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Introduction

• Decades of investigation into antimicrobial technologies to prevent 

device-related colonization and infection

• Catheters impregnated with chlorhexidine/silver sulfadiazine and others 

(5-fluorouracil, teicoplanin, miconazole/rifampicin, minocycline/rifampin) 

have demonstrated superiority to traditional/plain catheters in preventing 

colonization and CRBSIs



Current Status

• Several kinds of treatments of the catheter surfaces are available;

▪ Antimicrobial (antiseptic) – chlorhexidine/silver sulfadiazine - effective against 

gra-positive, gram-negative and fungi

▪ Antimicrobial (antibiotic) - rifampicin/minocycline combinations - effective 

against gram-positive, but weak against gram-negative and fungi

▪ Antithrombotic – flouro-oligomeric - AT only, no efficacy against any pathogens



▪ Silver/Carbon/Platinum alloy - prevent colonization through the release 

of silver ions (Ag+) - short term efficacy against gram-positive, but 

weak on long term - minimal efficacy against fungi and gram-negative 

pathogens

▪ Hydrophobic – hydrophilic polymer chains that repels protein 

adsorption - may have some effect on preventing acute platelet 

response but does not prevent chronic fibroblastic sleeve formation, no 

effects against pathogens – limited patient data



• A retrospective review of midlines with hydrophobic material compared 

with polyurethane, modified polyurethane (i.e fluoro-oligomer) and 

thermoplastic midlines

• Performed by mobile VA service – no inpatient follow-up

• Standardized C&M policies were not in place across either 2 facilities

• Device infection rates not reported1



• Reported only observational failures (phlebitis, leaking, occlusion, 

thrombosis) – considered precursors to infection

• No US assessment for thrombosis in HBM group was performed, eluding 

any asymptomatic thrombotic episodes1



Review of antimicrobial implants

• The antimicrobial releasing coatings 

are probably the most extensively 

studied to prevent the medical 

implants associated with infections

• Devices with either super-

hydrophobic coatings or microbicidal 

polymers may achieve long-term 

safety free drug resistance2,3



Inorganic Nanoparticle Research

• The use of nanomaterials, based on inorganic nanostructures including 

silver, zinc, silicium, zirconium, iron, copper have been extensively studied. 

They can offer;

• increased thermal and mechanical 

properties,

• good biocompatibility,

• bioresorbable with an intrinsic 

pharmacological action

• or materials that promote drug 

release4



• Increasing 

investigations of 

antimicrobial silvers 

and other 

compounds5,6



Heparin-binding peptides

• The coating was applied to 

prevent not only planktonic 

bacterial growth but also 

prevented the growth of a 

biofilm

• Coating had both antibacterial 

and anticoagulant effect 

simultaneously7



• Buetti et al. discussed 2 recent meta-analyses that still included studies 

before “best practices”, where CRBSI levels were unacceptably high, 

compared with today’s standards8



• 66 studies, 17,255 catheters evaluating 14 different catheter impregnations

• No impregnations significantly reduced all-cause mortality

• For catheter colonization, significant decreases were shown by miconazole-

rifampicin, 5-fluorouracil, and CH/SSD impregnations compared with no 

impregnation.

• Determined outcomes are superior for catheters impregnated with CH/SSD 

(or A/B’s) than for standard/plain catheters in preventing catheter 

colonization and CRBSIs9

Chong et al. (2017)



• 33 trials, 10,464 patients receiving one of four types of CVCs - AC, OVS, 

CH/SSD, CSC*

• Authors determined outcomes were superior for catheters impregnated 

with CH/SSD (or ACs) over plain catheters in preventing CRBSIs and 

catheter colonization under bundles

• CH/SSD catheters resulted in fewer cases of microbial colonization of the 

catheter compared with silver ion-impregnated CVCs10

* AC – antibiotic catheter; OVS – oligon vantex silver/silver; CH/SSD – chlorhexidine/silver sulfadiazine; CSC – convention standard catheter

Wang et al. (2018)



• 42,562 patients with a PICC, 

– 39,806 (93.5%) were plain polyurethane

– 2,263 (5.3%) incorporated AM materials

– 921 (2.2%) incorporated AT materials

• Indeterminable that a combined AM/AT catheter material was evaluated

• Included quad-lumen catheters, no PICCs available in lumen 

configuration11



Winkler et al. (2021)

• 103 patients prospectively enrolled over 3 US tertiary facilities, placed by 

interventional radiology

• Three (2.9%) patients had laboratory confirmed CLABSI

• CLABSI incidence rate with clinical manifestations was 0.82/1000 days12



• Pre/post implementation study over 30 months in 582-bed community 

teaching hospital

• 1375 devices, 12,352 inpatient central line days

• CLABSI incidence reduced from a baseline rate of 1.83 to 0.162/1000 days 

(91.15% reduction, P=.0002)

• Subsequent years CLABSI rate was 013





• Limited RCTs on AM catheters in pediatrics, but increasing

• Two recent SR/MAs provided the most recent and comprehensive analysis 

of the efficiency of impregnated CVCs for the prevention of CRBSI 

• Determined AM CICCs in pediatrics was beneficial effect on decreasing the 

CRBSI risk in children aged under 18 years compared with non-

impregnated standard CVCs15,16



• 4 SR w/ MAs and 3 primary studies comparing impregnated and non-

coated catheters were identified

• Three reported a statistically significant lower risk of catheter-related 

bloodstream infection with antimicrobial and antibiotic compared to non-

coated catheters

• The fourth reported the findings of a MA indicating no difference in CRSBI 

for silver coated catheters compared to non-coated catheters17



• Updated IP strategies from ID experts recommend the use of antimicrobial 

devices to prevent colonization and infection

• Use of AM catheters with chlorhexidine-impregnated dressings, along with 

the application of insertion and maintenance bundles, is an effective and 

cost-effective approach for preventing central line-related infections18,19



Summary

• AM technologies offer additional protection in moderate to high-risk adult 

and pediatric patients

• Consider AM technology protection BEYOND just insertion practices –

provides protection out to 30 days+

• Microbial colonization & infectious complications may further be reduced 

when combined with a bundled care approach

• Ongoing research is essential on non-antibiotic antimicrobial therapies for 

prevention of increasing risk of resistance to pathogens



References
1. Bunch J. A Retrospective Assessment of Midline Catheter Failures Focusing on Catheter Composition. Journal of Infusion Nursing. 2022 Sep 1;45(5):270-8.

2. Ananda T, Modi A, Chakraborty I, Managuli V, Mukhopadhyay C, Mazumder N. Nosocomial Infections and Role of Nanotechnology. Bioengineering. 2022 Jan 28;9(2):51.

3. Shahid A, Aslam B, Muzammil S, Aslam N, Shahid M, Almatroudi A, Allemailem KS, Saqalein M, Nisar MA, Rasool MH, Khurshid M. The prospects of antimicrobial coated medical implants. Journal of 
Applied Biomaterials & Functional Materials. 2021 Aug;19:22808000211040304.

4. Carvalho GC, Sábio RM, Spósito L, Pinto TD, Chorilli M. An overview of the use of central venous catheters impregnated with drugs or with inorganic nanoparticles as a strategy in preventing infections. 
International Journal of Pharmaceutics. 2022 Jan 30:121518.

5. Duan S, Wu R, Xiong YH, Ren HM, Lei C, Zhao YQ, Zhang XY, Xu FJ. Multifunctional antimicrobial materials: From rational design to biomedical applications. Progress in Materials Science. 2022 Apr 
1;125:100887.

6. Marchiori G, Gambardella A, Berni M, Bellucci D, Cassiolas G, Cannillo V. Impact of Surface Functionalization by Nanostructured Silver Thin Films on Thermoplastic Central Venous Catheters: Mechanical, 
Microscopical and Thermal Analyses. Coatings. 2020 Oct 27;10(11):1034.

7. Mulinti P, Kalita D, Hasan R, Quadir M, Wang Y, Brooks A. Development and processing of novel heparin binding functionalized modified spider silk coating for catheter providing dual antimicrobial and 
anticoagulant properties. Materialia. 2020 Dec 1;14:100937.

8. Buetti N, Tabah A, Timsit JF, Zingg W. What is new in catheter use and catheter infection prevention in the ICU. Current Opinion in Critical Care. 2020 Oct 1;26(5):459-65.

9. Chong HY, Lai NM, Apisarnthanarak A, Chaiyakunapruk N. Comparative efficacy of antimicrobial central venous catheters in reducing catheter-related bloodstream infections in adults: abridged Cochrane 
systematic review and network meta-analysis. Clinical Infectious Diseases. 2017 May 15;64(suppl_2):S131-40.

10. Wang H, Tong H, Liu H, Wang Y, Wang R, Gao H, Yu P, Lv Y, Chen S, Wang G, Liu M. Effectiveness of antimicrobial-coated central venous catheters for preventing catheter-related blood-stream infections 
with the implementation of bundles: a systematic review and network meta-analysis. Annals of intensive care. 2018 Dec;8(1):1-2.

11. Ullman AJ, Paterson RS, Schults JA, Kleidon TM, August D, O’Malley M, Horowitz J, Rickard CM, Paje D, Chopra V. Do antimicrobial and antithrombogenic peripherally inserted central catheter (PICC) 
materials prevent catheter complications? An analysis of 42,562 hospitalized medical patients. Infection Control & Hospital Epidemiology. 2021 Jan 1:1-8. https://doi.org/10.1017/ice.2021.141

12. Winkler MA, Spencer TR, Siddiqi N, Wallace JE, Gallien JZ, Elbalasi H, Issa M, Yu Q, Raissi D. Clinical experience with a chlorhexidine-coated PICC: A prospective, multicenter, observational study. The 
Journal of Vascular Access. 2021 Oct 9:11297298211049648.

13. DeVries M, Sleweon T. Bridging the gap: introduction of an antimicrobial peripherally inserted central catheter (PICC) in response to high PICC central line-associated bloodstream infection incidence. 
British Journal of Nursing. 2021 Oct 28;30(19):S16-22.

14. Buetti N, Marschall J, Drees M, Fakih MG, Hadaway L, Maragakis LL, et al. Strategies to prevent central line-associated bloodstream infections in acute-care hospitals: 2022 Update. Infection Control & 
Hospital Epidemiology. 2022;1–17.

15. Lai L, Yue X. Efficacy of antimicrobial-impregnated catheters for prevention of bloodstream infections in pediatric patients: a meta-analysis. Frontiers in Pediatrics. 2021 May 31;9:632308.

16. Deng Z, Qin J, Sun H, Xv F, Ma Y. Effectiveness of Impregnated Central Venous Catheters on Catheter-Related Bloodstream Infection in Pediatrics. Frontiers in pediatrics. 2022;10.

17. Yeung SS, Loshak H. Coated and uncoated central venous catheters: a review of comparative clinical effectiveness and safety. Canadian Agency for Drugs and Technologies in Health; 2019 Jan 15. 
Available from: https://www.ncbi.nlm.nih.gov/books/NBK541236/

18. Selby LM, Rupp ME, Cawcutt KA. Prevention of Central-Line Associated Bloodstream Infections: 2021 Update. Infectious Disease Clinics. 2021 Dec 1;35(4):841-56.

19. Malek AE, Raad II. Preventing catheter-related infections in cancer patients: a review of current strategies. Expert Review of Anti-infective Therapy. 2020 Jun 2;18(6):531-8.


