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Abstract
BACKGROUND 
Combined spinal-epidural (CSE) anesthesia is the preferred anesthesia method for 
cesarean delivery. The use of an epidural catheter is essential for administering 
additional drugs intraoperatively and managing postoperative pain. However, 
the insertion of epidural catheters is associated with various complications, such 
as total spinal anesthesia, symptoms indicative of spinal nerve root irritation, and 
challenges in epidural catheter removal.

CASE SUMMARY 
We present a case report of a challenging epidural catheter removal due to knot-
ting. The lumbar computed tomography scan results revealed that the catheter 
formed a tight knot in the epidural space. We used a novel extubation method 
and successfully removed the catheter.

CONCLUSION 
The operator can use opposite forces to "spiral" apart the spinal joints by posi-
tioning the patient's body in a specific position. The findings indicate that, when 
combined with imaging examination results, this method is effective for the 
removal of epidural catheters.
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Core Tip: Lumbar computed tomography imaging showed that the reinforced catheter formed a tight knot in the epidural 
space. The patient's body was placed in a specific position, and the doctor's hands were respectively at the right scapula and 
the right hip joint of the patient, and the force in the opposite direction was used to "spiral" the spinal joint, and the catheter 
was successfully removed.
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INTRODUCTION
Challenging removal of the epidural catheter is among the complications associated with continuous epidural anesthesia. 
This challenge is attributed to the compression of the catheter in the narrow intervertebral space or the formation of 
loops, tangles, or knots within the epidural space. The occurrence of catheter knotting, which leads to challenging 
removal, is extremely rare[1].

CASE PRESENTATION
Chief complaints
A 30-year-old female patient (38 wk pregnant, single pregnancy) underwent cesarean section. After the surgery, the 
anesthesiologist found it difficult to remove the epidural catheter.

History of present illness
The pregnant patient was placed in a right lateral tilt position. The midline puncture through the L2-3 intervertebral 
space was executed, but the medical staff encountered resistance after several needle direction adjustments. An alternate 
paramedian puncture technique was used, resulting in reduced resistance. A sensation of ligamentum flavum penetration 
was experienced at a depth of approximately 7 cm. A negative pressure test confirmed the entry of the epidural puncture 
needle into the epidural space. Subsequently, a spinal needle was inserted through the epidural needle, resulting in a 
sensation of dura mater puncture without evidence of nerve stimulation. Clear cerebrospinal fluid flow was observed and 
1.8 mL of 0.5% ropivacaine was administered slowly. After removing the spinal needle, the left hand of the anesthesi-
ologist held in place the epidural puncture needle, and an enhanced epidural catheter (MaiChuang Medical, Jiangsu 
Province, China) was advanced with the right hand until the 15 cm scale. The epidural puncture needle was retracted 
using the left hand, ensuring that the catheter was retreated outward of the skin to the 12 cm scale, leaving the catheter 
positioned at a length of 5 cm in the epidural cavity. The catheter was smoothly inserted, and no blood or cerebrospinal 
fluid was observed upon syringe withdrawal. The patency of the catheter was good, as demonstrated by the 
physiological saline test. The exposed end of the catheter was fixed to the patient's back using adhesive tape. The 
anesthesia administered during the surgery was effective, and the procedure was conducted smoothly.

Ten minutes before the conclusion of the operation, the injection of the initial dose of analgesia through the epidural 
catheter failed due to significant resistance during administration. Preliminary speculation suggested that a section of the 
catheter might have formed a knot under pressure on the patient's back. However, no knots were observed in the catheter 
after the surgery. The patient’s position was adjusted to a right lateral tilt, but an attempt to remove the catheter was 
unsuccessful. The patient did not experience any pain or abnormal sensations during the catheter traction process. 
Consequently, a decision was reached to postpone the catheter removal. The exposed portion of the catheter was disin-
fected, dressed, and secured. Intravenous analgesia was administered as an alternative. With the consent of the patient 
and her family, an emergency computed tomography (CT) examination was performed, revealing a tight knot in the 
catheter at the right subvertebral notch of the L2 vertebra (Figure 1). Evaluation using the spinal model showed that 
placing the patient in a left lateral position with the left lower limb extended and the right lower limb flexed at a 90-
degree angle allowed the anesthesiologist to apply pressure on the patient's right scapula, pushing it backward and 
downward with the left hand. Simultaneously, the anesthesiologist applied pressure to the patient's right hip joint, 
pushing it forward with the right hand. This maneuver effectively "spiraled" and separated the small joints of the spine 
(Figure 2). A careful attempt was made at the bedside to remove the catheter by using this method with the consent of the 
patient and her family. The catheter was gently pulled with a constant force. Despite encountering resistance, the catheter 
was successfully removed. The patient did not experience pain or abnormal sensations during the removal process. 
Examination of the catheter showed that a knot had formed approximately 3.2 cm from the catheter tip. Additionally, the 
inner wire coil of the catheter had significantly elongated under continual tension, and the outer part of the catheter coil, 
located 8 cm from the tip, had fractured, leaving an intact end (Figure 3). The patient was monitored for 1 wk following 
catheter removal, and no adverse complaints or complications were reported.
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Figure 1 Computed tomography images of the patient. A-C: Computed tomography images of the lumbar region show a knot in the catheter at the right 
subvertebral notch of the L2 vertebra (indicated by orange arrows).

Figure 2 A unique method was adopted in order to pull out the knotted catheter in the patient's epidural space. A: The patient was placed in a 
left lateral position with the left lower limb extended and the right lower limb flexed at a 90-degree angle. The operator applied pressure on the patient's right scapula, 
pushing it backward and downward with the left hand while pushing the patient's right hip joint forward with the right hand; B: Demonstration of a spinal model 
showing the steps presented in A, which effectively opened the right-sided facet joint of the lumbar vertebrae.

History of past illness
The patient had a history of ectopic pregnancy three years ago, and the ectopic pregnancy lesions were removed under 
laparoscopy.

Personal and family history
The patient had good living habits and denied any family history of disease or other genetic diseases.

Physical examination
The vital signs of the patient were as follows: Body temperature, 36.8 °C; heart rate, 89/min; respiratory rate, 18/min; 
blood pressure, 138/86 mmHg; weight, 80 kg; and height, 154 cm.

Laboratory examinations
The patient’s platelet count was 132  109, thrombin time was 16 s, prothrombin time was 10.4 s, fibrinogen was 3.85 g/L, 
and activated partial thromboplastin time ratio was 0.98.
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Figure 3 The shape of the knotted catheter in the epidural space after it was successfully pulled out. A knot located approximately 3.2 cm from 
the catheter tip (indicated by the orange arrow). The soft portion of the catheter coil fractured at a distance of 8 cm from the catheter tip (indicated by the yellow 
arrow).

Imaging examinations
The preoperative electrocardiogram was normal. Emergency CT examination after the operation showed that the catheter 
had a tight knot at the right subvertebral notch of the L2 vertebra (Figure 1A-C).

FINAL DIAGNOSIS
The reinforced catheter formed a knot in the epidural space.

TREATMENT
The doctor placed the patient's body in a specific position, with both hands at the right shoulder blade and the right hip 
joint of the patient, used the "spiral" force in the opposite direction to separate the spinal joint, and successfully removed 
the catheter.

OUTCOME AND FOLLOW-UP
We used a novel extubation method and successfully removed the catheter.

DISCUSSION
The occurrence of epidural catheter knotting is rare, with an incidence of 1 in 65140 catheters and an average of 0.0015%
[2]. The length of the part of the catheter retained in the epidural space is a highly debated issue as it is associated with 
the incidence of catheter knotting. Some researchers believe that retaining a catheter length of 5 cm in the epidural space 
is optimal, balancing effective analgesia with the reduction of risks such as catheter looping, extrusion, or inadvertent 
arterial placement[3,4]. Researchers also propose that retaining the catheter length within 3-4 cm from the catheter tip 
could prevent a 180° rotation and subsequent knot formation[1]. However, some studies report knot formation even 
when the catheter length is maintained within 3 cm from the tip[2]. In our study, the knot was located approximately 3.2 
cm from the catheter tip. Brichant et al[5] reported the formation of a tight single knot at a distance of 4 mm from the ca-
theter tip. Mizota et al[6] reported a firm single knot formed approximately 3 mm from the catheter tip. These findings 
indicate that there is no gold standard for the optimal length of catheter retained within the epidural space to prevent 
knot formation. Catheter knots are more prevalent in the lumbar region than in the thoracic region[6], with 64.4% of 
catheter knots occurring in the lumbar region[7]. This difference can be attributed to the perpendicular angle of needle 
insertion in the lumbar region compared to the obtuse angle in the thoracic region[8]. The obtuse angle allows more 
effective catheter insertion and advancement within the epidural space.

Researchers are exploring alternative methods for reducing the occurrence of catheter knotting. Enhancing the 
puncture success rate and catheter placement is important to reduce complications. Obesity is associated with a higher 
failure rate of epidural puncture and catheter placement[9]. Ultrasound-guided intrathecal puncture and needle guidance 
techniques are used to improve the puncture success rate and catheter placement[10] and to accurately identify the 
position of the puncture needle tip[11]. Oscar et al[12] observed that visualizing the blood flow in the epidural space and 
tracking the path of the catheter in the epidural space could be indirectly achieved by injecting 1 mL of normal saline into 
the catheter and performing color Doppler ultrasound. This technique aids in determining whether the catheter is 
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forming loops or knots in the epidural space.
A flexed lateral position during removal should be considered if challenges are encountered during the removal of the 

epidural catheter[13-16]. Although in most cases of catheter knotting, a continuous, gentle pull successfully facilitates 
catheter removal, approximately 30% of these cases ultimately require surgical intervention due to catheter breakage[14,
17-19]. Previous studies reported successful catheter removal under general anesthesia with muscle relaxation[20,21]. 
However, this approach should only be considered if the patient remains awake and has not experienced neurological 
pains or sensory abnormalities during previous catheter removal. If any abnormal neurologic symptoms are observed 
during catheter removal, the procedure must be stopped because there is a potential risk of the catheter entangling with 
nerve roots, blood vessels, or other structures[22]. In the present case, it is postulated that during the paramedian 
puncture, the epidural needle did not penetrate the epidural space in the correct sequence of the supraspinous ligament, 
interspinous ligament, and ligamentum flavum. The epidural needle traversed through the adjacent paraspinal tissue and 
entered the epidural space through the vertebral lamina fissure near the right upper and lower facets of the L2-3 ver-
tebrae, ultimately resulting in knot formation in the epidural space.

Previous results indicated that reinforced catheters have higher tensile strength than traditional polyethylene or 
polyurethane catheters[23]. Asai et al reported a case in which a reinforced catheter broke approximately 7-8 cm from the 
catheter tip during removal, leaving the broken distal end inside the patient's body, while the steel wire from the distal 
end remained attached to the removed segment of the catheter[19]. Therefore, continuous strong pulling should be 
minimized even when using reinforced catheters. In this study, we observed that the fracture of the catheter sheath 
occurred at a distance of 8 cm from the distal end, which could be attributed to the low-density distal end of wire coils in 
the 7-8 cm segment[19]. In our case, the complete removal of the entire catheter could have been due to the catheter 
knotting, which prevented the fractured distal end of the catheter from detaching from the inner wire coils. Although 
reinforced catheters have higher tensile strength, they are more flexible than traditional polyethylene or polyurethane 
catheters. This prompts the question of whether reinforced catheters may have a higher risk of tangling and knotting 
when they encounter resistance during insertion into the epidural space.

In summary, knotting of the epidural catheter is a rare complication of spinal anesthesia, with limited clinical reports 
available. The approach for catheter removal must be tailored to the individual circumstances. In our case, a new and 
previously unreported method of removing the interdural catheter was reported, and it was done without the assistance 
of an orthopaedic surgeon, and we recommend using the method presented in Figure 2 of this case report, which involves 
the use of opposite forces to separate the spinal facet joints in a "spiral" manner based on the imaging examination 
findings. The results indicate that this technique is more effective for catheter removal and can serve as a reference 
method in challenging catheter removal situations.

CONCLUSION
The operator can use opposite forces to "spiral" apart the spinal joints by positioning the patient's body in a specific 
position. The findings indicate that, when combined with imaging examination results, this method is effective for the 
removal of epidural catheters.
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