International Journal of General Medicine

Dove

ORIGINAL RESEARCH

Risk Factors of PICC-Related Venous Thrombosis
in Breast Cancer Patients Undergoing

Chemotherapy

Bing-Xin Lin
Chun-Sen Xu

Department of Breast Surgery, Union
Hospital of Fujian Medical University,
Fuzhou, People’s Republic of China

Correspondence: Chun-Sen Xu
Department of Breast Surgery, Union

Hospital of Fujian Medical University, No.

29 of Xinquan Road, Gulou District,
Fuzhou, 350001, People’s Republic of
China

Tel/Fax +86 591 83357896

Email chunsenxuparis@63.com

This article was published in the following Dove Press journal:
International Journal of General Medicine

Background: To analyze the risk factors of a peripherally inserted central catheter (PICC)-
related venous thrombosis in patients with breast cancer undergoing chemotherapy and
explore its preventive measures.

Methods: Data of 780 patients with breast cancer who underwent PICC chemotherapy in
our hospital from January 2014 to June 2015 were retrospectively analyzed. The incidence of
catheter-related thrombosis was observed, and related factors of venous thrombosis were
analyzed.

Results: Among the 780 patients with breast cancer, 36 developed PICC-related venous
thrombosis. The incidence of which was 4.62% (36/780). The PICC retention time ranged
between 60 and 136 days, and the median time was 92 days. Thrombosis was found to occur
within seven days after catheterization in three patients (8.33%), between 7 and 30 days in 18
patients (50%), between 31 and 92 days in 12 patients (33.3%), and >92 days in three
patients (8.33%). Basilic vein puncture-induced thrombosis occurred in 25 patients (3.68%),
and median cubital vein and cephalic vein puncture-induced thrombosis occurred in 11
patients (10.78%). The difference was statistically significant (P = 0.001). Thrombosis was
not associated with age, punctured limb, platelet count, or chemotherapy drugs (P > 0.05).
Conclusion: Blood vessel puncture was the main factor that affected PICC-related throm-
bosis in breast cancer chemotherapy. The basilic vein should be the primary choice for blood
vessel puncture. Prolonged catheter retention does not increase the risk of thrombosis.
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Introduction

At present, a peripherally inserted central catheter (PICC) is routinely applied in the
fields of tumor chemotherapy and long-term parenteral nutrition. It has the advan-
tages of minimal trauma, safety, reliability, and long retention time. However, it
also induces complications, and catheter-related venous thrombosis is one of its
serious complications.'” Once thrombosis occurs, transfusion through the PICC
catheter is stopped, anticoagulant and thrombolytic therapy are given, and che-
motherapy time is delayed. It affects the long-term curative effect of breast cancer
treatment and even endangers the patient’s life when it becomes severe. It has been
reported that the incidence of PICC-related venous thrombosis in patients with
a malignant tumor is 3.0%—71.9%,%" and the difference is great. This may be
related to the heterogeneity of studies, including the types of tumors, the diagnostic
techniques, and the methods of study.®’ In order to prevent catheter-related
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thrombosis, it is necessary to investigate the risk factors of
PICC-related deep vein thrombosis in patients with breast
cancer. At present, most studies on PICC-related thrombo-
sis in breast cancer have focused on the treatment and
nursing for thrombosis.*’ Designing a method to effec-
tively reduce the incidence of PICC-related thrombosis in
breast cancer is not possible using this study method. This
study retrospectively analyzed the clinical data of 780
patients with breast cancer who received PICC chemother-
apy from January 2014 to June 2015 in our hospital. The
influencing factors of catheter-related thrombosis in
patients were analyzed to provide a basis for clinical pre-
vention and nursing intervention.

Methods
Design and Setting

Data of patients with breast cancer who were admitted to
the breast department and underwent chemotherapy from
January 2014 to June 2015 were retrospectively studied.
The following information was collected for all patients:
demographic and clinical data, admission diagnosis,
thrombosis history, chemotherapy regime, catheter inser-
tion date, vein and arm of insertion, the type of PICC,
number of insertion attempts, location of the catheter tip,
catheter-related thrombosis, and catheter retention time.
Patients with previous thrombosis and coagulation disor-
ders were excluded. All PICC catheters were inserted
within three days prior to chemotherapy and screened
ultrasonically to exclude the presence of thrombosis
weekly. Informed consent was obtained from all patients.
Our study plan was approved by the Ethics Committee of
Union Hospital of Fujian Medical University.

Catheter Insertion and Follow-Up

All PICCs used for our study were 4F single lumen (Bard
Access Systems and BD open-ended PICC). PICCs were
inserted using a modified micro Seldinger technique by
a professional PICC nursing team in a separate sterile
ward to ensure all of the operations were carried out in
a sterile environment. The basilic or cephalic veins were
chosen according to the blood vessel assessment result.
After PICC insertion, chest radiography was routinely
carried out to identify the catheter tip position. The
PICCs were flushed with 10 mL saline after placement,
after each use, and once a week between chemotherapy.
Doppler ultrasound was performed weekly to evaluate
veins and diagnose PICC-related thrombosis. The veins

we examined included cephalic veins, basilic veins, axil-
lary veins, innominate veins, and subclavian veins. All
catheters were removed after completion of intravenous
therapy.

Diagnosis Criteria and Intervention for
PICC-Related Thrombosis

PICC-associated thrombosis in the vein of insertion was
diagnosed by Doppler ultrasound. Thrombosis was identi-
fied as positive when it included partial/complete throm-
bus in the veins of the arm, either inside or outside the
catheter. Once PICC-related thrombosis was diagnosed,
transfusion through the PICC catheter was stopped and
started
Subcutaneous injection of 5000 U/12 hours of low-

was through  peripheral veins instead.
molecular-weight heparin was given, and 3 mg of warfarin
was taken orally. Every 3-5 days, the dosage of warfarin
was adjusted to allow the international normalized ratio to
reach 1.5-2.5. Then, low-molecular-weight heparin was
discontinued. Vascular Doppler ultrasound was conducted
each week until ablation of the thrombi. Next, PICC che-
motherapy was administered again, anticoagulation ther-
apy was maintained until the end of chemotherapy, and the

PICC catheter was removed.

Analysis of Risk Factor of Thrombosis
The possible factors that affect PICC-related thrombosis
were considered in our study, including age, the limb
punctured, the vein punctured, the catheter retention
time, platelet count, chemotherapy drugs, and other related
indicators.” > The patients with PICC-associated thrombo-
sis were divided into the following groups based on these
factors, and the rates of venous thrombosis were analyzed:

Age: <47 and >47

Puncture vein: basilic vein and middle cubital vein +
cephalic vein

Puncture limbs: left side and right side

Keeping time of catheter: <92 d and >92 d

Platelet number: <200 x10” and >200 x10°

Chemotherapeutic drugs: anthracycline and non-
anthracycline

Statistical Analysis

Descriptive statistics for characterizing the study popula-
tion and PICC-related thrombosis were used. The differ-
ences of PICC thrombosis rate in different groups of

factors were evaluated with X2 tests. Analyses were
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performed using SPSS 11.0 software, and all statistical
tests were two-tailed. P < 0.05 was considered statistically
significant.

Results
Incidence and Site of Upper Extremity

Venous Thrombosis

All of the 780 patients with breast cancer enrolled in our
study were female, with a median age of 47.0, ranging
from 23 to 69. Among the 780 patients with breast cancer
treated with PICC chemotherapy, PICC-catheter-related
thrombosis was found in 36 patients, and the incidence
was 4.62% (36/780). Among these 36 patients, PICC-
catheter-related thrombosis was found in the axillary vein
alone in 15 patients, in the subclavian vein in four patients,
and at multiple sites of the axillary and subclavian vein in
17 patients. Thrombus finding time: thrombosis was found
to occur within seven days of catheterization in three
patients, between 7 and 30 days in 18 patients, between
30 and 92 days in 12 patients, and >92 days in three
patients. Color Doppler ultrasound results revealed that
within two weeks of anticoagulation therapy, the upper
limb vein trunk of 24 patients was completely unob-
structed. Within four weeks of anticoagulation therapy,
36 patients recovered completely. The catheter was suc-
cessfully retained in all 36 patients until the end of che-
motherapy. Warfarin  anticoagulation therapy was
maintained during this period, and no complications,
such as the aggravation of thrombosis, pulmonary embo-

lism, or hemorrhaging, occurred.

Risk Factor Analysis

According to related literature,” > possible factors that
affect PICC-related thrombosis were collected, including
age, the limb punctured, the vein punctured, the catheter
retention time, platelet count, chemotherapy drugs, and
related indicators (Table 1). Basilic vein puncture-
induced thrombosis occurred in 25 patients (3.68%), and
median cubital vein and cephalic vein puncture-induced
thrombosis occurred in 11 patients (10.78%). The differ-
ence was statistically significant (P = 0.001). Thrombosis
was found to occur within seven days of catheterization in
three patients (8.33%), between 7-30 days in 18 patients
(50%), between 30-92 days in 12 patients (33.3%), and
>92 days in three patients (8.33%). The incidence of
thrombosis did not increase with the prolonging of catheter
retention time (P = 0.03). PICC-related thrombosis was not

Lin and Xu
Table | Relationship Between Risk Factors and PICC-
Associated Thrombosis
Risk Factors n Venous Ve P value
Thrombosis, value
n (%)

Age (years)
<47 476 | 26 (5.46%) 1.98 0.16
247 304 | 10 (3.29%)

Puncture vein
Basilic vein 678 | 25 (3.68%) 10.20 | 0.001
Middle cubital vein | 102 | 11 (10.78%)
+ cephalic vein

Puncture the limbs
Left side 359 | I5 (4.18%) 0.29 0.59
Right side 421 | 21 (4.98%)

Keeping time of

catheter (d)
<92 468 | 30 (6.41%) 8.56 0.03
292 312 | 6 (1.92%)

Platelet number
<200 x10° 458 | 20 (4.37%) 0.16 0.69
2200 x10° 322 | 16 (4.97%)

Chemotherapeutic

drugs
Anthracycline 520 | 28 (5.38%) 2.09 0.15
Non anthracycline | 260 | 8 (3.07%)

associated with age, the punctured limb, platelet count, or
chemotherapy drugs (P > 0.05).

Discussion

It has been reported that the incidence of PICC-related
thrombosis is 3.0%-71.9%.% The possible cause for the
wide difference in reported incidences may include the
study population (cancer or not), diagnosis measure (ultra-
sound or venography), diagnosis criteria, and screening
population (only symptomatic or all). In this study,
among the 780 patients with breast cancer who had
PICC, 36 patients developed PICC-related venous throm-
bosis. The incidence was 4.62% (36/780), higher than the
3%. The reason may be that both symptomatic and asymp-
tomatic patients with thrombosis were incorporated into
the positive subjects after undergoing conventional PICC
color Doppler ultrasound in this study. Different degrees of
venous obstruction occurred according to the degrees of
obstruction and the establishment of collateral circulation.

Furthermore, there were no clinical symptoms in these
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mild patients, and severe patients presented with upper
limb swelling, pain, skin cyanosis, and dysfunction. The
three main causes of thrombosis are as follows: intimal
injury or inflammation of the vein, slow blood flow, and
blood hypercoagulability. If the venous thrombosis sheds
off, pulmonary embolism might occur, which could endan-
ger the life of patients. Therefore, one of the most impor-
tant aspects of research is analyzing the risk factors for
catheter-related thrombosis and the prevention of PICC-
The risk factors for PICC-related
thrombosis may include two aspects as follows. (1)

related thrombosis.

Catheter-related factors: catheter insertion method, cathe-
terization vein, catheter diameter, catheter tip position, and
catheter retention time. (2) Systemic disease factors:
malignant tumors, the administration of chemotherapeutic
drugs, obesity, and the preventive administration of

anticoagulants.®>'%!!

Effect of Vein Puncture on Thrombosis
Due to the specificity of breast cancer operations, patients
undergoing chemotherapy often receive PICC catheteriza-
tion at the elbow vein of the unaffected side after the
operation; and the scope of options is relatively limited.
This study revealed that basilic vein puncture-induced
thrombosis occurred in 25 patients (3.68%). Puncture-
induced thrombosis occurred in 11 patients (10.78%)
who received PICC catheterization in other veins, includ-
ing the median cubital vein and the cephalic vein. The
incidence of puncture-related thrombosis of the median
cubital vein and the cephalic vein was significantly higher
than that of the basilic vein, consistent with contemporary
studies.'>!* The reason may be related to the anatomical
structure of the vessels. There are more puncture valves in
cephalic veins and median elbow veins, so it is difficult to
transport catheters when undergoing puncture in these
veins. Repeated urethral catheter delivery may cause
mechanical damage to the intima of blood vessels, which
can easily induce venous thrombosis. Therefore, the basi-
lic vein should be primarily chosen for PICC puncture for
breast cancer chemotherapy.

Effect of Retention Time of Catheter on

Thrombosis

It has usually been considered that the longer the retention
time of the PICC catheter, the greater the risk of catheter-
related thrombosis. However, our study revealed that PICC-
related thrombosis occurred in 3 patients within 7 days of

catheterization, between 7 and 30 days in 18 patients,
between 30 and 92 days in 12 patients, and >92 days in 6
patients. The proportion of patients with a retention time less
than the median value (30 days) was 50%, and less than 92
days was 83.3%, suggesting that 30 days after PICC cathe-
terization can be considered as the time of high incidence of
catheter-related thrombosis. It has been reported that the
mean interval of thrombosis from PICC placement to the
thrombosis forming ranged from 14 to 30 days,”'""'* which
also implies the importance of the first month after PICC
insertion in the prevention of thrombosis. Thus, this period
needs more attention.

Effect of Chemotherapeutic Drugs on

Related Thrombosis

Recently, anthracycline (doxorubicin and epirubicin) and
taxanes (paclitaxel and docetaxel) are the most commonly
used drugs for the adjuvant chemotherapy of breast
cancer.'”” Chemotherapeutic drugs can directly damage
vascular endothelial cells, resulting in patients developing
thrombotic diseases. Due to these effects, chemotherapy
has been widely considered as the risk factor for PICC-
related thrombosis. However, there is little study about
whether anthracycline and taxane regimens are associated
with a greater risk of PICC-related thrombosis.'® In this
study, the incidence of thrombosis induced by anthracy-
cline-based regimens (5.38%) was higher than that
induced by taxane-based regimens (3.07%), but the differ-
ence was not statistically significant (P = 0.15).

Our results indicated that prolonged catheter retention
did not increase the risk of thrombosis. If no complication
occurs, the PICC catheter can be maintained for the long
term. There are many influencing factors for thrombosis.
However, the data collected is limited, and the statistics of
some influencing factors for thromboses, such as blood
stasis and other factors, could not be conducted. This
needs to be improved in future studies.

Conclusions

The incidence of peripherally inserted central venous
catheter-related thrombosis was 4.62%, and most cases
had significant symptoms. The vein puncture was found
to be the key risk factor. Therefore, the basilic vein should
be primarily chosen for blood vessel puncture.

Abbreviations
PICC, peripherally inserted central catheter.
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