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Midline Catheters — a good alternative device?
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Safe and efficient administration of peripherally compatible intravenous (1V) therapy in hospitalised
patients is a growing challenge and the need for reliable alternative vascular access device (VAD)
options, particularly in those with difficult access, is increasing. Traditionally, peripheral intravenous

catheters (PIVC) have been favoured, and are often the “default” VAD, without due consideration


mailto:nicole.marsh@health.qld.gov.au

given to the planned type or duration of treatment [1]. Over 2 million PIVCs are purchased globally
each year, with their popularity influenced by false perceptions of consistently “easy” insertion and
few serious associated complications [2]. Nevertheless, there is increasing recognition of the high
incidence of PIVC complications - occlusion, infiltration, phlebitis, dislodgement, infection — with all-
cause failure now reported as high as 68% [3]. Such PIVC failure can interrupt ongoing medical
treatment, extend hospital stay, increase patient anxiety (and needle phobia), and deplete patients’
vasculature for future treatment [4]. The resulting substantial financial burden of the endemically
high PIVC failure rate is derived from additional resource consumption - the extra staff time and
products needed to replace and treat the complications of failed PIVCs [4]. Hence there is currently
an urgent necessity for the consideration of alternative VADs to optimally deliver peripherally

compatible IV therapy, whilst preserving patient’s vasculature.

As highlighted by Queixalos et al. [5], the midline catheter (MC) has become an increasingly popular
VAD choice for hospitalised patients. MCs offer an alternative to PIVCs and are considered
appropriate to meet patients’ needs for short to moderate duration (up to 14 days) IV treatment [6].
MCs have been available since the 1950s; however, their popularity increased when remodelled with
modern materials such as polyurethane and silicone [7, 8]. MCs for adults’ range in length from 7.5
to 25 centimetres, with the catheter tip terminating at the level of the axilla, thereby avoiding the
central venous circulation and potentially reducing infection and thrombosis risks associated with
central VADs. Despite the increased uptake of MCs as a VAD option in countries such as France,
Australia and North America, their risk profile is still unclear, and a greater understanding is urgently

needed to guide safe clinical practice.

Queixalos et al. [5] describe in this issue the infectious outcomes of 136 MCs from the University
Hospital of Poitiers. The authors report both the European definition of Catheter Related Clinical
Sepsis (CRCS; termed “catheter infection” in the study), as well as the Catheter Related Bloodstream
Infection (CRBSI) definition more common in North America [9]. Both definitions require clinical
manifestations of infection, with no other obvious source, but otherwise have quite different
criteria. The CRCS diagnosis additionally requires both resolution of clinical manifestations within 48
hours of catheter removal and a positive catheter tip (> 103CFU/ml quantitative vortexing, > 15
cfu/plate semiquantitative culture, or 10% cfu/ml quantitative sonication); no positive blood culture
is required [9]. In contrast, CRBSI additionally requires one positive peripheral blood culture and (i)
an organism matched positive tip culture, or (ii) matched blood cultures drawn from both the device
and peripheral vein meeting a differential time to positivity of more than 120 minutes (catheter
versus peripheral blood), or (iii) simultaneous quantitative blood cultures with a ratio of > 3:1 cfu/ml

(catheter vs. peripheral blood) [9]. Queixalos’ study provides an interesting opportunity to compare



the relative infection incidence obtained with the two definitions, and in this case, they produced
similar results [5]. CRCS incidence was slightly higher at 9% compared with CRBSI 7%, suggesting that
while the CRCS criteria are easier to apply, they do not drastically increase rates over
microbiologically proven criteria. Presumably for the CRBSI outcome, patients met these criteria due
to a positive matched tip rather than paired blood cultures, since blood sampling from peripheral
devices is traditionally not recommended. However, MCs have a larger diameter than PIVCs; should
blood be drawn through MCs in patients suspected of infection, and can the DTP or paired
guantitative culture criteria be used to diagnose infection in these devices, as for central catheters?

To our knowledge, no diagnostic accuracy studies have yet tackled these possibilities.

Queixalos et al.’s [5] results add to emerging evidence on the infection burden of MCs. Our
exploration of MC literature found seven observational studies reporting MC infections in
hospitalised patients - in Australia [10, 11], Europe [12, 13] and North America [14-16]. Four studies
[10, 11, 13, 15] used the CRBSI criteria. Two of these reported zero CRBSI in 42 [10] and 231 MCs
[11] in cystic fibrosis patients, a study of 80 MCs in a Cardiothoracic-Vascular Department reported
one (1.25%) CRBSI [13], and a large study of 1161 MCs from the general medicine and intensive care
units of twelve hospitals in Michigan, USA, reported 4 CRBSIs (0.3%). Despite MCs being peripheral
and not central VADs, Mushtq et al. [14] defined MC infection using both CRBSI and central line
associated bloodstream infection (CLABSI) definitions and reported one CRBSI (0.2%), but no CLABSI
in 411 MCs. Two emergency department studies (total = 126 MCs) reported zero MC-associated
infections, although the definition used was unclear [12, 17]. Thus, CRBSI rates for MCs appear low,
but the lack of consensus in infection definitions makes benchmarking between studies problematic,

and validation of existing definitions for MC use is urgently needed.

Queixalos et.al’s [5] results suggest MC infection risk may be higher than previously reported, with
the CRBSI incidence of 7% (10 of 136 patients) markedly higher than even those reported for central
VADs. MCs are generally thought to have lower infection risk than central VADs, although a recent
meta-analysis found CRBSI incidence in MCs not significantly different to that of peripherally
inserted central catheters at 0.58% (40/6,900) versus 0.48% (127/26,422) respectively (RR = 0.77,
95% Cl: 0.50-1.17, p = .22) [18]. Queixalos et al.’s sample may have been a high-risk group, since
study inclusion required a catheter tip culture to have been performed. One could postulate that if
the sample had included all MCs inserted in the institution over the period, also incorporating those
without a tip culture undertaken, infection incidence would likely have been lower. Interestingly,
despite all tip cultures in this study being ordered at the discretion of the treating physician, only
one-third of MCs were removed for suspected infection. Guidelines do not recommend routine tip

culture. [9] There remains variability in the proportion of MC tips sent for culture within studies,



either they fail to outline the prompt for tip culture [15] or alternatively culture all tips. [10] The
criteria used to order tip cultures “on suspicion of infection” remains unexplored and could be the

focus of future work.

Although both PIVCs and MCs are registered as short-term (less than 30 days) devices, expert
consensus from a multispecialty panel, and international guidelines, recommend MC use only up to
14 days, with consideration of a central VAD for longer therapy duration. [6, 19]. In the study of
Queixalos et al. [5], participants had a median MC dwell of 18 days, potentially contributing to the
higher observed infection incidence, since increased days of invasive device use equates to greater
exposure to the possibility of infection. However, the CRBSI rate of 3.5 per 1000 days was also higher
than previous MC studies (0.2 MC per 1000 days) [8], suggesting that the impact of dwell time was
minimal. Nevertheless, caution should be exercised when considering MC use for the delivery of IV
therapy that exceeds the recommended [6], or regulatory indicated time period. A key safety
practice is for clinicians to undertake daily consideration of MC removal, in response to completion

of therapy, conversion to oral or other routes of treatment, or MC complications.

MCs allow for a greater diversity of VAD options and the ability to tailor healthcare and IV treatment
to patient need [8]. As they are inserted in the upper arm veins (typically cephalic, brachial or
basilic), the catheter tip remains outside the central circulation and therefore radiographical
confirmation of adequate placement is not required, expediting time to treatment [8]. In comparison
to PIVCs, MCs allow greater catheter length to lie within the vein, which is strongly linked to superior
device survival [20]. In addition, longer duration of complication-free dwell for MCs than for PIVCs
avoids multiple PIVC insertions, preserving patients’ vasculature for future IV treatment needs [1, 7].
The risk of device dislodgement is mitigated by optimal placement of MCs in the upper arm, thereby
providing a stable platform with low mobility, in contrast to PIVCs, which are commonly placed over
points of flexion such as the antecubital fossa, hand or wrist [4]. Moreover, as MCs are placed in
larger diameter vessels than those in the hand or forearm, this facilitates adequate natural
haemodilution of IV fluids and medications, reducing the likelihood of chemical phlebitis and

infiltration [8, 19].

MCs are increasingly selected by clinicians for patient treatment; however, they are not risk-free
alternatives to PIVCs, nor to central VADs. It is crucial that they are only used with due patient
assessment and a clear treatment plan that is regularly revisited. High-quality prospective data and
randomised controlled trials are urgently needed to not only quantify infection rates, but also to

identify risk factors, and understand the optimal indications and contraindications for MCs.



Conflicts of Interest:

NM reports that Griffith University has received on her behalf, speaker fees from 3M, investigator-
initiated research grants from Becton Dickinson, Cardinal Health, Eloquest Healthcare and a
consultancy payment from Becton Dickinson for clinical feedback related to peripheral intravenous

catheter placement and maintenance (unrelated to the current project).

References

[1] Hallam, C, Weston, V, Denton, A, Hill, S, Bodenham, A, Dunn, H, Jackson, T. Development
of the UK Vessel Health and Preservation (VHP) framework: a multi-organisational
collaborative. Journal of Infection Prevention, 2016; 17(2): 65-72.
http://doi.org/10.1177/1757177415624752.

[2] Rickard, CM, Ray-Barruel, G. Peripheral intravenous catheter assessment: beyond phlebitis.
Lancet Haematol, 2017; 4(9): e402-e403. http://doi.org/10.1016/52352-3026(17)30145-X.
[3] Zhu, A, Wang, T, Wen, S. Peripheral intravenous catheters in situ for more than 96 h in

adults: What factors affect removal? Int J Nurs Pract, 2016; 22(6): 529-537.
http://doi.org/10.1111/ijn.12492.

(4] Marsh, N, Webster, J, Larsen, E, Cooke, M, Mihala, G, Rickard, CM. Observational Study of
Peripheral Intravenous Catheter Outcomes in Adult Hospitalized Patients: A Multivariable
Analysis of Peripheral Intravenous Catheter Failure. J Hosp Med, 2018; 13(2): 83-89.
http://doi.org/10.12788/jhm.2867.

[5] Queixalos N, Boisson M, Papet T, Kerforne T, Dahyot-Fizelier. Infectious complications of
Midline cathters: an epidemiological study. Anaesthesia Critical Care & Pain Medicine, 2021.

[6] Chopra V, Flanders SA, SaintS, Woller SC, O'Grady NP, Safdar N, TS, Saran R, Moureau N,
al., e. The Michigan Appropriateness Guide for Intravenous Catheters (MAGIC): Results From
a Multispecialty Panel Using the RAND/UCLA Appropriateness Method. Ann Intern Med,
2015; 163(6 Suppl): S1-540.

[7] Alexandrou, E, Ramjan, LM, Spencer, T, Frost, SA, Salamonson, Y, Davidson, PM, Hillman,
KM. The use of midline catheters in the adult acute care setting—clinical implications and
recommendations for practice. Journal of the Association for Vascular Access, 2011; 16(1):
35-41.

[8] Adams, DZ, Little, A, Vinsant, C, Khandelwal, S. The Midline Catheter: A Clinical Review. J
Emerg Med, 2016; 51(3): 252-8. http://doi.org/10.1016/j.jemermed.2016.05.029.

[9] Timsit, JF, Rupp, M, Bouza, E, Chopra, V, Karpanen, T, Laupland, K, Lisboa, T, Mermel, L,
Mimoz, O, Parienti, JJ, Poulakou, G, Souweine, B, Zingg, W. A state of the art review on
optimal practices to prevent, recognize, and manage complications associated with
intravascular devices in the critically ill. Intensive Care Med, 2018; 44(6): 742-759.
http://doi.org/10.1007/s00134-018-5212-y.

[10] Cummings, M, Hearse, N, McCutcheon, H, Deuter, K. Improving antibiotic treatment
outcomes through the implementation of a midline: piloting a change in practice for cystic
fibrosis patients. J Vasc Nurs, 2011; 29(1): 11-5. http://doi.org/10.1016/j.jvn.2010.11.005.

[11] Sharp, R, Esterman, A, McCutcheon, H, Hearse, N, Cummings, M. The safety and efficacy of
midlines compared to peripherally inserted central catheters for adult cystic fibrosis
patients: a retrospective, observational study. Int J Nurs Stud, 2014; 51(5): 694-702.
http://doi.org/10.1016/j.ijnurstu.2013.09.002.



(12]

(13]

(14]

[15]

(16]

(17]

(18]

[19]

[20]

Scoppettuolo, G, Pittiruti, M, Pitoni, S, Dolcetti, L, Emoli, A, Mitidieri, A, Migliorini, I,
Annetta, MG. Ultrasound-guided "short" midline catheters for difficult venous access in the
emergency department: a retrospective analysis. Int ] Emerg Med, 2016; 9(1): 3.
http://doi.org/10.1186/s12245-016-0100-0.

Fabiani, A, Eletto, V, Dreas, L, Beltrame, D, Sanson, G. Midline or long peripheral catheters
in difficult venous access conditions? A comparative study in patients with acute
cardiovascular diseases. Am J Infect Control, 2020; 48(10): 1158-1165.
http://doi.org/10.1016/].ajic.2019.12.025.

Mushtaq, A, Navalkele, B, Kaur, M, Krishna, A, Saleem, A, Rana, N, Gera, S,
Chandramohan, S, Surapaneni, M, Chopra, T. Comparison of complications in midlines
versus central venous catheters: Are midlines safer than central venous lines? Am J Infect
Control, 2018; 46(7): 788-792. http://doi.org/10.1016/j.ajic.2018.01.006.

Chopra, V, Kaatz, S, Swaminathan, L, Boldenow, T, Snyder, A, Burris, R, Bernstein, SJ,
Flanders, S. Variation in use and outcomes related to midline catheters: results from a
multicentre pilot study. BMJ Qual Saf, 2019; 28(9): 714-720. http://doi.org/10.1136/bmjqgs-
2018-008554.

Xu, T, Kingsley, L, DiNucci, S, Messer, G, Jeong, JH, Morgan, B, Shutt, K, Yassin, MH. Safety
and utilization of peripherally inserted central catheters versus midline catheters at a large
academic medical center. Am J Infect Control, 2016; 44(12): 1458-1461.
http://doi.org/10.1016/j.ajic.2016.09.010.

Gilardi, E, Giannuzzi, R, WoldeSellasie, K, Piano, A, Pittiruti, M, Scoppettuolo, G. Mini-
midline in difficult intravenous access patients in emergency department: A prospective
analysis. J Vasc Access, 2020; 21(4): 449-455. http://doi.org/10.1177/1129729819883129.
Lu, H, Hou, Y, Chen,J, Guo, Y, Lang, L, Zheng, X, Xin, X, Lv, Y, Yang, Q. Risk of catheter-
related bloodstream infection associated with midline catheters compared with peripherally
inserted central catheters: A meta-analysis. Nurs Open, 2020; 8(3): 1292-300.
http://doi.org/10.1002/nop2.746.

Gorski, LA, Hadaway, L, Hagle, ME, Broadhurst, D, Clare, S, Kleidon, T, Meyer, BM, Nickel,
B, Rowley, S, Sharpe, E, Alexander, M. Infusion Therapy Standards of Practice, 8th Edition. J
Infus Nurs, 2021; 44(1S Suppl 1): S1-S224. http://doi.org/10.1097/NAN.0000000000000396.
Pandurangadu, AV, Tucker, J, Brackney, AR, Bahl, A. Ultrasound-guided intravenous
catheter survival impacted by amount of catheter residing in the vein. Emerg Med J, 2018;
35(9): 550-555. http://doi.org/10.1136/emermed-2017-206803.



