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Abstract 

Introduction and Purpose: Vascular access devices (VADs) are essential for modern inpatient care, yet 

optimal device selection remains complex due to heterogeneous data on dwell time, indications, and 

complications. Peripheral options such as midline catheters (MCs) and long peripheral catheters (LPCs) 

are increasingly proposed as alternatives to peripherally inserted central catheters (PICCs) and central 

venous catheters (CVCs), particularly for intermediate-duration therapy and in patients with difficult 
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intravenous access (DIVA). The aim of this narrative review is to synthesize current evidence on 

peripheral and central vascular access, focusing on peripheral intravenous catheters (PIVCs), MCs, 

LPCs, PICCs, and CVCs, with respect to dwell time, therapeutic indications, and complication rates, 

including catheter-related bloodstream infections (CRBSI) and thrombosis. 

State of Knowledge: PIVCs, although most commonly used, have short dwell times and high failure 

rates, often complicated by phlebitis, infiltration, and occlusion. Midline catheters provide longer dwell 

times and reduce repeated cannulation but are associated with minor mechanical complications such as 

superficial thrombophlebitis and occlusion. PICCs and CVCs enable prolonged delivery of vesicant and 

hyperosmolar therapies but carry higher risks of bloodstream infection and venous thromboembolism. 

Comparative studies suggest midlines may reduce CRBSI and CLABSI-reportable events relative to 

PICCs, at the cost of more frequent minor complications. 

Conclusion: No single VAD is universally optimal. Device choice should integrate therapy duration, 

infusate characteristics, vascular anatomy, and the balance of infectious, thrombotic, and mechanical 

risks. MCs and LPCs appear promising for intermediate-duration, peripherally compatible therapies; 

however, high-quality randomized studies are needed to refine vascular access algorithms and confirm 

safety signals. 

Abbreviations 

VADs - Vascular Access Devices 

PIVC - Peripheral Intravenous Catheters 

SPC - Short Peripheral Catheter 

LPC - Long Peripheral Catheter 

MCs - Midline Catheters 

DIVA - Difficult Intravenous Access 

CVCs - Central Venous Catheters 

PICC - Peripherally Inserted Central Catheter 

CRBSI - Catheter-Related Bloodstream Infections 

CLABSI - Central-Line Associated Bloodstream Infections 

DVT - Deep Vein Thrombosis 

SVT - Superficial Vein Thrombosis 
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1. Introduction 

Intravenous therapy has evolved from experimental infusions in the 17th century to modern practice 

following the introduction of plastic over-the-needle catheters in the mid-20th century. Advances in 

catheter materials, including Teflon and polyurethane, have improved safety, reduced mechanical 

complications, and extended dwell times, making vascular access a cornerstone of contemporary clinical 

care [1][2]. 

VAD selection depends on anticipated therapy duration, infusate characteristics (pH, osmolarity), and 

patient vascular anatomy [3]. Devices are classified as peripheral or central. 

● PIVCs: Short catheters (≤7.5 cm), inserted into superficial veins, intended for short-term therapy 

with peripherally compatible solutions [1][3][4][5]. Long peripheral catheters (6 to 15 cm), 

typically inserted into upper arm veins (basilic, cephalic, or median cubital veins) [46] 

● Midline Catheters (MCs): 7.5–25 cm, inserted into deep peripheral veins of the upper arm, tip 

remains peripheral. Suitable for medium-duration therapy, particularly in DIVA patients 

[3][5][6][7][8]. 

● Central Venous Catheters (CVCs): Tip in central circulation (superior vena cava/right atrium), 

required for long-term or vesicant therapy [3][4][5]. 

● Peripherally Inserted Central Catheters (PICCs): Placed peripherally but advanced centrally, 

offering durable access with lower insertion complications than CVCs [3][4][6][9]. 

Despite their utility, CVCs and PICCs carry substantial risk of CRBSI and thrombosis [3][6][8]. MCs 

have emerged as potential alternatives for therapies not requiring central access, challenging routine 

PICC use for intermediate-duration therapy. Optimal VAD selection requires balancing risks, patient 

factors, and preservation of vascular health, complicated by variability in clinical practice and limited 

randomized evidence [3][5][9]. 

This research aims to review the contemporary literature on vascular access device selection. 

Specifically, it examines the comparative advantages and limitations of peripheral intravenous catheters, 

midline catheters and peripherally inserted central catheters to support evidence-based, patient-centered 

clinical decision-making. 
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2. Evidence Synthesis 

2.1 Establishing intravenous access and insertion-related considerations 

SPCs are typically inserted into the dorsal hand veins or forearm veins and are technically the simplest 

and most commonly utilized devices. [9][10] They represent the most frequently used form of vascular 

access in hospital settings.[10] 

SPC insertion is based on anatomical landmark identification and the over-the-needle technique, usually 

performed by a single operator. [10] This procedure does not require imaging guidance or specialized 

staff training; however, it is associated with a relatively high rate of first-attempt failure and the need 

for repeated cannulation. [9][10] In a pilot study by March et al., the failure rate of PIVC insertion, 

particularly SPCs was 15.9%, which was higher than that observed for MCs (12.9%), despite staff being 

more experienced with conventional peripheral access techniques. [11] Each additional cannulation 

attempt significantly increases the risk of complications and reduces patient comfort.[11] Moreover, the 

literature highlights that patients with PIVCs report pain and discomfort more frequently than those with 

MCs.[12][13] 

The most common mechanical complications associated with SPCs include hematoma formation, 

bleeding at the insertion site, infiltration or extravasation of infused fluids, and injury to adjacent 

structures such as nerves and arteries.[10][12] It should be noted, however, that the incidence of nerve 

and arterial injuries remains low and is rarely precisely reported in population-based studies.[10] An 

Australian meta-analysis published in 2020 demonstrated that the most frequent PIVC-related 

complications were phlebitis (19.3% when a clear definition was applied), infiltration or extravasation 

(13.7%), occlusion (8%), leakage (7.3%), pain (6.4%), and catheter dislodgement (6.0%).[12] 

Long peripheral catheters (LPCs), with lengths ranging from 6 to 15 cm, are typically inserted into upper 

arm veins (basilic, cephalic, or median cubital veins) using the accelerated Seldinger technique (AST) 

or the modified Seldinger technique (MST).[13] Due to the proximity of neurovascular structures, 

ultrasound guidance is required, particularly in patients with difficult intravenous access (DIVA), and 

appropriate operator training is essential.[13] 

In a retrospective study by Krath et al., the most common reasons for LPC removal were phlebitis 

(17.9%), infiltration (9.4%), and accidental catheter removal (8.5%); cases of venous thrombosis were 

also reported.[13]Catheters inserted into the radial-side veins were significantly more prone to damage, 

which was attributed to smaller vessel diameter and reduced blood flow.  

MCs are inserted into upper arm veins (basilic, brachial, or cephalic), with the catheter tip positioned in 

the proximal segment of the arm vein or the axillary region, without entering the central venous 

circulation.[11][14] Similar to LPC and PICC placement, midline insertion requires ultrasound guidance 
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and trained personnel and most commonly employs the modified Seldinger technique. A major 

advantage of MCs is the lack of requirement for radiographic confirmation of tip position. [14]  

Peripherally inserted central catheters (PICCs) are also placed in upper arm veins (basilic, brachial, or 

cephalic); however, their tips are positioned in the lower superior vena cava or at the cavoatrial junction. 

PICC length typically ranges from 45 to 60 cm and is selected based on patient height and body habitus, 

side of insertion (left-sided placement requires a longer catheter), and vein choice (basilic < brachial< 

cephalic).[15][16][17] 

Even though PICC insertion requires ultrasound guidance for vein identification and needle 

advancement, similarly to LPC and midline placement, unlike these devices, current American Society 

of Anesthesiologists guidelines require radiographic confirmation of catheter tip position immediately 

after insertion. [15][16][18] 

Mechanical injuries during MCs insertion occur less frequently than during peripherally inserted central 

catheter (PICC) placement. In multicenter observational and randomized studies, major mechanical 

complications (e.g., occlusion, bloodstream infection, thrombosis) were significantly more common 

with PICCs than with MCs, both for short- and long-term indications (odds ratio for major complications, 

PICC vs midline: 1.99; 95% CI, 1.61–2.47).[13][20] The most frequent mechanical complications 

associated with PICCs include catheter occlusion (4.5–7%), tip migration (4.4%), thrombosis (1.5–

1.8%), and catheter-related bloodstream infection (1.6–1.8%), whereas MCs are more commonly 

complicated by dislodgement (3.8%), occlusion (2.1–2.3%), and local insertion-site 

reactions.[19][20][21] 

Placement may also be performed under fluoroscopic guidance, allowing real-time visualization of 

catheter advancement, though this requires access to an interventional radiology suite and a specialized 

team.[15][18] Some centers additionally use electrocardiographic (ECG) tip confirmation, which 

necessitates further staff training.[22][23] 

Zi-Xuan Wang et al. highlighted that accurate tip positioning represents a major challenge in PICC use, 

with catheter malposition accounting for 84.4% of insertion failures under ultrasound guidance.[20] 

Most patients in this cohort accepted repositioning or reinsertion under fluoroscopic guidance.[18] 

Reported complications during and after PICC use include upper extremity deep vein thrombosis (2–

16%), catheter-related bloodstream infection, catheter occlusion (1–4.5%), migration or dislodgement 

(4–7%), and mechanical complications such as pain, bleeding, and phlebitis.[18] 

In a large multicenter cohort comparing PIVCs, MCs, and PICCs with respect to mechanical 

complications during insertion, PICCs demonstrated the lowest rate of mechanical complications (3.4%), 

while MCs (5.7%) had significantly fewer complications than PIVCs.[24] These findings support the 
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notion 

that SPCs are characterized by greater mechanical instability.[24] 

2.2 Indications and types of therapy 

Peripheral intravenous catheters (PIVCs) are preferred for short-term therapy. They can be used for most 

intravenous treatments, including blood transfusions [25]. The use of PIVCs for long-term vasopressor 

administration is generally not recommended; however, a recent review demonstrated that in situations 

requiring rapid restoration of hemodynamic stability, peripheral intravenous access may be an 

appropriate option. In such cases, PIVCs are commonly used as a bridge therapy prior to the placement 

of a central venous catheter [26]. 

According to current standards, MCs may also be successfully used for most intravenous therapies, with 

the exception of continuous infusions of vasoconstrictors, parenteral nutrition (PN), or solutions with 

extreme pH values or osmolarity [27]. Nevertheless, a study evaluating the safety of vasoconstrictor 

administration via MCs compared with PICCs did not demonstrate a higher incidence of catheter-related 

complications associated with midlines [28]. 

Further research is required to establish clear and definitive indications for vasopressor therapy 

administered through MCs. A placed MCs may also be used for blood sampling; however, additional 

studies are needed to confirm the safety, accuracy, and reliability of this practice [29]. 

Peripherally inserted central catheters (PICCs) are indicated for patients requiring prolonged intravenous 

therapy, particularly those with limited or inadequate peripheral venous access. Their primary 

therapeutic applications include the administration of irritant or vesicant medications such as 

chemotherapeutic agents, long-term antibiotic therapy, central venous access for hemodynamic 

monitoring, and the delivery of parenteral nutrition. PICCs are especially valuable in patients requiring 

treatment lasting weeks to months. Additional indications include repeated blood sampling, multiple 

transfusions, and use in neonatal populations for nutritional support and maintenance of central venous 

access [30,15]. 

CVCs are indicated for central venous pressure monitoring, infusion of vesicant substances (including 

electrolyte salts, hyperosmolar fluids, vasoactive agents, cytotoxic drugs, and selected antibiotics), and 

in cases of inadequate peripheral venous access. They are also essential for high-volume extracorporeal 

therapies such as hemodialysis, plasmapheresis, and continuous renal replacement therapy (CRRT), 

administration of multiple incompatible infusions (e.g., total parenteral nutrition, chemotherapy, acidic 

medications), massive transfusion protocols, and various venous interventions including inferior vena 

cava (IVC) filter placement, thrombolysis, cardiac pacing, and venous stenting [31,32]. 

2.3 Catheter dwell time 
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One of the key parameters evaluated by researchers is the dwell time of intravenous cannulas. According 

to recommendations and several independent research groups, peripheral intravenous catheters (PIVCs) 

have the shortest functional lifespan, typically lasting 2-4 days.[11][33][34] However, a study by Zhu 

et al. demonstrated that PIVCs may remain in place for more than 96 hours, provided specific clinical 

criteria are met.[35] Manufacturer recommendations for  

Midline catheters remain in the body longer than standard peripheral intravenous catheters, which can 

reduce the number of venipunctures required during hospitalization [11][36]. MCs generally indicate a 

maximum dwell time of up to 29 days. In clinical practice, however, studies most often report average 

dwell times ranging from 8 to 14 days. [37][38][39][40] Some evidence suggests even longer durability: 

a recent randomized clinical trial comparing midlines and PICCs found that midlines may remain 

functional for up to 26 days on average. [9] Importantly, leaving a midline catheter in place for more 

than 15 days is associated with an increased incidence of complications. [25][40][41]Current guidelines 

recommend the use of midline catheters in patients requiring medium-term intravenous therapy and in 

patients with difficult peripheral access; however, these recommendations are largely based on expert 

consensus [14][42]  

Peripherally inserted central catheters (PICCs) show the greatest variability in reported dwell times. The 

American College of Physicians recommends the use of PICCs for intravenous therapy lasting longer 

than 15 days. [16] However, data on the optimal catheter dwell time remain inconclusive. In a 

prospective cohort study by Grau et al. involving 192 PICC lines, the mean dwell time was 

approximately 27 days. [43] A study of 455 patients with hematologic malignancies similarly reported 

a mean indwelling time of 26 days before catheter replacement. [44] In contrast, data collected from 52 

hospitals showed a significantly shorter mean catheter dwell time of 9 days in intensive care unit patients 

and 16 days in non-intensive care unit patients [45] The longest catheter dwell times were reported for 

PICC lines used for parenteral supportive care, where the mean catheter dwell time was 46 days. [46] 

 CVCs  also show a wide range of dwell times across studies. A retrospective analysis reported an 

average of 16 days, [47] while another study found a median of 14 days. [48] Research focusing 

exclusively on ICU populations indicates much shorter dwell times, averaging 6 days. [49] 

Taken together, these findings illustrate the considerable variability in reported dwell times for PIVCs, 

midlines, PICCs, and CVCs. This variability likely reflects differences in patient populations, clinical 

settings, catheter management strategies, and study methodologies. Further research is needed, 

especially studies focusing on homogeneous patient groups to enable more precise comparisons and 

establish reliable benchmarks for catheter dwell times. 

2.4 Complications and safety profile 
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The growing use of PICCs has revealed that their long-term use may be associated with thrombotic 

complications and CLABSI to a degree comparable to CVCs [50]. MCs were introduced as an 

alternative to PICCs, which may reduce the need for CVC and PICC access [51][52]. 

The fact that MCs are not classified as CVCs means that infections associated with them are not reported 

as CLABSI (central line–associated bloodstream infections). However, the increasing use of this type 

of catheter should prompt a critical evaluation of complications caused by these devices [6]. The 

currently available results of analyses on the use of MCs are not unequivocal, or indicate that MCs are 

associated with a lower proportion of severe complications compared with PICCs [8]. It has been shown 

that the use of MCs instead of central venous access, in situations where central access was not clearly 

indicated, contributed to a significant reduction in CLABSI rates, which in turn translated into more 

than half a million dollars in annual savings for hospitals [53]. The above suggests that the use of MCs 

may prove beneficial on multiple levels – for patient health and satisfaction as well as from an economic 

perspective. 

Between September 2023 and January 2024 a study by Zhao et al. MCs demonstrated a lower 

complication rate than LPCs in bariatric surgery patients despite longer insertion times, with similar 

rates of occlusion, thrombosis, phlebitis, and dislodgement, and extravasation/infiltration occurring 

significantly less frequently [54]. 

Interestingly, with the increasing popularity of MCs, observational studies have emerged showing the 

opposite relationship and suggesting that the incidence of complications associated with MCs may be 

similar to, or even exceed, that observed with PICCs [55]. Moreover, the incidence of mechanical 

complications appears to be higher with MCs than with PICCs [8].  

The attempt to avoid the use of CVCs in favor of MCs to reduce, among others, the risk of bloodstream 

infections does not seem to be unequivocally beneficial, and study by Hogle et al. suggests that the 

incidence of midline catheter–associated bloodstream infection (MLABSI) is not completely eliminated 

[55]. 

A study by Bahl et al. demonstrated that the risk of thrombosis with MCs was higher than with PICCs 

(11.88% for MCs vs 6.88% for PICCs). An additional noteworthy observation was a statistically 

significant increase in the incidence of thrombosis in the limb contralateral to the catheter insertion site. 

This indicates that there may be an association between the placement of vascular access and an 

increased risk of symptomatic thrombosis in the contralateral limb [56]. 

Xu et al. reported findings suggesting that, although MCs were associated with a higher overall number 

of complications and hospital readmissions than PICCs, their use was associated with a significant 

reduction in the number of reported CLABSI. It was concluded that MCs may represent an acceptable 

alternative to PICCs, allowing the avoidance of CLABSI, which are dangerous for patients, even at the 
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cost of a possible increase in non-severe complications [52]. 

Results from a meta-analysis conducted by M. Uretcho et al. showed that, on the one hand, the use of a 

MC was associated with a lower rate of bloodstream infection in patients compared with PICCs, while, 

on the other hand, a higher risk of superficial thrombophlebitis (SVT) was observed, although the overall 

rate of local thrombosis (SVT and DVT – deep venous thrombosis) and pulmonary embolism was 

similar [6]. These findings necessitate more in-depth analysis and the conduct of large, high-quality 

studies, which will allow a thorough evaluation and comparison of complication rates associated with 

these types of vascular access.  

The collected data suggest that MCs may represent an attractive alternative to PICCs and CVCs, 

especially in the context of reducing CLABSI rates and potential economic benefits; however, their use 

is simultaneously associated with a significant increase in the proportion of non-severe complications, 

which should not be overlooked. The heterogeneity of the available results necessitates further, in-depth 

evaluation of the safety and efficacy of MCs in different patient populations and the conduct of large, 

randomized trials with high methodological quality before their optimal place in vascular access 

selection strategies in the context of potential complications can be clearly defined. 

3. Discussion 

Taken together, studies reveal considerable variability in dwell times for PIVCs, midlines, PICCs, and 

CVCs, driven by differences in patient populations, clinical settings, catheter management strategies, 

and study methodologies. Further research on homogeneous groups is needed to establish reliable 

benchmarks. Vascular access device selection should be guided by therapy duration, infused substance 

characteristics, and patient factors like vein quality and clinical stability: PIVCs are first-line for short-

term and emergency use (including temporary vasopressors as a bridge to central access); midlines offer 

a valuable intermediate option with longer dwell times and fewer recannulations, especially in difficult 

venous access, though their vasopressor role requires more investigation; PICCs suit prolonged central 

access needs; and CVCs remain essential for critically ill patients needing complex, high-risk, or high-

volume therapies. Insertion techniques show SPCs provide the greatest anatomical accessibility and ease 

but at the cost of mechanical instability and higher complications; midlines strike a balance between 

safety, durability, and risk; while PICCs should be reserved for long-term therapy after individualized 

risk assessment. 

Regarding complications, MCs emerge as an attractive PICC/CVC alternative due to lower CLABSI 

rates and economic benefits, yet they increase non-severe complications data heterogeneity calls for 

large, high-quality randomized trials to define their optimal role in vascular access strategies across 

patient populations. 
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4. Conclusion 

Device choice should integrate expected therapy duration, infusate characteristics, vascular anatomy, 

and the balance between infectious, thrombotic, and mechanical risks. MCs and LPCs appear promising 

alternatives to central access for intermediate-duration, peripherally compatible therapies; however, 

large, high-quality randomized studies are needed to refine selection algorithms and clarify safety 

signals. 

5. Declarations and references (as provided) 

Disclosure Authors do not report any disclosures. 

Authors contribution: 

Conceptualization: Artur Drzewiecki 

Methodology: Maciej Grzela 

Investigation: Oliwia Maciaszek 

Software: Antonina Drzewiecka 

Formal analysis: Natalia Mućka 

Resources: Maciej Grzela 

All authors have read and agreed with the published version of the manuscript. 

Funding statement: The study did not receive special funding. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: Not applicable. 

 

Conflict of Interest Statement: The authors declare no conflict of interest. 

In preparing this work, the author(s) used perplexity.ai for the purpose of improve language and 

readability, text formatting, 

verification of bibliographic styles,. After using this tool/service, the author(s) have reviewed and edited 

the content as needed 

and accept full responsibility for the substantive content of the publication 

 

REFERENCES 

1. Rivera AM, Strauss KW, van Zundert A, Mortier E. The history of peripheral intravenous catheters: 

how little plastic tubes revolutionized medicine. Acta Anaesthesiol Belg. 2005;56(3):271-282. 



 

11 

2. Dudrick, Stanley J. „History of Vascular Access”. Journal of Parenteral and Enteral Nutrition 30, nr 

1S (2006). https://doi.org/10.1177/01486071060300S1S47. 

3. Moureau, Nancy, i Vineet Chopra. „Indications for peripheral, midline and central catheters: summary 

of the MAGIC recommendations.” British journal of nursing, advance online publication, 2016. 

https://doi.org/10.12968/BJON.2016.25.8.S15. 

4. Bompoint, Caroline, Alberto Castagna, Daphna Hutt, et al. „Transplant Preparation”. W The 

European Blood and Marrow Transplantation Textbook for Nurses, zredagowane przez Michelle 

Kenyon i Aleksandra Babic. Springer International Publishing, 2018. https://doi.org/10.1007/978-3-

319-50026-3_4. 

5. Nickel, Barb. „Does the Midline Peripheral Intravenous Catheter Have a Place in Critical Care?” 

Critical Care Nurse, advance online publication, 2021. https://doi.org/10.4037/CCN2021818. 

6. Urtecho M, Torres Roldan VD, Nayfeh T, et al. Comparing Complication Rates of Midline Catheter 

vs Peripherally Inserted Central Catheter. A Systematic Review and Meta-analysis. Open Forum Infect 

Dis. 2023;10(2):ofad024. Published 2023 Jan 18. doi:10.1093/ofid/ofad024 

7. Lu H, Yang Q, Tian B, Lyu Y, Zheng X, Xin X. A meta-analysis of the comparison of phlebitis 

between midline catheters and peripherally inserted central catheters in infusion therapy. Int J Nurs Pract. 

2022;28(2):e12976. doi:10.1111/ijn.12976. 

8. Mushtaq A, Navalkele B, Kaur M, et al. Comparison of complications in midlines versus central 

venous catheters: Are midlines safer than central venous lines? Am J Infect Control. 2018;Advance 

online publication. doi:10.1016/J.AJIC.2018.01.006. 

9. Bentridi A, Giroux MF, Soulez G, et al. Midline Venous Catheter vs Peripherally Inserted Central 

Catheter for Intravenous Therapy: A Randomized Clinical Trial. JAMA Netw Open. 2025;8(3):e251258. 

Published 2025 Mar 3. doi:10.1001/jamanetworkopen.2025.1258 

10. Beecham GB, Tackling G. Peripheral Line Placement. [Aktualizacja 25 lipca 2023]. W: StatPearls 

[Internet]. Treasure Island (FL): StatPearls Publishing; styczeń 2025. Dostępne na stronie: 

https://www.ncbi.nlm.nih.gov/books/NBK539795/ 

11. Marsh N, Larsen EN, O'Brien C, et al. Safety and efficacy of midline catheters versus peripheral 

intravenous catheters: A pilot randomized controlled trial. Int J Nurs Pract. 2023;29(2):e13110. 

doi:10.1111/ijn.13110 

https://doi.org/10.1177/01486071060300S1S47
https://doi.org/10.12968/BJON.2016.25.8.S15
https://doi.org/10.1007/978-3-319-50026-3_4
https://doi.org/10.1007/978-3-319-50026-3_4


 

12 

12.Marsh N, Webster J, Ullman AJ, et al. Peripheral intravenous catheter non-infectious complications 

in adults: A systematic review and meta-analysis. J Adv Nurs. 2020;76(12):3346-3362. 

doi:10.1111/jan.14565 

13. Krath J, Fredskilde J, Christensen SK, et al. The performance and complications of long peripheral 

venous catheters: A retrospective single-centre study. Acta Anaesthesiol Scand. 2024;68(10):1463-1470. 

doi:10.1111/aas.14517 

14.Thomsen SL, Boa R, Vinter-Jensen L, Rasmussen BS. Safety and Efficacy of Midline vs Peripherally 

Inserted Central Catheters Among Adults Receiving IV Therapy: A Randomized Clinical Trial. JAMA 

Netw Open. 2024;7(2):e2355716. Published 2024 Feb 5. doi:10.1001/jamanetworkopen.2023.55716 

15. Agarwal A, Montanarella MJ, Moon B. Peripherally Inserted Central Catheter (PICC) Line 

Placement. In: StatPearls. Treasure Island (FL): StatPearls Publishing; January 10, 2024. 

16. Kim H, Cho SB, Park SE, et al. A New Equation to Estimate Peripherally Inserted Central Catheter 

Length. Medicina (Kaunas). 2024;60(3):417. Published 2024 Feb 29. doi:10.3390/medicina60030417 

17. Kim D, Park JW, Cho SB, Rhyu IJ. Anatomical Structures to Be Concerned With During 

Peripherally Inserted Central Catheter Procedures. J Korean Med Sci. 2023;38(41):e329. Published 

2023 Oct 23. doi:10.3346/jkms.2023.38.e329 

18. Wang ZX, Li L, Zhao YF. Fluoroscopically guided repositioning of peripherally inserted central 

catheter in patients failing ultrasound-guided-only placement: a retrospective five-year study. Acta 

Radiol. 2023;64(6):2132-2136. doi:10.1177/02841851231168981 

19. Swaminathan L, Flanders S, Horowitz J, Zhang Q, O'Malley M, Chopra V. Safety and Outcomes of 

Midline Catheters vs Peripherally Inserted Central Catheters for Patients With Short-term Indications: 

A Multicenter Study. JAMA Intern Med. 2022;182(1):50-58. doi:10.1001/jamainternmed.2021.6844 

20. Paje D, Walzl E, Heath M, et al. Midline vs Peripherally Inserted Central Catheter for Outpatient 

Parenteral Antimicrobial Therapy. JAMA Intern Med. 2025;185(1):83-91. 

doi:10.1001/jamainternmed.2024.5984 

21. Kleidon TM, Gibson V, Cattanach P, et al. Midline Compared With Peripheral Intravenous Catheters 

for Therapy of 4 Days or Longer in Pediatric Patients: A Randomized Clinical Trial. JAMA Pediatr. 

2023;177(11):1132-1140. doi:10.1001/jamapediatrics.2023.3526 

22. Gao Y, Liu Y, Zhang H, Fang F, Song L. The safety and accuracy of ECG-guided PICC tip position 

verification applied in patients with atrial fibrillation. Ther Clin Risk Manag. 2018;14:1075-1081. 

Published 2018 Jun 6. doi:10.2147/TCRM.S156468 



 

13 

23. Pittiruti M, La Greca A, Scoppettuolo G. The electrocardiographic method for positioning the tip of 

central venous catheters. J Vasc Access. 2011;12(4):280-291. doi:10.5301/JVA.2011.8381 

24.Chopra V, Kaatz S, Swaminathan L, et al. Variation in use and outcomes related to midline catheters: 

results from a multicentre pilot study. BMJ Qual Saf. 2019;28(9):714-720. doi:10.1136/bmjqs-2018-

008554 

 

25.Gorski LA, Hadaway L, Hagle ME, et al. Infusion Therapy Standards of Practice, 8th Edition. J Infus 

Nurs. 2021;44(1S Suppl 1):S1-S224. doi:10.1097/NAN.0000000000000396 

26. Chen G, Shen C, Pan C, Gao X, Sun M, Li X. Summary of best evidence for safe management of 

vasopressors through peripheral intravenous catheters. BMC Nurs. 2025;24(1):1000. Published 2025 

Jul 31. doi:10.1186/s12912-025-03635-3 

27. Nickel B, Gorski L, Kleidon T, et al. Infusion Therapy Standards of Practice, 9th Edition. J Infus 

Nurs. 2024;47(1S Suppl 1):S1-S285. doi:10.1097/NAN.0000000000000532 

28. Gershengorn HB, Basu T, Horowitz JK, et al. The Association of Vasopressor Administration 

through a Midline Catheter with Catheter-related Complications. Ann Am Thorac Soc. 

2023;20(7):1003-1011. doi:10.1513/AnnalsATS.202209-814OC 

29. Midline Catheters for Administering Intravenous Infusion Therapy: Health Technologies. Ottawa 

(ON): Canadian Agency for Drugs and Technologies in Health; March 2025. 

30. Gonzalez R, Cassaro S. Percutaneous Central Catheter(Archived). In: StatPearls. Treasure Island 

(FL): StatPearls Publishing; September 4, 2023. 

31. Kolikof J, Peterson K, Williams C, Baker AM. Central Venous Catheter Insertion. In: StatPearls. 

Treasure Island (FL): StatPearls Publishing; February 4, 2025. 

32. Jamshidi R. Central venous catheters: Indications, techniques, and complications. Semin Pediatr 

Surg. 2019;28(1):26-32. doi:10.1053/j.sempedsurg.2019.01.005 

33 Ertaş Akyüz G, Turan N. Association between peripheral intravenous catheters and clinical 

characteristics in the development of phlebitis. J Vasc Access. 2025;26(2):540-546. 

doi:10.1177/11297298231226426 

34. Zanella MC, Catho G, Jackson H, et al. Dwell Time and Risk of Bloodstream Infection With 

Peripheral Intravenous Catheters. JAMA Netw Open. 2025;8(4):e257202. Published 2025 Apr 1. 

doi:10.1001/jamanetworkopen.2025.7202 



 

14 

35. 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. doi:10.1111/ijn.12492 

 

36. Villalba-Nicolau M, Chover-Sierra E, Saus-Ortega C, Ballestar-Tarín ML, Chover-Sierra P, 

Martínez-Sabater A. Usefulness of Midline Catheters versus Peripheral Venous Catheters in an Inpatient 

Unit: A Pilot Randomized Clinical Trial. Nurs Rep. 2022;12(4):814-823. Published 2022 Oct 31. 

doi:10.3390/nursrep12040079 

37. Bundgaard Madsen E, Sloth E, Skov Illum B, Juhl-Olsen P. The clinical performance of midline 

catheters-An observational study. Acta Anaesthesiol Scand. 2020;64(3):394-399. 

doi:10.1111/aas.13516 

38. Nielsen EB, Antonsen L, Mensel C, et al. The efficacy of midline catheters-a prospective, 

randomized, active-controlled study. Int J Infect Dis. 2021;102:220-225. doi:10.1016/j.ijid.2020.10.053 

39.. Souri Y, Hernandez Cancino EF, Kerndl H, Hyhlik-Duerr A, Gosslau Y. Clinical evaluation of the 

PowerGlide Pro midline catheter- dwell time, complications and outcomes for various medications 

including prostaglandins. Langenbecks Arch Surg. 2024;409(1):363. Published 2024 Nov 27. 

doi:10.1007/s00423-024-03546-y 

40. Johnson A, Gupta A, Feierabend T, Lopus T, Schildhouse R, Paje D. Midline catheters: A 3-year 

experience at a veterans administration medical center. Am J Infect Control. 2023;51(5):563-566. 

doi:10.1016/j.ajic.2022.08.002 

41. Tripathi S, Kumar S, Kaushik S. The Practice and Complications of Midline Catheters: A Systematic 

Review. Crit Care Med. 2021;49(2):e140-e150. doi:10.1097/CCM.0000000000004764 

42. Chopra V, Flanders SA, Saint S, et al. 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-S40. doi:10.7326/M15-0744 

43. Grau D, Clarivet B, Lotthé A, Bommart S, Parer S. Complications with peripherally inserted central 

catheters (PICCs) used in hospitalized patients and outpatients: a prospective cohort study. Antimicrob 

Resist Infect Control. 2017;6:18. Published 2017 Jan 28. doi:10.1186/s13756-016-0161-0. 

44. Caris MG, de Jonge NA, Punt HJ, et al. Indwelling time of peripherally inserted central catheters 

and incidence of bloodstream infections in haematology patients: a cohort study. Antimicrob Resist 

Infect Control. 2022;11(1):37. Published 2022 Feb 17. doi:10.1186/s13756-022-01069-z 



 

15 

45. Govindan S, Snyder A, Flanders SA, Chopra V. Peripherally Inserted Central Catheters in the ICU: 

A Retrospective Study of Adult Medical Patients in 52 Hospitals. Crit Care Med. 2018;46(12):e1136-

e1144. doi:10.1097/CCM.0000000000003423 

46. Campagna S, Gonella S, Berchialla P, et al. A retrospective study of the safety of over 100,000 

peripherally-inserted central catheters days for parenteral supportive treatments. Res Nurs Health. 

2019;42(3):198-204. doi:10.1002/nur.21939 

47.Pitiriga V, Bakalis J, Kampos E, Kanellopoulos P, Saroglou G, Tsakris A. Duration of central venous 

catheter placement and central line-associated bloodstream infections after the adoption of prevention 

bundles: a two-year retrospective study. Antimicrob Resist Infect Control. 2022;11(1):96. Published 

2022 Jul 15. doi:10.1186/s13756-022-01131-w 

48. Pitiriga VC, Bakalis J, Campos E, et al. Central Venous Catheters versus Peripherally Inserted 

Central Catheters: A Comparison of Indwelling Time Resulting in Colonization by Multidrug-Resistant 

Pathogens. Antibiotics (Basel). 2024;13(1):89. Published 2024 Jan 17. doi:10.3390/antibiotics13010089. 

49. .Iachkine J, Buetti N, de Grooth HJ, et al. Development and validation of a multivariable prediction 

model of central venous catheter-tip colonization in a cohort of five randomized trials. Crit Care. 

2022;26(1):205. Published 2022 Jul 7. doi:10.1186/s13054-022-04078-x 

50. Kim KH, Park SW, Chang IS, Yim Y. The dwell time and survival rates of PICC placement after 

balloon angioplasty in patient with unexpected central venous obstruction. J Vasc Access. 

2016;17(5):423-428. doi:10.5301/jva.5000579 

51. Chopra V, O'Horo JC, Rogers MA, Maki DG, Safdar N. The risk of bloodstream infection associated 

with peripherally inserted central catheters compared with central venous catheters in adults: a 

systematic review and meta-analysis. Infect Control Hosp Epidemiol. 2013;34(9):908-918. 

doi:10.1086/671737 

52. Xu T, Kingsley L, DiNucci S, et al. 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. doi:10.1016/j.ajic.2016.09.010 

53.Adams DZ, Little A, Vinsant C, Khandelwal S. The Midline Catheter: A Clinical Review. J Emerg 

Med. 2016;51(3):252-258. doi:10.1016/j.jemermed.2016.05.029 

54. Zhao L, Yang X, Liu C, et al. Comparative safety and efficacy of midline catheters versus long 

peripheral catheters in patients undergoing bariatric surgery: a randomised controlled trial. Sci Rep. 

2025;15(1):30534. Published 2025 Aug 20. doi:10.1038/s41598-025-12551-0 



 

16 

55. Hogle NJ, Balzer KM, Ross BG, et al. A comparison of the incidence of midline catheter-associated 

bloodstream infections to that of central line-associated bloodstream infections in 5 acute care hospitals. 

Am J Infect Control. 2020;48(9):1108-1110. doi:10.1016/j.ajic.2019.11.004 

56. Bahl A, Karabon P, Chu D. Comparison of Venous Thrombosis Complications in Midlines Versus 

Peripherally Inserted Central Catheters: Are Midlines the Safer Option?. Clin Appl Thromb Hemost. 

2019;25:1076029619839150. doi:10.1177/1076029619839150 


