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1. INTRODUCTION. 
 

A rare and much-feared complication of regional anesthesia is for the nerve block to cause an 
extensive permanent injury to a major nerve. One specific 
conceptual hypothetical fear would be to unwittingly wrap 
a local anesthetic infusion catheter around a nerve within 
the tissues and have it form a knot including the nerve, so 
that upon removal of the catheter the traction on the 
catheter would strangulate and destroy the catheter-
ligated nerve. 

This case report describes a knotted nerve block 
catheter in a patient. A general discussion of the problem 
and similar events follows.  The case has previously been 
published but is here repeated by one of the involved 
physicians, with fuller, and accurate discussion1.  

 
Image 1.  
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2. THE CASE REPORT PATIENT. 
  
 A 67-year-old female received a general anesthetic 

with an interscalene nerve plexus block, for arthroscopic 
shoulder reparative surgery. A perineural catheter was 
placed to maintain the nerve block for postoperative 
analgesia. A posterior neck approach to the brachial plexus 
was utilized to perform the nerve block, as described by AP 
Boezaart2,3. An anesthesia trainee inserted the catheter, 
and upon locating the brachial plexus using nerve 
stimulator verification and landmark techniques, he 
advanced the stimulating perineural catheter too far 
through the needle onto the brachial plexus. He was 
instructed to retract it 3cm to be only a length of 5 cm 
beyond the needle tip. The nerve block worked very well combined with general anesthesia for the 
surgery, and with a constant local anesthetic infusion for postoperative analgesia. An Arrow ® 
Stimucath ® perineural catheter kit was used.  

On the day scheduled for the patient’s discharge from the hospital, an attempt was made to 
extract the perineural catheter from the patient’s neck. A few centimeters of the catheter were 
pulled out of the skin insertion puncture site, whereupon the catheter tightened up and resisted 
further withdrawal. No patient discomfort occurred, even though the nerve block was only minimally 
functional at that time. A variety of different neck positions were all tried and none altered the 
catheter’s seeming resistance to moderate traction.  

Image 3. The arrows indicate nerves and large 
blood vessels. The yellow circle surrounds the 
catheter knot. the 

Image 2.  

https://www.regional-anesthesia.com/


          21UCKNAA                  3 
 

X-rays of the neck plus tomography (CT scan) clearly showed a knot in the catheter at about 5 
to 6-centimeters from its tip.  The catheter knot and tip were in the left lateral paraspinous tissues of 
the C6and C7 vertebral region. See all images 1, 2, 3, and 4. Radiology could not exclude a blood 
vessel or nerve being enclosed within the knot, but the weight of all opinions upon examining the 
Xrays and CT scan views was that such an event seemed improbable. 

A further 24 hours with no drug injected via the catheter were waited, to maximally ensure 
the nerve block was fully resolved. 
The patient was otherwise, well, 
comfortable and had full sensory and 
motor left arm functioning. Using full 
vital sign monitoring, and no 
sedation, a second attempt was 
made to extract the perineural 
catheter. Traction was steady, slow, 
and firmer than that previously used. 
The catheter was successfully 
completely extracted. Two slight catheter holdups were felt, followed by a subtle snapping tactile pop 
and rapid extraction of a few more centimeters of the catheter.  A 3mm micro skin-incision was made 
at the skin exit site to facilitate the passage of the catheter through the tough dermis.  The patient 
felt no neuropraxia, pain, or discomfort.  The patient was content and all her further recovery, from 
her hospital care, was optimal and successful.    

 
3. DISCUSSION (Overall topic review). 
 

3.1  OVERVIEW of NERVE CATHETER MECHANICAL PROBLEMS.  
Various catheters that get passed into free body cavities or actual spaces have long 

been observed to be able to form knots, for example, urine catheters, angiography catheters, 
and long intravascular catheters like the Swan-Ganz catheter4.  Very few catheters outside of 
regional anesthesia are ever placed into potential spaces. Potential spaces are one’s where 
there is no natural free fluid or gas within the space which is bounded by formed fascias. 
Structures passing through those potential spaces such as nerves and blood vessels can with 
limb movements move very short distances of a few millimeters laterally or axially. That 
small movement is limited by weak tethering of soft moldable fat tissue and loose fibrous 
connective tissue. Medically it is common to inject fluids into such potential spaces. The 
space at the point of injection by forced the injectate forms a pocket of a drug solution 
bathing the passing nerve structures. This is the basis of epidural anesthesia and peripheral 
nerve blocks. 

It is also common to place a small flexible catheter into that same space to sustain the 
nerve block by added injections of local anesthetic drugs.  A catheter during insertion does 
not have unopposed resistance to forward movement while being threaded through the 
needle and out of the tip. Bromage already described this from laboratory observations, in 
his earliest writings5.  Kinking of the catheter happens very easily with the formation of a 
loop or two or more of the perineural catheter, as it is advanced beyond the introducer 
needle. Conceptually, during later withdrawal of the catheter, if one loop closes down on the 
other loop, it can form a knot in the catheter. That knot will be larger than the hole 

Image 4. The knotted catheter, after removal from the patient.  
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punctured by the introducer needle in any fascia that the needle passed through during 
needle insertion. Therefore, the knot will obstruct further withdrawal of the catheter when it 
is pulled up against that fascia. If greater catheter withdrawing force is applied one of two 
events could occur. The catheter could then become disrupted and tear off leaving the distal 
part in the tissues, or the knot could expand the fascial puncture hole wide enough for it to 
pop through suddenly.  

Very rarely peripheral nerve catheters have been described as “retained” when they 
offer unusual resistance to withdrawal at the end of their use6. Nearly always, the first sign of 
a catheter problem follows the first attempt of withdrawing the catheter following a period 
of successful clinical usage. 

This discussion will focus on epidural and nerve catheters that offer resistance to 
removal, and associated complications occurring during catheter removal. It includes knotted 
catheters.   

 
 

3.2. TYPES of RESISTANCE to CATHETER WITHDRAWAL 
 
The following problems have been described or alleged to occur as causes of nerve 

catheters offering unusual resistance to extraction:  
• (3.2.1)  Tissue trapped, or growing into between the exposed metal coils at the tip of 

stimulating nerve catheters, or soft-tip flexible catheters.  
• (3.2.2)  Catheter pinched firmly by non-nerve body tissues.  
• (3.2.3)  Retraction of the plastic sheath over metal coils, and distal metal coil space 

widening. 
• (3.2.4) Stretching of catheters.  
• (3.2.5)  Rigid kinking of catheters, obstructing withdrawal. 
• (3.2.6)  Severed perineural / epidural catheters 
• (3.2.7)  Disruption of catheters. (Breaking, fracturing)  
• (3.2.6)  Knotted catheters. 

 
Discussion of each alleged cause of catheter retention: 

 
3.2.1. TISSUE TRAPPED IN FLEXTIP COILS WITH NERVE INVOLVEMENT: 

 Suggs placed an Arrow FlexTip® perineural catheter onto a patient’s 
supraclavicular brachial plexus for chronic painful wrist condition for which 
arthroscopic surgery was being done7. A technique of hydrodissection via the 
introducer needle preceded catheter insertion. The surgery and early 
postoperative period were uneventful.  Two days later attempted catheter removal 
induced pain, making catheter removal impossible. Ultrasound viewing showed 
that the brachial plexus moved synchronously with the catheter when it was pulled 
outward. The catheter movements induced pain. Ultimately using more 
hydrodissection and an over-catheter and an inner guidewire the FlexTip catheter 
was extracted. There was some suggestion of tissues having invaded the space 
between the catheter end wire coils. See image 5. Suggs referenced animal 
research suggesting the coils could be fleetingly open during insertion of the tip 
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flexes, allowing loose connective tissue to become 
pinched in the canula.  This is a very rare 
phenomenon in case reports. This is an unlikely 
explanation. The slight tissue entrapment might be 
normal. The issue may have been that the patient had 
hyperalgesia syndrome due to the chronicity of her 
pain and her nerves were sensitized. In addition, she 
suffered pain for 5 months after surgery in the T1 
dermatome.   

One possible variation of steel-coil flexible soft-tip 
catheter pinching the tissues was described by Cliffie 
Bowens8. A solid plastic and more firm type of 
catheter (B Braun Contiflex ®) was inserted for 5cm 
beyond the introducer needle, following 20ml of drug 
being injected for hydro-dissection. The patient 
underwent shoulder arthroscopy for severe adhesive 
capsulitis. The block was inserted with the patient sedated and controlled with 
midazolam and fentanyl. The catheter was attempted to be removed by the 
patient’s spouse at home when the nerve block was fully resolved. Some resistance 
to withdrawal was perceived by the spouse, and the catheter traction caused 
significant pain and paresthesia. It was finally decided to remove the catheter at 
open surgery under anesthesia. The catheter was found without any loops or 
knots, but curved a quarter way around the C5 plexus root. The patient recovered 
well after the catheter removal. The problem was clearly not a mechanical one 
related to the catheter, although so argued by the article writers. It was a 
hyperalgesia problem due to the exquisite sensitivity of the nerve to 
instrumentation or touching.  During insertion, the touch sensitivity of the brachial 
plexus was concealed by the administration of midazolam and fentanyl. The 
authors did not report how large the doses used were. During catheter removal, 
the patient was fully alert and the local anesthetic effect was fully resolved. Her 
primary pathology was a very painful condition of frozen shoulder syndrome or 
adhesive capsulitis. It is certain her nerve function was physiologically altered, 
likely with a function change of the brachial plexus A-Beta axons becoming pain 
conduction fibers instead of just being proprioception communicating axons, the 
nerve becomes very sensitive to mechanical touching. This is part of hyperalgesia 
syndromes, such as Complex Regional Anesthesia Syndromes (CRPS). Normal 
nerves in awake patients tolerate needles touching them and even penetrating 
them with no more patient sensation than simple paresthesia without discomfort. 
This author has experience of about six patients who experienced severe pain from 
the instrumental contact with the nerves during the performance of a nerve block. 
In all cases, the block was completed with slight process modification to make the 
procedure tolerable for the patient. In all cases, no harm came to the patient from 
completion of the nerve block. In all cases, the patients’ primary complaint was 
joint pain for which the surgeon had little explanation and was performing 
arthroscopy partly as an investigative procedure. Of interest, all this author’s six 
patients upon later post-operative questioning reported they had had the 

Image 5. The Suggs’ article 
catheter tip. Arrow 
indicates ingrown tissue. 
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sensations of allodynia in the limb concurrently or within the preceding 12 months. 
This author rejects the Bowen case as one of patient pain induced by a bent nerve 
catheter.  No other alleged case has ever been scientifically described, as Bowen 
did. That supports the proposed diagnosis of nerve hyperalgesia, likely Complex 
Regional Anesthesia Syndrome (CRPS) explaining this patient’s pain upon nerve 
catheter withdrawal. 

 
Duclas described a similar case in a patient 

who underwent repeat surgery for cancer of the 
hand9.   The catheter was finally removed by 
steady traction and the tip showed some 
attached tissues, which histology described as 
benign fibrinous tissue. See image 6. A patient 
undergoing repeat major hand-surgery is at 
strong risk to have a hyperalgesia syndrome, and 
this single report of the histology of the tissue on 
the needle tip does not support any theory that 
tissue growth onto the needle tip is unusual or a 
cause of catheter retention or catheter traction 
with resulting unusual discomfort.  

Abrahams and Jean-Louis Horn report four 
similar cases, clarifying this clinical entity some 
more10. They had four cases where a stimulating 
perineural catheter was seemingly retained after 
placement in the interscalene brachial plexus for upper limb surgery. In all cases, 
initial catheter removal after it had served its successful therapeutic purposes, was 
terminated due to the patient experiencing pain. One patient had a non-healing 
hand fracture, and the other three had painful shoulder pathology of vague 
definitive injury, two of those specifically had adhesive capsulitis as did the Bowen 
case. Three of the catheters were later successfully removed by steady modest 
traction with the patient under sedation and analgesia. One patient with severe 
adhesive capsulitis, even with sedation, could not tolerate catheter traction which 
also caused pain radiating to the thumb. It was then removed under anesthesia 
with direct surgical visualization of the brachial plexus. In all four cases, no patient 
nerve injury occurred and they healed well. In all four cases, the catheters had no 
significant kinks, knots, or evidence of disassembly, except one very slightly. 

It can be speculated that the stimulating catheter tip coils separate during 
insertion and kinking, or during injection of drugs allowing intrusion of tissue. That 
seems a fallacious theory considering the rarity of this event happening. In can be 
that tissue grows into microscopic space between the coils. Rat research shows 
tissue ingrowth into catheter wire coils can happen, but again the clinical rarity of 
this painful condition suggests this too does not explain the clinical picture under 
discussion11. It is possible microscopic ingrowth occurs commonly and is of zero 
consequence upon catheter removal in the vast majority of patients. The common 
factor in this group of patients points to them actually being CRPS patients and the 
catheter removals only require appropriate sedation for assistance during catheter 

Image 6. Duclas case report 
catheter tip that was histologically 
examined.  
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removal, perhaps a small dose of ketamine, e.g., 25 mg with 1 mg midazolam 
(average size adult). 

 Brenier described 
a patient in whom 
traction on the 
perineural catheter on 
the third day after 
surgery-induced 
shooting neurological 
pain12. The catheter tip 
had been positioned 
2cm beyond the 
introducer needle tip 
during catheter 
insertion. Sustained gentle traction and injection of saline did not help in 
preventing pain, nor in loosening the catheter. X-ray of the metallic coil containing 
catheter revealed no evidence of catheter knotting or coiling. The catheter was 
later found, under anesthesia and surgery, to be intimately adherent to a portion 
of the brachial plexus. See image 7. Brenier postulated that the force of the drug 
injection distended the distal end opening the steel coils, and upon cessation of 
injection the coils closed and pinched the sheath of the nerve on which it lay. That 
is despite him describing the drug injection as having been done ”slowly”. He thus 
invalidates his postulate himself. The pain that the patient experienced upon 
attempted catheter withdrawal suggests traction of the nerve sheath or support 
tissues occurred, and that the nerves were additionally hyperalgesic and sensitized. 
The author speculated that the stretching of the catheter that opened up the 
spaces between the coils only occurred during the first attempts at catheter 
removal. The insertion technique was not described. Image 7 reveals only 
microscopic connective tissue elements were trapped, and no evidence of axon 
injury was ever observed. Also, other practitioners with similar experiences simply 
removed the catheter with patient sustained mild traction. This author has used 
the same Arrow catheter for thousand of peripheral nerve blocks and never 
observed such a phenomenon. The final explanation is unknown and likely hidden 
in small case technical management details not contained within the case report, 
and perhaps even unrecognized by the practitioners on the case. 

 
 

3.2.2. NON-NERVE ASSOCIATED TISSUES PINCHING A NERVE OR EPIDURAL CATHETER13.  
Some epidural catheters, of all designs, have resisted removal until the 

patient took a well-flexed lateral position. The catheters are usually not knotted, 
nor kinked, and appear normal after extraction. In general, the optimum position to 
remove any regional anesthesia catheter resisting withdrawal is the same position 
the patient occupied during which the catheter was inserted. Specific for epidurals 
the lateral position with a well forward flexed spine is best, even if the original 
catheter had been inserted in a sitting position.  

Image 7. This interscalene catheter, as described by Brenier, 
was inserted 2 cm, functioned well, and then resisted 
withdrawal. It was surgically removed and only had this parting 
of the metal coils.  
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Boey however, showed the lateral position reduced the required force for 
successful epidural catheter retraction by 250% compared to the flexed sitting 
position in a formal prospective study14. This problem of tissue pinching a catheter 
is seen mainly with epidural blocks inserted via gaps in between vertebra parts, 
e.g., the interspinous ligament, or very close across an osteophyte. Peripheral 
nerve block catheters are much less likely to be able to be pinched by tissues, thus 
restricting their extraction.  

The need to return the patient to specific body postures for removal of 
peripheral nerve catheters is very rarely required to enable success withdrawing 
the catheter. Non-stimulating various plastic types of nerve catheters can stretch 
300% of their length, or given segment, before they break generally15. If the 
catheter is incidentally damaged, by the needle tip from earlier or by traction over 
a bone or an osteophyte, its breaking threshold will be lower.  

 
3.2.3. PLASTIC SHEATH OVER CATHETER INNER METAL COIL RETRACTS, OR METAL COILS 

STRETCH AND SEPARATE. 
  The concept of plastic sheath retraction can only apply to nerve catheters 

with an inner metal wire coil under a plastic outer sheath, as the Arrow Teleflex 
catheters®. No credible full case report has described this, and a medical 
consequence of plastic sheath retraction without metal-coil uncoiling is thus 
unknown, and unlikely.  

When apparent plastic sheath withdrawal is observed on a catheter after full 
extraction from a patient, it is a stretching of the exposed distal metal coils section, 
with a widening of the spaces between coils. This can only happen with forceful 
traction being applied to the rear of the catheter simultaneous to entrapment of 
the most distal tip of the catheter. For example, if within the tissues the catheter’s 
distal 1 cm angles so sharply to the side of the Tuohy type needle tip that it cannot 
be withdrawn into the introducer needle, then if forceful traction is applied, the 
catheter segment already within the shaft of the needle can become stretched.  

The remedy is that whenever one wishes to withdraw the catheter partially, 
and resistance is met, never increase the force of retraction. It is better to 
withdraw both the needle and catheter and redo the nerve catheter insertion. This 
rule applies to all designs and brands of catheters. Full-plastic catheters risk having 
the end segment fully amputated.       

 
3.2.4. TRAPPED KINKED CATHETERS.  

A very rare variant of a nerve catheter offering resistance to extraction is 
when the catheter has a single loop that pulls tight into a kink, without 
straightening out. For that to happen the loop must be pulled firmly against a firm 
tissue edge, a ligament, and partially into it (the ligament).  That could any of the 
ligaments around vertebrae, such as the interspinous ligament. In looser tissues, 
the loop of the catheter would simply stretch out into a straight segment of the 
catheter.  

https://www.regional-anesthesia.com/
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In one case a labor-analgesia lumbar epidural catheter produced no relief 
from the injected drugs16. That is the sole case ever 
reported and illustrated. After labor the catheter 
resisted extraction. A radiological investigation 
suggested there was a catheter kink within the 
interspinous ligament. See image 8 (previous page). A 
test injection of saline was not injectable due to 
obstruction of the catheter. Subsequent sustained 
harder traction resulted in full extraction of the 
catheter with no harm to the patient. The catheter had 
initially been advanced to 6cm beyond the needle tip.  
The kink that obstructed the saline test injection 
probably only got tight when catheter extraction was 
first attempted. A loop must have gotten drawn into a 
very firm fibrous tissue segment that prevented the 
loop from fully unraveling and locked it into a kink. No 
other similar case reports exist to validate the theories 
in this case report. 

 
3.2.5. SEVERED PERINEURAL/EPIDURAL CATHETERS. 

Bromage in his 1978 textbook describes 4 causes 
for severed epidural catheters. That applies to 
peripheral-nerve catheters too. He listed: (i) shearing at 
the needle tip during catheter withdrawal, (ii) inherently 
brittle catheters. (iii) laminar pincers, and (iv) knotted 
catheters. Brittle catheters were only a problem with 
pioneering the first catheters using prototype variants of 
plastics. Sheering on withdrawal at the needle has been 
reduced by (a) modern manufacturers only have blunt 
edges on the inner side of nerve block needle tip orifices 
and (b) modern clinical practitioners never forcing 
withdrawing catheters via needles when resistance is 
met, and rather withdrawing the catheter and needle 
together then.  See image 9.  

Early epidural needle 
developers started with silk catheters 
and experimented with a variety of 
plastics. Some were too hard and 
rigid, others stretched too easy. 
Teflon, Kevlar, and vinyl became 
popular.  The different material 
catheter types had differing 
propensities to shear off a fragment 
when retrieved via a needle in the 
tissues. The remedy was to make the 
needle distal orifice inner-edge blunt. See image 10.  

Image 8. Kinked epidural 
catheter. 

Image 10. Modern introducer needles with 
blunt inner distal orifice edge. 

Image 9. Bromage’s 
shaved epidural 
catheter on a needle 
sharp inner-edge, in a 
prototype introducer 
epidural needle. 
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3.2.6. DISRUPTED INNER METAL-COIL 

The epidural catheters which have fixed internal steel coiled wire, also have 
an unstretchable full-length straight single wire. The internal straight wire is thin 
enough to allow high flexibility of the catheter. The internal straight wires sole 
design purpose is to prevent the coils from stretching apart and unraveling with 

longitudinal 
tension being 
applied to the 
catheter. See 
image 11.  

If for 
any reason the 
steel coil 
epidural 
catheter is 
trimmed 
shorter or cut, 
when traction 
is again 
applied to the 
external 
portion, the 
entire coil will 
unravel 

become a long single piece of wire. The Teflon or nylon catheter outer layer will be 
extracted leaving the single strand of wire and the very front end 2mm steelhead 
within the tissues.  That too can be extracted but will require many meters of wire 
to be extracted first.  

     
 
 
 

3.2.7.   KNOTTED CATHETERS.  
The case report that opened this overall 

review describes an interscalene catheter with 
a simple knot that was discovered at 
attempted catheter extraction, occurred 
following a trainee initially advancing the 
catheter 10cm beyond the needle.  

In a similar case reported by Kendal, a 
knotted femoral Arrow catheter was removed, 
without unusual patient discomfort, following 
initial failure to extract the catheter17. See 
image 12. Tension was sustained on the 
catheter for 6 hours. After that 10ml of 0,9% 

Image 12. Kendal’s Knotted 
interscalene catheter after 
removal.  

Image 11. Steel coil nerve and epidural catheters. Note the straight long 
blue reinforcing wire in the diagram. 

https://www.regional-anesthesia.com/


          21UCKNAA                  11 
 

saline was injected and the catheter was then successfully extracted, uneventfully. 
The authors attributed their success to the injection of saline, but a single case 
does not prove that hypothesis. Knotted catheters will be more expansively 
reviewed further in this document.   

 
 
 
4. KNOTTED RETAINED EPIDURAL CATHETERS  
 

The first described knotted epidural catheters mentioned scientifically were by Bromage in 
his 1978 book18. He was clear that a catheter loop has to be formed as an absolute pre-requisite for a 
knot to form. Furthermore, he stated that a catheter loop only occurred when excessive lengths of 
the catheter were advanced beyond the tip of the introducer needle.  

The first, scientifically reported full case report of a knotted epidural catheter was by RA 
Brown in 197919. They had inserted the epidural catheter 7cm into the lumbar epidural space, and 
the catheter worked satisfactorily. At the end of its use-period it resisted removal, and become 
obstructed resisting saline test injections. They interpreted the resistance to injection, as being 
suggestive of a knot in the catheter having formed. X-rays could not image the brand of transparent 
plastic catheter used. In the absence of scientific knowledge or experience on how to handle the 
problem, they promptly experimented with spare epidural catheters. They acquired a feel for how 
much traction the catheter could take before it stretched and before it disrupted. They also observed 
that as the catheter got thinner with stretching, the knot also grew smaller.  They concluded that 
steady sustained mild to modest traction might shrink the assumed knot in the patient’s catheter and 
aid its withdrawal through the tissues. They phrased it as applying “a firm steady pull”. They also 
described feeling the catheter break through two unseen obstructions, presumably firm fascial 
barriers, like the ligamentum flavum.  

 Knotted epidural catheters are rare with none ever reported before 1979, and only 9 cases 
up to 2002 as observed by Dam-Hieu. Gozal reported 2 cases in 197920. His catheter was inserted 6cm 
and the other 8cm into the lumbar epidural spaces. Both catheters offered surprise initial resistance 
to extraction after their clinical use was completed. One was radio-opaque and it appeared on a 
standard X-Ray to still be within the epidural space. It was decided to make the second attempted 
catheter withdrawal under general anesthesia with muscle relaxation. Sustained mild to modest 
traction finally extracted the catheter and revealed a small tight knot near the catheter tip. In the 
second case that Gozal reported, after positioning the patient into a flexed lateral position, sustained, 
and mild traction finally extracted a knotted catheter too, without general anesthesia. In 1983 Riegler 
reported an epidural knot21. The epidural broke during efforts at the first attempt of extraction. It 
was then surgically extracted and found to be impacted in the ligamentum flavum.   

The risk of knotting is increased in babies when catheters are blindly fed from caudal 
insertion, to hopefully reach a thoracic vertebral segmental level22. As babies are non-verbal the 
block levels can never be accurately determined to verify the success of the block. The knotting of the 
catheters causing withdrawal resistance is typically only discovered when the catheter ceases to be 
used and removal of the catheter is attempted23. Neurological injury has never been associated with 
baby epidural catheter knots. Adult retained epidural catheters have been reported with obstetric 
epidural blocks24. It is normal for epidural catheters to coil. The mean epidural space insertion 
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distance of an epidural catheter that coils is 2.8 cm25. When insertion distance exceeds 4cm, the 
coiling incidence is 87%.   
 

Epidural catheters are at more risk than peripheral nerve catheters to be damaged or 
lacerated by being tensioned across a boney spinal spondylotic change. Mathur described a patient 
who had an epidural block for a hip arthroplasty26. The catheter could not be removed afterward. The 
patient was positioned in the lateral position, but could not flex the lumbar spine to the extent it had 
been flexed for insertion, due to limitations imposed by the hip brace for the hip arthroplasty. A 
repeat effort at the removal of the catheter broke the catheter leaving the tip in the epidural space. It 
was noted the catheter had doubled in length at the fractured tip of the remaining catheter that had 
been extracted. The authors believe the catheter fracture took place at a side-orifice in the distal 
catheter, representing a relatively weak point in the catheter. It is unknown what the mechanism of 
that catheter retention was, and if a knot was present or not. The catheter remnant was left in situ 
without negative consequences. The incidence of epidural catheter breakage is as rare as 1 per 30 
0000 epidural blocks.   
 
 
 
 
5. KNOTTED RETAINED PERIPHERAL NERVE CATHETER.  
 
 Very few peripheral nerve catheter insertion-technique pass close to bony edges, unlike 
epidural catheters. Retained peripheral nerve catheters have been reported with supraclavicular 
brachial plexus blocks27, interscalene blocks28,29,  popliteal fossa sciatic blocks30, femoral nerves31,32, 
axillary blocks33, and fascia iliaca blocks31.  The Mayo clinic reviewed 3 years of their medical records 
and determined their global rate of 0.13% risk for retained peripheral nerve block catheters31. Clearly, 
the risk was highest when catheters were advanced furthest, like 15 to 30 cm, from the needle tip 
and the risk was zero when catheters were only advanced 3-4 cm from the needle tip.  There is an 
impression from the limited scientific literature that retained peripheral nerve block catheters occur 
more rarely than with epidural catheters.  

Rudd described a femoral catheter being advanced 15 cm 
parallel to the femoral nerve towards proximal, with the physicians 
hoping to achieve a lumbar plexus block from a femoral nerve block 
insertion point32. The catheter produced a working nerve block, but 
resisted withdrawal later on and began to stretch. The knotted 
catheter was removed surgically and a complex looped knot was 
found near the skin. See image 13. As femoral catheters seem to be 
the peripheral nerve catheters most likely to become contaminated, 
and sepsis with bacteremia is a feared cause for a septic arthroplasty, the decision to remove the 
catheter surgically was swiftly made.  No ill consequences followed. 

One set of 5-case-reports, by Clendenen, of a stimulating catheter degloving leading to the 
unwrapping of the inner metal coil when catheter removal experienced slight resistance was 
reported from Mayo Clinic in 201134.  As that is a unique pocket of such events it strongly suggests a 
standardized technique error during insertion or removal of the catheter, or a batch manufacturing 
problem. Insufficient detail is provided to make any confident conclusion as to the cause of this 

Image 13. Knotted femoral nerve 
block catheter of Rudd.  
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pocket of events. This author has used the same brand for thousands of perineural catheters 
spanning over 20-years of clinical experience and has never had a single such experience. In all cases 
sustained moderate traction force and use of steel clips to grasp the inner wire all resulted in the final 
extraction of the entire perineural catheter without permanent injury to the patient.  

One other cause of a retained catheter can occur when 
retracting a catheter through the introducer needle, especially 
a Tuohy needle, immediately following marked resistance to 
advancement beyond the needle35. This case report describes 
and illustrates (image 14) what happened during a sciatic nerve 
catheter placement when the needle was positioned at right 
angles to the nerve’s axis, and a stiff brand of catheter was 
being used. The catheter could not be advanced more than 1cm 
beyond the needle tip. That is when the withdrawal of the 
catheter via the needle was attempted and resistance was met. 
After the withdrawal of both the needle and catheter 
simultaneously it was observed that the catheter was starting to be sheared the sharp edge of the 
introducer needle distal opening.   

The catheter hooked onto the side orifice of the catheter. That suggests rotating the catheter 
to face the orifice away from the inner edge proximal edge might help the catheter in being retracted 
into the needle before one commit to removing the part of needle and catheter together. See image 
14.  

If sufficient catheter traction force is applied a portion of 
the catheter could be sheared off and lost in the tissues. 
Bromage, in his 1978 textbook of “Epidural Anesthesia”, 
demonstrated how with a sharp inner edge needle how a 
catheter segment could be finely shaved off the catheter during 
catheter withdrawal via an introducer needle. See image 15. All 
modern needles have the inner cutting edge rounded off bluntly. 
Shearing of the catheter has not been reported with any major 
catheter band in the last 50 years. Shearing of catheters no 
longer occurs because the sharp cutting edge of the side orifice 
of the Touhy needle is blunted now. See image 16.  

 
The remedy is whenever more than usual 

resistance is met to withdrawing a catheter back 
through the introducer-needle to, (1) cease 
withdrawing the catheter, (2) try rotating the catheter 
and attempt withdrawal softly for one more time, and 
that failing then, (3) withdraw the needle and catheter 
together and redo the procedure with a fresh catheter 
and needle.  

Image 14. Coventry’s injured 
catheter. 

Image 15. Bromage’s sheared 
catheter, on protype Tuohy needle 
with sharp inner edges in the 
curved distal end.   

Image 16. The sharp inner edge of Tuohy 
needle distal side facing office that is blunted in 
modern needles.  
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 Another case presented by McLeod illustrated the dangers of over-threading the peripheral 
nerve catheter both during (i) insertion at the nerve location, and (ii) during introducer needle 
withdrawal36.  The Braun Contiplex® catheter was intentionally advanced more than 5cm beyond the 
needle tip following nerve location. The needle was then removed. Then the catheter was withdrawn 
to blindly correct the amount of perineural catheter to 5cm of length within the nerve block fascial 
compartment or sheath that had been located by the tip of the stimulating introducer needle before 
its withdrawal, based on the distance to the skin of the nerve as measured off the needle during 
nerve location. Very shortly after applying catheter-traction 
resistance to traction was met. The tenting of the skin suggested 
there was a catheter knot immediately below the skin surface, and 
the visible catheter became thinned from stretching. A 14G IV 
cannula was then placed over the catheter and advanced through 
the skin and onto the knot. Catheter withdrawal was again 
attempted by trying to pull the unseen knot into the cannula.  The 
catheter got sheared at the 12cm mark, and the distal end with the 
knot remained unseen under the skin. The severed fragment was 
later able to be removed through a shallow 5mm dermis incision. 
See image 17. MacLeod strongly advised against over-threading 
catheters.  

The lessons are; (1) primarily do not advance any catheter, 
peripheral or epidural, more than the desired distance beyond the 
needle tip, with a thought to later retract and correct it, and (2) do 
not force the catheter backward into the needle when withdrawing 
the needle in an attempt not to withdraw the catheter 
unintentionally with that 
needle. That causes coiling of 
the catheter at sites away from 
the nerve, and often 
subcutaneous. See image 18 
with a subcutaneous coil.  Any 
coiling can result in knot 
formation. This technique of 
forced back-feeding the 
catheter when removing the 
needle is the sole cause of 
DOUBLE knots that are 
reported. That is a bad practice 
that some teachers still 
encourage. To withdraw the 
introducer needle, hold the external catheter steady at a short distance from the needle with one 
hand, then with the other hand withdraw the needle towards the catheter hand. When the hub 
reaches the fingers holding the catheter, move the fingers back about 2cm back up the catheter, and 
repeat withdrawing the needle towards the fingers holding the catheter steady. See this illustrated in 
the ADDENDUM.  

 
 

Image 17. MacLeod’s knot at 
the catheter-tip with the 
tapered torn catheter fragment.  
This was the surgically dissected 
out fragment.  

Image 18. Drawing of double coils forming, with risk of becoming 
double knots.   
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6. MANAGING A KNOTTED RETAINED PERIPHERAL NERVE BLOCK 

CATHETER. 
  

Several case reports illustrate a variety of techniques that may be useful sometimes: 
• Motamed advanced a perineural catheter 6cm along the femoral nerve. Upon later 

removal attempt it resisted being extracted37. His patient experienced discomfort at 
the skin puncture site. A knot was suspected to be stuck below the skin. He then 
made a tiny incision to widen the puncture hole and that resulted in easy extraction 
of the knot in the catheter.    

• Bures successfully managed to safely extract three popliteal fossa sciatic nerve 
catheters using sustained firm traction, and a tiny cutaneous incision to widen the 
skin exit track30.  

• Mayo clinic utilized a radiological angiography 
technique in 7-patients with retained 
catheters31. First, a guidewire was passed up 
to the knot within the nerve block catheter. 
Then serial larger catheters were passed over 
the nerve block catheter to steadily dilate the 
catheter tract. Finally, an outer cannula was 
passed large enough to sometimes withdraw 
the knotted nerve-block catheter into for 
complete withdraw of everything at once. 
When the knot could not be withdrawn into 
the outer canal, they still had success 
withdrawing everything through the widened 
tissue tract with only a need to make a 2mm 
skin incision to extract the knot from the 
patient.  

• Dam-Hieu made many rational points about 
utilizing radiography to investigate retained or 
broken epidural nerve catheters48. See image 19 of a 
complex knot with a loop. If the catheter has a metallic 
metal coil, as with Arrow® catheters, standard 
fluoroscopy will visualize the catheter very well. If the 
catheter is still intact and patent, filling it with X-Ray 
contrast and injecting a tiny volume beyond the tip may 
provide sufficient information to make clinical decisions. 
If the catheter is occluded then passing a wire within the 
catheter up to the point of obstruction can help locate 
the area where that knot lies. Unfortunately, when 
generalized over-threading catheter techniques are used 
both during catheter insertion and needle removal, 
double knots are described in multiple reports. Thus, locating a knot with an internal 
0.4mm-guide-wire-technique does not exclude a second more distal knot also existing 

Image 19. Dam-Hieu’s case had a broken 
knotted epidural catheter located with CT-
scan and surgically removed. See the thin 
tapering stretched broken catheter end. 
The knot was discovered when the catheter 
was withdrawn after initially advancing it 
10cm into the epidural cavity. 

Image 20. CT scan reveals 
where a catheter lies. 
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but unrecognized by the clinician. So, the final technique that Dam-Hieu 
recommended was the use of CT or MRI scanning. See image 20 (Previous page). 
Knowing whether the retained knot is within the epidural space, a paravertebral 
muscle, or within a ligament away from the epidural space can greatly influence 
further clinical management decisions. Dam-Hieu did not recommend CT scans be a 
universal first step investigation for all retained or broken epidural catheters. For cost 
reasons it should be reserved as a last expensive option, to 
be avoided when feasible.  

• Hsin described a Braun-Perifix epidural 
catheter that was inserted 10cm beyond the needle tip38. 
After a test injection, blood was aspirated and the catheter 
tip was withdrawn 1cm. Thereafter the catheter was 
occluded. A catheter knot was thus suspected to be present. 
Then while using steady sustained modest traction force the 
catheter with a knot was extracted and the patient had no 
discomfort or unusual sensations. Hsin believed the 
sustained modest traction led to the knot become smaller, 

and the reason it could 
finally be extracted. See 
image 21. A second 
Arrow Flextip ® epidural was immediately inserted 
and used successfully. As the second catheter, 
which was fully successful, had a metallic coil core 
for its full length it was readily visible on a plain X-
ray. See image 22.    

• Renehan described a Portex® 
epidural catheter inserted 6cm 
into the epidural space39. After 
clinical use, it could not be 
extracted. A second attempt 
was made after a 24-hour 
delay.  Despite the plastic 
catheter being marketed as 
radio-opaque, it was 
radiologically invisible in that 
patient. Due to catheter 
obstruction, radiology contrast 
dye could not be injected. Next, 
a radiology guidewire was 
inserted up to a point of obstruction, well thought to be a knot, locating the thought 
knot to being extra-epidural within the interspinous ligament. See image 23. Simple 
blunt surgical dissection down to the knot made it free and the full catheter was 
subsequently easily extracted. The patient did well. In the year 2000, only 11-reports 
of knotted epidural catheters existed in the world, and 8 were extracted just using 
firm steady sustained traction. The other three catheters broke. Renehan concluded, 

Image 23. Renehan’s knotted Portex ® catheter. The 
radiology guidewire was inserted to the knot and ¾ way 
through the knot’s loop. 

Image 22. Hsin’s normal 
(un-knotted) Arrow ® 
(metallic coil) epidural 
catheter on X-ray. 

Image 21. Hsin’s knotted Braun 
Perifix catheter. 
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as many others have also done, that the sole major cause of catheter knots was 
advancing the catheter freely too far beyond the needle tip.  

• It is clear that most knotted epidural catheters can be extracted if only a sustained 
moderate traction force is applied and one has patience40.   

 
 
7. MANAGING A RETAINED KNOTTED EPIDURAL CATHETER41. 
 
 Arnaoutoglou emphasized in 2007 that using the catheter insertion patient-position, with 
good spinal flexion is helpful when struggling with a retained, presumed knotted, epidural catheter 
brought success42. Others suggesting adding in a lateral position, even if the patient was sitting 
originally for an epidural block insertion. It seems to flex the back strongly, and additionally lying in 
the lateral position is only helpful if the trapped part of the catheter is within the planes and layers of 
tissue straightened by positioning.  Ewan reported a case, with an Arrow® metallic coil epidural 
catheter that failed to respond favorably when flexed in the lateral position43. X-rays of the radio-
opaque catheter revealed a coil without catheter knotting. Ewan then reinserted a sterile saline 
wettened catheter guide-wire managed, and after several attempts observed it reach the catheter tip 
and straighten the tip partially. Thereafter the catheter was withdrawn with only minimum traction 
force needed.  

Gabopoulou described a patient with a very unusual double knot, and the knot was 7cm from 
the catheter tip when the catheter had only been advanced 6 cm beyond the introducer Tuohy 
needle44.  The only feasible explanation for the knot being so far from the tip is that the clinician who 
inserted the catheter must have pushed back hard on the catheter whilst removing the introducer 
needle, so that when the introducer needle tip reached a compliant tissue sector far removed from 
the epidural space, that at that point the catheter was fed out of the retreating needle, sufficient to 
form three loops that formed a knot when the catheter was next withdrawn to fine adjust the tip 
final position within the epidural space.     

 
 
8. PREVENTING NERVE BLOCK CATHETER KNOT FORMATION.  

 
De Tran presented unique very 

usable data on this subject45. He pointed 
out the fallacious belief that flimsy 
peripheral nerve catheters, as argued by 
some46, could be advanced straight along a 
nerve for a substantial distance. Seventy-
seven percent of catheters advanced to 
proximal along a nerve, failed to remain 
adjacent to the nerve, thus causing small 
volume infusions to fail to provide 
secondary analgesia after the initial big 
volume starting bolus had worn off. 
Furthermore, he showed 66% of catheters 
advanced over 5cm from the needle tip 

Image 24. Subcutaneous coil formation, that could lead to a 
knot developing.  
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will form coils, when viewed retrospectively on incidental Xrays taken after surgery. When he studied 
catheter coiling prospectively, 77% of all the catheters were coiled and the risk threshold distance for 
coil formation was for catheters advanced 4 and more centimeters from the needle tip. Following 
good logic, he regarded the coiling of catheters as a prerequisite for any catheter to form a knot. The 
alternative risk of only advancing a catheter 2cm beyond the needle tip is the risk of catheter reverse 
dislodgement and failure of the nerve block. De Tran proposed if skin mobility related to the specific 
nerve block was high, then one could unknowingly add an extra coil of 2 to 3 cm length to the 
catheter subcutaneous, as a buffer against skin movement dislodging the catheter tip, without risk of 
knot formation at the tip. That could result in a knot. See image 24 (previous page). 

 
 
 
9. MANAGING A REMNANT EPIDURAL CATHETER FRAGMENT.   
 
 This advice is strongly based upon the 2007 review on the subject by Mitra, 
with modifications based on later publications47.  

• Prevention of knot formation is best:  
• Prevention of breaking (fracturing) the catheter is best:  

o Always extract used epidural catheters with firm sustained force, but 
without fracturing the catheter leaving a deeply buried fragment within 
the patient. Unfortunately, there is no described exact force 
recommended for catheter extraction. There are commercial industrial 
handheld digital force meters that could be adapted to the purpose. 
Studies need to be done, possibly using plastic phantoms, meat-phantom 
models, or animal research, to find a range of forces that will be firm 
enough for human clinical success, but less than that that will break 
knotted catheter, anchored at the knot.  See an example of a digital hand 
force meter in image 25.   

o If stretching of the catheter is detected, cease traction and wait 6 or 
more hours before making a second attempt. 
 For routine cases place the patient in the same position for catheter 

extraction, as in which the catheter was inserted, and in the lateral position, if 
possible, as well.  

 For resistant catheters, use the lateral position with assisted hyperflexion of the 
spine, for making a second catheter extraction effort.  

 Laboratory studies on the durability, and resistance to breaking, of multiple brands 
and types of epidural catheters, have produced varying results. No single epidural or 
peripheral nerve catheter brand’s use is presently contra-indicated for regular 
epidural clinical use.  The stiffer ones tend to be stronger, whilst softer tipped ones 
experience less incidental venous punctures and have higher block success rates. 
Accordingly, opinions on this are very varied depending on the chosen advantage of 
a catheter design to prioritize most.    

• Suggested harmless remedies with no evidence of benefit.  

Image 25. 
Digital hand 
Force meter. 
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These may be omitted; (i) injection of saline before and during catheter traction, 
(ii) using a convex surgical frame to have the patient lie upon, to help relax spinal 
muscles (No harm, but zero evidence of benefit.).  

• There is no scientific evidence that the residual fragment needs to be prophylactically 
surgically removed.  
o It is fully reasonable and rational to observe the patient and only operate for new 

suspicious symptoms. In the vast majority of reported such cases, there is zero 
consequence of not operating. With sterile insertion techniques, the fragment will not 
become septic.  

o Educate the patient about the potential meaning of neurological fallout or pains in the 
back or legs (red flags) and seek medical opinions when such symptoms occur, if ever.  

o Defensive medicine, which by definition in the interests of only the physician, tends to 
encourage operating for tenuous indications. 

• Obtaining radiological investigations can be useful48.  
Some catheter brands, e.g., Racz® and Arrow® Catheters, are radio-visible on 

routine fluoroscopy and others not. X-ray contrast, if injectable (catheter still patent) 
can aid visualization with standard fluoroscopy. Stimulating / reinforced soft catheters, 
e.g., Arrow® epidural catheters are highly visible with standard fluoroscopy. In the 
absence of those circumstances, CT scanning can give clues as to where the catheter 
fragment is located, but the cost of the investigation might not justify this initially.  
Magnetic Resonance Imaging (MRI) can theoretically induce the heating of metal-
containing epidural catheter tips, but the clinical experience of MRIs taken of metal-
containing epidural catheters is well reported in cases as inconsequential and safe.   

 

10. MAIN POINTS SUMMARY 

The following are the single most important points: 

1) Never advance any nerve or epidural catheter ever, more than 4cm beyond 
the introducer needle tip. 

2) Never feed the nerve or epidural catheter forcefully back into the needle 
whilst withdrawing the introducer needle. 

3) Never jerk or apply excessive force while pulling on any nerve or epidural 
catheter.  

4) Sustained steady firm traction will extract moist knotted nerve or epidural 
catheters,  

5) Take standard X-ray if the catheter has an internal wire coil (Racz®, and 
Arrow® brands) after discovering the catheter is resisting usual efforts at 
extraction.   

 

[NOTE BENE: The author has no financial, social, personal, or any association with any regional 
anesthesia catheter or needle device manufacturing and selling company, and accordingly has no 
conflicts in presenting this educational material.]   
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ADDENDUM.  

 

 

 

 

 

 

  

1. 

Grasp the needle, with R-hand. 

5. 

Slide the needle up to the 
stationary L-hand. 

6. 

Regrip the catheter 2cm 
back from the needle 
hub. 

7. 

Slide the needle up to the 
stationary L-hand. 

8. 

Regrip the catheter 2cm 
back from the needle hub. 

Slide the needle up to the 
stationary L-hand. 

9. 

10. 

Regrip the catheter 2cm 
back from the needle hub. 

13. 

With the needle firm in 
the L-hand, grasp 
catheter at its skin exit,     
----------------with R-hand. 

2. 

Grasp the catheter 2cm 
above the needle hub, with 
L-hand. 

3. 

Slide the needle up to the 
stationary L-hand. 

4. 

Regrip the catheter 2cm back 
from the needle hub. 

11. 

Slide the needle up to the 
stationary L-hand. 

With the needle clear of 
the skin, grasp needle hub   
now with L-hand. 

12. 

14. 

With the catheter secured at 
the skin, remove the needle  -
-               -off the catheter. 

How to remove the introducer 
needle of an epidural or 

perineural catheter. 
• Note:  The position of the 

worker and hands can be 
reversed.  

• NEVER feed the catheter 
backwards into the needle 
while removing the needle. 
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donations, advertising fees, and royalty payments. 

………………………………………………………………………………………………………………………………………………………………………………………… 

DISCLAIMER: The material author(s) and Regional-Anesthesia.Com LLC, Iowa USA produce this material in best faith, from 
best scientific materials, and in the perspective of personalized medical experiences.  The material author(s) and Regional-
Anesthesia.Com LLC, are not responsible for any material influencing medical practice, such as drug doses, drug 
indications, procedural recommendations, and similar etcetera in any way that can be blamed for any patient bad medical 
outcome or medical misadventure. Every medical practitioner who has viewed these materials is solely responsible for 
their own medical practice, and the responsibility is on them to assure they have acquired the best and most correct 
information  
…………………………………………………………………………………………………………………………………………………………………………. 

The author. 
Dr. Robert M Raw MD is a physician anesthesiologist. He has 7-years of experience as a rural African general medical physician, 
including doing obstetrics, surgery, and anesthesia. He has two degrees in primary care medicine and emergency room 
medicine. He has two degrees in anesthesiology. He founded a national regional anesthesia society, worked 13 years as a private 
practicing anesthesiologist, followed by entering American university anesthesiology practice for 12 years becoming a full 
professor.  He has won teaching awards twice and has lectured in many countries. At his last university, he was consistently 
assessed as being a master clinician in his annual performance reviews.  
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