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Abstract: Objective To compare the effectiveness and safety between three-dimensional spinal ultrasound-guided combined
spinal-epidural anesthesia (CSEA)and traditional CSEA in elderly patients. Methods A total of 100 elderly patients undergoing
CSEA in the Department of Anesthesiology at the People's Hospital of Honghu between April 2022 and December 2023 were
selected and randomly divided into an ultrasound group (group U)and a control group(group C) according to the random
number table method, with 50 patients in each group. The C group used the traditional palpation method to locate the
puncture point, while the U group utilized the handheld ultrasound device Accuro for localization. Number of attempts
required for successful punctures, first attempt success rate of one puncture, locating time, puncture time, number of puncture
direction adjustments, puncture-related complications, and patient satisfaction were compared between the two groups.
Results The number of successful punctures in group U was less than that in group C (£ = 3.851, P < 0.01), and the first
attempt success rate was significantly higher than that in group C (92.0% vs 62.0%, ¥’=14.918, P< 0.01). Compared with group C,
the locating time and total puncture time in group U were longer(P < 0.01), but the puncture time was shorter[(9.5(9.4, 9.7)min
vs 10.4(10.2, 11.1)min, Z = 8.358, P < 0.01], and the number of puncture direction adjustments was less[2(1, 2)vs 2(2, 2),
7=2.993, P<0.01]. No complications occurred in group U, and 6 cases in group C developed paresthesia through puncture and
catheter placement. The complication rate in group C was higher than that in group U (0 vs 12.0%, x’=4.433, P=0.035). There
was no significant difference in patient satisfaction between the two groups(P>0.05). Conclusion Three-dimensional spinal
ultrasound- guided CSEA can improve the first attempt success rate, reduce the incidence of complications in elderly patients,
providing an evidence basis for the choice of clinical application.
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Combined spinal-epidural anesthesia (CSEA) is a
commonly used anesthetic technique for lower abdominal
and lower limb surgeries. Its successful implementation not
only determines the smooth progress of the surgical
procedure but also directly influences postoperative
recovery and patients’ quality of life [1]. Clinically, the
most commonly used puncture method is blind puncture,
which involves identifying Tuffier’s line or Jacoby’s line
by palpating bony landmarks such as the iliac crests and
spinous processes, and then locating the puncture site
based on these lines [2-3]. However, the landmark-based
blind technique imposes high demands on patient
positioning, puncture conditions, and operator proficiency.
Its limitations become particularly evident in elderly
patients, especially those with obesity, spinal deformities,
calcification, or poorly defined surface landmarks [4].
Age-related  physiological  degeneration, including
degenerative spinal changes, osteoporosis, and muscular
atrophy, makes traditional palpation-based localization
difficult, leading to a decreased success rate and a higher
risk of complications such as hematoma, nerve injury, and
infection. These complications not only prolong hospital
stay and increase healthcare costs but may also exert

long-term adverse effects on patients’ quality of life [5].
Therefore, exploring more accurate, safer, and
patient-friendly puncture techniques is of great clinical
significance [6]. In recent years, the emergence of
three-dimensional (3D) spinal ultrasound technology has
provided a novel solution to this challenge [7]. With
high-resolution imaging, it can clearly display bony
structures of the spine—including spinous processes and
intervertebral spaces—while allowing real-time monitoring
of the puncture needle’s trajectory to ensure advancement
within the correct anatomical plane [8]. This technology
has been widely validated in patients with difficult
neuraxial access, such as obese individuals and parturients
[9-11]. The advent of handheld puncture localization
devices, such as the Accuro system, has further enhanced
the convenience and efficiency of this approach. Its ability
to automatically measure epidural space depth and provide
insertion depth recommendations greatly reduces
dependence  on  operator  experience, enabling
less-experienced physicians to achieve higher success rates
in a shorter time [12-13]. Although 3D spinal ultrasound
demonstrates great theoretical potential, its widespread
clinical adoption still faces challenges [14-15]. To date,
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clinical studies specifically investigating its application in
elderly patients undergoing CSEA remain limited. Further
data are needed to establish standardized technical

protocols and to confirm its long-term clinical benefits [16].

Therefore, this study aimed to comprehensively evaluate
the efficacy and safety of handheld ultrasound-guided
CSEA in elderly patients through a prospectively designed
randomized  controlled  trial, thereby  providing
evidence-based support for clinical decision-making and
promoting standardized application of this technique to
benefit more elderly surgical patients.

1. Materials and methods
1.1 General information

A total of 100 patients who underwent urological
surgery under CSEA in the Department of Anesthesiology
at Honghu People’s Hospital between April 2022 and
December 2023 were enrolled. Inclusion criteria: age >65
years; American Society of Anesthesiologists (ASA)
physical status I-1II; elective surgery. Exclusion criteria:
contraindications to neuraxial anesthesia (e.g., oagulation
disorders, infection at the puncture site, local anesthetic
allergy); previous spinal surgery; or psychiatric disorders
preventing cooperation. Elimination criterion: failure after
three consecutive puncture attempts by the same operator.
The study was approved by the Ethics Committee of
Honghu People’s Hospital (Approval No. HHRY202309),
and all patients provided written informed consent prior to
participation. Eligible patients were randomly assigned
using a random number table into the ultrasound group
(group U, n=50) or the control group (group C, n=50).
There were no significant differences between groups in
terms of age, height, weight, body mass index (BMI), or
ASA classification (P>0.05) (Table 1).

1.2 Puncture methods

All patients underwent CSEA puncture and
catheterization in the operating room. After entering the
operating room, patients received oxygen via face mask,
with continuous monitoring of electrocardiogram (ECG),
blood pressure (BP), and pulse oxygen saturation (SpO2).
A venous access was established. Once the patient’s vital
signs were confirmed stable and within the normal range,
the same attending anesthesiologist performed neuraxial
puncture and catheterization for CSEA. During CSEA,
both groups of patients were placed in the left lateral
decubitus position with flexed knees.

Group C: The traditional surface localization method
was used. The puncture site at the Lo.; intervertebral space

Tab.1 Comparison of general information between two groups

was identified by palpating the iliac crests and spinous
processes (the intersection of the line connecting the
highest points of the bilateral iliac crests with the spine
corresponds to the L34 intervertebral space or L4 spinous
process). Blind puncture was performed using the
loss-of-resistance technique.

Group U: The same physician used the handheld
ultrasound device Accuro to perform localization with 3D
spinal ultrasound technology. A blue icon on the ultrasound
display indicated that the probe was at the spinous process
level; an orange icon indicated the probe was at the
intervertebral space level; a red dashed line indicated the
probe was at the midline of the spine. The probe was
adjusted, and the L2-3 intervertebral space and spinal
midline were identified based on the alternating icons.
When the indicator icon at the bottom of the display turned
red and no spinous process image was visible on the
ultrasound, the orange number displayed at this time was
recorded as the predicted puncture depth. The positioner at
the probe was then gently pressed to confirm and mark the
optimal puncture site. CSEA was performed via a midline
vertical approach under ultrasound guidance.

1.3 Outcome measures

Primary outcome: Number of puncture attempts
required for success (defined as successful dural puncture
without redirection after skin insertion). Secondary
outcomes: (1) Number of needle redirections (number of
times the needle was withdrawn to the subcutaneous level
and redirected); (2) Localization time; (3) Puncture
completion time (time from initial puncture to
cerebrospinal fluid flow); (4) Total puncture time (time
from localization to cerebrospinal fluid flow); (5) Patient
and  operator satisfaction; (6)  Puncture-related
complications  (paresthesia ~ during  puncture  or
catheterization, dural puncture, postdural puncture
headache, low back pain, or neurological symptoms).

1.4 Statistical analysis

All data were analyzed using SPSS 25.0 software.
Normality was assessed using the Shapiro-Wilk test.
Continuous variables with normal distribution were
expressed as mean + standard deviation (x*s) and
compared using independent-samples #-tests. Non-normally
distributed continuous variables were expressed as M (Q1,
Q3) and compared using the Mann—Whitney U test.
Categorical variables were presented as case (%) and
compared using > or Fisher’s exact tests. Ordinal data
were compared using rank-sum tests. A two-sided P value
<0.05 was considered statistically significant.

[n=50,M(01,05)]

Group Age (years) Height (cm) Body weight (kg) BMI (kg/m?) ASA (I/IL,case)
Group U 71.5(68.0,76.0) 167.5(161.5,170.0) 61.8198 22.6(20.8, 24 3) 37713
Group C 72.5(68.8,76.0) 165.0(159.8,170.0) 61.9+10.4 22.3(20.4, 5.0) 32/18
Zlt/y’value 0.580 1.415 0.113 0.055 1.170
P value 0.562 0.157 0.911 0.956 0.280
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2. Results
2.1 Primary outcome

The study lasted 8 months with no dropouts. The
number of attempts required for successful puncture was
significantly lower in the group U than in the group C
(Z=3.851, P<0.01). The first-attempt success rate was also
significantly higher in the U group (94.0%) compared with
the C group (62.0%) (y*=14.918, P<0.01) (Table 2).

2.2 Secondary outcomes

The group U showed shorter puncture completion
time and fewer needle direction adjustments compared

with the group C (P<0.05), whereas localization time and
total puncture time were longer (P<0.05) (Table 2).

2.3 Patient satisfaction

There was no statistically significant difference in
patient satisfaction between groups (P>0.05) (Table 3).
Physician satisfaction was 100% in both groups.

2.4 Puncture-related complications

No complications occurred in the group U. In contrast,
six patients (12.0%) in the group C experienced paresthesia
during puncture or catheter placement. The incidence of
complications in group C was higher than that in group U
(¢*=4.433, P=0.035).

Tab.2 Comparison of primary and secondary outcome indexes between two groups [#=50,M(Q1,03)]

Group Number of attempts required for Localization time (min) Puncture completion time Total puncture time Number of puncture
successful puncture (3/2/1, case) 2 (min) (min) direction adjustments

Group U 0/3/47 3.2(3.2,3.3) 9.5(9.4,9.7) 12.8(12.6, 13.0) 2(1,2)

Group C 1/18/31 0.8(0.7,0.9) 10.4(10.2, 11.1) 11.2(11.0, 11.8) 2(2,2)

U value 3.851 8.737 8.358 8.438 2.993

Pvalue 0.001 <0.001 <0.001 <0.001 <0.001

Tab.3 Comparison of patient satisfaction between two groups

[n=50, case(%o)]
Group Satisfied Fair Dissatisfied
Group U 49(98.0) 0 1(2.0)
Group C 46(92.0) 3(6.0) 1(2.0)
U value 1.331
P value 0.183
3. Discussion
For elderly patients, real-time 3D  spinal

ultrasound—guided puncture demonstrates remarkable
advantages. This technique enables dynamic visualization
of the needle trajectory throughout the procedure, thereby
enhancing the success rate of neuraxial anesthesia and
reducing the incidence of complications. In this study,
compared with the traditional landmark-based method, the
ultrasound-guided group required fewer puncture attempts,
achieved a significantly higher first-attempt success rate,
and required fewer needle redirections—consistent with the
findings of previous studies [8,17].

Moreover, no complications occurred in the
ultrasound-guided group, whereas six cases of paresthesia
occurred in the control group. This suggests that real-time
3D spinal ultrasound provides superior safety by
minimizing puncture-related complications in elderly
patients. Although localization and total procedure time
were longer in the ultrasound group, this difference may
lack clinical relevance [13], since puncture completion was
achieved more rapidly once localization was finalized.
Given the improved success rate and reduced
complications, a slight increase in procedure time is
acceptable. Elderly patients often present technical
challenges due to ligamentous hypertrophy, interspace
narrowing, and vertebral overgrowth, which can obscure
needle pathways during traditional ultrasound use.

However, 3D spinal ultrasound, with its high-resolution
imaging and real-time guidance, effectively overcomes
these difficulties and ensures a smoother puncture process
[17].

Limitations: (1) Although 100 elderly patients were
included, the sample size remains relatively small and may
not fully represent the overall efficacy of this technique. (2)
The longer localization and operation times in the
ultrasound group suggest that additional time may be
required for preparation and execution. (3) Pre-procedural
ultrasound-assisted localization, which may shorten
puncture time, was not evaluated in this study. (4) Only
short-term  outcomes  were  assessed; long-term
effects—such as postoperative recovery and quality of
life—require further investigation.

In conclusion, 3D spinal ultrasound—guided CSEA
improves first-attempt puncture success and reduces
complication rates in elderly patients, providing solid
evidence to support its clinical adoption and broader
application.
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Abstract: Objective To compare the effectiveness and safety between three - dimensional spinal ultrasound - guided
combined spinal-epidural anesthesia (CSEA ) and traditional CSEA in elderly patients. Methods A total of 100 elderly
patients undergoing CSEA in the Department of Anesthesiology at the People’s Hospital of Honghu between April 2022
and December 2023 were selected and randomly divided into an ultrasound group (group U) and a control group (group C)
according to the random number table method, with 50 patients in each group. The C group used the traditional
palpation method to locate the puncture point, while the U group utilized the handheld ultrasound device Accuro for
localization. Number of attempts required for successful punctures, first attempt success rate, locating time, puncture
time, number of puncture direction adjustments, puncture-related complications, and patient satisfaction were compared
between the two groups. Results The number of successful punctures in group U was less than that in group C (Z =
3.851, P <0.01), and the first attempt success rate was significantly higher than that in group C (92.0%ws 62.0%, x’=
14.918, P< 0.01). Compared with group C, the locating time and total puncture time in group U were longer (P <
0.01), but the puncture time was shorter [ (9.5 (9.4, 9.7) min »s 10.4 (10.2, 11.1) min, Z = 8.358, P <0.01], and
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the number of puncture direction adjustments was less (2(1,2)ws 2(2,2), Z=2.993, P<0.01 ]. No complications

occurred in group U, and 6 cases in group C developed paraesthesia through puncture and catheter placement. The

complication rate in group C was higher than that in group U (0 ws 12.0% , xy’=4.433, P<0.05). There was no

significant difference in patient satisfaction between the two groups (P>0.05). Conclusion Three-dimensional spinal

ultrasound - guided CSEA can improve the first attempt success rate, reduce the incidence of complications in elderly

patients, providing an evidence basis for the choice of clinical application.

Keywords: Three-dimensional spinal ultrasound; Combined spinal-epidural anesthesia; Intravertebral canal puncture;

Location; Puncture
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T C 41 (94.0% vs 62.0% , x’=14.918, P <0.01) .
32,

22 WKRBLEIRARLE U LLSE S ]
20 7 18] P RS R B A C 4 T4 (P < 0.05) , 5 oz i
(B8] EVZEHIIA (A4 C AR K (P < 0.05) . L3 2,

23 WMBFHEEILE WANBREHEELER
TG L (P>0.05) . W% 3. W4 B Ak i s
14 100%35 5

2.4 WAFRAK L E R UL A E
KA CAA 661 (12.0%) KA g FIAH I & AE , 1
R B A SRR CAIE IR R AE RS T U4 (=
4.433,P=0.035),

R HUEFE—RBTRHLEL [0=50,M(Q1,05) ]
Tab.1 Comparison of general information between two groups [n=50,M(Q\,Qs) ]
45 A (%) Lyt (em) PRI (kg, xs) BMI(kg/m’, +s) ASA T/ 4(f)
U4l 71.5(68.0,76.0) 167.5(161.5,170.0) 61.8+9.8 22.6(20.8,24.3) 37/13
c4l 72.5(68.8,76.0) 165.0(159.8,170.0) 61.9+10.4 22.3(20.4,25.0) 32/18
ZhCMH 0.580 1.415 0.049 0.055 1.170
P{H 0.562 0.157 0.961 0.956 0.280
F2 AR KELRHARLE [1=50,1(0.0)]
Tab.2 Comparison of primary and secondary outcome indexes between two groups [n=50,M(Q:,Qs) ]
251 SRR TR AL 3R] 2 it ] (min) SE 2RI H] (min ) SAEEHTE] (min) 7 1) IR YR
udl 0/3/47 3.2(3.2,3.3) 9.5(9.4,9.7) 12.8(12.6,13.0) 2(1,2)
(o] 1/18/31 0.8(0.7,0.9) 10.4(10.2,11.1) 11.2(11.0,11.8) 2(2,2)
VAL 3.851 8.737 8.358 8.438 2.993
PiE 0.001 <0.001 <0.001 <0.001 <0.001
R3 PHBEWEELLE  [0=50,%1(%) ]
Tab.3 Comparison of patient satisfaction between two groups 3 3 i

[n=50,case(%) |

415 Y= — i AR
U4 49(98.0) 0 1(2.0)
CH 46(92.0) 3(6.0) 1(2.0)
VAL 1.331
PAE 0.183

BEXI AR A, 4R AR S S S | T
BOREBL T RFMLH . X—HORBEE LR 3h
A LEEHEE 15 1) RV , (S5 HE A5 P PR I 25
ARRSCH T R AL, TR TS R
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A BAR T IFRAER KA TEARRETE T, 5 RH]
0w RE DR OFAE 12 = 3 e 5 <y o M G S 5
ENORVES S 1 il SR € G TR T R &
JE AR R A =, U 2 2R 5 ] R R 55 C 41
B/ X 5 Kamimura , Zhang 55 ™7 {0 8F 5% 25 18 4 —
0, LI =4 AR S S | S E R B B S AR
HEE N ZE R — IR )3

TIA ARG, U 2R R A AT AR I AAE T C
A 6 5] 58 ot 3 2 R B A S R SRR Al =
YL A R L 5 3 R R AR T AR B Uy i TERE
R 20 IF & 0E b BA B B AL, HA 24 8
TR IE 5 R I b B B e B 2 A o b 2
USRI 2 i £ 5 1) 8] B, B AT R T
SERAH DI RRE 1 R AR R U 2 L FRAE
I [ T C 4 B R G R 22 S v O 30 2 B IR
B R U 4L AR E S R B H S BR
SE I ] 545 C A1 W] S T L AR T — RS I AR
TR R4 B AN IE ARE I T R TIT 5, 45V I [ 79 W B
ROMASAS AT A7 o AL, X T AR R R AT SERT 2
SR 2 A RO , Hy T HEARORI ) 217 3 A ) B A2
7 A D 3 R P RSk T RE 23 BHLZE 2 R A ER AR
SR, =25 B 75 AR 3 3 v A A S i)
T RE , GE % v Mk axx S Bk ik, ff O 25 fill o 78 1 A1)
B

AWFEA VLT R R : (1) BEARG8A T 100
AR AR A XA B, AT REAS DL AT
J e = AE R R P 5 |5 2 SRR A 8 A R A A I
B R 0 3 ROR o (2) H5 R R] 22 57, 15 R
U 2L Ao FHERAERT R T C 41, X s 1785
Brony FH B8 A 5] AT RE 7 T 22 Y I [R] R A%
SR (3) ARAGE AR ES, TR FERE D, T
HEGR A A1 A R B AR 7 5 A R T )
PHZE 27 B EAS o X o AR TR A T 75 0l B o T
R 2 4 J 2 IS (), AELAS A 9 5 A 6 B 1A T4 3°)
T (4) KIHRORAR A, AW T FECT T =488
P 77| 5 2 R R A 3 A R T IR 5 R I e ) 2
BIRCR , In— R SRR T RIE R AE RS X T
IZBAR B IIROR , aroxk 8838 AR 5 PR 52 0 A 17 o i
S 45 AT A it — 2 I F S R IE

25 FTR , = AR T | S R I JRR e 2
AT $ 55 8 A SR — WL 3 BRI A
RHF Ml RN T A R TR AL
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