mmol/L]); total 
cholesterol (defined as “normal” [<5.2 mmol/L] and 
“high” [≥5.2 mmol/L]),9 activated partial thromboplastin 
time (APTT), white blood cell count; platelet count; ABO 
blood group.

All patients provided written informed consent before 
PICC placement. The study protocol was approved by the 
ethics committee of Peking University Cancer Hospital 
(Beijing, China), and this study was conducted in accor-
dance with the Declaration of Helsinki.

PICC Placement and Nursing Care
PICC placements were undertaken by a nurse at our 
Venous Access Center, who had inserted a PICC>300 
times previously. We wished to avoid the complications 
caused by PICC with a larger diameter. Hence, the same 
type of single-lumen 4-Fr PICC (Groshong®, Bard Access 
Systems, Salt Lake City, UT, USA), inserted with an 
improved Seldinger technique under ultrasound guidance, 
was used in all patients.10 Ultrasound was undertaken 
routinely at the upper mid-arm before PICC placement to 
identify a suitable vein for insertion. The first choice was 
the basilic vein, followed by the brachial vein and cephalic 
vein. After insertion, the PICC-tip position was confirmed 
by chest radiography and adjusted to ensure that it was 
located at the middle or distal-third of the superior vena 
cava.11 During hospitalization, all PICC lumina were 
flushed with 10 mL of physiologic (0.9%) saline and 
5 mL of heparin daily to ensure that the PICC remained 
unobstructed. After PICC placement, patients were 
observed every day to ascertain if the affected limb had 
edema, pain/ache, or cyanosis of the skin. Care and assess-
ment of the PICC was carried out every week after hospi-
tal discharge by a nurse specializing in vascular access. 
The arm circumference (5 cm above the upper margin of 
the elbow on the affected side) was measured by dedicated 
staff. The average value was used for those without VTE; 
the value on the day of the thrombosis was used for those 
with VTE.
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“PICC-related VTE” was defined as the end point 
event and was confirmed by ultrasound. In accordance 
with American College of Chest Physicians Guideline,12 

patients diagnosed with VTE had anticoagulation therapy. 
Initially, this was administration of low-molecular-weight 
heparin, followed by vitamin-K antagonists or direct oral 
anticoagulants in the first 3 months. The PICC was 
removed only if it could not be used or because che-
motherapy was complete. After 2–4 weeks of treatment, 
ultrasound was undertaken to ascertain if the affected 
veins had recanalized. Patients with acute hypoxia, chest 
pain, or other clinical symptoms were examined by con-
trast-enhanced computed tomography (CT) for a suspected 
pulmonary embolism. The “indwelling time of the PICC” 
was defined as the time from the insertion to removal of 
the PICC. The “time to PICC-related VTE” was defined as 
the time from PICC placement to first identification of 
a thrombotic complication.

Ultrasound Examination and Follow-Up
PICC placement was guided by ultrasound using the 
LOGIQ Book system (General Electric, Piscataway, NJ, 
USA) and followed up by ultrasound using the IU22 
system (Philips, Amsterdam, the Netherlands). The depth 
(from the subcutaneous to the anterior wall of the vein) 
and diameter of the vein for catheter indwelling were 
measured by ultrasound before puncture. The ratio of the 
PICC diameter:vein diameter was calculated as 0.144 mm/ 
vein diameter (mm).

After PICC placement, all patients had follow-up ultra-
sound irrespective of whether they were symptomatic or 
were suspected to have PICC-related VTE. The examina-
tion was done by two physicians (with >5 years’ experi-
ence in vascular ultrasound) at 1 week, 2 weeks, as well as 
1, 3, 6 and 12 months. If the patient had clinical symptoms 
related to upper-extremity thrombosis, ultrasound could be 
carried out at any time.

Patients with PICC-related VTE were divided into two 
groups according to the thrombosis extension: isolated 
SVT (“SVT” group), and SVT combined with DVT 
(“SVT+DVT” group). SVT was established if thrombosis 
involved a superficial vein of the upper extremity, includ-
ing basilic and cephalic veins. DVT was established if 
a deep vein, such as the brachial vein, axillary vein, or 
subclavian vein, were affected. According to the guideline 
of relating to the diagnostic criteria of VTE by 
ultrasound,13 we classified a PICC-related upper- 
extremity VTE into two types: 1) “complete occlusion” 

(non-compressibility of the vein with a visible intraluminal 
thrombus and absence of a color signal in the vein lumen); 
2) “partial occlusion” (partial closure after compression 
with a residual color signal in the vein lumen). Vein 
recanalization was determined by ultrasound, with throm-
bus resolution allowing for the vein to change from com-
plete occlusion to partial/complete compression, or from 
partial occlusion to complete compression.14

Statistical Analyses
Statistical analyses were undertaken using SPSS 22.0 
(IBM, Armonk, NY, USA). Continuous variables (means 
± standard error) were analyzed with a two-tailed 
Student’s t-test. Variables with a non-normal distribution 
were analyzed using the Mann–Whitney rank sum test. 
Categorical variables were compared using the chi-square 
test and Fisher’s exact test. Kaplan–Meier curves were 
used to estimate the cumulative probability of PICC- 
related VTE. Predictors of VTE were searched by binary 
logistic regression after univariate analysis. P < 0.05 was 
considered significant.

Results
After reviewing 2681 PICCs inserted in patients with cancer, 
we finally enrolled 2353 patients (Figure 1). In most instances, 
the PICC was placed in the right upper-extremity (72.5%, 
1706/2535). The vein into which the PICC was inserted was 
the basilic vein (83.8%, 1972/2353), brachial vein (13.9%, 
327/2353) or cephalic vein (2.3%, 54/2353). The incidence 
of PICC-related VTE and symptomatic VTE was 7.01% in 165 
patients and 3.4% in 88 patients, respectively, and the median 
indwelling time was 129 (range, 5–370) days (Figure 2). 
Ultrasound detected 77 (46.7%, 77/165) instances of asympto-
matic VTE. Eighty-eight patients (53.3%, 88/165) were symp-
tomatic with swelling of the upper extremity (65.9%, 58/88), 
pain/ache (29.6%, 26/88), or cyanosis of the skin (4.5%, 4/88). 
The indwelling time of the PICC in the VTE group was 
significantly shorter than that in the normal group (median 72 
days vs 131 days). The median interval between PICC place-
ment and thrombosis onset was 12 (range, 2–160) days, and 
64.2% (106/165) instances of VTE occurred within 2 weeks 
after insertion. The characteristics of patients at baseline are 
summarized in Table 1. The univariate analysis showed that 
BMI >25 kg/m2, ABO blood group, and a high level of 
triglycerides were related to VTE, and that the APTT in the 
VTE group was significantly shorter than that in the normal 
group (30.0 ± 5.0 s vs 32.7 ± 6.5 s, P < 0.001). The arm 
circumstance of patients with VTE was significantly larger 
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than that of normal patients (27.2 ± 3.0 vs 26.6 ± 3.0, P = 
0.006). A comparison of vascular and PICC-insertion factors is 
shown in Table 2. The vein diameter in the VTE group was 
significantly smaller than that in the normal group (0.39 ± 

0.07 mm vs 0.41 ± 0.08 mm, P = 0.001), whereas the ratio of 
the PICC diameter:vein diameter was larger (0.35 ± 0.06 vs 
0.33 ± 0.06, P < 0.001). After the patients were grouped 
according to values of vein diameter (0.40 mm) and the ratio 

Figure 1 Flowchart showing the final study cohort.

Figure 2 The cumulative incidence of PICC-related VTE. The blue line denotes total incidence of PICC-related VTE; the purple line denotes incidence of isolated SVT; the 
yellow line denotes incidence of SVT combined with DVT.
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Table 1 Univariate Analysis of Clinical, Vascular and Technical Characteristics of Patients with and without PICC-Related VTE

Variables VTE Group (n = 165) Normal Group (n = 2188) P

Clinical characteristics

Sex (%) 0.713

Male 75 (45.5) 1027 (46.9)
Female 90 (54.5) 1161 (53.1)

Age, years 53±13 52±14 0.426

BMI, kg/m2 24.6±3.9 24.1±3.7 0.114

BMI grading (%) 0.017

≤25 kg/m2 88 (53.3) 1371 (62.7)
>25 kg/m2 77 (46.7) 817 (37.3)

Arm circumference, cm 27.2±3.0 26.6±3.0 0.006

Diabetes mellitus (%) 15 (9.1) 211 (9.6) 0.816

Hypertension (%) 35 (21.2) 423 (19.3) 0.557

Tobacco smoking (%) 37 (22.4) 461 (21.1) 0.681

Alcohol consumption (%) 17 (26.2) 260 (11.9) 0.533

Previous VTE (%) 11 (6.7) 109 (5.0) 0.343

Symptoms (%) –
Swelling 58 (35.1) 58 (2.7)

Pain or ache 26 (15.8) –

Cyanosis of the skin 4 (2.4) –
Total 88 (53.3) 58 (2.7) <0.001

Laboratory indices

ABO blood group (%) <0.001

O 28 (16.9) 656 (30.0)
A 44 (26.7) 577 (26.4)

B 63 (38.2) 730 (33.3)

AB 30 (18.2) 225 (10.3)

Triglycerides (%) 0.011

Normal 100 (60.6) 1533 (70.1)
High 65 (39.4) 655 (29.9)

LDL-C (%) 0.238
Normal 112 (67.9) 1579 (72.1)

High 53 (32.1) 609 (27.8)

Total cholesterol (%) 0.426

Normal 140 (84.8) 1904 (87.0)
High 25 (15.2) 284 (13.0)

White cell count, ×109/L 6.3±2.6 6.8±4.4 0.153

Platelet count, ×109/L 235.9±89.0 232.93±85.7 0.691

APTT, s 30.0±5.0 32.7±6.5 <0.001

Abbreviations: APTT, activated partial thromboplastin time; BMI, body mass index; LDL-C, low-density lipoprotein cholesterol; PICC, peripherally inserted central 
catheter; VTE, venous thromboembolism.
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of the PICC diameter:vein diameter (0.35), we found that the 
PICC-related VTE happened more often when vein diameter ≤ 
0.40mm (P = 0.019) and the ratio of the PICC diameter:vein 
diameter > 0.35 (P = 0.004).

After adjustment of the APTT, and arm circumference in 
the binary regression model, a ratio of PICC diameter:vein 
diameter >0.35 (odds ratio (OR), 1.689; 95% confidence 
interval (CI), 1.023–2.789, P = 0.041) and high level of 
triglycerides (1.561; 1.096–2.223, 0.014) were found to be 
independently associated with the risk of PICC-related VTE. 
The prevalence of A (OR, 1.680; 95% CI, 1.009–2.798, P = 
0.046), B (1.835; 1.137–2.961, 0.013), and AB (3.275; 1.840– 
5.829, P<0.001) blood groups in VTE patients was signifi-
cantly higher than that of the O blood group (Table 3, 
Figure 3).

In patients with PICC-related VTE, there were 35.8% 
(59/165) instances of SVT and 64.2% (106/165) instances 
of SVT+DVT. Also, only one patient had a pulmonary 

embolism (0.6%) with the symptoms of dyspnea and 
chest pain, and he was diagnosed by contrast-enhanced 
CT. Compared with the SVT group in the multivariable 
analysis model, the indwelling time was decreased and 
thrombosis time was increased in the SVT+DVT group 
(OR, 0.981; 95% CI, 0.970–0.992, P < 0.001, and 1.031; 
1.013–1.050, 0.001, respectively), and the APTT was sig-
nificantly shorter (0.868; 0.778–0.968, 0.011). Patients in 
the SVT+DVT group had more opportunity to have symp-
toms than those in the SVT group (OR, 3.109; 95% CI, 
1.602–6.034, P = 0.001). The arm circumferences in the 
SVT+DVT group were larger than those in the SVT group 
(P = 0.028). In addition, the incidence of complete occlu-
sion of veins in the SVT group (91.5%) was higher than 
that in the SVT+DVT group (50.9%) (OR, 0.158; 95% CI, 
0.039–0.649, P = 0.01) (Table 4).

After treatment for 2–4 weeks, venous recanaliza-
tion was observed in 74 (44.8%, 74/165) patients, and 

Table 2 Univariate Analysis of Vascular and Technical Characteristics of Patients with and without PICC-Related VTE

Variables VTE Group (n = 165) Normal Group (n = 2188) P

Vascular level

Vein depth, mm 8.7±3.9 8.5±3.5 0.467

Vein diameter, mm 0.39±0.07 0.41±0.08 0.001

Subgroup of vein diameter (%) 0.019

≤0.40 mm 104 (63) 1173 (53.6)

>0.40 mm 61 (37) 1015 (46.4)

Ratio of diameter † 0.35±0.06 0.33±0.06 <0.001

Subgroup of ratio of diameter (%) 0.004

≤0.35 85 (51.5) 1375 (62.8)

>0.35 80 (48.5) 813 (37.2)

PICC placement

Indwelling time, days& 72 (32, 143) 131 (83, 182) <0.001

Thrombosis time, days& 12 (8, 27) – –

Insertion attempts >1 (%) 10 (6.1) 113 (5.2) 0.618

Insertion arm (%) 0.402

Left 50 (30.3) 597 (27.3)

Right 115 (69.7) 1591 (72.7)

Insertion vein (%) 0.133a

Basilic 140 (84.8) 1832 (83.7)
Brachial 18 (10.9) 309 (14.1)

Cephalic 7 (4.3) 47 (2.2)

Notes: aRepresents the P value was analyzed by Fisher exact test. &Represents a non-distributional data described as median (P25, P75) and compared by Mann–Whitney 
rank sum test. †The ratio of diameter represents the ratio of the PICC:vein diameter. 
Abbreviations: APTT, activated partial thromboplastin time; PICC, peripherally inserted central catheter; VTE, venous thromboembolism.
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more often in patients in the SVT+DVT group (61.3%) 
than in patients in the SVT group (15.3%) (OR, 
17.942; 95% CI, 5.427–59.316, P < 0.001) (Table 4, 
Figure 4). The recanalization time was 20 ± 5 (range, 
10–31) days, and there was no significant difference in 
the recanalization time between the SVT+DVT group 
(20±5 days) and SVT group (18±4 days) (P = 0.186) 
(Table 4, Figure 5).

Discussion
One meta-analysis pointed out that PICC increased the 
incidence of upper extremity VTE compared with 

central venous catheters, especially for patients who 
were critically ill or suffering from cancer (OR, 6.67; 
95% CI, 4.69–8.64). The incidence of PICC-related 
VTE in patients with cancer was from 1.9% to 
27%,1,2,11,15 whereas the incidence of asymptomatic 
VTE was <54%.16 This discrepancy in incidence may 
have resulted from the different sample sizes, clinical 
manifestations of patients, follow-up methods, size and 
location of catheters, and operators’ techniques in those 
studies. Therefore, all PICCs were placed by skilled 
nurses in the venous access center in our study. To 
reduce the risk of complications, 4-Fr PICCs were 

Table 3 Multivariable Logistic Regression of Risk Factors Related to PICC-Related Venous Thromboembolism

Variables OR 95% CI P Adjusted OR 95% CI P

BMI >25kg/m2 1.550 1.117–2.150 0.009 1.222 0.780–1.915 0.382

ABO blood group

O Reference Reference – Reference Reference –
A 1.814 1.113–2.958 0.017 1.680 1.009–2.798 0.046

B 2.030 1.283–3.213 0.003 1.835 1.137–2.961 0.013
AB 3.108 1.811–5.333 <0.001 3.275 1.840–5.829 <0.001

Ratio of diameter >0.35 mm 1.385 0.854–2.245 0.187 1.689 1.023–2.789 0.041

Vein diameter >0.4 mm 0.824 0.504–1.349 0.442 0.709 0.424–1.186 0.191

High level of triglycerides 1.362 0.973–1.906 0.071 1.561 1.096–2.223 0.014

Notes: ORs were derived from multivariate logistic regression analysis after adjusting the factors of APTT and arm circumstance. 
Abbreviations: BMI, body mass index; CI, confidence interval; OR, odd ratio; PICC, peripherally inserted central catheter.

Figure 3 Forest plot showing the adjusted odd ratios for risk factors of PICC-related VTE. PICC, peripherally inserted central catheter; VTE, venous thromboembolism.
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selected and chest radiography was done to confirm that 
the PICC-tip was located at the middle or lower segment 
of the inferior vena cava.17 Moreover, ultrasound was 
used for follow-up and to confirm asymptomatic VTE 
and symptomatic VTE. Finally, we found that the inci-
dence of PICC-related VTE was 7.01%, the median time 
to VTE was 12 (range, 2–160) days, and 64.2% (106/ 
165) VTE events occurred within 2 weeks after 

catheterization. Those data are consistent with results 
from other studies.1,16

Patients with PICC-related VTE may present with cor-
responding clinical symptoms and have an increased risk 
of PICC obstruction, which may shorten the survival time 
of the PICC (the median time decreased from 131 days to 
72 days) significantly. We used ultrasound as a routine 
method and examined veins at regular intervals. We 

Table 4 Multivariable Analysis of Related Variables in SVT and SVT+DVT Groups

Variables SVT Group (n = 59) SVT+DVT Group (n = 106) OR 95% CI P

Sex (%)
Male 25 (42.4) 50 (47.2) Reference Reference

Female 34 (57.6) 56 (52.8) 1.150 0.326–4.053 0.828

Age, years 52±14 54±13 1.002 0.965–1.041 0.909

BMI >25kg/m2 (%) 23 (39.0) 54 (50.9) 1.679 0.441–6.395 0.448

ABO blood group (%)
O 10 (17.0) 18 (17.0) Reference Reference

A 16 (27.1) 28 (26.4) 0.559 0.122–2.557 0.454

B 21 (35.6) 42 (39.6) 1.236 0.297–5.133 0.771
AB 12 (20.3) 18 (17.0) 0.771 0.156–3.817 0.750

APTT, s 31.7±5.1 29.1±4.7 0.868 0.778–0.968 0.011

Indwelling time, daysa 106 (69, 136) 50 (32, 149) 0.981 0.970–0.992 <0.001

Thrombosis time, daysa 11 (6, 14) 12 (8, 33) 1.031 1.013–1.050 0.001

Arm circumference, cm 26.3±3.0 27.8±2.9 1.371 1.035–1.816 0.028

Symptomatic thrombosis (%)

Swelling 5 (8.5) 48 (45.3)
Pain or ache 14 (23.7) 17 (16.0)

Cyanosis of the skin 2 (3.4) 2 (1.9)

Total 21 (35.6) 67 (63.2) 3.109 1.602–6.034 0.001

Vein diameter, mm 0.39±0.07 0.39±0.08 2.072 0.026–168.163 0.745

Vein diameter >0.4mm (%) 21 (35.6) 40 (37.7) 0.833 0.126–5.518 0.850

Ratio of diameter† 0.35±0.06 0.35±0.06 0.777 0.004–166.512 0.927

Ratio of diameter >0.35 (%) 30 (50.8) 50 (47.2) 0.680 0.106–4.350 0.684

Depth, mm 8.7±3.8 8.7±4.0 0.324 0.060–1.742 0.189

Status of vein (%)
Partial occlusion 5 (8.5) 52 (49.1) Reference Reference

Total occlusion 54 (91.5) 54 (50.9) 0.158 0.039–0.649 0.010

Pulmonary embolism (%) 0 1 (0.9) – – –

Recanalization (%) 9 (15.3) 65 (61.3) 17.942 5.427–59.316 <0.001

Recanalization time, days 18±4 20±5 0.186 – –

Notes: aRepresents a non-distributional data described as median (P25, P75). 
†The ratio of diameter represents the ratio of the PICC:vein diameter. 

Abbreviations: APTT, activated partial thromboplastin time; CI, confidence interval; DVT, deep venous thrombosis; OR, odd ratio; PICC, peripherally inserted central 
catheter; SVT, superficial venous thrombosis.
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found that 46.7% of VTE cases were asymptomatic, which 
can be missed readily. We recommended that ultrasound 
be used to screen VTE within 2 weeks after PICC place-
ment irrespective of whether symptoms are present.

A meta-analysis by Dentali et al18 revealed that the risk 
of thrombosis in a patient with the non-O blood group was 
twofold higher than that in a patient with the O blood 
group (OR, 2.08; 95% CI, 1.83–2.37). Hence, the non-O 
blood group may be a genetic risk factor for VTE. 
However, Haddad et al7 conducted a case–control study 
and pointed out that the ABO blood group was not a risk 
factor for PICC-related DVT, but the different result may 
have been due to the small sample size. In the present 

study, compared with patients with the O blood group, the 
risk of PICC-related VTE was significantly higher in 
patients with A (OR, 1.680; 95% CI, 1.009–2.798), 
B (1.835; 1.137–2.961), and AB (3.275, 1.840–5.829) 
blood groups. How the ABO blood group is associated 
with VTE is not clear. However, it has been postulated that 
the levels of von Willebrand factor (vWF) and factor VIII, 
which have been shown to be a risk factor for thrombosis, 
are significantly lower in patients with the O blood 
group.19 The plasma clearance rate of vWF may be 
affected by the ABO blood group, and the vWF level is 
increased significantly in cancer patients.20 Therefore, we 
wonder if vWF plays an important role in PICC-related 
VTE in cancer patients, and further research is needed.

Several studies have found that BMI >25 kg/m2 is an 
independent risk factor for catheter-related thrombosis.21,22 

The univariate analysis in our study also revealed that BMI 
>25 kg/m2 to be associated with PICC-related VTE, but 
was not an independent risk factor (P = 0.382). 
Catheterization in obese patients can be difficult and 
repeated puncture can damage the vessel walls, which can 
result in an increased risk of thrombosis. Moreover, patients 
with a high BMI may have an increased level of triglycer-
ides related to blood hypercoagulability. We found that 
a high level of triglycerides was 1.5-times more common 
in patients with VTE than that in normal patients (adjusted 
OR, 1.561; 95% CI, 1.096–2.223). Few studies have 

Figure 4 Ultrasound examination of PICC-related VTE. (A–C) show that the basilic vein with PICC-related superficial venous thrombosis was completely occluded and 
uncompressed without any color signal after 2 weeks of anticoagulation therapy. (D–F) show that the subclavian vein with PICC-related deep venous thrombosis was 
partially occluded, but was recanalized and filling with blood flow after 2 weeks of anticoagulation therapy.

Figure 5 The recanalization time of PICC-related VTE. The blue line denotes all 
patients with VTE; the purple line denotes the SVT group; the yellow line denotes 
the SVT+DVT group.
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analyzed the relationship between the level of triglycerides 
and thrombosis. However, one meta-analysis23 revealed that 
the triglycerides level in people with VTE was significantly 
higher than that in a control group (the average difference 
was 21.0mg/dL). Those results were based on the hypoth-
esis that the concentration of triglycerides is positively 
correlated with the response intensity of vascular endothe-
lial cells to inflammatory factors, and initiate the inflamma-
tion of endothelium.24 In addition, triglycerides are related 
to the increased levels of coagulation factors VII, VIII, IX 
and fibrinogen, which can cause a hypercoagulable state 
and thrombus formation. Our results showing a significant 
correlation between a high level of triglycerides and throm-
bosis could guide the treatment strategy for patients with 
VTE (which is statins to improve vascular endothelial and 
coagulation functions and reduce the VTE risk).

Studies have demonstrated that the size of a PICC is 
positively correlated with VTE, whereas the vein dia-
meter is negatively correlated with VTE.6 However, few 
studies have focused on the relationship between the 
veinpuncture diameter, or the ration of the PICC dia-
meter:vein diameter and VTE. We found that a smaller 
diameter of venipuncture and larger ratio of PICC dia-
meter: vein diameter were closely related to VTE. In the 
risk model, although a vein diameter > 0.4mm was not an 
independent risk factor, a ratio of PICC diameter:vein 
diameter >0.35was significantly associated with VTE 
(OR, 1.689; 95% CI, 1.023–2.789). Therefore, we recom-
mended PICC placement under ultrasound guidance, 
because it is useful for selecting vein with a large dia-
meter to puncture, and reducing the risk of thrombotic 
complications. In addition, we found that the APTT in the 
VTE group, which may predict VTE after PICC, was 
significantly shorter than that in the normal group.

VTE occurrence must be judged according to the clin-
ical symptoms of patients because follow-up ultrasound is 
not commonly used for timely examination. We showed 
that the average arm circumference in the VTE group was 
27.2 cm, which was higher than that in the normal group. 
Furthermore, the average arm circumference of patients in 
SVT group was smaller than that of patients in SVT+DVT 
group, because the affected limb may be swollen due to 
disturbance in vein drainage when the thrombosis involves 
a deep vein. Thus, we found that most instances of asymp-
tomatic PICC-related VTE occurred in a superficial vein, 
which may be missed without ultrasound examination. 
According to the literature,1 61% cases of VTE start 
from a superficial vein and <50% of them spread to 

a deep vein, whereas the remaining 39% cases of VTE 
are located only in a deep vein. However, our study cohort 
comprised cancer patients in a hypercoagulable state, 
a thrombus could be formed readily from a punctured 
superficial vein to deep vein. Thus, most patients had 
SVT combined with DVT (64.2%, 106/165), and 35.8% 
(59/165) had isolated SVT. A pulmonary embolism was 
found in one patient who had SVT combined with DVT, 
which may have been caused by lower-extremity VTE 
besides PICC-related VTE due to the hypercoagulability 
found in cancer patients.

The incidence of complete occlusion in patients with 
SVT combined with DVT was significantly lower than that 
in patients who had SVT only (OR, 0.158; 95% CI, 0.-
039–0.649). Most of the veins (91.5%) were totally 
occluded if the thrombosis involved only a superficial 
vein, but almost half of the veins (49.1%) were partially 
occluded if the thrombosis extended to a deep vein. After 
PICC placement, thrombosis usually starts from 
a superficial vein, which has a relatively small diameter 
and low volume of blood flow. However, catheterization 
using a PICC occupies a large intraluminal space and can 
cause complete vascular occlusion because it is a long 
foreign object.1 Compared with a superficial vein, a deep 
vein has a larger diameter and more blood flow to prevent 
thrombus aggregation. The blood flow can pass through 
the space between vessel wall and PICC, and the thrombus 
only attaches on the PICC to result in partial occlusion.

We demonstrated that 74 cases (44.8%, 74/165) of 
venous recanalization started early after initiation of ther-
apeutic anticoagulation in PICC-related VTE, and that 
partial or complete recanalization was achieved. The reca-
nalization time was 20±5 (range, 10–31) days, which 
emphasized that VTE should be treated as quickly as 
possible if observed by ultrasound. Anticoagulation ther-
apy is recommended to be used for ≥3 months, but some 
studies have shown that acute thrombi can be removed 
completely after 2 weeks and older thrombi can be com-
pletely recanalized after 4 weeks.25,26 Furthermore, all of 
our patients were examined by ultrasound routinely to 
detect acute thrombi, which can resolve completely after 
anticoagulation therapy. Meanwhile, the incidence of reca-
nalization in the SVT+DVT group was significantly 
higher than that in the SVT group after anticoagulation 
treatment (OR, 17.942; 95% CI, 5.427–59.316). Patients 
in the SVT+DVT group may have benefited from incom-
plete occlusion, early diagnosis of thrombosis due to 
symptoms, and more blood flow in a larger lumen. 
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Therefore, checking for PICC-related VTE by ultrasound 
in a timely manner is useful for anticoagulation therapy, 
which can reverse the thrombosis process and reduce the 
risk of complications, especially for patients with 
acute DVT.

Our study had four main limitations. First, although 
this study had a prospective design, the results of 
a retrospective analysis may be subjected to biases or 
incomplete information. For example, the time to throm-
bosis may have been inaccurate because ultrasound may 
not have been done in a timely manner to identify VTE 
due to non-obvious symptoms, an absence of daily visits 
by a nurse, and lack of observation after hospital dis-
charge. Second, the accuracy of PICC placement was 
strictly controlled by using a small-diameter PICC to 
reduce thrombosis risk, so our research results may not 
be applicable in other centers or for other sizes of PICC. 
Third, potential confounding variables, such as the arm 
circumstance, and APPT, could not be evaluated in our 
logistic regression model, and the cancer type (as 
a possible factor affecting VTE) should be investigated 
in future research. These limitations notwithstanding, our 
study had important strengths: a relatively large sample 
size and analyses of multiple variables. In addition, we 
classified PICC-related VTE as SVT and SVT associated 
with DVT, which differ in terms of patterns of thrombosis 
and requirement of anticoagulation therapy.

Conclusions
The incidence of PICC-related VTE in cancer patients 
was 7.01%. A non-O blood group, a ratio of PICC 
diameter:vein diameter >0.35 and high level of trigly-
cerides were significantly associated with VTE. The 
latter two factors may suggest PICC placement under 
ultrasound guidance to select a larger vein to puncture, 
and use of statin to improve vascular endothelial and 
coagulation functions, to reduce the VTE risk. Patients 
with isolated SVT had complete occlusion of veins, 
whereas about half of the patients with DVT had partial 
occlusion, which was more readily reversed after antic-
oagulation treatment. More than forty percent veins 
recanalized at 2–4 weeks after beginning therapeutic 
anticoagulation. Early and routine ultrasound examina-
tion could have an active role in detecting thrombi and 
guiding aggressive treatment.
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