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Risk factors for totally implantable 
access ports‑associated thrombosis 
in pediatric oncology patients
Yingxia Lan 1,2,4, Liuhong Wu 1,2,4, Jin Guo 1,3,4, Juan Wang 1,2,4, Huijie Guan 1,2, Baihui Li 1,2, 
Longzhen Liu 1,2, Lian Zhang 1,2, Ye Hong 1,2, Jun Deng 1,2, Jia Zhu 1,2, Suying Lu 1,2, Feifei Sun 1,2, 
Junting Huang 1,2, Xiaofei Sun 1,2, Yizhuo Zhang 1,2, Jian Wang 1,3 & Ruiqing Cai 1,2*

The application of totally implantable access ports (TIAPs) reduces treatment-related discomfort; 
however, the existence of catheter may cause side effects, with the most common one being the 
occurrence of TIAPs-associated thrombosis. The risk factors for TIAPs-associated thrombosis in 
pediatric oncology patients have not been fully described. A total of 587 pediatric oncology patients 
undergoing TIAPs implantation at a single center over a 5-year period were retrospectively analyzed 
in the present study. We investigated the risk factors for thrombosis, emphasizing the internal 
jugular vein distance, by measuring the vertical distance from the highest point of the catheter to the 
upper border of the left and right extremitas sternalis claviculae on chest X-ray images. Among 587 
patients, 143 (24.4%) had thrombosis. Platelet count, C-reactive protein, and the vertical distance 
from the highest point of the catheter to the upper border of the left and right extremitas sternalis 
claviculae were demonstrated to be the main risk factors for the development of TIAPs-associated 
thrombosis. TIAPs-associated thrombosis, especially asymptomatic events, is common in pediatric 
cancer patients. The vertical distance from the highest point of the catheter to the upper border of the 
left and right extremitas sternalis claviculae was a risk factor for TIAPs-associated thrombosis, which 
deserved additional attention.

Abbreviations
TIAPs	� Totally implantable access ports
CRP	� C-reactive protein
CVC	� Central venous catheter
CRT​	� Catheter-related thrombosis

Cancer patients are prone to thromboembolism. Thrombosis results from coagulation dysfunction, which is 
caused by various factors such as individual patient factors, disease status, and treatment regimens1. Among 
these factors, previous studies have identified central venous catheter (CVC) as an independent factor associ-
ated with an increased risk of VTE in cancer patients2. In recent years, the use of TIAPs in cancer patients has 
gradually increased due to its long indwelling time, long maintenance period, and improved quality of life over 
other CVCs3,4. TIAP has become especially popular among pediatric oncology patients, as it can reduce unin-
tentional pullout of exposed catheters commonly occurring in children and is more likely to produce positive 
body images than other CVCs.

The currently reported incidence of catheter-related thrombosis (CRT) varies widely, depending on sympto-
matic events or whether patients are screened for asymptomatic thrombosis5. CRT incidence in pediatric cancer 
population may differ from that in adults6. And in a large study7, risk factors for CRT differed from those for 
noncatheter-related venous thromboembolism. Although some studies have analyzed the risk factors for CVC-
related thrombosis8,9, most of them adopt peripherally inserted central catheter (PICC), and the risk factors 
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for TIAPs-associated thrombosis have not been fully described. Therefore, the aim of the present study was to 
elucidate the risk factors for TIAPs-associated thrombosis in pediatric oncology patients.

Materials and methods
Study population.  A total of 587 pediatric oncology patients who underwent TIAPs implantation at Sun 
Yat-sen University cancer center between January 2016 and October 2020 were retrospectively included in our 
study. Only newly diagnosed with malignancy children younger than 18 years at the time of port insertion were 
included. Patients who lost follow-up after initial examination and treatment were excluded. TIAPs placement 
was performed by a professional surgeon and anesthesia team, and all port implantation was guided by Doppler 
ultrasound. Catheter depth is determined by anatomical landmark technique. Each patient underwent a chest 
X-ray after port insertion to detect possible misplacements and to rule out pleura-pulmonary complications 
such as pneumothorax or hemothorax. As for the choice of catheter, we keep the outer diameter of the catheter 
no more than 1/3 of the internal diameter of the vein. Blood routine examination, coagulation function, and 
infectious disease screening were completed for each patient before port placement. Patients’ data were followed 
up by telephone and access to outpatient and inpatient data. The endpoint was the port removal or the last day of 
follow-up (December 31, 2021). Our study was approved by the Ethic Committee of Sun Yat-sen University Can-
cer Center (Approval Number: B2022-197-01) and conducted in accordance with the latest version of the Decla-
ration of Helsinki. The written informed consent was obtained from all participants and/or their legal guardians.

Analysis of TIAPs‑associated thrombosis.  The TIAPs-associated thrombosis was confirmed by ultra-
sound imaging, and no radiographic imaging was used due to its toxicity in children. We explored the clinical 
presentations of thrombosis, including insertion location and outcome. In addition, the association of throm-
bosis with age, gender, body mass index (BMI), tumor type, disease stage, albumin, C-reactive protein (CRP), 
white blood cell (WBC) count, hemoglobin level, platelet count, d-Dimer, international normalized ratio (INR), 
activated partial prothrombin time (APTT), and the vertical distance from the highest point of the catheter to 
the upper border of the left and right extremitas sternalis claviculae in chest X-ray images were analyzed.

Statistical analysis.  All analyses were done by IBM SPSS Statistics version 19.0 (SPSS, Chicago, IL, 
USA) software. The Chi-square test was used for comparisons of qualitative variables between the groups, if 
appropriate. Continuous variables were compared using the Student’s test, as appropriate. All variables that 
affected thrombosis (level of significance, P < 0.1) in the univariate analysis were included in the multivariate 
logistic regression analysis. A P-value of < 0.05 was considered statistically significant.

Results
Patient characteristic.  Over the 5-year study period, 587 consecutive newly diagnosed pediatric oncol-
ogy patients were included. The patient characteristics are summarized in Table 1. Among these patients, 143 
(24.4%) developed TIAPs-associated thrombosis. The median age was 4.0 (range 0.1–16) years, and the male to 
female ratio was 1.4. For patients with thrombosis, the duration of port insertion was defined as the time from 
TIAPs placement to port removal or the last follow-up time, with an average of 29.5 (range 1.3–72.4) months. 
At the end of follow-up, 39.2% (56/143) of patients with thrombosis had completed treatment and the port had 
been removed. The mean time from thrombus onset to port insertion was 24.3 days, with a median of 18.0 (range 
3–488) days. The median interval between the first ultrasound imaging for thrombosis was 13.0 (range 3–1209) 
days. Also, the median interval between the second ultrasound imaging was 21 (range 4–890) days.

We classified all pediatric oncology patients into five major groups: leukemia, lymphoma, neuroblastoma, 
sarcoma, and other types of tumor (Fig. 1). In terms of tumor types, leukemia and other types had a higher 
incidence of thrombosis, while neuroblastoma and sarcoma had a lower incidence. Leukemia was statistically 
significant compared with neuroblastoma (Odds ratio [OR] 2.31, P = 0.043), while other types were more prone 
to thrombosis than neuroblastoma (OR 2.17, P = 0.008) and sarcoma (OR 1.72, P = 0.05).

Site features of TIAPs‑associated thrombosis.  Among 143 patients with thrombosis (Table  2), in 
67.8% (97/143) patients, it occurred in the right internal jugular vein. In 26 patients with thrombosis in the right 
subclavian vein, the port insertion was the right internal jugular vein. Two patients with thrombosis in the right 
brachiocephalic vein also had an insertion vessel in the right internal jugular vein, and one patient with throm-
bosis in the left subclavian vein had a port insertion site in the left internal jugular vein. The internal jugular vein 
was more prone to thrombosis than the subclavian vein; yet, the difference was not statistically significant (OR 
1.56, P = 0.163).

Risk factors for developing TIAPs‑associated thrombosis.  Hemoglobin (P = 0.073), platelet count 
(P = 0.001), CRP (P = 0.002), and the vertical distance from the highest point of the catheter to the upper border 
of the left and right extremitas sternalis claviculae (P = 0.05) were identified as risk factors for developing TIAPs-
associated thrombosis. Multivariate analysis revealed that platelet count, CRP, and the vertical distance from the 
highest point of the catheter to the upper border of the left and right extremitas sternalis claviculae remained 
significant risk factors (Table 3).
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Discussion
CVC is a well-known risk factor for thrombosis; however, only a few studies have investigated the risk factors 
for thrombosis associated with TIAP use in pediatric cancer patients10,11. Our study focused on risk factors for 
TIAPs-associated thrombosis, especially the vertical distance from the highest point of the catheter to the upper 
border of the left and right extremitas sternalis claviculae. This has not been reported in previous studies and 
could help early identification of populations at high risk of thrombosis. Identification of risk factors for CRT in 
childhood cancer patients before port implantation may greatly contribute to prognosis improvement.

Table 1.   Patient characteristics (n = 587). a Distance defines the vertical distance from the highest point of the 
catheter to the upper border of the left and right extremitas sternalis claviculae. b a: Not use dexamethasone and 
asparaginase, b: Use dexamethasone and asparaginase, c: Only use dexamethasone.

Characteristics VTE (+) n (%) VTE (−) n (%) Total n (%) P-value

Gender 0.277

 Male 77 (53.8) 262 (59.0) 339 (57.8)

 Female 66 (46.2) 182 (41.0) 248 (42.2)

Age (years) 0.945

 Mean (min–max) 4.7 (0.1–16) 4.7 (0.3–13) 4.7

 Median 4.0 4.0 4.0

BMI 0.426

 Mean (min–max) 15.6 (10.2–25.6) 15.6 (10.1–27.6) 15.6

 Median 15.3 15.3 15.3

Stage 0.969

 Early 39 (27.3) 117 (26.4) 156 (26.6)

 Advanced 98 (68.5) 307 (69.1) 405 (69.0)

 Recurrence 6 (4.2) 20 (4.5) 26 (4.4)

WBC (× 109/L) 0.617

 Mean (min–max) 8.6 (1.28–23.01) 8.4 (0.79–63.09) 8.4

 Median 8.14 7.4 7.6

Hemoglobin (g/L) 0.073

 Mean (min–max) 114.3 (55–155) 110.7 (28–158) 111.6

 Median 118.0 115.0 115.0

Platelet count (× 109/L) 0.001

 Mean (min–max) 381.3 (37–1156) 336.9 (9–1020) 347.7

 Median 377.0 322.0 332.5

Albumin (g/L) 0.745

 Mean (min–max) 43.5 (30.2–114.8) 43.7 (23.2–197.1) 43.6

 Median 43.5 43.3 43.3

d-Dimer (mg/L) 0.411

 Mean (min–max) 8.5 (0.09–121.19) 10.1 (0.05–129.09) 9.7

 Median 0.9 1.2 1.1

APTT (s) 0.469

 Mean(min–max) 24.4 (0.1–42.2) 25.4 (0.12–121) 25.1

 Median 27.3 27.8 27.6

INR 0.239

 Mean (min–max) 1.01 (0.79–1.31) 1.06 (0.82–1.77) 1.06

 Median 1.02 1.04 1.03

CRP (mg/L) 0.002

 Mean (min–max) 8.2 (0.03–88.12) 14.9 (0.02–300.9) 13.3

 Median 1.2 1.6 1.5

Distancea (mm) 0.05

 Mean (min–max) 17.1 (7–41) 15.8 (5–58) 16.1

 Median 15.5 15.0 15.0

Drugb 0.273

 a 106 (74.1) 353 (79.5) 459 (78.2)

 b 18 (12.6) 37 (8.3) 55 (9.4)

 c 19 (13.3) 54 (12.2) 73 (12.4)



4

Vol:.(1234567890)

Scientific Reports |         (2023) 13:3553  | https://doi.org/10.1038/s41598-023-30763-0

www.nature.com/scientificreports/

In a prospective multicenter French cohort study (ONCOCIP)7, the only independent risk factor for catheter-
related thrombosis in adult cancer patients with port implants was the use of cephalic vein for catheter insertion. 
Specific factors may be related to the occurrence of TIAPs-associated thrombosis. Since previous studies have 
shown that right internal jugular vein insertion is linked with the lowest incidence of thrombosis12,13, 83.1% 
(488/587) of patients in our center have chosen right internal jugular vein insertion. The remaining patients 
were unable to choose that site mostly due to the influence of diseases such as right mediastinal mass. Therefore, 
our findings suggested a higher incidence of thrombosis in the right internal jugular vein insertion, probably 
because most children chose this site.

Previous studies have shown that the use of dexamethasone and asparaginase are risk factors for thrombosis14; 
yet, we did not observe similar findings, which might be related to the fact that our pediatric patients had all 
types of childhood tumors and received different treatment regimens and medication. While cancer patients 
are prone to thrombosis, especially for those with hematological tumors such as leukemia15. Some cancer types 
are associated with a lower incidence of thrombosis, such as central nervous system (CNS) tumors that have 
been previously reported16. In our study, leukemia was significantly prone to thrombosis; neuroblastoma and 

Figure 1.   Flow chart of study populations.

Table 2.   Sites of TIAPs-associated thrombosis in pediatric oncology patients.

Insertion position of thrombosis patients Site of thrombus Insertion position of all patients

Right internal jugular, n (%) 125 (87.4) 97 (67.8) 488 (83.1)

Right subclavian, n (%) 12 (8.4) 38 (26.6) 70 (11.9)

Left internal jugular, n (%) 6 (4.2) 5 (3.5) 26 (4.4)

Left subclavian, n (%) 0 (0) 1 (0.7) 3 (0.5)

Right brachipcephalic vein, n (%) 0 (0) 2 (1.4) 0 (0)

Table 3.   Risk factors by multivariate logistic regression analysis.

Odds ratio 95% CI (lower–upper) P-value

Hemoglobin 1.004 0.993–1.016 0.481

Platelet count 1.002 1.001–1.003 0.004

CRP 0.990 0.980–1.000 0.054

Distance 1.031 1.001–1.062 0.044
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sarcoma had the lowest thrombosis incidence of 17.2% (22/128) and 20.9% (28/134), respectively, which were 
similar to previous findings10.

In previous studies4, many CRT risk factors were discovered, including PICC instead of port, but our study 
only included TIAP patients. In a chemotherapy-related VTE model17, a platelet count > 350 × 109/L was one of the 
five predictors for VTE. The Compass-CAT risk prediction model18 still included a platelet count > 350 × 109/L as 
a risk factor. Some studies7 have also shown that antiplatelet therapy has a protective effect against CRT. Similar 
to other studies, platelet count was found to be a risk factor for CRT in our study. Current evidence is conflicting 
as to whether inflammation levels or CRP are risk factors for VTE19. Studies of CRP in cancer populations have 
not focused on CRT​20,21. In a multicenter prospective study22, CRP levels were found to predict venous throm-
boembolism recurrence after discontinuation of anticoagulation for cancer-associated thrombosis. Overweight 
or obesity is a prothrombotic state in which risk factors for venous thrombosis are inflammatory responses, 
decreased fibrinolysis, increased thrombin production, and platelet hyperactivity23. In our study, few children 
were obese, but CRP was still a risk factor for CRT, which might be related to the different characteristics of 
catheter-related thrombosis versus non-catheter-related thrombosis. It was also possible that our patients all had 
malignant tumors, which were risk factors for thrombosis, and that thrombosis could be regulated by inflam-
matory markers24.

Due to slow blood flow velocity of the internal jugular vein and contralateral compensation, the blood flow 
velocity will be further reduced after port insertion, so patients with long internal jugular vein catheter may be 
prone to thrombosis. At present, the accurate judgment of the distance of the internal jugular vein needs to be 
determined by computed tomograph (CT). In order to reduce radiation doses, we generally chose chest X-ray 
to determine the correct placement of the catheter after port implantation. In addition, because of the error 
in the measurement of the distance from the puncture point to the extremitas sternalis claviculae during the 
operation, the vertical distance from the highest point of the catheter to the upper border of the left and right 
extremitas sternalis claviculae in radiographic images was regarded as the distance of the internal jugular vein. 
We found it to be one of the risk factors for TIAPs-associated thrombosis by univariate and multivariate analy-
sis. The distance was longer in patients with thrombosis, averaging 17.1 (range 7–41) mm, compared with 15.8 
(range 5–58) mm in patients without thrombosis. Our study identified a new risk factor for port patients with 
internal jugular vein insertion that was easily observed. Therefore, we recommended the puncture site as low 
as possible to reduce the length of the internal jugular vein catheter. However, because low site puncture could 
easily penetrate the subclavian artery, blind puncture was not advisable. Doppler ultrasound-guided puncture 
would be recommended. However, since this was a retrospective study, more large clinical trials were needed 
to further verify our results.

In our center, in order to detect thrombus in time, ultrasound imaging of the upper extremity was routinely 
performed on the 7th and 21st days after port insertion. Consistent with previous reports25, most thrombotic 
events in our study occurred during the first 3 months of follow-up. Our data showed that in 28.7% (41/143) 
patients, thrombus was found on the 7th day of routine ultrasound imaging; in 22.4% (32/143) patients, it 
was found on the 21st day, and in the remaining patients, some was found after the appearance of symptoms. 
Nevertheless, since this was a retrospective study, the time of the first ultrasound imaging was not available for 
some patients because the examination was performed in other hospitals, and the report could not be obtained. 
At present, there are no guidelines on when to perform an examination after TIAP placement. PICC-related 
thrombosis is reported to be a common and almost always asymptomatic complication in children26. Children 
with CVC-associated thrombosis often have recurrent catheter-related complications. Therefore, asymptomatic 
thrombosis may be clinically important. In a prospective study27, the incidence of asymptomatic DVT and fibrin 
sheath monitored by Doppler ultrasound at 1-, 6-, and 12-month after implantation in cancer patients with long-
term CVC implantation was 0.10 events per 1000 catheter days (< 1.5%). Therefore, asymptomatic patients were 
more likely to be detected using early ultrasound. Our study found 24.4% of patients with thrombosis, most 
of whom were asymptomatic, and half of them were detected on day 7 and 21 after TIAP implantation. At our 
center, which is a large tumor research center in China, we accumulated a lot of experience in the management 
of thrombus in tumor patients, which we could recommend for thrombus screening in the future.

This study had some limitations. On the one hand, this was a retrospective study with patient selection bias. 
On the other hand, our patients had all types of childhood tumors and received different treatment regimens 
and medication, so it is difficult to determine the drug-related effect on thrombosis.

In conclusion, platelet count, CRP, and the vertical distance from the highest point of the catheter to the 
upper border of the left and right extremitas sternalis claviculae might be the risk factors for TIAPs-associated 
thrombosis. We recommend ultrasound imaging on day 7 and 21 after port insertion in pediatric oncology 
patients for early detection of asymptomatic thrombotic events. Moreover, the puncture position should be as 
low as possible to reduce the length of catheter in the internal jugular vein, which might reduce the occurrence 
of TIAPs-associated thrombosis.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.
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