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Summary: 

 

Background: Centrally inserted totally implanted vascular access ports (PORT) and 

peripherally inserted central catheters (PICC) are widely used for the administration 

of chemotherapy. Randomised trials comparing catheters are few and evidence-based 

guidance lacking. Our aim was to study the incidence of catheter-related deep venous 

thrombosis in cancer patients receiving chemotherapy through either a PICC or a 

PORT. 

Methods: Adults with non-haematological cancer (mainly breast and colorectal) from 

two Swedish oncology centres were included and followed for up to one year. 

Patients were randomly assigned to receive a single-lumen PICC or PORT. The 

primary endpoint was the occurrence of a clinically significant catheter-related deep 

venous thrombosis, and the secondary endpoint was a composite of adverse events 

(insertion related, thrombosis, occlusion, infection and mechanical) and patients’ 

perceptions. 

Results: The trial recruited 399 participants (PICC=201 and PORT=198) between 

March 2013 and February 2017. The PICCs were associated with 16 (8 %) 

thromboses compared to 2 (1%) in the PORT group (hazard ratio 10.2 (95% CI, 2.3 - 

44.6, P=0.002). The overall incidence of all serious adverse events was higher for 

patients with a PICC compared to those with a PORT (hazard ratio 2.7 (95% CI, 1.6 - 

4.6, P<0.001)). 

Conclusions: Peripherally inserted central catheters are associated with significantly 

higher risk for catheter-related deep venous thrombosis and adverse events as a whole 

when compared to implanted access ports. The increased risk of thrombosis should be 

considered when choosing a vascular access device prior to chemotherapy, especially 

in patients with solid malignancy. 
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Trial registration:  

NCT01971021 at www.clinicaltrials.gov 
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INTRODUCTION 

Reliable and safe access to a central vein over a long period of time, for the delivery 

of chemotherapy and collection of blood samples, is of great importance in modern 

oncological practice. Both peripherally inserted central catheters (PICCs) and 

centrally inserted totally implanted access ports (PORTs) are commonly used.  

The use of the PICC as an alternative to traditional central venous catheters (CVC) 

has increased over recent decades.1 2 There are several possible reasons for this 

including lower cost, alleged greater safety, and ease of insertion by nursing teams 

outside the operating theatre.3 Many oncologists prefer PICCs in that if there is an 

infection or thrombosis, the device can be easily removed for source control when 

compared to ports. This is particularly true once chemotherapy begins and patients 

become neutro- or thrombocytopenic. 

Only one small underpowered randomised trial comparing PICCs with PORTs in 

patients with malignancy has been published.4 Concern has recently been raised that 

the incidence of catheter-related deep venous thrombosis (CR-DVT) could be higher 

among patients with a PICC compared to those with centrally inserted catheters, and 

more studies in this field have been called for.4-9 Deciding which device should be 

used in cancer patients is of greater importance than in other populations, given the 

risk of deep venous thrombosis (DVT) associated with both the malignancy and the 

use of a CVC.  

Clinical guidelines published in 2015 suggest that there is no clear preference 

between PICCs, tunnelled catheters or PORTs for the infusion of non-peripherally 

compatible solutions, when the proposed duration of therapy exceeds one month10. 

Due to lack of evidence, neither the European Society of Medical Oncology nor the 

American Society of Clinical Oncology guidelines make specific recommendations 
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regarding type of CVC to be used.11 12 The Association of Anaesthetists of Great 

Britain and Ireland regards PICCs and PORTs as being equally suitable for dwell-

times longer than one month.13 

The aim of this study was to conduct a pragmatic trial comparing adverse events and 

patient acceptance of PICCs and PORTs in a mixed, non-haematological cancer 

population at two Swedish oncology centres. 
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METHODS 

See Supplementary material 1 for a detailed description. 

Study design and participants: 

The PICC versus PORT trial (PICCPORT) was a pragmatic, open-labelled, 

randomised clinical trial comparing two types of CVC (PICC and PORT) used in 

patients with non-haematological cancer treated with either palliative, curative or 

adjuvant intent. Patients were randomised in a 1:1 allocation ratio at two oncology 

centres (Ryhov and Växjö County Hospitals, Sweden). These hospitals have 

catchment area populations of 360 000 and 196 000 respectively. Ethics approval was 

granted by the Regional Ethics Committee in Linköping, Sweden (reference number: 

EPN 2013/56-31). The trials registration was accepted after the inclusion of 22 

patients at www.clinicaltrials.gov (NCT0197102).  

This trial was conducted according to the principles of the International Council for 

Harmonisation - Good Clinical Practice, the Helsinki Declaration and adheres to the 

CONSORT statements including several features of a pragmatic approach (the 

selection of participants being practical and sequential and that the outcome is directly 

relevant to patients, care-givers, and practice).14 

Patients > 18 years-of-age with a life-expectancy longer than 4 weeks and planned for 

chemotherapy through a CVC, were eligible for inclusion. Ongoing severe systemic 

infection, clinically significant upper extremity/central deep venous thrombosis, 

severe coagulopathy, inability to communicate, or an imminent need for a dialysis 

fistula, were exclusion criteria. Printed information was given, and all participants 

gave informed consent before randomisation.  

Randomisation and masking: 
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Patients were screened for eligibility by the nursing staff at both in- and outpatient 

clinics. Eligible patients were subsequently informed and included by a physician at 

the Department of Oncology. The randomisation sequence was computer-generated 

and prepared by an independent statistician using a block size of four and 

stratification to the two recruiting centres.  It was not feasible to blind the patient, 

clinician or trial assessors to the arm allocated due to the particular properties of the 

catheters. Data on randomisation, after implantation and at follow-up after one, three, 

six, and 12 months were collected and registered by staff in the clinical trial unit. 

Definitions  

A CR-DVT was defined as symptoms or clinical signs of a DVT (pain, redness, 

swelling, tenderness in a relevant area) confirmed by ultrasound or computed 

tomography, or a DVT picked up incidentally on imaging for other purposes. 

Evaluation of clinical signs leading to imaging was at the discretion of the treating 

physician. No periodic imaging was carried out to identify silent thrombosis. 

Catheter occlusion was defined as the inability to aspirate or flush via the catheter and 

was included in the analysis only if alteplase or ethanol instillation was required to 

resolve the occlusion. Catheter associated infections were defined according to 

Infectious Diseases Society of America.15 

Outcomes 

The primary outcome was a clinically significant CR-DVT verified by US and/or CT. 

We chose CR-DVT as our primary outcome because meta-analyses have shown this 

complication to be more frequent in patients with a peripherally inserted central 

catheter than those with a centrally inserted port.7 8 Secondary outcomes defined a 

priori, were a composite end-point describing the occurrence of catheter-related 

adverse events requiring intervention (thrombotic, occlusive, infectious, mechanical) 
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and patient satisfaction. Pain was graded according to the Numeric Rating Scale 

(NRS). 

Statistical analyses 

With a two-tailed alpha of 0.05 and a power of 0.80, the trial was estimated to detect a 

difference between groups of at least 7% in CR-DVT rate. The estimated incidence of 

PICC CR-DVT (8%) was gathered from  systematic reviews. 7 8 The incidence of CR-

DVT in the PORT group (1.6%) was based on our previously published data.16 

Estimated incidences indicated that 174 patients were required per group. To have 

margin for patients leaving the trial after randomisation we aimed for including 200 

patients in each group. We stratified for centre since PORT implantation procedures 

differed. 

Pearson’s Chi2, Fisher´s, Mann-Whitney U and Student t tests were used to test for 

differences between groups as appropriate. Analyses on primary and secondary 

outcomes were performed on the intention-to-treat (ITT) and per-protocol–

populations (PP). Multivariable Cox proportional hazard models were used to identify 

independent predictors (centre, catheter type, treatment goal, sex, age, bevacizumab 

and continuous 5-fluorouracil (5-FU) treatment) of CR-DVT and catheter-related 

adverse events (thrombosis, occlusion, infection, mechanical issues or death) during 

follow-up. Predictors with p-values > 0.5 were stepwise manually removed from the 

model. An adjustment for the futility analysis (the first 100 patients) was made. 

Analyses of CR-DVT-free catheter survival (primary endpoint) and adverse event-

free catheter survival (secondary endpoint) were performed using the Kaplan-Meier 

method and the log rank test. These analyses were planned a priori. Data on the use 

of either continuous 5-FU or bevacizumab were compared with other regimens in a 

post-hoc analysis. Two sensitivity analyses were performed: one assuming that 
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patients dropping out all had CR-DVT, and the second by only including patients with 

symptomatic CR-DVT. 

All p values were two-tailed, a value < 0.05 was considered statistically significant. 

Statistical analyses were performed using IBM® SPSS version 24. 
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RESULTS 

Participants were recruited between the 13th of March 2013 and the 16th of February 

2017. The final date for data cut-off was the 16th of February 2018. Of 1597 patients 

eligible according to screening, 807 declined participation due to device preference 

(61.5% and 35.7% requested PORT or PICC, respectively, and reason unknown 

2.9%) and 391 failed to meet the inclusion criteria (Figure 1). Of the 399 enrolled and 

randomised participants, 201 were assigned to the PICC group and 198 to the PORT 

group. Following randomisation, 10/201 (5%) patients in the PICC group and 5/198 

(2.5%) in the PORT group declined further participation (Figure 1). Baseline 

characteristics were similar between the groups (Table 1).  

In the ITT- population, 16 patients (8 %) in the PICC group developed CR-DVT 

compared to 2 (1 %) in the PORT group. With an absolute risk reduction for CR-DVT 

of 7 % between the groups, 14 patients would need to receive a PORT instead of a 

PICC in order to avoid one CR-DVT. The CR-DVT-free Kaplan-Meier time-to-event 

differed significantly between the two intervention groups (HR 10.2 95% CI 2.3 - 

44.6, P=0.001 by the log rank test) (Figure 2A). Several potential risk factors 

presented in Table 1 (centre, type of catheter, tip-position, age, sex, type of cancer, 

metastatic disease, and treatment with 5-FU infusion- or bevacizumab-containing 

therapy) for CR-DVT were analysed using a Cox regression model. In this analysis 

catheter type was the only significant risk factor.  

Catheter-related thrombotic events occurred between days 4 and 142. Six of eighteen 

(33%) CR-DVTs were diagnosed during the first month after implantation, all in the 

PICC group. The catheters were left in situ despite CR-DVT in 14 of 18 (77.8 %) 

patients, all of whom received treatment with low molecular weight heparin 

(LMWH). Median time to CR-DVT were for PICC 55 and PORTs 93 days. Three out 

of 18 CR-DVTs were diagnosed incidentally when a CT-scan was performed for 
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reasons not related to the catheter (S2 Table 4).  One PICC patient with CR-DVT and 

subsequent pulmonary embolisation, had a lethal intracerebral haemorrhage two days 

after LMWH treatment was initiated (CTCAE Grade 5). There was a reasonable 

causal relationship between the cerebral haemorrhage and treatment with LMWH.  

One PORT patient with an infected CR-DVT and mechanical problems experienced 

septic embolisation to lumbar vertebrae. The infection originated in the PORT pocket 

and the patient had recurrent bacteraemia after the PORT had been removed. Details 

of all adverse events are found in the supplement material (S2 Table 4). The 

significant difference in the incidence of CR-DVT remained after performing 

sensitivity analyses. 

When combining catheter-related adverse events (CR-DVT, exit-site or pocket 

infection, CRBSI and occlusion), and mechanical problems (including insertion 

failure and accidental removal) into a composite variable, 45 (22.4 %) PICC patients 

compared to 26 (13.1 %) in the PORT group experienced an adverse event (HR 2.7 

(95% CI 1.6 - 4.6, P<0.001). Analyses on primary and secondary outcomes on both 

the ITT and PP populations gave the same results. Details on adverse events are 

outlined in Tables 2, 3, and Figure 2B.  

In the PORT group, 49/190 (25%) of the responding patients, stated in the first 

questionnaire one month after insertion that they experienced pain NRS > 4 during 

catheter insertion. The corresponding number in the PICC group was 14/176 (8%), 

P<0.001. At both one- and three–month follow-up, fewer patients reported that the 

PORT interfered with daily activities (showering and taking a bath) than did PICC 

patients, but not with other activities (S3 Table 5).  
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DISCUSSION 

This is the first large randomised trial investigating differences between PICCs and 

PORTs in patients receiving intravenous treatment for non-haematological cancer. 

The major finding in this study is that PICC is an independent risk factor for 

developing CR-DVT. Furthermore, the overall rate of adverse events was higher in 

patients with a PICC compared to those with a PORT. Numerically the most 

important adverse events were catheter-related thrombosis and line occlusion in the 

PICC group and infection in the PORT group, all of which put the patient’s safety at 

risk and lead to extra expense for the healthcare system. Furthermore, PORTs appear 

to have less effect on certain activities of daily life than PICCs. 

Recent studies on cancer patients have shown CR-DVT rates of 4.3 -11.7 % for those 

with a PICC and 1.6 - 3.3% for those with a PORT.9 16-20 Three systematic reviews 

including cancer patients have concluded that PICCs are associated with an increased 

risk for CR-DVT compared to traditional CVCs.5 7 8 Results of a small underpowered 

randomised trial by Patel et al are similar to the findings in the present study4. Hence, 

available evidence supports our conclusion that CR-DVT is more common in patients 

with a PICC.  

The pathogenesis of CR-DVT is multifactorial and several risk factors have been 

suggested.21 22 The insertion of a venous catheter produces vascular injury at the site 

of insertion, and shortly after insertion fibrin deposits adhere to the thrombogenic 

surface of the catheter.23 The blood flow in a catheterised vein is reduced depending 

on the diameter ratio of the vein to the catheter24. Stagnant flow, vascular injury and 

the hypercoagulability associated with both malignant disease and the catheter itself, 

are classic contributors (Virchow’s triad) to venous thrombosis. 
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In a systematic review, the incidence of CRBSI in patients with a PICC has been 

reported to be 1.8 - 7.7 per 1000 catheter days.25 In another systematic review 

comparing PICCs with CVCs, the relative risk for central line-associated blood 

stream infection was reported to be 0.9 (95% CI 0.3 to 2.6) in patients with cancer.26 

Lebeaux et al reported a PORT-related infection incidence of 0.1 - 1.5 per 1000 

catheter days in oncology patients.27 In this trial we found a very low incidence of 

CRBSIs in both PICC and PORT patients of 0 to 0.05 per 1000 catheter days. During 

recent years’ extensive programs related to catheter infection prevention has taken 

place in our institution resulting in a consistently low rate of catheter related 

infections. 16 28-30  

It should be emphasised that the argument for choosing PICCs over PORTs for easy 

removal if infectious complications occur is not justified due to very low incidences 

of CRBSI in both groups. Thus, choosing the right device is key, not choosing one 

where a potential CRBSI might occur and instead exposing patients to a consistent 

increased risk of thrombosis. 

We experienced more local infections and deaths in the PORT group. However, these 

differences were not significant when time was controlled for.  We believe that the 

difference in dwell-time between the systems (126 vs 220 days) is mainly explained 

by catheter survival bias (i.e. PICCs are more often removed when treatment is ended) 

and explains this phenomenon.  

In recent years, PICCs have gained increased popularity. The reason for this may be 

that insertion can be done without delay by specially trained nursing teams on the 

ward, and that the capacity for insertion of PORTs is limited in many hospitals.3  

However, the increase in the use of PICCs has taken place with little high-quality 

evidence regarding its safety compared to traditional central catheters. It has been 
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noted in several papers that despite the frequent use of central vein access devices in 

oncology practice, there are few controlled trials comparing the quality and risk 

profiles of devices currently available. 4-9  

Several vascular access-related features must be taken into consideration by the 

treating physician when discussing intravenous cancer treatment with the patient. The 

decision to use a particular central venous access device should involve a risk-benefit 

analysis including the risk for adverse event, device availability, expected time on the 

waiting list for implantation, patient preference and cost. 

At many oncology centres (ours included), the use of a PICC for chemotherapy has 

been an integral and well-functioning part of day-to-day clinical practice for many 

years. However, the results of the present study raise questions regarding the 

appropriateness of the use of PICCs in cancer patients. On the other hand, a shift 

toward increased utilisation of PORTs might delay start of treatment in many cases 

due to the limited access to operating theatres. For these reasons we believe that the 

PICC might meanwhile have a role to play in the treatment of cancer patients. It must 

be stressed that logistic challenges must be solved so that more patients will have 

access to ports within a reasonable time. When assessing the situation as a whole, 

more attention should be paid to selecting the best vascular access device alternative 

for each individual, possibly guided by CR-DVT risk- assessment tools.22 When 

making this choice, the avoidance of harmful adverse events and maximum patient 

satisfaction must be the priority of healthcare providers. 

The results of this study provide clinicians with a better knowledge of adverse events 

and patient experience of two central venous access techniques and will be of 

assistance when recommending a particular access device prior to chemotherapy.  
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This study has limitations that must be highlighted. First, there was a tendency for 

PORTs to be left in situ if chemotherapy was paused after three or so months of 

treatment, whereas PICCs were more often removed.  This could have led to the 

accumulation of “passive” catheter days in the PORT group, possibly influencing the 

interpretation of time-dependent data. Second, the trial included patients with a wide 

range of solid tumours receiving adjuvant or palliative care. Due to the small sample 

sizes of subgroups within the trial interpretation of the results with regard to specific 

diagnoses is limited. Third, we were unable to report on the vein-catheter diameter 

ratio for both systems since this was not routinely measured. However, our vascular 

access clinicians are fully aware that an appropriately large vessel should always be 

chosen. Fourth, we were unable to report on the use of anticoagulation, total parental 

nutrition and antibiotics during the entire follow-up period. We consider it unlikely 

that any difference in this randomised material would be large enough to modify our 

conclusion. Fifth, the criteria for the radiological diagnosis and treatment initiation of 

CR-DVT were not defined a priori due to the pragmatic design reflecting how these 

problems were assessed and managed in the real-life clinical setting. Sixth, since our 

protocol did not include periodic x-ray imaging, we are unable to report on tip-

localisation and possible migration during the follow-up period. Seventh, the trials 

registration (www.clinicaltrials.gov, NCT01971021) was finalised after 22 patients 

had been included which could include bias. However, the trial was prospectively 

registered in a Swedish research database and no changes were made to the protocol 

after inclusion had started.  

To the best of our knowledge, this is the largest randomised trail comparing PICCs to 

PORTs used for the delivery of chemotherapy.  

http://www.clinicaltrials.gov/
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In conclusion, we have demonstrated that the risk for catheter-related thrombosis and 

overall adverse events is higher in cancer patients with a peripherally inserted central 

catheter than those with a totally implanted access port. These findings are of clinical 

importance and should be considered by both anaesthetists, oncologists and vascular 

access clinicians when advising patients eligible for central venous access prior to 

chemotherapy. 
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Table 1: Baseline characteristics of the intention-to-treat population. Data are N (%) or median (range). PICC= 

peripherally inserted central catheter. PORT= totally implanted venous access port. 5-FU=5-fluorouracil.  

 

 PICC 

(N=201) 

PORT  

(N=198) 

Including centre   

Ryhov 170 (84.6) 172 (86.9) 

Växjö 31 (15.4) 26 (13.1) 

Sex   

Female 110 (54.7) 115(58.1) 

Male 91(45.3) 83(41.9) 

Age  66 (19 - 84) 65 (30 - 89) 

Cancer    

Breast 78 (38.8) 80 (40.4) 

Colorectal 45 (22.3) 41 (20.7) 

Upper gastrointestinal tract 26 (12.9) 25 (12.6) 

Urogenital 28 (13.9) 32 (16.1) 

Other 24 (11.9) 20 (10.1) 

Treatment goal   

Adjuvant 135 (67.2) 130 (65.7) 

Palliative 66 (32.8) 68 (34.3) 

Treatment includes*   

Continuous 5-FU infusion  32 (15.9) 32 (16.2) 

Bevacizumab 5 (2.5) 4 (2.0) 

* indicates that data was collected retrospectively. 
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Table 2: Insertion characteristics and procedure related complications analysed in the per-protocol population. Data are 

presented as N (%) or median (IQR). IQR=interquartile range. PICC= peripherally inserted central catheter. SVC=superior vena 

cava. RA=right atrium. LA=local anaesthetic.  Differences between groups were compared using the Chi2 - test, Mann-Whitney 

U - test and Fisher’s exact test, where appropriate. * No P values reported since inserting clinician and vessel choice is catheter-

dependent 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 PICC 

(N=188) 

PORT  

(N=192) 

P value 

Waiting time before insertion in days 8 (8) 10 (7) 0.047 

Inserting clinician*    

Anaesthetist (in theatre) 0 (0) 167 (87.0)  

Surgeon (in theatre) 0 (0) 25 (13.0)  

Nurse specialist (in ward procedure room) 188 (100) 0 (0)  

Insertion vein*    

Internal jugular 0 (0) 160 (85.1)  

Subclavian 0 (0) 4 (2.1)  

Brachial 18 (9.7) 0 (0)  

Basilar 166 (89.7) 0 (0)  

Cephalic 1 (0.5) 24 (12.8)  

Missing value 3 (1.6) 4 (2.0)  

Laterality   0.35 

Right 126 (67.0) 137 (71.4)  

Left 56 (29.7) 49 (25.5)  

Missing value 6 (3.2) 6 (3.1)  

Ultrasound guidance    <0.001 

No 1 (0.5) 27 (14.0)  

Yes 184 (97.8) 163 (84.9)  

Missing value 3 (1.6) 2 (1.0)  

Fluoroscopy used  2 (1.2) 176 (96.7) <0.001 

Puncture attempts  1 (0) 1 (0) 0.67 

Arterial puncture  0 (0) 1 (0.5) 1.00 

Pneumothorax    

 Suspected or verified 0 0  

Haematoma     

Intervention required 7 (3.7) 2 (1.1) 0.21 

Haemothorax 0 0  

Assistance from colleague required  2 (1.1) 3 (1.6) 1.00 

Procedure failed  2 (1.1) 1 (0.5) 0.62 

Antibiotics during procedure     

Prophylaxis 2 (1.4) 26 (14.3) <0.001 

Anaesthetic approach    

No LA 2 (1.1) 0 (0)  

LA only 179 (95.2) 171 (89.1)  

LA and sedation 0 (0) 16 (8.3)  

General anaesthesia 0 (0) 2 (1.0)  

Missing value 7 (3.7) 3 (1.6)  

Tip position   0.67 

Distal SVC/RA 169 (89.9)  184 (95.8)  

Other  7 (3.7)  6 (3.1)  

Missing value 12 (6.4) 2 (1.0)  

Procedure time in minutes 20 (6) 26 (11) <0.001 
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Table 3: Adverse events and dwell-time characteristics. Data are presented as N (%) or median (IQR). PICC=peripherally 

inserted central catheter. PORT=totally implanted venous access port. HR= hazard ratio. CI= confidence interval. CR-DVT= 
catheter-related deep venous thrombosis. CRBSI= catheter-related blood stream infection. CD= catheter days. IQR=interquartile 

range. Analyses are based on the intention-to-treat population, °one patient had both pocket infection and CRBSI.  Differences 

between groups were compared using the Mann-Whitney U – test or Cox regression analysis, where appropriate 

 

 PICC 

(N=201) 

 

PORT 

(N=198) 

HR 

(PICC/PORT) 

95% CI P value 

CD per patient  126 (76) 220 (194)   <0.001 

Total number of accumulated 

catheter days 

24676 43691   <0.001 

Overall mortality (%) 12 (6.0) 37 (18.7) 0.6 0.3 - 1.2 0.18 

Days to death  46 (124) 110 (148)   0.37 

CR-DVT 16 (8.0) 2 (1.0) 10.2 2.3 - 44.6 0.002 

CR-DVT/1000 CD 0.65 0.05    

Days to CR-DVT  55 (78) 93 (-)   1.00 

Catheter infection 4 (2.0) 16 (8.0) 0.3 0.1 - 1.0 0.054 

Catheter infection/1000 CD 0.16 0.29    

Exit site, local or pocket infection  4 (2.0) 15 (7.8)    

CRBSI  0 (0) 2° (1.0)    

CRBSI/1000 CD 0 0.05    

Days to infection  34 (74) 54 (110)   1.00 

Catheter occlusion  16 (8.0) 1 (0.5) 26.1 3.4 - 203.9 0.002 

Catheter occlusion/1000 CD 0.65 0.02    

Days to occlusion  96 (98) - (-)   - 

Mechanical event 9 (4.5)  7 (3.5) 2.3 0.8 - 6.4 0.12 

Mechanical event/1000 CD 0.36 0.16    

Days to mechanical event 51 (128) 88 (124)   0.83 

All grade adverse events  45 (22.4) 26 (13.1) 2.7 1.6 - 4.6 <0.001 

All grade adverse events /1000 CD 1.82 0.59    

Days to all grade event  77 (69) 64 (235)   0.60 

 



 
Overall 
event 

Type of 
event 

Catheter device 
ID 

Event day Diagnostic 
method/characteristics 

Treatment/ treatment 
duration in days 

Event caused 
device 
removal 

CTCAE 
classification 

Miscellaneous 

1 CR-DVT #1 PICC117 29 US/ Swollen and tender 
arm, DVT from elbow to 
mid subclavian vein. 

LMWH/90 10 days after 
diagnosis 

3 Investigation revealed heterozygote APC resistance 

2 CR-DVT #2 PICC209 4 US/ Swollen arm, tender 
near the exit site, extensive 
DVT in subclavian and 
brachiocephalic veins. 

LMWH/90 2 days after 
diagnosis 

3  

3 CR-DVT # 3 PICC223 55 US and CT/ Poking 
sensation to the neck and 
shoulder. DVT in the 
axillary vein. 

LMWH/365 No 5  
 

Pulmonary embolisation. Patient experienced a lethal 
massive cerebral haemorrhage in a CNS tumour two 
days after CR-DVT treatment with LMWH was 
initiated. A location different from, and in addition to, 
the catheterised vein as a source for DVT, could not 
be demonstrated. 

4 CR-DVT #4 PICC415* 7 US/ Severe pain, swollen 
and discolouration in the 
arm. DVT in the brachial 
and axillary veins. 

LMWH/90 Yes 3 Concurrent exit site/extensive soft tissue infection 

5 CR-DVT #5 PICC433 4 US/ Pain and 
discolouration, DVT along 
the cephalic vein. 

LMWH/90 No 3 Treated for catheter occlusion twice 

 CR-DVT #6 PICC39 77 US/ Swollen and painful 
arm, tenderness over the 
course of the catheter. 
Extensive thrombosis up to 
the axillary vein. 

LMWH/90 No 3 - 

6 CR-DVT #7 PICC167 91 CT/ Accidental diagnosis 
of DVT in the subclavian 
vein. The tip of the catheter 
is dislocated when 
compared to earlier CT. 

LMWH/90 No 3 Colonisation of s. aureus at exit site, no clinical signs 
of infection 

7 CR-DVT #8 PICC249 93 US/ Tenderness and 
swelling of the upper arm 
and axilla. DVT from the 
exit-site to the 
brachiocephalic vein. 

LMWH /90 No 3 Colonisation of catheter tip by CoNS and 
cornyebacterium 

8 CR-DVT #9 PICC256 69 CT and US/ Accidental 
diagnosis of DVT from the 
exit site to the 
brachiocephalic vein. 

LMWH/120 10 days after 
diagnosis 

3 - 

9 CR-DVT #10 PICC267 44 US/ Pain and swollen arm. 
DVT along the whole 
course of the catheter into 
the brachiocephalic vein.  

LMWH/180 No 3 - 

10 CR-DVT #11 PICC354 86 US/ Extensive swelling, 
DVT along the cephalic 
vein. 

LMWH/180 No 3 - 



11 CR-DVT #12 PICC360 28 US/ Discomfort, pain and 
stiffness in the arm. DVT 
in the axillary vein. 

LMWH/120 No 3 - 

12 CR-DVT #13 PORT150 32 US/ Pain, discolouration 
and swelling in the arm. 
DVT from the brachial to 
the subclavian veins. 

LMWH/180 Yes 3 Pocket infection, occlusion, CR-DVT and reservoir 
rotation  

13 CR-DVT #14 PICC71 142 CT/Accidental diagnosis of 
DVT in subclavian vein 
and superior vena cava. 

LMWH/120 No 3 - 

14 CR-DVT #15 PORT444 138 US/ Paraesthesia and 
selling in the arm. DVT 
from the proximal upper 
arm veins through the 
subclavian vein. 

LMWH/90 No 3 PORT removed after completion of chemotherapy 25 
days after CR-DVT was diagnosed. 

15 CR-DVT #16 PICC45* 142 CT and US/ Dyspnea led to 
CT where a DVT was seen 
in the subclavian and 
brachiocephalic veins. 

LMWH/90 No 3 Concurrent catheter occlusion 

16 CR-DVT #17 PICC252* 4 US/ Swelling and pain in 
the arm. DVT from the exit 
-site through the 
subclavian vein. 

LMWH/90 No 3 Concurrent catheter occlusion  

17 CR-DVT #18 PICC41* 55 US/ Pain and swelling of 
the lower neck. DVT in the 
subclavian and 
brachiocephalic veins. 

LMWH/90 No 3 Concurrent catheter occlusion 

18        - 
19 Infection #1 PORT82 15 Swab culture/ s. aureus 

and e. coli 
Fluoxacillin/7 No 2 Superficial and local infection, treated in situ and 

salvaged. 
20 Infection #2 PORT119 20 Swab cultures/CoNS Clindamycin and 

vancomycin i.v. /74  
No 3 Infection reoccurrence during antibiotic pause. 

Asymptomatic on antibiotics. Fulfilled chemotherapy 
treatment without device removal. 

21 Infection #3 PORT125 26 Swab/s. aureus Clindamycin/7 No 2 Local and superficial infection. 
22 Infection #4 PORT198 43 Swab/CoNS Clindamycin/7 Yes, 120 days 

after initial 
treatment 

3 Signs of near skin rupture over reservoir, pocket 
infection. 

23 Infection #5 PORT205 152 Swab/enterobacter Ciprofloxacin/7 Yes, after 7 
treatment days 

3 Ruptured skin over reservoir. 

24 Infection #6 PICC404 6 Swab/s. aureus Fluoxacillin/10 Yes 2 Exit site infection. 
25 Infection #7 PICC415* 22 Swab/ s. aureus Fluoxacillin, 

clindamycin and 
cefotaxim/10 

Yes 3 Complicated soft tissue infection and concurrent CR-
DVT. 

26 Infection #8 PORT26 44 Swab/s. aureus and 
proprionibacterium 

Fluoxacillin/10 Yes 2 Generalised pustules on torso. 

27 Infection #9 PORT118 64 Swab/CoNS No antibiotics 
prescribed 

Yes 2 Skin rupture. 

28 Infection #10 PORT157 90 Swab/proprionibacterium Fluoxacillin/7 Yes 2 Pocket infection. 
29 Infection #11 PORT368 35 Swab/CoNS Fluoxacillin/7 Yes 3 Pocket infection. 
30 Infection #12 PORT367 28 Cultures missing Clindamycin/7 Yes 3 Pocket infection. 
31 Infection #13 PICC419 86 Swab/serratia Fluoxcaillin/7 Yes 2 Exit site infection. 



32 Infection #14 PICC503 63 Swab/s. lugdunensis Local treatment No 2 Exit site infection. 
33 Infection #15 PORT22 34 Swab/s. aureus Fluoxacillin/7 Yes 3 Pocket infection. 
34 Infection #16 PORT66 86 Swab/proprionibacterium Clindamycin/7 Yes 3 Pocket infection. 
35 Infection #17 PORT257 139 Swab/CoNS and s. aureus Clindamycin/14 Yes, after 4 

weeks 
3 Pocket infection, initial salvage, but reoccurring 

symptoms and device removal. 
36 Infection #18 PORT282 205 Swab/CoNS No antibiotic treatment Yes 3 Skin rupture, pocket infection. 
37 Infection #19 PORT16 250 DPT Blood cultures/k. 

oxytoca, e. fecalis 
Pip-Tazo/14 and 
ethanol lock therapy 

No 3 No local symptoms, chills and fever. Possible cause is 
translocation of bacteria from the gastrointestinal tract 
and catheter colonisation. Patient with peritoneal 
carcinomatosis. Salvage success. 

38 Infection #20 PORT150* 44 Swab/CoNS 
Blood cultures (including 
negative DTP)/CoNS 
Tip culture/CoNS 
 

Ciprofloxacin and 
vancomycin/60 

Yes 3 Early (day 26) reservoir rotation and occlusion. Port 
removed early due to infection/skin rupture. 
Concurrent CR-DVT (day 32) which most likely was 
infected and caused septic embolisation to the 
vertebral column. The PORT catheter tip positive for 
CoNS and DTP did initially not indicate CRBSI. The 
DVT was likely colonised by CoNS as recurrent 
CoNS bacteraemia was noted. The patient experienced 
septic embolization and abscess formation in the 
lumbar vertebrae. 

39 Mechanical 
#1 

PORT 4 209 Reservoir chafing/rotation  yes 3 Patient request removal. 

40 Mechanical 
#2 

PORT9 147 Wound dehiscence  yes 3 - 

41 Mechanical 
#3 

PICC11 0 Failed insertion  yes 3 - 

42 Mechanical 
#4 

PICC14 0 Failed insertion  Yes 3 - 

43 Mechanical 
#5 

PORT21 154 Reservoir chafing  Yes 3 Patient request removal. 

44 Mechanical 
#6 

PICC85 23 Tip made a knot 
intravascularly 

 Yes 2 - 

45 Mechanical 
#7 

PICC115 22 Massive sterile lymphatic 
leakage from exit site 

 Yes 2 - 

46 Mechanical 
#8 

PICC137 116 Chafing  Yes 3 Patient request removal. 

47 Mechanical 
#9 

PORT165 122 Wound dehiscence  Yes 3 - 

48 Mechanical 
#10 

PICC207 51 Catheter dislocation  Yes 2 - 

49 Mechanical 
#11 

PORT211 34 Reservoir rotation   Yes 3 Technical problems (occlusion) during revision, new 
system implanted 

50 Mechanical 
#12 

PICC219 2 Inadequate tip-position and 
insufficient function 

 Yes 2 - 

51 Mechanical 
#13 

PORT245 55 Wound dehiscence  Yes 3 - 

52 Mechanical 
#14 

PICC305 140 Catheter dislocation  Yes 2 - 

53 Mechanical 
#15 

PICC437 195 Function is very position 
dependent 

 Yes 2 - 



54 Mechanical 
#16 

PORT150* 26 Reservoir rotation  No 3 Concurrent CR-DVT, infectious (reason for removal) 
and mechanical events 

55 Occlusion #1 PICC129 93 Alteplase required to 
restore patency 

 No 3 - 

56 Occlusion #2 PICC13 72 Alteplase required to 
restore patency 

 No 3 - 

57 Occlusion #3 PICC40 77 Alteplase required to 
restore patency 

 No 3 - 

58 Occlusion #4 PICC41* 55 Alteplase required to 
restore patency 

 No 3 Concurrent CR-DVT 

59 Occlusion #5 PICC45* 113 Alteplase required to 
restore patency 

 No 3 Concurrent CR-DVT 

60 Occlusion #6 PICC121 99 Alteplase required to 
restore patency 

 No 3 - 

61 Occlusion #7 PICC188 96 Alteplase required to 
restore patency 

 No 3 - 

62 Occlusion #8 PICC306 86 Alteplase required to 
restore patency 

 No 3 - 

63 Occlusion #9 PICC304 394 Alteplase required to 
restore patency 

 No 3 - 

64 Occlusion 
#10 

PICC352 87 Alteplase required to 
restore patency 

 No 3 - 

65 Occlusion 
#11 

PICC363 61 Alteplase required to 
restore patency 

 No 3 - 

66 Occlusion 
#12 

PICC 252* 4 Alteplase required to 
restore patency 

 No  3 Concurrent CR-DVT (reason for removal) 

67 Occlusion 
#13 

PICC319 181 Alteplase required to 
restore patency 

 No 3 - 

68 Occlusion 
#14 

PICC504 83 Alteplase required to 
restore patency 

 No 3 - 

69 Occlusion 
#15 

PICC264 245 Alteplase required to 
restore patency 

 No 3 - 

70 Occlusion 
#16 

PICC304 140 Alteplase required to 
restore patency 

 No 3 - 

71 Occlusion 
#17 

PORT150* 26 Alteplase required to 
restore patency 

 No 3 Concurrent CR-DVT, infectious (reason for removal) 
and mechanical events 

 
 
 
*indicates that multiple events occurred 
 
 
 
 
 
CR-DVT=catheter related deep venous thrombosis, CTCAE=Common Terminology Criteria for Adverse Events (National Cancer Institute 2016), US= ultrasound, CT= computed tomography, PICC= peripherally 
inserted central catheter, APC=activated protein C, PORT= totally implanted vascular access device, CoNS= coagulase negative staphylococci, CNS= central nervous system, LMWH= low molecular weight heparin, 
DTP= differential time to positivity. 
______________________________________________________________________________________________________________________________________________________________________________ 
Supplementary Table S1. Clinical details on all reported adverse events. 
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DETAILED METHOD DESCRIPTION 

METHODS  

Study design and participants: 

The peripherally inserted central catheter (PICC) versus centrally inserted totally implanted 

access port (PORT) trial (PICCPORT) was a pragmatic, open-labelled, randomised clinical 

trial comparing two frequently used central venous catheter types (PICC and PORT) in 

patients with non-haematological cancer treated with either palliative, curative or adjuvant 

intent. Patients were randomised in a 1:1 allocation ratio at two oncology centres (Ryhov and 

Växjö County Hospitals, Sweden). These two county hospitals have catchment area 

populations of 360 000 and 196 000 respectively. Ethics approval was granted by the 

Regional Ethics Committee in Linköping, Sweden (reference number: EPN 2013/56-31). The 

trials registration was accepted after the inclusion of 22 patients at www.clinicaltrials.gov 

(NCT0197102).  

The authors were responsible for all elements of the trial, including concept, design, data 

collection and analyses, wrote the manuscript and vouch for the data and analyses presented 

here. No changes to the trial protocol were made during the recruitment and follow-up 

periods. All data-analysis were described in a separate amendment. This trial was conducted 

according to the principles of the International Council for Harmonisation - Good Clinical 

Practice, the Helsinki Declaration and adheres to the CONSORT statements including several 

features of a pragmatic approach (the selection of participants, outcomes are directly relevant 

to patients and care-givers, and relevance to practice).14 

Patients > 18 years-of-age with a life-expectancy longer than 4 weeks and planned for 

chemotherapy through a CVC, were eligible for inclusion. Ongoing severe systemic infection, 
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clinically significant upper extremity/central deep venous thrombosis, severe coagulopathy, 

inability to communicate, or an imminent need for a dialysis fistula, were exclusion criteria. 

Printed information was given to all eligible patients, and all participants gave informed 

consent before randomisation.  

After the inclusion of one-hundred patients, case report forms (CRF) were assessed for 

futility. 

Randomisation and masking: 

Patients were screened for eligibility by the nursing staff at both in- and outpatient clinics. 

Throughout the trial period and on several occasions, these nurses received information 

regarding the screening process. Eligible patients were subsequently informed and included 

by an oncologist at the department. Following inclusion, the oncologist contacted the Clinical 

Trial Unit (CTU) administration at the Ryhov County Hospital, Jönköping, for group 

allocation according to the randomisation key. The randomisation sequence was computer-

generated and prepared by an independent statistician using a block size of four and 

stratification to the two recruiting centres.  The randomisation sequence was kept on a 

password-protected computer file in the CTU and was only accessible by two people not 

involved in the screening or recruitment processes. It was not feasible to blind the patient, 

clinician or trial assessors to the arm allocated due to the particular properties of the two types 

of catheter. Follow-up was performed by the CTU staff at each department. Data on 

randomisation, after implantation and at follow-up after one, three, six, and 12 months were 

collected and registered. 

Procedures 

The peripherally inserted central catheters were implanted at both centres under fully sterile 

conditions in a dedicated room by a specially trained nurse on the oncology ward, using in-
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line ultrasound-guided puncture and an electro-magnetic tip-positioning device (Sherlock 

3CG®). The totally implanted venous access ports were implanted in the operating theater by 

either an anaesthetist using a percutaneous ultrasound/ fluoroscopy-guided technique (Ryhov 

County Hospital) or a surgeon using a cut-down/ fluoroscopy-guided technique (Växjö 

County Hospital).  

During the entire study period, the participating patients received the same clinical care as 

patients not included in the trial. Apart from the team involved in administrative follow-up, no 

additional resources were allocated to the trial for catheter implantation, care or problem-

solving. The BBraun Celsite 301/305 ST with an 8.5 Fr. silicone catheter or the Polysite 

with an 8 Fr. silicone catheter was used in the PORT group, and the Bard 4Fr. Groshong 

NTX Clear VUE or the PowerPICC Solo®2 4 Fr. polyurethane catheter was used in the PICC 

group. Routine perioperative antibiotic prophylaxis was not employed when implanting the 

catheter. The skin in the implantation field was prepared with a solution containing 0.5% 

chlorhexidine (wt/vol) in 70% ethanol (SCHA). The type and amount of local anaesthetic 

administered was at the discretion of the implanting clinician. Intravenous propofol sedation 

was administered on demand. Tissues over the PORT reservoir were closed with sub- and 

intracutaneous sutures. Stat-Lock or Sure-Cath- devices were used to anchor the PICCs, 

and dressings were changed once a week.  Regular prophylactic flushing of the catheter, or 

lock-device was not employed.  

All catheter handling was carried out by nursing staff with specific training in PICC and 

PORT management, keeping strictly to hygiene routines. Instructions on catheter care and 

problem-solving were easily available on the hospital website. A venous access support team 

(anaesthetist/nurse) was available around the clock. Prior to accessing the PORT reservoir 

membrane or PICC injection hub, the skin or hub was disinfected with SCHA solution, using 

sterile or high purity gloves. Intravenous positioning was verified by blood aspiration. After 
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catheter use, 40 ml of 0.9% saline was flushed through the catheter. When the PORT needle 

was left in situ, it was covered with a semipermeable transparent dressing (Tegaderm TM HP). 

During continuous use, intravenous positioning was verified once a day. When using an 

indwelling PORT needle for continuous use, the needle was changed once a week. 

Intermittent injections were performed through a needle-free injection membrane (NIM) 

(SmartSiteTM or Q-SiteTM) attached to the PICC hub or PORT needle. The NIM was 

disinfected with SCHA before use and changed every three days.  When catheter occlusion 

occurred, the first step was to try to flush the catheter with a 10 ml syringe containing isotonic 

saline. If this failed, a 2.5–5 ml syringe was tried with caution by an anaesthetist. Alteplase 

0.2 mg x ml-1 or ethanol 70% was used to restore catheter patency if flushing with saline was 

unsuccessful, depending on the presumed cause of occlusion. Prior to installation of ethanol, a 

contrast-enhanced chest x-ray was obtained to rule out catheter fracture or disconnection. 

During follow-up patients were asked to answer a questionnaire regarding their experience of 

the catheter and how it affected their daily life. The questionnaire had previously been used in 

two other vascular access studies.1 2 The insertion and care of catheters complied with current 

Swedish CVC guidelines. 3 The treating physician decided when the catheter was to be 

removed. 

Definitions  

Catheter-related deep venous thrombosis was defined as clinical signs of a central vein 

thrombosis (pain, redness, swelling, tenderness in a relevant area) with radiological 

confirmation (by ultrasound (US) or computed tomography (CT) angiogram) or significant 

thrombosis picked up incidentally on imaging for other purposes. The clinical signs triggering 

DVT assessments was done at the discretion of the treating physician. No periodic imaging 

was carried out to identify silent thrombosis. All radiological testing (US and CT) is protocol 

driven to ensure sufficient quality. These protocols were not specific for our trial, but as a part 
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of The Departments of Radiology quality certification programs in both participating 

hospitals. 

Catheter occlusion was defined as the inability to aspirate or flush via the catheter and was 

included in the analysis only if alteplase or ethanol instillation was required to resolve the 

occlusion. Pocket, tunnel or exit-site infection was defined as local signs of inflammation 

with culture-positive fluid taken from the pocket, tunnel or catheter exit-site15. Catheter-

related blood stream infection (CRBSI) was defined as clinical signs of systemic infection 

together with the isolation of the same microorganism from the tip culture and a blood culture 

drawn from another vessel, or through differential time to positivity (DTP) cultures.15 

Procedural time was defined as the time from the injection of local anaesthetic to anchoring of 

the catheter device with skin sutures in place. Pain experienced during the insertion procedure 

or during change of dressings was graded according to a Numeric Rating Scale (NRS). 

Outcomes 

The primary outcome was a clinically significant US and/or CT verified CR-DVT. We chose 

CR-DVT as our primary outcome because meta-analyses have shown this complication to be 

more frequent in patients with a peripherally inserted central catheter than those with a 

centrally inserted port.7 8 Secondary outcomes included a composite end-point describing the 

occurrence of catheter-related adverse events requiring intervention (thrombotic, occlusive, 

infectious, mechanical) and patient satisfaction, all defined a priori. A Serious Adverse Event 

(SAE) was defined as an untoward medical occurrence or effect leading to one of the 

following: death; a life-threatening condition requiring hospitalisation or prolonged hospital 

stay; or a condition requiring intervention to prevent permanent injury. Suspected Unexpected 

Serious Adverse Reactions (SUSARs) were defined as previously unknown catheter-related 

SAEs. SAEs were graded after data cut-off according to the Common Terminology Criteria 

for Adverse Event (CTCAE) v.5.0. 4 Once started, no change was made to the trial protocol.  
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Statistical analyses 

With a two-tailed alpha of 0.05 and a power of 0.80, the trial was estimated to detect a 

difference between groups of at least 7% in CR-DVT rate. The estimated incidence of PICC 

CR-DVT (8%) was based on that reported in available systematic reviews. 7 8 The incidence 

of CR-DVT in the PORT group (1.6%) was assumed on the basis of recent data from one of 

the participating centres.16 Using these two estimated incidences, 174 patients were required 

in each group. We wanted some margin for patients leaving the trial after randomisation and 

protocol violations, so we aimed for including 200 patients in each group. 

Since the PORT catheter implantation procedure differed between the two centres 

(percutaneous vs. cut-down), we chose to stratify between the two participating centres. Data 

processing and statistical analyses were performed using IBM® SPSS version 24.  

Descriptive analyses were performed to characterise the patient population. Pearson’s Chi2, 

Fisher´s, Mann-Whitney U and Student t tests were used to test for statistical significance of 

differences between groups, as appropriate. Multivariable Cox proportional hazard models 

were used to identify independent predictors (centre, catheter type, treatment goal, sex, age, 

bevacizumab and continuous 5-fluorouracil (5-FU) treatment) of CR-DVT and catheter-

related adverse events (thrombosis, occlusion, infection, mechanical issues or death) during 

follow-up. In a stepwise manner, predictors with p – values > 0.5 were manually removed 

from the model. An adjustment for the futility analysis (the first 100 patients) was made in 

these models. 

The primary end-point analysis was based on the intention-to-treat (ITT) population, which 

included all randomised patients. Patients who withdrew consent, had catheter insertion 

failure, completed follow-up (catheter removal or follow-up for one year with a catheter still 

in place), or died where all censored. Clinically significant CR-DVTs were noted as events.  
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All secondary end-points were analysed both in the ITT and the per-protocol (PP) 

populations, which included all patients where a catheter insertion procedure was performed. 

Analyses of CR-DVT-free catheter survival (primary endpoint) and adverse event-free 

catheter survival (secondary endpoint) were performed using the Kaplan-Meier method, and 

differences in distribution were measured by the log rank test. 

In the secondary endpoint-analysis patients were censored when they ended their treatment 

(i.e. their catheter was removed), if death occurred during follow-up, if consent was 

withdrawn, and at the end of the planned follow-up period of one year. Events were noted 

whenever a catheter-related complication (insertion failure, thrombosis, occlusion, infection, 

accidental removal, mechanical issues, or wound dehiscence) occurred. When patients 

experienced more than one event during follow-up, the event occurring first was included in 

the model. 

Data on the use of different chemotherapy regimens were collected retrospectively from a 

prospectively recorded electronic chemotherapy patient chart, and therapies including either 

continuous 5-FU or bevacizumab were compared with other regimens in a post-hoc analysis. 

All P values were two-tailed, and a value less than 0.05 was considered statistically 

significant. 

The trial was supported by Futurum (The Academy for Healthcare, Jönköping County 

Council, Sweden) grant number 767451 and FORSS (The Research Council in South East 

Sweden) grant number 295881. The funders of the study had no role in study design, data 

collection, data analysis, data interpretation, or writing of the report. No financial support was 

received from the industry. The corresponding author had full access to all data in the study as 

well as final responsibility for the decision to submit for publication. 
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Data are presented as N (%), denominator indicate the number of patients answering a particular question. 
PICC=peripherally inserted central catheter, PORT=totally implanted venous access port, NRS=Numeric Rating 
Scale. P value by the Chi2 or Fishers - test. 

__________________________________________________________________________________________ 

Supplementary Table S2.  Patients perceptions months one, three, six and 12 after catheter insertion. 

Type of perception PICC PORT P value 
    
Month 1 after insertion    
Painlevel during insertion NRS > 4 14/176 (8) 49/190 (25.5) <0.001 
Device causes discomfort  26/176 (13.8) 41/192 (21.4) 0.054 
Device interferes when I take a shower 28/176 (15.9) 8/190 (4.2) <0.001 
…..I take a bath 6/63 (9.5) 1/120 (0.8) 0.003 
…..I work out 5/159 (3.1) 5/178 (2.8) 0.856 
…..I move my arm 1/9 (11.1) 1/34 (2.9) 0.379 
…..I get dressed 8/168 (4.7) 11/188 (5.9) 0.629 
    
Month 3 after insertion    
Pain level during dressing change 
(PICC)/needle insertion (PORT) NRS > 4 

4/142 (2.8) 39/152 (25.7) <0.001 

Device causes discomfort 18/136 (13.2) 20/146 (13.7) 0.909 
Device interferes when I take a shower 19/140 (13.6) 6/152 (3.9) 0.003 
…..I take a bath 6/63 (9.5) 1/120 (0.8) 0.007 
…..I work out 4/132 (3.0) 4/143 (2.8) 1.000 
…..I move my arm 11/138 (8.0) 8/151 (6.6) 0.360 
…..I get dressed 14/140 (10) 8/152 (5.3) 0.126 
    
Month 6 after insertion    
Pain level during dressing change 
(PICC)/needle insertion (PORT) NRS > 4 

2/40 (5) 16/109 (14.9) 0.156 

Device causes discomfort 5/39 (12.8) 19/105 (18.1) 0.616 
Device interferes when I take a shower 3/40 (7.5) 4/107 (3.6) 0.382 
…..I take a bath 4/17 (23.5) 2/98 (2) 0.004 
…..I work out 3/38 (7.9) 1/110 (0.9) 0.052 
…..I move my arm 1/40 (2.5) 2/110 (1.8) 1.000 
…..I get dressed 0/40 (0) 2/110 (1.8) 1.000 
    
Month 12 after insertion    
Pain level during dressing change 
(PICC)/needle insertion (PORT) NRS > 4 

0/9 (0) 5/34 (14.7) 0.566 

Device causes discomfort 0/9 (0) 1/27 (3.7) 1.000 
Device interferes when I take a shower 1/9 (11.1) 3/34 (8.8) 1.000 
…..I take a bath 2/6 (33.3) 1/32 (3.1) 0.059 
…..I work out 0/9 (0) 1/33 (3) 1.000 
…..I move my arm 1/9 (11.1) 1/34 (2.9) 0.379 
…..I get dressed 1/9 (11.1) 3/34 (8.8) 1.000 
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