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Infection Prevention and Control Guidelines  1 

for Anesthesia Care 2 

 3 

Chapter XX: Invasive Procedure Technique 4 
 5 
Introduction 6 
Invasive procedures, such as catheter insertion, often expose patients and healthcare providers 7 
to heightened risk of infection transmission.1  Ensuring that proper measures are taken prior to 8 
performing invasive procedures helps prevent adverse events such as surgical site infections, 9 
central line-associated bloodstream infections, and catheter-associated urinary tract infections. 10 
Healthcare providers should perform hand hygiene immediately before patient contact, after 11 
contact with the patient or their surroundings, and before assembling equipment. All invasive 12 
procedures should be performed using appropriate aseptic or sterile technique, with proper 13 
personal protective equipment, and in accordance with facility policy.  Patient education is a key 14 
component in care delivery, including providing information on the need for the device, the 15 
procedure, insertion, management, signs and symptoms of complications, risk of infection, and 16 
removal.2-4 17 
 18 
Purpose 19 
To outline evidence-based best practices in infection prevention and control, maintenance of 20 
sterility, and proper handling of invasive devices.  By adhering to these recommendations, 21 
clinicians can minimize the risk of catheter-related bloodstream infections and ultimately 22 
improve patient outcomes and patient safety in acute and critical care settings.  23 
 24 
Audience 25 
This resource is intended for Certified Registered Nurse Anesthetists (CRNAs), also known as 26 
nurse anesthesiologists or nurse anesthetists, other anesthesia providers, members of the 27 
interdisciplinary team, administrators involved in policy development, and other interested 28 
stakeholders.   29 
 30 
Considerations for Ultrasound-Guided Procedures 31 
Ultrasound guidance for procedures such as vascular access and catheter placement has been 32 
shown to reduce infection rates and improve patient satisfaction.5 33 
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 34 
• Site selection should consider factors such as vessel size, depth, course, surrounding 35 

structures, and adjacent pathology prior to access.5 36 
• Prepare patient skin with an appropriate antiseptic agent.5-7 37 

o Use single-use containers or sachets, as multi-use bottles can result in bacterial 38 
contamination.8 39 

• Use a sterile sheath, sterile probe covers, and sterile ultrasound gel to mitigate the risk 40 
of contamination.6,7 41 

• Disinfect ultrasound probes between each procedure and patient according to 42 
manufacturer directions.5-7,9-12 43 

o Direct application of non-manufacturer-approved cleaning solutions to the 44 
transducer may result in damage. 45 

 46 
 47 
Considerations for Epidural Catheters and Continuous Peripheral Nerve Block Catheters 48 
 49 

• Perform thorough hand hygiene immediately before the procedure and prior to any 50 
catheter manipulation.13,14 51 

• Adhere to strict aseptic technique and use single-use sterile ultrasound probe gel to 52 
prevent contamination during catheter placement.13-15 53 

• Don appropriate personal protective equipment, including surgical masks, and consider 54 
sterile gowning, gloves, and caps during the procedure.13,14,16,17 55 

• Prepare patient skin with an appropriate agent.14,18-24 56 
• Dress the insertion site with a sterile transparent, occlusive dressing.14,15,21 57 

o Use chlorhexidine-impregnated dressings at insertion sites to reduce epidural 58 
skin entry-point colonization.25-34 59 

• Check the insertion site and overall patient status at least daily for:15,35,36 60 
o Early signs of superficial infection (e.g., erythema, tenderness, itching at the site). 61 
o Symptoms of deep infection (e.g., fever, back pain, lower limb weakness, 62 

headache). 63 
o Changes in sensory or motor status. 64 

• Maintain a closed system and minimize disconnections to reduce contamination risk. 65 
• Change dressings according to facility policy or immediately if the dressing becomes 66 

damp, loosened, or visibly soiled. 67 
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• Remove the catheter once no longer clinically indicated according to institutional 68 
protocol. 69 

 70 
Disconnected Catheters 71 
Prolonged use of epidural catheters increases the risk of disconnection from the insertion 72 
site, significantly elevating the risk of infection.37-39  When a disconnected catheter is 73 
discovered, it is crucial to assess the situation immediately by considering the duration of 74 
disconnection, if known, the extent of fluid movement along the catheter, potential 75 
contamination, and the potential risk to the patient.39-41 The decision to reconnect or remove 76 
the catheter should be made by the anesthesia professional, or as addressed in facility 77 
policy.  78 
 79 
If reconnection is considered, strict aseptic technique must be used so both the catheter and 80 
surrounding area remain sterile.17,41  Remove the catheter if there is any doubt about 81 
maintained sterility, visible contamination is present, or if static fluid has moved more than 5 82 
inches from the disconnected end, or a distance defined in facility policy.40,42   83 

 84 
Considerations for Central Venous Catheter Maintenance and Procedures 85 
Central venous catheters (CVCs), also known as central lines, are used for rapid administration 86 
of fluids, blood products, and vasoactive medications.43,44 They also allow for hemodynamic 87 
monitoring and can be crucial for perioperative management.43,44  Strict adherence to evidence-88 
based insertion techniques, maintenance protocols, and infection prevention strategies is crucial 89 
when inserting CVCs. This includes following manufacturer recommendations and facility 90 
policies for CVC care, encompassing sterile insertion techniques, proper site care, regular 91 
assessment for complications, and prompt removal when no longer clinically necessary.43,44  92 
Table 8 describes the different types of CVCs. 93 
 94 
Table 8. Examples and descriptions of Central Venous Catheters (CVCs).14,43-46 95 

Catheter Type Duration Description 
Tunneled catheter (e.g., 
Hickman, Groshong®) 

Months to 
years 

• Surgically inserted, tunneled under skin 
• Catheter and attachments emerge from underneath 

the skin. 

• Lower infection risk than non-tunneled CVCs. 
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• Suitable for long-term therapy. 

Non-tunneled catheter 

(e.g., Quinton) 

Days to 

weeks, longer 

if needed 

• Percutaneously inserted directly into central vein. 

• Catheter attachments protrude directly. 

• Common in critical care settings. 
• Higher infection risk than tunneled CVCs. 

Peripherally-Inserted 
Central Catheter (PICC) 

Weeks to 
months 

• Inserted into peripheral vein in arm, threaded to 
central vein. 

• Lower risk of insertion complications. 

• Suitable for intermediate to long-term therapy. 

Implanted Port Years • Surgically implanted entirely under the skin. 
• Inserted entirely under the skin. 

• Medications administered through blunt needle 

(e.g., Huber needle) placed through the skin to the 

catheter. 

 96 
Central Venous Catheter Insertion 97 
In order to reduce the incidence of infections such as central line-associated bloodstream 98 
infections, the following is recommended for the proper insertion of a central line: 99 
 100 

• Consider the risks and benefits of different insertion sites (e.g., subclavian, internal 101 
jugular, or femoral veins). Whenever possible, avoid using the femoral vein for central 102 
venous access in adult patients due to the higher risk of infection and other 103 
complications associated with this site.14,47,48 104 

• Use a subclavian site, rather than a jugular or femoral site, in adult patients to minimize 105 
infection risk for non-tunneled CVC placement.14 106 

• Perform hand hygiene. Use full barrier precautions, and don sterile gloves, sterile gown, 107 
surgical cap, and surgical mask.14,49-51 Cover the patient's entire body with a large sterile 108 
drape prior to insertion.14,49-51 109 

• Prepare patient skin using appropriate agent.14,47,49-51 110 
• Use ultrasound guidance for catheter insertion, following appropriate infection control 111 

technique with sterile sheathe and ultrasound gel.47,52-55  112 
• Use antibiotic-impregnated catheters in patients whose catheter is expected to remain in 113 

place for more than five days.14 114 
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• Replace catheter promptly when safe to do so, when adherence to aseptic technique 115 
cannot be ensured (e.g., catheters inserted during a medical emergency). Do not 116 
routinely replace CVCs.14 117 

• Remove any intravascular catheter promptly, according to institutional protocol, once it is 118 
no longer clinically indicated.14,51,55-58 119 

• Perform surveillance for central line-associated bloodstream infection (CLABSI).49,55,59-61 120 
• For complete guidance, refer to the CDC Guidelines for the Prevention of Intravascular 121 

Catheter-Related Infections.14 122 
 123 
Central Venous Catheter Access 124 
When accessing CVCs, closed access systems are preferred in addition to the following 125 
recommendations: 126 
 127 

• Perform hand hygiene before accessing the catheter. 128 
• Scrub the injection cap (e.g., needleless connector) with an appropriate antiseptic agent 129 

and allow to dry according to manufacturer recommendation.18,51,62  130 
o For patients ≥2 months old, use 70% alcohol, povidone iodine, or >0.5% 131 

chlorhexidine with alcohol.28,30-32,34,47,63-65  132 
o For patients <2 months old, povidone-iodine remains a recommended option.28,30-133 

32,34,47,63,64 134 
• Access the injection port with a sterile syringe or intravenous tubing.62 135 

o If necessary, open the clamp.62 136 
• Maintain aseptic technique throughout the procedure. 137 

 138 
Flushing Technique 139 
Refer to the manufacturer instructions for the catheter and the needleless connector for the 140 
appropriate technique to use.  Unless otherwise specified, perform the following: 141 
 142 

• Perform hand hygiene before accessing the catheter and maintain aseptic technique 143 
throughout the flushing procedure. 144 

• The type of flush (e.g., saline, heparin, dilute heparin), concentration, volume, and 145 
frequency of flushing should be determined in accordance with manufacturer indications 146 
for use and facility policy and per the treating clinician’s orders.  Individualized patient 147 
needs should also be considered.62,66-70 148 
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• Use a single-use flushing system (e.g., single-dose vials, prefilled syringes) to reduce 149 
the risk of contamination.62,70 150 

o Use a minimum of a 10 mL syringe to prevent excessive pressure that could 151 
damage the catheter.71,72 152 

• Flush the catheter using a pulsatile or "push-pause" technique to create turbulence 153 
within the catheter lumen, which helps dislodge any adherent particles.62,70,71 154 

• Maintain positive pressure at the end of the flush to prevent reflux of blood into the 155 
catheter tip.62,70,71 156 

 157 
Positive Pressure Technique  158 
The positive pressure technique is crucial for maintaining catheter patency and preventing blood 159 
reflux.62,70,71 However, its application may vary depending on the type of needleless connector 160 
used.73 161 
 162 
For catheters with clamps: 163 

• Flush the catheter using a pulsatile or "push-pause" technique to create turbulence 164 
within the catheter lumen, which helps dislodge any adherent particles.62,71 165 

• Continue to hold the plunger of the syringe while closing the clamp on the catheter. 166 
• Disconnect the syringe while maintaining positive pressure.62 167 

 168 
For catheters without clamps: 169 

• Withdraw the syringe as the last 0.5-1 mL of fluid is flushed to create a positive pressure 170 
effect.62 171 

•  172 
For neutral or positive displacement needleless connectors: 173 

• Follow manufacturer-specific instructions, as these devices may have built-in 174 
mechanisms to prevent reflux. 175 

 176 
Heparin Flushes 177 

• Flushing CVCs with heparin solutions is a recommended practice despite the lack of 178 
conclusive evidence of efficacy and safety compared with 0.9% normal saline.62,66-69,74,75 179 

• The choice between heparin and normal saline should be based on catheter type, 180 
patient factors, and institutional protocols. 181 

• Heparin flushes are appropriate for maintaining patency of CVCs for dialysis.74 182 
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o For dialysis CVCs, heparin flushes are still commonly used, with higher 183 
concentrations sometimes employed for patients with evidence of occlusion or 184 
thrombosis.62,74 185 

o The injected volume of the heparin flush should not exceed the internal volume of 186 
the catheter.74 187 

 188 
Assessing Placement and Patency 189 

• Aspirate catheter for blood return to initially assess correct placement within the vein, 190 
indicated by blood return in syringe.72,76,77 191 

• After aspiration, immediately flush the catheter with saline using a pulsatile technique 192 
to:72,76,77 193 

o Clear the catheter of blood to prevent clotting 194 
o Assess patency 195 
o Detect any resistance that might indicate catheter malposition or thrombosis 196 

• Chest x-ray is recommended following any central line placement. For central venous 197 
catheters inserted in the internal jugular or subclavian veins, obtain a chest x-ray to 198 
confirm proper tip placement and rule out complications such as pneumothorax.43,44,78 199 

 200 
Specimen Collection 201 

• Access the catheter as outlined above, maintaining aseptic technique. 202 
• Draw the first 3-5 mL of blood, dispose in an appropriate biohazardous waste receptacle, 203 

or return to the patient in accordance with the procedure or as indicated by patient’s 204 
medical status and institutional protocol.62 205 

• Before specimen is collected, flush catheter in accordance with facility policy and per the 206 
treating clinician’s orders. 207 

• Discard 1.5-2 times the volume of the internal catheter lumen before drawing the 208 
specimen. 209 

• Collect the specimen using appropriate specimen tubes, blood culture bottles or 210 
syringes.62 211 

• After specimen collection, flush the catheter as directed by facility policy and the treating 212 
clinician's orders. 213 

• Assure the line ports and injection caps are tightly fastened and any clamps secured as 214 
flushing is completed and promptly dispose of used syringes. 215 

 216 
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Changing the Injection Cap (e.g., needleless connector) 217 
• Change the injection cap immediately when there are signs of contamination (e.g., 218 

blood, precipitate) or damage (e.g., leaks, septum destruction). Otherwise, change the 219 
cap at least every 7 days or according to manufacturer recommendations and facility 220 
policy.62,79 221 

• Scrub the injection cap and catheter hub with an appropriate antiseptic agent (e.g., 2% 222 
chlorhexidine in 70% isopropyl alcohol) and allow it to dry completely before 223 
accessing.62,72,79,80 224 

• If necessary, clamp the catheter, or lower the patient to supine position, as the cap is 225 
removed to prevent air embolism or blood reflux.62,80 226 

• Attach a new sterile cap to the catheter hub using aseptic technique.79,80 227 
 228 
Site Dressing 229 

• Use single-use, sterile supplies for site cleansing and dressing.62,79,80  230 
o Refer to manufacturer recommendations to ensure compatibility with catheter 231 

material.  232 
• Perform hand hygiene and wear sterile gloves for dressing changes.62,79 233 
• Prepare patient skin with appropriate agent. 234 

o When replacing the dressing, remove the existing dressing, visually inspect the 235 
site, and document findings before skin preparation.62,80 236 

• Do not apply topical antibiotic ointment or cream to the catheter site, except for 237 
hemodialysis catheters, where povidone-iodine or bacitracin/gramicidin/polymyxin B 238 
ointment may be used.62,79,81  239 

• Cover the site with either sterile gauze or a sterile, transparent, semipermeable 240 
dressing.62,79,80 241 

• Replace or change dressing when indicated.62,79,80 242 
 243 
Considerations for Implanted Ports 244 
The following considerations outline high-level steps for managing implanted ports, located 245 
below the intact skin surface, emphasizing proper access, de-access, and maintenance 246 
procedures to minimize infection risks and maximize device longevity. 247 
 248 
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Additionally, patient education is an important step in implanted port management, as it 249 
significantly improves patients' knowledge, confidence, and ability to participate in their care, 250 
ultimately leading to better outcomes and reduced complications.2,82  251 
 252 
Port Access Procedure 253 

• Pre-Procedure Assessment62,83-87 254 
o Perform hand hygiene and don clean gloves.  255 
o Consider using local anesthetic for patient comfort. 256 
o Examine the port site for complications such as swelling, erythema, drainage, 257 

leakage, pain, or tenderness.  258 
o Palpate the outline of the port to identify the insertion diaphragm.  259 

 Mark location on patient skin for blunt needle insertion. 260 
• Preparation62,83-87 261 

o Remove gloves, perform hand hygiene, and don new sterile gloves. 262 
o Prepare a sterile field with necessary supplies. 263 
o Clean the port site with an appropriate antiseptic solution (e.g., chlorhexidine-264 

alcohol) and allow it to dry. 265 
• Port Access62,83-87 266 

o Stabilize port with one hand and insert a non-coring needle (e.g., sterile Huber 267 
needle) until the needle contacts the back of the port. Gently push the needle 268 
through the diaphragm. 269 

o Aspirate blood to confirm proper placement and patency.  270 
• Post-Access Care62,83-87 271 

o Flush the port with 10-20 mL of normal saline using a pulsatile technique. 272 
o Secure the needle with a sterile transparent dressing or tape.  273 
o Stabilize needle/port with tape, securement device, or stabilization device. 274 
o For short-term use (e.g., outpatient treatment), apply gauze and tape. 275 

 276 
Port De-access Procedure62,83-88 277 

• Perform hand hygiene and don clean gloves. 278 
• Flush the port catheter in accordance with facility policy and per the treating clinician’s 279 

orders. 280 
• Remove the dressing. 281 
• Stabilize port with one hand and remove needle with the other hand. 282 
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• Maintain positive pressure while de-accessing by flushing the catheter while withdrawing 283 
the needle from the septum. 284 

• Apply dressing. 285 
 286 
Port Maintenance and Care62,82-87 287 

• For short-term use in outpatient settings, a sterile transparent dressing or gauze may be 288 
used in place of an occlusive dressing during the infusion. 289 

• Ensure the needle is secure in the portal septum as described above. 290 
• When not in use, implanted ports should be flushed every four to eight weeks to 291 

maintain patency. 292 
 293 
Considerations for Arterial Catheters and Pressure Monitoring Devices 294 

• Catheters that need to be in place for > five days should not be routinely changed if no 295 
evidence of infection is observed.14 296 

• Maintain sterility of stopcocks: cap when not in use: apply 70 percent alcohol prior to 297 
access.14 298 

• Maintain the sterility of the entire monitoring system, including pressure transducers and 299 
flush solution  300 

• Minimize the number of manipulations and entries into the pressure monitoring system. 301 
• When the pressure monitoring system is accessed through a diaphragm rather than a 302 

stopcock, scrub the diaphragm with an appropriate antiseptic agent before accessing the 303 
system. 304 

o Use sterile devices to access the pressure monitoring system through a 305 
diaphragm. 306 

• Sterilize reusable transducers according to the manufacturers' instructions if used. 307 
 308 
 309 
 310 
 311 

____________________________________________________________________________ 312 
The Infection Control Guide for Certified Registered Nurse Anesthetists was adopted by the AANA Board of Directors 313 
in 1992 and revised in 1993, 1997, November 2012. In February 2015, the AANA Board of Directors archived the 314 
guide and adopted the Infection Prevention and Control Guidelines for Anesthesia Care. 315 
 316 

mailto:practice@aana.com


For Open Comments Only – Do Not Cite or Distribute 
Send comments to practice@aana.com 

 

Page 11 of 19 
 

© Copyright 2015 317 
References 318 

1. Siegel JD, Rhinehart E, Jackson M, Chiarello L, Health Care Infection Control Practices Advisory C. 319 

2007 Guideline for Isolation Precautions: Preventing Transmission of Infectious Agents in Health 320 

Care Settings. Am J Infect Control. Dec 2007;35(10 Suppl 2):S65-164. 321 

doi:10.1016/j.ajic.2007.10.007 322 

2. Thompson J, Steinheiser MM, Hotchkiss JB, et al. Standards of Care for Peripheral Intravenous 323 

Catheters: Evidence-Based Expert Consensus. J Assoc Vasc Access. 2024;29(3):15-26. 324 

doi:doi.org/10.2309/JAVA-D-24-00011 325 

3. Nickel B, Gorski L, Kleidon T, et al. Infusion Therapy Standards of Practice, 9th Edition. J Infus Nurs. 326 

Jan-Feb 01 2024;47(1S Suppl 1):S1-s285. doi:10.1097/nan.0000000000000532 327 

4. Hotchkiss JB, Thompson J. A critical appraisal of variability in informed consent for vascular access 328 

procedures. J Assoc Vasc Access. 2021;26(3):19-24. doi:https://doi.org/10.2309/JAVA-D-21-00007 329 

5. AIUM Practice Parameter for the Performance of Selected Ultrasound-Guided Procedures. J 330 

Ultrasound Med. Sep 2016;35(9):1-40. doi:10.7863/ultra.35.9.1-d 331 

6. Murata H, Vanegas C, Ogami-Takamura K. Ultrasound-guided regional anesthesia in COVID-19 and 332 

future pandemics: infection control. Curr Opin Anaesthesiol. Oct 1 2021;34(5):648-653. 333 

doi:10.1097/aco.0000000000001034 334 
7. Desai SR, Tang L, Hwang NC. Infection Control for Perioperative Ultrasonography and 335 

Echocardiography. J Cardiothorac Vasc Anesth. Dec 2022;36(12):4440-4448. 336 

doi:10.1053/j.jvca.2022.08.008 337 

8. Birnbach DJ, Stein DJ, Murray O, Thys DM, Sordillo EM. Povidone iodine and skin disinfection 338 

before initiation of epidural anesthesia. Anesthesiology. Mar 1998;88(3):668-72. 339 

doi:10.1097/00000542-199803000-00017 340 

9. Shokoohi H, Armstrong P, Tansek R. Emergency department ultrasound probe infection control: 341 

challenges and solutions. Open Access Emerg Med. 2015;7:1-9. doi:10.2147/oaem.S50360 342 

10. Marhofer P, Schebesta K, Marhofer D. [Hygiene aspects in ultrasound-guided regional anesthesia]. 343 

Anaesthesist. Jul 2016;65(7):492-8. Hygieneaspekte in der ultraschallgestützten 344 

Regionalanästhesie. doi:10.1007/s00101-016-0168-1 345 

11. Mirza WA, Imam SH, Kharal MS, et al. Cleaning methods for ultrasound probes. J Coll Physicians 346 

Surg Pak. May 2008;18(5):286-9.  347 

mailto:practice@aana.com
https://doi.org/10.2309/JAVA-D-21-00007


For Open Comments Only – Do Not Cite or Distribute 
Send comments to practice@aana.com 

 

Page 12 of 19 
 

12. Chen L, Zhang H, Chang F, et al. A multicenter study on the effects of different methods of 348 

disinfecting medical external-use ultrasound probes. Am J Infect Control. Feb 2024;52(2):167-175. 349 

doi:10.1016/j.ajic.2023.06.007 350 

13. Practice Advisory for the Prevention, Diagnosis, and Management of Infectious Complications 351 

Associated with Neuraxial Techniques: An Updated Report by the American Society of 352 

Anesthesiologists Task Force on Infectious Complications Associated with Neuraxial Techniques 353 

and the American Society of Regional Anesthesia and Pain Medicine. Anesthesiology. Apr 354 

2017;126(4):585-601. doi:10.1097/ALN.0000000000001521 355 

14. O'Grady NP, Alexander M, Burns LA, et al. Guidelines for the prevention of intravascular catheter-356 

related infections. Clin Infect Dis. May 2011;52(9):e162-93. doi:10.1093/cid/cir257 357 

15. Dawson S. Epidural catheter infections. J Hosp Infect. Jan 2001;47(1):3-8. 358 

doi:10.1053/jhin.2000.0872 359 

16. Koscielniak-Nielsen ZJ, Dahl JB. Ultrasound-guided peripheral nerve blockade of the upper 360 

extremity. Curr Opin Anaesthesiol. Apr 2012;25(2):253-9. doi:10.1097/ACO.0b013e32835069c2 361 

17. Avila Hernandez AN, Hendrix JM, Singh P. Epidural Anesthesia. [Updated 2024 Feb 2]. In: 362 

StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2024 Jan-. Available from: 363 

https://www.ncbi.nlm.nih.gov/books/NBK542219/.  364 

18. Checketts MR. Wash & go--but with what? Skin antiseptic solutions for central neuraxial block. 365 

Anaesthesia. Aug 2012;67(8):819-22. doi:10.1111/j.1365-2044.2012.07263.x 366 
19. Sato S, Sakuragi T, Dan K. Human skin flora as a potential source of epidural abscess. 367 

Anesthesiology. Dec 1996;85(6):1276-82. doi:10.1097/00000542-199612000-00008 368 

20. Tostes LCS, Loyola A, Fraga AO, et al. Alcohol (70%) versus alcoholic chlorhexidine solution (0.5%) 369 

in skin antisepsis for neuraxial blocks: a randomized clinical trial. Rev Col Bras Cir. 370 

2021;48:e20202633. doi:10.1590/0100-6991e-20202633 371 

21. Grewal S, Hocking G, Wildsmith JA. Epidural abscesses. Br J Anaesth. Mar 2006;96(3):292-302. 372 

doi:10.1093/bja/ael006 373 

22. Birnbach DJ, Meadows W, Stein DJ, Murray O, Thys DM, Sordillo EM. Comparison of povidone 374 

iodine and DuraPrep, an iodophor-in-isopropyl alcohol solution, for skin disinfection prior to 375 

epidural catheter insertion in parturients. Anesthesiology. Jan 2003;98(1):164-9. 376 

doi:10.1097/00000542-200301000-00026 377 

mailto:practice@aana.com
https://www.ncbi.nlm.nih.gov/books/NBK542219/


For Open Comments Only – Do Not Cite or Distribute 
Send comments to practice@aana.com 

 

Page 13 of 19 
 

23. Kinirons B, Mimoz O, Lafendi L, Naas T, Meunier J, Nordmann P. Chlorhexidine versus povidone 378 

iodine in preventing colonization of continuous epidural catheters in children: a randomized, 379 

controlled trial. Anesthesiology. Feb 2001;94(2):239-44. doi:10.1097/00000542-200102000-00012 380 

24. Krobbuaban B, Diregpoke S, Prasan S, Thanomsat M, Kumkeaw S. Alcohol-based chlorhexidine vs. 381 

povidone iodine in reducing skin colonization prior to regional anesthesia procedures. J Med Assoc 382 

Thai. Jul 2011;94(7):807-12.  383 

25. Shapiro JM, Bond EL, Garman JK. Use of a chlorhexidine dressing to reduce microbial colonization 384 

of epidural catheters. Anesthesiology. Oct 1990;73(4):625-31. doi:10.1097/00000542-199010000-385 

00007 386 

26. Masferrer E, Riera-Rodríguez L, Farré-Alins V, Vilà de Muga S, Arroyo-Muñoz FJ, González-Caro MD. 387 

Randomized controlled trial on healthy volunteers of pharmacokinetic and antimicrobial activity of 388 

a novel hydrogel-containing chlorhexidine dressing to prevent catheter-related bloodstream 389 

infection. Front Med (Lausanne). 2023;10:1335364. doi:10.3389/fmed.2023.1335364 390 

27. Arvaniti K, Lathyris D, Clouva-Molyvdas P, et al. Comparison of Oligon catheters and chlorhexidine-391 

impregnated sponges with standard multilumen central venous catheters for prevention of 392 

associated colonization and infections in intensive care unit patients: a multicenter, randomized, 393 

controlled study. Crit Care Med. Feb 2012;40(2):420-9. doi:10.1097/CCM.0b013e31822f0d4b 394 

28. Ruschulte H, Franke M, Gastmeier P, et al. Prevention of central venous catheter related infections 395 

with chlorhexidine gluconate impregnated wound dressings: a randomized controlled trial. Ann 396 
Hematol. Mar 2009;88(3):267-72. doi:10.1007/s00277-008-0568-7 397 

29. Timsit JF, Mimoz O, Mourvillier B, et al. Randomized controlled trial of chlorhexidine dressing and 398 

highly adhesive dressing for preventing catheter-related infections in critically ill adults. Am J 399 

Respir Crit Care Med. Dec 15 2012;186(12):1272-8. doi:10.1164/rccm.201206-1038OC 400 

30. Timsit JF, Schwebel C, Bouadma L, et al. Chlorhexidine-impregnated sponges and less frequent 401 

dressing changes for prevention of catheter-related infections in critically ill adults: a randomized 402 

controlled trial. Jama. Mar 25 2009;301(12):1231-41. doi:10.1001/jama.2009.376 403 

31. Garland JS, Alex CP, Mueller CD, et al. A randomized trial comparing povidone-iodine to a 404 

chlorhexidine gluconate-impregnated dressing for prevention of central venous catheter 405 

infections in neonates. Pediatrics. Jun 2001;107(6):1431-6. doi:10.1542/peds.107.6.1431 406 

32. Levy I, Katz J, Solter E, et al. Chlorhexidine-impregnated dressing for prevention of colonization of 407 

central venous catheters in infants and children: a randomized controlled study. Pediatr Infect Dis 408 

J. Aug 2005;24(8):676-9. doi:10.1097/01.inf.0000172934.98865.14 409 

mailto:practice@aana.com


For Open Comments Only – Do Not Cite or Distribute 
Send comments to practice@aana.com 

 

Page 14 of 19 
 

33. Düzkaya DS, Sahiner NC, Uysal G, Yakut T, Çitak A. Chlorhexidine-Impregnated Dressings and 410 

Prevention of Catheter-Associated Bloodstream Infections in a Pediatric Intensive Care Unit. Crit 411 

Care Nurse. Dec 2016;36(6):e1-e7. doi:10.4037/ccn2016561 412 

34. Ho KM, Litton E. Use of chlorhexidine-impregnated dressing to prevent vascular and epidural 413 

catheter colonization and infection: a meta-analysis. J Antimicrob Chemother. Aug 2006;58(2):281-414 

7. doi:10.1093/jac/dkl234 415 

35. Holt HM, Andersen SS, Andersen O, Gahrn-Hansen B, Siboni K. Infections following epidural 416 

catheterization. J Hosp Infect. Aug 1995;30(4):253-60. doi:10.1016/0195-6701(95)90259-7 417 

36. Helander EM, Kaye AJ, Eng MR, et al. Regional Nerve Blocks-Best Practice Strategies for Reduction 418 

in Complications and Comprehensive Review. Curr Pain Headache Rep. May 23 2019;23(6):43. 419 

doi:10.1007/s11916-019-0782-0 420 

37. Ishida Y, Homma Y, Kawamura T, Sagawa M, Toba Y. Accidental epidural catheter removal rates 421 

and strength required for disconnection: a retrospective cohort and laboratory study. BMC 422 

Anesthesiol. Jun 16 2022;22(1):185. doi:10.1186/s12871-022-01728-z 423 

38. Hebl JR. The importance and implications of aseptic techniques during regional anesthesia. Reg 424 

Anesth Pain Med. Jul-Aug 2006;31(4):311-23. doi:10.1016/j.rapm.2006.04.004 425 

39. Fragneto RY. The broken epidural catheter: an anesthesiologist's dilemma. J Clin Anesth. Jun 426 

2007;19(4):243-4. doi:10.1016/j.jclinane.2007.01.002 427 

40. Langevin PB, Gravenstein N, Langevin SO, Gulig PA. Epidural catheter reconnection. Safe and 428 
unsafe practice. Anesthesiology. Oct 1996;85(4):883-8. doi:10.1097/00000542-199610000-00025 429 

41. Scholle D, Kipp F, Reich A, Freise H. Influence of protective measures after epidural catheter 430 

disconnection on catheter lumen colonization: an in vitro study. J Hosp Infect. Feb 2014;86(2):133-431 

7. doi:10.1016/j.jhin.2013.12.001 432 

42. Parry G. What do we do with a disconnected epidural catheter? Can J Anaesth. May 433 

2003;50(5):523. doi:10.1007/bf03021070 434 

43. Kolikof J, Peterson K, Baker AM. Central Venous Catheter. [Updated 2023 Jul 26]. In: StatPearls 435 

[Internet]. Treasure Island (FL): StatPearls Publishing; 2024 Jan-. Available from: 436 

https://www.ncbi.nlm.nih.gov/books/NBK557798/.  437 

44. Leib AD, England BS, Kiel J. Central Line. [Updated 2023 Jul 24]. In: StatPearls [Internet]. Treasure 438 

Island (FL): StatPearls Publishing; 2024 Jan-. Available from: 439 

https://www.ncbi.nlm.nih.gov/books/NBK519511/.  440 

mailto:practice@aana.com
https://www.ncbi.nlm.nih.gov/books/NBK557798/
https://www.ncbi.nlm.nih.gov/books/NBK519511/


For Open Comments Only – Do Not Cite or Distribute 
Send comments to practice@aana.com 

 

Page 15 of 19 
 

45. Centers for Disease Control and Prevention. Background Information: Catheter Types. Updated 441 

Apr 12, 2022. Accessed Oct 13, 2024, https://www.cdc.gov/infection-control/hcp/intravascular-442 

catheter-related-infection/table-1-catheter-types.html 443 

46. Gonzalez R, Cassaro S. Percutaneous Central Catheter. [Updated 2023 Sep 4]. In: StatPearls 444 

[Internet]. Treasure Island (FL): StatPearls Publishing; 2024 Jan-. Available from: 445 

https://www.ncbi.nlm.nih.gov/books/NBK459338/.  446 

47. Buetti N, Marschall J, Drees M, et al. Strategies to prevent central line-associated bloodstream 447 

infections in acute-care hospitals: 2022 Update. Infect Control Hosp Epidemiol. May 448 

2022;43(5):553-569. doi:10.1017/ice.2022.87 449 

48. de Grooth HJ, Hagel S, Mimoz O. Central venous catheter insertion site and infection prevention in 450 

2024. Intensive Care Med. Sep 30 2024;doi:10.1007/s00134-024-07664-5 451 

49. Centers for Disease Control and Prevention.  National Healthcare Safety Network.  Central Line 452 

Insertion Practices (CLIP) Adherence Monitoring. Updated Jan 2024. Accessed Oct 13, 2024, 453 

https://www.cdc.gov/nhsn/pdfs/pscmanual/5psc_clipcurrent.pdf 454 

50. Practice Guidelines for Central Venous Access 2020: An Updated Report by the American Society 455 

of Anesthesiologists Task Force on Central Venous Access. Anesthesiology. Jan 2020;132(1):8-43. 456 

doi:10.1097/aln.0000000000002864 457 

51. Centers for Disease Control and Prevention. Checklist for Prevention of Central Line Associated 458 

Blood Stream Infections. Accessed Oct 13, 2024, https://www.cdc.gov/healthcare-associated-459 
infections/media/pdfs/checklist-for-CLABSI-P.pdf 460 

52. Karakitsos D, Labropoulos N, De Groot E, et al. Real-time ultrasound-guided catheterisation of the 461 

internal jugular vein: a prospective comparison with the landmark technique in critical care 462 

patients. Crit Care. 2006;10(6):R162. doi:10.1186/cc5101 463 

53. Hind D, Calvert N, McWilliams R, et al. Ultrasonic locating devices for central venous cannulation: 464 

meta-analysis. Bmj. Aug 16 2003;327(7411):361. doi:10.1136/bmj.327.7411.361 465 

54. Brass P, Hellmich M, Kolodziej L, Schick G, Smith AF. Ultrasound guidance versus anatomical 466 

landmarks for internal jugular vein catheterization. Cochrane Database Syst Rev. Jan 9 467 

2015;1(1):Cd006962. doi:10.1002/14651858.CD006962.pub2 468 

55. Buetti N, Mimoz O, Mermel L, et al. Ultrasound Guidance and Risk for Central Venous Catheter-469 

Related Infections in the Intensive Care Unit: A Post Hoc Analysis of Individual Data of 3 470 

Multicenter Randomized Trials. Clin Infect Dis. Sep 7 2021;73(5):e1054-e1061. 471 

doi:10.1093/cid/ciaa1817 472 

mailto:practice@aana.com
https://www.cdc.gov/infection-control/hcp/intravascular-catheter-related-infection/table-1-catheter-types.html
https://www.cdc.gov/infection-control/hcp/intravascular-catheter-related-infection/table-1-catheter-types.html
https://www.ncbi.nlm.nih.gov/books/NBK459338/
https://www.cdc.gov/nhsn/pdfs/pscmanual/5psc_clipcurrent.pdf
https://www.cdc.gov/healthcare-associated-infections/media/pdfs/checklist-for-CLABSI-P.pdf
https://www.cdc.gov/healthcare-associated-infections/media/pdfs/checklist-for-CLABSI-P.pdf


For Open Comments Only – Do Not Cite or Distribute 
Send comments to practice@aana.com 

 

Page 16 of 19 
 

56. van der Kooi T, Sax H, Pittet D, et al. Prevention of hospital infections by intervention and training 473 

(PROHIBIT): results of a pan-European cluster-randomized multicentre study to reduce central 474 

venous catheter-related bloodstream infections. Intensive Care Med. Jan 2018;44(1):48-60. 475 

doi:10.1007/s00134-017-5007-6 476 

57. Cload B, Day AG, Ilan R. Evaluation of unnecessary central venous catheters in critically ill patients: 477 

a prospective observational study. Can J Anaesth. Sep 2010;57(9):830-5. doi:10.1007/s12630-010-478 

9348-7 479 

58. Rotz S, Sopirala MM. Assessment beyond central line bundle: audits for line necessity in infected 480 

central lines in a surgical intensive care unit. Am J Infect Control. Feb 2012;40(1):88-9. 481 

doi:10.1016/j.ajic.2011.06.004 482 

59. Marschall J, Leone C, Jones M, Nihill D, Fraser VJ, Warren DK. Catheter-associated bloodstream 483 

infections in general medical patients outside the intensive care unit: a surveillance study. Infect 484 

Control Hosp Epidemiol. Aug 2007;28(8):905-9. doi:10.1086/519206 485 

60. Gastmeier P, Geffers C, Brandt C, et al. Effectiveness of a nationwide nosocomial infection 486 

surveillance system for reducing nosocomial infections. J Hosp Infect. Sep 2006;64(1):16-22. 487 

doi:10.1016/j.jhin.2006.04.017 488 

61. Zingg W, Sax H, Inan C, et al. Hospital-wide surveillance of catheter-related bloodstream infection: 489 

from the expected to the unexpected. J Hosp Infect. Sep 2009;73(1):41-6. 490 

doi:10.1016/j.jhin.2009.05.015 491 
62. Centers for Disease Control and Prevention.  Basic Infection Control and Prevention Plan for 492 

Outpatient Oncology Settings. Updated Apr 15, 2024. Accessed Oct 13, 2024, 493 

https://www.cdc.gov/healthcare-associated-infections/hcp/prevention-healthcare/infection-494 

control-outpatient-oncology.html 495 

63. Ullman AJ, Cooke ML, Mitchell M, et al. Dressing and securement for central venous access 496 

devices (CVADs): A Cochrane systematic review. Int J Nurs Stud. Jul 2016;59:177-96. 497 

doi:10.1016/j.ijnurstu.2016.04.003 498 

64. Puig-Asensio M, Marra AR, Childs CA, Kukla ME, Perencevich EN, Schweizer ML. Effectiveness of 499 

chlorhexidine dressings to prevent catheter-related bloodstream infections. Does one size fit all? A 500 

systematic literature review and meta-analysis. Infect Control Hosp Epidemiol. Dec 501 

2020;41(12):1388-1395. doi:10.1017/ice.2020.356 502 

mailto:practice@aana.com
https://www.cdc.gov/healthcare-associated-infections/hcp/prevention-healthcare/infection-control-outpatient-oncology.html
https://www.cdc.gov/healthcare-associated-infections/hcp/prevention-healthcare/infection-control-outpatient-oncology.html


For Open Comments Only – Do Not Cite or Distribute 
Send comments to practice@aana.com 

 

Page 17 of 19 
 

65. Jones K. Centers for Disease Control and Prevention. Maintenance and Removal of Central Venous 503 

Catheters. Accessed Nov 6, 2024, https://www.cdc.gov/infection-control/media/pdfs/Strive-504 

CLABSI104-508.pdf 505 

66. Nascimento APD, de Medeiros KS, Costa APF, et al. Heparin versus 0.9% sodium chloride 506 

intermittent flushing for preventing occlusion in newborns with peripherally inserted central 507 

catheters: A systematic review protocol. PLoS One. 2022;17(12):e0278068. 508 

doi:10.1371/journal.pone.0278068 509 

67. Bradford NK, Edwards RM, Chan RJ. Normal saline (0.9% sodium chloride) versus heparin 510 

intermittent flushing for the prevention of occlusion in long-term central venous catheters in 511 

infants and children. Cochrane Database Syst Rev. Apr 30 2020;4(4):Cd010996. 512 

doi:10.1002/14651858.CD010996.pub3 513 

68. Bradford NK, Edwards RM, Chan RJ. Heparin versus 0.9% sodium chloride intermittent flushing for 514 

the prevention of occlusion in long term central venous catheters in infants and children. 515 

Cochrane Database Syst Rev. Nov 23 2015;(11):Cd010996. doi:10.1002/14651858.CD010996.pub2 516 

69. López-Briz E, Ruiz Garcia V, Cabello JB, Bort-Martí S, Carbonell Sanchis R. Heparin versus 0.9% 517 

sodium chloride locking for prevention of occlusion in central venous catheters in adults. Cochrane 518 

Database of Systematic Reviews. 2022;(7)doi:10.1002/14651858.CD008462.pub4 519 

70. Cullinane C. Right Management and Flushing. In: Moureau NL, ed. Vessel Health and Preservation: 520 

The Right Approach for Vascular Access. Springer International Publishing; 2019:243-261. 521 
71. Goossens GA. Flushing and Locking of Venous Catheters: Available Evidence and Evidence Deficit. 522 

Nurs Res Pract. 2015;2015:985686. doi:10.1155/2015/985686 523 

72. Gorski LA, Hadaway L, Hagle ME, et al. Infusion Therapy Standards of Practice, 8th Edition. J Infus 524 

Nurs. Jan-Feb 01 2021;44(1S Suppl 1):S1-s224. doi:10.1097/nan.0000000000000396 525 

73. Cancer Nurses Society of Australia.  Needleless Connector & Patency. Accessed Oct 13, 2024, 526 

https://www.cnsa.org.au/practiceresources/vascular-access-guidelines/needleless-connector-527 

and-patency 528 

74. Moran JE, Ash SR. Locking solutions for hemodialysis catheters; heparin and citrate--a position 529 

paper by ASDIN. Semin Dial. Sep-Oct 2008;21(5):490-2. doi:10.1111/j.1525-139X.2008.00466.x 530 

75. Sharma SK, Mudgal SK, Gaur R, Sharma R, Sharma M, Thakur K. Heparin flush vs. normal saline 531 

flush to maintain the patency of central venous catheter among adult patients: A systematic 532 

review and meta-analysis. J Family Med Prim Care. Sep 2019;8(9):2779-2792. 533 

doi:10.4103/jfmpc.jfmpc_669_19 534 

mailto:practice@aana.com
https://www.cdc.gov/infection-control/media/pdfs/Strive-CLABSI104-508.pdf
https://www.cdc.gov/infection-control/media/pdfs/Strive-CLABSI104-508.pdf
https://www.cnsa.org.au/practiceresources/vascular-access-guidelines/needleless-connector-and-patency
https://www.cnsa.org.au/practiceresources/vascular-access-guidelines/needleless-connector-and-patency


For Open Comments Only – Do Not Cite or Distribute 
Send comments to practice@aana.com 

 

Page 18 of 19 
 

76. Open Resources for Nursing (Open RN); Ernstmeyer K, Christman E, editors. Nursing Skills 535 

[Internet]. 2nd edition. Eau Claire (WI): Chippewa Valley Technical College; 2023. Chapter 4 536 

Aseptic Technique. Available from: https://www.ncbi.nlm.nih.gov/books/NBK596727/.  537 

77. Weston V. Assessment for Catheter Function, Dressing Adherence and Device Necessity. In: 538 

Moureau NL, ed. Vessel Health and Preservation: The Right Approach for Vascular Access. Springer 539 

International Publishing; 2019:219-233:chap 17. 540 

78. Tse A, Schick MA. Central Line Placement. [Updated 2022 Dec 21]. In: StatPearls [Internet]. 541 

Treasure Island (FL): StatPearls Publishing; 2024 Jan-. Available from: 542 

https://www.ncbi.nlm.nih.gov/books/NBK470286/.  543 

79. Ball M, Singh A. Care of a Central Line. [Updated 2023 Jul 31]. In: StatPearls [Internet]. Treasure 544 

Island (FL): StatPearls Publishing; 2024 Jan-. Available from: 545 

https://www.ncbi.nlm.nih.gov/books/NBK564398/.  546 

80. Open Resources for Nursing (Open RN); Ernstmeyer K, Christman E, editors. Nursing Advanced 547 

Skills [Internet]. Eau Claire (WI): Chippewa Valley Technical College; 2023. Chapter 4 Manage 548 

Central Lines. Available from: https://www.ncbi.nlm.nih.gov/books/NBK594495/.  549 

81. Centers for Disease Control and Prevention.  Best Practices for Bloodstream Infection Prevention 550 

in Dialysis Setting. Updated Mar 29, 2024. Accessed Oct 14, 2024, https://www.cdc.gov/dialysis-551 

safety/hcp/clinical-safety/ 552 

82. Piredda M, Migliozzi A, Biagioli V, Carassiti M, De Marinis MG. Written Information Improves 553 
Patient Knowledge About Implanted Ports. Clin J Oncol Nurs. Apr 2016;20(2):E28-33. 554 

doi:10.1188/16.Cjon.E28-e33 555 

83. Vanderbilt University Medical Center.  Clinical Skills Implanted Venous Port: Access, Deaccess, and 556 

Care. Accessed Oct 22, 2024, www.vumc.org/periop-557 

services/sites/default/files/public_files/Implanted-venous-port.pdf 558 

84. pfm medical gmbh.  Nursing Guide Port Care and Port Access Procedure. Accessed Oct 22, 2024, 559 

https://www.pfmmedical.com/fileadmin/redaktion/documents/marketingmaterial/ica/brochures560 

/PB2010EN_Nursing_Guide.pdf 561 

85. Interdisciplinary Clinical Practice Manual, Infection Control, Vascular Access Device (VAD) Policy, 562 

Adult.  Appendix L: Accessing/Deaccessing Implanted Central Venous Access Port. Accessed Oct 22, 563 

2024, https://safercare.s3.amazonaws.com/support_media/docs/clabsi/VAD_APPX/Appendix_L-564 

Accessing_Deaccessing_Implanted_Central_Venous_Access_Port.pdf 565 

mailto:practice@aana.com
https://www.ncbi.nlm.nih.gov/books/NBK596727/
https://www.ncbi.nlm.nih.gov/books/NBK470286/
https://www.ncbi.nlm.nih.gov/books/NBK564398/
https://www.ncbi.nlm.nih.gov/books/NBK594495/
https://www.cdc.gov/dialysis-safety/hcp/clinical-safety/
https://www.cdc.gov/dialysis-safety/hcp/clinical-safety/
https://www.pfmmedical.com/fileadmin/redaktion/documents/marketingmaterial/ica/brochures/PB2010EN_Nursing_Guide.pdf
https://www.pfmmedical.com/fileadmin/redaktion/documents/marketingmaterial/ica/brochures/PB2010EN_Nursing_Guide.pdf
https://safercare.s3.amazonaws.com/support_media/docs/clabsi/VAD_APPX/Appendix_L-Accessing_Deaccessing_Implanted_Central_Venous_Access_Port.pdf
https://safercare.s3.amazonaws.com/support_media/docs/clabsi/VAD_APPX/Appendix_L-Accessing_Deaccessing_Implanted_Central_Venous_Access_Port.pdf


For Open Comments Only – Do Not Cite or Distribute 
Send comments to practice@aana.com 

 

Page 19 of 19 
 

86. Access Device Guidelines: Recommendations for Nursing Practice and Education. 4th ed. Oncology 566 

Nursing Society; 2023. 567 

87. Chou PL, Fu JY, Cheng CH, et al. Current port maintenance strategies are insufficient: View based 568 

on actual presentations of implanted ports. Medicine (Baltimore). Nov 2019;98(44):e17757. 569 

doi:10.1097/md.0000000000017757 570 

88. CarePro Health Services.  Accessing and Flushing an Implanted Port Removal of Non-coring Needle.  571 

Accessed Oct 22, 2024, https://www.careprohs.com/handlers/secure-document-572 

handler.php?file=02cbc61369181fdc2f314b1b82a12390.pdf 573 

 574 

mailto:practice@aana.com
https://www.careprohs.com/handlers/secure-document-handler.php?file=02cbc61369181fdc2f314b1b82a12390.pdf
https://www.careprohs.com/handlers/secure-document-handler.php?file=02cbc61369181fdc2f314b1b82a12390.pdf

