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Abstract  
 
Objectives: To improve arterial catheter (AC) securement and reduce AC failure. To assess feasibility 

of a large randomised controlled trial.    

 

Design: A four-arm, parallel, randomised, controlled, non-blinded, pilot trial. 

 

Setting: Tertiary referral hospital in Brisbane, Australia (May – November, 2012). 

 

Participants: 195 intensive care patients with ACs. 

 

Intervention: (i) bordered polyurethane dressing + standard polyurethane dressing (BPU+SPU); (ii) 

tissue adhesive + SPU (TA+SPU); (iii) sutureless securement device + SPU (SSD+SPU); (iv) SPU 

(controls). Sutures were not used.  

 

Main outcome measures: AC failure - composite of: dislodgement (complete); occlusion (monitor 

failure, inability to infuse, or fluid leaking); pain; and infection (local or bloodstream). 

 

Results: Median AC dwell was 26.2 hours and comparable between groups. AC failure occurred in 

26/195 (13%) patients. AC failure was significantly worse with SPU (control) (10/47, 21%) than 

BPU+SPU (2/43, 4%, p=0.03), but not significantly different to TA+SPU (6/56, 10%, p=0.18) or 

SSD+SPU (8/49, 16%, p=0.61). The dressing applied at AC insertion lasted until AC removal in 68% 

controls; 55% BPU+SPU; 73% TA+SPU; and 79% SSD+SPU (all p>0.05). There were no infections or 

serious adverse events. Patient and staff satisfaction with all products was high. Median costs (labour 

and materials) for securement per patient were significantly higher in all groups compared to control 

(SPU AUD$3.48; BPU+SPU AUD$5.07; TA+SPU AUD$17.70; SSD+SPU AUD$10.90; all p<0.001). 

 

Conclusion: AC failure occurred significantly less often with BPU+SPU than with SPU dressings. 

TA+SPU and SSD+SPU should be further investigated compared to BPU+SPU controls. The novel 

approach of TA+SPU appeared safe and feasible.  
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Title  
 
A randomised controlled pilot trial of bordered polyurethane dressings, tissue adhesive, or sutureless 

securement devices compared with standard polyurethane for the securement of short-term arterial 

catheters. 

 

Background 

Millions of peripheral arterial catheters (ACs) are used around the world each year.[1] Intensive Care 

Unit (ICU) patients typically require an AC for continuous blood pressure monitoring, and repeated 

blood gas sampling for phlebotomy, in particular for arterial blood gas analyses.  Despite this ubiquity, 

up to 25% of ACs fail prematurely by accidental dislodgement, occlusion or infection, and this is often 

related to inadequate dressing and securement of catheters to the skin.[1-3] For many years, the most 

commonly used AC dressing has been standard polyurethane (SPU) transparent dressings – small, 

transparent, rectangular films with an adhesive layer. These are inexpensive and popular, yet there is 

no evidence that these provide adequate securement rather than functioning merely as a wound 

dressing, and they rarely maintain adhesion in diaphoretic patients, or if the site is oozing or 

bleeding.[3, 4] Guidelines recommend SPUs generically for all types of intravascular catheters,[5] but 

these may not be suitable for ACs due to their particular anatomical and usage characteristics. 

Guidelines that do contain a specific recommendation for SPU use in ACs note that these are “expert 

based” rather than “evidence-based” recommendations.[6]  

 

In recent years, bordered polyurethane (BPU) dressings have emerged that are similar to SPU but 

with a toughened, adhesive fabric border, but these have not yet been rigorously and independently 

tested for use in ACs compared to SPUs. An independent, non-randomised study in peripheral 

intravenous catheters (n=407), reported less device failure with BPU than SPU but this was not 

statistically significant (29% vs 19%, p=0.18).[7] Another option for ACs is to use a sutureless 

securement device (SSD), strong adhesive pads that offer additional anchor points into which the AC 

can be “clipped” for securement, with an SPU still used as the wound covering. After implementation 

of SSDs into an American ICU, AC failure rates were 60/468 (13%), in comparison to a historical 

control group who used bandaids where AC failure was 253/995 (25%) (p<0.001) [3] The American 

Centers for Disease Control recommend the use of SSDs for central venous catheters to prevent 
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vessel inflammation, catheter migration/dislodgement, and potentially catheter-related bloodstream 

infections, but there is no such recommendation for ACs.[5] The Infusion Nurses Society Standards of 

Practice recommend SSDs for all intravascular catheters to maintain patency, minimize catheter 

movement at the hub, prevent dislodgement and to avoid suture-related complications of infection, 

pain, tissue trauma if accidentally dislodged, and potential needle stick injuries.[4]  

 

In an entirely novel approach to intravascular catheter securement, we investigated the in-vitro use of 

tissue adhesive (TA), finding it a potentially superior securement method to avoid catheter 

dislodgment and inhibit microbial growth.[8] TA had substantially stronger resistance to pull out force 

than SPU, BPU or SSD, and dramatically reduced bacterial growth at 18 hours post-inoculation.[8] TA 

has Food and Drug Administration (FDA) and Therapeutic Goods Administration (TGA) approval for 

internal and external wound use, and has been positively reported in a case series of central and 

epidural catheter securements.[9, 10] TA’s bactericidal properties include inhibition of all Gram-

positive organisms, including methicillin resistant staphylococcus aureus.[10] We believe TA could be 

a major breakthrough in preventing AC failure. 

 

To our knowledge, there have been no randomised controlled trials in ACs comparing the popular 

SPU transparent dressings to BPU, SSD or TA. In this light we undertook a pilot RCT to consider 

feasibility, safety, acceptability, to refine clinical and cost protocols, and to prioritise products for future 

trials.[11] This pilot study had a primary hypothesis that AC securement with TA, BPU, or SSD would 

significantly reduce catheter failure compared to usual care (SPU). 

 

Methods 

Study design, setting and patients 

We conducted this four-arm, parallel, randomised controlled, non-blinded, pilot trial in the operating 

theatres and the 21-bed ICU of The Prince Charles Hospital (TPCH). Clinical research nurses (CRNs) 

screened elective cardiac surgical patients (pre-operatively), and general ICU patients (throughout 

admission), from 8
th
 May to 3

rd
 November, 2012. Only one AC per patient was studied. Inclusion 

criteria were: ≥18 years, with written informed consent, and an AC expected to be in use for a 

minimum of 24 hours. Exclusions were: existing bloodstream infection; non-English speaking without 
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an interpreter; burned/diseased skin at the site; existing skin tears or “papery” skin; extremely 

diaphoretic; or known allergy to any study product.   

 

The target sample was 220 (50 per group, plus 10% for potential attrition), consistent with 

recommendations for sample size in pilot trials.[11]  Ethical approval was granted by the Hospital and 

University Human Research Ethics Committees (HREC/11/QRCH/152). The study was registered with 

the Australian Clinical Trials Registry: ACTRN12611000769987. 

 

Study endpoints 

The primary endpoint was catheter failure (any reason for premature AC removal, prior to completion 

of therapy). A composite measure was used since AC failure is the outcome of importance to patients 

– loss of the AC for treatment with requirement for a new AC as an invasive procedure. This included: 

dislodgement (complete); occlusion (monitor failure, inability to infuse, or fluid leaking when infused); 

pain; or infection (laboratory confirmed local or AC-related bloodstream infection).[5, 12] AC-related 

bloodstream infection was defined as a peripherally-drawn positive blood culture, clinical signs of 

infection (i.e fever, chills or hypotension); no other apparent source for the bloodstream infection 

except the AC; and a colonised AC tip culture with the same organism as identified in the blood.[5]  

 

Secondary endpoints included: AC dwell time (hours); dressing failure (any replacement required); 

patient satisfaction on a 10 point numerical rating scale (NRS, rated 0=very dissatisfied to 10=very 

satisfied) collected just after AC removal; ease of use (NRS, 0=very difficult to 10=very easy) by staff 

for both application and removal, collected just after the procedures; and costs (calculated from 

dressings, consumables and labour cost components).  

 

Randomisation, concealment and masking 

The CRN performed randomisation using an independent web-based service to ensure allocation 

concealment until study entry. Patients were randomly assigned in a 1:1:1:1 ratio with computer 

generated and randomly varied block sizes of 4 and 8.  Blinding was not possible since CRNs and 

clinical staff needed to apply randomised products and to monitor ACs for complications. 
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Study interventions  

Anaesthetic technicians (not CRNs or investigators) applied the randomised study products 

immediately after AC insertion, with replacement by ICU nurses if the dressing was loose, soiled or 

moist. ACs were not sutured in any group. Extensive pre-study staff education was undertaken by 

CRNs, with all dressing changes recorded by bedside nurses with the date, time, and reason for 

dressing change. CRNs visited daily to check protocol adherence. 

 

As a feasibility trial, modification of study procedures occurred as the trial progressed. Under protocol 

1, the control (SPU) group initially used IV3000™ 10cm x 14cm dressings (Smith & Nephew, Hull). 

After the first seven patients, clinical staff had safety concerns about frequent loosening and 

inadequate securement in this group. Although these patients did not experience catheter failure per 

the study definitions, it was decided to amend the protocol and for the rest of the trial (protocol 2), 

Tegaderm 1626W™ 10cm x 12cm (3M, St Paul) dressing (recommended by cardiac anaesthetists 

from TPCH) was used. 

 

Under protocol 1, the BPU group used one Veni-Gard® (ConMed Corporation, Utica) dressing; 

however after n=15, clinical staff had safety concerns about frequent loosening and inadequate 

securement.  Although these patients did not experience catheter failure as per the study definitions, 

the protocol was amended and the subsequent 43 patients had an SPU (IV3000™ 10 x 14cm) applied 

directly over the BPU. We referred to this group under protocol 2 as BPU+SPU. 

 

For the TA group, Histoacryl® Blue (B.Braun, Ann Arbor) was applied at the AC insertion site and 

under the anchor points. One SPU (IV3000™ 10 × 14cm) was then used over the catheter entry site. 

The intervention in the TA+SPU group was identical for protocols 1 and 2.   

 

In the SSD group, StatLock® Arterial Select Stabilization Devices (Bard Access Systems, Salt Lake 

City) were adhered to the skin with the supplied 20cm luer lock extension set connected to the AC hub 

and then fastened into the luer retainer. An SPU (IV 3000™ 10 x 14cm) was used over the catheter 

entry site. The intervention in the SSD+SPU groups was identical for protocols 1 and 2. 
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AC insertion and care 

All other aspects of AC insertion and maintenance were as per routine practice in order to assess the 

acceptability of the study products into the clinical setting. ACs were inserted in the operating room by 

anaesthetists, or in the ICU by intensive care specialists or senior registrars. ACs were Vygon Arterial 

Leader Cath™ 20GA (Vygon, Swindon, UK), Insyte™ 20GA cannula (B.D. Sandy, USA), or Radial 

Artery Catheterization set 20GA (Arrow International, Reading, USA), determined by the inserter. Skin 

preparation was chlorhexidine 2% in 70% alcohol (Persist
TM

, BD, Sandy). ICU nurses undertook post-

insertion care, including blood sampling from ACs. Pre-packs of study products were left at the 

bedside and were used by ICU nurses to replace dressings that were loose, or had blood ooze under 

the dressing.[5] The decision to remove ACs was made by the clinical staff (not the investigators or 

CRNs) based on the clinical condition. 

 

Data collection  

At AC insertion, CRNs collected information on: demographic and clinical conditions; AC type; 

insertion site; number of insertion attempts; time to insert; and number of staff required to apply the 

allocated dressing regimen. The product applicator was asked to rate the level of difficulty to apply the 

products using a 10 point numerical rating scale (NRS) from 0 (very difficult) to 10 (very easy). Each 

day, CRNs assessed AC sites for erythema and swelling using categories of: none, <1cm, 1-2.5cm, 

2.6-5cm, >5cm; leakage, purulent discharge (both yes/no), and patient-reported pain or tenderness 

was recorded on a 10 point NRS (0=none to 10=worst). Any additional dressings or tape 

reinforcements added by clinical staff were recorded. At AC removal, dwell time, number of accesses 

for blood sampling, and the reason for catheter removal (primary endpoint) was recorded. Clinical data 

were recorded on mobility and cognitive state. The nurse who removed the study product was asked 

to rate the level of difficulty on a 10 point NRS from 0 (very difficult) to 10 (very easy). Patients were 

also asked to rate their satisfaction with the product (0=very unsatisfied, 10 = very satisfied). At 48 

hours after AC removal, patients were assessed for clinical and microbiological evidence of AC-related 

bloodstream infection. Data were entered directly by CRNs into a password protected, custom built 

Microsoft® Access database.  A study manager undertook quality control and checked a random 

subset of source data. 
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Statistical analysis 

Data were exported to Stata 12.1 (Stata-Corp, College Station, USA) for cleaning and analyses. 

Failure of 7 SPU and 15 BPU patients under Protocol 1 were reported descriptively but not included in 

other analyses due to the small numbers treated. Patients were the unit of measurement (only one AC 

per patient studied). Each intervention group (BPU+SPU, SSD+SPU and TA+SPU) was compared 

against control (SPU) for failure using Fisher’s exact test. Failure incidence rates (per 1000 catheter–

hours) and incident rate ratios were calculated using the strate and stir commands.  Time-to-

event data was analysed with Kaplan-Meier survival curve (not shown) and the log-rank test (sts 

test). The proportional hazards assumption was investigated using stcoxkm. Costs were compared 

using the non-parametric Mann-Whitney test with prices costed at Queensland Health purchase and 

employment rates in AUD$ (2012). Labour costs were $28.90/hr (Anaesthetic Technician, grade 004) 

for initial dressings, and $37.86/hr (Nursing Officer grade 5, year 7) for subsequent dressings. Time 

included gathering equipment, removal of the old dressing, hand hygiene, skin preparation and 

dressing application. Dressing unit costs were: Histoacryl® Blue $13.17, StatLock $6.29), IV3000™ 

$1.28, Tegaderm™ 1626W $0.62, and VeniGard® $0.92. Consumable prices were: dressing pack 

$0.43, skin disinfectant (Persist) $1.58, sterile gloves $0.48, and plastic gown $0.07. The number of 

dressings used, patient and staff satisfaction, as well as difficulty of product application were reported 

descriptively. Statistical significance was considered as p<0.05.  

 

Results 

Of 237 screened patients, 224 were randomised and 195 analysed (see Figure 1). A small number of 

patients (7/224, 3%) were randomised but received no study treatment, mostly due to cancellation of 

planned surgery, or surgery being scheduled at times when CRNs were not available. The numbers of 

patients affected by this were comparable between groups (SPU=2, BPU+SPU=1, SSD+SPU=3, 

TA+SPU=1). Under protocol 1, AC failure occurred in 0/7 (0%, SPU) and 1/15 (6%, BPU+SPU) 

patients. These patients were similar to other patients at baseline, but were excluded from further 

analysis due to the amended treatment protocol and the small number of patients treated.  

 

[Insert Figure 1] 
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The 195 patients (7147 AC-hours) studied all received the allocated intervention with no patient lost to 

follow up. Eight SPU patients (under protocol 2) were withdrawn from the study by clinical staff who 

had serious safety concerns about inadequate securement and that the AC would imminently dislodge 

- these were recorded as failures. In all groups, clinical staff reinforced dressings with tape, gauze or 

foam – this involved 13/72 (18%) of dressings in the SPU group, 6/64 (9%) in the BPU+SPU group, 

1/71 (1%) of dressings in the SSD+SPU group and 7/77 (9%) in the TA+SPU group.  

 

The demographic and clinical characteristics of the four study groups were comparable (see Table 1). 

The majority of subjects (143/195, 73%) were male, had a median age of 68 (IQR: 56-75) years, and 

underwent elective cardiac surgery (185/195, 94%). AC characteristics were also similar between 

study groups (see Table 2). Most (190/195, 97%) were inserted in the radial artery, using a Vygon 

Arterial Leader Cath™ 20GA (111/195, 56%). Blood was drawn on average 13 (IQR: 11-17) times 

from each catheter.   

[Insert Table 1] 

 [Insert Table 2] 

 

Effect of the intervention 

Catheter failure and AC dwell time 

Incidence of AC failure was significantly worse for controls (SPU, 10/47, 21%) compared to the 

BPU+SPU group (2/43, 4%, p=0.03, see Table 3). Failure incidence was not significantly different 

between controls and the other two experimental groups (TA+SPU failure 6/56, 10%, p=0.18; 

SSD+SPU failure 8/49, 16%, p=0.61). Overall, 173/195 (88%) of ACs were removed due to 

completion of therapy, with the remainder removed for complications, most commonly blockage 

(9/195, 4%). There were no cases of catheter-related bloodstream infection, local (site) infections or 

patient deaths in any group. The median AC dwell time across the study was 26.2 (IQR:23-45) hours 

and comparable between groups. The log-rank test confirmed that only survival of ACs secured with 

BPU+SPU was significantly (p=0.02) different to controls over time. The proportional hazards 

assumption was not violated until after 96 hours by which time 187/195 (95%) of ACs had been 

removed.  

[Insert Table 3] 
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Dressing failure and costs 

In total, 136/195 (69%) patients had their initial dressing last for the duration of AC dwell (Table 3). 

This was not different between groups. The others required dressings to be replaced for looseness, or 

blood ooze under the dressing. The median time to the first dressing replacement was similar in all 

groups (SPU 23.3 (IQR:16.7-28.5), BPU+SPU 24.8 (IQR:20.6-34.8), SSD+SPU 24.7(IQR:22.3-26.8), 

TA+SPU 26.3 (IQR:21.5-39.4) hours). Total average labour and material costs per patient were: 

AUD$3.48 (IQR:3.48-9.79) SPU; AUD$5.07 (IQR:5.07-12.99, p<0.01) BPU+SPU; AUD$10.90 

(IQR:10.90-10.90, p<0.01) SSD+SPU, and AUD$17.70 (IQR:17.70-38.36, p<0.01) TA+SPU group. 

 

Ease of use, patient satisfaction and adverse events 

Staff satisfaction with both the application (median: 9 (IQR:8-9)) and removal (median: 9 (IQR:8-10)) of 

study products was high in all groups. Patient satisfaction was also high with study products in all 

groups.  None of the study products had any associated rash, blistering or itchiness. All patients rated 

the dressings as zero out of 10 for pain. There was one mild skin tear in each of the SSD+SPU and 

TA+SPU groups which required a dry dressing to cover it, and a total of 6 patients  (1=BPU+SPU; 

2=SSD+SPU; 3=TA+SPU) where the dressing left residue on the skin after removal (Table 3). 

Erythema (1=TA+SPU) and swelling (3=BPU+SPU; 1=SSD+SPU; 4=TA+SPU) were extremely rare 

and generally mild (see Table 3).   

 

Discussion    

ACs are crucial for critically ill patients yet failure rates are high and likely relate to inadequate 

securement [1-3]. We could find no published RCTs on AC securement, so conducted this pilot trial to 

provide point estimates of failure, and to consider the feasibility of a future larger trial. As a pilot study 

we did not expect significant differences between groups, however we observed significantly less AC 

failure associated with BPU+SPU compared to controls. This difference was clinically important with 

an absolute percentage reduction of 17% - even in light of the short AC dwell time in this population. 

Clinical staff had serious concerns about SPUs and eight SPU patients were withdrawn due to safety 

concerns about dislodgement. Nurses possibly paid additional attention to control ACs, including 

frequent dressing replacements to prevent dislodgement – without this, control group failure may have 

been even higher. Anecdotally, a change in the SPU brand partly allayed concerns, but it may also be 
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that familiarity and confidence with SPUs increased during the study. Our results suggest that SPU 

dressings are inadequate for AC securement – at least in post-cardiac surgical patients who tend to be 

diaphoretic and ‘ooze’ from puncture sites. We plan in future research to use BPU+SPU as the control 

treatment, since this had the lowest failure rate. Future trials are needed in longer dwell ACs to assess 

the effect of product selection on failure over longer time periods. 

 

Tissue adhesive was a completely innovative approach and proved to be a potentially useful and safe 

way to secure ACs. Failure incidence associated with TA+SPU was an absolute 10.6% lower than for 

controls, but this was not statistically significant, likely representing Type II error given the small 

sample. Application and removal of TA+SPU took slightly longer than for SPU or BPU+SPU, but was 

similar to the time required for SSD+SPU. We found the glue could be easily removed with paraffin or 

adhesive remover, and was anecdotally noted to degrade over about 3 days. Initially, we used only a 

small amount of glue, but after several studied patients had no remaining glue at AC removal, we 

began applying a more generous amount to secure the catheter. The only adverse event noted was 

one minor skin tear, and some adhesive residue occasionally left on skin. TA+SPU securement of ACs 

is worthy of examination in larger trials.  

 

Absolute AC failure incidence with SSD+SPU was 5.0% lower than controls, but this was not 

statistically significant, again possibly Type II error. Our observed incidence of 16% SSD+SPU failure 

was comparable to the 12.8% failure of 468 SSD+SPU secured ACs studied by Stephenson.[3] 

SSD+SPU associated failure in our study was most commonly blockage. Our ACs are positioned 

relatively distally in the radial artery, and we observed ACs ‘kinking’ against the hard surface of the 

SSD when patients bent their wrists, potentially contributing to catheter failure. In Stephenson’s study, 

a 22.5cm arm board was used to minimise movement; this may be a beneficial adjunct to SSD 

products.[3] Upon SSD removal, one skin tear was observed when (despite instructions to the 

contrary) the product was removed without use of commercial adhesive remover to dissolve the sticky 

residue on the skin.  

 

Incidence rates from this trial can inform the sample size requirements of future trials. To confirm an 

absolute difference in the proportion of failed ACs from 16% (SSD+SPU) to 5% (BPU+SPU) with 90% 

power at p=0.05 would require 162 patients per group; or from 11% (TA+SPU) to 5% BPU+SPU would 
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require 428 per group (http://www.stat.ubc.ca/~rollin/stats/ssize/b2.html). We conclude that a study of 

BPU+SPU (controls) versus TA+SPU and SSD+SPU would be both feasible and acceptable, in light of 

the high satisfaction scores from clinical staff and patients for all products. 

 

Unavoidably, the study was non-blinded, this may have influenced nurses’ decisions to more 

frequently change AC dressings, which could have impacted on catheter failures. Although not 

statistically significant, a higher number of patients in the SSD+SPU and TA+SPU groups had their 

initial dressing used from AC insertion to removal. This may reflect that both methods were less 

familiar to staff, and were more complex to remove and replace, in comparison to the more simple 

SPU/BPU style dressings.  Reinforcements such as tape were often added in all groups, suggesting 

either that all securement approaches tested are inadequate on their own, or that staff lack confidence 

in these products to prevent failure. Future research could explore these areas. 

 

Our cost comparison favoured SPU as the cheapest approach, and found TA+SPU the most 

expensive. Our calculations were largely influenced by the purchase prices for products. In this patient 

cohort with short-term therapy, AC failure rarely resulted in a new AC insertion but future studies 

would need to factor in the costs of inserting replacement ACs; this would likely change outcomes in 

favour of products with the lowest failure, not just the cheapest purchase price. Although there were 

no AC-related blood stream Infections found in this trial, such infections are known to cause longer 

hospitalisation and higher hospital costs [13]. As we have previously identified, [8] Glue prohibits 

bacterial growth, therefore its higher purchase price may be offset by avoiding treatment costs for AC-

related local or blood stream infections. If any of BPU+SPU, SSD+SPU or TA+SPU became used 

routinely for AC securement and purchased in bulk, this would likely lead to price reductions.  

 

Conclusion  

We confirm that popular SPU dressings are not an effective securement for ACs, particularly for 

patients after cardiac surgery. This randomised controlled pilot trial suggests that BPU+SPU is the 

most effective securement option for ACs, with TA+SPU and SSD+SPU remaining potentially 

beneficial. Further studies need to be performed to determine which dressing is most effective in 

securing ACs and preventing catheter failure over the longer term. 
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Figure 1 CONSORT flow diagram 

 

 

 

 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 



14 

 

 
Table 1. Baseline patient characteristics (n=195) 

 

 SPU BPU+SPU SSD+SPU TA+SPU 

 n=47 n=43 n=49 n=56 

Gender (male) 38 (80.9) 28 (65.1) 36 (73.5) 41 (73.2) 

Age (years) 68.0 (53,75) 68.0 (60,75) 65.0 (57,74) 69.0 (55,79) 

Comorbidities 

number per participant 1 (0,1) 1 (1,3) 1 (1,2) 1 (1,2) 

myocardial infarction 18 (38.3) 26 (60.5) 25 (51.0) 32 (57.1) 

cong. heart failure 12 (25.5) 7 (16.3) 10 (20.4) 7 (12.5) 

diabetes w/o chr. compl. 5 (10.6) 9 (20.9) 5 (10.2) 10 (17.9) 

renal disease 2 (4.3) 7 (16.3) 6 (12.2) 9 (16.1) 

cerebrovascular disease 4 (8.5) 6 (14.0) 3 (6.1) 6 (10.7) 

periph. vascular disease 0 (0.0) 5 (11.6) 3 (6.1) 5 (8.9) 

chr. pulmonary disease 1 (2.1) 4 (9.3) 3 (6.1) 7 (12.5) 

any malignancy 3 (6.4) 1 (2.3) 2 (4.1) 4 (7.1) 

diabetes w. chr. compl. 1 (2.1) 0 (0.0) 2 (4.1) 1 (1.8) 

liver disease (mild) 1 (2.1) 0 (0.0) 2 (4.1) 1 (1.8) 

rheumatic disease 1 (2.1) 1 (2.3) 0 (0.0) 0 (0.0) 

liver disease (mod/sev) 1 (2.1) 0 (0.0) 0 (0.0) 1 (1.8) 

metastatic solid 0 (0.0) 0 (0.0) 1 (2.0) 0 (0.0) 

peptic ulcer disease 0 (0.0) 1 (2.3) 0 (0.0) 0 (0.0) 

Current smoker 2 (4.3) 0 (0.0) 3 (6.1) 0 (0.0) 

Diagnosis 

surgical elective 45 (95.7) 42 (97.7) 46 (93.9) 52 (92.9) 

surgical emergency 2 (4.3) 1 (2.3) 3 (6.1) 3 (5.4) 

medical 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.8) 

Surgery type 

cardiac 46 (97.9) 43 (100.0) 48 (98.0) 53 (94.6) 

thoracic 1 (2.1) 0 (0.0) 0 (0.0) 2 (3.6) 

plastic/reconstructive 0 (0.0) 0 (0.0) 1 (2.0) 0 (0.0) 

Infection 0 (0.0) 0 (0.0) 2 (4.1) 0 (0.0) 

Patient confused 2 (4.3) 0 (0.0) 2 (4.1) 1 (1.8) 

Patient agitated 0 (0.0) 0 (0.0) 2 (4.1) 1 (1.8) 

Patient drowsy 42 (89.4) 38 (88.4) 47 (95.9) 48 (85.7) 

GCS
a
 15.0 (15,15) 15.0 (15,15) 15.0 (15,15) 15.0 (15,15) 

Patient's mobility 

required assistance 46 (97.9) 43 (100.0) 46 (93.9) 53 (94.6) 

unable to mobilise 1 (2.1) 0 (0.0) 3 (6.1) 1 (1.8) 

could turn themselves 0 (0.0) 0 (0.0) 0 (0.0) 2 (3.6) 

Results presented as n (%) or median (25
th
, 75

th
 percentile); where % values do not add up to exactly 

100% was due to missing data or multiple comorbidities; 
a
 Glasgow Coma Scale (3=coma, 15=awake) 
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Table 2. Baseline arterial catheter (AC) characteristics (n=195) 

 

 SPU BPU+SPU SSD+SPU TA+SPU 

 n=47 n=43 n=49 n=56 

Location of AC 

radial 46 (97.9) 42 (97.7) 49 (100.0) 53 (94.6) 

brachial 1 (2.1) 2 (2.3) 0 (0.0) 2 (3.6) 

femoral 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.8) 

Inserted by 

snr registrar 37 (78.7) 28 (65.1) 42 (85.7) 38 (67.9) 

consultant 8 (17.0) 15 (34.9) 6 (12.2) 17 (30.4) 

registrar 2 (4.3) 0 (0.0) 1 (2.0) 1 (1.8) 

Insertion attempts 

one 41 (87.2) 35 (81.4) 45 (91.8) 43 (76.8) 

two 5 (10.6) 4 (9.3) 2 (4.1) 6 (10.7) 

three or more 1 (2.1) 3 (7.0) 2 (4.1) 5 (8.9) 

Catheter type 

Vygon™ 33 (70.2) 21 (48.8) 25 (51.0) 32 (57.1) 

Arrow 1 (2.1) 1 (2.3) 2 (4.1) 3 (5.4) 

Insyte™ 13 (27.7) 21 (48.8) 22 (44.9) 21 (37.5) 

AC order 

initial 46 (97.9) 43 (100.0) 49 (100.0) 53 (94.6) 

subsequent 1 (2.1) 0 (0.0) 0 (0.0) 3 (5.4) 

Infusate 

heparin flush 42 (89.4) 38 (88.4) 47 (95.9) 51 (91.1) 

non-heparin flush 8 (17.0) 11 (25.6) 2 (4.1) 9 (16.1) 

Blood taken (no. of times) 12.0 (10,15) 13.0 (11,19) 12.0 (10,14) 13.0 (12,19) 

Results presented as n (%) or median (25
th
,75

th
 percentile); where % values do not add up to 100% 

this was due to missing data 
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Table 3 Arterial catheter (AC) clinical outcomes by study group (n=195) 
 
 SPU BPU+SPU SSD+SPU TA+SPU 

 n=47 n=43 n=49 n=56 

AC failure 

yes 10 (21.3) 2 (4.7) 8 (16.3) 6 (10.7) 

no 37 (78.7) 41 (95.4) 41 (83.7) 50 (89.3) 

p-value
a
 n/a 0.029 0.606 0.176 

AC-hours  1528 1763 1692 2165 

AC life (hours)
 

25.2 (22.0,30.5) 26.8 (21.9,51.3) 25.9 (23.8,34.3) 26.5 (23.5,48.6) 

Incidence Rate
b
 6.55 (3.52,12.2) 1.13 (0.28,4.54) 4.73 (2.36,9.45) 2.77 (1.25,6.17) 

Incidence Rate Ratio n/a 0.17 (0.02,0.81) 0.72 (0.25,2.03) 0.42 (0.13,1.29) 

Survival functions
c
 n/a p=0.014 p=0.514 p=0.082 

Dressings 

one only
d
 32 (68.1) 24 (55.8) 39 (79.6) 41 (73.2) 

two 11 (23.4) 17 (39.5) 7 (14.3) 11 (19.6) 

three or more 4 (8.5) 2 (4.7) 3 (6.1) 4 (7.1) 

number per patient 1 (1, 2) 1 (1, 2) 1 (1, 1) 1 (1, 2) 

Reason for removal 

completed therapy 38 (80.9) 42 (97.7) 43 (87.8) 50 (89.3) 

safety concerns
 

8 (14.8) 0 (0.0) 0 (0.0) 0 (0.0) 

blocked 1 (2.1) 1 (2.3) 5 (10.2) 2 (3.6) 

monitor failure 1 (2.1) 0 (0.0) 2 (4.1) 2 (3.6) 

leaking 0 (0.0) 1 (2.3) 1 (2.0) 1 (1.8) 

cannot aspirate 0 (0.0) 1 (2.3) 0 (0.0) 0 (0.0) 

dislodgement 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.8) 

routine replacement 0 (0.0) 0 (0.0) 1 (2.0) 0 (0.0) 

Observations at removal 

residue 0 (0.0) 1 (2.3) 2 (4.1) 3 (5.4) 

skin tear 0 (0.0) 0 (0.0) 1 (2.0) 1 (1.8) 

erythema 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.8) 

swelling: <1cm 0 (0.0) 2 (4.7) 1 (2.0) 3 (5.4) 

swelling: 1-2.5cm 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.8) 

swelling: 2.5-5cm 0 (0.0) 1 (1.7) 0 (0.0) 0 (0.0) 

leakage 1 (2.6) 0 (0.0) 0 (0.0) 0 (0.0) 

Results presented as n, n (%), median (25
th
,75

th
 percentile) or as a 95% confidence interval; 

a
Fisher’s 

exact test; 
b
per 1000 AC-hours; 

c
p-values of log-rank test for equality of survival functions; 

d
no group 

differed to control (all p>0.05); 
e
patients withdrawn for safety concerns (counted as failures) 
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