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BACKGROUND

Peripheral intravenous catheters (PIVCs) are the most prevalent medical device used in health care settings across the world. It is estimated that over half of all patients

admitted to hospital have a PIVC inserted to receive infusion therapy during an episode of hospitalisation2. Midline catheters (MCs) are not as common; however, new
generation MCs are now increasingly being used in clinical settings as an alternative to a standard PIVC, or in lieu of a peripherally inserted central catheter (PICC) for

peripherally compatible medication®.

PIVCs are known to have a high prevalence of complications that impact patient safety. Up to one in 10 hospitalised patients can suffer from phlebitis (that can include
significant pain)'. Other complications include thrombophlebitis, infiltration and dislodgement*®. Catheter-associated blood stream infection (CABSI) related to PIVCs is
a serious adverse event and known to increase morbidity and mortality*”. Although published rates of complications with MCs are lower than standard PIVCs, adverse

outcomes from these devices have included upper extremity thrombosis, leaking at the insertion site and infection, the latter having similar rates to PIVCs®1°,

The mainstay strategy to reduce the incidence of PIVC infection and other complications such as phlebitis has been to routinely replace these devices'™'3. A number of
high-quality studies have found that routine replacement does not reduce the incidence of PIVC-related complications but, rather, sound insertion technique using a
bundle approach, appropriate anatomical placement and catheter size, as well as good securement and dressing practices with ongoing surveillance, has the better

outcomes?56.14-17,

Previous investigations have found MCs to be advantageous in some clinical settings as extended dwell peripheral devices (EDPDs); however, they are more expensive

than PIVCs and require clinicians with expertise to insert them — often with the use of ultrasound guidance®8%'8, Traditional MCs have historically been used as
EDPDs; they are made of soft polyurethane, up to 20 cm in length and are trimmable; and they are inserted into the veins of the upper arm such as the cephalic, basilic

and brachial veins®. New generation MCs are made of a more rigid material that is non-trimmable, they are 8—10 cm in length, with the shorter devices having the option
of being placed below the elbow crease'®%,

The use of standard PIVCs as EDPDs has been adopted successfully by healthcare facilities without increasing the risk of CABSI or phlebitis when insertion and

maintenance bundles are implemented with good educational support and surveillance'”?'. Evidence-based guidelines also support the practice of PIVCs beyond 72-9¢
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hours and removal when clinically indicated when appropriate processes have been set in place, particularly routine surveillance?2.

There are a number of PIVCs and MCs suitable as EDPDs. These include shorter length devices (PIVCs) with stabilisation platforms and integrated extension sets (e.g.
BD Nexiva® up to 48 mm / Delta Med Delta Ven® up to 48 mm) and new generation, longer length devices such as accelerated Seldinger technique (AST) MCs (for
example, Bard PowerGlide® up to 100 mm / Access Scientific POWERWAND® up to 100 mm). All of the above devices have been found to extend dwell times without

increasing complications 9202527,

One cohort that can benefit from EDPDs are patients who experience difficult venous access (DiVa). One in three hospitalised patients are reported to have non-visible
and non-palpable veins and typically experience numerous painful attempts at peripheral cannulation?®2°, Ultrasound-guided cannulation with an EDPD can significantly
improve first attempt success, reduce pain associated with the procedure and reduce the need for further cannulation attempts, or the need for a more invasive
procedure such as the insertion of a central venous access device (CVAD)?3%,

An increasing presentation of patients with multi-morbidity, suffering from DiVa requiring infusion therapy was the catalyst for this initiative. Treating medical teams and
nursing staff were reporting difficulty with cannulating patients, who consequently were referred to the hospital’s central venous access service (CVAS) for the placement
of an ultrasound-guided vascular device. Not all referred patients required an invasive CVAD such as a PICC or centrally inserted central catheter, due to the nature of
the infusate or expected period of infusion therapy.

The CVAS decided to implement an EDPD program for patients with DiVa with a combination of shorter length integrated PIVCs and new-generation MCs to reduce the
need and risk of CVAD placement, and reduce delays for therapy, as well as reduce the number of cannulation attempts. The aim of this study is to report patient and
device characteristics, and compare outcomes from the insertion of two EDPDs, based on an ultrasound assessment insertion algorithm, for patients experiencing DiVa.

METHODS
Study design and setting

The setting for this observational study is an 877-bed tertiary referral hospital in South West Sydney, Australia, that services a large geographic area; the emergency
department has approximately 80,000 presentations annually. The CVAS reviewed products available to the Australian market that would be suitable as extended dwell
devices. The devices’ appearance needed to look unlike PICCs to reduce confusion with treating teams and inadvertent infusion of peripherally incompatible medication
(irritant antibiotics, vasopressors, or vesicant chemotherapy). The devices were required to be compatible with power injection of computerised tomography contrast.

Two products were selected after investigation of availability: the 100 mm PowerGlide® midline (Bard Access, Salt Lake City, UT) and the 48 mm Nexiva® closed
catheter (Becton and Dickinson, Salt Lake City, UT). Sizes available and chosen as suitable were 18 and 20 gauges in both brands.

The choice of product was based on patient and vessel assessment. The CVAS adheres to evidence-based insertion practices that include appropriate sized veins to
accommodate intravascular devices to reduce incidence of venous thrombosis®?, as well as ensuring the maximal amount of catheter is placed inside the vein to reduce

infiltration risk®233, Therefore, vessel depth from skin, and vessel diameter were primary indicators for device choice. All devices were placed using ultrasound guidance.

An insertion algorithm was used to guide device choice. If veins were 10 mm (1 cm) or less from the skin (with ultrasound assessment) the BD 48 mm Nexiva® catheter
was inserted as the first choice; if, however, the vessels were deeper, the 100 mm Bard PowerGlide® was placed. Catheter gauge was determined after ultrasound
assessment of vessel diameter to ensure no more than one-third of the blood vessel was occupied by catheter to ensure adequate blood flow around the device to
reduce thrombosis risk, as well as to increase dilution effect of infusate?. For vein diameter 4 mm or greater, an 18 G device was used, and for vein diameter 4 mm or

less, a 20 G device was used®':3. All catheters were placed using a sterile technique that incorporated maximal barrier precautions, sterile gown and gloves, as well as
mask and cap.

Patient demographics collected included gender, age, clinical category of patient and anatomical placement of device. Catheter characteristics included type of device
inserted and gauge. Primary outcome of interest was length of device dwell and secondary outcomes were reasons for device removal to assess rates of failure in the
catheter groups. Catheter-associated bloodstream infection (CABSI) was defined as sets of positive blood cultures from separate peripheral veins where no other
sources of infection could be found®®. Phlebitis was defined as the presence of pain, redness or swelling surrounding the device site'336:37,

Patient data was collected through routine surveillance by the CVAS and entered into an operational database (Microsoft Access database — Microsoft Office
Professional Plus 2010, Version 14.0.7128.5000), situated on a password-protected network drive of the hospital.

Hospital Human Research Ethics Committee approval was granted (reference number: LNR/15LPOOL/518) to review the characteristics and procedural outcomes of
patients with difficult access requiring ultrasound-guided cannulation. The Standards for Quality Improvement Reporting Excellence version 2.0 (SQUIRE 2.0) guidelines

for reporting improvements in health care were used to present the data®.
Statistical analysis

Data was analysed using the R language for statistical analysis (R Core Team Vienna, Italy). Descriptive statistics are presented as median (interquartile range, IQR)
numbers, proportions, and per 1000 catheter days where appropriate. Non-parametric tests such as the Kruskal-Wallis test were used to assess differences in age and
dwell time between catheter groups. Differences with categorical variables such as catheter outcomes and clinical specialty were tested using the chi-square test or
Fishers exact test, and the time to event of catheter removal was calculated and presented using Kaplan-Meier analysis.

RESULTS

We present the characteristics of 192 patients with a median age of 68 years (IQR 56-78yrs), requiring an extended dwell peripheral catheter between November 2015
and August 2016 (Table 1). Results are presented and stratified in tables by catheter type and catheter gauge (4 groups: 2 x catheter gauge and 2 x catheter type). We
found no difference in gender distribution amongst the population (n=94 males, 49%, p=0.55) or in body mass index (Median BMI 27.5, IQR 23.5-33.1, p=0.17), even
though an elevated BMI was observed. Amongst this predominantly general medical and surgical population group, we found a difference in catheter choice with a
higher number of PowerGlide® catheters inserted according to the insertion algorithm compared to Nexiva® devices. In fact, 4 in every 5 devices inserted were

PowerGlide® catheters (PowerGlide® 18G=82, 43%, PowerGlide® 20G=79, 41%, p < 0.001).
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The basilic veins of the upper arms were the primary choice for cannulation, these vessels comprised just over 90% of all catheter insertions (right basilic = 118, 61%,
left basilic = 57, 30%, p=0.65). The primary reason for catheter insertion was difficult venous access requiring infusion therapy (n=104, 54%) followed by antibiotic

therapy (n=74, 39%. p=0.01). Four in every five catheter insertions were successful at first attempt (n=157, 81%, p=0.97) with BD Nexiva® devices having a higher first
attempt success rate (Table 1).

Table 1: Patient characteristics

Patient and device characteristics

Nexiva 18 G Nexiva 20 G F 18G F 06 Total I

Age, Median, (IQR)" yrs’ 66 (54-74) 74 (62-76) 68 (55-78) 68 (57-79) 6B (56-78) 0.69

- age, yrs 15-87 yrs 7680 yrs 18-96 yrs 25-89yrs 15-96 yrs
Male gender, n (%) a{43) 7(70) 40 (49) 38 (48) 94 (49) 0.55
Total catheters, n (%) 21(11) 10(5) 82 (43) 79 (41) 197 (100} < 0,001
BMI", Median [IQR) 26.3(23.7-331) 22.4(19.5-24.6) 27.5(24.6-33.0) 28.0(23.8-33.2) 27.5(23.5-33.1) 017
Clinical specialty, m (%) 0.42
Critical Care 1(4) 0{o) 7(9) &(10) 16 (8)
Medicine 10 (48) 7(70) 58(71) 51 (65) 126 (66)
Surgery 10 (48) 3(30) 17(21) 19 (24) 49 (26)
‘Women's and Children’s Health o) 0{0) o (o) 1(1) 1(1)
Insertion site, n (% by device) 065
Right Cephalic 2 (10) [1] 2(2) 2(3) B(3)
Left Cephalic 2(10) 0 7(8) 2(3) 11(6)
Right Basilic 9(42) 7(70) 47 (57) 55 (69) 118 (61)
Left Basilic 8(38) 3(30) 26 (32) 20(25) 57 (30)
Reason for device, n (%) 0.01
Poor vascular access 16 (76) 7(70) 36 (45) 44 (56) 104 [54)
Antibiotic therapy 3(14) 2(20) 38 (46) 31(39) 74 (39)
Long-term access o 0 2(2) 0 2(1)
Other 2(10) 1(10) 6(7) 4(5) 12 (6)
Insertion attempts, n (% by device) 097
1 Attempt 19 {50} 9{90) 66 (80) 63 (80) 157 (81)
2 Attempts 2(10) 1(10) 12 (15) 12 (15) 27 (14)
3 Attempts o 0 4(s) 3(4) Ta)
4 or more o 0 1] 1(1} 1(1)

“BMI = Body mass index [Normal 18.5-24.9), *I0R = Interquartile range, *yrs = years

We found the median dwell of all devices to be 6 days (IQR 3—11 days) with a total of 1645 catheter days (Table 2). Median dwell differed between the four catheter
groups (p=0.01). PowerGlide® catheters were observed to have twice the dwell compared to Nexiva® catheters; this also included maximum days in dwell with the
longest being a PowerGlide® 20 G catheter in dwell for 69 days. The longest a Nexiva® catheter (18 G) was in situ was 28 days (Table 2).

Table 2: Device outcomes

Outcomes

Nexiva 18 G Nexiva 20 G 186G 206 Total P
Dwell, median days (I0QR) 2(2-8) 3 (2-4) 6(a-11) 713-12) 6{3-11) <0.01
Minimum - maximum dwell, days 1-28 days 1-8 days 1-40 days 1-69 days 1-69 days
Catheter days 123 35 695 798 1645
Reason for removal, n (%),
events per 1000 catheter days
Dislodgement 3(14), 24.4 1(10), 28.6 12 (15),17.3 10(13), 12.5 76 (13), 15.8 <0.001
End of treatment 13 (62), 105.7 7 (70}, 200.0 58(72), 849 52 (66), 65.2 131 (68), 79.6 <0.001
Occlusion 3(14), 24.4 1(10), 28.6 &(10), 115 15(19), 18.8 27(14), 16.4 <0.001
Infiltration 2(10),16.2 1(10), 28.6 2(2),29 0 5(3).3.0 0.53
Philebitis 0 0 1(1), 1.4 1(1),13 2(1).12 0.39
Suspected infection ] 0 0 1(1),13 1(1),06 0.39
CABSI* o o [ 0 1]

*CABSI = Catheter-associated blood stream infection

Overall, 131 catheters (68%) were removed for cessation of intravenous therapy (79.6 per 1000 catheter days); however, this differed amongst the observed groups.
Nexiva® catheters had shorter median dwell (18 G = 2 days, 20 G = 3 days) compared to PowerGlide® catheters (18 G = 6 days, 20 G = 7 days, p < 0.01), but had

greater observed survival per 1000 catheter days, although Nexiva® devices showed a higher probability of failure in the initial days of placement (Figure 1). The Kaplan-
Meier analysis found no difference in survival rates between the four catheter groups (p=0.4).
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Figure 1: Kaplan-Meier analysis of time to event of catheter removal

We also observed one in every seven catheters inserted failed due to occlusion (n=26, 13%). This rate was highest with Nexiva® 20 G devices (n=15, 28.6/1000 cathete

days, p < 0.001). Infiltration rate was higher in Nexiva® devices compared to PowerGlide® catheters and although one device was removed for suspected infection, no
CABSI was observed and no symptomatic thrombosis was recorded. A low incidence of phlebitis was also recorded (n=1, 1%, p=0.39)

DISCUSSION

The insertion of EDPDs that include new-generation MCs have been used in practice in both adult and paediatric populations®'%25, These devices, when appropriately
inserted, secured and managed well can have a clinical and cost benefit by reducing the number of unnecessary cannulations per patient'*'>17:3 They are also a

successful alternative to more invasive CVADs for peripherally compatible medication for intermediate term therapy?®4°.

Choosing an appropriately sized peripheral device for extended dwell based on ultrasound-guided assessment has not been explored to date, to our knowledge. Both

devices we placed had previously been used for extended dwell purposes (or remained in place until clinical indication for removal)'®2%. We therefore wanted to assess
the effectiveness of these devices in the DiVa cohort based on our insertion algorithm.

EDPDs placed according to vessel depth and diameter can be advantageous for DiVa patients who may incur multiple attempts by multiple personnel to gain peripheral
venous access. The cost of this (sometimes futile) exercise is not only economic for the facility but also entails psychological and physical cost for the patient where

nearly one in 10 PIVCs fail within eight hours of placement and nearly half within 24 hours, even with ultrasound for this cohort*'45.

The use of ultrasound allows access to veins situated deeper in the muscle tissue (particularly in the upper arms) that are not usually visible or palpable; however, the
disadvantage is that catheters are more prone to movement and more likely to dislodge or occlude, as we observed with our PowerGlide® devices placed in deeper
vessels***5. \essel depth from the skin is a known risk factor for catheter failure; therefore, longer length devices such as PowerGlide® can be beneficial for deeper
veins®3246,

We chose the 10 mm depth from skin rule for catheter length selection to maximise catheter material within the vein. The higher number of PowerGlide® catheters used
compared to the shorter Nexiva® catheters reflects the depth of vessels from the skin and above average BMI of the study group. These characteristics may also explain
the slightly higher infiltration rate with the shorter 48 mm length Nexiva® catheters.

Just over 80% of devices were placed on the first attempt. We observed increased attempts with the longer PowerGlide® devices, and this was most likely due to the
technical complexity associated with accessing deeper basilic veins where most devices were placed*34647. Preference for these upper arm veins was related to their
larger diameter, the unlikelihood they had been accessed previously, and their anatomical position away from areas of high flexion*44648,

Dwell times differed between the catheter groups. We found PowerGlide® devices were in situ longer than Nexiva® catheters. One possible explanation could be related
to patient complexity and the requirement for extended infusion therapy. Regardless of this difference, the majority of devices were in place until the cessation of

intravenous therapy, and our observed failure rates were lower than have previously been described, particularly for shorter PIVCs'#+837_ This finding suggests that the
use of integrated devices such as the Nexiva® may be appropriate for extended dwell (the longest we observed was 28 days) when placed in suitable patients (shallowe!

vessels), at a significantly reduced cost compared to new-generation accelerated seldinger devices such as the PowerGlide®.

The leading concerns of extending the length of dwell of peripheral catheters is the risk of failure related to phlebitis and infection''3. Most bacteraemia related to PIVC:

occur shortly after insertion or removal, suggesting sub-optimal insertion and maintenance practices as the primary reason'"#%. All our devices were inserted using
sterile technique and cared for by clinical staff using evidence-based hospital policies. Some of the devices we placed remained in situ for a number of weeks with the
incidence of phlebitis being minimal and no infections observed.

The results of this observational study may be subject to bias or confounding, and interpretation of superiority of product should not be considered as an outcome. The
insertion algorithm we used assisted clinically in device choice; this may have influenced catheter survival rates but, without appropriate testing and adjustment,
causation should not be assumed. Another important potential weakness of our data is that the catheters were not assigned randomly to patients. In particular, the
outcomes of the catheters may have potentially been subject to indication bias where outcomes of specific catheters could have been influenced by other factors that
may have been strong predictors of catheter choice by the inserting clinician.

CONCLUSION
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The insertion of EDPDs has been successful at our institution. Most devices were placed on the first attempt and some were in place for many weeks. We observed
minimal phlebitis and no infections over the study period. We found our approach to extend the dwell of integrated PIVCs until clinical indication for removal alongside
MCs for DiVa patients to be a logical and sensible one. Future studies aimed at defining best practice approaches for managing DiVa patients are required.
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