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Spatial distribution and influencing factors of cervical epidural catheter tips based on a
three-dimensional coding system *

YOU Chang-hui ', GUO Qing-qing ', LIU Yan ', YE Ping *>, HU Meng-ying ', ZHANG Li ', SUN Wen-chao ',
CAl Jia-li', ZOU Yi-gang ', TANG Wenjie ', TIAN Li-li |, ZHOU Wai-ping ', HUA Lei ', ZHOU Ling ', LI Rong-chun ' ©
(' Department of Pain Medicine; > Department of Radiology, Wuhan Fourth Hospital, Wuhan 430030, China)
Abstract Objective: Chronic cervical spine-related pain is a common cause of functional impairment and
reduced quality of life. Cervical epidural catheter block is an effective treatment, but precise control of the
catheter tip position is difficult, affecting efficacy and safety. This study aimed to use an innovative "Three-
dimensional 12-Zone Coding System for Epidural Catheter Tip Position" to describe the spatial distribution
pattern of catheter tips and explore influencing factors. Methods: A retrospective cohort analysis was conducted
of 286 patients with chronic cervical pain who received continuous cervical epidural block (C,.; puncture) at
the Department of Pain Medicine, Wuhan Fourth Hospital, from January 2024 to December 2024. The catheter
tip position was localized on postoperative X-rays using the 3D coding system. Catheter morphology, patient
baseline data, and hospitalization indicators were recorded. Results: Catheter tips were primarily concentrated at
the C,s levels longitudinally (70.6%), showed a right-central dominance transversely (88.5%), and were mainly
located in the posterior zone sagittally (67.5%). The core stereotactic target areas were "C4-M-P" (19.2%),
"C5-M-P" (14.7%), "C5-R-M" (8.4%), "C5-R-P" (8.4%) and "C3-M-P" (5.9%), accounting for 56.6%.
Multivariate logistic regression analysis indicated that a higher body mass index (BMI) was an independent risk

* BEEWH: P08 PHrRRHTE (8201811160011
SOEfEMEE 2 Ircpayyttk@163.com



* 670 -

o1 [ P %5 2% 4% 7 Chinese Journal of Pain Medicine 2026, 32 (9)

factor for the catheter tip failing to reach the ideal zone (defined as Cx-M-P) (OR = 0.88, P = 0.026), while a
"straight" catheter shape on the anteroposterior X-ray was a strong protective factor (OR = 5.27, P = 0.005). A

"curved" catheter morphology on lateral X-rays was significantly associated with deviation from the ideal zone

(P <0.001). However, whether the catheter was in the ideal zone did not lead to significant differences in hospital

stay length or cost, and no serious early complications occurred in any patient. Conclusion: This study is the first

to systematically map the three-dimensional spatial distribution of cervical epidural catheter tips and identify that

higher BMI and a straight catheter shape as key influencing factors.

Keywords three-dimensional coding system; cervical spine; epidural block; catheter tip; cervical spondylosis
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Fig. 1 Position for puncture and puncture procedure
(A) Right lateral position for puncture; (B) Puncture
procedure
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Fig.2 Pre- and post-fluoroscopy images of the reinforced
epidural catheter and the tip configuration of the
catheter
(A) Pre-fluoroscopy physical object of reinforced
epidural catheter; (B) Post-fluoroscopy images of the
reinforced epidural catheter; (C) The tip configuration
of the reinforced epidural catheter
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Fig. 3 Schematic diagram of segmentation of the catheter tip in longitudinal (Z1), transverse (Z2), and sagittal (Z3) planes
(A) Longitudinal division; (B) Transverse division; (C) Sagittal division
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(A) FE R Z1 (C5), 22 (M), Z3 (P); (B) T KufifiiF Z1 (C5), Z2 (R), Z3 (P); (C) FE R T Z1 (C4),
72 (L), Z3 (P); (D) SR T Z1 (C5), Z2 (R), Z3 (M); (E) SEK#ALT 21 (C5), Z2 (L), Z3 (M); (F) &

EARALT 21 (C4), 72 (L), Z3 (A)

Fig.4 Schematic diagram of selected 3D spatial-encoding combinations at the catheter tip on AP and lateral plain films (partial

display, The arrows show the position of the catheter tip)

(A) The catheter tip is located at Z1 (C5), Z2 (M), Z3 (P); (B) The catheter tip is located at Z1 (C5), Z2 (R), Z3 (P); (C)
The catheter tip is located at Z1 (C4), Z2 (L), Z3 (P); (D) The catheter tip is located at Z1 (C5), Z2 (R), Z3 (M); (E) The
catheter tip is located at Z1 (C5), Z2 (L), Z3 (M); (F) The catheter tip is located at Z1 (C4), Z2 (L), Z3 (A)
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Table 1 Comparison of general data between the two groups of patients

St Total HAHX A JEAEX A PA
(72 =286) Ideal group (72 = 124) Non-ideal group (72 = 162) P-value
5 (B, %) Gender (72, %) 0.538
5 Male 80 (28.0%) 37 (29.8%) 43 (26.5%)
% Female 206 (72.0%) 87 (70.2%) 119 (73.5%)
R (%) Age (years) 58.7+10.8 58.7+10.5 58.8+11.0 0.964
A E L (kg/m®) BMI (kg/m®) 23.6+3.1 232+3.0 23.943.1 0.052
ASA 74 (B, %) ASA classification (72, %) 0.178
I 30 (10.5%) 10 (8.1%) 20 (12.3%)
il 234 (81.8%) 101 (81.5%) 133 (82.1%)
I 22 (7.7%) 13 (10.5%) 9 (5.6%)
v 0 0 0
\% 0 0 0
VI 0 0 0
SAEAE AR (9], %) Cervical lordosis (72, %) 0.440
J% 5 Reversal 16 (5.6%) 9 (7.3%) 7 (4.3%)
A3 Loss 187 (65.4%) 77 (62.1%) 110 (67.9%)
TE4F Present 83 (29.0%) 38 (30.6%) 45 (27.8%)
FAHF ] (min) Operation time (min) 54.6+5.7 54.0+5.5 55.1+59 0.105
i?f_:ffiiiﬁizifgzmme (om) 5.5+0.7 55+0.7 56407 0.384
BEBLIR - B AT (cm) 45409 45+09 45409 0.676

Epidural catheter insertion length (cm)
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Fig. 5 Longitudinal distribution of the catheter tips
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Fig. 6 Three-dimensional spatial distribution of the catheter tips
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Table 2 Comparison of epidural catheter morphology on anteroposterior films between the two groups of patients

St HAXH JERARIX 20 RTHE PE
Total (72=286)  Ideal group (72 =124) Non-ideal group (72 = 162) v P-value
1B SEIE (72, %) 4485 0.001
Anteroposterior catheter morphology (72, %) ’ ’
it Curved 109 (38.1%) 20 (16.1%) 89 (54.9%)
H Straight 177 (61.9%) 104 (83.9%) 73 (45.1%)

=3 AR AL A B A 3 A U

Table 3 Comparison of epidural catheter morphology on lateral films between the two groups of patients

s AR X2 JERARIX 2H RIIME Pia
Total (72=286)  Ideal group (72=124) Non-ideal group (72 = 162) v P-value
ML ST 25 (72, 9
s FETEA (72, %) 39.47 0.001
Lateral catheter morphology (72, %)
it Curved 102 (35.7%) 19 (15.3%) 83 (51.2%)
H Straight 184 (64.3%) 105 (84.7%) 79 (48.8%)

&4 AR RIERER BT e 2% LR

Table 4 Comparison of hospital stay duration and hospitalization costs between two groups

H (BIEO EBERE (R ERETH o)
Group (72) Hospital stay duration (days) Hospitalization costs (RMB)
JE#EAH X 2H Non-ideal group (72 = 162) 7.1£22 10736.2£3075.4
FRAH X 2H 1deal group (72 = 124) 7.0£2.0 10454.2£2757.0
t {8 t-value 0.543 0.803
P g P-value 0.588 0.422

RS WA AR I oA A FAE X 2 R R [l H 2 #4621
Table 5 Results of multivariate regression analysis on factors influencing the distribution of epidural catheters tips to the
ideal region

i il Bi  BfHfrMER  Wald RJ5H PAH OR1H ORI 95% CI
Variable Group Bvalue Std.Error of B Wald Chi-square ~ P-value  OR-value 95% CI of OR

1z (Female) *
145 Gender

5 (Male) 0.36 0.32 1.26 0.263 1.43 0.76-2.68
WY (%) Age (vears) 0.00 0.01 0.01 0.910 1.00 0.98-1.03
1A 5% BMI -0.13 0.06 498 0.026 0.88 0.79-0.99
{E B K $L Hospital stay duration -0.70 0.07 1.09 0.296 0.93 0.82-1.06
ERL S8 s i *
Anteroposterior catheter morphology 1.66 0.58 7.74 0.005 527 1.64-17.01
s S Hr
Lateral catheter morphology H 0.44 0.61 0.54 0.47 1.60 0.47-5.13
ASA 432 ASA classification 0.51 0.35 2.06 0.15 1.66 0.83-3.32
F A} [H] Operation time -0.062 0.025 6.122 0.013 0.939 0.894-0.987
&E‘ﬁﬂ?‘m‘% . 0.146 0.237 0.378 0.538 1.157 0.727-1.843
Skin-to-epidural space distance

ot g .

BEIASh S8 B B 0.227 0.150 2.284 0.131 1.254 0.935-1.683

Epidural catheter insertion length

* IR *control group.
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