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Abstract

Background: Managing central venous catheters in patients with neoplasms is chal-
lenging, and peripherally inserted central catheter PORT (PICC-PORT) has emerged as
a promising option for safety and efficacy. However, understanding the clinical pro-
gression of catheter-related thrombosis (CRT) in cancer patients with central venous
catheters remains limited, especially in certain neoplasm types associated with a higher
risk of venous thrombosis.

Obijectives: This study aims to assess the effectiveness of ultrasound-guided man-
agement in detecting and treating asymptomatic CRT in cancer patients with PICC.
Methods: In this prospective cohort study of 120 patients with solid neoplasms
receiving chemotherapy, we investigated the incidence of isolated upper-extremity
superficial vein thrombosis, upper-extremity deep vein thrombosis, and fibrin sheath
formation through ultrasound follow-up at 30 and 90 days after catheter insertion. We
analyzed risk factors associated with CRT and compared incidence rates between
PICC-PORT and traditional PICC.

Results: Among the cohort, 69 patients (57.5%) had high-risk thromboembolic
neoplasm, and 31 cases (25.8%) of CRT were observed, mostly within 30 days, with
only 7 cases (22.6%) showing symptoms. Traditional PICC use (odds ratio, 5.86; 95% ClI,
1.14-30) and high-risk thromboembolic neoplasm (odds ratio, 4.46; 95% Cl, 1.26-15.81)
were identified as independent risk factors for CRT.

Conclusion: The majority of CRT present asymptomatically within the first 30 days of
venous catheter insertion in patients with solid neoplasms. Ultrasound follow-up is
valuable for detecting asymptomatic CRT. The risk of CRT was lower with PICC-PORT
than with PICC. Additionally, the risk of CRT was found to be higher in patients with
high-risk thromboembolic neoplasms. It is crucial for larger studies to confirm the utility

of treating asymptomatic thromboses and isolated superficial thrombosis.

© 2024 The Author(s). Published by Elsevier Inc. on behalf of International Society on Thrombosis and Haemostasis. This is an open access article under the CC BY
license (http://creativecommons.org/licenses/by/4.0/).
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« Peripherally inserted central catheters in cancer patients are safer and cost effective.

» Catheter-related thrombosis (CRT) disrupts treatment, but we still know little about it.

« The majority of CRT in cancer patients occurs asymptomatically, and ultrasound can identify them.

« Research is needed to define role of asymptomatic CRT and superficial vein thrombosis in oncology.

1 | INTRODUCTION

Cancer significantly increases thrombosis risk, constituting 20% of all
thrombotic events. In ambulatory cancer patients undergoing systemic
chemotherapy, cancer-related thrombosis (CAT) is a leading cause of
non-cancer-related mortality, especially in high-risk malignancies such
as pancreatic, stomach, lung, ovarian, urothelial, and liver cancers
[1-6]. Access to a central vein for chemotherapy and blood collection
is paramount in modern oncology. Peripherally inserted central
catheters (PICCs) are preferred over central venous catheters (CVCs)
in cancer patients due to lower cost, perceived safety, and ease of
insertion outside the operating theater.

Cancer patients face a higher catheter-related thrombosis (CRT)
risk compared with noncancer patients, with PICC associated with a
higher incidence than CVC [7-9]. CRT can disrupt oncology treatment
by causing venous access occlusion, leading to chemotherapy delays
or suspension and potential severe complications [8-10]. Various
scoring systems exist to assess thrombosis risk in cancer patients and
CRT in patients with PICC [11,12]. While the Khorana risk score as-
sesses thrombosis risk in cancer patients, it lacks validation for CRT.
Similarly, the Michigan risk score, used for PICC-related thrombosis,
lacks validation for cancer patients. Currently, no validated score
evaluates the risk of PICC-related thrombosis in solid cancer patients.
To address concerns about CRT with PICC, the PICC-PORT technique
combines advanced insertion methods with proper catheter tip posi-
tioning. This technique has shown promising results in breast cancer
patients and those with extensive burns, gaining popularity in Italian
clinical centers as a primary choice for central vascular access devices
due to perceived safety, efficacy, ease of insertion, and patient
tolerance [13-17].

CRT s classified as upper-extremity superficial vein thrombosis
(UESVT) or upper-extremity deep vein thrombosis (UEDVT) based on
the affected venous vessel [18]. UEDVT primarily involves the sub-
clavian vein and the axillary vein, with potential extension to the
brachiocephalic trunk, superior vena cava, or internal jugular vein.
UESVT mainly affects the basilic vein, humeral vein, and cephalic vein.
UESVT, historically viewed as benign, occurs in 15% to 32% of hos-
pitalized patients with intravenous catheters [19]. Cancer and the use
of central catheters have been suggested as potential risk factors for
the progression from UESVT to UEDVT [19]. Superficial vein throm-
bosis (SVT), once perceived as less severe than deep vein thrombosis
or pulmonary embolism, is now recognized as interconnected with
them. A recent study indicates an 8.7% cancer prevalence in SVT
patients [11]. UEDVT is linked to complications such as recurrent
thrombosis (8% at 5 years), pulmonary embolism (5%), superior vena
cava syndrome, and postthrombotic venous insufficiency (20% un-
treated) [20,21]. Over 50% of cancer patients experience asymptom-
atic catheter-related UESVT and UEDVT [22-24]. The reasons for
variations in symptoms among individuals with similar thrombi loca-
tions remain largely unknown [22-24].

CRT is often linked to the development of a fibrin sheath around
the catheter tip [25-27]. The fibrin sheath, a layer of fibrin on the
catheter’s surface, serves as a potential site for thrombus formation,
though its exact role in CRT development is unclear. Notably, fibrin
sheath formation does not involve the vessel wall and typically oc-
curs within the first month after catheter placement. It can obstruct
blood withdrawal, allowing infusion but impeding blood withdrawal
[25-27].

The diagnosis of CRT and fibrin sheath is commonly performed
using ultrasound, which is preferred for its noninvasive nature, lack of
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radiation exposure, and ease of use. Ultrasound with Color/Doppler
techniques has demonstrated high sensitivity and specificity in
detecting upper-limb venous thrombosis, currently, it is widely used as
the first choice in clinical practice [27-29].

Understanding the etiology, complications, and ultrasound-guided
management of these thrombotic events is critical for improving pa-
tient outcomes. This study aims to assess the effectiveness of
ultrasound-guided management in detecting and treating asymptom-
atic CRT in cancer patients with PICC.

2 | METHODS

2.1 | Study design

This retrospective analysis utilized prospectively collected data from a
hospital database. The study included consecutive patients with can-
cer who underwent their first placement of a PICC or PICC-PORT
between January 2020 and December 2022 in Azienda Ospedaliera
Universitaria Integrata of Verona.

Inclusion criteria consisted of patients with any solid neoplasm
requiring initiation of chemotherapy, need for the placement of a
PICC or PICC-PORT, obtaining informed consent for study partici-
pation, or age over 18 years.

Patients were excluded if they had a communication disorder,
patients already on anticoagulation therapy, hematological malig-
nancy, severe renal failure or hepatic insufficiency (glomerular filtra-
tion rate <30 mL/min and Child-Pugh C), active major bleeding, severe
thrombocytopenia (platelet count <50,000/mmc), pregnancy, hyper-
sensitivity to anticoagulant medications, expected survival of <3
months or surgery in the previous 3 months.

Criteria for study withdrawal were withdrawal of informed con-
sent, loss to follow-up, or removal of the catheter before the second
ultrasound control.

The main goals of this study were to assess the occurrence of
fibrin sheath and CRT, encompassing both superficial and deep cases,
and considering symptomatic as well as asymptomatic instances. We
classified UESVT as isolated superficial thrombosis, while UEDVT was
considered as such whether it occurred independently or in associa-
tion with UESVT. Secondary objectives included the examination of
risk factors associated with CRT.

2.2 | Samples and ethical considerations

Patient characteristics and laboratory data were collected from the
electronic medical records system of our hospital. Written informed
consent was obtained from all patients prior to the placement of
the PICC or PICC-PORT. The study was registered in the Clinical
Trial Registry (Clinicaltrial.gov ID: NCT05966909). The study
complied with the revised ethical guidelines of the Declaration of
Helsinki.
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2.3 | Procedure details of vascular access placement
and catheter management

Insertion technique followed the recommendations of the Italian
Group for the Study of Long-Term Central Venous Access Devices
(GAVeCelT), specifically their safe implantation of PICCs (ISP proto-
col), aiming to minimize associated risks of PICC placement [30].
Experienced nurses at our Venous Access Center performed all
catheter implantations in a dedicated room, following local protocols
and using antiseptic techniques and full protective personal sterile
equipment. The catheters were inserted under local anesthesia. The
choice of the catheter insertion site was guided by examination and
preprocedural ultrasound (VIVID 7pro GE Medical System) to identify
any local conditions that could contraindicate venous placement, such
as previous venous thrombosis, axillary dissection, or soft tissue
infection [14]. The choice of the vascular access site also took into
account the catheter-to-vein ratio (<0.33) to minimize intravascular
trauma and the risk of thrombosis [31,32]. During the PICC insertion,
venipuncture was guided by ultrasound, and the vein (basilic, brachial,
cephalic) was cannulated at the third middle of the arm (green zone
according to Dawson’s ZIM method) or at the proximal third of the
arm (yellow zone of Dawson’s ZIM method) and then tunneled to the
“green zone” [14]. A single brand of monolumen PICC (HealthPICC,
Plan1Health) was used for all patients. The totally implanted periph-
erally inserted central venous access (PICC-PORT) was also inserted
in the dedicated room by an experienced trained nurse. The catheter
placement site was chosen, similar to traditional PICC, through ex-
amination and preprocedural ultrasound to identify an adequate vein
diameter. Ultrasound-guided venipuncture was performed at the
proximal third of the arm, and then the reservoir was buried in a
subcutaneous pocket created in the middle third of the arm or near
the site of venipuncture. The implanted device consisted of a 5Fr
polyurethane catheter with a full titanium reservoir (HealtPort Mini-
Max, PlanlHealth). The catheter tip location near the cavo-atrial
junction for both PICC and PICC-PORT was always verified using
intracavitary ECG (preferred method) or by chest X-ray. Maintenance
of the implanted device was performed according to local institution
protocols. Flushing and locking procedures were carried out with
normal saline in a pulsatile manner before and after any infusion or at
2-month intervals if the catheter was not in use. In this study, the
selection between PICC and PORT was primarily guided by the
availability of supplies. However, in instances where both options
were accessible, patient preference, particularly in terms of esthetic
considerations, was considered whenever feasible. In PICC-PORT
management, the reservoir was accessed using dedicated needles.

2.4 | Ultrasound examination and follow-up

PICC placement guide and follow-up were performed by ultrasound
using the VIVID 7 pro (GE Medical Systems—high definition linear
probe). After PICC placement, all patients had follow-up ultrasound at

1 month and 3 months. If the patient had clinical symptoms related to
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upper-extremity thrombosis, ultrasound could be carried out at any
time and, in case of CRT diagnosis, it was repeated at the end of the
planned anticoagulation period.

The examination was done by a physician with over 20 years of
experience in vascular ultrasound. The diagnostic maneuver for
thrombosis detection was venous compression (CUS) produced by
means of ultrasound probe starting from catheter insertion site up to
basilic vein, brachial and subclavian-axillary segments, the examina-
tion was also extended to interior jugular and distal brachiocephalic
veins. We did not perform ultrasound examinations on the limb
contralateral to the catheter or the lower limbs unless specific
symptoms suggestive of a thromboembolic event were present. SVT
was established if thrombosis involved a superficial vein of the upper
extremity, including the basilic and cephalic veins. DVT was estab-
lished if a deep vein, such as the brachial vein, axillary vein, or sub-
clavian vein, were affected. Fibrin sheath was defined as a
hyperechogenic tissue around the catheter with <3 mm thickness, at
least 20-mm long, with no relationship with the vein wall [27].

2.5 | Statistical analyses

Statistical analyses were undertaken using JAMOVI [33,34]. Contin-
uous variables (mean =+ SE) were analyzed with a two-tailed Student’s
t-test. Variables with a nonnormal distribution were analyzed using
the Mann-Whitney U-test. Categorical variables were compared us-
ing the chi-squared test and Fisher’s exact test. The predictors of CRT
were identified through binary logistic regression analysis following
both univariate and multivariate analyses. The variables selected for
the multivariate logistic regression model included those that
approached statistical significance in the univariate analysis, along
with some variables suggested in the literature [11]. P < .05 was

considered significant.

3 | RESULTS
3.1 | Patients

Between January 2020 and December 2022, 120 solid cancer patients
receiving systemic chemotherapy and with a venous catheter (PICC or
PICC-PORT) were enrolled in the study. The patients had a median
age of 68 years (range: 32-86 years), with 58.3% (70 out of 120) being
male. Table 1 provides the patient demographics and blood test re-
sults. Of the 120 patients, 51 (42.5%) had pancreatic cancer, 14
(11.7%) had breast cancer, 11 (9.2%) had cholangiocarcinoma, and the
remaining patients had various other types of cancer, as shown in
Table 1. A majority of the patients (57.5%) had high-risk thrombo-
embolic cancer (stomach, pancreas, lung, ovarian, urothelial, or hepa-

tocellular carcinoma). Table 1 displays the distribution of patients

TABLE 1 Anthropometric and clinical characteristics of the study

population.

Patient Characteristics®

Age (y)
Weight (Kg)
Laboratory values
Hb (g/dL)
Plts (mm?)
WBC (mm®)
eGFR (mL/min)
PT (INR)
aPTT (INR)
Fibrinogen (g/L)
Cancer type
Pancreas
Breast
Biliary
Colorectal
Lung
Connective tissue
Stomach
HCC
Other
Catheter type
PICC
Right side
Left side
PORT
Right side
Left side
Khorana score
0
1
2
3
4

Mean (SD)
66.17 (11.23)
70.10 (14.07)

Mean (SD)

12.42 (1.54)
267,064 (120,496)
6,815 (2,732)
90.65 (29.8)
1.06 (0.41)
1.03 (0.14)
1.92 (1.39)
Counts (% of total)
51 (42.5)
14 (11.7)
13 (10.8)
11 (9.2)
7 (5.8)
7 (5.8)
5(4.2)
4 (3.3)
8 (6.7)
Counts (% of total)
95 (79.2)
73 (60.8)
22 (18.3)
25 (20.8)
23 (19.2)
2 (1.6)
Counts (% of total)
31 (25.8)
20 (16.7)
42 (35.0)
25 (20.8)
2 (1.7)

aPTT, activated partial thromboplastin time; GFR, estimated glomerular
filtration rate (with Cockcroft-Gault); Hb, hemoglobin; HCC,
hepatocellular carcinoma; Ht, hematocrit; MCV, mean cell volume; PICC,
peripherally inserted central catheter; Plts, platelets; PORT, peripherally
inserted central catheter PORT; PT, prothrombin time; WBC, white

blood cell.

2All the patients who participated in the study were of Caucasian

origin
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TABLE 2 Chateter-related thrombosis observed during the study
period.

PICC PORT Event
Outcomes (n=95) (n=25) Ilocation
All CRT 29 2
All CRT Symptomatic 7 0
All CRT Asymptomatic 22 2
All UEDVT 12 0 5 RSV, 3 RSV+RAYV,

2 RAV, 1 LAV,
1 LAV+LSV+LIV

UESVT Asymptomatic 14

UEDVT Symptomatic 4 0
UEDVT Asymptomatic 8 0
All UESVT 17 2 12 RBV, 7 LBV
UESVT Symptomatic 3 0
2
7

ALL FS 11 15 RBV, 1 LBV, 1 RSV

CRT, catheter-related thrombosis; FS, fibrin sheath; LAV, left axillary
vein; LBV, left brachial vein; LJV, left jugular vein; LSV, left subclavian
vein; PICC, peripherally inserted central catheter; PORT, peripherally
inserted central catheter PORT; RAV, right axillary vein; RBV, right
brachial vein; RSV, right subclavian vein; UEDVT, upper extremities deep
vein thrombosis; UESVT, upper extremities superficial vein thrombosis,.

based on the Khorana score. Of the patients, 46.8% (51 out of 120)
had a platelet count of more than 350.000/mmc and 5.6% (6 out of
120) had a white blood cell count of more than 11.000/mmc. No pa-
tient had a BMI of >35 kg/m?.

3.2 | Study flow

In 96 patients (80%), the catheter was implanted in the right arm and
the basilic vein was the most used (88 were in the right basilic vein
while 22 were in the left basilic vein). Table 1 shows the distribution of
which vein was chosen for the placement of the venous catheter. In
terms of the type of catheter used, 95 (79.2%) patients had PICC
inserted, while 25 (20.8%) had PICC-PORT. All PICC-PORT were
inserted into the basilic vein: 22 on the right and 3 on the left. The
demographic and biochemical characteristics, as well as the type of
cancer, were homogeneous between the PICC and PICC-PORT pa-

tient groups (data not shown).

3.3 | Main outcomes

One CRT event occurred in 31 patients (25.8%), involving 12 cases of
UEDVT, of which 5 were associated with UESVT, and 19 cases of
isolated UESVT. All 12 cases of UEDVT were associated with PICC.
Symptoms of CRT were reported by only 7 patients (22.6%), all of
whom belonged to the PICC group. Among these symptomatic cases,
3 were identified as UEDVT associated with UESVT. Table 2 shows
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TABLE 3 Univariate analysis of thrombotic events.
Predictors® Cases Noncases
(reference group) OR 95%ClI (n) (n)

Device type (PORT) 5.05 1.12-22.86 29 66

Cancer type 1.79 0.76-4.24 21 48
(not high
thrombotic

risk cancer)®

OR
(per 1 SD
higher)
Age 2.62 0.56-3.16 9 12
White blood cell 1.14 0.34-3.82 4 13
Platelets 0.83 0.24-2.88 4 10
OR
(per 1 SD
lower)
Hemoglobin 1.10 0.37-3.32 5 17

PICC, peripherally inserted central catheter; PORT, peripherally inserted
central catheter PORT.

Funadjusted variables

bHigh Thrombotic Risk Cancer: pancreatic, stomach, lung, ovarian, uro-
thelial and liver cancers

the distribution of CRT events and fibrin sheath encountered. Out of
the 31 CRT detected, 22 were diagnosed 30 days after catheter
insertion during the first ultrasound examination. Among these, 9
were UEDVT, of which 4 were associated with UESVT, and 13 were
isolated UESVT.

3.4 | Predictors

Age, the use of PICC, and the presence of a high thrombotic risk
cancer were found to be significant risk factors for CRT in a univariate
logistic regression model (Table 3). However, platelet count, leukocyte
count, and hemoglobin did not demonstrate statistical significance. In
a multivariable regression model, considering the Khorana risk factors,
the type of venous catheter used, age and gender, the only 2 pre-
dictors that retain their statistical significance are the presence of a
PICC and the presence of a high-risk thrombosis neoplasm, with ORs
of 5.86 (95% Cl, 1.14-30) and 4.46 (95% Cl, 1.26-15.81), respectively.
Analysis of risk factors for UEDVT and isolated UESVT separately
revealed no statistically significant differences. However, it is note-
worthy that, despite the absence of statistical significance, the use of
PICC appears to exhibit a potentially more thrombogenic trend
compared with PICC-PORT (OR, 7.63; 95% Cl, 0.44-133 for UEDVT;
OR, 3.47; 95% Cl, 0.76-15.9 for UESVT). The presence of a fibrin
sheath at the initial ultrasound has not been demonstrated as a sig-
nificant risk factor for subsequent CRT development (OR, 1.33; 95%
Cl, 0.39-4.53; P = .64). Out of the 12 patients diagnosed with UEDVT,

8 received treatment with fondaparinux and the remaining 4 were
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treated with direct oral anticoagulants (DOACs) such as rivaroxaban
or edoxaban. Additionally, out of the 19 patients diagnosed with iso-
lated UESVT, 10 were treated with fondaparinux, and 9 were treated
with rivaroxaban. All cases of thromboembolisms resolved within the
prescribed therapeutic time frame, which was 3 months for UEDVT
and 6 weeks for UESVT. No significant bleeding occurred, and no

catheter was removed during the follow-up period.

4 | DISCUSSION

In this study, we investigated the incidence and risk factors of CRT in
solid cancer patients undergoing systemic chemotherapy with venous
catheter, specifically PICC and PICC-PORT. The results revealed that
the majority of thrombosis occurred asymptomatically, especially in
UESVT, and within the first month after catheter insertion. It is
important to note that there is a paucity of outcome data, and the
literature lacks a comprehensive understanding of the risks and clin-
ical implications associated with clots identified asymptomatically.
This emphasizes the need for additional research to clarify the po-
tential implications and risks associated with asymptomatic throm-
boses, which currently remain relatively understudied in the existing
body of literature.

Additionally, the study cautiously investigated the use of PICC-
PORT, uncovering promising outcomes when compared with tradi-
tional PICC. This potential improvement might be attributed to
reduced trauma to the vein wall over time, potentially contributing to
a lower incidence of thrombosis. There is still a lack of specific rec-
ommendations or selection criteria for PICC types in the current
literature and the increasing popularity of PICC-PORT warrants
further research and comparison with other types of venous access
devices. A significant aspect of this study is the inclusion of patients
with high-risk thromboembolic cancers, such as pancreatic, which is
associated with an increased risk of thrombotic events. This highlights
the relevance of investigating management of thrombosis in patients
with specific cancer types prone to thromboembolism. Furthermore,
the study population included a substantial number of elderly cancer
patients who are increasingly receiving chemotherapy due to ad-
vancements in treatment options with reduced toxicity. Thus, ensuring
safe venous access is crucial in this vulnerable population. The study’s
findings suggest the value of ultrasound follow-up for early detection
and management of asymptomatic CRT in cancer patients; neverthe-
less, there is limited evidence available to support the hypothesis that
treating UESVT associated with PICC in cancer patients leads to
improved outcomes [35-38]. It is worth noting that the presence of a
fibrin sheath around the catheter tip did not emerge as a significant
risk factor for CRT. Additionally, hemoglobin, leukocyte count, and
platelet count did not prove to be significant factors. This suggests
that other factors may play a more substantial role in thrombus for-
mation, requiring further investigation into the etiology and mecha-
nisms of CRT.

While this study provides valuable insights, it is important to

acknowledge its limitations. The retrospective analysis and reliance on

prospectively collected data introduce selection biases. The study’s
single-institution focus may limit the generalizability of findings. The
relatively small sample size underscores the need for larger cohorts to
validate results. Additionally, the study lacks randomization or stan-
dardized protocols for catheter and anticoagulant selection, and it did
not consider chemotherapy type and disease stage, known thrombosis

risk factors.

5 | CONCLUSIONS

Despite current guidelines predominantly addressing the management
of symptomatic thrombosis, our study reveals that these constitute
only a minority of venous thrombotic events in solid cancer patients
with a placed PICC. The use of ultrasound surveillance may be valu-
able for facilitating the timely initiation of interventions, potentially
contributing to the prevention of thrombosis progression or embolic
events. Our study revealed that the majority of thrombosis occurs
within the initial 30 days after venous catheter placement. Compared
with traditional PICCs, PICC-PORTSs in our study demonstrate lower
thrombogenicity. Moreover, our findings confirm high-risk thrombotic
neoplasms as a significant risk factor for the development of CRT.
Currently, there is insufficient solid evidence supporting antith-
rombotic prophylaxis in this context [39].

Further research is essential to establish definitive recommen-
dations for antithrombotic prophylaxis or asymptomatic CRT treat-
ment utility in this specific scenario. Ultimately, these findings
contribute to the evolving understanding of venous thrombosis
management in cancer patients, with the goal of improving patient
outcomes and enhancing the overall quality of care in oncology

practice.
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